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Abstract

The cell membrane can be permeabilized when subjected to calibrated short electric pulses. This membrane
alteration can be reversible, leaving cell viability unaffected. This set of events is called electroporation (EP).
[tis now used in clinical applications to introduce hydrophilic drugs into the cytoplasm. One of the EP ap-
plications is electrochemotherapy (ECT), in which EP is used for the selective delivery of drugs administered
to treat cancer. The combination of EP with chemotherapy allows local cancer treatment, lowering the drug
dose and reducing the side effects of systemic chematherapy. Nowadays, bleomycin-based ECT (BLM-ECT)
is a safe treatment for cutaneous tumors and skin metastases with established standard operating procedures.
Additionally, there is emerging evidence that BLM-ECT may be particularly effective in combination with
immunotherapies, acting synergistically and producing enhanced systemic anti-tumor effects. Still, to make
it the first-choice therapy in patients with metastatic melanoma, further studies are needed to establish
the relative effectiveness of ECT. Analyzing the EP phenomenon and the objective complexity of the as-
sociated effects at the cell level, we came across a problem that has not yet been investigated in increasing
the therapeutic effectiveness of ECT. The profile and kinetics of extracellular vesicles (EVs) released from cells
subjected to EP have not been analyzed. The exact nature of these EVs is unknown.

Key words: melanoma, electroporation, electrochemotherapy, extracellular vesicles



Introduction

The cell membrane is a natural barrier that determines
the control of the transport of molecules to the cell. Its
permeability is an essential factor determining the effec-
tiveness of therapy. Under the influence of a strong electric
field, the lipid molecules in the cell membrane change their
organization, and electroporation (EP) occurs. Transient
hydrophilic pores are formed, constituting an additional
pathway of transport of macromolecules through the cell
membrane (Fig. 1).
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Fig. 1. A. Cell membrane not subjected to the electroporation (EP)
procedure. The drug surrounds the cell; B. Cell membrane after the EP
procedure. The resulting pores are a way of drug transport to the cell

Currently, EP is used as a standard in in vitro cell culture
as the purest available gene transfection method.! Electro-
poration can also be used in gene therapy and in vivo immu-
nogenotherapy. One of the EP applications is electrochemo-
therapy (ECT), in which EP is used for the selective delivery
of drugs administered to treat cancer. The combination of EP
with chemotherapy (CT) significantly reduces the need for
surgical intervention, allows local treatment of cancer, low-
ers the drug dose, and reduces the side effects of systemic
chemotherapy.? Effectiveness of this method is also in-
creased due to the occurrence of the so-called vascular lock
after applying an electrical pulse. It reduces the blood flow
through the tumor and therefore causes a more extended
stay of the drug in the tumor cells. In addition, the blood
vessels are damaged, resulting in decreased blood flow within
the tumor and the activation of the immune system.3

When bleomycin was used with EP, its cytotoxicity index
increased 1000 times.* The first clinical tests on using ECT
were carried out in the 1990s. The squamous cell carcino-
mas of the head and neck were treated with intravenous
injection of bleomycin, followed by EP of the nodules.’
The investigators found a significant reduction in the size
of neoplastic lesions after treatment. In 2006, the Euro-
pean Standard for Operating Procedures for ECT and
Electrogene Therapy (ESOPE) was developed to define
standard operating procedures.® Several methods of treat-
ment have been proposed to ensure the patient’s safety and
obtain optimal treatment results concerning the selection
of a chemotherapeutic drug, the way of drug delivery (in-
travenous or intratumoral), and the shape of the electrode
(plate or needle) and EP parameters.” Electrochemotherapy
with bleomycin or cisplatin of malignant melanoma tu-
mors results in a marked reduction of tumor size. No local
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or general adverse effects are observed during treatment
— only temporary redness and accumulation of serum
in the treated areas.® Electrochemotherapy is used today
in clinical practice to treat cutaneous and subcutaneous
tumors, especially melanoma tumors.®® The procedure
is applicable all over the body surface, with high response
rates across various tumor subtypes. In addition, the treat-
ment can be performed with local anesthesia if a patient
has a few smaller lesions.!® New electrodes have been de-
veloped to access deep-seated and surgically challenging
tumors in different ways.!!

The effectiveness of systemic and adjuvant therapies has
significantly progressed recently. However, more effective
therapeutic options for the treatment of melanoma are still
being sought. Bleomycin-based ECT (BLM-ECT) is cur-
rently considered a safe and effective form of treatment
of skin tumors and their metastases. This method has been
included in international clinical guidelines. The European
Society for Medical Oncology recommendations on man-
aging locoregional melanoma!? cited the study by Kunte
et al. That recently published cohort study found that 78%
(306 patients) had a complete or partial response and 58%
(229 patients) presented a complete response to BLM-ECT.!3
Currently, clinicians most often choose BLM-ECT treatment
for palliative therapy. However, due to the proven effective-
ness of BLM-ECT, it can be considered the method of choice
when surgical resection or radiotherapy are contraindicated.
Moreover, BLM-ECT can be performed after other forms
of treatment and can be repeated in the same area several
times.'* Mozzillo et al. presented a report on the retrospec-
tive investigation of 15 patients treated with ipilimumab who
also received ECT. Over the study duration, a local objec-
tive response was attained in 67% of patients. In addition,
a systemic response was observed in 9 patients, resulting
in a disease control rate of 60%. Evaluation of circulating
T-regulatory cells showed significant contrasts between re-
sponders and non-responders. The above study showed that
the combination of ipilimumab and ECT benefits patients
with advanced melanoma, warranting other investigations
and trials.'® An essential method of treating melanoma with
in-transit metastases is systemic therapy, while ECT may be
a treatment option for patients who cannot receive therapy
with BRAF and MEK inhibitors. However, the treatment
method should be carefully balanced so as not to deprive
the patient of the chance of long-term survival.! Decisions
about systemic and adjuvant therapy for melanoma patients
should be made on an individual basis, taking into consid-
eration potential toxicities, costs and patient preference.
A Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA)-compliant systematic review
analysis suggested that patients with metastatic melanoma
should be treated by multidisciplinary teams including on-
cologists, dermatologists and radiation oncologists.”” In ad-
dition, ECT procedures should be performed in centers with
appropriate equipment and trained personnel experienced
in this method.



Adv Clin Exp Med. 2023;32(1):5-8

Evidence indicates that simultaneous local and systemic
therapy modalities may lead to synergistic anti-tumor effects
in melanoma. Increased response and overall survival when
using ECT combined with immunotherapy have already
been noted.’ Heppt et al. showed the use of ECT combined
with a monoclonal antibody against cytotoxic T cell anti-
gen-4 (ipilimumab) or PD-1 (programmed death receptor 1)
inhibitor. Thirty-three patients with unresectable or meta-
static melanoma participated in the study. Twenty-eight pa-
tients received ipilimumab, while 5 were treated with a PD-1
inhibitor. It was observed that ipilimumab combined with
ECT was tolerable and showed a high systemic response
rate.’® Also, Campana et al. investigated the effectiveness
of ECT in combination with a PD-1 inhibitor (pembroli-
zumab). They compared patient outcomes after treatments
with pembrolizumab, pembrolizumab with ECT, and ECT
alone. The combined application of inhibitor and ECT was
safe and more effective in preventing further tumor growth
than pembrolizumab alone. In addition, the patients treated
with pembrolizumab and ECT shared lower disease progres-
sion and more prolonged survival than those who received
only pembrolizumab. The above study showed that ECT
might increase the effect of pembrolizumab when an in situ
vaccination against melanoma cells is performed.'

An interesting approach to the treatment of metastatic
melanoma with EP was presented by Greaney et al.° Sys-
temic interleukin (IL)-12 is connected with life-threatening
toxicity, but intratumoral delivery of IL-12 via telseplasmid
(tavo) electroporation is safe and can induce tumor regres-
sion in remote places. The mechanism of these reactions
is unknown but is supposed to result from a cellular im-
mune response. Greaney et al. results indicated that this
local treatment could induce a systemic T-cell response.?°

Analyzing the EP phenomenon and the objective com-
plexity of the associated effects at the cell level, we came
across a problem that has not yet been investigated
in the context of increasing the therapeutic effectiveness
of ECT. The profile and kinetics of extracellular vesicles
(EVs) released from cells subjected to electroporation have
not been investigated. The exact nature of these EVs is un-
known. It is also not clear how the profile of the released
EVs depends on the pulse duration.

Electroporation of melanoma cells:
What about molecules transported
outside the cell?

Until recently, it was believed that the role of EVs was
to remove unnecessary compounds outside the cell. How-
ever, we now know that they have enormous potential. They
mediate intercellular communication, enable the transfer
of bioactive molecules, and can transfer the charge to in-
dividual cells by acting on specific receptors in target cells
under physiological and pathophysiological conditions.?!

The main features of EVs depend on the cell they come
from, their state and the requirements of the external en-
vironment. The EVs are currently a highly heterogeneous
group and can be divided into 3 populations: exosomes,
ectosomes and apoptotic bodies.

Both normal and cancer cells release all types of EVs.
Since EVs modulate intercellular signaling, protein trans-
port and cell proliferation, EVs of neoplastic origin can
induce and stimulate cancer growth when delivered to re-
cipient cells. Melanoma-derived exosomes have increased
tumor cell proliferation and contribute to the epithelial—
mesenchymal transition and pre-metastatic niche for-
mation.?? They are also involved in extracellular matrix
degradation and activation of integrin signaling. Mela-
noma-derived exosomes can modulate many immune sys-
tem functions, counteracting the immune response against
melanoma.?3?* The receptor tyrosine kinase MET has also
demonstrated its effect on bone marrow progenitor cells.
In this way, it interferes with the differentiation and matu-
ration of antigen-presenting cells, controlling the survival
and apoptosis of the effector T cells, cytokine production,
and NK cell cytotoxicity.?> Recent studies have found twice
as many ectosomes released in vitro by melanoma cells
as normal melanocytes. Melanoma-derived ectosomes
show higher levels of tissue factor, which is responsible for
the coagulation process associated with carcinogenesis.?®
They can also induce metastasis by transporting metasta-
ses or their endogenous activators.?” It has also been shown
that ectosomes can transform fibroblasts into fibroblasts
related to cancer and suppress the immune response by EV-
associated Fas ligand.?®

Peinado et al. identified MET-associated signaling pro-
teins transmitted by exosomes derived from highly meta-
static melanoma cells. They mediate provasculogenic
effects on bone marrow progenitor cells.? MET onco-
gene causes neoplastic transformation and stimulation
of neoplastic cell proliferation, invasion and metastasis.>°
It has been shown that the co-expression of TYRP2 and
MET in exosomes is associated with melanoma progres-
sion. Moreover, Peinado et al. showed that the transfer
of exosome-derived MET oncoproteins to bone marrow
progenitor cells promotes metastasis in vivo.?’

Our preliminary studies on the A375 human melanoma
cell line electroporated using a low-intensity electric field
(unpublished data) showed a clear difference in kinetics
of calcein released from cells depending on the parameters
of reversible EP. The analysis of cell confluence levels mea-
sured in parallel with the level of calcein released from cells
showed no significant changes, confirming that the EP
parameters used did not affect cell viability. It was also
observed that a low-intensity electric field causes marked
differences in the amount of EVs released from A375 mela-
noma cells as a function of EP parameters 24 h after its
application. According to our studies, various parameters
of reversible EP impact the kinetics and profile of released
EVs following the application of reversible EP with varying



parameters. Different EP parameters will probably affect
the protein profile of EVs released after EP. The above pro-
teins may significantly influence the cells in their environ-
ment and influence the process of metastasis.

Conclusions

Currently used ECT protocols for malignant melanoma are
based on parameters established by ESOPE, where the pro-
cess conditions did not consider the extracellular transport
following EP. More studies analyzing transport from the cell
to the external environment induced by external electro-
magnetic fields of varying intensity are needed to optimize
the therapeutic process using ECT.
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Abstract
”

Background. In order to consider the question of “what is rural”, the author chose to use examples from
her journey as a rural family doctor (general practitioner) in Australia.

Objective. To consider the diversity of rural practice settings and medical practice styles in primary care that
can all be considered to be rural medical practice. In doing so, to consider the size and population density
of Australia, compared to Europe, from where the audience of The European Rural and Isolated Practitioners
Association (EURIPA) originates.

Results. In discussing rural locations where the author has practiced, the Modified Monash Model of clas-
sifications of rurality, used in Australia, is introduced. It will be shown that rural medical practice varies
significantly even in places of similar classifications of rurality. In some towns, the family doctors do procedural
work or admit patients to hospital. In other towns and remote communities, an unwell patient may need
to be looked after in the primary care clinic for hours before they can be evacuated. These are however all
variations of rural practice. Does population or the occupations that workers engage in make any difference
to rurality? Does distance from a capital city matter?

Conclusions. Rural medical practice is diverse in location, cultures and work undertaken. Rural medical
doctors use different names for themselves such as rural family doctor, rural family physician, rural generalist,
rural primary care doctor — we are all rural.

Key words: rural, family medicine, rural medicine, rural doctor
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Background

In order to consider the question of “what is rural” and
the diversity of rural practice settings, I have chosen to use
examples from my own journey as a family doctor (general
practitioner), and in particular as a rural general practi-
tioner, in Australia.

The World Organisation of Family Doctors (WONCA)
past president, Prof. Michael Kidd, was a guest speaker
at the WONCA World Rural Health conference held
in Gramado, Brazil in 2014. Professor Kidd asked the ques-
tion “Why is rural family medicine important?” The an-
swer was simple: half of the world’s population live in rural
areas, but half of the world’s doctors do not. He pointed out
that most of our colleagues in other specialties are based
in cities or in large regional centers, but it is family doctors
who are based in rural communities and provide medical
care and advice to that half of the world’s population.!

The Australian rural situation

Itis interesting to compare the size and population den-
sity of Australia, where I come from, and Europe, the home
of EURIPA.

Australia’s area is a total of 7.69 million km? compared
to Wikipedia’s estimate for Europe of 10.18 million km?.23
Roughly comparable.

The population densities are given by World Population
Review as Australia 3.4 persons per km? compared to Eu-
rope’s 72.9 per km?. Not at all comparable, with Austra-
lia only exceeded in the sparseness of population density
by Mongolia and Greenland. Iceland is similar to Australia
with 4 persons per km?, and next in Europe are Norway
with 15 and Finland with 18 persons per km? respectively.
Monaco with 19,497 persons per km? is Europe’s most
densely populated country.*

The majority of Australians live in major cities (72%), and
much of the country is sparsely populated.® The population
is concentrated around the southeast and east coast and
southwest corner of the continent. It’s easy to ‘go rural’
in Australia.

My rural GP journey begins

I was born and raised in Sydney, where I went to Sydney
University Medical School. I signed up to the General Prac-
tice specialty training program, a postgraduate program
for 3 years, mostly spent in community general practice.

“Where do you want to go for your training?”, I was asked.

Perhaps it was not wise, but my reply was “about as far
from Sydney as possible”. I did not dislike my hometown,
Sydney; however, I had a desire to try something differ-
ent to what I had known. Now, some 30 years later, I have
tried many contexts of work as a rural GP with some
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specializations including Aboriginal health, management
and teaching.

Where did I go for that first general practice placement?
Warialda, 600 km from Sydney, with a population of 1300
but also drawing patients from the surrounding farming
community. It is a strong sheep and wheat farming area.
Aswell as work in the general practice clinic, the 2 doctors
who supervised me ran a 25 bed hospital and we performed
uncomplicated obstetrics, anesthetics and minor surgery.
The nearest large hospital was 2.5 h by road ambulance.

Weas this rural practice? Even those in my country with
narrow definitions of rural practice would agree — defi-
nitely rural!

Measures of rurality

Australia uses the Modified Monash Model® to define
rurality for medical workforce purposes. The model classi-
fies metropolitan, regional, rural, and remote areas accord-
ing to geographical remoteness, as defined by the Austra-
lian Bureau of Statistics (ABS), and town size. In this model,
MM1 is a major city and MM?7 is very remote. Warialda
rates as MM5° — small rural town (conf. Table 1 and Fig. 1).

In recent years, I have spent my time in Central Austra-
lia (MM6 and MM7° — remote and very remote) working
in the medical team which serves isolated Aboriginal com-
munities. These communities have a population of be-
tween 100 and 1000, and can be 800 km from the nearest
large hospital in Alice Springs. The remote health clinics
are nurse-led, and nurses see acute patients and are on-call
after hours. Doctors generally visit the smaller places for
3 or 4 days in a month.

Retrievals of emergencies and very sick patients are done
by the well-known Royal Flying Doctor service, or by road
if within 2 h of Alice Springs. To get to work, our doctors
travel in small charter airplanes for up to 2 h or drive up
to 4 h, often on unsealed roads, in a four-wheel-drive vehicle.
In our clinics, there was no obstetrics (except antenatal care
and unintentional deliveries), no surgery and no general
anesthetics. However, we did have to take care of the very
sick in our well fitted out emergency rooms, until retrieval
— at least 2 h but often much longer.

Weas this rural practice even without procedural work?
No arguments — not just rural, but remote or isolated!

Strangely, I do not consider Central Australia to be
the most isolated place where I have worked. Every working
day, doctors, nurses and Aboriginal health workers in these
remote communities have the support of a telephone ser-
vice manned by experienced colleagues who can advise
on the day-to-day issues. Out of hours and for emergencies,
it easy to call the Alice Springs Hospital retrieval service
— so you always have support.

Another training placement I took was in Eugowra,
a small town of 670 people, 350 km from Sydney, but
with only 1 doctor — me! In that town, there was a 30-bed
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MM1 Metropolitan
MM2 Regional centres
MM3 Large rural towns

Medium rural towns
Small rural towns
MM6 Remote communities

MM7 Very remote communities

Fig. 1. Modified Monash Categories distribution on map of Australia®

Table 1. Modified Monash Categories of remoteness and description®

odified Mona atego De ptio
MM1 Metropolitan areas: Major cities accounting for 70% of Australia’s population.
MM2 Regional centres: Inner and Outer Regional areas that are in, or within a 20-kilometer drive of a town with over

50,000 residents.

Large rural towns: Inner and Outer Regional areas that are in, or within a 15-kilometer drive of a town between

LLAES 15,000 and 50,000 residents.
Medium rural towns: Inner and Outer Regional areas that are in, or within a 10-kilometer drive of a town with
between 5,000 and 15,000 residents.
Small rural towns: All remaining Inner and Outer Regional areas.

MM6 Remote communities: Remote mainland areas and islands less than 5 km offshore.

MM7 Very remote communities: VVery remote areas. Remote island areas more than 5 km offshore.
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hospital, mostly aged care beds, but also 5 acute beds
to manage. MM5° — but no anesthetics, surgery or ob-
stetrics, and with only 1 doctor available. The nearest
colleagues were 30 km away and nearest large hospital
— 80 km. In case of an emergency, you could call a specialist
colleague in the large hospital — or send the patient in our
volunteer ambulance’ staffed by local volunteers, whose
day job was as a farmer, a butcher for example.

I felt alone, very alone. With only 80 km to a regional
hospital, no one would consider this remote or isolated;
however, for me it felt that way.

While researching this topic, I noted Wikipedia® pro-
vides Indian definitions of rural: a town with a maximum
population of 15,000, and 75% of the male working popula-
tion involved in agriculture and related activities.

I remembered working in Muswellbrook in the wine-
growing areas of eastern Australia. It had been a very
strong farming community, but by the time I was there,
many workers were involved in the mining or power pro-
duction industries, and its population was just over 15,000.
By the Indian definition of male occupation and arguably
population, not rural! Yet our 10 doctors did on-call, and
worked in our local hospital, admitting patients and per-
forming obstetrics, surgery and anesthetics. I say rural and
it ranks as MM4° — medium-sized rural town.

My final example is Bungendore, only 38 km from Aus-
tralia’s Parliament House. I had known colleagues who
say “How this can be rural?” Until recent years, there was
no ambulance in town, so you have to wait up to 1.5 h for
an unwell patient to be collected, as you do in remote Cen-
tral Australia. No procedural work. Rural? I think so, and so
does the Modified Monash Model, which rates it as MM5°
— small rural town.

Rurality is a question of perspective. A farmer will say
“real rural isn’t living in towns”. However, most rural fam-
ily doctors need to live in their town in order to be avail-
able to the patients and their community. The government
defines rurality® in order to consider statistics on rural
health. They look at numbers of primary health care pro-
fessionals; they consider health spending; they are con-
cerned about death rates being 40 times higher for heart
disease and 3 times higher for type II diabetes.
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Conclusions

For me, rural has meant diversity of locations, cultures
and health problems. Defining rural is challenging within
Australia and certainly between countries.

I finish with another reference to the words of Prof.
Michael Kidd from 2014. “How we describe who we are
differs from place to place. What matters is the common
work we do, the vision that we share, the outcomes that
we achieve for our patients and their families and for our
communities.”

We call ourselves rural general practitioners, or rural
family physicians, or rural generalists, or rural primary
care doctors. We work in diverse settings with diverse
people.

We are all rural doctors.
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Abstract

Background. The systemicimmune-inflammation index (SIl) is a useful prognostic indicator for some types
of cancer, but it remains to be elucidated if it is similarly useful for colon cancer.

Objectives. This study aims to investigate the prognostic value of preoperative Sl in patients with colon
cancer undergoing radical surgery.

Materials and methods. The clinical materials of 188 patients with colon cancer who underwent radical
surgery from September 1, 2013, to August 31, 2018, in Zhongda Hospital at Southeast University (Nanjing,
(hina) were collected retrospectively. The Sll was calculated as platelet count x neutrophil count / lymphocyte
count. All patients enrolled in the study were then assigned into 2 different groups according to the median
value of SII for comparison of clinical features between the 2 groups. The survival curve was drawn using
the Kaplan—Meier method. Univariate and multivariate analysis were performed using the Cox regression
model, analyzing the independent risk factors. The independent factors were analyzed with the R software
to constructanomogram of 1-, 2- and 3-year disease-free survival (DFS) after operation. Lastly, a web-based
probability calculator was constructed to dynamically predict the possibility of DFS of patients.

Results. The SII could significantly predict DFS of patients with colon cancer with the median value
of 514.13xs. For DFS, multivariate Cox analysis indicated that age, tumor location, pathological N stage, and
preoperative Sl level were independent risk factors for patients with colon cancer after radical resection
(p < 0.05). A nomogram and a web-based probability calculator were constructed based on these factors.

Conclusions. The preoperative SII level can predict DFS in patients who received radical surgery with colon
cancer. The nomogram constructed based on independent risk factors is helpful in predicting DFS of colon
cancer patients in clinical practice.

Key words: prognosis, colon cancer, nomogram, systemic immune-inflammation index
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Background

Colorectal cancer is one of the most prevalent malignant tu-
mors of the digestive tract worldwide. According to the World
Health Organization (WHO) International Agency for Re-
search on Cancer (IARC) global burden of cancer estimates
for 2020, there were over 1.9 million new cases of colorectal
cancers (including anal) and 935,000 deaths in 2020, account-
ing for roughly 1/10 of all cancer cases and deaths.! In China,
colon cancer ranked 2™ and 5% in terms of new cases and
deaths among the top 10 malignancies in 2020.! With the ad-
vance in treatments in recent years, the 5-year survival rate
for colon cancer in China has risen to 57.6%; however, there
is still room for improvement.? At present, surgery is the most
common treatment for resectable colon cancer. However,
the postoperative local recurrence and distant metastasis
rate are still very high, owing to the anatomical structure
of the colon and the characteristics of cancer itself. Local
recurrence and distant metastasis are the main causes of de-
creased survival time and the decline in quality of life.> There-
fore, to promote good health and prevent mortality, it is criti-
cal to assess the recurrence risk and survival time of patients
with colon cancer after radical resection. According to previ-
ous research, inflammation is vital in various stages of tumor
incidence, tissue invasion and metastasis.* In recent years,
various inflammatory indicators have been presented for
predicting tumor prognosis in order to increase the overall
survival (OS) rate of patients with cancer, such as platelet-
to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio
(NLR)® and lymphocyte-to-monocyte ratio (LMR).® Systemic
immune-inflammation index (SII), which is equal to plate-
let count x neutrophil count / lymphocyte count (PxN/L),
could more thoroughly indicate the state of inflammation
in the body based on a combination of the aforementioned
3 indicators of platelet, neutrophil and lymphocyte. So far,
SII has demonstrated predictive value for prognosis in gas-
tric cancer,” bladder cancer® and breast cancer.” However, its
predictive value for the prognosis of colon cancer remains
unknown.!?

Objectives

To this end, this study aimed to investigate the predic-
tive value of preoperative SII level for disease-free sur-
vival (DES) of colon cancer patients undergoing radical
surgery, and to construct a nomogram that could be used
as a simple prognostication tool in clinical care.

Materials and methods
Patients

From September 1, 2013, to August 31, 2018, patients
with colon cancer who were admitted to Zhongda
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Hospital at Southeast University (Nanjing, China) and
received radical surgery were recruited into the study.
The inclusion criteria were as follows: 1) radical surgery
received; 2) postoperative pathological confirmation
of colon cancer; 3) preoperative imaging showing no
distant metastasis. Exclusion criteria were as follows:
1) patients who had received neoadjuvant therapy such
as radiotherapy, chemotherapy and immunotherapy be-
fore surgery; 2) patients with severe cardiopulmonary
insufficiency, severe infections, blood system diseases,
autoimmune disease, hepatitis, or other tumors before
surgery; 3) cases lacking crucial clinical or follow-up
data. Finally, a total of 188 eligible cases were included
in the study after application of the inclusion and exclu-
sion criteria.

This study retrospectively collected the data of previous
cases for anonymous analysis without exposing privacy
information of patients, so informed consent could be
waived. It was carried out in accordance with the Decla-
ration of Helsinki.

Collection of clinical data

The temperature of all patients was normal 3 days be-
fore surgery, without obvious symptoms of local or sys-
temic infection. Venous blood was collected 1 week
before surgery, and SII for each patient was calculated
using the formula SII = P x N/L. Clinical data (includ-
ing age, gender, preoperative carcinoembryonic antigen
(CEA) level, and preoperative intestinal obstruction) and
pathological data (including tumor location, histological
type, the maximum diameter, vascular and nerve inva-
sion, the number of dissected lymph nodes, TNM staging,
and human epidermal growth factor receptor-2 (HER2)
expression) were collected for analysis. Right-sided colon
cancer included cecum cancer, ascending colon cancer
and right-half transverse colon cancer, while the rest were
considered left-sided colon cancer. The follow-up started
on the day of surgery (either in hospital or outpatient) and
was performed every 3—6 months for the first 2 years,
and then every 6 months thereafter. The deadline for
follow-up was August 31, 2021. The patient’s DFS during
follow-up was recorded.

Evaluation criteria

The time from the postoperative period until the first re-
currence or death due to recurrence or termination of fol-
low-up was referred to as DFS. Postoperative recurrence
was defined as the recurrence of malignant tumors related
to the primary focus in all organs after radical resection,
including local recurrence and distant metastasis. Local
recurrence was understood as recurrence in the pelvic re-
gion, whereas distant organ metastasis referred to recur-
rence outside of the pelvic region. Postoperative recurrence
was confirmed with imaging or pathology.
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Statistical analyses

The IBM SPSS v. 26.0 software (IBM Corp., Armonk,
USA) was used for statistical analysis. The SII scores were
divided into a low and a high group according to the me-
dian. The ¥ test or Fisher’s exact test were used for com-
parison between groups. The Kaplan—Meier method
was used for survival analysis and the log-rank test were
used to compare the differences between the low and
high groups. Univariate and multivariate Cox regression
model was used to analyze risk factors that impacted
the prognosis of patients with colon cancer. Some data
regarding preoperative CEA, vascular invasion, nerve
invasion, and HER2 expression were missing. In order
to avoid the reduction of statistical test efficiency and
bias caused by the missing data, multiple interpolation
was used to compensate for missing data. Multiple in-
terpolation would generate 5 interpolated datasets, each
containing data of 188 patients, without missing items.
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These 5 datasets and the original dataset underwent in-
dependent Cox analysis to provide 6 survival functions.
The 6 survival functions were in good agreement, indi-
cating that the additional data did not cause obvious bias
in the results. Therefore, the best-performing dataset was
chosen as the final data for analysis. Bilateral probability
test was used for all statistics and p < 0.05 was consid-
ered statistically significant. The nomogram to predict
1-, 2- and 3-year DFS of patients after operation and
the web-based probability calculator were constructed
with the R software v. 4.1.1 (R Foundation for Statistical
Computing, Vienna, Austria). The bootstrap method was
used to repeat sampling 1000 times, serving to perform
the internal validation of the nomogram. The receiver op-
erating characteristic (ROC) curve and C-index were used
to assess the differentiation and accuracy of the predic-
tive model, and a calibration curve was used to evaluate
the consistency of the prediction model of the nomogram.
The flowchart (Fig. 1) depicts the concept for this study.

Patients who underwent intestinal surgery
at Zhongda Hospital of Southeast University
from September 1, 2013 to August 31, 2018

(n = 1237)

inclusion criteria:

« all patients received radical surgery;

« postoperative pathological confirmation of colon
cancer;

« preoperative imaging showed no distant
metastasis.

v

[ 584 patients were included ]

\

exclusion criteria:
« patients who had received adjuvant therapy (n = 2);
« patients with severe cardiopulmonary insufficiency,

according to the median
of preoperative SlI

v

severe infections, blood system diseases, autoimmune
disease or other tumors before surgery (n = 258);
« pases with large absence of clinical data or follow-up
\ data (n = 136).

J

[ 188 eligible cases were included in this study ]

high group

low group

(n=94)

(n=94)

v

[ univariate and multivariate COX regression analysis ]

v

[ construct and evaluate the nomogram prediction model ]

Fig. 1. Flowchart of the study

Sl = systemic immune-inflammation index.
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Results

General clinical characteristics
of the patients

A total of 188 patients were included. There were 117 males
and 71 females, whose age ranged from 33 to 92 years, with
amedian age of 67 years. Preoperative CEA level was >5 ng/
mL in 93 patients and <5 ng/mL in 81 patients. Preoperative
ileus was present in 50 cases. One hundred and seven pa-
tients had the tumor in the left colon, while 81 patients had
tumors in the right colon. The tumor diameter in 123 pa-
tients was <5 cm.1! The number of cases with adenocarci-
noma, mucinous adenocarcinoma and other histological
types were 148, 9 and 31, respectively. Vascular invasion was
observed in the specimens of 65 patients, while 33 patients
did not present with invasion. The number of patients with
TNM stage I (including TO0), stage II and stage III was 9, 93

Table 1. Baseline characteristics of patients

Variables

L. Zhang et al. Sll can predict DFS of colon cancer

and 86, respectively. The median follow-up time of all pa-
tients was 1294 (206—2766) days, during which 63 patients
developed postoperative recurrence, including 11 cases
with local recurrence and 52 cases with distant metastasis;
16 patients died. Among the patients with distant metas-
tasis, 36 cases were liver metastasis, while the remaining
16 patients presented with multiple metastasis or single
metastasis in other sites. Generally, the postoperative recur-
rence and mortality rate were 33.5% and 8.5%, respectively.
The median value of the preoperative SII was 514.13, rang-
ing from 108.27 to 5596.89. The clinical characteristics
of the enrolled patients are presented in Table 1.

Correlation between preoperative Sl
and clinical variables

The clinical data and characteristics of the patients were
compared between the 2 groups. (Table 2). There were

Characteristics

Numbers of patients (n, %)

male 117 (62.2)
ety female 71 (37.8)
<65 76 (404)
Age [years] 265 112 (59.6)
<5 93 (49.5)
Preoperative CEA [ng/mL] >5 81 (43.1)
unknown 14 (7.4)
o yes 50 (26.6)
Preoperative ileus Hone 138 (73.4)
Tumor location left-sided colon 107 (56.9)
right-sided colon 81 (43.1)
) <5 123 (654)
Diameter [cm] 5 65 (34.6)
adenocarcinoma 148 (78.7)
Histology mucinous adenocarcinoma 9 (4.8)
others 31(16.5)
yes 65 (34.6)
Vascular invasion none 121 (64.4)
unknown 2(1.1)
yes 33(17.6)
Nerve invasion none 152 (80.9)
unknown 3(1.6)
) ) <12 42(22.3)
Number of dissected peri-intestinal lymph nodes -2 146 (777)
0/1+ 112 (59.6)
HER2 expression 2+/3+ 70 (37.2)
unknown 6(3.2)
1-2 (including Tis) 14 (7 .4)
T stage 3 163 (86.7)
4 11(5.9)
0 100 (53.2)
N stage 1 59(314)
2 29 (15.4)
I (including TO) 9 (4.8)
TNM stage Il 93 (49.5)
Il 86 (45.7)

CEA - carcinoembryonic antigen; HER2 — human epidermal growth factor receptor 2.
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Table 2. Characteristics of patients from different SIl groups

Characteristics

low group
(n=94)

high group
(n=94)

Gender (male/female) 61/33 56/38 0.566 0.452
Age (<65/>65 years) 36/58 40/54 0.353 0.552
Preoperative CEA (<5/>5 ng/mL) 54/40 48/46 0.772 0.380
Preoperative ileus (yes/no) 20/74 30/64 2.725 0.099
Tumor location (left colon/right colon) 56/38 51/43 0.542 0.461

Diameter (<5/>5 cm) 71/23 52/42 8489 0.004
Histology (adenocarcinoma/mucinous adenocarcinoma/others) 75/3/16 73/6/15 1.401 0.713
Vascular invasion (yes/no) 27/67 38/56 2.845 0.092
Nerve invasion (yes/no) 15/79 19/75 0.574 0448
Number of dissected peri-intestinal lymph nodes (<12/>12) 24/70 18/76 1.104 0.293
HER2 expression (0 and 1+/2+ and 3+) 61/33 54/40 1.097 0.295
T stage (1-2 (including Tis)/3/4) 9/83/2 5/80/9 5653 0.059
N stage (0/1/2) 53/27/14 47/32/15 0818 0.664
TNM stage (I (including TO)/II/1I) 6/48/40 3/45/46 1.485 0.467

Sl - systemic immune-inflammation index; CEA — carcinoembryonic antigen; HER2 — human epidermal growth factor receptor 2. The ¥ test was used for

the comparison between the 2 groups. Values in bold are statistically significant.

statistical differences in tumor diameter in the 2 groups
(p < 0.05), while gender, age, preoperative CEA level, intes-
tinal obstruction, tumor location, tumor histology, vessel
and nerve invasion, number of dissected peri-intestinal
lymph nodes, HER2 expression, and T, N and TNM stage
did not differ between the 2 groups (p > 0.05).

Risk factors affecting the prognosis
of colon cancer patients receiving
radical resection
As shown in Table 3, SII, as well as age, preoperative
CEA level, tumor location, vascular and nerve invasion,

and N and TNM stage affected the DFS of colon cancer
in the 2 groups. Multivariate Cox analysis indicated that

1.0
0.8
2
E
8 06
e
2
g 0.4 preoperative Sl
5 _r low group
@ 5 _r high group
0. p=0.048 —— low group-censored
—+ high group-censored
0.0

0 500 1000 1500 2000 2500 3000
DFS [days]
Fig. 2. Survival analysis of Sll according to the Kaplan—Meier method

Sl = systemic immune-inflammatory index; DFS - disease-free survival.

age, tumor location, pathological N stage, and preoperative
SII level were independent risk factors for DES of patients
who received radical resection of colon cancer. The Ka-
plan—Meier method indicated that there was a statistically
significant difference in DFS between the 2 groups (Fig. 2).
It revealed that patients in the high-SII group had worse
DEFS compared with those in the low-SII group.

Nomogram and a web-based probability
calculator for prognosis of patients with
colon cancer undergoing radical surgery

For DES, the independent risk factors of DES according
to the results of multivariate analysis, including age, tumor
location, pathological N stage, and preoperative SII level,
were uploaded into the R software to draw a nomogram
(Fig. 3). Bootstrap method was applied for internal vali-
dation of the nomogram (B = 1000) and the C-index was
0.717 (95% CI: 0.654—0.779). The ROC curve indicated that
the nomogram had a good ability to predict DFS in a 3-year
perspective. Furthermore, the calibration curve derived
by the nomogram showed that the probability of DFS
agreed well with the actual condition. Both curves are
shown in Fig. 4. Moreover, a dynamic web-based prob-
ability calculator (https://medicalclimbers.shinyapps.io/
DynNomapp/) was created to predict the DES of patients
with colon cancer undergoing radical resection according
to the nomogram; this web-based probability calculator
also made calculation of DFS probability of a single pa-
tient easier. As in the example below, it was easy to obtain
the DFS probability of a patient by entering the age, tumor
location, SII and pathological N stage in the calculator. For
example, the 2-year DFS probability of patients who were


https://medicalclimbers.shinyapps.io/DynNomapp/
https://medicalclimbers.shinyapps.io/DynNomapp/
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Table 3. Univariate and multivariate Cox regression analysis of DFS in patients with colon cancer

Univariate analysis

Multivariate analysis

Variables Variables
HR (95% Cl) HR (95% Cl)
<65 1 (reference) 1 (reference)
Age [years] >65 1.956 (1.131-3.384) e 2.581 (1.465-4.549) gl
) <5 1 (reference)
Preoperative CEA [ng/mL] 55 2,049 (1.209-3472) 0.008 - -
) left colon 1 (reference) 1 (reference)
Tumorlocation right colon 1.849 (1.126-3.037) 0015 25535 (1.509-4.258) 0000
A yes 1 (reference) B B
Vascular invasion none 1733 (1.045-2.875) 0.033
. ) yes 1 (reference) 5 B
Nerve invasion none 1762 (0.968-3.206) 0064
0 1 (reference) 1 (reference)
N stage 1 2.162 (1.202-3.886) 0.000 3.031 (1.648-5.575) 0.000
2 4442 (2.361-8.358) 6.222 (3.214-12.045)
| (including TO) 1 (reference)
TNM stage Il 2.261 (0.304-16.809) 0.001 - -
Il 5.690 (0.782-41.378)
low group 1 (reference) 1 (reference)
ol high group 1.654 (0.998-2.741) 0051 1.708 (1.025-2.844) 0.040

DFS - disease-free survival; HR — hazard ratio; 95% CI — 95% confidence interval; CEA — carcinoembryonic antigen; Sll — systemic immune-inflammation index.

0 10 20 30 40 50 60 70 80 90 100 Fig.3.Nomogram for predicting 1- 2-and 3-year

points C * * * : * * ! DFS after radical resection of colon cancer
>514.13 SII - systemic immune- inflammation index;
preoperative SII <514.13 DFS - disease-free survival.
>65
age |years <'65 . .
ge [years] right-sided colon
tumor location léft-sided colon
!
N stage 0 2

total points 0 20 40 60 80 100 120 140 160 180 200 220 240

1-year DFS probabilit; T T T T T — T
y s y 0.95 0.9 0.85 0.8 0.75 0.650.55 0.45 0.35

0.99 0.8

3-year DFS probability 0.9 0.8

L DI 0.7 0.6 0.50.4 03 02 0.1

0.7 0.6 05040302 0.1

65 years old or older and had left-sided colon cancer, high
preoperative SII and pathological N1 stage was about 65%
(95% CI: 50—-83%) (Fig. 5).

Discussion

Tumor-associated inflammation plays a vital role
in the occurrence and development of tumors, and in-
flammatory and immune cells are important components
of the tumor microenvironment.!? When tissues are injured
or infected, the local immune system activates numerous
inflammatory cells, such as neutrophils, lymphocytes,
macrophages, etc. which secrete a variety of cytokines
to form an inflammatory microenvironment and repair

damaged tissues. However, when such inflammatory mi-
croenvironment appears in tumor patients, a large number
of inflammatory mediators which could alter the internal
environment will be released, resulting in a cascade of in-
flammation-associated reactions. The constant inflamma-
tory microenvironment could lead to the occurrence of tu-
mors, which in turn further aggravate the inflammatory
response by tumor formation and development.'**> Cur-
rently, it is widely believed that tumor-related inflammation
suppresses tumor immunity by recruiting regulatory T cells
and activating chemokines, leading to tumor progression.'®
Neutrophils inhibit the anti-tumor T response and release
pro-angiogenic factors to stimulate the spread of tumor
cells, while platelets also secrete a variety of angiogenic fac-
tors and tumor growth factors to stimulate the proliferation
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Fig. 4. A. ROC curve of the nomogram for predicting 1-, 2- and 3-year DFS after radical resection of colon cancer; B-D. Calibration curves of nomogram for

predicting 1-, 2- and 3-year DFS after radical resection of colon cancer

ROC - receiver operating characteristic; AUC — area under curve; DFS — disease-free survival.

and distant metastasis of cancer cells.*” On the other hand,
lymphocytes are involved in anti-tumor immunity, trigger-
ing tumor apoptosis and necrosis mechanisms, so the de-
crease in the number of peripheral lymphocytes represents
impaired cellular immunological dysfunction.!8-2°

The blood routine is a low-cost, low-trauma and highly
repetitive examination procedure both for patients’ admit-
ted to hospitals and in outpatient clinics. Due to this, a se-
ries of inflammation-related indicators have been studied
more intensively, and some of them have been proven to be
useful in the prognosis of colon cancer. Catal et al. found
that the preoperative PLR value showed good specificity
and sensitivity for predicting lymph node metastasis in pa-
tients with colon cancer.?! The study by Turri et al. indi-
cated that patients with stage I or II colon cancer had worse
OS when preoperative NLR was greater than 3 (p = 0.007).22
Facciorusso et al. proved that LMR could predict OS and
time to recurrence (TTR) in patients with colorectal liver
metastasis after radiofrequency ablation.?® Patients with

LMR < 3.96% had a shorter median OS (34 months com-
pared to 38 months, p = 0.007) and TTR (25 months com-
pared to 35 months, p = 0.02) than those with LMR > 3.96%.
In this study, SII is based on the comprehensive indicators
of neutrophils, platelets and lymphocytes, which might
better reflect the relationship between immunity and in-
flammation. The SII is effective in predicting the prog-
nosis of cancers such as gastric cancer,'* bladder cancer®
and others. However, there are few studies regarding SII
and colon cancer, and there is a lack of unified conclusion
on the threshold value of SII. According to relevant stud-
ies, between 40% and 50% of patients with colorectal can-
cer will experience local tumor recurrence or metastasis,
which ultimately leads to death.?*?> Thus, it is necessary
to assess the risk of recurrence of patients with colon can-
cer and take steps as early as possible in order to improve
the survival rate and the quality of life. In recent years,
many experts have studied the risk factors for recurrence
of colon cancer. Some found that with the increase of age,
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the number of lymphocytes in the body decreases, so SII
would increase with age, which may lead to a correlation
between age and postoperative recurrence rates.?® Mizuno
et al.”” confirmed that preoperative CEA level was signifi-
cant for the prognosis of patients with stage 1I/III colon
cancer, while some other investigators?® pointed out that
postoperative CEA, rather than preoperative CEA, could
more accurately predict the probability of recurrence and
death after operation. This dispute warrants more studies
in the future. In addition, Lee et al. found that left colon
cancer patients had considerably better DFS and OS com-
pared with those with right colon affected, which might
be due to the different biologic characteristics of colon
cancer at different location.?” Saha et al. found that tumor

diameter negatively impacted survival, whereas our study
failed to confirm the connection between tumor diameter
and prognosis because of the small sample size.3° Neverthe-
less, other classic factors, such as pathological N stage,3!
were proven to be related to DFS.

A meta-analysis confirmed that higher preoperative SII
level could predict worse DES of patients with colon cancer,
which is in accordance with our study.* However, the cutoff
value of SII was not standardized in general. In our study,
the cutoff value of SII was 514.13, which is similar to
the findings presented in other studies, where the cutoff
SII ranged from 340 to 667.75.1%3233 The varied values
of SII do not alter our conclusion; however, the optimal
cutoff value still needs to be adjusted according to clinical
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practice. Despite the fact that the TNM analysis can pre-
dict the prognosis of patients with cancers, its limited ac-
curacy results in heterogeneity of patients with the same
stage.3* Some research has put forward several new TNM
staging strategies to predict the prognosis of patients with
colorectal cancer.3>~3” Therefore, the nomogram in this
study could integrate various clinical information to pro-
vide more accurate and individualized prognostic predic-
tion, better than just TNM stage. Furthermore, the nomo-
gram established here is based on independent risk factors
that could well predict DFS of patients with colon cancer 1,
2 and 3 years after surgery. To be more exact, we were able
to predict the probability of 1-, 2- and 3- DES of patients
with colon cancer based on their clinical characteristics in-
cluding age, tumor location, preoperative SII, and N stage.
Inflammatory response is not the only factor affecting
the prognosis of patients with cancers. Nowadays, more
attention has been paid to tumor drug therapies like che-
motherapy and immunotherapy, while surgical treatment
seems less important. While all cases in this study received
radical surgery, the prognosis of patients may be influenced
by many factors, including different surgical methods and
experience of operators. A meta-analysis of 16 retrospec-
tive studies showed that any complication after radical
surgery in patients for stage II and III gastric cancer pre-
dicted a poor outcome, while the same result was not found
in patients with stage I gastric cancer.®® For functional well-
differentiated neuroendocrine tumors (NETs) with liver
metastases, surgery is not usually the first choice. However,
Citterio et al. demonstrated that resection of the primary
tumor might improve the survival in these patients.*® For
pancreatic cancer, radical surgery is still the only curative
method, but the choice of surgical method is worth further
discussion. The survival benefits of patients with pancreatic
head cancer were not significantly improved by extended
resection when compared with standard pancreaticoduo-
denectomy. Conversely, better survival outcomes were
achieved by extended resection of pancreatic tail or body
cancer.*’ For colon cancer, the choice between open and
laparoscopic surgery has always been controversial. Mazaki
et al. found that compared with colon cancer patients who
underwent open radical surgery, those who received lapa-
roscopic radical surgery had a lower 5-year cumulative
local recurrence rate (9.2% compared to 0%, p = 0.007), but
the 5-year distant metastasis rate seemed to be higher (9.2%
compared to 12.7%, p = 0.49).*! In summary, future studies
should also pay more attention to tumor surgical treat-
ment, such as the timing of surgery, the choice of surgical
methods and postoperative complications, so as to provide
reference for prolonging the survival of patients.

Limitations
Inevitably, there were some limitations of this study.

Firstly, it was a single-center retrospective study with
a small sample size and some loss of clinical data, which

21

had selection bias, confounding bias and some other
drawbacks. Additionally, the differing surgical experience
of the operators could also lead to differences in the post-
operative tumor recurrence rate of patients. This no-
mogram had only been verified internally due to limi-
tations imposed due to COVID-19 pandemic and small
sample size. As a result, its reliability was weaker when
it was verified in different cohorts. Although our study
lacked external validation, the nomogram performed well
in terms of discrimination and calibration, and it predicted
the probability of disease-free survival 1, 2 and 3 years after
radical surgery, which was rarely performed in other stud-
ies. Future studies should collect data from other centers
for external validation. Finally, factors related to prognosis
such as microsatellite instability, KRAS and NRAS*? muta-
tions, and the question whether to perform postoperative
adjuvant therapy were not included in the study. Mean-
while, whether SII has predictive value for patients of all
races, regions and types requires more multicenter and
larger sample research in the future.

Conclusion

In summary, this study found that SII, as a novel prog-
nostic indicator based on inflammation in recent years,
could independently predict the postoperative recurrence
of patients with colon cancer. The nomogram based on SII
and other independent factors could effectively predict
1-, 2- and 3-year DFS of patients after surgery, providing
patients and doctors with more accurate and timely prog-
nostic judgments, which could potentially improve survival
rate and quality of life. Moreover, a dynamic web-based
probability calculator constructed according to the no-
mogram made it easier and more convenient to predict
the prognosis of patients in clinical work.
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Abstract

Background. Seizures and the subsequent development of epilepsy after stroke may not only hinder pa-
tient’s recovery but also increase the risk of complications. Interleukin (IL)-1B has been shown to be acutely
upregulated after ischemic stroke and play a role in the recurrence of seizures following the first epileptic
seizure in patients suffering an ischemic stroke. Meanwhile, variants of the /[-18 gene encoding IL-1p are
involved in the stimulation of febrile seizures.

Objectives. To study the potential associations of the 5 polymorphisms of the /-1 gene with seizure
susceptibility in ischemic stroke patients, and to explore the possible mechanisms.

Materials and methods. A total of 856 ischemic stroke patients were allocated into the control group
(patients without post-stroke seizures) and the case group (patients with post-stroke seizures). The /[-18
polymorphisms rs10490571 (T/C), rs114363 (C/T), rs1143623 (G/C), rs16944 (T/C), and rs2853550 (A/G) were
detected using TagMan SNP genotyping assays, and serum IL-1B levels were measured using the enzyme-
linked immunosorbent assay (ELISA). Demographic data, clinical characteristics and cerebrovascular disease
risk factors at admission were collected. Multivariate analysis was performed to determine independent
associations, and IL-16 levels were compared using analysis of variance (ANOVA) followed by a post hoc test.

Results. In 74 patients (8.6%, 74/856), post-stroke seizures occurred within 1 year of stroke onset. The mul-
tivariate analysis showed that the rs16944 polymorphism of /- 18, cortical involvement and National Institutes
of Health Stroke Scale (NIHSS) score on admission were correlated with post-stroke seizures after adjusting
for stroke laterality, thrombolysis, use of statins, and IL-1B rs10490571. The IL-1B rs16944 TT (odds ratio (OR):
1.923,95% confidence interval (95% CI): 1.257—4.185) and TC genotypes (OR: 1469, 95% CI: 1.130—2.974)
were associated with a significantly increased risk of post-stroke seizures compared to the CC genotype.
One-way ANOVA for IL-1B levels demonstrated a tendency for higher levels in TT > TC > (C genotypes
(641 compared to 4.53 compared to 2.10 pg/mL, respectively).

Conclusions. The /[-1B rs16944 polymorphism had an independent association with seizure susceptibility
after ischemic stroke. The mechanism might be associated with the requlation of IL-1B levels.

Key words: polymorphism, multivariate analysis, /[-18 rs16944 (T/C), post-stroke seizures, IL-1p levels
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Background

Strokes are the 2" leading cause of preventable deaths
around the world and the primary cause of long-term dis-
ability.! In China, the stroke burden has been increasing
over the past 30 years. The age-standardized incidence has
risen to 246.8/100,000 person-years, and the age-standard-
ized mortality to 114.8/100,000 person-years.? Ischemic
stroke, which accounts for 75—-80% of all strokes, is the most
common cause of seizures among the elderly and is the pre-
dominant cause of seizures among the adults.>~> Seizures
and the subsequent development of epilepsy after stroke
may not only hinder patient’s recovery but also increase
the risk of complications.® With demographic changes,
the healthcare system is facing a challenge of an increas-
ing number of elderly people with post-stroke seizures.
Therefore, the identification and appropriate management
of stroke patients with an increased susceptibility for sei-
zures are crucial in stroke care. Interleukin (IL)-1 has been
demonstrated to be acutely upregulated after an ischemic
stroke and be involved in the recurrence of seizures fol-
lowing the first epileptic seizure in patients with ischemic
strokes.””? At the same time, variants of the IL-1B gene
encoding IL-1f3 have been shown to be involved in the stim-
ulation of febrile seizures.!® Additionally, the IL-1B poly-
morphisms rs16944, rs1143623, rs10490571, and rs2853550
were associated with the expression of IL-13. However,
the correlations between these polymorphisms and post-
stroke seizures have not been analyzed.

Objectives

In this study, the association of IL-1B polymorphisms
rs10490571, rs114363, rs16944, rs1143623, and rs2853550
with post-stroke seizures was determined using multi-
variate analysis. This study aimed to evaluate the poten-
tial associations of 5 polymorphisms of the /L-1B gene
with seizure susceptibility in ischemic stroke patients, and
to explore the possible mechanisms.

Materials and methods
Participants

This case-control study was performed at the Shandong
Provincial Third Hospital (Jinan, China) between Sep-
tember 2018 and August 2019, and included 856 ischemic
stroke patients into the final analysis. Participants meet-
ing the following criteria were included: 1) acute first-ever
ischemic stroke definitively diagnosed using magnetic
resonance imaging (MRI) or computed tomography (CT);
2) 218 years of age at the time of admission; 3) no previ-
ous history of seizures; 4) no potentially epileptogenic co-
morbidities such as cerebral venous thrombosis, cerebral

X. Ma et al. Seizure susceptibility in ischemic stroke

arteriovenous malformations, intracranial tumors, etc.;
5) complete medical data; and 6) the ability to provide
written informed consent. Participants with the follow-
ing characteristics were excluded: 1) history of antiepi-
leptic drug therapy to prevent seizures or other diseases;
2) primary hemorrhagic stroke or transient ischemic at-
tacks; and 3) lost to follow-up or death before the follow-up.
This study received the approval from the Ethical Com-
mittee of Shandong Provincial Third Hospital (approval
No. SDTH-201813022).

Grouping

All 856 ischemic stroke patients were allocated either
into the control group (patients without post-stroke sei-
zures) or the case group (patients with post-stroke sei-
zures), depending on the occurrence of a post-stroke
seizure within 1 year of the onset of ischemic stroke.
The diagnosis of seizure occurrence was determined us-
ing the definition provided by the International League
Against Epilepsy (ILAE).

Data collection

We retrospectively collected the demographic data,
clinical characteristics and cerebrovascular disease risk
factors of participants at admission. The demographic
data included sex, age and body mass index (BMI), while
cerebrovascular disease risk factors included hypertension,
smoking, drinking, diabetes mellitus, coronary heart dis-
ease, dyslipidemia, and atrial fibrillation. The clinical char-
acteristics including stroke laterality, cortical involvement,
the National Institutes of Health Stroke Scale (NIHSS)
score at admission, Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) classification (large artery atheroscle-
rosis, cardioembolism, small vessel occlusion, other deter-
mined, and undetermined), stroke treatment methods, and
duration from stroke onset to admission were collected.

Genotyping and measurement
of IL-1$3 levels

Peripheral blood samples were collected from all par-
ticipants and DNA was extracted from the blood samples
using the phenol-chloroform method. The concentra-
tion of DNA was measured using the optical density, and
the quality of DNA was assessed according to the 260/280
ratio. TagMan™ Pre-Designed SNP genotyping assays
(Applied Biosystems, Waltham, USA) were used to detect
the polymorphisms (C___29921173_20 for rs10490571,
C___9546529_30 for rs114363, C___1839943_10
for rs16944, C__ 1839941 10 for rs1143623, and
C___188872117_10 for rs2853550). Haploview software
v. 4.2 (Broad Institute, Cambridge, USA) was used to an-
alyze the Hardy—Weinberg equilibrium (HWE), as well
as allele and genotype frequencies.



Adv Clin Exp Med. 2023;32(1):23-29

After the blood samples were centrifuged for 10 min
at 3000 g, serum IL-1 levels were measured using the Hu-
man Interleukin-1p ELISA Kit (Baiaolaibo, Beijing, China).

Statistical analyses

The IBM SPSS v. 22.0 (IBM Corp., Armonk, USA) was
used to perform all statistical analyses, and significance
was set at a two-sided p-value <0.05. The Shapiro—Wilk
test was used to evaluate the normality of continuous
data. The Student’s t-test was used to compare the means
of normally distributed data between the case group and
the control group. The Mann—Whitney U test was used
to compare the pseudo-medians of non-normally distrib-
uted data. The x? test was used to compare the differences
in qualitative data between the case and control groups,
and the Fisher’s exact test was used when 1 or more cells
had an expected count of less than 5. To avoid the omission
of variables that might be meaningful and to determine
independent associations, the multivariate analysis was
performed for variables with a two-sided p-value <0.10
in the univariate analysis, using a backward stepwise logis-
tic regression model. The IL-1[ levels were compared using
analysis of variance (ANOVA) followed by post hoc testing
in ischemic stroke patients with different genotypes.

Results
General results

A total of 74 participants (8.6%, 74/856) had post-stroke
seizures within 1 year of stroke onset. In the continuous
data, NIHSS score at admission was non-normally dis-
tributed and was expressed using the median and the 1%
and 3 quartile (Q1, Q3). The NIHSS score at admission
was 14 (12, 18) in the case group and 12 (10, 16) in the con-
trol group, and its pseudo-median was compared using
the Mann—Whitney U test. Other continuous data were
normally distributed, and their means were compared us-
ing Student’s t-tests. According to the results of univariate
analysis, stroke laterality, cortical involvement, thromboly-
sis, use of statins (Table 1), and NIHSS score on admission
(Z=2.013, p = 0.044) were significantly different between
the control and case groups. Other variables were not sig-
nificantly different.

Genotyping results

In 841 participants, these 5 single nucleotide polymor-
phisms (SNPs) were successfully genotyped. Sequencing
was further carried out for the SNPs that were not geno-
typed successfully. Finally, all 856 participants were suc-
cessfully genotyped for these 5 SNPs. As shown in Table 2,
the genotype frequencies of these 5 SNPs were not sig-
nificantly different from those predicted using the HWE.
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The x? test showed that the genotype frequencies of IL-1B
rs16944 (degrees of freedom (df) = 2, x* = 8.683, p = 0.013)
and rs10490571 (df = 2, Fisher’s exact test, p = 0.030) were
significantly different between the case and control groups,
but rs1143623 (df = 2, x*> = 0.261, p = 0.878), rs114363 (df = 2,
Fisher’s exact test, p = 0.456) and rs2853550 (df = 2, Fisher’s
exact test, p = 0.698) were not.

Multivariate analysis

The multivariate analysis was conducted for the follow-
ing variables: cortical involvement, stroke laterality, NI-
HSS score on admission, thrombolysis, use of statins, IL-1B
1rs16944, and IL-1B rs10490571. As demonstrated in Table 3,
the IL-1B polymorphism rs16944, cortical involvement and
NTIHSS score on admission were correlated with post-stroke
seizures after adjusting for stroke laterality, thrombolysis,
use of statins, and IL-1B rs10490571. The IL-1B rs16944.
TT and TC genotypes were associated with a significantly
increased risk of post-stroke seizures compared to the CC
genotype. Moreover, the odds ratio (OR) of the T'T genotype
was higher than that of the TC genotype.

IL-1B levels

The IL-1p levels in the case group were higher than that
of the control group (Student’s t-test, df = 854, t = 2.683,
p = 0.008, Fig. 1A). One-way ANOVA for IL-1p levels
demonstrated a tendency for higher levels in TT com-
pared to TC and CC genotypes (Fig. 1B, 6.41 compared
to 4.53 compared to 2.10 pg/mL, respectively; overall
test: F = 10.537, p = 0.007, post hoc results are presented
in Table 4).

Discussion

The incidence of post-stroke seizures ranged from 2%
to 20% with great variation.!’~!3 Post-stroke seizures can
lead to additional complications, increased mortality and
longer initial hospitalizations, which substantially impact
the prognosis and quality of life in stroke patients.!*1>

Inflammation is extensively involved in the patho-
physiology of an ischemic stroke.!® The expression of pro-
inflammatory cytokines, including IL-1p and IL-6, have
been found to be significantly upregulated after an acute
stroke.!” Neuroinflammation can result in hyperexcitabil-
ity, a ground base for seizures.!®!? In the central nervous
system, /L-1B is a constitutively expressed gene that can
modulate both the expression and activity of ion channels
and exert a neurotrophic factor-like activity.2%?! The lev-
els of inflammatory cytokines in the IL-1p pathway can
act as biomarkers for neurologic diseases. The IL-1f can
increase neuronal excitability through the activation
of its endogenous receptor.?>23 Following an initial insult
to the central nervous system, ongoing inflammation can
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Table 1. Univariate analysis results of the differences regarding demographic data, risk factors for cerebrovascular diseases and clinical characteristics

between the case group and control group

All ischemic stroke
patients (n = 856)

Variables

Age [years], M £SD 67.26 £9.25
Males, n (%) 510 (59.6)
BMI [kg/m?, M +SD 2467 £3.18

Smoking, n (%) 201 (23.5)
Alcohol consumption, n (%) 326 (38.1)
Diabetes mellitus, n (%) 162 (18.9)
Hypertension, n (%) 556 (65.0)
Coronary heart disease, n (%) 40 (4.7)

Dyslipidemia, n (%) 171 (20.0)
Atrial fibrillation, n (%) 61(7.1)

Right 418 (488)
Left 438 (51.2)

Cortical involvement, n (%) 199 (23.2)

Large artery atherosclerosis 457 (53.4)
Cardioembolism 176 (20.6)
Small vessel occlusion 129 (15.1)
Other determined 47 (5.5)

Undetermined 121 (14.1)

Thrombolysis 79(9.2)
Antiplatelet therapy 600 (70.1)
Anticoagulation therapy 255(29.8)
Use of statins 708 (82.7)
Duration from stroke onset to admission [h], M +SD 18.98 £7.95

Demographic data

Risk factors for cerebrovascular diseases

Clinical characteristics

Stroke laterality, n (%)

TOAST classification, n (%)

Socrn | Csrn T | 0 | et | Pe
68.37 £9.14 67.15+9.26 854 1.096 0.285
48 (64.9) 462 (59.1) 1 0.940 0.332
25.09 £3.07 2463 £3.19 854 1.228 0.225
21(284) 180 (23.0) 1 1.081 0.298
25(33.8) 301 (38.5) 1 0635 0425
18 (24.3) 144 (184) 1 1.539 0.215
44 (59.5) 512 (65.5) 1 1.074 0.300
6(8.1) 34(43) 1 - 0.147*
19 (25.7) 152 (194) 1 1.646 0.200
8(10.8) 53(6.8) 1 1474 0.225
47 (63.5) 371 (47.4)
1 6.988 0.008
27 (36.5) 411 (52.6)
27 (36.5) 172 (22.0) 1 7.957 0.005
35 (47.3) 422 (54.0) 1 1.207 0.272
17 (23.0) 159 (20.3) 1 0.289 0.591
8(10.8) 121 (15.5) 1 1.148 0.284
2(2.7) 45 (5.8) 1 - 0421*
12 (16.2) 109 (13.9) 1 0.286 0.592
(

15(20.3) 64 (8.2) 1 11.788 0.001
48 (64.9) 552 (70.6) 1 1.056 0.304
27 (36.5) 228 (29.2) 1 1.737 0.188
55(74.3) 653 (83.5) 1 3.983 0.046
19.49 +7.64 18.93 £7.98 854 0.600 0.556

M +SD — mean + standard deviation; df — degrees of freedom; BMI — body mass index; TOAST - Trial of ORG 101072 in Acute Stroke Treatment; * Fisher's

exact test.

change neuronal plasticity through several transcription-
ally mediated effects, which have the potential for aber-
rant and epileptogenic circuits.?#~2¢ Vezzani et al. reported
that IL-1B had proconvulsive effects on limbic seizures
in mice induced by electrical stimulation, bicuculine and
kainic acid.?” Sutulovi¢ et al. showed that chronic pelvic
pain syndrome/chronic prostatitis (CPPS/CP) induced
with experimental A-carrageenan can lead to an increased
susceptibility of rats to lindane-induced seizures through
the upregulation of IL-6 and IL-1[ levels in the thalamus
and cerebral cortex.?

The mechanisms associated with the proconvulsive
effects of IL-1p remain unexplained. Several potential
mechanisms refer to IL-1p reducing the seizure thresh-
old through the induction of an intracellular Ca2* ion
surge and resultant modifications on voltage-dependent

ion channels®; IL-1p stimulating the production of NO
in the brain®’; IL-1f inducing neuronal hyperexcitabil-
ity through the activation of the N-methyl-D-aspartate
receptor (NMDA-R) and stimulating the chronic release
of excitatory neurotransmitters®; and IL-1p inhibiting K*
efflux, the recycling of gamma-aminobutyric acid (GABA)
receptors, and the uptake of excitatory neurotransmit-
ters by the glial population.?®3? According to our results,
the levels of IL-1P in ischemic stroke patients with post-
stroke seizures were significantly higher than in those
without post-stroke seizures.

The expression of cytokines can be regulated by poly-
morphisms within the promoter regions of their genes.
Therefore, these promoter polymorphisms can influ-
ence the disease susceptibility by mediating the extent
of the secretory response of these cytokines.?3* The IL-1
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Table 2. Results of Hardy-Weinberg equilibrium (HWE) testing in the case and control group

IL-1B polymorphisms UGS Genotype frequency, n (%) FWE testing
frequency, n G p-value
- T C T TC cC -
1516944 case group (n = 74) 83 65 23(31.1) 37(50.0) 14 (18.9) 2 1.216 0.253
control group (n=782) = 675 889 165 (21.1) 345 (44.1) 272 (34.8) 2 0.937 0.328
- G C GG GC cC -
1s1143623 case group (n = 74) 60 88 12(16.2) 36 (48.6) 26 (35.1) 2 2.286 0.131
control group (n=782) | 601 963 113 (144) 375 (48.0) 294 (37.6) 2 1.023 0.305
- C T cC cT T -
rs114363 case group (n = 74) 142 6 68 (91.9) 6(8.1) 0 (0) 2 - 0.547*
control group (n=782) = 1516 48 734 (93.9) 48 (6.1) 0(0) 2 - 0.498*
- T C T TC cC -
rs10490571 case group (n = 74) 35 113 5(6.8) 25 (33.8) 44 (59.5) 2 1.956 0.170
control group (n=782) | 241 1323 23 (2.9) 195 (24.9) 564 (72.1) 2 1.542 0.203
- A G AA AG GG -
rs2853550 case group (n = 74) 16 132 2(27) 12 (16.2) 60 (81.1) 2 - 0.618*
control group (n = 782) 151 1413 24(3.1) 103 (13.2) 655 (83.8) 2 0.172 0.674

df — degrees of freedom; * Fisher's exact test.

Table 3. Results of the multivariate analysis of the differences between the case and control group

Variables Regression coefficient Standard error 95% Cl
1516944 - - 7.265 - - 0.029
cC - - - - - Ref=1
TC 0512 0.203 6.017 1.469 1.130-2.974 0.038
T 0.654 0.231 8.786 1.923 1.257-4.185 0.012
rs10490571 - - 2.685 - = 0.153
CC - - - - - Ref=1
TC 0376 0.128 2.154 1.293 0.714-2.039 0.186
T 0.395 0.141 2978 1.327 0.748-2.191 0.132
Cortical involvement 0428 0.159 5.982 1.354 1.105-2.893 0.041
Stroke laterality 0.297 0.106 1.839 1277 0.693-2.012 0214
NIHSS at admission 0.293 0.102 6.326 1.192 1.058-1.705 0.034
Thrombolysis 0314 0.125 1.548 1.214 0.549-1.692 0.263
Use of statins 0.258 0.116 1.095 1.189 0.457-1.658 0327

OR - odds ratio; 95% Cl — 95% confidence interval; NIHSS — National Institutes of Health Stroke Scale.

Table 4. Post hoc results of the analysis of the interleukin (IL)-13 levels [pg/mL]

(I) Genotypes (J) Genotypes Mean difference (I-J) Standard error ‘ p-value 2%l
lower bound upper bound

TC 2.03 0.57 0.011 091 3.15

" CC 432 0.78 0.002 2.79 5.85
T -2.03 0.57 0.011 -3.15 —091

E CC 229 0.64 0.005 1.04 3.54
T -4.32 0.78 0.002 —5.85 —2.79

- TC -2.29 0.64 0.005 -3.54 -1.04

95% ClI - 95% confidence interval.
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Fig. 1. Interleukin (IL)-13 levels in the case
group and control group (A), and in different
genotypes (B)

p = 0.008 for the control group compared
to the case group; p = 0.011 for TT compared
to TG, p = 0.002 for TT compared to CC; p = 0.005

* for TC compared to CC.
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gene cluster contains IL-1B, IL-1A and IL-1RN which are
located on chromosome 2q. The IL-1B, encoding IL-1j,
is demonstrated to be 7020 base pairs in length and con-
tains numerous polymorphisms. Several SNPs within
the promoter region of IL-1B have been researched in vari-
ous infectious and inflammatory diseases.>> Among them,
the IL-1B polymorphism rs16944 has been correlated with
IL-1pB levels among rheumatoid arthritis patients in north
India and hence affects disease susceptibility in which
the T allele is directly associated with a higher IL-1p ex-
pression.?® The CT genotype of ILIB rs16944 has also
been shown to be associated with febrile seizure through
the upregulation of postictal IL-1f levels in Korean chil-
dren.!® The AA genotype of IL-1B rs2853550 has been
demonstrated to be correlated with a higher level of plasma
IL-1pB and, thus, an increased risk of ankylosing spon-
dylitis.?” In addition, the polymorphisms of rs10490571
(T/C) and rs1143623 (G/C) can also affect IL-1p levels
in which the TC genotype of rs10490571 and the G allele
of rs1143623 are associated with a higher level of IL-1[.3738
Therefore, multiple SNPs were included in our study.

According to the multivariate analysis, the IL-1B poly-
morphism rs16944 had an independent association with
seizure susceptibility in ischemic stroke patients after ad-
justing for confounders. The TT and TC genotypes sig-
nificantly increased the risk of post-stroke seizures com-
pared to CC. We further compared IL-1p levels among
different genotypes. The results showed that higher IL-1f
levels were noted in TT compared to the TC genotype
compared to the CC genotype. Therefore, the mechanism
of the polymorphism of IL-1B rs16944 in affecting seizure
susceptibility in ischemic stroke patients might be associ-
ated with the regulation of IL-1f levels.

Limitations

There were 2 main limitations to this study. The first
was the small sample size, especially for the case group.
Second, the study did not include all the SNPs associated
with the expression of IL-1p.

TC CC

Conclusions

The IL-1B polymorphism rs16944 had an independent
association with seizure susceptibility in ischemic stroke
patients. The mechanism for this might be associated with
the regulation of IL-1f levels.
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Abstract

Background. The red blood cell distribution width (RDW) is related to the mortality of patients with
malignant tumors, but the relationship between RDW and the prognosis of cancer patients in the intensive
care unit (ICU) has not been fully clarified.

Objectives. To investigate the role of ROW in predicting the prognosis of critically ill cancer patients.

Materials and methods. A propensity score matching (PSM) study was conducted using data from adult
patients with cancer, admitted to the ICU from the Intensive Care Medical Information Market IV (MIMIC-1V,
v. 14) database. The correlation between RDW and ICU all-cause mortality was evaluated using a logistic
regression model; stratification factors were considered. Additionally, a receiver operating characteristic (ROC)
curve analysis was performed to compare the prognostic values of various blood biomarkers.

Results. Overall, 4836 cancer patients were included. The optimal critical RDW value was 15%. The RDW
levels were independently correlated with ICU mortality in critically ill cancer patients, with odds ratios
(ORs) of 1.56 (1.12—2.18) in the original cohort, 1.64 (1.27-2.12) in the imputation cohort, 1.65 (1.22—2.24)
in the matched cohort, and 1.55 (1.19-2.03) in the weighted cohort. The forecasted performance of RDW
is better than other blood biomarkers with an area under the ROC curve (AUC) of 0.637 (0.591-0.683).

Conclusions. The RDW has a prognostic value in critically il cancer patients and a high RDW is independently
associated with high mortality.

Key words: cancer, intensive care unit, red blood cell distribution width
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Background

Due to high incidence and mortality rates,! cancer has
become an inevitable burden worldwide. Recently, cancer-
related mortality rates have declined due to the advances
in the strength of treatments. However, because of cancer-
related complications and the side effects of cancer treat-
ments, the number of patients with cancer being admitted
to the intensive care unit (ICU) is increasing.>> Approxi-
mately 1 in 20 cancer patients are transferred to the ICU
within 2 years of their cancer diagnosis.* Moreover, nearly
1in 7 patients in the ICU have malignant tumors.® Nota-
bly, the mortality rate of cancer patients is 30-77%, and
the mortality rate for cancer patients requiring mechanical
ventilation in the ICU exceeds 45%.°

Although the ICU provides life support and organ
protection, it creates a heavy cost burden for treatment.
Therefore, studies aimed at identifying effective prognostic
indicators to identify a reasonable expectation of survival
after treatment are urgently needed.”

Red blood cell distribution width (RDW) is a reflection
of the volume dispersion of red blood cells, typically ex-
pressed as the coefficient of variation in red blood cell vol-
umes. Recently, RDW was reported to be an independent
predictor of mortality in cardiovascular disease (CVD)®
and various types of cancer.”~!> Additionally, RDW is in-
dependently related to mortality in critically ill patients
admitted to the ICU due to various etiologies.31> Al-
though the mechanism between the association of RDW
and mortality has not been elucidated, it may be involved
in oxidative stress and inflammation.®* However, the re-
lationship between RDW and the prognosis of cancer pa-
tients admitted to the ICU is unclear. Therefore, studies
evaluating the correlation between RDW and the progno-
sis of critically ill cancer patients may help in predicting
their survival and optimizing the clinical management
of these patients. We hypothesized that RDW can predict
ICU mortality in critically ill cancer patients.

Objectives

To investigate the role of RDW in predicting the prog-
nosis of critically ill cancer patients.

Materials and methods
Data source

The data were retrieved from the Intensive Care Medical
Information Market IV MIMIC-IV v. 1.4,'7 a large, free,
public, single-center database (https://mimic.mit.edu/).
This database contains clinical information on 53,150 dis-
tinct patients admitted to the ICU at the Beth Israel Dea-
coness Medical Center in Boston, USA, from 2008 to 2019.

J. Zhou et al. RDW is a risk factor for critically cancer

The data include demographic characteristics, vital signs,
laboratory data, treatment, drug use, and survival informa-
tion. To protect the patients’ privacy, all identifiable patient
information was removed. One of the investigators (LF)
completed the collaborative institutional training program
course required for ethical approval (record ID: 36309108).

Study cohort

Malignancies were identified using the International
Classification of Diseases, version 9/10 (ICD-9/10): diges-
tive system (140-159/C00—C26, C48), respiratory system
and thoracic cancer (160-165/C30-C39), connective tissue
(170-171, 176/C40-C41, C45-C46, C49), genitourinary
system (179-189/C51-C68), nervous system (190—-192/C47,
C69—-C72), hematological and lymphatic system (200—-208/
C81-C96), connective tissue (170-171, 176/C40-C41,
C45-C46, C49), other (172-175, 193-195, 2090-2093/
C43-C44, C50, C73-C76, C97), and metastatic (196-199,
2097/C77—C80).

The inclusion criteria (Fig. 1) included: 1) age >18 years
and 2) duration of ICU stay >24 h. Patients with hemato-
logical tumors or those repeatedly admitted to the ICU
were excluded.

[ 76,540 admissions ]

[ 35,820 total
»| readmission age <18
v [ ICU stay <24 h

[ 40,720 patients ]

o ]

a 34,658 non-cancer

A 4

[ 6062 cancer ]

[ 1226 hematological
:l and lymphatic

v malignancies

[ 4836 cancer ]

Fig. 1. Flowchart of the inclusion and exclusion of patients. In total,
4836 patients were selected

ICU - intensive care unit.

Data collection

Structured Query Language (SQL) in Navicat Pre-
mium (v. 12.0.18; PremiumSoft CyberTech Limited,
Hong Kong, China) was applied to extract data from
the MIMIC-IV within 24 h of ICU admission for a given
patient. For laboratory measurements, the mean values
((maximum+minimum)/2) were selected. Data included
demographic information (age, sex, race), type of care unit,
type of cancer, comorbidities (congestive heart disease
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(CHD), chronic kidney disease (CKD), anemia, atrial fibril-
lation (AFib), coronary atherosclerotic heart disease (CAD),
stroke, chronic obstructive pulmonary disease (COPD),
and liver disease), use of mechanical ventilation, vasopres-
sors and continuous renal replacement therapy (CRRT),
laboratory data (RDW, red blood cell count (RBC), white
blood cell count (WBC), platelet count (PLT), hemoglobin
(Hb), blood urea nitrogen (BUN), creatinine, glucose (GLU),
neutrophil/lymphocyte ratio (NLR), monocyte/lymphocyte
ratio (MLR), and platelet/lymphocyte ratio (PLR)), and scor-
ing systems (sequential organ failure assessment (SOFA)
and simplified acute physiology score II (SAPSII)).

The diagnosis of acute respiratory distress syndrome
(ARDS), acute kidney injury (AKI) and sepsis was based
on the Berlin Definition, Kidney Disease: Improving Global
Outcome guidelines!® and The Third International Con-
sensus Definitions for Sepsis and Septic Shock (Sepsis-3),'
respectively.

Outcomes

The primary outcome of this study was all-cause mor-
tality in the ICU. The secondary outcome was the length
of ICU stay.

Statistical analyses

The random forest model was used to impute missing
values and missing data (Fig. 2). After imputation, the larg-
est Youden’s index of the receiver operating characteristic
(ROC) curves were used to determine the best RDW cutoff
value based on ICU mortality. Then, the imputation da-
taset was stratified by RDW into a high-RDW group and
a low-RDW group.

Propensity score matching (PSM) and inverse probability
treatment weighting (IPTW)?® were applied to construct
2 models for controlling confounding factors. The patients
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02

0.1

00
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were matched using the nearest neighbor algorithm of 1:1
according to propensity scores estimated using the follow-
ing covariates: sex, age, race, care unit, type of cancer, co-
morbidities, use of ventilation, vasopressor, CRRT, ARDS,
AKT, sepsis, SOFA, and SAPSII.

Baseline characteristics of all cohorts were reported.
Continuous variables were represented by median (1% quar-
tile (Q1), 3" quartile (Q3)), while categorical variables were
represented by frequency (percentage). The Kruskal-Wal-
lis test was used to determine the statistical relevance
of the study outcomes for continuous variables, while
the Fisher’s exact test or x2 test was used for categorical
variables, as appropriate. The standardized mean differ-
ence (SMD), difference quotient between 2 means, and
pooled standard deviation (SD) were also calculated
to assess the balance between the high-RDW group and
the low-RDW group.

A univariate logistic regression model was applied to de-
termine the correlation between RDW and ICU mortality.
Additionally, to assess the independent effects of RDW
on ICU mortality, 2 multivariate logistic regression models
were developed. In model I, we only adjusted for demo-
graphic information (age, sex and race). In model II, de-
mographic information, type of cancer, comorbidities, use
of mechanical ventilation, vasopressors, CRRT, acute dis-
eases (ARDS, AKI and sepsis), and laboratory data (RBC,
WBC, PLT, Hb, BUN, creatinine, and GLU) were included.
Then, we conducted a sensitivity analysis on the original,
imputed, PSM, and IPTW cohorts to evaluate the robust-
ness of the results. The secondary outcome was evaluated
by means of multivariate linear regression using model II.

All analyses and figures were carried out using
the R v. 4.0.1 (packages: missForest, ggplot2, Matching,
tableone, mice, and pROC; R Foundation for Statistical
Computing, Vienna, Austria). A bilateral p-value <0.05
was considered statistically significant and a SMD < 0.1
was considered balanced.

Fig. 2. Pattern of missing
data in variables
of interest

RDW - red blood cell
distribution width;

RBC - red blood cell;
Hb - hemoglobin;

PLT - platelet count;
WBC - white blood cell
count; BUN - blood urea
nitrogen; GLU - glucose;
NLR - neutrophil—
lymphocyte ratio;

PLR - platelet—
lymphocyte ratio;

MLR — monocyte-
lymphocyte ratio;

SOFA - sequential organ
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Additional analyses

Stratified analysis was performed on the imputation co-
hort according to age, sex, race, type of cancer, comorbidi-
ties, and scoring system to evaluate the impact of RDW
on ICU mortality among the different subgroups. The like-
lihood ratio test was used to estimate the effects between
the stratified factors and RDW.

Finally, the ROC curves were drawn to compare
the prognostic values of RDW, NLR, PLR, and MLR. Since
the missing values for NLR, MLR and PLR were not im-
puted, the ROC curves were only drawn using the original
dataset.

Results
Characteristics of subjects

We enrolled 4836 subjects who met the inclusion cri-
teria. The baseline patient characteristics of the origi-
nal cohort are shown in Table 1. The median age of all
patients was 67.00 (59.00, 76.00) years, and the median
RDW was 14.95% (13.75, 16.70). Among all the patients,
malignant tumors of the digestive system were the most
common (33.8%), followed by tumors of the respiratory
system (22.3%), genitourinary system (16.2%), other tu-
mor sites (6.8%), nervous system (5.9%), and connective
tissues (2.0%). Metastatic tumors were present in 2560
(52.9%) patients. The prevalence of AKI and sepsis was
63.8% and 38.3% (3085 and 1851 patients), respectively.
During the first 24 h following ICU admission, 1261 pa-
tients (26.1%) were placed on mechanical ventilation and
1314 patients (27.2%) required vasopressors. Patients were
divided into high-RDW (=15%) and low-RDW (<15%)
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groups consisting of 2483 and 2353 patients, respectively
(Table 2). Patients with a high RDW were more likely
to have digestive tumors (40.8% compared to 26.3%), dis-
tant metastases (60.0% compared to 45.5%), AKI (69.7%
compared to 57.6%), and sepsis (46.6% compared to 29.5%),
all with a SMD > 0.1. Additionally, patients in the high-
RDW group had higher SOFA scores (4.00 (2.00, 6.00)
compared to 2.00 (1.00, 4.00) in the low-RDW group)
and higher SAPSII scores (40.00 (32.00, 48.00) compared
to 34.00 (28.00, 41.00) in the low-RDW group), both with
a SMD > 0.1.

Association between RDW
and primary outcomes

After matching and weighting, the baseline characteris-
tics of the 2 groups tended to be balanced (Fig. 3). The char-
acteristics of the imputation, matched and weighted co-
horts are shown in Table 2. The high-RDW group showed
higher ICU mortality (13.9% compared to 5.4%) in com-
parison to the low-RDW group. In line with these results,
the logistic regression analysis showed that high RDW
levels were associated with ICU mortality in the IPT'W co-
hort for the unadjusted cohort (1.56 (1.22-2.00), p < 0.001),
model I (1.57 (1.23-2.01), p < 0.001) and model II (1.55
(1.19-2.03), p = 0.003) (Table 3). All variables in model II
had variance inflation factors <10, which indicates an ab-
sence of multicollinearity. The Durbin—Watson test veri-
fied the independence of errors (value = 1.958). For evalu-
ating the robustness of the results, a sensitivity analysis
was conducted. The same trend was observed in the high-
RDW group using model II in the origin cohort (1.56
(1.12-2.18), p = 0.002), imputation cohort (1.64 (1.27-2.12),
p < 0.001) and PSM cohort (1.65 (1.22-2.24), p = 0.003)
(Table 3).
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Table 1. Baseline characteristics of origin of the patient cohort

Variables Overall Low-RDW group High-RDW group p-value Test value
Number of patients 4836 2346 2317 - -
Gender, F (%) 2019 (41.7) 936 (39.9) 998 (43.1) 0.030 4.842*
Age 67.00 (59.00, 76.00) 67.00 (59.00, 75.00) 67.00 (59.00, 76.00) 0.209 1.580*
Race (%)
Black 449 (9.3) 171(7.3) 252 (10.9)
Other 937 (19.4) 465 (19.8) 441 (19.0) <0.001 18.185"
White 3450 (71.3) 1710 (72.9) 1624 (70.1)
ICU mortality (%) 4719.7) 127 (5.4) 316 (13.6) <0.001 -
ICU stay 8.30(5.30, 13.70) 8.30(5.50, 13.10) 840 (5.30, 14.60) 0.538 3.682%
Type of cancer
Digestive (%) 1634 (33.8) 617 (26.3) 937 (40.4) <0.001 104.895*
Respiration/thoracic (%) 1077 (22.3) 606 (25.8) 450 (19.4) <0.001 27.338*%
Connective tissue (%) 96 (2.0) 49 (2.1) 46 (2.0) 0.884 0.062*
Genitourinary (%) 784 (16.2) 393 (16.8) 366 (15.8) 0.399 0.781*
Nervous (%) 287 (5.9) 246 (10.5) 36 (1.6) <0.001 163.687*
Other (%) 331 (6.8) 168 (7.2) 144 (6.2) 0.217 1.672*%
Metastatic (%) 2560 (52.9) 1067 (45.5) 1381 (59.6) <0.001 93.214*
Ventilation (%) 1261 (26.1) 613 (26.1) 623 (26.9) 0.580 0.344*
Vasopressor (%) 1314 (27.2) 551 (23.5) 724 (31.2) <0.001 35.338*
CRRT (%) 32(0.7) 7(0.3) 22(09) 0.008 7.996*
Comorbidities
AFib (%) 1216 (25.1) 548 (23.4) 622 (26.8) 0.007 7.537*
Anemia (%) 945 (19.5) 365 (15.6) 519 (22.4) <0.001 35511+
CHF (%) 751(15.5) 266 (11.3) 446 (19.2) <0.001 56.383*
CKD (%) 722 (14.9) 251(10.7) 434 (18.7) <0.001 60.009*
COPD (%) 878(182) 391 (16.7) 464 (20.0) 0.003 8.785%
CAD (%) 833(17.2) 373(15.9) 425 (18.3) 0.030 4.906*
Liver (%) 443 (9.2) 150 (6.4) 264 (11.4) <0.001 36.025*
Stroke (%) 259 (54) 158 (6.7) 95 (4.1) <0.001 15.770*
Sepsis (%) 1851 (38.3) 693 (29.5) 1081 (46.7) <0.001 144.877%
AKI (%) 3085 (63.8) 1353 (57.7) 1619 (69.9) <0.001 75.094*
ARDS (%) 207 (4.3) 101 (4.3) 97 (4.2) 0.898 0.040*
Laboratory data
RDW 14.95 (13.75,16.70) 13.75(13.10, 14.35) 16.70 (15.75,18.10) <0.001 3496.617%
RBC 341 (3.01,3.92) 3.64 (3.23,4.12) 3.21(2.84,3.66) <0.001 442.684*
Hb 1030 (9.00, 11.90) 11.30(9.90, 12.65) 9.55(841,10.75) <0.001 777.953%
PLT 205.00 (141.50, 279.50) 215.00 (158.50, 279.50) 195.50 (128.25, 281.50) <0.001 40.863*
WBC 10.70 (7.70, 14.46) 11.00 (8.25, 14.50) 1047 (7.20, 14.60) <0.001 12.288*
BUN 18.00 (13.00, 25.00) 17.00 (12.50, 22.50) 20.00 (14.00, 28.50) <0.001 120.939*
Creatinine 0.85 (0.65, 1.20) 0.85 (0.65, 1.10) 0.90 (0.70, 1.30) <0.001 47.724*%
GLU 7.10 (6.10, 8.60) 7.30(6.20, 8.70) 7.00 (5.90, 8.60) <0.001 23.358*
NLR 10.00 (5.50, 17.50) 9.80 (5.32, 16.60) 10.40 (5.70, 18.30) 0.075 3171
PLR 237.60 (131.20, 399.50) 240.90 (129.40, 400.20) 242.20 (134.73,403.22) 0.672 0.179*
MLR 0.60 (0.30, 0.90) 0.50 (0.30, 0.90) 0.60 (0.40, 0.90) 0.025 5.005%
SOFA 3.00 (1.00, 5.00) 2.00 (1.00, 4.00) 4.00 (2.00, 6.00) <0.001 270.736%
SAPSII 36.00 (29.00, 44.00) 34.00 (27.00, 41.00) 39.00 (31.00, 47.00) <0.001 243.699*

F — female; AFib — atrial fibrillation; CHF — congestive heart failure; CKD - chronic kidney disease; COPD — chronic obstructive pulmonary disease;

CAD - coronary atherosclerotic heart disease; CRRT — continuous renal replacement therapy; ICU — intensive care unit; RDW - red blood cell distribution
width; AKI - acute kidney injury; ARDS — acute respiratory distress syndrome; RBC - red blood cell count; Hb — hemoglobin; PLT - platelet count;

WBC - white blood cell count; BUN - blood urea nitrogen; GLU - glucose; NLR - neutrophil-lymphocyte ratio; PLR — platelet-lymphocyte ratio;

MLR — monocyte-lymphocyte ratio; SOFA - sequential organ failure assessment; SAPSII - simplified acute physiology score Il. Continuous variables:
median (1°* quartile (Q1), 3 quartile (Q3)). Categorical variables: frequency (percentage). * H value for Kruskal-Wallis test; * x* value for x? test.
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Table 2. Baseline characteristic between unmatched, matched and weighted cohort

Imputation cohort PSM cohort IPTW cohort
Variables low-RDW high-RDW low-RDW igh- low-RDW
group group group group
N 2353 2483 - 1619 1619 - 4835 48513 -
Sex, F (%) 940 (39.9) 1079435 | 0071 | 662 (409) 679(419) | 0021 | 19834(410) | 19914(410) | 0001
Age (58.(%,32.00) (59.(?5,'(;%.00) 0031 (sg.gg,g%.ow (59.85,3%00) 0026 (59.85,2%.00) (5985,@%.00) 0006
Race (%)
Black 172(73) 277(112) 141 87) 137 85) 4645 (96) 4518(93)
Other 468 (19.9) 469(189) | 0133 306(189) 306(189) | 0009 9322(193) | 9317(192) | 0011
White 1713 (72.8) 1737 (70.0) 1172 (72.4) 1176 (72.6) 34384(71.1) | 34677 (715)
ICU mortality (%) 127 (5.4) 344(139) | 029 | 102(63) 162(100) | 0136 367.7(76) 5533(114) | 013
926557 (1.6%,3200) (1.7%%210) 0013 (1.7%5,3 2.00) (1.6%)',2 ?.90) 0081 (1.7%,4220) (1.6%,34?.00) 0041

Types of cancer

Digestive (%) 620 (26.3) 1014 (40.8) 031 535(33.0) 542 (33.5) 0.009 16224 (33.6) 1632.9 (33.7) | 0.002
Respiration/thoracic (%) 608 (25.9) 469 (18.9) 0.167 386 (23.8) 377 (23.3) 0.013 1084.2 (22.4) 1116.7 (23.0) | 0014
Connective tissue (%) 49 (2.1) 47 (1.9) 0014 39(24) 38(23) 0.004 974 (2.0) 98.2 (2.0) 0.001
Genitourinary (%) 395 (16.8) 389 (15.7) 0.029 275(17.0) 273 (16.9) 0.003 784.2(16.2) 7840 (16.2) 0.002
Nervous (%) 246 (10.5) 41(1.7) 0376 49 (3.0) 41 (2.5) 0.03 287.5 (5.9) 290.8 (6.0) 0.002
Other (%) 168 (7.1) 163 (6.6) 0.023 102 (6.3) 113 (7.0) 0.027 306.7 (6.3) 3064 (6.3) 0.001
Metastatic (%) 1071 (45.5) 1489 (60.0) 0.293 865 (53.4) 888 (54.8) 0.029 = 2554.0(52.8) 25400 (524) | 0.009
Ventilation (%) 613 (26.1) 648 (26.1) 0.001 425 (26.3) 415 (25.6) 0.014 12534 (25.9) 12669 (26.1) | 0.004
Vasopressor (%) 551 (234) 763 (30.7) 0.165 417 (25.8) 409 (25.3) 0011 | 13132(27.2) 1310.7 (27.0) | 0.003
CRRT (%) 7(0.3) 25(1.0) 0.088 7(04) 8(0.5) 0.009 38.7(0.8) 32.2(0.7) 0.016

Comorbidities

AFib (%) 550 (23.4) 666(268) | 008 |  415(256) 399(246) | 0023 | 12123(25.1) | 12307 (254) | 0007
Anemia (%) 367 (15.6) 578(233) | 0195 298 (184) 319(197) | 0033 9488(196) 9599(198) | 0004
CHF (%) 267 (113) 484(195) | 0227 | 252(156) 236(146) | 0028 | 757.8(15.7) 7715(159) | 0.006
CKD (%) 252(107) 470(189) | 0233 229(14.1) 224(138) | 0009 7383(153) 7253(150) | 0.009
COPD (%) 393 (16.7) 485(195) | 0074 | 322(199) 309(19.1) | 002 | 9228(19.1) 9076(187) | 001
CAD (%) 374 (159) 459(185) | 0069 294 (182) 272(168) | 0036 8497 (17.6) 8653(178) | 0007
Liver (%) 151 (6.4) 292(118) | 0187 | 137(85) 123(76) | 0032 4378(9.1) 4453(92) | 0004
Stroke (%) 158 (67) 101@1) | 0117 82(5.1) 80 (4.9) 0006 2610 (54) 2583(53) | 0003
Sepsis (%) 695 (29.5) 1156 (466) | 0356 | 583 (36.0) 586(362) | 0004 | 1863.1(385) | 1867.3(385) | 0.001
AKI (%) 1355 (57.6) 1730(69.7) | 0253 1033 (638) 1018(629) | 0019 30686(635) | 31048(640) 0011
ARDS (%) 101 43) 106 43) | 0001 67 (4.1) 73 (4.5) 0018 9(45) 2148 (44) | 0004
Laboratory data
13.75 16.70 67.00 67.00 13.85 16.50
ROW (1310,1435) | (1575,1803) | 2932 | (5000,7600) | (5900,7600) | 2% | (1320, 1440) | (1570,1785) | >
365 320 1385 1645 356 325
iES (323,4.12) 084,366 | °9% | (1320,1440) @ (1570,1780) O™t (313,403 (90,373 | 0406
11.30 9.50 355 326 11.00 9.65
Hb (9.90, 12.65) ©840,1070) | M (314,402 290,372 | 9V (9701245 | 8501090 | 277
217550 197.00 11.00 9.60 20850 205.00
P (16000, 28050) | (127.00,28125) | %18* | (970,1240) 50,1085 | %0V | (14850, 276:66) | (137.50,285.28) | 094
11.10 1050 21400 21150 11.10 1035
WBC (830, 14.45) 720,1430) | %193 (15000, 27950) | (14325,201.75) | %128 | (1514600 | (720,1410) | 012
- 085 1.00 11.10 1030 090 090
Cligerilliie (0.65,1.15) 070,143 %2 (805, 1445) 7151392 | %% (070,130 065,130 | 008
SUN 17.00 2150 0438 090 085 0100 18.50 20.00 o1

(12.50, 23.00) (14.50,31.99) (0.70,1.25) (0.65, 1.20) (13.00, 26.00) (14.00, 28.50)
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Table 2. Baseline characteristic between unmatched, matched, and weighted cohort — cont.

Imputation cohort PSM cohort IPTW cohort
Variables low-RDW low-RDW low-RDW high-RDW
group group group group
7.40 7.00 19.00 7.40 7.00
S (630, 8.60) (90,8400 | °M | (130025000 @ (1350,2750  °V | (620,870) (600,830 | 219
2.00 400 3.00 3.00 3.00
SOFA (1,00, 4.00) (200,600 | °>°° | (1.00,400) (100,400 %% (100,500 (100,500 | O
34.00 40.00 36.00 37.00 36.00
SAPSI (2800,4100 | (32004800 | *°'° | (3000,4300) | (3000,4400) | “° | (00,4500 | (20004500 | ©%%

F —female; AFib - atrial fibrillation; CHF — congestive heart failure; CKD - chronic kidney disease; COPD — chronic obstructive pulmonary disease;

CAD - coronary atherosclerotic heart disease; CRRT — continuous renal replacement therapy; ICU — intensive care unit; RDW - red blood cell distribution
width; AKI - acute kidney injury; ARDS — acute respiratory distress syndrome; RBC — red blood cell count; Hb — hemoglobin; PLT - platelet count;

WBC - white blood cell count; BUN - blood urea nitrogen; GLU — glucose; SOFA — sequential organ failure assessment; SAPSII - simplified acute physiology
score II; SMD - standardized mean difference; PSM — propensity score matching; IPTW — inverse probabilistic treatment weighting. Continuous variables:
median (1°t quartile (Q1), 3" quartile (Q3)). Categorical variables: frequency (percentage).

Table 3. The primary outcome and sensitivity analysis. Odds ratio (OR; 95% confidence interval (95% Cl)) of the ICU mortality in different models based

on RDW grouping
Model
unadjusted
Origin model |
model Il
unadjusted
Imputation model |
model Il
unadjusted
PSM model |
model Il
unadjusted
IPTW model |

model I

OR | 95% Cl |

p-value
2.76 2.23-343 <0.001
2.65 2.14-330 <0.001
1.56 1.12-2.18 0.002
2.82 2.29-350 <0.001
2.79 2.26-3.46 <0.001
1.64 127-2.12 <0.001
1.65 1.28-2.15 <0.001
1.66 1.29-2.16 <0.001
1.65 1.22-2.24 0.003
1.56 1.22-2.00 <0.001
1.57 1.23-2.01 <0.001
1.55 1.19-2.03 0.003

Model | adjusted for: age, sex and race. Model Il adjusted for: age, sex, race, types of cancer, intervention, ARDS, AKI, sepsis, comorbidities, laboratory
parameters (RBC, Hb, PLT, WBC, BUN, creatinine, GLU), SOFA, and SAPSII. AKI - acute kidney injury; ARDS — acute respiratory distress syndrome; RBC - red
blood cell count; Hb — hemoglobin; PLT - platelet count; WBC — white blood cell count; BUN - blood urea nitrogen; GLU - glucose; SOFA - sequential organ
failure assessment; SAPSII — simplified acute physiology score Il; RDW - red blood cell distribution width; ICU - intensive care unit; PSM — propensity score

matching; IPTW — inverse probability treatment weighting.

Association between RDW
and secondary outcomes

There was no difference in the duration of ICU stays
between the high-RDW group and the low-RDW group
(2.40 (1.70, 4.10) compared to 2.30 (1.60, 4.00), with
a SMD < 0.1). As shown in Table 4, the RDW had no effect
on the length of ICU stay for the origin cohort (R? = 0.15,
p = 0.270), imputation cohort (R? = 0.14, p = 0.140) and
PSM cohort (R? = 0.16, p = 0.050).

Additional analyses
The results of subgroup analysis for the imputation co-

hort are shown in Fig. 2. Interactions were observed only
in subgroups with respect to age (p = 0.014), respiratory

and thoracic tumors (p = 0.028), AFib (p = 0.021), CHF
(p = 0.026), and no differences were found in associations
between RDW and the primary outcomes in the remain-
ing subgroups. In patients with connective tissue tumors,
RDW was not related to outcomes. RDW has higher pre-
dictive significance in patients with higher SOFA scores,
which was the opposite for SAPSII. Additionally, patients
with liver disease showed a significantly higher RDW-asso-
ciated ICU risk of death (3.85 (1.8-9.53)). A high RDW was
also associated with prognosis in both men and women.
Notably, the relationship between a high RDW and mortal-
ity was weaker in older adults (age =60 years).

In the 1347 patients without any missing values for
RDW, NLR, PLR, and MLR, we calculated the areas under
the ROC curve (AUCs) to compare the predictive value
of RDW, NLR, PLR, and MLR on ICU mortality (Fig. 4).
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Table 4. The secondary outcome evaluated using multivariate linear regression

Standard deviation

J. Zhou et al. RDW is a risk factor for critically cancer

Origin cohort -0.16 0.15
Imputation cohort -0.20 0.13
PSM cohort -0.28 0.14

Adjusted B Adjusted R?
-0.02 0.15 0.270
—-0.02 0.14 0.140
—0.03 0.16 0.050

Adjusted for: age, sex, race, types of cancer, intervention, ARDS, AKI, sepsis, comorbidities, laboratory parameters (RBC, Hb, PLT, WBC, BUN, creatinine, GLU),
SOFA, andSAPSII. AKI - acute kidney injury; ARDS — acute respiratory distress syndrome; RBC — red blood cell count; Hb — hemoglobin; PLT — platelet count;
WBC - white blood cell count; BUN - blood urea nitrogen; GLU — glucose; SOFA — sequential organ failure assessment; SAPSII - simplified acute physiology

score |l; PSM — propensity score matching.

ROC Curve

—RDW
—NLR
—PLR
—MLR
Reference

Sensitivity

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Fig. 4. Receiver operating characteristic (ROC) curve for red blood cell
distribution width (RDW), neutrophil/lymphocyte ratio (NLR), platelet/
lymphocyte ratio (PLR), monocyte/lymphocyte ratio (MLR), and simplified
acute physiology score Il (SAPSII) based on the intensive care unit (ICU)
mortality

The AUC for RDW, NLR, PLR, and MLR in the context
of ICU mortality in critically ill cancer patients were 0.637
(0.591-0.683), p < 0.001; 0.559 (0.510-0.608), p = 0.014;
0.485 (0.438-0.532), p = 0.530; and 0.501 (0.454—0.547),
p = 0.982, respectively. The ROC analysis suggested that
RDW is superior to NLR, PLR and MLR for predicting
the prognosis of critically ill cancer patients.

Discussion

Our results suggest that a higher RDW is related to an in-
creased risk of death in cancer patients admitted to the ICU.
However, considering that the effects of blood cell parame-
ters were evaluated, cases involving hematological and lym-
phatic malignancies were excluded from the final cohort.
Importantly, similar trends were observed in the 2 models
adjusted for different variables. This suggests that RDW
is an independent predictor of the prognosis in critically
ill cancer patients. The mean lifespan of a red blood cell
is 120 days, and its homeostasis can be affected by many
chronic diseases. To exclude bias introduced by chronic

diseases, we conducted subgroup analyses in patients
with common comorbidities. A forest plot indicated that
there were interactions between AFib and CHF and RDW.
This can be explained by the fact that risk factors related
to the incidence of AFib and CHF are also the factors as-
sociated with increased RDW values, such as endothelial
dysfunction, genetic susceptibility, aging, and others.?!:??
Many studies have confirmed RDW to have prognostic
value in various cancers such as gastric,'° ovarian!! and
lung cancer.!? For established cancers, there is growing
evidence showing that local immune responses and sys-
temic inflammation play a role in tumor progression and
the overall survival (OS) rate in patients with cancer.?
The RDW is also a laboratory indicator for many chronic
diseases and thus can be regarded as a nonspecific but
outcome-related chronic disease marker.?* Cancer is often
associated with chronic consumption and cachexia.?
Besides, plenty of studies have shown RDW to be a good
prognostic predictor in ICU patients on account of acute
overall inflammation,2°-28 oxidative stress? and arterial
underfilling.3® The RDW is a risk factor for a severe prog-
nosis in diseases such as sepsis,® acute heart failure,?? au-
toimmune diseases, and liver diseases.?* However, during
subgroup analysis, bias caused by comorbidities and acute
ICU diseases (sepsis, AKI and ARDS) was not detected.
The exact biological mechanisms between RDW and
cancer in ICU patients remain unclear. The underlying
mechanism based on the available literature is that an al-
tered myeloid lineage, abnormal iron metabolism and di-
minished response to erythropoietin®¥3® occurs in the set-
ting of chronic and acute systemic inflammation, leading
to reduced erythrocyte survival and an increased entry
of premature erythrocytes into the circulation.?® There-
fore, the lower survival in patients with a high RDW might
be secondary to inflammation itself. Given the increasing
number of cancer patients admitted to the ICU,?® these
patients might to some extent be considered as a separate
subtype of ICU patients. Additionally, the exact indications
for the use of RDW in such a background are unclear, al-
though a high RDW was a risk factor in the vast majority
of subgroups (Fig. 5). All in all, the potential mechanisms
and indications for the application of RDW in critically ill
cancer patients need further exploration.
In addition to RDW, several prognostic parameters based
on systemic inflammation have been proposed in cancer
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Subgroup No. of patients No. of Low-RDW  No. of High-RDW OR P for interaction
Overall 4836 2353 2483 —— 1.64(1.27-2.12)
Gender 0.526
F 2019 940 1079 —_—— 2.6 (1.91-3.58)
M 2817 1413 1404 —_—— 2.98(2.25-4.01)
Age 0.014
<60 1353 662 691 —_—— 3.66(2.37-5.85)
Z60 3483 1691 1792 —— 2.6 (2.05-3.32)
Race 0.854
Black 449 172 277 — — 3.15(1.55-7.07)
Other 937 168 469 —_— 2.87(1.86-4.53)
White 34350 1713 1737 —_—— 2.76¢2.15-3.58)
Types of cancer
Digestive 1634 620 1014 —_— 3.14 (2.09-4.87) 0.618
Respiration/Thoracic 1077 608 469 —_—— 2.08 (1.44-3.02) 0.028
Connective tissue 96 49 47 —1—— 2.8 (0.57-20.26) 0.993
Genitourinary 784 395 389 —_— 2.03(1.17-3.62) 0.222
Nervous 287 246 41 11.25 (2.65-56.76) 0.052
Other 331 168 163 _— 4.82(1.91-14.74) 0.278
Metastatic 2560 1071 1489 —— 2.28(1.76-2.98) 0.098
Ventilation 0.238
No 3575 1740 1835 —_—— 3.18(¢2.41-4.24)
Yes 1261 613 648 —_—— 245 (1.77-3.42)
Vasopressor 0.563
No S22 1802 1720 —_—— 2.79(2.07-3.8)
Yes 1314 551 763 —_—— 2.45(1.82-3.35)
Comorbidities
AFib 1216 550 666 —_—— 1.91 (1.32-2.82) 0.021
Anemia @15 367 578 —_— 2.42 (1.49-4.09) 0.500
CHF 751 267 484 —— 1.64 (1-2.78) 0.026
CKD i 252 470 —_—— 2.2(1.27-4.03) 0.361
COPD 878 393 485 —_— 1.9 (1.23-2.99) 0.054
CAD 833 374 459 —_— 2.92¢1.72-5.17) 0.903
Liver 443 151 292 —— 3.85(1.8-9.53) 0.430
Stroke 259 158 101 | . —— 2.15(0.94-5.05) 0.505
Sepsis 1851 695 1156 —— 2.05¢1.56-2.71) 0.145
AKI 3085 1355 1730 —— 2.35(1.88-2.95) 0172
ARDS 207 101 106 —_—— 2.81 (1.31-6.46) 0.987
SOFA 0.551
0-3 28418 1659 1189 —— 1.74 (1.15-2.66)
24 1988 694 1294 —— 2.18(1.67-2.89)
SAPSII 0.378
<44 3435 1911 1524 —— 2.07(1.5-2.88)
z44 1401 442 959 —_— 1.99(1.48-2.71)

o o

4

[
o o
w

0

Fig. 5. Forest plot of subgroup analysis for the intensive care unit (ICU) mortality. Odds ratios (ORs) and 95% confidence intervals (95% Cls) were acquired
using a univariate logistic regression model. The OR of a low-red blood cell distribution width (RDW) group amounted to 1 for the reference value.
In the 33 subgroups, the scores were grouped according to the best cutoff value obtained with the largest Youden's index based on ICU mortality

F —female; M — male; AFib - atrial fibrillation; CHF — congestive heart failure; CKD - chronic kidney disease; COPD — chronic obstructive pulmonary disease;
CAD - coronary atherosclerotic heart disease; AKI — acute kidney injury; ARDS — acute respiratory distress syndrome; SOFA — sequential organ failure

assessment; SAPSII — simplified acute physiology score |I.

patients, including NLR,” PLR*® and MLR.* In this study,
the performance of RDW was compared to these biochem-
ical indicators. Importantly, the ROC curve analysis sug-
gested that RDW had the best prognostic ability among
these indicators.

Limitations

This study had some limitations. First, the data were
obtained from the MIMIC-IV database. Although the large
sample size was an advantage in this study, the data con-
tained in this database cover a long period (2008-2019).
Therefore, some information may be obsolete or missing,

such as iron, B12 and other factors necessary for hemato-
poiesis. This, coupled with chemotherapy that can affect
hematopoiesis, may influence the RDW in cancer patients.
Second, this was a single-center retrospective study with
incomplete numerical records and outliers in the database,
which may have led to deviations. Third, we only selected
the RDW measurement performed in the first 24 h after
the admission to the ICU and did not monitor the dynamic
trends in RDW levels. In an environment like the ICU, with
numerous operations and treatments, such as blood trans-
fusions, anti-inflammatory drugs, anticoagulant drugs,
etc., the measured value of RDW can be greatly affected
and should be interpreted carefully.
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Conclusions

We showed that a high RDW in critically ill cancer pa-
tients is independently associated with ICU mortality.
As a simple, inexpensive and routine laboratory index,
RDW levels can indicate disease severity to a certain ex-
tent in cancer patients transferred to the ICU and guide
the monitoring of these patients. However, large multi-
center prospective studies are needed to confirm our re-
sults. The biological mechanisms underlying why RDW
has a statistical significance among various clinical param-
eters are uncertain. Therefore, it is necessary to further
explore the relationship between the dynamic changes
of RDW and the prognostic and biological mechanisms
to obtain a better clinical interpretation.
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Abstract

Background. Circular RNA homeodomain interacting protein kinase 3 (circHIPK3) has been implicated in fa-
cilitating angiogenesis in various conditions. However, its role in steroid-induced osteonecrosis of the femoral
head (ONFH) remains unclear.

Objectives. Toinvestigate whether circHIPK3 promotes bone microvascular activity and angiogenesis by tar-
geting miR-7 and Kriippel-like factor 4 (KLF4)/vascular endothelial growth factor (VEGF) signaling in ONFH.

Materials and methods. Fifty patients with steroid-induced ONFH undergoing hip-preserving surgery
or total hip arthroplasty were included in this study. The expression of circHIPK3, miR-7 and KLF4 was evaluated
using reverse transcription polymerase chain reaction (RT-PCR) in necrotic and healthy samples of the femoral
head. Bone microvascular endothelial cells (BMECs) were extracted and cultured with 0.1 mg/mL hydrocor-
tisone to create a hormonally deficient cell model. These BMECs were then transfected with either circHIPK3
overexpressing or silencing plasmids with or without miR-7 mimics. The MTT assays were used to detect cell
proliferation. Scratch assays were used to assess the migration ability of the BMECs. The tube formation was
carried out using an in vitro Matrigel angiogenesis assay. Annexin V-FITC/Pl and terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) assays were used to assess the degree of apoptosis. Western
blot assays were carried out to discern KLF4 and VEGF expression. The interactions of circHIPK3, miR-7 and
KLF4 were confirmed using luciferase, RNA-binding protein immunoprecipitation (RIP), RNA pull-down, and
fluorescence in situ hybridization (FISH) assays.

Results. The circHIPK3 and KLF4 expression was decreased, whereas miR-7 expression was increased in ne-
crotic tissues compared to non-necrotic samples. Both circHIPK3 and KLF4 expression correlated negatively
with miR-7. The overexpression of circHIPK3 promoted the proliferative, migratory and angiogenic capabilities
of the BMECs, while adding an miR-7 mimic reversed these effects. At the same time, the overexpression
of circHIPK3 reduced the apoptosis rate of the BMECs and increased KLF4 and VEGF protein expression, but
adding an miR-7 mimic reversed these effects. The FISH, RNA pull-down, RIP, and luciferase assays revealed
an interaction between circHIPK3, miR-7 and KLF4.

Conclusions. The circHIPK3 promotes BMEC proliferation, migration and angiogenesis by targeting miR-7
and KLF4/VEGF signaling.

Key words: miR-7, circHIPK3, bone microvascular endothelial cell, osteonecrosis of the femoral head
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Background

The hallmark of osteonecrosis of the femoral head
(ONFH) is progressive bone cell and bone marrow necro-
sis, which leads to femoral head necrosis if left untreated.!
It accounts for approx. 10% of the 250,000 total hip ar-
throplasties (THAs) performed in the USA each year.??
Osteonecrosis of the femoral head can be either traumatic
or nontraumatic. Primary nontraumatic ONFH accounts
for 30-50% of all ONFH cases in adults aged 30—60 years
in China; it is linked to steroid use.* Although clinical ste-
roid use remains closely associated with ONFH progression,
the exact mechanism is not clear. Osteonecrosis of the fem-
oral head involves a disruption in bone vascular supply,
which is related to endothelial dysfunction, oxidative stress,
hyperlipidemia, and coagulopathy.>~8 Endothelial cells are
directly damaged by glucocorticoids, causing vasoconstric-
tion, thrombosis, coagulopathy, and an abnormal fibrino-
lytic system, all of which culminate in ONFH.>!® Femoral
head blood circulation needs to be maintained to prevent
steroid-induced ONFH.

The current literature suggests that dysfunction of bone
microvascular endothelial cells (BMECs) caused by gluco-
corticoids may lead to altered femoral head microcircula-
tion, so it is an important contributor to glucocorticoid-
triggered ONFH.! Bone microvascular endothelial cells
are distributed in the vascular sinuses and inner bone lay-
ers, and play an important role in angiogenesis and vascular
homeostasis.!? Moreover, BMECs regulate cellular apopto-
sis in relation to angiogenesis.!* Angiogenic function and
vascular integrity have been reported to be inversely related
to the levels of apoptosis.'* Continuous exposure to gluco-
corticoids results in angiogenesis inhibition, cell apoptosis
stimulation and endothelial cell dysfunction.!® A recent
study showed that the angiogenic activity of BMECs was
decreased while its apoptotic activity was increased in pa-
tients with glucocorticoid-triggered ONFH.1®

Circular RNAs (circRNAs) are noncoding RNAs
in the shape of a covalently closed loop spliced together
by covalent bonds at the 3" and 5’ ends, which increases
their stability, enabling them to resist digestion by RNA
exonuclease enzymes.'” This is in contrast to linear RNA,
which has different 5’ and 3’ ends that mark the stop and
start transcription sites. The circRNAs are associated with
avariety of disorders, including musculoskeletal,'® gastro-
intestinal'® and cardiovascular diseases,?® as well as several
malignancies.?! Circular RNA homeodomain interacting
protein kinase 3 (circHIPK3) is a ubiquitous circRNA that
absorbs microRNAs (miRNAs) in order to regulate cell
angiogenesis, migration, proliferation, and apoptosis.??
The circHIPK3 also participates in many pathophysiologi-
cal processes, including fibrosis, tumor formation and vas-
cular endothelial damage.?> The miRNAs are an evolution-
arily conserved class of small regulatory noncoding RNAs
that have multiple biological functions.?* Previous stud-
ies have demonstrated the ability of circRNAs to sponge
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miRNAs in order to modulate gene expression.?> However,
data regarding the sponge role of circRNA in the occur-
rence and progression of steroid-triggered ONFH are
scarce, especially with regard to circHIPK3.

The Krippel-like factors (KLFs) are DNA-bound zinc
finger transcription families comprised of 9 specific pro-
teins and 18 KLFs.2® Several members of the KLF family,
such as KLF2, KLF4, KLF5, KLF6, KLF10, and KLF15, are
strong angiogenesis promoters in various cellular environ-
ments.?’~3% Hale et al. found that KLF4 promotes the angio-
genesis by regulating Notch signaling.?! Both in vitro and
in vivo angiogeneses are promoted by vascular endothelial
growth factor (VEGF). The KLF4 has been shown to ac-
tivate VEGF signaling in order to promote angiogenesis
in human retinal microvascular endothelial cells.

Objectives

This study was performed to investigate whether circH-
IPK3 promotes BMEC activity and angiogenesis by target-
ing miR-7 and KLF4/VEGF signaling in ONFH.

Materials and methods
Study subjects

From April 2020 to April 2021, 50 steroid-induced non-
traumatic ONFH patients (37 male, 13 female; mean age:
46.4 7.8 years) undergoing hip-preserving surgery or THA
at the Department of Orthopedic Surgery in Zhuhai Hos-
pital of Integrated Traditional Chinese and Western Med-
icine, China, were recruited for this study. All patients
were diagnosed using anteroposterior and lateral pelvic
radiographs and magnetic resonance imaging. Steroid-
induced ONFH was defined by a history of a highest daily
dose of 80 mg or a mean daily dose 216.6 mg of prednis-
olone equivalent within 1 year before the development
of symptoms or radiological diagnosis in asymptomatic
cases. The exclusion criteria were alcohol-induced ONFH,
idiopathic ONFH, systemic comorbidities, and a clear his-
tory of trauma. The necrotic area of the femoral head was
selected as the case group, and the adjacent non-necrotic
area was regarded as the control group (Fig. 1). The ethics
committee of Zhuhai Hospital of Integrated Traditional
Chinese and Western Medicine approved the study (ap-
proval No. 20200022). All participants provided informed
consent. The study was conducted according to the prin-
ciples of the Declaration of Helsinki.

Tissue collection
Necrotic and healthy tissue collection was performed

based on previous study by Jiang et al.?* In terms of preserv-
ing surgery, marrow core decompression followed by bone
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Fig. 1. Representative figures of necrotic area and non-necrotic area
in the femoral head

NA — necrotic tissue; NNA — non-necrotic tissue.

grafting was performed. After anesthesia, a longitudinal
incision was made on the external side of the femur, 2 cm
below the greater trochanter. The position of the guide pin
was monitored using a C-arm X-ray machine (Ziehm-9;
Ziehm Imaging, Nuremburg, Germany). The guide pin
was inserted into the center of the necrotic area beneath
the femoral head cartilage through the femoral neck from
under the trochanter, and it was screwed into the edge
of the lesion area below the head using a decompressor with
a tube core. A biopsy device was screwed into the lesion
area, and yellowish-white wax-like loose diseased tissue
(necrotic tissue) was extracted from the front end of the bi-
opsy device to be used for further study. Non-necrotic
tissue as a control was collected at least 3 cm away from
the margin of necrotic tissue using the biopsy device. For
THA, the femoral head was obtained according to the stan-
dard surgical procedure, and necrotic samples and adjacent
non-necrotic samples were collected directly (Fig. 1).

Quantitative real-time polymerase
chain reaction

TRIzol™ reagent (Invitrogen, Waltham, USA) was used
to extract total RNA according to the manufacturer’s in-
structions. The cDNA was synthesized from the extracted
RNA using the miScript Reverse Transcription Kit (Qia-
gen, Valencia, USA). The SYBR™ Green Master Mix
(Thermo Fisher Scientific, Waltham, USA) was used to aid
the RT-qPCR, with the ABI StepOne Real-time Quantita-
tive PCR System (Applied Biosystems, Foster City, USA)
used to carry out the analysis. The polymerase chain re-
action (PCR) conditions were as follows: 94°C for 40 min,
60°C for 35 min, 72°C for 30 s, and 90°C for 3 min, for
a total of 45 cycles. The internal loading controls were U6
for miR-7 and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) for KLF4 and circHIPK3. Data were analyzed us-
ing the 2-24CT method. The primers used were as follows:
KLF4 forward 5-CCCACATGAAGCGACTTCCC-3" and
reverse 5-CAGGTCCAGGAGATCGTTGAA-3’; miR-7
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forward 5-AAAAGAACACGTGGAAGGATAG-3" and
reverse 5-CGCCTAACGTACCGCGAATTT-3’; circH-
IPK3 forward 5-GGGTCGGCCAGTCATGTATC-3" and
reverse 5~ ACACAACTGCTTGGCTCTACT-3; GAPDH
forward 5-TCACCAGGGCTGCTTTTAAC-3’ and re-
verse 5-GACAAGCTTCCCGTTCTCAG-3’; U6 for-
ward 5-AACGCTTCACGAATTTGCGT-3’ and reverse
5-CTCGCTTCGGCAGCACA-3..

Isolation and culture of BMECs
and the glucocorticoid damage model

The BMECs were cultured based on the previously pub-
lished instructions.? The subchondral area of the femoral
head was used to extract the cancellous bone. Digestible
bone fragments were treated with 0.25% trypsin-ethylene-
diaminetetraacetic acid (EDTA) and 0.2% type I collagenase
for 5 min. The reaction was stopped by adding Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, Waltham, USA).
The lytic products were filtered using a 70-umol/L cell
filter and centrifuged for 6 min at 1500 rpm. The super-
natant was removed, and the cell sediments were exposed
to an endothelial cell medium (ECM) (ScienCell Research
Laboratories, Carlsbad, USA) containing 100 U/mL peni-
cillin, 100 U/mL streptomycin, 5 mL recombinant human
VEGEF, and 5% fetal bovine serum (FBS) (Gibco) in 5% CO,
in a 37°C wet incubator. For cell passage, the medium was
removed. The cells were washed using phosphate-buffered
saline (PBS) and treated with 0.25% trypsin-EDTA for
5 min. The reaction was ceased using a medium with 10%
FBS. The cells were then repeatedly blown using a 1-micro-
liter pipette tip. Cell passage was performed when cell
confluence achieved 90%, and the 3 cell generation was
used for the following procedures.

Plasmid and oligonucleotide transfection

A circHIPK3 overexpressing plasmid was created by syn-
thesizing human circHIPK3 cDNA and inserting it into
a luciferase-labeled pcDNA3.1 vector (Thermo Fisher
Scientific). The BMECs were seeded in a 6-well plate
and incubated with serum-free medium (Opti-MEM™;
Gibco) at 37°C in humidified 5% CO, atmosphere over-
night. The overexpression (OE)-circHIPK3, circHIPK3
small interfering RNA (siRNA), miR-7 mimics, and nega-
tive controls (NC; GenePharma, Shanghai, China) were
used for transfection with the Lipofectamine™ RNAIMAX
(Thermo Fisher Scientific) reagent as per manufacturer’s
protocols.

Examination of cell proliferation
and viability

The proliferation of BMECs was assessed using the Cell
Counting Kit-8 (CCK-8; Dojindo Laboratories, Kumamoto,
Japan) following the manufacturer’s instructions. Cells were
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incubated in 96-well plates, followed by the addition of 10 uL
of the CCK-8 solution and 100 puL of ECM into each well for
a 2-hour incubation period. The absorbencies at each time
point were measured at 450 nm using an iMark™ Micro-
plate Absorbance Reader (Bio-Rad, Hercules, USA).

Wound healing assay

In the wound healing test, 5x10° BMECs were seeded
in a 6-well plate for 24 h until 90% cell confluence was
achieved. A 10-microliter pipette tip was used to scratch
the cell monolayer and draw a gap on the plates. The scratch
width was measured at 0 h and 48 h, and the degree of cell
migration was calculated as follows: migration area
(%) = (A0 — An)/A0 x 100, where AO represents the area
of the initial wound and An represents the remaining area
of the wound at the metering point.

Transwell assay

In the transwell assay (8 pm; Corning, New York, USA),
the upper chamber was filled with 100 uL of serum-free
medium and 5x10° BMECs from each treated group.
The bottom chamber contained 500 pL of serum with
ECM and FBS. The upper chamber was rinsed using PBS
and incubated for 12 h at 37°C and in 5% CO,. The upper
chamber cells were then picked up using a cotton swab.
The bottom chamber was exposed to 20 min of 4% parafor-
maldehyde to fix the cells before the addition of 1% crystal
violet for 30 min to stain any migratory cells. The cells
were then observed under a light microscope (Leica DC
300F; Leica Camera AG, Wetzlar, Germany).

Tube formation assay

A 96-well plate coated with 100 uL. BD Matrigel (BD Bio-
sciences, Franklin Lakes, USA) was cured and polymerized
for 1 h at 37°C. The transfected BMECs were pretreated
with ECM containing FBS for 24 h. Then, 2x10° cells per
well were seeded onto the Matrigel. After a 6-hour culture
period, the tube formation process was visualized micro-
scopically, followed by quantification using Image] v. 6.0
software (National Institutes of Health, Bethesda, USA).

Annexin V-FITC and Pl assay

First, BMEC apoptosis was detected using an Annexin
V-FITC and propidium iodide (PI) Apoptosis Detection
Kit (Thermo Fisher Scientific). After transfection, 500 uL
of binding buffer was used to resuspend the BMECs. Then,
5 uL PIand 5 uL Annexin V-FITC were added to the sus-
pended cells, followed by a 20-minute darkroom incuba-
tion period. The samples were washed on BD FACS™ Lyse
Wash Assistant (BD FACSCanto™ II and BD FACSCanto™
10-Color; BD Biosciences). Cytometry was used to assess
the degree of cell apoptosis.
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TUNEL assay

The rate of BMEC apoptosis was evaluated using ter-
minal deoxynucleotidyl transferase dUTP nick end label-
ing (TUNEL) staining with an In Situ Cell Death Detec-
tion Kit (Roche, Basel, Switzerland). The cells were fixed
with 4% paraformaldehyde for 30 min and then washed
with PBS. Next, 0.3% Triton-X 100 in PBS was added and
incubated for 5 min. The cells were rinsed 3 times with
PBS. Then, the cells were incubated with 50 pL. TUNEL
Dilution Buffer (Roche-11966006001; Roche) in a 37°C
humidified chamber for 1 h. The nuclei were counter-
stained with 4’,6-diamidino-2-phenylindole (DAPI) for
5 min at room temperature in the dark and later mounted
with an anti-fade mounting medium. A fluorescent micro-
scope (Olympus CX23; Olympus Corp., Tokyo, Japan) was
used to capture images. Three independent investigators
separately quantified the number of apoptotic cells based
on the number of TUNEL-positive cells.

Fluorescence in situ hybridization

A fluorescence in situ hybridization (FISH) kit (Ribo-
Bio, Guangzhou, China) was used according to the manu-
facturer’s instructions. Briefly, 12-well plates were used
to house BMECs seeded onto glass coverslips. Phos-
phate-buffered saline was then used to rinse the cells
before they were fixed for 15 min with 4% paraformal-
dehyde. Phosphate-buffered saline containing 5 mM
MgCl, was then used to rinse the cells twice. The cells
were then rehydrated for 10 min in 2x saline sodium
citrate (SSC) and 50% formamide. A solution consist-
ing of 0.5 ng/mL fluorescently labeled circHIPK3 and
miR-7 probes, 2.5 mg/mL bovine serum albumin (BSA),
0.25 mg/mL salmon sperm DNA, 2x SSC, 0.25 mg/mL
Escherichia coli transfer RNA, and 50% formamide was
mixed. The cells were incubated in the solution at 37°C. Af-
ter 3 h, the cells were rinsed twice for 20 min with 2x SSC
and 50% formamide at 37°C. Then, they were incubated
with 0.5% Triton X-100 solution at 4°C for 5 min. The pen-
ultimate detergent contained DAPI. The specimens were
analyzed using a Zeiss confocal fluorescence microscope
(LSM 510; Carl Zeiss AG, Jena, Germany).

Luciferase reporter assay

Site-directed mutation was used to produce a circHIPK3
mutant. Similarly, by replacing the seed region of the miR-7
binding site, we produced a KLF4 mutant 3'UTR. The firefly
luciferase-expressing vector pGL3 (Shanghai Gena Phar-
maceutical Co., Ltd., Shanghai, China) was used to clone
the mutant sequence. For luciferase activity detection,
the BMECs were seeded in 24-well plates at 4x10* cells/well
24 h prior to transfection by using Lipofectamine® 2000
(Invitrogen). The cells were collected and lysed 48 h after
transfection. The Dual-Luciferase® Reporter Assay System
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(Promega, Madison, USA) was used to assess luciferase
activity. Luminescence levels were normalized against
the B-lactamase gene of the pGL3 luciferase carrier.

RNA-binding protein immunoprecipitation

RNA-binding protein immunoprecipitation (RIP) testing
to identify the protein pre-mNRIP1 and the QKI protein
was carried out using an RNA-binding protein immuno-
precipitation kit (17-700; Merck, Burlington, USA) in com-
pliance with the manufacturer’s instructions. The QKI-
RNA mixture was then absorbed by the magnetic beads.

RNA pull-down assay

Ultrasound treatments were used on 1x10” lysed BMECs.
The C-1 magnetic beads (Life Technologies, Carlsbad, USA)
were incubated with circHIPK3 probes for 2 h at 25°C to pro-
duce a probe-coated magnetic bead. Cell lysates with circH-
IPK3 probes or oligo probes were incubated overnight at 4°C.
After washing with detergent, the bead-bound RNA mixture
was eluted and extracted with reverse transcription PCR
(RT-PCR) using the RNEasy Mini Kit (Qiagen). The miR-7
pull-down was performed following the same procedure.

Western blot analysis

After transfecting the OE-circHIPK3 and si-circHIPK3
into the BMECs for 24 h, a RIPA lysis buffer (ab156034;
Abcam, Cambridge, UK) was used to extract proteins for to-
tal protein concentration evaluation with a BCA Detection
Kit (Beyotime, Shanghai, China). Protein samples (40 pg)
were separated on sodium dodecyl-sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) (10% w/v) and transferred
electrophoretically to a polyvinylidene fluoride (PVDF)
membrane. The cell membranes were blocked with 5%
dry skim milk and then incubated overnight at 4°C with
the following antibodies: anti-VEGF (1:1000; Abcam), KLF4
(1:1000; Abcam) and B-actin (1:3000; Abcam). The cell
membranes were then incubated with their correspond-
ing secondary antibodies. Electrochemiluminescence using
Invitrogen reagent was used to analyze the strips. Band
intensity was quantified using Image] v. 6.0 software.

Statistical analyses

GraphPad Prism v. 8.0 (GraphPad Software, San Diego,
USA) was used for data analysis. The Kolmogorov—Smirnov
(K-S) test was used to test the distribution (normal or non-
normal) of the variables. The F-test was used to check
the homogeneity of variances between groups. Values were
presented as mean + standard deviation (M +SD) when
the data distribution was normal. Otherwise, the values
were expressed as median. When the data met normal
distribution and homogeneity simultaneously, the Stu-
dent’s t-test was conducted for comparisons between
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the 2 groups. One-way analysis of variance (ANOVA)
was carried out when 3 or more groups were compared,
followed by the Tukey’s test for post hoc analysis. When
the data did not meet either normal distribution or ho-
mogeneity, the Mann—Whitney (M—W) U test was con-
ducted for comparisons between the 2 groups. The Krus-
kal-Wallis (K—W) test was used when 3 or more groups
were compared, followed by the Dunn’s test for post hoc
analysis. The correlation between 2 genes was examined
using the Spearman’s correlation test. A value of p < 0.05
indicated a statistically significant difference. All the sta-
tistical results have been demonstrated in Table 1.

Results

CircHIPK3 expression was downregulated
in necrotic tissue in ONFH

The expression of circHIPK3, miR-7 and KLF4 in necrotic
and healthy bone samples was assessed using quantitative
RT-PCR (qQRT-PCR). There was a markedly lower circHIPK3
and KLF4 expression in necrotic tissue compared to non-
necrotic tissue (Fig. 2A,B; circHIPK3: M-W U test, U = 0,
p <0.001; KLF4: M—W U test, U = 0, p < 0.001). Conversely,
miR-7 levels were significantly higher in necrotic tissue
compared to healthy tissue (M—W U test, U = 0, p < 0.001;
Fig. 2C). Further correlation analysis demonstrated that
circHIPK3 expression in necrotic tissue was positively cor-
related with KLF4 levels (Spearman’s correlation, r = 0.470,
p < 0.001; Fig. 2D) but negatively correlated with miR-7
(Spearman’s correlation, r = -0.380, p = 0.007; Fig. 2E).
In addition, miR-7 expression corresponded inversely with
KLF4 (Spearman’s correlation, r = —-0.462, p < 0.001; Fig. 2F).

CircHIPK3 upregulation inhibits apoptosis
but augments proliferation of BMECs

We postulated that the BMECs would have reduced migra-
tory and proliferative abilities if circHIPK3 expression was
downregulated. Based on this assumption, circHIPK3 siRNA,
OE-circHIPK3 and miR-7 mimics were transfected into
the BMECs (Fig. 3A). The CCK-8 assay showed that the pro-
liferation of the BMECs transfected with OE-circHIPK3 was
significantly enhanced compared with the NC at 72 h (one-
way ANOVA followed by the Tukey’s test, p = 0.025 compared
to negative control (NC)), while the proliferation of the BMECs
was significantly suppressed following the transfection with
circHIPK3 siRNA (one-way ANOVA followed by the Tukey’s
test, p = 0.015 compared to NC; Fig. 3C). The transfection
of OE-circHIPK3 plus miR-7 yielded similar proliferation rates
in contrast to NC (one-way ANOVA followed by the Tukey’s
test, p = 0.155 compared to NGC; Fig. 3C).

To further analyze the impact of circHIPK3 and
miR-7 on isolated BMEC growth, the rate of apoptosis
was evaluated in the OE-circHIPK3, circHIPK3 siRNA,
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Fig. 2. A. Circular RNA homeodomain-interacting protein kinase 3 (circHIPK3) expression in necrotic and healthy bone samples; B. The Krtippel-like factor 4
(KLF4) expression in necrotic and healthy bone samples; C. The miR-7 expression in necrotic and healthy bone samples. Results were statistically analyzed
using the Mann-Whitney U test, ***p < 0.001 compared to non-necrotic tissue; D. Association between KLF4 and circHIPK3 expression in necrotic tissue;
E. Association between circHIPK3 and miR-7 expression in necrotic tissue; F. Association between miR-7 and KLF4 expression in necrotic tissue. The results
were statistically analyzed using Spearman’s correlation

Table 1. Statistical results

Statistical items Results

CircHIPK3 expression in necrotic and

ity b seims 5 Mann-Whitney U test U=0 <0.001
KLF4 expression in necrotic and healthy Student’s t-test {1697 <000
bone samples

miR-7 expression in necrotic and healthy Mann-Whitney U test U=0 <0001
bone samples

Assocwa‘tlon. betvveelj KFM and dircHIPK3 Pearson’s correlation coefficient r=0470 <0.001
expression in necrotic tissue

Assocwa.tlon. betweeq CITCH‘PKB e 2 Pearson’s correlation coefficient r=-0.380 0.007
expression in necrotic tissue

Association between miR-/ and KLF4 Pearson’s correlation coefficient r=-0462 <0.001

expression in necrotic tissue
t=42.35, si-circHIPK3 vs. NC;

Wound healing test Student’s t-test t=12.12, OE-circHIPK3 vs. NC all p<0.001
, t=57.21, si-circHIPK3 vs. NC;
Transwell test (48 h) Student’s t-test t=11.27, OE-circHIPK3 vs. NC all p <0.001
: -y t=11.57,input vs. anti-IlgG;
CircHIPK3 RIP assays Student’s t-test £ = 1341, anti-AGO2 v8, antilgG allp<0.001
. o t=1290, input vs. anti-IgG;
miR-7 RIP assays Student’s t-test t= 128, anti-AGO2 vs. anti-IgG allp<0.001
CircHIPK3 RNA pulldown assays Student’s t-test t=22.63, biotin-miR-7 vs. biotin-control <0.001
miR-7 RNA pulldown assays Student’s t-test t=29.51, biotin-circHIPK3 vs. biotin-control <0.001
. , t=11.21, si-circHIPK3 vs. NC;
Western blot analysis of VEGF (n = 6) Student’s t-test t= 1441, OE-GircHIPK3 vs. NC all p<0.001
Western blot analysis of KLF4 (n = 6) Student’s t-test t=17.23, sicircHIPK3 vs. NG; all p <0.001

t=1141, OE-circHIPK3 vs. NC

circHIPK3 - circular RNA homeodomain interacting protein kinase 3 (circHIPK3); KLF4 — Kriippel-like factor 4; VEGF - vascular endothelial growth factor;
RIP — RNA-binding protein immunoprecipitation. IgG — immunoglobulin G; NC - negative control; si - silencing; OE — overexpression.
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Fig. 3. Evaluation of cell proliferation using MTT, and of cell apoptosis using FACScan flow cytometry and terminal deoxynucleotidy! transferase dUTP
nick end labeling (TUNEL) assay. A. Flow cytometry image of bone microvascular endothelial cells (BMECs); B. TUNEL assay for BMECs; C. Degree of cell
proliferation from each group from 0 h to 72 h; D. Degree of cell apoptosis using the Annexin V-FITC/PI assay; E. Degree of cell apoptosis using the TUNEL
assay. For the MTT and TUNEL assays, the results were statistically analyzed using one-way analysis of variance (ANOVA) followed by the Tukey’s test

for post hoc analysis, ***p < 0.001 compared to NC. For the Annexin V-FITC/PI assay, the results were statistically analyzed using the Kruskal-Wallis test
followed by the Dunn’s post hoc test, ***p < 0.001 compared to negative control (NC)

circHIPK3 - circular RNA homeodomain interacting protein kinase 3; DAPI - 4'6-diamidino-2-phenylindole; si - silencing; OE — overexpression.

OE-circHIPK3+miR-7 mimic, and NC. According to the re-
sults of the Annexin V-FITC, PI and TUNEL assays,
the apoptosis rate was markedly decreased upon circHIPK3
upregulation in contrast to NC (apoptosis FITC: K-W test
followed by the Dunn’s test for post hoc analysis, p < 0.001
compared to NC; TUNEL assay: one-way ANOVA followed
by the Tukey’s test for post hoc analysis, p < 0.001 compared
to NC; Fig. 3A,B,D,E). When the BMECs were treated with
circHIPK3 siRNA, the cell apoptosis rate was markedly
increased in contrast to the NC (Fig. 3A,B,D,E; apoptosis
FITC: K-W test followed by the Dunn’s test for post hoc
analysis, p < 0.001 compared to NC; TUNEL assay: one-way
ANOVA followed by the Tukey’s test for post hoc analysis,
p < 0.001 compared to NC). The cell apoptosis rates were
similar between the OE-circHIPK3+miR-7 mimic and NC.

Overexpression of circHIPK3 promotes
BMEC migration and angiogenesis

The impact of circHIPK3 upregulation on BMEC tubule
formation was observed after 48 h. Accordingly, the total

tubule number and density were significantly increased
upon circHIPK3 overexpression compared to NC. Con-
versely, there was a reduction in density and total tubule
number upon circHIPK3 silencing. The OE-circHIPK3
in combination with the miR-7 mimic had similar tubule
number and density compared with NC (one-way ANOVA
followed by the Tukey’s test for post hoc analysis, p < 0.001
compared to NC; Fig. 4A,B).

A scratch wound assay allowed us to evaluate the impact
of circHIPK3 on BMEC migration. The overexpression
of circHIPK3 notably enhanced BMEC motility, as deter-
mined by the migration area (Fig. 5A,C; one-way ANOVA
followed by the Tukey’s test for post hoc analysis, p < 0.001
compared to NC), whereas circHIPK3 silencing signifi-
cantly impaired the motility of BMECs (one-way ANOVA
followed by the Tukey’s test for post hoc analysis, p < 0.001
compared to NC). The OE-circHIPK3+miR-7 mimic group
had similar BMEC mobility compared to NC. The pro-
migratory ability of the BMECs influenced by circH-
IPK3 was further confirmed with the transwell assay,
which is another widely used method for evaluating cell
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Fig. 4. A. Tube formation assay images of the OE-circHIPK3, circular RNA homeodomain-interacting protein kinase 3 (circHIPK3) siRNA, OE-circHIPK3+miR-7
mimic, and negative control (NC) groups; B. Tube formation numbers of bone microvascular endothelial cells (BMECs) subjected to quantification analysis.
The results were statistically analyzed using one-way analysis of variance (ANOVA) followed by the Tukey's test for post hoc analysis, ***p < 0.001 compared to NC

si — silencing; OE — overexpression.

migration. There was a higher proportion of migratory cells
in the OE-circHIPK3 group compared to NC (K-W test
followed by the Dunn’s test for post hoc analysis, p < 0.001
compared to NC), whereas those of the si-circHIPK3 group
exhibited a significantly lower proportion of spreading
cells. The OE-circHIPK3+miR-7 mimic and NC groups
had similar proportions of migratory cells (the K—W test
followed by the Dunn’s test for post hoc analysis, p < 0.001
compared to NC; Fig. 5B,D).

CircHIPK3 functions to sponge miR-7
expressing KLF4 targets

We carried out bioinformatics analysis (using miRBase
(https://www.mirbase.org) and starBase v. 3.0 (https://
starbase.sysu.edu.cn/starbase2/)) to predict the likely
miRNA target of miR-7 for both KLF4 and circHIPK3.
We found that KLF4 was a potential target site for miR-7
(Fig. 6A), with circHIPK3 also possessing an miR-7 tar-
get site (Fig. 6B). The luciferase activity assay demon-
strated markedly suppressed luciferase activity of KLF4-
WT (wild-type) and circHIPK3-WT reporter genes upon
miR-7 mimic exposure compared to the simulated NC
(Fig. 6C,D) (circHIPK3: K-W test followed by the Dunn’s
test for post hoc analysis, p = 0.033 compared to NC;
KLF4: one-way ANOVA followed by the Tukey’s test for
post hoc analysis, p = 0.029 compared to NC). However,
the miR-7 mimic had no apparent effect on KLF4-WT and
circHIPK3-MUT reporter luciferase activities (Fig. 6C,D).
To further discern the relationship between circHIPK3,
miR-7 and KLF4 in the BMECs, FISH, RIP and RNA pull-
down assays were performed. The RIP test showed that
the AGO2 antibody significantly enriched the expres-
sion of circHIPK3 and miR-7 in contrast to the control

immunoglobulin G (IgG) antibody (one-way ANOVA fol-
lowed by the Tukey’s test for post hoc analysis, p < 0.001
compared to anti-IgG; Fig. 7A,B). In the RNA pull-down
test, circHIPK3 was detected in the miR-7 pull-down
sphere in contrast to NC (Student’s t-test, p < 0.001 com-
pared to biotin control; Fig. 7C). The miR-7 was also iden-
tified in the miR-7 pull-down particles in contrast to NC
(Student’s t-test, p < 0.001 compared to biotin control;
Fig. 7D). The FISH assay colocalized circHIPK3 (red fluo-
rescence) and miR-7 (green fluorescence) in the isolated
BMEC:s (Fig. 7E). These findings suggest that circHIPK3
possesses sponge functions by competing for miR-7 with
the potential target of KLF4 in BMECs.

Effect of circHIPK3 on KLF4
and VEGF expression

The likely mechanism of circHIPK3 and miR-7 on po-
tential proteins, including KLF4 and VEGF, was stud-
ied. After 48 h, we found that circHIPK3 overexpression
further increased KLF4 and VEGF protein expression
in contrast to NC. On the other hand, transfection of si-
circHIPK3 led to a decreased expression of KLF4 and
VEGF (one-way ANOVA followed by the Tukey’s test for
post hoc analysis, p < 0.001 compared to NC). Compared
with NC, the expression of these proteins was not sig-
nificantly different after the co-transfection with the OE-
circHIPK3+miR-7 mimic, indicating that miR-7 reduced
the impact of circHIPK3 on KLF4 and VEGF expression
(one-way ANOVA followed by the Tukey’s test for post hoc
analysis, p < 0.001 compared to NC; Fig. 8A—C). Our find-
ings indicate that KLF4/VEGF signaling activation was
promoted by the overexpression of circHIPK3 but sup-
pressed by the overexpression of miR-7.
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Fig. 5. A. Representative figures of the scratch wound assay at 0 h and 48 h; B. Representative figures of the transwell assay after 48 h; C. The osteonecrosis
of the femoral head (ONFH) group bone microvascular endothelial cells (BMECs) had lower migratory abilities (violet-stained) in contrast to the control
group; D. Number of migratory cells subjected to quantification analysis. For the scratch wound assay, the results were statistically analyzed using one-way
analysis of variance (ANOVA) followed by the Tukey's test for post hoc analysis, ***p < 0.001 compared to negative control (NC). For the transwell assay,

the results were statistically analyzed using the Kruskal-Wallis test followed by the Dunn’s post hoc test, ***p < 0.001 compared to NC

si — silencing; OE — overexpression.

Discussion

This study investigated the potential role of circHIPK3
in the progression of steroid-induced ONFH. It is the first
study to demonstrate a markedly decreased circHIPK3
expression and a notably raised miR-7 expression in ne-
crotic bone tissue in contrast to healthy bone tissue. Our
analyses found that the expression of circHIPK3 was nega-
tively associated with miR-7 expression. Further cell stud-
ies showed that circHIPK3 augmentation could promote
BMEC proliferation, migration and angiogenesis while
also attenuating the degree of cell apoptosis. The addition
of miR-7 could counteract these effects. The FISH, RNA

pull-down, RIP, and luciferase assays revealed a relation-
ship between circHIPK3, miR-7 and KLF4. The upregula-
tion of circHIPK3 enhanced the protein expression of KLF4
and VEGE. These results suggest that circHIPK3 promotes
BMEC proliferation, migration and angiogenesis by target-
ing miR-7 and KLF4/VEGEF signaling.

Steroid-induced ONFH is often thought to arise
in the setting of frequent steroid consumption.3*3° In re-
cent years, studies on the epigenetics of hormone-induced
ONFH have sought to uncover its molecular pathogenesis
and to discover likely miRNA, IncRNA and circRNA tar-
gets.30-38 However, detailed reports on the role of circRNA
in this disease have yet to be published. The circRNAs
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represent novel targets due to their relationship with
angiogenesis.

In this study, we established the role of circHIPK3
in the regulation of BMEC angiogenesis, highlighting
its potential as a therapeutic target in steroid-induced
ONFH. The circHIPK3 expression was found to be lower
in necrotic bone compared to adjacent non-necrotic bone
in ONFH patients. Conversely, miR-7 expression was in-
creased and KLF4 expression was upregulated. A further
analysis established that circHIPK3 and miR-7 were in-
versely correlated. We found that circHIPK3 was localized
in the cytoplasm based on FISH studies. The RIP and RNA
downregulation experiments suggest that circHIPK3 may
affect BMECs through its role on miRNA sponge miR-7.

Angiogenesis is the physiological phenomenon
of novel blood vessel formation from existing capillaries.

Angiogenesis serves as a pivotal process during bone repair
in ONFH. Many circRNAs have been suggested to regu-
late angiogenesis in both in vivo and in vitro studies.>® For
example, Ouyang et al. demonstrated that circRNA hsa_
circ_0074834 promoted osteogenic and angiogenic coupling
of bone marrow mesenchymal stem cells (BMSCs).** Zhang
etal. discovered that hsa_circRNA_001587 could inhibit an-
giogenesis of pancreatic cancer cells.*! Another study indi-
cated that circRNA-001175 is able to inhibit apoptosis while
enhancing angiogenesis and proliferation in high glucose-
stimulated human umbilical vein endothelial cells.*? In our
study, we found that overexpressing circHIPK3 promoted
BMEC angiogenesis, indicating that circHIPK3 may exert
positive effects on bone blood supply in ONFH. Previous
studies have demonstrated that circHIPK3 could induce car-
diac regeneration and promote blood supply in myocardial
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(DAPI); overlapped expression was mixed (scale bar: 20 um) (***p < 0.001 compared to anti-IgG)

infarction. For example, Wang et al. demonstrated an in-
creased VEGF-A activity due to the action of exosomal
circHIPK3 derived from hypoxia-induced cardiomyocytes
on inhibiting miR-29a activity.** Another study showed that
the overexpression of circHIPK3 promotes proliferation, mi-
gration, tubule-forming ability, and subsequent angiogenesis
of coronary endothelial cells.** In addition, we found that
circHIPK3 enhanced BMEC migration and proliferation
while suppressing apoptosis. All these findings indicate that
circHIPK3 could act as a stable biomarker that regulates
angiogenesis in steroid-induced ONFH.

The circHIPK3 was found to act as an miR-7 sponge,
which regulates angiogenesis through its effect on KLF4
expression. In previous studies, KLF4 has been shown to be
a pro-angiogenic factor that acts through the VEGF signal-
ing pathway to promote proliferation, migration and duct
formation.*> Therefore, we focused on the KLF4 pathway
as a potential target signal pathway. Augmenting circH-
IPK3 resulted in upregulated KLF4 and VEGF expression.
Our study found that circUSP45 regulated VEGF-mediated
angiogenesis.
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Limitations Supplementary materials

This study has some limitations that should be con-
sidered. Although we demonstrated that circHIPK3 in-
creased KLF4 and VEGF signaling by acting as a sponge
of miR-7, there may be other yet-to-be-characterized
miRNAs that may also be sponged by circHIPK3. More
extensive studies on these potential miRNA candidates
and their related target proteins and signaling pathways
are warranted.

Conclusion

Our study revealed the role of circHIPK3 downregulation
in steroid-induced ONFH. The upregulation of circHIPK3
could promote proliferation, migration and angiogenesis
through inhibiting apoptosis of isolated BMECs by target-
ing miR-7 and through activation of KLF4/VEGF signaling.
Our study provides a new reference for the diagnosis and
treatment of steroid-induced ONFH, but more relevant
mechanisms of action and treatment strategies need to be
further investigated.

The supplementary materials are available at https://
doi.org/10.5281/zenodo.7104863. The package contains
Supplementary Statistical File 1, presenting the results
of the normality and homogeneity tests.
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Abstract

Background. Postoperative infection is a common healthcare-associated problem, and unfortunately,
a serious complication in cardiac surgery patients. Toll-like receptors (TLRs) are crucial in activating non-
specificimmunity mechanisms and integrating elements of the immune system, due to interactions between
specific and non-specific responses.

Objectives. In this study, the association of LR2 or TLR4 with the risk of postoperative infections in cardiac
surgery patients undergoing a coronary artery bypass grafting (CABG) procedures was investigated.

Materials and methods. Ourresearch was carried out on a cohort of 299 consecutive adult patients with
ischemic heart disease (IHD) who underwent a planned CABG procedure. These patients were monitored
for the presence of a postoperative infection over a 30-day observation period. All patients were investi-
gated for 2 TLR2 gene mutations — R753Q (rs5743708) and T16934A (rs4696482), and 2 polymorphisms
of the TLR4 gene — D299G (rs4986790) and T399I (rs4986791). The final stage of the study was an evalu-
ation of the hypothetical association between 7LR2 and TLR4 gene variances and postoperative infections
in patients undergoing CAGB procedures.

Results. The prevalence of infections in the final cohort was 15.3% (46/299). The most common infections
were surgical site infections, which were diagnosed in 21 patients (45.6%), bloodstream infections in 15 pa-
tients (32.6%) and pneumonia in 10 patients (21.8%). Logistic regression demonstrated that the presence
of the AG+GG of D299G (rs4986790) and CT+TT of T3991 (rs4986791) variants was related to a higher
incidence of infection in patients undergoing CAGB procedures.

Conclusions. To our knowledge, this is the first study of its kind to demonstrate that /LR2 and 7LR4 muta-
tions affect the risk of post-CABG infections. Being a carrier of the AG+GG of D299G (rs4986790) or CT+TT
0f 13991 (rs4986791), TLR4 variants constitute a postoperative risk factor for infection in patients undergoing
(CAGB procedures.

Key words: infection, /LR4, TLR2, CABG, postoperative
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Background

Cardiac surgery carries a high likelihood of postopera-
tive infections due to the invasive nature of the surgery
and the subsequent inflammatory response. Postoperative
infections can have serious repercussions for the patient
and lead to prolonged hospitalization, as well as increased
hospitalization costs. A reduction of the prevalence of in-
fections requires not only an augmentation in surgical
behavior but also the implementation of a competent epi-
demiological and microbiological approach.!

In accordance with current publications, the occur-
rence of infectious complications after cardiac surgery
is between 3.3% and 26.8%.173 The mortality coefficient
among cardiac surgery patients with an infection dur-
ing the postoperative period is approx. 16.8% compared
to 2.9% in patients without an infection.* A multicenter
research study has revealed an infection incidence after
open heart surgery using cardiopulmonary bypass (CPB)
of approx. 26.8%.! Among the most common complica-
tions, pneumonia can occur in approx. 57.1% of all post-
operative infections.® This appears to be a relevant matter,
as the mortality in cases of pneumonia associated with
mechanical ventilation (ventilator-associated pneumonia
(VAP)) reaches 46%. Infectious events occurring postop-
eratively substantially increase hospitalization costs and
prolong hospitalizations. The increased frequency of in-
fections after cardiac surgery procedures is multifactorial.
The patient’s preoperative condition, underlying diseases
and perioperative course are all crucial components in re-
gard to the development of an infection.>>®

The immune system can identify intruding pathogens
through a group of receptors known as pattern-recogni-
tion receptors (PRRs). These receptors identify molecular
patterns associated with pathogens (pathogen-associated
molecular patterns (PAMPS)) and subsequently activate
a cascade of signals to generate an immune response.
The PRRs are comprised of various groups of molecules
such as retinoic acid-inducible gene I (RIG-I-like) receptors,
toll-like receptors (TLRs), absent in melanoma-2 (AIM-
2)-like receptors (ALRs), Nod-like receptors (NLRs), and
others.” The presence of TLRs has been confirmed in most
immune cells, especially in those responsible for the rec-
ognition of pathogens, but also on the surface of neutro-
phils, eosinophils and lymphocytes. In addition to the cells
of the immune system, TLRs are also present on the sur-
face and inside cells that can come into contact with patho-
gens, such as respiratory epithelial cells, gastrointestinal
tract cells, endothelial cells, skin cells, urogenital tract
epithelial cells, adipocytes, and myocytes.® Ten TLRs with
different ligand binding specificities have been identified
in humans. The TLRs are key in activating non-specific
immune mechanisms and are an important integrating
element in the immune system due to interactions be-
tween specific and non-specific responses. The binding
of PAMPs to TLRs leads to the activation of cells that

A. Zukowska et al. TLR polymorphisms and infections after CABG

recognize foreign antigens by inducing the expression
of genes responsible for the synthesis of pro-inflammatory
cytokines, chemotactic proteins and defensins.*°

For instance, TLR2 has been shown to be associated
with an intrinsic response to Gram-positive pathogens
through the recognition of bacterial cell wall components,
while TLR4 plays an important role in activating a host
response against Gram-negative bacteria.””

A vast amount of research on the relationship between
various gene polymorphisms and inflammatory responses
associated with infections has been conducted. The dis-
covery of the role genetic variants and gene mutations play
in the encoding of immunological response proteins could
be used to predict those with an increased risk of postop-
erative infections and lead to an improvement in periop-
erative care.

Objectives

The purpose of this research was to estimate whether
TLR2 or TLR4 polymorphisms are related to the probabil-
ity of postoperative infections in cardiac surgery patients
who have undergone a coronary artery bypass grafting
(CABQG) procedure.

Materials and methods
Study group

Our research was carried out on a cohort of 299 con-
secutive adult patients with ischemic heart disease (IHD)
undergoing a planned CABG procedure at the Depart-
ment of Cardiac Surgery (Pomeranian Medical Univer-
sity, Szczecin, Poland). Exclusion criteria included hav-
ing previously undergone thoracic surgery, off-pump
CABG procedures, the presence of an active infection,
valvular operations, and emergency procedures (Fig. 1).
The presented research was approved by the Pomeranian
Medical University Ethics Committee (approval No. KB-
0080/176/09). Informed written consent was obtained from
all patients.

Standard operating procedures and antibiotic prophy-
laxis were performed in all participants. The patients were
observed for the presence of a postoperative infection dur-
ing a 30-day follow-up period. All patients were evalu-
ated for 2 TLR2 gene mutations: R753Q (rs5743708) and
T16934A (rs4696482), and 2 polymorphisms of the TLR4
gene: D299G (rs4986790) and T399I (rs4986791).

In addition, clinical data such as New York Heart Asso-
ciation score (NYHA), Canadian Cardiovascular Society
score (CCS), logistic EuroSCORE (ESlog), smoking, length
of coronary artery disease (CAD), blood loss volume, blood
transfusion requirement, serum creatinine level, and
length of CBP, as well as demographic data were recorded.
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Fig. 1. Study flowchart
CABG - coronary artery bypass grafting.

Criteria for postoperative infection

We identified surgical site infections (SSIs) based
on the presence of soreness or vulnerability, regional edema,
redness or warmth, and the existence of purulent drainage
from the incision site or bacterial growth in wound cultures
that appeared at the incision site up to 30 days postopera-
tively. These criteria are concordant with the European Cen-
tre for Disease Prevention and Control (ECDC) definitions.
In each case, the wounds were swabbed for microbiological
examination. If systemic features of infection, such as fever,
chills, hypotension, and elevated C-reactive protein (CRP),
white blood cell (WBC) counts or serum procalcitonin
(PCT) levels were present, blood cultures were drawn.!!

According to the ECDC, patients can be diag-
nosed with pneumonia based on radiological findings
of at least 2 chest examinations along with a minimum
of 1 of the following: novel or increasing/sustained infil-
trates, consolidations or cavitations, as well as an increase

\ 4

)

n =246

in temperature or leukocyte count (<4000 WBC/mm?
or 12,000 WBC/mm?). The criteria also included individ-
uals with age 270 years, presenting with confusion without
an identifiable cause, as well as at least 2 of the following:
new onset of purulent sputum, change in sputum charac-
ter, increased respiratory secretions, increased suctioning
requirements, new-onset or worsening cough, dyspnea,
tachypnea, rales or bronchial tone, worsening gas exchange
(e.g., deteriorating oxygenation (e.g., PaO,/FiO, < 240), in-
creased oxygen demands, or extended (increased) ventila-
tor support. In each case, sputum or bronchoalveolar la-
vage (BAL) samples were obtained for microbial culture.!?

Bloodstream infection (BSI) was diagnosed in patients
with one of the following findings: pyrexia (>38°C), shiv-
ers or low blood pressure, and identified bacterial growth
on one or more blood samples, or had the usual commensal
bacteria (i.e., co-negative staph., diphtheroids, Propionibac-
terium spp., Bacillus spp.) present in more than 1 positive
blood culture obtained from different sites.!?
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Genetic analysis

All patients were investigated for 2 well-known functional
TLR2 and TLR4 gene mutations. During the course of hos-
pitalization, 2 mL-specimens of whole blood were taken
from all participants via a typical venipuncture technique.
Peripheral blood leukocytes were used for genomic DNA
isolation using a Mini Kit QIA DNA (Qiagen, Hilden, Ger-
many). Afterwards, the polymerase chain reaction (PCR)-
restriction fragments length polymorphism technique was
applied to examine the rs5743708 and rs4696482 of TLR2
mutations, as well as for rs4986790 and rs4986791 of TLR4
mutations. All details of the genetic investigation (primers,
PCR conditions, amplifications, electrophoresis, and cleav-
ing) were thoroughly described in our previous publication.*

The final step of the study was to investigate the hypo-
thetical association between TLR2 and TLR4 gene vari-
ances and postoperative infections in individuals undergo-
ing CAGB procedures.

Statistical analyses
Compatibility with the Hardy—Weinberg equilibrium

model was calculated using a x? test. The composition
of individual genotypes with and without postoperative
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infections was tested using Fisher’s exact method. Unpaired
and paired Student’s t-tests and Mann—Whitney U tests
were used to evaluate a correlation among the groups.
Adjusted and unadjusted models of multivariate analysis
were used to evaluate the connection between TLR poly-
morphisms and the frequency of post-CABG septic com-
plications. The p-values <0.05 were treated as statistically
significant. Odds ratios (ORs) and 95% confidence intervals
(95% Cls) were reported when logistic regression analysis
was performed. All tests were performed using Statistica
v. 8.0 (StatSoft, Inc., Tulsa, USA).

Results

The mean age in the analyzed cohort was 63 years.
The study population consisted of 77 (25.7%) females, 42%
smokers at the time of admission, and 152 (50.8%) individu-
alsin class 0 of the NYHA scoring. Baseline characteristics
were not significantly different between the infected and
non-infected groups except for the duration of CAD, CABG,
perioperative blood loss volume, and ESlog (Table 1).

The prevalence of infections in the final cohort was 15.3%
(46/299). Surgical site infections were the most common,
diagnosed in 21 patients (45.6%), followed by bloodstream

Table 1. The baseline characteristics

Infected
(n=46)

Non-infected
(n=253)

Whole group

Variable (n = 299)

Age [years], M £SD 63.6 £9.8 63.2 £9.9 65.8 £9.5 0.2837%
Male sex, n (%) 222(74.2) 187(73.9) 35(76.1) 0.8556*
Height [cm], M £SD 166.9 +£9.1 166.9 +£9.2 166.9 £89 0.8361*
Weight [kg], M £SD 786136 78.6+13.8 785+123 0.3521%
BMI [kg/m?], M £SD 282 +4.2 28.2 £4.1 28.1 £3.6 0.3011%
NYHA class, n (%)

0 152 (50.4) 127 (50.2) 25 (54.3)

| 23(7.8) 21(83) 2(4.5)

Il 49 (16.6) 42 (16.6) 7(15.2) 0.1921*
Il 65 (21.8) 57 (22.5) 8(17.4)

Y 10 (3.4) 6(24) 4(8.6)

CAD [months], M £5D 603+112.2 64.9 £130.5 612+114.8 0.0001*
Smoking, n (%) 103 (34.4) 90 (35.6) 13(283) 0.2564*
ESlog 64 +7.5 6.2+9.8 6.5+7.6 0.0064*

CSS class, n (%)

| 9(3.7) 8(3.9) 1(26)

Il 58(23.9) 50 (24.4) 8(21.1)

M1l 132(54.3) 109 (53.2) 23 (60.5) 086327
vV 44 (18.1) 38(18.5) 6(15.8)

Costs [PLN] 7969 £10770 6953 +7093 13556 +21181 0.014*
Hospital stay [days] 8.61 £6.2 8.06 £5.1 11.65£10.2 0.021°
In-hospital mortality, n (%) 8(2.67) 6(2.01) 2 (4.34) 0.524*

M £SD — mean + standard deviation; CAD — coronary artery disease; BMI — body mass index; CSS — Canadian Cardiovascular Society; NYHA — New York
Heart Association; ESlog - logistic EUROScore; * Fisher’s exact test; * Mann-Whitney U test; * x? Pearson’s test.



Adv Clin Exp Med. 2023;32(1):57-63

infection in 15 patients (32.6%) and pneumonia in 10 pa-
tients (21.8%). The occurrence of infections did not affect
hospital mortality, but it significantly extended the hos-
pitalization time (p = 0.021) and significantly increased
the overall cost of treatment (p = 0.014) (Table 1). Vac-
uum-assisted closure (VAC) therapy was not used in any
of the cases studied. Of the patients in the study group,
8 died during hospitalization.

Hospital mortality in the study group was 2.67% and did
not differ statistically between the groups of patients with
and without infections. The univariate analysis showed
that older age (p = 0.018), clamping time (p = 0.002), longer
duration of CAD (p = 0.001), concentration of creatine
kinase-MB (CKMB) >100 during the postoperative period
(p = 0.001), increased drainage during the postoperative
period (p = 0.001), and a higher NYHA classification score
before surgery (p = 0.001) significantly increased the risk
of hospital death. Due to the small number of deaths
in the study group, it was not possible to demonstrate sig-
nificance in the multivariate analysis. When analyzing
the causes of death, in 2 cases it was possible to unequivo-
cally indicate an infection as the direct cause of death, and
in both cases, the patients died of sepsis. Of the remaining
6 cases, 4 suffered a perioperative infarction, while the re-
maining 2 died of multiple organ failure.

The compositions of genotypes were coherent with
the Hardy—Weinberg equilibrium model for all TLR2 and
TLR4 single-nucleotide polymorphisms (SNPs) in patients
with and without infection.

Of the 299 patients, 158 (52.8%) were TA heterozygous
with TLR2 T-16934A (rs4696480) SNPs. The AA variant
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was identified in 68 cases (22.8%) and the TT variant
was identified in 74 cases (24.8%). There were no statis-
tically significant differences among the infected and
non-infected groups in relation to SNPs of the T-16934A
TLR2 polymorphisms. Approximately 93% of cases were
GG wild-type homozygous for the TLR2 Arg753Gln
(rs5743708). Regarding the TLR2 Arg753Gln (rs5743708)
polymorphism, 21 (7.1%) of the participants were GA
heterozygotes, and there were no homozygous patients
in the whole study group.

It was also found that in the 299 patients who were inves-
tigated for the inherence of TLR4 D299G SNP (rs4986790),
nearly 90% (260/299) were AA homozygous, with the ab-
sence of this mutation. The AG polymorphism was ob-
served in 38 individuals (12.7%), whereas the GG variant
was observed in only 1 individual. In further evaluations,
both AG and GG subgroups were treated as one. In addi-
tion, of the 299 patients who were screened for the pres-
ence of the TLR4 T399I SNP (rs4986791), 86.9% of the pa-
tients (260/299) were CC homozygous. The CT genotype
was seen in 38 cases (12.7%), whereas the TT variant was
found in only 1 individual. In further evaluations, both
CT and TT subgroups were treated as one. The TLR4
genotyping showed that the AG+GG variants of D299G
(rs4986790) and CT+TT variants of T399I (rs4986791)
were more often observed in patients with postoperative
infections (Table 2). Logistic regression demonstrated that
the presence of the AG+GG variants of D299G (rs4986790)
and CT+TT variants of T399I (rs4986791) were related
to a higher incidence of infection in patients undergoing
CAGB procedures (Table 3).

Table 2. The relationship between analyzed genotypes and postoperative infections

TLR Hardy-Weinberg

Infection status, n (%)

polymorphism equilibrium p-value non-infected infected Total, n (%)

TLR2 R753Q

GG (wild-type) 238(93.0) 41(95.3) 279 (933)

GA 18 (7.0) 2(4.7) 20(6.7)

0.549 0.749
AA 0 0 0
Total 256 (100) 43 (100) 299 (100)
TLR2 T16934A

TA 130 (50.8) 28 (65.2) 158 (52.8)

T 64 (25.0) 9(20.9) 73 (24.4)

AA 0288 62 (24.2) 6(13.9) o1ee 68 (22.8)

Total 256 (100) 43 (100) 299 (100)
TLR4 D299G

AA 227 (89.7) 33(71.7) 260 (86.9)

AG+GG 0.288 26 (10.3) 13 (28.3) 0.003 39(13.1)

Total 253 (100) 46 (100) 299 (100)
TLR4 T399I

CcC 226 (89.3) 33(71.7) 259 (86.6)

CT+TT 0.288 27 (10.7) 13(28.3) 0.003 40 (23.4)

Total 253 (100) 233(100) 299 (100)
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Table 3. Logistic regression
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Variable
TLR4 D299G AA variant 3.665
TLR4 T399I CC variant 3.532
Blood loss 2.119

95% CI
1.655-8.114 0403 0.001
1.601-7.790 0401 0.002
1.351-3.581 0.247 0.002

HR - hazard risk; 95% Cl — 95% confidence interval; SE — standard error.

Discussion

Postoperative infections are common healthcare-asso-
ciated problems, and, unfortunately, are serious complica-
tions in patients undergoing cardiac surgery. This group
of patients differs substantially from patients undergoing
surgery in other surgical departments due to the detrimental
impact of the cardiopulmonary pump circuit. This leads
to a widespread initiation of the innate immune system and
subsequently affects the response to pathogens.!” Previous
research has demonstrated a prevalence of postoperative
infections ranging from 4.9% to approx. 22% in cardiac
surgery wards.!~® Gelinjs et al. showed a prevalence of 4.9%
ina cohort of 5158 patients.! In contrast, Kollef et al. demon-
strated a higher prevalence of 21.7%.% These variations could
be in part due to a discrepancy in the diagnostic criteria
used, materials and methods, the inclusion criteria applied,
infection control guidelines used, or the types of cardiac
surgery interventions performed. This study demonstrated
an overall prevalence of hospital-acquired infections (HAI)
that was relatively high at 15.3%, which was surprising for
the authors. The most likely cause of this phenomenon may
be an over-diagnosis of infections by the attending physicians
and, consequently, the excess use of antibiotics. Regardless
of the infection criteria used, in the case of SSIs, the exis-
tence of purulent exudates from the incision site requires
subjective assessment. Similarly, in the case of pneumonia,
the presence of novel or increasing/sustained infiltrates,
consolidations or cavitations was also assessed subjectively.
Moreover, the authors were not able to state whether all
of the abovementioned criteria were applied in these cases.
Our thesis was indirectly confirmed by the fact that there
was no need for VAC therapy in patients with surgical site in-
fections. On the other hand, the reported prevalence of hos-
pital-acquired infections is similar to the results of research
conducted by van Klarenbosch et al. in 2020,'° which was
reported to be 14.5%. The similarities in both studies can be
attributed to several factors such as BMI, ESlog, transfusions
requirements, and CPB time. In our study, surgical site infec-
tions were the most common and were present in 21 patients
(45.6%), followed by bloodstream infection in 15 patients
(32.6%), and pneumonia, which was diagnosed in 10 pa-
tients (21.8%). The incidence of pneumonia was comparable
to other authors’ studies.'”!® The mortality rate observed
in our study group did not differ from that reported in other
studies, and only slightly exceeded 2%, which was not related
to the occurrence or lack of postoperative infections.'

In our research, we raised the issue of whether TLR2
or TLR4 polymorphisms are related to the occurrence
of postoperative infections in cardiac surgery patients un-
dergoing a CABG procedure. Genetic analysis of 2 TLR2
SNPs (rs4696480 and rs5743708) and 2 TLR4 SNPs
(rs4986790 and rs4986791) led to each of the 4 variants
being identified. The allele prevalence of the examined
TLR2 and TLR4 polymorphisms strongly match the results
reported by other authors.?®? We were not able to dem-
onstrate any significant disparity in TLR2 SNPs variants
among patients with and without postoperative infections.
However, we managed to show a significant correlation
between TLR4 (AG+GG of D299G) and (CT+T'T of T399I)
SNPs in comparison to wild-type carriers and the incidence
of post-CABG infections in cardiac surgery patients. The re-
lationship between carriers of the TLR polymorphisms and
the development of infection has been studied in various
groups of patients. In a group of 155 acute myeloid leuke-
mia cases, Schnetzke et al. reported a relationship between
TLR4 and TLR2 polymorphisms and the incidence of sepsis
in their study group.?? Other authors also demonstrated
that the Arg753GlIn of the TLR2 mutation was significantly
correlated with a greater incidence of pneumonia in a group
of patients with acute myeloid leukemia (AML) undergo-
ing a chemotherapy induction protocol. Papadopoulos
et al. were able to demonstrate an association between
the 2 TLR4 polymorphisms and the occurrence of serious
infections in a cohort of 199 human immunodeficiency vi-
rus (HIV)-positive patients.?> However, other authors failed
to establish a significant relationship between TLR2 and
TLR4 polymorphisms and the occurrence of infections.

In our research, the significant influence of TLR4 poly-
morphisms on the predisposition of CABG individuals
to postoperative infections could partly be explained
by the expression of TLR4 on enteric epithelium cells,
pulmonary epithelial cells and other cells playing the role
in recognizing infectious particles and initiating as well
as managing a major immune reaction against various
groups of pathogens.?> While TLR4 primarily identifies
Gram-negative bacterial molecules, TLR2 is able to identify
arange of molecules, such as Gram-positive and Gram-neg-
ative bacterial components.2®?” The TLRs play an extremely
important role, not only as PRRs, but also through their
effect on damage-associated molecular patterns (DAMPs)
as well as high-mobility group proteins, heat shock pro-
teins, phospholipids, and others. The SNPs alone are not
sufficient to explain the entire genetic component involved
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in the development of infections.?®*” However, the impor-
tance of polymorphisms in TLR alleles and the interaction
of SNPs in infections requires further investigation.

Limitations of the study

The main limitation of our study is its retrospective na-
ture. Another limitation is the probable over-diagnosis
of infections due to the subjective assessment of clinical
symptoms and radiological images. Finally, the group
of patients was relatively small. However, multivariable
evaluation was still possible.

Conclusions

In summary, this research is the first of its kind to dem-
onstrate that TLR2 and TLR4 mutations affect the risk
of post-CABG infections. The frequency of the various
alleles in our study population is in accordance with
the current literature. Our study did not show an associa-
tion between the analyzed SNPs in TLR2 and susceptibility
to infections. Carriers of the AG+GG of D299G (rs4986790)
or CT+TT of T399I (rs4986791) TLR4 variants can contrib-
ute to the prevalence of infections during the perioperative
period in patients undergoing CAGB procedures.
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Abstract

Background. The method of recruiting the study subjects is an important element of the study design.
It can have a strong influence on the results. Different recruitment schedules can give a different picture
of the studied phenomenon.

Objectives. The aim of the study was to compare bone health in a group of female patients treated for
osteoporosis with a population-based sample.

Materials and methods. A cohort of women from GO Study from T outpatient osteoporotic clinic (n = 1442,
mean age 65.8 +6.7 years) and population-based female sample of RAGOST-POL Study (n = 963, mean
age 65.8 7.5 years) were studied. Mean age did not differ between groups. Mean weight, height and body
mass index (BMI) in subjects from GO Study and RAG-OST-POL Study were 69.5 +13.1 kg, 157.8 6.1 cm
and 279 £5.1 kg/m’, and 74.2 +13.7 kg, 156.0 +6.0 cm and 30.5 +5.4 kg/m?, respectively, and differed
significantly (p < 0.0001 for each variable). Data on clinical risk factors for osteoporosis and fractures were
collected. Bone densitometry at hip was performed using a Prodigy or Lunar DPX device (GE Healthcare,
Waukesha, USA). Fracture risk was established using FRAX, Garvan and POL-RISK.

Results. Mean values of T-score for femoral neck in subjects from GO Study and RAG-0ST-POL Study were
—1.67 £0.91and —1.27 +0.91 and differed significantly (p < 0.0001). In GO Study and RAG-OST-POL Study,
there were 518 (35.9%) and 280 (29.1%) subjects with fractures, respectively. The fracture frequency was
significantly higher in the GO Study group (p < 0.001). Among clinical risk factors, only rheumatoid arthritis
(p < 0.0001) secondary osteoporosis (p < 0.0001) and falls (p < 0.0001) were more frequent in RAG-0ST-
POL Study. Fracture risk established using FRAX, Garvan and POL-RISK calculators was significantly greater
in patients enrolled in the GO Study than in subjects from the RAG-OST-POL population-based sample
(p < 0.0007 for each variable).

Conclusions. Differences noted between female patients treated for osteoporosis and population-based
sample, especially in regard to fracture risk, reveal a strong influence of recruitment criteria on study results
in the field of bone health and osteoporosis.

Key words: bone mineral density, females, clinical risk factors, fracture risk, fracture incidence
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Background

The most informative results describing health problems
associated with widespread diseases such as osteoporosis
can be obtained from representative population samples.
However, in daily practice, data gathered according to dif-
ferent inclusion criteria are often presented. It is not clear
whether bone health and many specific features such
as fracture incidence, the number of clinical risk factors for
fractures, and functional status expressed by the number
of falls really differ between population-based samples and
patients treated for osteoporosis. Such knowledge would
be important and helpful for practitioners in daily prac-
tice and proper interpretation of a results of their studies.
In 2010, a study called RAC-OST-POL was performed.!
In this study, an epidemiological, population-representa-
tive female sample was recruited. This cohort was then
studied in regard to various aspects of bone health.?-12

More recently, we presented data from a large group of fe-
male patients enrolled when attending a single outpatient
osteoporosis clinic; this research was published in consecu-
tive papers and identified with the acronym GO Study.!3-15
In recent years, methods for fracture risk assessment were
developed,'?'6-18 and fracture risk assessment became
an important part of the examination of patients. Nowa-
days, fracture risk is one of the most important criteria for
the initiation of pharmacologic treatment. We consider
the comparisons between clinical risk factors and fracture
risk in a population-based sample and regular osteoporotic
patients to be an important issue.

Objectives

This study aimed to test 2 hypotheses. The 1 is that
data describing bone health, e.g., clinical risk factors for
fracture, bone mineral density (BMD) and fracture risk,
collected in a group of patients treated for osteoporosis,
are different from those obtained from a population-based
sample. The 2" hypothesis is related to fracture prevalence
in compared cohorts. One may expect the bone status
in osteoporosis patients to be worse and these patients
to have a higher fracture prevalence than randomly re-
cruited subjects.

Materials and methods
Material

Postmenopausal women from the GO Study were re-
cruited from 1 osteoporosis outpatient clinic in Gliwice
in southern Poland. This cohort was previously described
in detail.!®> Postmenopausal females were also selected
for the RAC-OST-POL Study and recruited according
to a population-representative design from the urban area
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of Racibérz (also southern Poland) and the surrounding
rural areas.! In both studies, women over 55 years were
enrolled. For the current analysis, to obtain reliable com-
parisons, age-adjusted cohorts were selected. Finally,
1442 women from the original GO Study cohort (including
osteoporotic clinic patients) and 963 women from a ran-
domly selected, population-based RAC-OST-POL sample
were enrolled in the current study.

In the RAC-OST-POL study, the cohort consisted
of women who positively responded to the invitation
to participate in the study. The list of invited persons was
prepared randomly, based on contact data obtained from
the City Hall, and took into account the demographic
structure of the population in the region. Health status was
not a factor taken into account when recruiting; however,
it was assessed during the course of the study. The GO
Study included women referred to an osteoporosis out-
patient clinic or who presented on their own initiative
to this facility. Therefore, they were patients with sus-
pected bone health problems, determined based on their
medical or family history. Some participants also reported
for an osteoporosis screening or were looking for preven-
tive advice.

Both the GO Study and RAC-OST-POL Study were ap-
proved by the Ethics Committee of the Medical Univer-
sity of Silesia, Katowice, Poland. Participants from both
studies gave their written consent for enrollment into
the study. The study design complied with the Declara-
tion of Helsinki.

Mean weight, height and body mass index (BMI) in sub-
jects from the GO Study and RAC-OST-POL Study were
69.5 +13.1 kg, 157.8 +6.1 ¢cm and 27.9 +5.1 kg/m?, and
74.2 £13.7 kg, 156.0 6.0 cm and 30.5 +5.4 kg/m?, re-
spectively, and differed significantly (p < 0.0001 for each
variable).

Methods

Data on the clinical aspects influencing bone health
(clinical risk factors for fractures, e.g., smoking, secondary
osteoporosis, falls, rheumatoid arthritis, and hip fractures
in parents) were self-reported by patients in both groups.
Study participants also reported previous osteoporotic
fractures. The number of falls was established regarding
the year prior to data collection. Bone mineral density
was measured on the non-dominant femoral neck (FN).
Bone status was established using the densitometer device
Prodigy (GE Healthcare, Waukesha, USA) in the GO Study
and Lunar DPX (GE Healthcare) in the RAC-OST-POL
Study. The precision of measurement expressed as the co-
efficient of variation (CV%) was 1.6% in both studies."!?

Fracture risk (expressed as the probability of experienc-
ing a fracture during a defined period) was established us-
ing FRAX™ (www.sheffield.ac.uk), the Garvan calculator
(www.fractureriskcalculator.com) and the Polish algorithm
POL-RISK (www.fracture-risk.pl) online tools. The FRAX
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expresses fracture risk as the probability of a major osteo-
porotic fracture and a hip fracture in the next 10 years.
Garvan presents data for fracture risk for any fracture and
hip fractures over a 5- and 10-year period. The POL-RISK
algorithm expresses the risk of fracture for any fracture
during a 5-year period.

Statistical analyses

Statistical analysis was performed using Statistica soft-
ware v. 12 (StatSoft Inc., Tulsa, USA). Absolute values
and percentages were provided for qualitative variables.
The mean values and standard deviations (M +SD) were
used for descriptive statistics of continuous variables.
The normality of data distribution was verified using
the Shapiro—Wilk test. After checking the test assump-
tions, the Mann—Whitney U test was applied for the com-
parisons of continuous variables between the groups. Com-
parisons of qualitative features such as frequency were
performed using the x? test. The significance of the results
in all of the statistical analyses was assumed at a p < 0.05.

Results

The mean values of T-scores for the FN in subjects
from the GO Study and the RAC-OST-POL Study were
-1.67 £0.91 and -1.27 +0.91, respectively, and differed
significantly (p < 0.0001). In Table 1, the data on clini-
cal risk factors for fractures are presented. The incidence
of smoking, hip fracture and glucocorticoid use did not
differ between the compared cohorts, whereas rheumatoid

Table 1. The incidence of clinical risk factors for fractures [%)]

Fracture risk factor GO Study (n = 1442)

RAC-OST-POL Study (n = 963)

67

W GO Study

40% 0 RAC-OST-POL
p<0.001

p<0.0001

30%

20%

fractures and falls incidence [%]

33.8%
29.1%
10% -
0% -+
fractures falls

Fig. 1. Incidence of fractures and falls [%] in GO Study and RAG-OST-POL
Study cohorts

arthritis and secondary osteoporosis were more frequent
in subjects from the RAC-OST-POL Study.

In the GO Study and the RAC-OST-POL Study, there were
518 (35.9%) and 280 (29.1%) subjects who reported previous
fractures, respectively. The x? testing showed the fracture
frequency to be significantly higher in subjects from the GO
Study (p < 0.001). The respective total number of fractures
(including multiple fractures in the same subjects) were
significantly higher in GO Study patients (n = 869) com-
pared to the population-based sample (n = 366, p < 0.0001).

Falls were noted more often in subjects from the RAC-
OST-POL cohort (n = 326, 33.8%) than in the GO Study
(n = 273, 18.9%, p < 0.0001). The respective total num-
bers of falls were 526 and 490, and differed significantly
(p < 0.0001). The incidences of fractures and falls in both
study cohorts are presented in Fig. 1.

¥? statistics

Smoking 134
Rheumatoid arthritis 1.5
Glucocorticoid use 6.8
Hip fractures in parents 55
Secondary osteoporosis 55

109 3.27 NS
7.3 51.77 <0.0001
55 1.64 NS
6.7 1.66 NS
253 193.98 <0.0001

NS - not significant.

Table 2. Fracture risk assessment established by fracture risk calculators (M +SD)

Method of fracture risk assessment

GO Study (n = 1442)

RAC-OST-POL Study

FRAX major fractures 7.02 £4.91

FRAX hip fractures 2.35+3.80

Garvan — 5-year any fractures 12.76 £12.04
Garvan - 5-year hip fractures 522+10.26
Garvan — 10-year any fractures 23.76 £18.06
Garvan — 10-year hip fractures 9.13 £14.85
POL-RISK - 5-year any fractures 13.52 £9.40

(n = 963) ‘ Z value

5.85 +4.03 6.93 <0.0001

1.55+248 891 <0.0001
9.85+9.16 7.01 <0.0001
3.23+7.20 7.81 <0.0001
18.99 £14.35 7.06 <0.0001
5.86 +10.69 757 <0.0001
10.96 £7.21 7.09 <0.0001

M +SD — mean + standard deviation. * Mann-Whitney U test.
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Data for fracture risk assessment are presented in Table 2.
The values of fracture risk established using FRAX, Gar-
van and POL-RISK were significantly greater in GO Study
patients than in patients from the population-based sample
(p < 0.0001).

Discussion

To our knowledge, the current study is the first of its
kind showing a comparison of data on fractures, clinical
risk factors for fractures and falls, BMD and fracture risk
assessment between female osteoporosis clinic patients
and a population-based sample. Some expected and un-
expected observations were noted.

First, one might expect that the incidence of fractures
would be higher in osteoporosis clinic patients. Patients
with prior fractures are obvious candidates for consulta-
tion from a physician, post-fracture diagnostic procedures
and bone health treatment considerations. The higher frac-
ture incidence in these patients compared to the general
population was confirmed in our study and this result
might be treated as an expected one.

Second, lower values of BMD expressed by FN T-
scores were noted in patients from the GO Study, making
it one (perhaps the most important one) of the reasons
for the higher fracture incidence. One might expect that
the osteoporotic clinic is visited by patients with overall
worse bone health.

Third, we found the differences in anthropometric pa-
rameters very interesting. Patients from the GO Study
cohort had a higher mean height, while the population-
representative sample had a higher body weight and BMIL
Height has been identified as a factor modifying the risk
of fractures in the FRAX' and POL-RISK'? calculators.
Contrarily, an excessive body mass reduction, especially
during the postmenopausal period, results not only in adi-
pose tissue reduction, but also a lower lean body mass,
and may have an adverse effect on bone health.! Thus,
the higher BMI in the population-based sample from
the RAC-OST-POL Study can be regarded as a protective
factor in terms of fracture risk.

Fourth, the role of rheumatoid arthritis and second-
ary osteoporosis on fracture risk seems to be limited,
despite these conditions being more frequently reported
in the RAC-OST-POL Study sample, as the number of frac-
tures was lower in this cohort. This may also reflect the im-
pact of the data collection method on identifying relevant
clinical factors. In the GO Study, complete medical records
were available for each patient. Data collection in the pop-
ulation-based RAC-OST-POL Study was performed by fill-
ing in a questionnaire during a one-time meeting with
the study participant, without verification based on medi-
cal records. Thus, the diagnosis of rheumatoid arthritis
could have been overinterpreted, e.g., senile joint pain
could have been declared as rheumatoid arthritis.
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Fifth, the observed higher incidence of falls in the RAC-
OST-POL Study sample did not cause an increased number
of fractures. One may consider that, despite the poorer
functional status in this population, the better bone status
was a protective factor against fracture.

In our view, the most valuable point of this study
is the fracture risk assessment compared between groups
with different enrollment protocols. In recent years,
methods of fracture risk assessment have become one
of the most important elements of patient’s health status
evaluation. Such information is especially helpful in mak-
ing decisions about the implementation of pharmacologi-
cal therapy. The significantly higher fracture risk shown
by all 3 calculators indicates that osteoporosis clinic pa-
tients require more attention in terms of therapy, and need
treatment more frequently than subjects representing
the general population.

It is not easy to summarize the obtained results. Some
expected and unexpected observations suggest that
the methodology used in subject enrollment and data col-
lection may have significantly influenced the final study
results. A population-based cohort had a better bone sta-
tus with a lower fracture incidence despite more frequent
falls, rheumatoid arthritis and secondary osteoporosis.
Contrarily, osteoporosis clinic patients displayed a worse
bone status and higher fracture incidence. We believe that
the main factor influencing the incidence of fractures
was bone health, whereas functional status, rheumatoid
arthritis and secondary causes of osteoporosis were less
significant than expected. Finally, the most important
observation concerns the results documenting fracture
risk, which indicated that special attention should be paid
to osteoporosis clinic patients.

A review of the literature did not reveal many publica-
tions comparing the results from outpatient- or hospital-
based cohorts with population-based studies for this topic
and also in other areas of medical research. The few analy-
ses of this type show that the research results may depend
on the analyzed topic. A study assessing the quality of life
depending on the method of treatment for intracranial
vascular malformations found no differences in the results
depending on the method of recruitment used in the study
cohort.?? On the other hand, an analysis of the relationship
between psoriasis and metabolic syndrome yielded differ-
ent results in a population-based sample when compared
to hospitalized patients.?! In the context of this scarce in-
formation, our analysis shows a clear difference in the clin-
ical characteristics of patients in an osteoporosis outpatient
clinic compared to a population-representative cohort, and
sheds new light on osteoporosis research.

Our research strongly support the principle that
the study design is a factor that “a priori” modifies the ob-
tained results. Interpretation of the results cannot be car-
ried out without taking into consideration the knowledge
of the study design. Even a large sample size in a studied
cohort does not allow one to draw conclusions regarding
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the entire population unless the study sample has been
properly selected. Observed differences between osteo-
porosis clinic patients and a population-based cohort,
especially regarding fracture incidence and bone status,
suggest that clinic patients cannot be treated as a repre-
sentative sample.

Limitations of the study

The presented manuscript is a compilation of data from
2 separate studies. Patients came from different, although
geographically close, recruitment areas. The data collec-
tion was performed only among female patients.

Conclusions

In conclusion, fracture risk and fracture incidence are
higher among women treated in an osteoporosis outpa-
tient clinic compared to the general population. While this
is not a surprising observation, it is noteworthy to consider
that it did not correlate with a higher incidence of mul-
tiple fracture risk factors in the clinic group. Interestingly,
the incidence of falls was significantly higher in the pop-
ulation-based sample than among osteoporotic patients.
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Abstract

Background. As the first target organ, the lungs usually display symptoms of acute lung injury (ALI).
Pro-inflammatory cytokines, such as tumor necrosis factor alpha (TNF-a) and interleukin (IL)-2, are crucial
in triggering the systemic inflammatory response syndrome and the subsequent cascading effects. Therefore,
the inhibition of the release of inflammatory mediators has become an important strategy for the prevention
and treatment of ALI

Objectives. To evaluate the preventive and therapeutic effects of transmembrane peripheral blood leukocytes
(PBLs) on lipopolysaccharide (LPS)-induced ALl and its mechanism.

Materials and methods. Sixty Sprague Dawley rats were randomly divided into experimental and control
groups. The animal model was established through intravenous injection of LPS. Plasmid PBLs were dis-
solved in a saline solution and injected into the experimental group of rats in different doses (0.1 mg, 0.2 mg
and 0.3 mg per rat) using the in situ injection method. After injecting the PBL solution, the rats were killed
after 12.h, 24h, 36 h, or 48 h. The expression of microRNA (miRNA)-25 and miRNA-223 was detected using
the semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR). Tumor necrosis factor alpha
and|L-2 levels in bronchoalveolar lavage fluid (BALF) were detected with an enzyme-linked immunosorbent
assay (ELISA). The expressions of TNF-a and IL-2 proteins in lung tissue were detected using western blotting.

Results. The expression of miRNA-25 was uprequlated in tissues and BALF in a dose- and time-dependent
manner, while miRNA-223 was downrequlated. The differences were statistically significant compared
to the control group (p < 0.05). The TNF-aand IL-2 levels in the BALF of rats in the experimental group were
increased in a dose-dependent manner compared to the control group (p < 0.05). In the presence of PBLs,
the expressions of TNF-a, IL-2, miRNA, and proteins were inhibited. Thus, PBLs were found to alleviate
pulmonary tissue damage.

Conclusions. In summary, PBLs have a protective effect on rats with ALl through the downregulation
of TNF-a and IL-2 expression.

Key words: IL-2, TNF-a, LPS, BALF, acute lung injury
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Background

When the body is seriously injured, it will induce a sys-
temic inflammatory response syndrome (SIRS) lead-
ing to multiple organ dysfunction syndrome (MODS).
As the first target organ, the lung usually displays symp-
toms of acute lung injury (ALI).1"* Pro-inflammatory cy-
tokines, such as tumor necrosis factor alpha (TNF-a) and
interleukin (IL)-2, are key factors in triggering the SIRS
and the subsequent cascading effects. As such, the inhi-
bition of the release of inflammatory mediators has be-
come an important strategy for ALI prevention and treat-
ment.1~2! It is important to provide identification support
for the early diagnosis of ALI as a therapeutic window for
targeting in future clinical trials. However, the lack of spe-
cific biomarkers for ALI is arguably one of the main ob-
stacles in the diagnosis and successful treatment of this
syndrome.16172021

MicroRNAs (miRNAs) are stable and small RNAs that
can modulate the regulation of post-transcriptional genes.
The expressions of miRNAs used in various tissues and cell
types are considered to have cell-type specificity.3-® Cur-
rently, miRNAs have been reported as potential biomark-
ers for various types of disease. It has been demonstrated
that miRNAs are present in human plasma in a quite
stable form which prevents RNase degradation and al-
lows the measurement of tumor-derived miRNAs in serum
and plasma.®”!31> The results and conclusions of these
studies generated many potential applications for miR-
NAs which are considered biomarkers of some diseases.
A few publications reported that miRNA-25 may be a po-
tential biomarker for cancer detection and diagnosis.-1012
MiRNA-223 promotes endotoxin-mediated inflammation
in endothelial cells and can be released from denderitic cells
and subsequently taken up by recipient dendritic cells.!"12
In summary, the 2 miRNAs investigated in this study were
involved in inflammation and considered to be candidates
for biomarkers. However, the expression of the above miR-
NAs in ALI is still unclear and has not been reported.
This study aimed to investigate the genetic expression
of miRNAs in Sprague Dawley rats with ALL

Peripheral blood leukocytes (PBLs) have been reported
to function as agents in reverse transmission signaling and
to affect ALLY

Objectives

The objectives of this study were to investigate TNF-«
and IL-2 in lung tissues of experimental rats, measure
the level of expression of miRNA-25 and miRNA-223,
and investigate the influence of PBLs on their expression.

X. Liu et al. Membrane-type PBLs on LPS-induced ALI

Materials and methods
Animals

Specific pathogen-free (SPF) grade Sprague Dawley rats
with an age of 4-5 weeks and a weight between 160 g and
180 g were obtained from Center of Experimental Animal
at Guangdong Medical University, China. The animal ex-
periments were conducted in accordance with the Guide
for the Care and Use of Laboratory Animals of the Na-
tional Institutes of Health (NTH).22 The experiments in this
study were approved by the Ethics Committee of Experi-
mental Animal at Guangdong Medical University.

Materials

Lipopolysaccharide (LPS) was purchased from Shanghai
Acmec Biochemical Co., Ltd. (Shanghai, China). TRIzol
and the reverse transcriptase were obtained from Sino-
pharm Group (Beijing, China). The miRNAs were pur-
chased from Yeasen Biotechnology Co., Ltd. (Shanghai,
China). The anti-agents were obtained from Innochem
Co., Ltd. (Beijing, China).

PBLs detection and expression

Seventy rats were selected for the experiments. The PBLs
were solubilized in brine followed by a PBL solution in-
jection into the left thigh muscle using an in-situ ap-
proach. The rats were divided randomly into 3 groups,
based on the amount of PBLs injected (0.1 mg, 0.2 mg and
0.3 mg). Each group consisted of 20 rats. After the injec-
tion, the rats were sacrificed at different time intervals.
The expression of PBLs in the tissue was detected using
the reverse transcription polymerase chain reaction (RT-
PCR) method.

Collection of samples

The rats were sacrificed by anesthesia using 2.5% iso-
flurane inhalation. Samples of lung tissue and bronchoal-
veolar lavage fluid (BALF) were obtained and centrifuged
at 1500 rpm for 15 min at 5°C. The samples were collected
in RNase-free tubes and loaded in a fridge at —70°C for
future experiments. Tumor necrosis factor alpha and
IL-2 levels in BALF were determined and the expressions
of proteins were evaluated using western blotting.

cDNA preparation

The tissue samples were disrupted and the lysate was
homogenized in an appropriate volume of the buffer so-
lution. The lysate was centrifuged for 3 min at a maxi-
mum speed and the supernatant was carefully removed
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by pipetting. Then, the tissue samples were transferred
to new microtubes and the total miRNAs were isolated
from all the specimens using the RNeasy Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s in-
structions. The total miRNA levels in BALF were isolated
using miRNeasy Serum/Plasma Kit (Qiagen) according
to the manufacturer’s instructions.

Single-stranded cDNA was prepared in a reverse-tran-
scription reaction by means of TagMan MicroRNA™
Reverse Transcription Kit (Thermo Fisher Scientific,
Waltham, USA) using from 5-10 pug of miRNA according
to the manufacturer’s protocol.

The measured sequences of cDNA were listed as fol-
lows: miRNA-25: 5-CTTGTCGCAACTGTCGCCGTG-
GAGCTC-3" and miRNA-223: 5-ACGCTGGACTC-
CAGCTGGGAGAAATT 3.

Polymerase chain reaction

The experimental conditions for the PCR experiments
were applied as follows: denaturation at 90°C for 6 min
with 50 cycles, followed by annealing at 90°C for 10 s and
then the extension procedure at 50°C for 10 s.

Gel electrophoresis

The gels were prepared, stained and recorded, and
the absorbance of the gel was determined. A sample
of miRNA was determined and calculated to normalize
for various concentrations and as a control sample to in-
vestigate the efficiency of the reaction.

Western blot

The lung tissues of rats were treated with a homogenizer
and reagent. The protein concentrations were measured
using a dedicated reagent (Kexing Biopharm Co., Ltd.,
Shanghai, China).

Enzyme-linked immunosorbent assay

The IL-2 and TNF-a levels in BALF were determined
using an enzyme-linked immunosorbent assay (ELISA) kit
manufactured by Kewei Biology Co., Ltd. (Jiangsu, China).
The determination methods followed the manufacturer’s
instructions.

Statistical analyses

All statistical analyses were conducted using IBM SPSS
software v. 24.0 (IBM Corp., Armonk, USA) and R soft-
ware v. 4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria). The Shapiro-Wilk normality test was
used to test for the normal distribution of data in each
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group. If a normal distribution was met, the mean with
a 95% confidence interval (95% CI) was used to describe
the data. If the data did not conform to a normal distri-
bution, the median (interquartile range (IQR)) was used
to describe the data.

The statistical significance of differences in means
between the groups was analyzed using analysis of vari-
ance (ANOVA) when the data were normally distributed.
When the assumption of a normal distribution was not
met, the Kruskal-Wallis test was used. The Bartlett’s test
was used to test for equal variances among groups. If equal
variance was met, a post hoc test was performed using
the Tukey’s test. If not, a post hoc test was performed us-
ing the Dunnett’s T3 test. The ANOVA linear contrast
analysis compares the differences between linear models.
In this study, there were contrasts between linear models
if the time points were included or when the intervention
groups were included as independent variables. A value
of p < 0.05 indicated that the differences were statistically
significant.

Results
The expression of miRNA-25

The in vivo change in miRNA-25 expression was investi-
gated after injecting the membrane-type PBLs into the rats.
A control group was also established. We checked the lung
tissues and BALF for the expression of miRNA-25 at dif-
ferent time points after the injection of PBLs,. Figures 1,2
present the results of miRNA-25 expression in lung tis-
sue and BALF, respectively. It was found that in BALF,
the expression of miRNA-25 was significantly enhanced
after PBLs injection in experimental groups, suggesting
that the expression of miRNA-25 tends to increase with
an increasing amount of time after PBLs stimulation.
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Fig. 1. The expression of miRNA-25 in lung tissue of each group at each
time point (n =5 in each group at each time point)

Analysis of variance (ANOVA) at each time point: ** p < 0.01; *** p < 0.001.
The description of the expression values and results of the normal
distribution tests are listed in Supplementary Table 1. The ANOVA post hoc
analyses for pairwise comparisons are listed in Supplementary Tables 2 and 3.
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Fig. 2. The miRNA-25 expression in bronchoalveolar lavage fluid (BALF)
in each group at each time point (n = 5 in each group at each time point)

Analysis of variance (ANOVA) at each time point: * p < 0.05; **

p < 0.01; *** p < 0.001. The description of the expression values and
results of the normal distribution tests are listed in Supplementary
Table 4. The post hoc analyses for pairwise comparisons are listed
in Supplementary Tables 5 and 6.

The expression of miRNA-223

The membrane-type PBLs were injected into BALF based
on the established experimental approach. Figures 3,4
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Fig. 3. The miRNA-223 expression in lung tissue in each group at each
time point (n =5 in each group at each time point)

Analysis of variance (ANOVA) at each time point: *** p < 0.001.

The description of the expression values and results of the normal
distribution tests are listed in Supplementary Table 7. The ANOVA post hoc
analyses for pairwise comparisons are listed in Supplementary Tables 8 and 9.
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Fig. 4. The miRNA-223 expression in bronchoalveolar lavage fluid (BALF)
in each group at each time point (n =5 in each group at each time point)

Analysis of variance (ANOVA) at each time point: *** p < 0.001.

The description of the expression values and results of the normal
distribution tests are listed in Supplementary Table 10. The ANOVA post hoc
analyses for pairwise comparisons are listed in Supplementary Tables 11, 12.
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show the results of miRNA-223 expression in lung tis-
sue and BALF, respectively. The miRNA-223 levels were
found to be significantly reduced in the experimental
groups. Compared to the control group, the expression
of miRNA-223 was significantly reduced after prolonged
periods following PBL injection.

Pro-inflammatory cytokine production

Figure 5 shows that the levels of TNF-a and IL-2 in BALF
were enhanced after PBL injection. Peripheral blood leu-
kocyte stimulation led to a dramatic increase in TNF-«
levels. Furthermore, IL-2 levels dramatically rose a dose-
dependent profile with statistically significant differences
(p < 0.05). Similarly, Fig. 6 shows that IL-2 protein levels
in lung tissues were both increased. Therefore, it is clear
that the administration of higher concentrations of PBLs
resulted in higher TNF-a and IL-2 levels (p < 0.05).
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Fig. 5. The expression of tumor necrosis factor alpha (TNF-a)
and interleukin (IL)-2 in bronchoalveolar lavage fluid (BALF) after
the administration of peripheral blood leukocytes (PBLs) at 48 h

Analysis of variance (ANOVA): *** p < 0.001. The description

of the expression values and results of the normal distribution tests are
listed in Supplementary Tables 13 (TNF-a) and 14 (IL-2). The ANOVA post
hoc analyses for pairwise comparisons are listed in Supplementary Tables
15 (TNF-a) and 16 (IL-2).
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Fig. 6. The expression of tumor necrosis factor alpha (TNF-a) and
interleukin (IL)-2 proteins for the control group and experimental groups
with different administered doses
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Lung tissue histological examinations

The pathological changes in the lung tissue were detected
using hematoxylin and eosin (H&E) staining. Figures 7-10
show that lung injury induced by LPS was reduced in all
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Fig. 7. Images of lung tissue after

the administration of peripheral
blood leukocytes (PBLs) at 12 h for

(A) the control group and (B-D)

the experimental groups using a scale
bar of 10 um

Fig. 8. Images of lung tissue after

the administration of peripheral
blood leukocytes (PBLs) at 24 h for

(A) the control group and (B-D)

the experimental groups using a scale
bar of 10 um
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Fig. 9. Images of lung tissue after
the administration of peripheral
blood leukocytes (PBLs) at 36 h for
(A) the control group and (B-D)
the experimental groups using

a scale bar of 10 um

Fig. 10.Images of lung tissue after
the administration of peripheral
blood leukocytes (PBLs) at 48 h for
(A) the control group and (B-D)
the experimental groups using

a scale bar of 10 um
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experimental groups (the 0.1 mg group, the 0.2 mg group
and the 0.3 mg group). As the infiltration of neutrophils
increased, thickening of interstitial alveolar regions in-
creased, and structural damage was reduced compared
to the results of the control group.

Discussion

Bacterial infection plays a significant role in clinical infec-
tions, and endotoxin is its main toxic substance. Lipopolysac-
charide can cause ALL In this experiment, PaO, decreased
significantly after the intravenous injection of LPS. Symp-
toms such as interstitial pneumonitis, alveolar edema, exu-
dation, bleeding, and granulocyte infiltration were observed
in the lung pathology specimens, suggesting that LPS injec-
tion led to ALI After PBL intervention, LPS injury was signif-
icantly alleviated, arterial oxygen partial pressures increased,
and the wet/dry ratio of lung tissue decreased in the ALI rats.
Pathological observation also indicated a reduced pathologi-
cal reaction and inflammatory injury in lung tissue, which
is consistent with previous results of PBLs in ALL?3-%

Studies have shown that TNF-a mainly comes from
monocytes and macrophages stimulated by LPS.20:21:23.24
In the process of ALI resulting from various factors, TNF-«
functions mainly through the following approaches. First,
it induces the production and release of proinflammatory
cytokines, such as IL-6 and IL-8 that cause body damage.
At the same time, inflammatory signals are further amplified
and strengthened by reactivating inflammatory effector cells
and releasing more inflammatory factors. Second, it causes
direct injury to pulmonary vascular endothelial cells (VECs)
and alveolar type I epithelium. Third, it interacts with other
cytokines to cause lung injury. Finally, it activates the com-
plement and coagulation systems and promotes the spread
of inflammation in lung tissue. The results of this study
showed that TNF-a levels in the lung tissue of rats after LPS
injection, as well as miRNA-25 and miRNA-223 expressions
in alung homogenate increased significantly. Tumor necrosis
factor alpha was mainly expressed in alveolar macrophages.
One hour after LPS injury, the positive signal was the stron-
gest. The peak of TNF-a in lung homogenate appeared
1-2 h after injury, which was consistent with the literature
reporting a peak time of around 90 min. These results show
that the expression of TNF-a precedes protein synthesis, and
an intravenous injection of LPS directly produces endotox-
emia. Lipopolysaccharide directly stimulates inflammatory
effector cells in lung tissue to produce TNF-a. The serum lev-
els of TNF-a in lung homogenate were similar to the dynamic
change in TNF-a levels from the same stimulus. Previous
studies have indicated that miRNA-25 and miRNA-223 may
enhance the inflammatory response by stimulating the re-
lease of inflammatory mediators via targeting several negative
feedback molecules.'>2° These results and the results ob-
tained in our study suggest that miRNA-25 and miRNA-223
increase the inflammatory response in LPS-induced ALL
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Some studies have found that IL-2 is mainly mediated
by monocytes, macrophages and VECs, which are affected
by LPS and other cytokines.?*~2¢ The main target cells of IL-2
are polymorphonuclear neutrophils (PMNs), which partici-
pate in the occurrence and development of ALI by affecting
the biological activity of granulocytes. Interleukin 2 induces
PMN chemotaxis in interstitial and inflammatory areas,
and simultaneously activates PMNs in order to promote
its degranulation and production of oxygen-free radical,
protease and other media that directly damage lung tissue
cells. Moreover, IL-2 increases the penetration of PMNs into
the endothelial cell layer and the permeability of the vas-
cular endothelial layer, promoting PMN transmembrane
movement. The results obtained in this study confirm that
the expression of IL-2 and the level of IL-2 in the homogenate
increased significantly after LPS injection. Interleukin 2 was
mainly expressed in alveolar macrophages, PMNs and VECs.
A positive signal was first observed 2 h after LPS injury,
and the strongest signal was recorded 4 h after LPS injury.
At the same time, the levels of IL-2 in lung homogenate
reached their maximum. The expression of IL-2 preceded
its protein expression, which is in accordance with the time
sequence of IL.-2 expression and transcription. Furthermore,
the time of peak TNF-a expression and protein levels was
earlier than that of IL-2, suggesting that TNF-a may further
stimulate the expression and release of IL-2 by effector cells.

Peripheral blood leukocytes have an antagonistic effect
on M receptors. They are widely used in anti-shock and
smooth muscle spasmolysis by improving microcircula-
tion. Additional studies have demonstrated that PBLs
can antagonize calcium influx and antioxidation, inhibit
cell calcium overload and lipid peroxidation in biofilms,
and protect tissue cells. Peripheral blood leukocytes can
also inhibit the production of shock factors (or inflamma-
tory mediators), such as prostaglandins and leukotrienes.
Therefore, PBLs are used to prevent shock and in the pre-
vention and treatment of MODS caused by various reasons,
including ALI The application of PBLs has achieved good
therapeutic effects. Since TNF-q, IL-2 and other inflam-
matory cytokines play an important role in the induction
of AL this study investigated the mechanisms behind
PBLs in the prevention and treatment of ALI by affecting
the above inherent functions and factors.

Limitations

The study and conclusions might be limited by the num-
ber of selected rats.

Conclusions

In this study, PBLs were found to significantly inhibit
TNF-a in ALI tissues induced by LPS. The expression
of miRNA-25 and miRNA-223 levels decreased in lung
homogenate. The study showed that PBLs inhibit TNF-a
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and IL-2 expression to achieve an anti-inflammatory effect,
thereby reducing the inflammatory response and inflam-
matory injury in lung tissue.

Supplementary materials

The Supplementary tables are available at https://doi.
org/10.5281/zenodo.6992162. The package contains
the following files:

Supplementary Table 1. The miR-25 expression values
of lung tissue in each group at each time point and the re-
sults of normal distribution tests.

Supplementary Table 2. ANOVA of miR-25 expression
values in lung tissue at each time point and post hoc analy-
sis for pairwise comparisons.

Supplementary Table 3. ANOVA of miR-25 expression
values of lung tissue in each group and post hoc analysis
for pairwise comparisons.

Supplementary Table 4. The miR-25 expression values
in BALF in each group at each time point and the results
of normal distribution tests.

Supplementary Table 5. ANOVA of miR-25 expression
values in BALF at each time point and post hoc analysis
for pairwise comparisons.

Supplementary Table 6. ANOVA of miR-25 expression
values in BALF in each group and post hoc analysis for
pairwise comparisons.

Supplementary Table 7. The miR-223 expression values
of lung tissue in each group at each time point and the re-
sults of normal distribution tests.

Supplementary Table 8. ANOVA of miR-223 expression
values in lung tissue at each time point and post hoc analy-
sis for pairwise comparisons.

Supplementary Table 9. ANOVA of miR-223 expression
values of lung tissue in each group and post hoc analysis
for pairwise comparisons.

Supplementary Table 10. The miR-223 expression values
in BALF in each group at each time point and the results
of normal distribution tests.

Supplementary Table 11. ANOVA of miR-223 expression
values in BALF at each time point and post hoc analysis
for pairwise comparisons.

Supplementary Table 12. ANOVA of miR-223 expression
values in BALF in each group and post hoc analysis for
pairwise comparisons.

Supplementary Table 13. The TNF-a expression values
in BALF at 48 h and the results of normal distribution tests.

Supplementary Table 14. ANOVA of TNF-a expression
values in BALF at 48 h and post hoc analysis for pairwise
comparisons.

Supplementary Table 15. The IL-2 expression values
in BALF at 48 h and the results of normal distribution tests.

Supplementary Table 16. ANOVA of IL-2 expression
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Abstract

Background. Ischemia/reperfusion (I/R) can cause damage to distant organs. Rutin is known to have
antioxidant and anti-inflammatory properties, and inhibits cytokine and polymorphonuclear leukocyte
(PMNL) infiltration. It may prevent the development of reperfusion injury.

Objectives. This study aimed to examine the role of PMNLs in distant organ (lung) injury after a liver I/R
procedure, and to evaluate the protective effects of rutin in rats using biochemical and immunohistochemi-
cal methods.

Materials and methods. In this study, 18 Wistar albino male rats (255275 g) were used. Experimental
animals were divided into 3 groups: a liver I/R (LIR) group, a 50 mg/kgq rutin+liver I/R (RLIR) group and
a sham operation (SG) control group. Experimental results obtained from the RLIR group were compared
with the LIR and SG groups.

Results. Blood malondialdehyde (MDA) levelsin the RLIR and SG groups were significantly lower compared
tothe LIR group (p < 0.001). Blood myeloperoxidase (MPO) activity in the RLIR and SG groups was significantly
lower compared to the LIR group (p < 0.001). Total glutathione (tGSH) levels in the RLIR and SG groups were
significantly higher compared to the LIR group (p < 0.001).

Conclusions. Rutin can be used to prevent distant organ (lung) damage due to liver I/R. However, more
extensive studies are needed on this issue.

Key words: rutin, distant organ damage (lung), ischemia/reperfusion

of polymorphonuclear leukocytes in distant organ
(lung) oxidative damage of liver ischemia/reperfusion
and the protective effect of rutin. Adv Clin Exp Med.
2023;32(1):81-89. doi:10.17219/acem/152886

DOI
10.17219/acem/152886

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)



82

Background

Ischemia is defined as a condition in which blood flow
and the oxygen supply to tissues are reduced or completely
obstructed due to various reasons. Reperfusion is the pro-
cess in which blood flow is restored to the ischemic tis-
sue.! Tissue damage caused during the ischemic period
increases with reperfusion.

Although ischemia/reperfusion (I/R) injuries have been
examined in many tissues and organs, the pathophysiol-
ogy of I/R injuries has not been fully elucidated. Studies
have argued that I/R injuries are complex pathological
processes which start with deoxygenation of the tissue,
followed by oxidative stress, and result in an inflamma-
tory response involving the activation of polymorpho-
nuclear leukocytes (PMNLs) and the excessive formation
of free radicals, which are responsible for the I/R injury.
The reperfusion process causes these free radicals formed
in the ischemic area to enter the systemic circulation. Ac-
tivated PMNs are not only present in the primary tissue
where the I/R event occurred, but are also transported
to other tissues by the circulation, and cause damage
to other organs (remote tissues). Activated PMNLs cause
increased pulmonary capillary permeability, leading
to the passage of PMNLs into the tissue.?

In a study by Yu et al,, it was stated that an I/R procedure
applied to the liver can cause severe inflammatory damage
not only in the liver but also in the lung.® This information
suggests that local I/R injuries may cause systemic damage
to distant organs. Moreover, vascular permeability due
to activated PMNLs and oxidative stress are the major
components in distant organ injury. In the present study,
the impact of rutin (3, 3, 4, 5, 7-pentahydroxyflavone-
3-rhamnoglucoside) on distant organ (lung) damage due
to liver I/R was investigated.

Rutin is a P; vitamin flavonoid. It is known to have an-
tioxidant and anti-inflammatory properties, and inhibits
cytokine and PMNL infiltration.*® Rutin has the potential
to bind free oxygen radicals and convert them into more
stable non-reactive species, as well as end the free radical
chain reaction.® Rutin exerts a cleaning effect by inhibiting
1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals.” The lipid
peroxidation inhibition and superoxide radical-clearing
potential of rutin depends on the dose of rutin used.®
In the inflammation zone, pro-inflammatory cytokines
such as tumor necrosis factor alpha (TNF-a), interleukin-1
beta (IL-1P) and interleukin-6 (IL-6) are secreted from
pulmonary cells and alveolar macrophages. The secretion
of TNF-a, IL-1p, IL-6, and monocyte chemotactic protein
(MCP) encourages the production of more effective pro-
inflammatory cytokines and chemokines such as macro-
phage inflammatory protein (MIP), keratinocyte-induced
chemokine, cytokine-induced neutrophil chemoattractant
(CINC), and macrophage inflammatory protein-2 (MIP-2),
which mediates the recruitment of PMNLSs, macrophages
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and lymphocytes. Studies have shown rutin to suppress
TNF-a and IL-1p production, which are known as pro-in-
flammatory mediators.’ In umbilical vein endothelial cells
(HUVEC:) during the acute period induced lipopolysac-
charides (LPS), mice with acute liver damage intoxicated
with carbon tetrachloride (CCl,), and renal inflammation,
rutin was found to reduce TNF-a formation.!%-12 Rutin was
shown to reduce leukocyte infiltration of the lung by re-
ducing the expression of pro-inflammatory cytokines.
In addition, it has been demonstrated that rutin protects
vascular barrier integrity and reduces hyperpermeabil-
ity.!! Based on this information, it was hypothesized that
rutin may help prevent the development of pulmonary
damage in liver I/R procedures.

Objectives

Ischemia/reperfusion causes distant organ damage. Ru-
tin may prevent the development of reperfusion injury.
This study aims to examine the role of PMNL in distant
organ (lung) injury in liver I/R procedures and the protec-
tive effect of rutin in rats using biochemical and immuno-
histochemical methods.

Material and methods
Animals and chemicals

This experimental study included a total of 18 male
albino Wistar rats weighing 255-275 g. The experimen-
tal animals were supplied by the Medical Experimental
Application and Research Center of Atatiirk University
(Erzurum, Turkey). The rats were housed in batches and
provided with food and water ad libitum, at a tempera-
ture of 22°C with 12-hour light/dark cycle until the ex-
periments. The study was conducted at the Atatiirk
University Experimental Studies and Research Center.
Thiopental sodium was supplied by the IE Ulagay (Is-
tanbul, Turkey), and rutin was obtained from Solgar
(Leonia, USA).

The animals were divided into 3 groups: liver I/R (LIR)
group, 50 mg/kg rutin plus liver I/R (RLIR) group and sham
operation control (SG) group, with 6 rats in each.

Ethical standards

This study was approved by the Ethics Committee
at the University of Erzincan (approval No. 28.06.2018/148).
The experimental procedure was approved by the Er-
zurum Atatiirk University Animal Research Committee.
The animal experiments were performed in accordance
with the International Guidelines for the Use and Care
of Laboratory Animals.



Adv Clin Exp Med. 2023;32(1):81-89

Surgical and pharmacological procedures

All surgical procedures were carried out under general
anesthesia using an intraperitoneal injection of 25 mg/kg
of thiopental sodium at appropriate intervals, with xyla-
zine sniffing. Rutin was administered at a dose of 50 mg/kg
to the rats in the RLIR group by oral lavage 1 h before anes-
thesia induction, whereas rats in the SG and LIR groups were
administered the same amount of distilled water. Following
thiopental sodium injection, the animals were kept anes-
thetized for an appropriate period to perform the surgery.
The appropriate anesthesia period for surgical intervention
was understood as the period required to immobilize the ani-
mals in supine position. After immobilization was confirmed,
the anterior abdomen was accessed through a 3.5—-4 cm ver-
tical incision and a laparotomy was carried out in all rats.

Rats in the SG group were not subjected to further
procedures after the abdominal cavity was closed. Rats
in the RLIR and LIR groups were subjected to total hepatic
ischemia by clamping the bile duct, portal vein and hepatic
artery for 1 h, and then reperfused for 6 h.

At the end of the surgical procedure, all rats were sacri-
ficed using high-dose anesthesia and their lung tissue was
removed. Biochemical and histopathological examinations
were carried out on the removed lung tissue. Experimen-
tal results obtained from the RLIR group were compared
to the LIR and SG groups.

Sample preparation

Blood samples collected from the animals to be placed
in separation gel were taken in drainage serum tubes. All
collected samples were left to incubate at room tempera-
ture for 15 min and centrifuged for 15 min at 1500 x g for
separation. All samples were kept at —80°C until analy-
sis. Before dissection, all tissue samples were rinsed with
a phosphate-buffered saline (PBS) solution, and the lung
tissues were then homogenized in a 50 mM ice-cold
phosphate buffer at a pH of 7.4, which was suitable for
measuring the variables. The obtained homogenates were
then subjected to centrifugation at 5000 rpm for 20 min
at4°C. The supernatant portion was separated for analysis
of the protein concentrations of myeloperoxidase (MPO),
malondialdehyde (MDA) and total intracellular glutathi-
one (tGSH). The protein supernatant levels were deter-
mined utilizing the technique described by Bradford.!?
The results were expressed in grams after being divided
by the concentration of protein.®

MDA, MPO and tGSH analyses

Malondialdehyde levels were determined using the tech-
nique described by Ohkawa et al. Briefly, the absorbance
of the pink complex formed as a result of the reaction
between MDA and thiobarbituric acid (TBA) at a high
temperature (95°C) was measured spectrophotometrically
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ata wavelength of 532 nm.!* The MPO-mediated H,O, oxi-
dation reactions containing a 4-aminoantipyrine/phenol
solution was used as a substrate to determine MPO en-
zyme activity.!® The tGSH analysis in serum and tissue was
performed according to the method defined by Sedlak and
Lindsay. DTNB (5,5-dithiobis [2-nitrobenzoic acid]) disul-
fite is chromogenic in the medium, and DTNB is reduced
easily by sulthydryl groups. The yellow color observed after
the reduction of DTNB was read spectrophotometrically
at a wavelength of 412 nm.1¢

Histopathology

All tissues were fixed in 10% formaldehyde, dried using
ethanol, and then embedded in paraffin blocks. The tis-
sues were cut into 4 mm-thick sections, deparaffinized
with xylene, and rehydrated with alcohol and water. He-
matoxylin and eosin (H&E) were used to stain the tissue
samples, which were then analyzed under a light micro-
scope (Olympus pX53; Olympus Corp., Tokyo, Japan)
equipped with a digital camera system (Olympus UTVO.
5XG-3; Olympus Corp.) by the same pathologist, who was
blinded to the procedure.

Statistical analyses

Statistical analysis was performed using IBM SPSS Statis-
tics for Windows v. 20 (IBM Corp., Armonk, USA). The re-
sults for continuous variables were reported as mean + stan-
dard deviation (M +SD) for normally distributed variables
and as median (interquartile range (IQR), Q1-Q3) for non-
normally distributed data. The Shapiro—Wilk test was used
to test for normal distribution of continuous variables. One-
way analysis of variance (ANOVA) was used to compare
continuous variables between groups when the variables
were normally distributed. For non-normally distributed
variables, the Kruskal-Wallis test was performed. Before
ANOVA, the homogeneity of the variances was tested using
Levene’s test. After ANOVA, a Tukey’s honestly significant
difference (HSD) test was performed as a post hoc test when
the homogeneity assumption was met. Otherwise, a Games—
Howell test was used as the post hoc test. Dunn’s test was
performed as a post hoc test after the Kruskal-Wallis test.
A p-value <0.05 was considered statistically significant.

Results
Biochemical results

As shown in Table 1 and Fig. 1, blood MDA levels
in the LIR, RLIR and SG groups were 8.1 +0.9 pmol/g
protein, 4.6 £0.5 pmol/g protein and 1.6 0.2 pmol/g pro-
tein, respectively. Lung MDA levels were 7.9 +0.5 pmol/g
protein, 2.4 +0.4 umol/g protein and 2.0 0.4 umol/g pro-
tein, respectively. The total MDA levels in blood and lung
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Table 1. Blood and lung MDA, MPO and tGSH levels in SG, LIR and RLIR groups
ANOVA or K-W test results

Tissues

Post hoc test p-values

F(2,15) or K-W
test statistics

MDA
blood 8.1 £0.92P
[umol/g]*

MPO

blood 240 +3.6°0
[U/gl*

tGSH

blood 1.2 (1.0-1.4)2b
[nmol/g]*

MDA

lung 7.9 £0.52P
[umol/g]**

MPO

lung 18.0 +£3.72P
[umol/g]*

tGSH

lung 4.6 +£042P
[nmol/g]**

4.6 £0.5% 1.6 +0.2

132 £2.5° 39403
2.7 (2.3-29) 79 (7.8-8.1)
24+04 20+04
3.7+04

33403

8.9+0.7 9.5+0.5

LIR vs RLIR LIR vs SG RLIR vs SG
180.5% <0.001 <0.001 <0.001 <0.001
96.7* <0.001 <0.001 <0.001 0.001
15.2% 0.001 0.002 <0.001 0.002
339.3* <0.001 <0.001 <0.001 0.296
88.5% <0.001 0.001 <0.001 0.203
139.2%* <0.001 <0.001 <0.001 0.181

MDA - malondialdehyde; MPO — myeloperoxidase; tGSH - total glutathione; LIR — liver ischemia/reperfusion; RLIR — rutin plus liver ischemia/reperfusion;
SG - sham operation group. Results were presented as mean + standard deviation (M +SD) for normally distributed data, otherwise median and
interquartile range (IQR; Q1-Q3) were reported. ® p < 0.05 when compared with control; ® p < 0.05 when compared with RLIR; *Games—Howell test was
performed as the post hoc test after one-way analysis of variance (ANOVA); **Tukey’s honestly significant difference (HSD) test was performed as the post
hoc test after one-way ANOVA; * Kruskal-Wallis (K-W) test was used and Dunn’s test was performed as post hoc test.

M blood
O lung

MDA [umol/g]
T

==

T T T
LIR RLIR SG
Fig. 1. The malondialdehyde (MDA) levels in blood and lung tissues
in LIR, RLIR and SG groups. Horizontal lines: midline of the box — median,
the bottom line of the box — 1° quartile (Q1, 25%), the top line of the box
-3 quartile (Q3, 75, and whiskers — minimum and maximum
observations

LIR — liver ischemia/reperfusion; RLIR — rutin plus liver ischemia/
reperfusion; SG - sham operation control group.

in the RLIR and SG groups were significantly lower com-
pared to the LIR group (p < 0.001, ANOVA, F = 180.5;
p < 0.001, ANOVA, F = 339.3, respectively).

As shown in Table 1 and Fig. 2, blood MPO levels
in the LIR, RLIR and SG groups were 24.0 £3.6 pmol/g pro-
tein, 13.2 +2.5 pmol/g protein and 3.9 +0.3 pmol/g protein,

- M blood
- O lung
20
9
=)
o
o
=
10
L ———
0 T T T
LIR RLIR SG

Fig. 2. The myeloperoxidase (MPO) levels in blood and lung tissues

in LIR, RLIR and SG groups. Horizontal lines: midline of the box — median,
the bottom line of the box — 15 quartile (Q1, 25™), the top line of the box
- 3 quartile (Q3, 75™), and whiskers — minimum and maximum
observations

LIR — liver ischemia/reperfusion; RLIR — rutin plus liver ischemia/
reperfusion; SG — sham operation control group.

respectively. Lung MPO levels were 18.0 £3.7 pmol/g pro-
tein, 3.7 £0.4 umol/g protein and 3.3 +0.3 pmol/g protein,
respectively. Significantly lower total MPO levels were
observed in the RLIR and SG groups compared to the LIR
group (p < 0.001, ANOVA, F = 96.7; p < 0.001, ANOVA,
F = 88.5, respectively).
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Fig. 3. The total glutathione (tGSH) levels in blood and lung tissues

in LIR, RLIR and SG groups. Horizontal lines: midline of the box — median,
the bottom line of the box — 15t quartile (Q1, 25™), the top line of the box
-3 quartile (Q3, 75M), and whiskers — minimum and maximum
observations

LIR - liver ischemia/reperfusion; RLIR — rutin plus liver ischemia/
reperfusion; SG — sham operation control group.

As shown in Table 1 and Fig. 3, tGSH levels in the LIR,
RLIR and SG groups were 1.2 +0.2 nmol/g, 2.6 +0.4 nmol/g
and 8.1 +0.4 nmol/g in the blood, and 4.6 +0.4 nmol/g,
8.9 +0.7 nmol/g and 9.5 +0.5 nmol/g in the lung, respec-
tively. The total tGSH levels in the RLIR and SG groups
were significantly higher compared to the LIR group
(p < 0.001, Kruskal-Wallis test, p < 0.001, ANOVA,
F = 139.2, respectively).

Histopathology

On histopathological examination, the alveolar vein,
bronchiole structures and pleural mesothelium were iden-
tified as normal in pulmonary tissues in the SG group
(Fig. 4). However, significant areas of alveolar degeneration,
edema and hemorrhage were observed in the pulmonary
tissues of the LIR group (Fig. 5). Congestion, PMNL and
lymphocytic infiltration were observed in the lung tissues
in the LIR group (Fig. 6). In the lung tissue of the RLIR
group, the pleural mesothelium, and alveolar, vascular
and bronchial structures were identified as normal, which
was similar to the observations in the SG group (Fig. 7).

Discussion

Reperfusion is an important surgical treatment for re-
versing ischemic damage. It has been reported that a con-
siderable amount of free oxygen radicals are formed during
re-oxygenation of ischemic tissue. After ischemia, local
and systemic damage is initiated by reperfusion via free
oxygen radicals and inflammatory mediators. The reperfu-
sion process causes the free radicals formed in the isch-
emic area to enter the systemic circulation. They then
induce direct damage or indirectly exert a stimulating ef-
fect on the activation of neutrophils and the production
of cytokines. Most of these mediators lead to the migra-
tion of neutrophils into tissues by neutrophil-endothelial
interactions, and the migrating neutrophils degranulate
and damage the tissue. Reperfusion of ischemic tissue leads
to a disruption in the endothelium-dependent dilatation

Fig. 4. Microscopic view of normal
pleural mesothelium (straight
arrow), alveoli (square arrow),

blood vessel (striped arrow) and
bronchiole (round arrow) structures
in lung tissue of the control group
(hematoxylin and eosin (H&E)
staining, X100 magnification)
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of arterioles, formation of leucocyte plugs in capillaries,
and increased fluid filtration. This in turn causes leakage
of plasma proteins out of post-capillary venules and thus
disrupts microvascular functions. Restoring blood flow
can lead to the development of multisystem organ dysfunc-
tion and mortality. This damage is observed especially
in myocardial, renal and pulmonary tissues. Animal stud-
ies have correlated the degree of reperfusion injury with
the degree of PMNL activation.!”

Fig. 5. Histopathological section
showing areas of marked hemorrhage
(striped arrow), alveolar degeneration
(round arrow) and edema (straight
arrow) in lung tissue of the LIR

group (hematoxylin and eosin (H&E)
staining, X100 magnification)

LIR - liver ischemia/reperfusion.

Fig. 6. Histopathological section
showing congestion (round

arrow), PMNLs (straight arrow) and
lymphocytic infiltration (striped
arrow) in lung tissue of the LIR
group (hematoxylin and eosin (H&E)
staining, X200 magnification)

PMNLs - polymorphonuclear
leukocytes; LIR - liver ischemia/
reperfusion.

The PMNLs release various enzymes, such as MPO and
free oxygen radicals, which in turn exacerbates the dam-
age.’ In arecent study by Kumbasar et al., MPO activity was
reported to increase in ovarian tissues undergoing I/R.!°
There are numerous studies showing that MDA levels in-
crease in the damaged tissue formed as a result of LIR 202!
Under normal physiological conditions, the oxidant—an-
tioxidant balance is maintained in favor of antioxidants.
Disruption of this balance leads to tissue damage. This
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condition is called oxidative stress, and oxidant—antioxi-
dant balance is used to determine whether tissue dam-
age will occur. It has been shown in various I/R injury
models that oxidant levels increase, antioxidant levels
decrease, and the balance between oxidants and antioxi-
dants changes in favor of oxidants. This demonstrates that
enzymatic and non-enzymatic antioxidant mechanisms
are continuously working in a controlled manner against
oxidant mechanisms in tissues. Total glutathione is one
of the critical non-enzymatic endogenous antioxidants
that play a role in cellular defense against oxidative dam-
age. It directly reacts with hydrogen peroxide (H,O,), hy-
droxyl (OH-), superoxide (O,-), and alkoxy (RO») radicals
in living tissues to protect the cell from the damaging ef-
fects of free radicals.?? High tGSH levels are an important
marker of cellular function and viability. Decreased tGSH
levels indicate a poor intracellular defense system and are
regarded as a damage marker.? Oxidation parameters
increase during the reperfusion period after ischemia.
Free oxygen radicals are also known as reperfusion me-
diators. Tok et al. demonstrated that I/R treatment re-
sults in decreased tGSH levels and cause serious oxidative
damage to rat kidneys; such damage can be reduced with
the use of antioxidants.?* Demiryilmaz et al. reported that
tGSH levels decreased and the levels of MDA increased
in ovarian tissue treated with I/R.2°> The lungs are a large
reservoir of neutrophils, and a significant proportion of I/R
injuries occur in the lungs.?® Fantini et al. emphasized that
lung injuries due to reperfusion are characterized by non-
hydrostatic pulmonary edema resulting in progressive

Fig. 7. Histopathological section
showing normal pleural mesothelium
(straight arrow), alveoli (square
arrow), blood vessel (striped arrow),
and bronchiole (round arrow)
structures similar to the control
group (SG) in lung tissue of the RLIR
group (hematoxylin and eosin (H&E)
staining, X100 magnification)

RLIR - rutin plus liver ischemia/
reperfusion.

hypoxemia, pulmonary hypertension, decreased lung com-
pliance, and adult respiratory distress syndrome (ARDS).%
In addition, humoral mediators produced during reperfu-
sion cause end-organ damage in regions far away from
the focus of the I/R, and the lungs are the target organs.?”

Ischemia/reperfusion injury to the lung can be observed
on light microscopy examination of histopathological
preparations stained with H&E.?82° The accumulation
of neutrophils in capillary beds, interstitial edema, thick-
ening of the alveolar septum, and the presence of protein-
containing exudates in alveolar air cavities are common.
Quantitative injury assessment is possible by examining 10
or 20 different sites under high magnification and counting
the PMNLs in slides prepared in the same way.3¢

Various substances, such as superoxide dismutase, allo-
purinol, catalase, mannitol, vitamin C, pravastatin, alpha-
tocopherol, L-carnitine, and pentoxifylline, have been used
as treatments. These medications have been shown to be
effective in eliminating the negative effects of free oxygen
radicals after I/R. These antioxidant substances have shown
a protective effect against distant tissue organ damage after
I/R, either by decreasing pulmonary microvascular perme-
ability and preventing neutrophil accumulation or by ac-
tivating the antioxidant system. Dietary antioxidants such
as flavonoids found in vegetables, fruit and beverages are
known to protect the human body against a range of dis-
eases such as cancer, diabetes, osteoporosis, and cardio-
vascular and neurodegenerative disorders.?' Flavonoids
in vegetables are used more often due to their better com-
patibility with the human body and fewer side effects.??
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Rutin, also known as vitamin P, is a flavonol abundantly
found in many foods including apples, vegetables, tea, and
wine. The antioxidative, antibacterial, anti-inflammatory;,
antitumor, anti-ulcer, antidiarrheal, antimutagenic, im-
munomodulating, and vasodilatory characteristics of rutin
have been shown.

In one study, rutin was compared to ascorbic acid (Vc)
and butylated hydroxytoluene (BHT), which are commonly
used in the pharmaceutical industry. Inhibition of DPPH,
which measures rutin antioxidant activity, was found
to be higher than that of Vc but similar to that of BHT.
The reducing capacity of rutin and the hydroxyl radical
(OH) sweeping effect has been found to be similar to that
of BHT. The effect of rutin inhibiting lipid peroxidation
was greater than that of Vc.® Therefore, it is recommended
to use antioxidants in combination.?*

In addition, it has been shown that rutin alleviates I/R
injuries that develop in organs such as the heart, brain, liver,
kidney, and testes.?*=%° In their study, Adefegha et al. found
that rutin has a protective effect against reactive oxygen-
mediated oxidative damage due to its anti-inflammatory
activity, as seen in rat models of acute inflammation.*° Stud-
ies on LPS-induced acute lung injury (ALI) have shown ru-
tin treatment to not only prevent histopathological changes
in lung tissue, and also inhibit the transit of polymorpho-
nuclear granulocytes into bronchoalveolar lavage fluid.
The LPS-mediated inflammatory reactions, including in-
creased lipid peroxidation and secretion of pro-inflamma-
tory cytokines, are prevented by rutin treatment in a dose-
dependent manner.” It has been reported that the decreased
activities of antioxidant enzymes such as superoxide dis-
mutase (SOD), glutathione peroxidase (GPx), catalase, and
heme oxygenase-1 (HMOX1) in LPS-induced injuries can
be reversed by rutin.®

Our experimental findings show that the I/R procedure
caused significant oxidative damage to liver tissue. It was
observed that I/R induced in the liver also caused I/R inju-
ries in distant organs such as the lungs, resulting in hemor-
rhage, edema, and PMNL infiltration into the lung paren-
chyma. In our study, the difference in blood and lung MDA
levels in the LIR, RLIR and SG groups was statistically sig-
nificant (p < 0.001). The levels of MDA were significantly
lower in the lungs compared to the blood in the RLIR group
(p < 0.001). In the LIR group, MPO activity was higher
compared to the RLIR and SG groups (p < 0.001). Our ex-
perimental results and literature review show that the an-
tioxidant properties of rutin prevent I/R-induced oxidative
damage to the lungs caused by PMNL migration in distant
organs after I/R injuries to the liver. In our study, tGSH,
an important antioxidant in the body, decreased in blood
and lungs in the LIR group, increased in the RLIR group
and had the highest value in the SG group (p < 0.001). Rutin
administration significantly prevents the increase of oxida-
tion parameters such as MDA and MPO, and the decrease
in tGSH level in rats with distant organ (lung) injury as a re-
sult of liver I/R injury (p < 0.001).
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The results of this study showed that immunohistochem-
ical findings were consistent with our biochemical findings.

Limitations

Many substances have been implicated in the pathogene-
sis of I/R distant organ damage. However, these items could
not be included in our study. In addition, many substances
are thought to be useful in I/R injuries. Therefore, there
is a need for comprehensive studies including items other
than rutin. It is also important to examine the molecular
histopathology of the tissues.

Conclusions

Ischemia/reperfusion injuries are complex pathological
processes that start with the deoxygenation of tissue, con-
tinue with change the oxidant/antioxidant balance in favor
of oxidants, and develop with an inflammatory response.
In I/R injuries, MDA and MPO levels increase and tGSH
levels decrease. The administration of 50 mg/kg of rutin
significantly prevented I/R injuries. It was found that rutin
also showed antioxidant activity in addition to its known
anti-inflammatory activity. The results of this study sug-
gest the possible utilization of rutin in clinical practice
to prevent I/R injuries.
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Abstract

Background. Urinary tractinfections (UTIs) are one of the most common infectious diseases. Inappropriate
and excessive administration of antibiotics has led to the increased antibiotic resistance in the pathogens that
cause UTIs. This work focused on identifying genetic determinants of antibiotic resistance in a clinical isolate
of UTI-causing Escherichia coli

Objectives. A dlinical isolate of £ coli resistant to B-lactam, tetracycline and aminoglycoside antibiotics
was analyzed using whole-genome sequencing (WGS) to identify genes that contribute to its resistance.

Materials and methods. The clinical isolate was obtained from a urine sample of a UTI patientin Turkey and
identified via 165 rDNA sequencing. Antimicrobial susceptibility test was performed for 17 antibiotics using
VITEK® 2 and the results were confirmed using minimum inhibitory concentration assay. Whole-genome
sequencing of the isolate was performed using lllumina sequencing and analyzed with bioinformatic tools
for multilocus sequence typing, replicon types, virulence factors, and antimicrobial resistance genes.

Results. Whole-genome datum was submitted to the National Center for Biotechnology Information (NCBI;
accession No. JAKSGM000000000). The isolate was only found to be resistant to piperacillin in the p-lactam
class of antibiotics. While the isolate was also resistant to aminoglycoside and tetracycline antibiotics, it was
sensitive to other antibiotics tested. Ten antibiotic resistance genes were identified in the genome of the isolate:
blagy., blagy,.,, aac(6)-1l, aac(6’)-1b-cr, tetB, catB3, qact, sitAB(D, mdfA, and sul-2. Clonal subtype (ST) and
serotype of the isolate were identified as ST2141 and 0107/H39, respectively. Plasmid replicon typing was
used toidentify 5 plasmid types in the genome of £. coli Rize-53 (Col(BS512), IncC, InclA, IncFIB(AP1918), and
IncFlI(pRSB107)); however, none of the resistance genes were encoded on the plasmid.

Conclusions. Genetic determinants of resistance to tetracycline, p-lactam and aminoglycoside antibiotics
were identified using WGS in a uropathogenic £ coli from ST2141 lineage and 0107:H39 serotype, isolated
in Turkey.

Key words: whole-genome sequencing, uropathogenic £scherichia coli ST2141, serotype 0107:H39, tetra-
cycline resistance (tetB), blagy, ,/aac6
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Background

Extensive antibiotic use to treat urinary tract infections
(UTIs) has led to the widespread antibiotic resistance
in the pathogens that cause these infections. The primary
cause of many UTIs is Gram-negative Enterobacterales,
such as uropathogenic Escherichia coli (UPEC) and Kleb-
siella pneumoniae spp.' Spread of drug-resistant strains
of E. coli is a serious health concern worldwide, as it leads
to more persistent infections and higher mortality rates.?
Escherichia coli is an prevalent human pathogen that is re-
sponsible for up to 90% of all community-acquired UTIs.?

The production of B-lactamases by uropathogens has
led to an increased B-lactam resistance, complicating UTI
treatment.* The B-lactam antibiotics inhibit peptidoglycan
synthesis, though they are ineffective against Enterobac-
teriaceae that produce extended-spectrum B-lactamases
(ESBLs). The resistance to p-lactams means carbapen-
ems need to be used to effectively treat infections caused
by ESBL-producing Enterobacteriaceae. The 3-lactamases
are categorized into 4 classes based on amino acid con-
tents, namely class A, B, C, and D.® Class D B-lactamases
include oxacillinase (OXA)-type enzymes that hydrolyze
cloxacillin and oxacillin faster than benzylpenicillin.®

Another class of antibiotics are tetracyclines (TEs),
which inhibit protein synthesis in bacteria. The tet A—E
classes are the most frequently detected TE resistance
genes in the Enterobacterales, and they primarily confer re-
sistance via TE efflux or ribosomal protection. Resistance
to TE is frequently spread among E. coli isolates through
horizontal transfer of genes such as tetA.”® Consequently,
TE resistance has led to a decreased use of these antibiotics
in humans. However, TEs are still among the most widely
used antibiotics in livestock production globally.’

Aminoglycoside antibiotics are used for the single-dose
treatment of UTIs.!? They mainly act by disrupting bac-
terial protein synthesis through binding to prokaryotic
ribosomes via 16S ribosomal RNA (16S rRNA) and disrupt-
ing bacterial cell membrane integrity.!! Aminoglycoside
resistance occurs through several mechanisms; however,
enzymatic inactivation is the most prevalent in the clinical
setting and is carried out by acetyltransferases, nucleoti-
dyltransferases and phosphotransferases, which perform
acetylation, adenylation and phosphorylation, respectively.
A large number of enzymes that modify aminoglycosides
have been described to date, and they are present in nearly
all bacteria that present enzymatic resistance to amino-
glycosides.!> Understanding the antimicrobial resistance
phenotypes of livestock, wildlife and human pathogens
is important for identifying proper treatment plans and
addressing the urgent situation of rising antimicrobial
resistance.

H. Turumtay. + WGS of Escherichia coli Rize-53

Objectives

Whole-genome sequencing (WGS) is an important ap-
proach to revealing characteristics related to antimicrobial
resistance genes in bacteria. This study aimed to perform
a whole-genome analysis of one UTI isolate from Turkey
in order to characterize resistance genes, multilocus se-
quence type (MLST) and plasmid profiles.

Materials and methods

Bacterial strain and antimicrobial
susceptibility testing

One UTI isolate of E. coli was obtained from glycerol
stock stored at Recep Tayyip Erdogan University in Rize,
Turkey, and was characterized using standard microbio-
logical procedures and VITEK® 2 (bioMérieux, Marcy-
I’Etoile, France). It was further identified using 16S rDNA
Sanger dideoxy sequencing and named E. coli Rize-53 after
the Basic Local Alignment Search Tool (BLAST) analysis
on the National Center for Biotechnology Information
(NCBI) website. Susceptibility testing was performed using
the following antibiotics: piperacillin, piperacillin/tazo-
bactam, ceftazidime, cefepime, aztreonam, imipenem,
meropenem, amikacin, gentamicin, netilmicin, tobramy-
cin, ciprofloxacin, levofloxacin, tetracycline, tigecycline,
colistin, and trimethoprim/sulfamethoxazole, confirmed
with E-test (bioMérieux) in accordance with Clinical and
Laboratory Standards Institute guidelines.!®

Whole-genome sequencing

Given its phenotypic resistance to antibiotics from dif-
ferent groups, such as f-lactams, aminoglycosides and tet-
racyclines, it was decided to perform WGS in order to iden-
tify the resistance gene profile. A bacterial sample was
sent to Macrogen Europe (Amsterdam, The Netherlands)
for preparation and library construction. The library was
sequenced with Illumina sequencing using synthesis tech-
nology, and converted into raw data for analysis. Sequence
reads were de novo assembled. After the whole-genome
was assembled, the location of protein-coding sequences,
transfer RNA (tRNA) genes, ribosomal RNA (rRNA) genes,
and transfer-messenger RNA (tmRNA) genes were iden-
tified and their functions annotated. Prokka software
(https://narrative.kbase.us/#catalog/apps/ProkkaAnno-
tation/annotate_contigs) was used to predict location,
while BLAST was used to run the assembled sequences
against a nucleotide and protein sequence database in or-
der to identify and predict the function of the coding
sequences.
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Analysis of genome

The analysis was performed using the website of the Cen-
ter for Genomic Epidemiology project (https://www.
genomicepidemiology.org/). Replicase genes of the plas-
mids were classified using the PlasmidFinder v. 2.0 online
tool (https://cge.food.dtu.dk/services/PlasmidFinder/).
The MLST was identified using whole-genome sequences
in the MLST database by applying bioinformatics tools
available from the Center for Genomic Epidemiology. Se-
rotype of E. coli Rize-53 was determined using Serotype-
Finder (https://cge.food.dtu.dk/services/SerotypeFinder/)
based on the O-(lipopolysaccharide) and H-(flagellar) anti-
gen processing genes.!* Antimicrobial resistance encoding
genes were identified using ResFinder (https://cge.food.
dtu.dk/services/ResFinder/) and a cutoff of 80% similarity.

Results

According to the Minimum Inhibitory Concentration
(MIC) assay results, only piperacillin resistance (=64)
was observed among the -lactam antibiotics. Moderate
resistance was observed in the piperacillin/tazobactam
combination, with a decreased MIC value of 16. No resis-
tance to carbapenems was observed. Out of the 4 differ-
ent aminoglycoside antibiotics, sensitivity was only ob-
served to broad-spectrum gentamicin, while resistance
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was observed to the other 3 aminoglycosides (Table 1). Of
the other antibiotics tested, only tetracycline resistance
was observed. A total of 10 resistance genes were identified
in the WGS analysis. These were blaOXA-1 and blaOXA-2
(B-lactam resistance; piperacillin, piperacillin/tazobac-
tam and cefepime), aac(6’)-I1I and aac(6’)-1b-cr (amino-
glycoside resistance), tetB (tetracycline resistance), catB3
(chloramphenicol resistance), gacE (quaternary ammo-
nium compound-resistance protein E), sitABCD, mdfA
(erythromycin and roxithromycin resistance), and sul2
(sulfonamide resistance).

The whole-genome sequence was 5,430,376 nucleo-
tides in length and was submitted to GenBank (https://
www.ncbi.nlm.nih.gov/genbank/; the accession No.
JAKSGMO000000000). It had coding sequence for a total
of 5230 genes, 83 tRNAs, 9 rRNAs, and 1 tmRNA. Clonal
subtype (ST) of E. coli Rize-53 was determined as ST2141
(adk101-fumC88-gyrB262-icd281-mdh59-purA215-
recA196). It was then determined that E. coli 53-Rize had
wzx and fliC alleles and its serotype was O107/H39. No
virulence genes were detected.

A total of 5 plasmids were detected in the genome
of E. coli Rize-53, which included Col(BS512), IncC, IncFIA,
IncFIB(AP1918), and IncFII(pRSB107). While Col(BS512),
IncC, IncFIA and IncFII(pRSB107) were 100% similar
in replicon typing, IncFIB(AP1918) had nucleotide changes
and was found to be 98.39% similar. None of the resistance
genes detected with WGS were on these plasmids.

Table 1. Antibiotic resistance profiles and minimum inhibitory concentration (MIC) values

Antimicrobials Evaluation
Piperacillin 64 R
Piperacillin/
tazobactam 10 |
Ceftazidime 0.25 I
Cefepime 0.5 I
Aztreonam <1 I
Imipenem <0.25 S
Meropenem <0.25 S
Amikacin =64 R
Gentamicin <1 S
Netilmicin >32 R
Tobramycin >16 R
Ciprofloxacin 1 S
Levofloxacin 1 S
Tetracycline 16 R
Tigecycline <05 S
Colistin <05 S
e s

Antibiotic group

Related resistance genes

ureidopenicillin
ureidopenicillin

third-generation cephalosporin
blaox-
fourth-generation cephalosporin blaoxa2
monobactam
carbapenem
carbapenem
aminoglycoside

broad spectrum aminoglycoside aac(6)-l

aminoglycoside aac(6)-Ib-cr
aminoglycoside
fluoroquinolone _
fluoroquinolone _
tetracycline tetB
glycylcycline _
cyclic polypeptide _

sulfonamide -

R —resistant; S — susceptible; | — intermediate.
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Discussion

Escherichia coli isolates are normally found in human
flora, though certain strains are the most common cause
of UTIs. Antimicrobial therapy is crucial in the treatment
of UTIs; however, rising resistance to antimicrobials has
made an effective treatment more complicated. Results
from a comparative study showed that resistance to trim-
ethoprim-sulfamethoxazole (TMP-SMZ), which is used
as a first-line resistance in the treatment of uncomplicated
UTIs, did not change significantly over time in UPEC iso-
lates. However, more recently, the increasing resistance
to TMP-SMZ has been observed®; thus, TMP-SMZ should
not be used in empirical therapy.'® In the case of the E. coli
Rize-53 isolate analyzed in the study, sensitivity to TMP-
SMZ was demonstrated and no genes related to the resis-
tance to this antibiotic were discovered.

Widespread and common use of quinolones and fluo-
roquinolones in the treatment of UTIs worldwide has led
to the increased resistance in UPEC isolates.'” Moreover,
the resistance and level of fluoroquinolones in UPEC iso-
lates reported from different countries are important.
In this study, ciprofloxacin and levofloxacin from fluoro-
quinolones were tested against E. coli Rize-53. Escherichia
coli was found to be sensitive to these fluoroquinolones,
and no genes related to the resistance to this antibiotic
group were found. Additionally, no tigecycline or colis-
tin resistance genes were found in the genome, which ex-
plained the sensitivity to these antibiotics.

Escherichia coli Rize-53 was sensitive to all B-lactams
tested, with the exception of piperacillin, and was also sen-
sitive to piperacillin/tazobactam. It was previously dem-
onstrated that carbapenem, piperacillin-tazobactam and
amikacin antibiotics were highly effective against E. coli
isolates identified from UTIs in Canada and the USA be-
tween 2010 and 2014 (>95% sensitivity).!® The main cause
of resistance to B-lactams is different types of f-lactamases.
According to the WGS data, only 2 OXA genes (blaoxa.1/2)
are encoded in the E. coli Rize-53 genome, which we pre-
dict are responsible for piperacillin resistance. Further-
more, WGS data indicated that it was likely the zezB gene
was the cause of the observed resistance to tetracycline
in E. coli Rize-53. In an earlier study conducted on urine
samples of 121 adult patients from Turkey, the resistance
to tetracycline was observed in 82 samples and fetB was
shown to be the most abundant tetracycline resistance
gene.! Another study of 268 clinical E. coli isolates ob-
tained from urine samples found that 36.8% were resis-
tant to tetracycline.'® Genetic determinants responsible for
tetracycline resistance were not investigated in that study,
but it demonstrated that tetracycline resistance is high
in UTIs in Turkey.

Escherichia coli Rize-53 is only sensitive to broad-
spectrum gentamicin and is resistant to the aminogly-
coside antibiotics such as amikacin, netilmicin and to-
bramycin. Consistent with this phenotype, it has 2 genes,

H. Turumtay. + WGS of Escherichia coli Rize-53

aac(6’)-1I and aac(6’)-Ib-cr, which are likely responsible
for this resistance. Aminoglycoside-modifying enzyme
genes can coexist in some strains, and combinations such
as aph(3”)-1blaac(3)-lalaac(60)-1b, ant(2”)-lalaac(6’)-1b,
aac(3)-lalaac(6’)-1b, aac(6’)-1blaph(3”)-Ib and aac(6’)-
Iblaac(3)-11a, aac(3)-1lalaph(3’)-1a, ant(2’)-lalaph(3’)-
la, aac(6’)-Iblaph(3’)-Ia have been identified in clinical
isolates of E. coli.?>*! Production of enzymes that alter
aminoglycosides is one of the most common mechanisms
of resistance to aminoglycosides in E. coli isolates. Further-
more, genes encoding aminoglycoside-modifying enzymes
are mostly found on plasmids, but here they were identified
in the chromosomal genome in E. coli Rize-53.

There may be a strong relationship between antibiotic
resistance genes and ST in clonal groups. It is impor-
tant to understand the geographical relationship of this
grouping, as this will impact the direction and success
of the therapies used. However, there is no detailed data
on the STs of E. coli identified from Turkey in the litera-
ture. Indeed, no whole-genome sequence of E. coli from
ST2141 type has been submitted to the pathogen watch
portal (https://pathogen.watch). Therefore, this work rep-
resents the first WGS of ST2141 of E. coli from Turkey.
Nonetheless, Escherichia coli ST2141 was isolated from
the domestic duck (Anas platyrhynchos) in Bangladesh,
though no genome analysis was performed.?? In the current
study, E. coli ST2141 was isolated from the urine of a UTI
patient. Knowing antimicrobial resistance phenotypes for
livestock, wildlife species and humans is important in or-
der to follow changes in antibiotic resistance. In this regard,
zoonotic transmission of disease represents a significant
threat to human health. However, ST2141 isolated from do-
mestic duck was reported to be CTX-M15-positive, whilst
this gene could not be detected in the genome of E. coli
Rize-53, although P-lactamase encoding OXA-1 and -2
were detected.

Escherichia coli serotyping is based on O and H antigens.
The serotype searching database was based on the O-an-
tigen genes wzx, wzy, wzm, and wzt for in silico O typing
(comprising more than 188 O antisera) and the flagellin
genes fliC, flkA, flmA, flnA, and flIA for in silico H typ-
ing (comprising more than 53 H antisera).?* Determining
the serotype via an in silico WGS approach is more reli-
able; therefore, this approach was used to identify the se-
rotype of E. coli Rize-53 as O107/H39. Although E. coli
very different E. coli serotypes based on O and H antigens
have been shown in the literature, it has been determined
that the first example of O107/H39 serotype is E. coli
Rize-53. The O-antigen, an oligosaccharide with many
repeats, is an essential component of the lipopolysaccha-
ride on the surface of Gram-negative bacteria and one
of the most variable cell constituents. The E. coli Rize-53
0107 O-antigen has a close relationship to E. coli 0117 O-
antigens, with only 1 substitution of D-GIcNAc for D-Glc.
Furthermore, the O-antigen gene clusters of E. coli 0107
and O117 share 98.6% overall DNA identity.?* Flagellin
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is the protein subunit of the flagellum, with an average
molecular mass of approx. 50 kDa (from 36 to 60 kDa),
that carries H-antigen specificity. There are currently
53 H types for E. coli flagella named from H1 to H56,
and this established distinction between a highly variable
central region and more conserved flanking regions was
upheld.?>2¢

The Col(BS512) plasmid of E. coli Rize-53 was similar
to a plasmid of Shigella boydii (accession No. NC010656,
2089 bp in length, 100% identity) that does not contain
any resistance genes. The IncC plasmid of E. coli Rize-53
was also similar to the plasmid pNDM-KN (accession No.
JN157804, 162746 bp in length, 100% identity) of Klebsi-
ella pneumoniae strain Kp7. However, pPNDM-KN, un-
like E. coli Rize-53 IncC, had genes encoding NDM and
AmpC-type B-lactamases.?’” These genes made the Kp7
strain resistant to carbapenems, while E. coli Rize-53 was
carbapenem-susceptible. The IncFIA (100% identity) and
IncFIB(AP1918) (98.38% identity) were similar to E. coli
K-12 plasmid F (accession No. AP001918, 99159 bp
in length) that did not contain any resistance genes.?
The IncFII(pRSB107) was similar to an uncultured bacte-
rium plasmid pRSB107 (accession No. AJ851089, 120592 bp
in length, 100% identity), and harbored several resistance
genes such as aph3 (kanamycin), strA and strB (streptomy-
cin), sulll (sulfonamide), blarear.;, (P-lactamase), mph(A)
(erythromycin and roxithromycin), dhfR (trimethoprim),
catA (chloramphenicol), tetA, tetC, and tetR (tetracycline).
The fact that the resistance genes of the E. coli Rize-53
isolate are on its genome limits the transmission of these
resistance genes to other strains. Limiting transmissibility
of these resistance genes is important in terms of prevent-
ing their spread.

Limitations

The main limitation of this study was a sample size,
as WGS-type studies should be carried out on a whole
population and include a variety of bacteria with differ-
ent resistance patterns. Such efforts require organization
at the national level and these limitations will be the focus
of subsequent studies.

Conclusions

Antibiotic therapy is important in UTI treatment and
there is an increasing resistance of UTIs to routinely ap-
plied antibiotics. Identifying the resistance genes encoded
in the genome of a pathogen is crucial to understanding
the resistance profile and the mechanisms behind the ac-
tion of these pathogens. In this study, E. coli Rize-53
was resistant to the -lactam piperacillin, the amino-
glycosides netilmicin, tobramycin, and amikacin, as well
as tetracycline. Resistance genes were identified using
WGS, which revealed that piperacillin resistance was due
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to the blapxa;» genes, while aac(6’)-1l, aac(6’)-Ib-cr and
tetB genes conferred resistance to the aminoglycosides
and tetracycline, respectively. However, none of the re-
sistance genes identified in the study were carried by any
of the 5 plasmids present in the strain. The genome se-
quence of E. coli Rize-53 demonstrated that this clinical
isolate is equipped with important antibiotic resistance
genes. Therefore, WGS offers a unique approach to evalu-
ating antibiotic resistance genes across the entire genome
of pathogens. This will allow the emerging and serious
public health threat posed by such pathogens in both de-
veloped and developing countries around the world to be
addressed more readily.
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Abstract

Long non-coding RNAs are RNA molecules with a transcript length of more than 200 nucleotides and without
protein-coding ability. They requlate gene expression by interacting with protein, RNA and DNA. Their func-
tion is closely related to their subcellular localization, with requlation of gene expression at the epigenetic
and transcriptional levels occurring in the nucleus, and at the post-transcriptional and translational levels
in the cytoplasm. Long stress-induced non-coding transcript 5 (LSINCT5), which is localized in the nucleus,
is overexpressed in many types of cancers such as breast cancer, gastric cancer, ovarian cancer, thyroid cancer,
and gastrointestinal cancer. Substantial evidence indicates that there is an obvious connection between
cancers and LSINCTS, as it inhibits apoptosis and promotes proliferation, invasion and migration of cancer
cells, as well as participates in the pathogenesis and progression of cancer by interacting with DNA, protein
and RNA. These findings suggest that LSINCT5 could be a novel biomarker and an emerging therapeutic target
in human cancers. In the present study, the structure and corresponding biological function of LSINCTS were
summarized in order to clarify its molecular mechanisms in the progression of various malignant tumors.

Key words: LSINCTS, cancers, IncRNA, molecular mechanisms, tumorigenesis



98

Introduction

Cancer is caused by dysregulated gene expression that
leads to serious illness and death in humans. Less than
2% of all gene sequences in the genome are coding, with
mutations in the coding regions leading to the occurrence
of most tumors. However, mutations in the non-coding
regions of the genome lead to different phenotypes of tu-
mor.! Ribonucleic acids (RNAs) are classified as coding
RNAs, messenger RNAs (mRNAs) that will be transcribed
into protein, and non-coding RNAs (ncRNAs) that are not
translated into protein, such as circular RNAs (circRNAs),
long non-coding RNAs (IncRNAs) and microRNAs (miR-
NAs).2 Recent studies have demonstrated that ncRNAs,
identified using high-throughput sequencing technology,
are dysregulated in various types of cancer.

Long non-coding RNAs are RNA molecules with a tran-
script length between 200 nucleotides (nt) and 100 kilobase
(kb) pairs that influence the expression of oncogenes and
tumor suppressor genes, with many IncRNAs uniquely ex-
pressed in differentiated tissues and specific cancer types.?
Long non-coding RNA is transcribed by RNA polymerase
11, capped, polyadenylated, and spliced. It lacks protein-
coding sequences and can exert significant regulatory
function.* The function of IncRNAs depends on their
unique subcellular localization. They can form a functional
network comprising DNA, protein and RNA, at the epigen-
etic and transcriptional levels. They also regulate complex
cellular processes such as apoptosis, epigenetic changes,
genomic imprinting, alternative splicing, gene expression,
chromatin modification, and inflammatory pathologies,
at the post-transcriptional level.>® Potential roles of In-
cRNAs have been demonstrated in both oncogenic and
tumor-suppressive pathways, with their dysregulation im-
plicated in various pathophysiological processes, especially
tumorigenesis.” Indeed, the correlation between IncRNA
expression and cancer pathogenesis is one of the most
promising areas of research for understanding the underly-
ing pathophysiology of human cancers.®~

Long stress-induced non-coding transcript 5 (LSINCT5)
is a 2.6-kb polyadenylated transcript which is poten-
tially transcribed by RNA polymerase III, and is located
on 5p15.33.1% The expression of LSINCTS5 is found to be
increased in multiple cancers, including breast cancer
(BRCA), gastric cancer (GC), ovarian cancer (OC), and
bladder cancer (BC).!'-* Long stress-induced non-coding
transcript 5 may be an important regulatory RNA in hu-
man cancer cell proliferation, cell cycle, survival, migra-
tion, and invasion.!® Furthermore, a dysregulated expres-
sion of LSINCTS5 has been linked to cancer progression
and unfavorable prognosis in various human tumors.®
The LSINCTS5, which is one of 12 stress-induced IncRNAs
(LSINCT1-12), is expressed during stress-induced cell for-
mation and has been reported to promote cancer progres-
sion by regulating cell proliferation, metastasis and apop-
tosis.'”18 Mechanisms of LSINCTS5 include the regulation

W. Yang et al. LSINCT5 is a promising target

of mRNA metabolism, interaction with proteins, acting
as competitive endogenous RNA (ceRNA), and interact-
ing with miRNA. Many of the cancer types promoting
cellular processes with LSINCTS5 involvement are listed
in Table 1. In this article, various functions of LSINCT5
in different types of cancer have been reviewed and the po-
tential of LSINCT5 as a biomarker and therapeutic target
in the treatment of cancer has been discussed.

Objectives

All of the literature related to LSINCT5 was reviewed
in order to summarize various functions of LSINCT5
in different types of cancer, with the aim of exploring its
potential as a biomarker and potential therapeutic target
in the treatment of cancer.

Materials and methods

Relevant literature was retrieved by searching several
databases, including GreenMedical, Spis, China National
Knowledge Infrastructure, and PubMed, to identify stud-
ies published between January 2000 and July 2021. Green-
Medical, Spischolar and PubMed databases were searched
using 3 separate sets of keywords, namely “LSINCT5
and cancer”, “LSINCT5 and tumor” and “LncRNA and
cancers”. Keywords used to search the China National
Knowledge Infrastructure were “LSINCT5 and tumor”.
Data were extracted from the articles and entered into
Microsoft Word (Microsoft Office 2003; Microsoft Corp.,
Redmond, USA) for analysis. All figures and tables were
prepared manually, according to the protocol of the analy-
sis of the studies.

All studies related to LSINCT5 that were conducted
in human subjects, including randomized controlled tri-
als, systematic reviews and meta-analyses, were consid-
ered. Additionally, only studies published in the English
or Chinese were considered. This resulted in 55 articles
being included in the systematic literature review.

LSINCTS in various tumors
LSINCTS5 in gastrointestinal cancer

Xu et al. found that LSINCT5 expression was higher
in cancerous tissue than in adjacent healthy tissues
in GC and colorectal cancer (CRC).!2 The overexpression
of LSINCT5 was also associated with clinical progres-
sion and development of these gastrointestinal cancers.!?
Indeed, the expression levels of LSINCT5 in GC and CRC
were correlated with patient prognosis, whereby higher
expression resulted in significantly worse prognoses than
for patients with lower expression levels. Furthermore,
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Table 1. Functional characterization of long stress-induced non-coding transcript 5 (LSINCT5) in various cancers
Cancer type | Dysregulation | Functional | Related genes | Role | Reference
Gastrointestinal cancer upregulated prifitrifion, mlgrgtlon, DNEER EMT, E2F1, CXCR4, IRX2, IRX4 oncogene 12,19
tumorigenesis
Liver cancer Ubreaulated proliferation, migration, invasion, viability, HMGA2, miR-4516, STAT3, oncogene o
preg EMT, tumorigenesis BcelxL 9
Pancreatic cancer upregulated ) prollferatlon,mlgratpn, ) P21, CyclinB1, CyclinE oncogene 22
invasion, cell cycle, tumorigenesis
Breast cancer upregulated proliferation, m\grat\or?, mvas‘\on, viabilty, GAS5, B2M, miR-30a oncogene 11,26, 27
EMT, tumorigenesis
Lung cancer upregulated proliferation, mlgrgtlon, \(|ab|I|ty, 2l PI3K, Akt, p-Akt, HMGAZ2 oncogene 28-30
tumorigenesis
Thyroid cancer upregulated proliferation, m\grat.\on, nvasion, viability, miR-29¢, ITGB1 oncogene 31,32
tumorigenesis
Ovarian cancer ubrequlated proliferation, migration, invasion, CXCR4, CXCL12, SDF-1, oncogene 113
preg viability, tumorigenesis PSPC1 9 !
proliferation, migration, invasion, viability, APC, EZH2, CCND1, MYC,
Osteosarcoma upregulated apoptosis, tumorigenesis SOX9, SOX4, TCFT oncogene 10,16, 36
roliferation, migration, invasion, viabilit miR-451, Racl, PI3K,
Glioma upregulated P ' g L ! % AKT, p65, Wnt3a, Wnt5a, oncogene 34
apoptosis, tumorigenesis ;
B-catenin
Bladder cancer upregulated proliferation, m\grat\or?, nvasion, viability, NCYM, B-catenin, GSK3b oncogene 25,42
EMT, tumorigenesis
Esophageal squamous proliferation, migration, invasion, EMT, ECM, MAPK, MMP9,
‘ upregulated ) ) ) o ! oncogene 23
cell carcinoma senescence, apoptosis, tumorigenesis N-cadherin, vimentin
Endometrial carcinoma upregulated proliferation, apoptosis, m'\grat\oq invasion, HMGA2, Wnt, B-catenin oncogene 28
cell cycle, tumorigenesis
Oral squamous cell proliferation, apoptosis, migration, invasion, miR-185-5p, ZNF703,
carcinoma Ugeg it cell cycle, tumorigenesis YWHAZ oncogene 24

EMT - epithelial-mesenchymal transition.

it was demonstrated that LSINCTS5 plays a significant role
in GC as an oncogene, as its upregulation significantly
promoted tumor cell growth, whereas downregulating had
the opposite effect. Therefore, inhibiting the overexpres-
sion of LSINCT5 could be an effective way to slow down
the progression of GC and CRC (Table 1).

Qi et al. found that LSINCT5 was upregulated in meta-
static GC tissues and promoted GC cell migration and in-
vasion.! The LSINCTS5 had an impact on epithelial-mes-
enchymal transition (EMT) in GC cells, a process that
has been shown to be critically important in the early
events of GC tumor cell metastatic dissemination by in-
ducing cell motility. Furthermore, EMT promotes GC
cells to acquire invasion potential, and LSINCT5 can
change the malignant phenotype by regulating EMT."?
Therefore, GC cell migration and invasion could be
decreased when EMT is inhibited through decreasing
the expression of LSINCT5. Transcription factor E2F1
activates LSINCT5 transcription and increases its ex-
pression, with E2F1 and LSINCT5 both found to be over-
expressed in GC. Consequently, downregulating E2F1
may be a useful strategy to downregulate the expression
of LSINCTS5. In conclusion, LSINCT5 could be a novel
prognostic indicator and a target for gene therapy in GC
(Table 1).

LSINCTS5 in hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the most common
type of malignant tumor and largely leads to a high oc-
currence of cancer, with IncRNAs emerging as critical fac-
tors for HCC-related gene expression.?’ Li et al. studied
the expression pattern and biological function of LSINCT5
in HCC and found it to be upregulated and to predict poor
survival through promotion of HCC migration and viabil-
ity in vivo.?! They concluded that LSINCT5 might func-
tion as a ceRNA of miR-4516.2* The LSINCTS5 stabilizes
high mobility group AT-hook protein 2 (HMGA?2), which
is a master activator of EMT, in order to prevent its deg-
radation.?! Furthermore, LSINCT5 promotes HCC cells
to acquire invasion potential by promoting the progression
of EMT. Therefore, the degradation of HMGA2 may stop
EMT progression, which could serve as a potential novel
therapeutic target for HCC treatment (Table 1).

LSINCTS5 in pancreatic cancer

The incidence rate of pancreatic cancer (PC) is increas-
ing year by year globally. Pancreatic cancer leads to the de-
velopment of a highly malignant tumor with a very poor
prognosis. Mei et al. found that the overexpression
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Table 2. Clinical significance of long stress-induced non-coding transcript 5 (LSINCT5) in various tumors

Associated clinical features Reference

Cancer type

Prognosis

Gastrointestinal cancer OS, DFS, DSS, tumor volume, metastasis, TNM stage poor 12,19
Liver cancer OS, DFS, tumor volume, metastasis, TNM stage poor 21
Pancreatic cancer OS, DFS, DSS, tumor volume, metastasis poor 22
Breast cancer OS, DFS, tumor volume, lymph node metastasis poor 11,26, 27
Lung cancer OS, tumor size, TNM stage, metastasis poor 28-30
Thyroid cancer OS, DFS, tumor volume, metastasis poor 31,32
Ovarian cancer OS, tumor size, TNM stage, lymphatic metastasis poor 11,13
Osteosarcoma OS, DFS, tumor volume, tumor size, lymphatic metastasis, TNM stage poor 10, 16, 35
Glioma OS, DFS, tumor volume, tumor size, lymphatic metastasis, TNM stage poor 34
Bladder cancer OS, DFS, tumor volume, tumor size, lymphatic metastasis, TNM stage poor 25,42
Esophageal squamous cell carcinoma OS, tumor size, TNM stage, lymph node metastasis, tumor size poor 23
Endometrial carcinoma OS, DFS, tumor volume, tumor size, lymphatic metastasis, TNM stage poor 28
Oral squamous cell carcinoma OS, DFS, DSS, RFS, tumor volume, tumor size, lymphatic metastasis, TNM stage poor 24

DFS — disease-free survival; DSS — disease-specific survival; RFS — recurrence-free survival; OS — overall survival; TNM — tumor-node-metastasis.

of LSINCTS5 was widespread in PC cells and could pro-
mote their proliferation and cell cycle progression, in-
ducing adenocarcinoma cell cycle transformation from
G1 to S phase.?? Furthermore, LSINCT5 could regulate
the expression level of key cell cycle factors such as mRNA
and protein in PC cells. It was concluded that LSINCT5
serves as an oncogene in the progression of pancreatic
adenocarcinoma, and its overexpression indicates a poor
prognosis for PC patients. Therefore, decreasing the ex-
pression of LSINCT5 could have a therapeutic effect
in the treatment of PC (Table 1).

LSINCTS5 in esophageal squamous
cell carcinoma

Esophageal cancer is one of the most common and
deadliest cancers in China; its 2 main types are esopha-
geal squamous cell carcinoma (ESCC) and esophageal
adenocarcinoma (EA).23 The LSINCT5 was shown to be
significantly overexpressed in ESCC cell lines, with
next-generation RNA-sequencing indicating that 138
genes were upregulated and 227 were downregulated
in LSINCT5-knockdown ESCC cells in vitro.?3 This
demonstrated the great impact of LSINCT5 on gene
expression as proliferation, migration, invasion, and
EMT were suppressed in these cells.?® Also, LSINCT5
was upregulated in ESCC tissues, which correlated with
tumor size, tumor-node-metastasis (TNM) stage and
lymph node metastasis.?* Consequently, LSINCT5 could
cause disorders in gene expression which further con-
tribute to the progression of ESCC. This provides addi-
tional insight into esophageal cancer carcinogenesis and
strong evidence to suggest that LSINCT5 may be a viable
chemotherapeutic target for prevention of gene expres-
sion disorders in the treatment of esophageal cancer
(Table 1).

LSINCTS5 in oral squamous cell carcinoma

Oral squamous cell carcinoma (OSCC) is a type of can-
cer in which 5-year survival is lower than 50%, and which
has a close relationship with smoking and drinking. Wang
et al. analyzed the role of LSINCT5 in OSCC progres-
sion, as well as the molecular mechanisms it adopts.?*
They found that LSINCT5 was overexpressed in OSCC
specimens and influenced malignant progression through
the miR-185-5p/zinc finger protein 703 (ZNF703) axis.
In this regard, the proliferative and migratory capacities
of OSCC were inhibited when LSINCT5 was knocked
down. Dual-luciferase reporter assay further verified that
miR-185-5p was the target of LSINCT5, as miR-185-5p
displayed anti-cancer properties on malignant phenotypes
of OSCC through the downregulation by LSINCT.?* Fur-
thermore, the mechanism of the action of miR-185-5p
in OSCC cells was shown through the downregulation
of the oncogenic gene ZNF703.2* Additionally, survival
analysis showed that OSCC patients expressing low levels
of LSINCT5 had much longer overall survival in compari-
son to those expressing high levels of LSINCTS5. As such,
LSINCTS5 was suggested as a prognostic factor for OSCC.
In summary, miR-185-5p and ZNF703 could be targeted
to influence the expression of LSINCT5 in OSCC cells.
Upregulating the expression of miR-185-5p could down-
regulate the expression of LSINCT5, which could be a ther-
apeutic strategy for OSCC patients (Table 1).

LSINCT5 in bladder cancer

Bladder cancer is one of the most common malignant tu-
mors of the urinary system. Zhu et al. found that LSINCT5
was specifically upregulated in BC and its overexpression
was significantly associated with tumor size, TNM stage
and metastasis.?> Moreover, a significant upregulation
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of LSINCTS5 was found to be a characteristic change
in BC and indicated poor prognosis.?> Competitive RNA
pull-down confirmed the interaction of LSINCT5 with
NCYM, which is a de novo evolved gene product that acts
as an oncogenic factor in cancer.?® As such, the LSINCT5/
NCYM axis could promote the progression of BC through
the activation of the wingless-related integration site
(Wnt)/B-catenin signaling pathway and by promoting
EMT.% In summary, LSINCT5 was found to contribute
to the oncogenic potential of BC, and LSINCT5/NCYM/
Wnt/p-catenin may be a potential chemotherapeutic target
for BC treatment (Table 1).

LSINCT5 in breast cancer

Breast cancer is one of the most common malignan-
cies that leads to the death of women globally. Long
non-coding RNAs play crucial roles in the key biologi-
cal processes of both normal and malignant breast cells,
with early studies implicating LSINCT5 in BRCA cell pro-
liferation and migration.'"?¢ Silva et al.ll, Zhang et al.?®
and Liang et al.?” found that LSINCT5 was overexpressed
in BRCA and positively correlated with its progression.
Indeed, the level of LSINCT5 in metastatic tissues was
higher than in nonmetastatic tissues, and these higher
levels were indicative of a poor prognosis. Therefore,
LSINCT5 could be a biomarker for the progression
of BRCA. The LSINCTS5 is a molecular sponge for miR-
30a in BRCA cells, as a knockdown of LSINCT5 suppressed
cell motility by regulating miR-30a in MCF-7 cells.?® Ad-
ditionally, LSINCTS5 knockdown inhibited BRCA cell pro-
liferation, invasion, EMT, and motility, by inactivating
the B-catenin/TCF4/c-Myc pathway in vivo (Table 1).26
Therefore, the knockdown of LSINCT5 may be a promis-
ing way of inhibiting the progression of BRCA.

LSINCT5 in ovarian cancer

Ovarian cancer is one of the most serious malignant
tumors among women worldwide. Epithelial ovarian
cancer (EOC) is characterized by frequent implantation
and metastases in the abdominopelvic cavity.!®> The ex-
pression of LSINCT5 in OC tissues and cell lines was
significantly increased and its expression in metastatic
OC tissues was higher than in nonmetastatic tissues.
Furthermore, LSINCTS5 levels were positively correlated
with the pathological grade of OC, and the increased
expression of LSINCT5 was related to poor prognosis.
At the same time, the downregulation of LSINCT5 signifi-
cantly suppressed the C-X-C motif chemokine ligand-12
(CXCL12)/C-X-C chemokine receptor 4 (CXCR4) signal-
ing axis and inhibited the proliferation, migration and
invasion of OC cells.'*3 High expression of LSINCT5
was associated with the presence of lymphatic metastases
and the advanced International Federation of Gynecol-
ogy and Obstetrics (FIGO) stage, but was not associated
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with patient age, histological subtype, histological grade,
or residual tumor diameter.!! As such, LSINCT5 could be
used as a biomarker for the progression of OC (Table 1).

LSINCTS5 in endometrial carcinoma

Endometrial carcinoma (EC) is one of the most common
gynecologic malignancies in women, ranking 6" in mor-
bidity and 3'¢ in mortality worldwide. Jiang et al. found that
the amount of LSINCTS5 in EC tissues was significantly
higher than in healthy controls.?® The LSINCT5 could
promote cell proliferation, migration and invasion of EC
cells, as silencing it caused cell cycle arrest and apoptosis.?®
Mechanistically, LSINCT5 may suppress the degradation
of HMGA2 to stabilize the protein in EC cells, which could
promote EMT by activating the Wnt/p-catenin signal-
ing pathway. Therefore, EC cells acquire the potential for
proliferation, migration and invasion, increasing the level
of HMGAZ2 protein through LSINCTS5. In turn, this would
contribute to the progression of EC (Table 1).

LSINCTS5 in lung cancer

Lung cancer is the main cause of cancer deaths globally,
of which non-small cell lung cancer (NSCLC) has a dra-
matically low 5-year survival and accounts for nearly 85%
of all lung cancers. Tian et al. found that LSINCT5 may be
an important gene regulator in NSCLC as its overexpression
predicted poor prognosis for NSCLC patients.?’ The overex-
pression of LSINCTS5 has been shown to markedly increase
the viability of NSCLC cells and tumor growth, potentially
through its interaction with HMGA2.% The LSINCT5
physically interacts with HMGA?2 to prevent its protea-
some-mediated degradation.” Additionally, LSINCT5 pro-
motes the expression and activity of protein kinase B (Akt)
in PC9 cells, and can promote the resistance to epidermal
growth factor receptor/tyrosine kinase inhibitors (EGFR/
TKIs) in lung cancer cells.?® This means that HMGA?2 could
promote EMT of lung cancer cells by increasing the activity
of Akt proteins. Furthermore, Chen et al. found that the ex-
pression of LSINCT5 in NSCLC tissues was higher in erlo-
tinib-resistant cells.?’ Therefore, LSINCT5 may be a target
for inhibiting the expression and activity of Akt, and a target
for promoting cell sensitivity to erlotinib. The LSINCT5
was also found to be closely related to tumorigenesis and
chemoresistance in NSCLC (Table 1).

LSINCTS5 in thyroid cancer

Papillary thyroid carcinoma (PTC) is a type of thyroid
cancer and is the most common malignant endocrine tu-
mor. Kuang et al. found that LSINCT5 was overexpressed
in PTC and that LSINCT5 knockdown decreased cellu-
lar proliferation and migration of TPC-1 and KAT-5 cell
lines.?! Bioinformatic predictions, dual luciferase reporter
gene and receptor interacting protein detection found that
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miR-29¢ was a target for LSINCT5 binding.?! Further-
more, the co-transfection with miR-29c inhibited the effect
of LSINCTS5 on proliferation and metastasis and inhib-
ited the effect of upregulation of integrin subunit beta 1
(ITGBI1) by LSINCT5.3! LSINCTS5 serves as an oncogene
that promotes proliferation and metastasis of PTC via
miR-29¢/ITGB1 axis.?2 Therefore, LSINCTS5 is closely as-
sociated with the progression of PTC (Table 1). Hence, tar-
geting LSINCT5 may slow down the progression of PTC.

LSINCTS5 in glioma

Gliomas are a type of aggressive brain tumor that
cause brain cancer-related death.* Liu et al. showed that
LSINCT5 promoted cell viability, migration and inva-
sion, but inhibited the apoptosis of glioma GL15 cells.3*
The LSINCTS5 exerted its influence as a molecular sponge
for miR-451,3* which it regulated to promote the growth
and metastasis of the cells. Furthermore, the overexpres-
sion of miR-451 suppressed the growth and metastasis
of glioma GL15 cells through regulation of Rac fam-
ily small GTPase 1 (Racl).3* This LSINCT5/miR-451/
Racl axis affected the phosphatidylinositol 3-kinase
(PI3K)/Akt, Wnt/B-catenin and nuclear factor-jB path-
ways to promote the progression of glioma.?* Therefore,
breaking the LSINCT5/miR-451/Racl axis is a promis-
ing way to stop the progression of glioma. In summary,
LSINCTS5 contributes to the oncogenic potential of glioma,
and the LSINCT5/miR-451/Racl axis may be a potential
therapeutic target (Table 1).

LSINCT5 in osteosarcoma

Liao et al. found that LSINCT5 was identified as an up-
regulated IncRNA in osteosarcoma (OS), and its over-
expression decreased the survival rate of OS patients.>®
Proliferation, invasion, migration ability, and the number
of cell membrane penetrations of OS cells were decreased
after LSINCT5 knockdown. In addition, LSINCT5 was
found to inhibit the transcription of the tumor suppres-
sor gene adenomatosis adenomatous polyposis coli (APC)
by recruiting enhancer of zeste 2 polycomb repressive com-
plex 2 subunit (EZH2).!° Therefore, the invasion, metastasis
and growth of OS cells could be promoted by the inhibition
of APC. In conclusion, LSINCT5 promotes the invasion,
metastasis and growth of OS cells through APC. Both
of these pathways may prove to be promising targets
in the treatment of OS (Table 1).

Mechanisms of LSINCT5 in cancer
Interaction between LSINCT5 and proteins

Many IncRNAs interact with proteins, such as the tran-
scriptional and cell cycle regulator HMGAZ2, to exert their
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functions. The HMGAZ2 has attracted much attention due
to its extensive carcinogenic effects, and LSINCT5 has
been shown to interact with it to regulate gene expres-
sion. This interaction was found to increase the abundance
of HMGA2 protein, but had no influence on HMGA2
mRNA levels in NSCLC and EC cells.?#% The overexpres-
sion of LSINCTS5 prevented proteasome-mediated degrada-
tion of HMGA2 proteins by suppressing their ubiquitina-
tion in NSCLC cells. Furthermore, HMGA2 promoted
EMT and increased the rate of cell proliferation, which,
in turn, increased the metastatic and invasive potential
of tumor cells. Therefore, cancer cell proliferation, metas-
tasis, invasion, EMT, and tumor angiogenesis are promoted
when LSINCT5 increases the level of HMGA2 proteins
in NSCLC and EC cells.

Interaction between LSINCT5 and RNA

The LSINCTS5 has been shown to interact with miRNA
and mRNA to exert its influence on the progression
of cancer (Fig. 1). Many miRNAs serve as tumor sup-
pressor genes in cancer cells. For example, miR-185-5p
is a tumor suppressor gene in OSCC, miR-30a is a tu-
mor suppressor gene in BRCA cells, miR-451 is a tumor
suppressor gene in glioma cells, miR-20a-5p is a tumor
suppressor gene in OS cells, miR-4516 is a tumor sup-
pressor gene in HCC cells, and miR-29¢ is a tumor sup-
pressor gene in PTC. The LSINCT5 could be acting
as the ceRNA of these miRNAs to inhibit their tumor-
suppressing function. Therefore, cancer cell prolifera-
tion, metastasis, invasion, and tumor angiogenesis will
be promoted when the tumor-suppressing function
of these miRNAs is inhibited by LSINCT5 in OSCC,
glioma, OS, HCC, PTC, and BRCA cells. Moreover, v-myc
avian myelocytomatosis viral oncogene neuroblastoma
derived homolog (NYCM) could activate the Wnt/f3-
catenin signaling pathway in order to promote EMT
in BC progression.?> The LSINCTS5 binds NYCM to ac-
tivate the Wnt/p-catenin signaling pathway. The pro-
liferation, metastasis and invasion of BC cells is then
promoted by EMT. In addition, CXCR4 and CXCL12
are 2 forms of mRNA in OC cells and LSINCTS5 is found
to promote the progression of OC by increasing the ex-
pression of both mRNA forms.

Interaction between LSINCT5 and DNA

Decreased expression of LSINCT5 influences the expres-
sion of multiple genes (Fig. 1). Both iroquois homeobox 4
(IRX4) and IRX2 were shown to be regulated by LSINCT5
and to promote gastrointestinal tumor progression. More-
over, nuclear paraspeckle assembly transcript 1 (NEATI),
paraspeckle component 1 (PSPCI), epiplakin 1 (EPPKI),
actin-related protein 2 (ACTR2), and CXCR4 showed
a twofold change in LSINCTS5 knockdown of BRCA cells.
In addition, 138 genes were upregulated and 227 genes
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were downregulated in LSINCT5 knockdown of ESCC cell
lines in vitro.? This suggested that LSINCT5 exerted its
influence on ESCC cell lines by interacting with 365 dif-
ferentially expressed genes that enriched a dozen signaling
pathways, further contributing to tumorigenesis and tu-
mor progression in these cells. In conclusion, LSINCTS5 has
been demonstrated to interact with multiple genes in or-
der to promote tumorigenesis and progression of different
cancers.

Interaction between LSINCT5 and EMT

Regulating EMT by LSINCTS5 is a common mechanism
in different cancers, including GC, BRCA, BC, ESCC, and
HCC. The transformation from epithelium to stromal cells
during EMT is a central differentiation process that exerts
a great impact on cancer initiation and progression, as well
as metastasis and tumor angiogenesis. A key to the EMT
process in cancer cells is the regulation of the expres-
sion of a number of factors by LSINCTS5, including E-
cadherin, N-cadherin, vimentin, matrix metalloproteinase
2 (MMP-2), and MMP-9. Moreover, HMGAZ?2 is regulated
by LSINCT5 and is known to facilitate EMT by inhibit-
ing E-cadherin. As such, HMGA2 could be an important
activator during EMT development in different cancers,
with LSINCTS5 being an important regulator. Therefore,
targeting LSINCT5 to stop EMT could exert chemothera-
peutic effect on different cancers.

Clinical significance of LSINCT5

LSINCT5 as a biomarker
for cancer diagnosis

Early detection of cancer directly contributes to the ef-
fect of cancer treatment, and LSINCT5 plays an important
role in this process. The overexpression of LSINCT5 was
confirmed in EC and PTC, with levels much higher than
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in adjacent tissues at the early stages of disease. Indeed,
higher levels of LSINCTS5 in endometrial tissue and thyroid
tissue highlighted its potential diagnostic value. However,
many types of IncRNA were shown to be overexpressed
in adjacent tissues. Therefore, LSINCT5 does not have
high specificity or sufficient sensitivity in EC or PTC.
Mechanistically, the LSINCT5/HMGA2/Wnt/p-catenin
and LSINCT5/miR-29¢/ITGB1 axes promote the pro-
liferation, metastasis and invasion of EC and PTC cells.
Fortunately, the LSINCT5/HMGA2/Wnt/fB-catenin and
LSINCT5/miR-29¢/ITGB1 axes have higher specificity and
greater sensitivity than LSINCT5 alone as a biomarker
for the diagnosis of EC and PTC. In summary, LSINCT5
represents a promising diagnostic biomarker detectable
in EC and PTC (Table 2).

LSINCTS5 as a biomarker
for cancer prognosis

The expression of LSINCT5 may also be used to predict
cancer prognosis, as different expression levels indicate
varying prognoses in a number of cancers. In patients with
OSCC, GC or CRC, higher expression levels of LSINCT5
always predicted a significantly worse prognosis, with
lower disease-free survival and shorter overall survival.
Therefore, LSINCT5 could be an independent prognostic
factor for OSCC, GC and CRC patients. Higher expres-
sion of LSINCT5 was found to promote OSCC, GC and
CRC cells to acquire more invasive ability. Moreover,
a higher expression of LSINCT5 was found to promote
more lymph node metastases and distant metastases
of OSCC, GC and CRC cells. As a result, a higher expres-
sion of LSINCTS5 deteriorates the progression of OSCC,
GC and CRC patients by strengthening the proliferative
and migratory capacities of OSCC, GC and CRC cells.
In summary, a high expression of LSINCT5 predicts un-
favorable prognosis and poor outcome for OSCC, GC and
CRC patients, and has a good prognostic value in these
patients (Table 2).

Fig. 1. Graphical representation of interactions
between long stress-induced non-coding transcript 5
(LSINCT5) and DNA, RNA, and protein targets — and
their role in the multistep development of cancers.
A.The LSINCT5 is shown to interact with iroquois
homeobox 4 (IRX4), IRX2, nuclear paraspeckle assembly
transcript 1 (NEATT), paraspeckle component 1 (PSPCI),
and zinc finger protein 703 (ZNF703);

B. The LSINCT5 is shown to interact with NCYM, GX-C
motif chemokine ligand-12 (CXCL12)/GX-C chemokine
receptor 4 (CXCR4) and mRNAs;

C.The LSINCT5 is shown to interact with miR-30a,
miR-451, miR-20a-5p, miR-4516, miR-29¢, miR-185-5p,
and other miRNAs;

D. The LSINCT5 is shown to interact with high-mobility
group AT-hook protein 2 (HMGA?2) protein targets.

The LSINCTS5 plays an important role in cancer

cell proliferation, metastasis, invasion, epithelial-
mesenchymal transition (EMT), and tumor angiogenesis

EMT
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LSINCTS5 as a target for cancer treatment

The LSINCTS5 is overexpressed in NSCLC, BC, BRCA,
glioma, OC, and HCC. Likewise, cancer cell proliferation,
metastasis, invasion, EMT, and tumor angiogenesis are in-
hibited when the expression of LSINCTS5 is downregulated.
Therefore, LSINCT5 shows promise as a chemotherapeutic
target for pharmacological intervention.

Promoting cell proliferation, metastasis, invasion, and
EMT of NSCLC was found to be achieved through stabiliz-
ing HMGAZ2 by LSINCTS5. Therefore, targeting LSINCT5
to lower its expression level could promote the degrada-
tion of HMGAZ2 as a mean of halting EMT and cancer
progression.

Another mechanism by which the overexpression
of LSINCT5 was found to promote proliferation, inva-
sion and EMT, was by sponging miR-30a in BRCA cells.?®
The LSINCTS5 promoted the progression of BRCA by regu-
lating the Wnt/B-catenin pathway and promoted EMT by ac-
tivating the Wnt/p-catenin pathway. Therefore, lowering
the expression level of LSINCT5 could increase the expres-
sion levels of miR-30a, which would suppress proliferation
and invasion of BRCA cells and halt EMT. Similar mecha-
nisms have been shown in HCC, BC and glioma, with lower
expression levels of LSINCT5 helping to prevent cancer
progression. Indeed, lower expression levels of LSINCT5
increased the expression of miR-4516 in HCC cells, which led
to a reduction in proliferation and invasion. Similarly, low-
ering the expression of LSINCT5 suppressed EMT in HCC
cellsand BC cells. Furthermore, targeting LSINCT5 to lower
its expression levels increased the expression of miR-451,
which suppressed proliferation and invasion of glioma cells.>*

Overexpressed LSINCT5 promoted the progression
of OC cells through regulation of the CXCL12/CXCR4
signaling axis by increasing the expression of the CXCR4
gene.!? Therefore, targeting LSINCT5 to lower its expres-
sion level could decrease the expression level of CXCR4 and
lead to suppressed proliferation and invasion of OC cells.

In summary, LSINCT5 is highly expressed in NSCLC,
BC, BRCA, glioma, OC, and HCC, and is a promising tar-
get for cancer treatment. Targeting LSINCT5 for cancer
treatment has some advantages. First, LSINCT5 may be
a gene-specific epigenetic regulator and could be tar-
geted to inhibit epigenetic aberrations and stop the pro-
cess of carcinogenesis. Second, targeting LSINCT5 could
result in reduced side effects, as it is a ncRNA. Third,
LSINCT5 has been detected in secreted exosomes, which
may be used as a safer route for gene delivery. Taken to-
gether, the characteristics of LSINCT5 demonstrate its
role as a promising target for cancer treatment (Table 2).

Limitations
This systematic review has a number of limitations.

First, the precise mechanisms of LSINCT5 in some can-
cers, such as ESCC and PC, have yet to be fully clarified.
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Indeed, the targets of LSINCTS5 in these cancers are still
unclear. Moreover, evidence of the anti-cancer effect of tar-
geting LSINCT5 is wealk, as it has not been proven experi-
mentally and no related articles were found. Furthermore,
LSINCTS5 has only been linked to 13 types of cancer and
its precise mechanisms of action are still unclear. Had
there been more data from large trials available, statisti-
cal analysis and conclusions would be more persuasive.
In addition, there are not enough data and materials avail-
able for The Cancer Genome Atlas pan-cancer expression
of LSINCTS5 to be completed. Therefore, targeting LSINCT5
may provide a novel and effective therapeutic approach for
anti-cancer therapies. However, because of the current lack
of proper animal and clinical data, it cannot be considered
as a definitive target for cancer therapy.

Conclusions

Critical roles for LSINCT5 in tumorigenesis and
the mechanisms it adopts are worth exploring, as LSINCT5
is differentially abundant in different cancer types. Indeed,
LSINCTS5 is closely related to tumorigenesis, metastasis,
tumor stage, aggressiveness, invasiveness, poor survival,
and other processes through interactions with tumor
related DNA, RNA and proteins. Therefore, LSINCT5-
DNA, LSINCT5-RNA and LSINCT5-protein interac-
tions are promising approaches for cancer diagnosis and
treatment.3

The LSINCTS5 serves as an oncogene to facilitate tumor
cell proliferation, metastasis and invasion, inhibit apopto-
sis, and induce tumor formation in various types of cancer.
It achieves this through regulating gene expression and
protein functionality at multiple levels, and its deregula-
tion plays a key role in tumorigenesis.'**® Furthermore,
LSINCTS5 is a novel molecular target in cancer therapy due
to its strong predictive and specific expression patterns.
In addition, the characterization of LSINCT5 will highlight
its potential clinical applications in cancer prevention and
diagnosis.

There are several possible approaches for targeting
LSINCTS5, such as silencing, functional blockage and
structure disruption.”® Targeting LSINCT5 seems to be
promising in the fight against cancer and may be avail-
able clinically after overcoming certain obstacles.> These
obstacles include a lack of suitable delivery vehicle, poor
cellular uptake and cytotoxicity of antisense oligonucel-
otides.>? Furthermore, suitable animal models, significant
patient cohorts and clinical experimentation are still re-
quired to evaluate the clinical significance of LSINCT5
in cancer progression.

Targeting LSINCT5 as a therapeutic strategy must
be based on the identification and functional charac-
terization of LSINCTS5. As such, an efficient detection
of LSINCT5 and tissue-specific delivery methods are
critical to the success of LSINCTS5 as a therapeutic target.
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The use of the emerging technology, namely clustered
regularly interspaced short palindromic repeats (CRISPR)/
Cas9 for gene knockout, knock-in and point mutations,
may facilitate the development of LSINCT5-based targeted
cancer therapy.

This review broadens our understanding of LSINCT5
in the malignant transformation of various cancers and
its potential therapeutic application in cancer therapy.>>~>>
The LSINCTS5 is a potential novel therapeutic target for
cancers and a promising and sensitive biomarker for tumor
diagnosis and prognosis, as well as personalized cancer
treatments. Targeting LSINCT5 may provide a novel and
effective therapeutic approach for LSINCT5-based anti-
cancer therapies.
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Abstract

Background. Allergies to house dust mite (HDM) and to crustaceans are clinically and pathogenically linked.
Several homologous allergenic proteins have been identified, among which tropomyosin is the prototype,
expressing epitopes endowed with variable levels of immunoglobulin E (IgE) cross-reactivity. Component-
resolved diagnosis (CRD) does not allow a thorough characterization of all relevant IgE reactivities to these
allergen sources.

Objectives. We studied 1 patient allergic to shrimp with positive skin prick test to HDM and negative scores
for IgE to HDM allergen components routinely used in CRD (group 1 and 2 allergens, Der p 23 and tropomyosin).

Materials and methods. In order to identify the allergen(s) involved in IgE reactivity, we used serological
proteome analysis (SERPA), which utilizes two-dimensional gel electrophoresis (2DE), immunoblotting and
mass spectrometry (MS). The identified allergenic proteins were tested with sera from 20 crustacean-allergic
patients and 19 grass-allergic patients serving as controls.

Results. Der p 14 and myosin heavy chain type 1 (MHCT) were identified as the components recognized
by patient’s IgE in the proteome of Dermatophagoides pteronyssinus and Penaeus monodon, respectively.
The MHCT protein shows about 30% sequence identity with Der p 14 in specific domains, and cross-reactivity
against epitopes shared by the 2 proteins was demonstrated by reduced reactivity to shrimp extract following
pre-incubation with Der p 14. Serum IgE from 5 out of 20 patients allergic to crustaceans reacted with MHCT,
compared to none among 19 controls (p < 0.05).

Conclusions. We identified MHCT as a relevant allergic component in the proteome of Penaeus monodon,
the prototypic allergen source used in diagnosis of allergy to crustaceans. Our data demonstrate MHCT cross-
reactivity between MHCT and Der p 14 from Dermatophagoides pteronyssinus.

Key words: case report, Dermatophagoides, proteomics, allergens, immunoglobulin B
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Background

Diagnosis of food and inhalant allergies requires the com-
bination of clinical history, physical examination and spe-
cific in vitro and in vivo diagnostic tests aimed to identify
reactivity of immunoglobulin E (IgE) to the allergen(s)
of interest. When used to identify reactivity to individual
allergenic components (instead of reactivity to whole al-
lergen extracts), these tests allow component-resolved diag-
nostics (CRD). Currently, allergens used for CRD are either
obtained as purified natural extracts or as recombinant
proteins. Commercial availability of individual allergenic
components limits the diagnostic opportunities for suc-
cessful determination of IgE. In fact, patients with verified
allergy to a certain allergenic source score negative at CRD
analysis when the allergenic component responsible for
their IgE reactivity is not included in the molecular aller-
gology-based assays. In such cases, serological proteome
analysis (SERPA) combined with protein identification
through mass spectrometry (MS) can identify the aller-
genic protein responsible for IgE reactivity."?

Here, we report the identification of 1 patient with shrimp
allergy and positive skin prick test to house dust mite (HDM)
whose serum scored negative for IgE to all HDM allergens
routinely used in CRD. Simultaneous IgE reactions to mites
and crustaceans is a relatively common occurrence® mostly
explained by IgE reactivity to tropomyosin.* However, sev-
eral other allergens have been found to be cross-reactive,
e.g., arginine kinase, myosin light chain, hemocyanin, and
paramyosin.> We report the identification of a new mite-
shrimp cross-reactive allergen component.

Objectives

This study aimed to characterize using SERPA the al-
lergen component(s) responsible for IgE reactivity to HDM
in 1 patient sensitized to shrimp and mites whose IgE scored
negative for commercially available Dermatophagoides aller-
gen components. The frequency of this reactivity in a group
of allergic patients was also evaluated as part of the prelimi-
narily characterization of the clinical relevance of the al-
lergen responsible for the observed cross-reactivity.

Procedures were performed in accordance with the ethi-
cal standards of the San Raffaele Ethics Committee (ap-
proval ID BIOL-IMMUNO-ALLERGO, date of approval
after revision June 12, 2019) and with the Helsinki Dec-
laration of 1975, as revised in 2000 (project ID: BIOL-
IMMUNO-ALLERGO, San Raffaele Scientific Institute,
Milan, Italy, revised on June 12, 2019).

Materials and methods

A graphical presentation of the study is shown in Fig. 1.

A. Conti et al. Cross-reactive mites and shrimp allergens

Testing of IgE reactivity

Patients reporting to the allergy clinic of the San Raf-
faele Scientific Institute (Milan, Italy) are routinely tested
using skin prick test with a panel of regionally relevant
allergens (conf. Supplementary Materials and Methods).
Testing and interpretation of results follows European
Academy and Allergy and Clinical Immunology (EAACI)
guidelines.®

Evaluation of serum IgE reactivity to HDM compo-
nents was performed in patients scoring positive for
IgE to HDM extract, as part of the routine evaluation
of patients reporting to our allergy clinic. Patient PT
0321 (a 49-year-old female) had a clinical history of food
allergy (generalized urticaria and angioedema) reproduc-
ibly correlated with meals containing crustacean-based
ingredients. Prick test and IgE to Dermatophagoides
pteronyssinus scored positive, but she did not report any
symptoms compatible with respiratory allergies and re-
spiratory or contact reactions following overt exposure
to house dust.

Type of assays used for IgE specific determination are
reported in Supplementary Materials and Methods. Fre-
quency of serum IgE reactivity to myosin heavy chain
type 1 (MCH1) was studied using western blot in 20 pa-
tients allergic to crustacean and in a cohort of 19 patients
allergic to grass who served as atopic, non-shrimp aller-
gic controls. Patients allergic to shrimps reported singu-
larly or in various combinations the following symptoms:
oral allergy (n = 9), contact urticaria (n = 7), urticaria/
angioedema (n = 16), asthma (n = 3), and anaphylaxis
(n = 7). Demographic characteristics and profiles of IgE
reactivities of patients are shown in Table 1. Two-dimen-
sional electrophoresis (2DE) was performed as described
in a study by Conti et al.? Details of binding competi-
tion assays are reported in Supplementary Materials and
Methods.

Mass spectrometry

For protein identification with MS analysis, preparative
gels were stained with colloidal blue Coomassie or MS-
compatible silver staining, images were acquired and spots
of interest were excised from gels, reduced, alkylated, and
in-gel digested with bovine trypsin, as described by Conti
etal.?

Statistical analyses

Patients’ characteristics were reported cumulatively
as median (interquartile range (IQR)) for continuous vari-
ables or proportions (percentage) for categorical variables.
Differences between proportions were tested with two-
tailed Fisher’s exact test. Values of p < 0.05 were considered
statistically significant.
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Systematic evaluation of serum IgE reactivity to house dust mite (HDM) allergen components
(Derp 1, Der p 2, Der £ 1, Der {2, Der p 10, Der p 23) in patients scoring positive
for immunoglobulin E (IgE) to mite allergen extract.

$

Identification of 1 patient (PT 0321) scoring negative to 6 tested mite allergen components.
She had IgE to crustaceans, and exhibited food allergy symptoms and no respiratory mite allergy.

$

SERPA (serological proteome analysis) on HDM (Dermatophagoides pteronyssinus)
and shrimp (Penaeus monodon) proteomes using the serum from the culprit patient as a probe
and a mite-allergic, not shrimp-allergic patient (PT 0302) as control.

4

Identification of reactive proteins in the 2 allergen sources through mass spectrometry analysis
and assessment of their cross-reactivity.

$

Preliminary immunochemical evaluation of the frequency of IgE reactivity to the identified
cross-reactive allergen in subjects allergic to crustaceans.

Fig. 1. Graphical presentation of the study

Results

The skin prick test of patient PT 0321 yielded positive
results for IgE to HDM allergens Dermatophagoides ptero-
nyssinus and Dermatophagoides farina, and negative re-
sults for all other geographically relevant allergens that
were tested (Fagales, pellitory, ragweed, molds, and animal
dander). Patient PT 0321’s total IgE level was 44 ng/mL
(normal value <100 ng/mL), and specific IgE determination
with available routine diagnostic tests yielded negative re-
sults for reactivity against all HDM allergens (group 1 and
2 allergens, Der p 23, Der p 23 and for mite tropomyosin,
i.e.,, Der p 10). Specific IgE reactivity to other crustaceans
(shrimp, lobster and crab extracts) confirmed the results
of prick test. Demographic data and IgE reactivity data
from all patients are listed in Table 1.

Identification of IgE reactive allergen(s)
in HDM and crustacean proteomes

The SERPA analysis of patient PT 0321’s serum reactiv-
ity to HDM protein extract resulted in the identification

of Der p 14 as the major IgE-binding allergen (58 kDa,
isoelectric point 5.15 pH; Fig. 2). The SERPA analysis
of serum reactivity to shrimp allergen extract allowed for
the identification of a 220-240 kDa and 5.44 pH isoelectric
point spot compatible with MHCI1 (Supplementary Fig. 1).
The MS profiles in HDM and shrimp extracts are detailed
in Supplementary Tables 1 and 2, respectively. Peptides be-
longing to Der p 14 allergen identified with MS are shown
in Supplementary Fig. 2.

Cross-reactivity between MHC1
and Der p 14

In silico investigation for potential cross reactivity
between Der p 14 and MHCI1 based on the comparison
of the amino acid sequence of the primary structure
of the proteins showed some sequence identity in the range
of 27-41% in specific domains. For blast protein align-
ment, amino acid sequence from UniprotKB (https://www.
uniprot.org) were Q8NONO and K4Q4NS8 for Der p 14 and
MHCI, respectively. Sequence match analysis was con-
ducted using NIH BLAST website (https://blast.ncbi.nlm.
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Table 1. Demographic features and serological immunoglobulin E (IgE) reactivity of allergic patients tested for house dust mite (HDM), grass and crustacean allergens
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Penaeus monodon

D. farinae Phleum pratense

D. pteronyssinus

Total IgE

0.0
0.0
0.0
0.0
0.0
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0.0
0.0

0.0
0.0
00
0.0
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0.0
0.0
0.0

0.0
0.0
0.0
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0.0
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nd
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00
0.0
0.0
0.0
0.0
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0.0
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00
0.0
0.0
0.0
0.0

0.0
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49.0

0321

0.0
0.0
0.0
0.0
0.0
9.2

63.0 nd

45.0
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0.0
0.0
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4.5
35.1

6.5

0.0

2.0

lower IQR

238

204

0.0
0.0

380
2

upper IOR

19.3 10.1

14.2

1459

44.0
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280.0
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shrimp (n = 20)

0.0
18.1

0.0

451

0.0
26.5

0.0
10.1

61

lower IQR

20.5

18.6

87.5

upper IQOR

Der p 1 and Der p 2 - Dermatophagoides pteronyssinus allergen p 1 and p 2; Der f 1 and Der f 2 — Dermatophagoides farinae allergen f 1 and f 2; Phl p 1 and Phl p 5 — Phleum pratense allergen p 1 and p 5, Pen m 1, Pen m 2

and Pen m 4 — Penaeus monodon allergen m 1, m2 and m4; nd — not determined; grass — grass-allergic patients; shrimp — shrimp-allergic patients; AU — arbitrary units; IQR — interquartile range.

nih.gov/Blast.cgi). Results are provided in Supplemen-
tary Fig. 3.

Binding competition with Der p 14 demonstrated
the substantial reduction of IgE signal binding to MCH1
(~40% reduction at 0.38 ug MCHI1 and ~55% reduction
at 0.76 ug MCH1, compared to non-preincubated serum).
Data were generated in replicates due to Der p 14 re-
agent limitation. No reduction was observed in IgE signal
at 0.38 pg and ~10% reduction at 0.76 ug with Der f 2 used
as a control mite allergen (Supplementary Fig. 4).

Evaluation of IgE reactivity to MHC1
protein in a cohort of patients allergic
to crustaceans

Following the identification of the spot compatible with
MHCI1 by means of SERPA analysis based on PT 0321 se-
rum, we made a preliminary estimation of the frequency
of IgE reactivity to this allergen in shrimp-allergic patients
with immunoblotting. To this aim, we used sera from
20 shrimp-allergic patients who reported to the outpa-
tient clinic of the San Raffaele Scientific Institute. A posi-
tive MHC1 immunoblotting signal was detected in 5 out
of the 20 patients of this cohort, and 15 of them scored
negative. Notably, among these 5 MHC1-positive pa-
tients, 3 (including PT 0321) had coexisting sensitization
to HDM. A group of 19 subjects allergic to grass served
as controls, being representative of an atopic population
with a different sensitization profile. Among these 19 sub-
jects, sera scored positive for this marker 0 times and nega-
tive 19 times, respectively (p = 0.047, two-tailed Fisher’s
exact test).

Discussion

This paper reports the identification of MHC1 as a rel-
evant allergic component in the proteome of Penaeus
monodon, which is not presently available in the diag-
nostic armamentarium of CRD. We show IgE reactivity
compatible with MHCI1 in 5 out of 20 of patients allergic
to crustaceans. We also demonstrate cross-reactivity be-
tween MHC1 and Der p 14 from the Dermatophagoides
proteome.

Our results confirm and expand previous studies re-
porting that tropomyosin, the originally described pan-
allergen of invertebrates, is just one among several highly
cross-reactive allergens between crustaceans and mites.>”
These findings are in agreement with aleady reported
observations that HDM was able to inhibit shrimp IgE
reactivity, or vice versa, in most shrimp-allergic patients.®
In patients with this sensitization pattern, the primary
sensitization may occur via the respiratory or the gas-
trointestinal tract, likely depending on the character-
istics of allergen exposure (frequency, bioavailability,
amount, etc.).
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0321 non allergic serum
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Fig. 2. Reactivity of the serum of patient PT 0321 to Dermatophagoides pteronyssinus extract. A. Allergen extract underwent sodium dodecyl-sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), and different lanes were probed using western blot for (i) PT 0321 serum, (i) non-allergic patient serum
and (iii) anti-human IgE secondary antibody alone as control; B. Sample extract subject to two-dimensional gel electrophoresis (2DE), and probed
using western blot for (i) patients PT 0321's and (i) non-allergic patient serum. Square bracket and arrows indicate the band or protein spots recognized
by patient’s 0321 IgE only. Spot 1 and 2 were processed with mass spectrometry (MS) analysis for protein identification

To the best of our knowledge, this is the first time that
MCHTI1 is reported as a mite-shrimp cross-reactive allergen.
Although MHC1 from banana shrimp (Fenneropenaeus
merguiensis) was previously reported as an IgE binding
protein, it was not formally classified as a new allergen
according to World Health Organization/International
Union of Immunology Societies (WHO/IUIS) Allergen
Nomenclature subcommittee,” and no data on cross-reac-
tivity with other allergens were presented.!° Shrimp allergy
represents an example of coexistence of food and inhalant
allergy, as it is the case of allergies triggered by allergen
components of the protein families PR-10"" and LTP.!?
Further work, including cloning of MHC1 or its subunit,
is needed to formally characterize this protein as a new
allergen.

Limitations

The MCHI1 protein was not cloned, either as a whole
molecule or as IgE binding subunit(s). The availabil-
ity of cloned proteins will allow to characterize MHC1
as a new candidate allergen according to the WHO/IUIS,
and to study IgE reactivity in a representative population
of patients allergic to shrimp.

Conclusions

This paper reports the identification of MHC1 as a rel-
evant allergic component in the proteome of Penaeus mon-
odon. Our data highlight MHCI1 relevance beyond allergy
to crustaceans, as we have found cross-reactivity between
MHCI1 and Der p 14 from Dermatophagoides.

Supplementary Materials and Methods

Detailed description of assays used for IgE specific de-
termination and for binding competition assays are avail-
able at doi:10.17632/jbjkntjhkn.1. The package consists
of the following files:

Supplementary Table 1. Protein identification using MS
in HDM extract.

Supplementary Table 2. Protein identification using MS
in shrimp extract.

Supplementary Fig. 1. Identification of IgE reactive
allergen(s) from crustacean proteome.

Supplementary Fig. 2. Peptides belonging to Der p 14
allergen identified with MS.

Supplementary Fig. 3. Blast protein sequence alignment
between Der p 14 and MCH1.

Supplementary Fig. 4. Competition reactivity test against
shrimp extract.
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Abstract

Background. Although the treatment and mechanisms of postoperative nausea and vomiting (PONV) and
chemotherapy-induced nausea and vomiting (CINV) are similar, the interactions between these 2 morbidities
require more research.

Objectives. In our prospective observational study, we investigated whether previous chemotherapy has
an effect on PONV in breast cancer surgery.

Materials and methods. One hundred and forty-eight female patients with the American Society
of Anesthesiologists (ASA) physical status | or Il, aged 18—65 years and with a scheduled breast cancer
surgery were recruited into the study. After they completed preoperative follow-up questionnaires, anesthesia
was induced with propofol (2 mg/kg), remifentanil (1.0 ug/kg) and rocuronium (0.6 mg/kg), and maintained
with sevoflurane (1.5-2.0%), 45% oxygen/air mixture and infusion of remifentanil (0.1—0.2 yig/kg/min). After
extubation, the intensity of PONV was assessed during the first 2 h and at 2—24 h after surgery. The symptoms
of PONV were classified as mild (mild nausea, vomiting once, and nausea caused by an external stimulant
(eating, drinking or motion)), moderate (vomiting twice, mild nausea without an external stimulant, and
antiemetic medication required once) and severe (vomiting more than twice, severe nausea, antiemetic
medication required more than once) by a different researcher. Preoperative interview forms, perioperative
anesthetic follow-up forms and postoperative assessment forms were recorded and evaluated by different
members of this research group.

Results. Data of 143 patients were analyzed. In the group of patients who received chemotherapy, the preva-
lence of nausea and vomiting within the postoperative period of 2—24 h significantly increased (p < 0.05).

Conclusions. Previous chemotherapy may be a risk factor for the presence of PONV.

Key words: breast cancer, PONV, CINV
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Background

Breast cancer is diagnosed more and more often. Accord-
ing to World Health Organization (WHO), the number
of newly diagnosed breast cancer cases amounts to nearly
2 million all over the world. In Turkey in 2018, there were
22,500 new cases of this disease.l2

Postoperative nausea and vomiting (PONV) can cause
several problems such as early postoperative aspiration
and pneumonia, dehydration, and electrolyte imbalance.
Delayed recovery may increase the healthcare costs be-
cause of the usage of antiemetics and prolonged hospital
stay.>* Gender (female), a history of PONV and/or motion
sickness, as well as non-smoking status are well-known
patient-related risk factors for PONV. More risk factors
have been added by Apfel et al. (use of postoperative opi-
oids) and Koivuranta et al. (length of surgery).>¢ Other
papers report that some types of surgery may be associated
with an increased risk of PONV, such as laparoscopic and
gynecological operations or cholecystectomy.®>~7

The pathophysiology and treatment of PONV is complex.
Such symptoms may occur due to the release of different
neurotransmitters (serotonin, dopamine, muscarine, acetyl-
choline, neurokinin-1, histamine, and opioids) or stimulation
of the vestibular-cochlear, glossopharyngeal or vagus nerve.®
Hesketh indicated that chemotherapy-induced nausea and
vomiting (CINV) is observed in approx. 30-90% of patients.’
Although the treatment methods of PONV and CINV are
similar, patients’ response to them may be different.!®

Objectives

In our prospective observational study, we investigated
whether previous chemotherapy had the effect on PONV
in breast cancer surgery.

Materials and methods

Following the approval from the University of Health Sci-
ences Istanbul Education and Training Hospital Institu-
tional Ethics Committee (approval No. 28.06.2019/1890),
signed informed consent was obtained from each patient.
The study conforms with the tenets of Declaration of Hel-
sinki of 1964 and its later amendments. One hundred
and forty-eight female patients with the American Soci-
ety of Anesthesiologists (ASA) physical status I or I, aged
18-65 years and with scheduled breast cancer surgery were
recruited into the study. Before surgery, all patients were
asked about their medical history, and had their Apfel score
counted. The exclusion criteria were as follows: 1) a history
of drug abuse or known prolongation of the QT interval
on electrocardiogram (ECG); 2) obesity (body mass index
(BMI) >31 kg/m?); 3) antiemetic use 24 h before the study
and presence of hepatic or renal disease; 4) patients who
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who had their last chemotherapy less than 1 month ago;
5) patients with presence of allergy; 6) operation time shorter
than 60 min or longer than 120 min; and 7) additional opioid
necessity in the postoperative period.

Before the operation, all patients were routinely assessed
with basic monitoring (ECG, noninvasive blood pressure
(NIBP) measurement and oxygen saturation (SpO,) probe).
Anesthesia was induced with propofol (2 mg/kg), remifen-
tanil (1.0 pg/kg) and rocuronium (0.6 mg/kg), and main-
tained with sevoflurane (1.5-2.0%), 45% oxygen/air mix-
ture, and the infusion of remifentanil (0.1-0.2 ug/kg/min).
In the last 30 min at the end of the operation, meperidine
(30 mg) was administered. After extubation, the intensity
of PONV was assessed during the first 2 h and at 224 h af-
ter surgery. Patients who complained of PONV were clas-
sified as mild (mild nausea, vomiting once), moderate
(vomiting twice or need antiemetic medication once) and
severe (vomiting more than twice, severe nausea, anti-
emetic medication needed more than once) by another
anesthesiologist who has not anesthetised the patient.
None of the patients were routinely prescribed opioid
or antiemetic medication during the postoperative pe-
riod. Patients who had moderate and severe PONV were
given 10 mg of metoclopramide for rescue treatment.
Patients who suffered a pain score >4 according to NRSS
(numeric rating scale score) were treated with infusion
of paracetamol (1 g). If the paracetamol was deemed not
enough, an opioid (tramadol or meperidine) was given and
patients were excluded from the study. Preoperative in-
terview forms, perioperative anesthetic follow-up forms
and postoperative assessment forms were recorded and
evaluated by different members of our research group.

Statistical analyses

Statistical analyses were performed using IBM SPSS
v. 25.0 software (IBM Corp., Armonk, USA). The confor-
mity of the variables to the normal distribution was exam-
ined with histogram graphics and the Kolmogorov—Smirnov
test. Parametric values with normal distribution are shown
as mean = standard deviation (M £SD). Parametric values
without normal distribution and nonparametric values are
presented as the median and interquartile range (IQR). Cat-
egorical variables are expressed as numbers and percentages.
Interactions between chemotherapy and demand of addi-
tional analgesic were compared with the x? test or the Fisher’s
exact test according to the number of patients in each group.
Values of p < 0.05 were deemed statistically significant.

Results

Initially, 148 patients had been enrolled, but 5 were ex-
cluded from the study: 1 patient because of delayed surgery
and 4 because of missing patient data. Patients’ character-
istics are presented in Table 1.
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Table 1. Characteristics of study population

n (%) or M +SD or median

Variable

(Q1-Q3)
Age 51.90 £12.51°
BMI 28 (25-32)¢
1 32(22.37)
2 81 (56.64)
Apfel score 3 24 (16.78)°
4 6 (4.19)2
Additional disease 85 (59.44)?
Additional drug 82 (57.34)
Non-smokers 48 (33.57)?
Previous operation 111 (77.62)
mild 44 (69.84)°
PONV 0-2 h moderate 16 (25.40)°
severe 3 (4.76)
mild 23 (54.76)?
PONV 2-24 h moderate 14 (33.33)2
severe 5(11.90)
Previous chemotherapy 51 (35.66)*
CINV 35 (68.63)?
Additional analgesic 129 (90.21)?

n (%); ® mean + standard deviation (M +SD);  median (1% quartile
-3 quartile (Q1-Q3)); BMI - body mass index; CINV — chemotherapy-
induced nausea and vomiting; PONV - postoperative nausea and vomiting.

Apfel score distribution was as follows: 1 — 32 patients
(22.37%), 2 — 81 patients (56.64%), 3 — 24 patients (16.78%),
and 4 — 6 patients (4.19%). The PONV at 0-2 h was mild
in 44 patients (69.84%), moderate in 16 (25.40%) and severe
in 3 (4.76%), while PONV at 2—-24 h was mild in 23 patients
(54.76%), moderate in 14 (33.33%) and severe in 5 (11.90%).
Fifty-one patients (35.66%) received chemotherapy for
at least 1 month. Thity-five patients (68.63%) experienced
CINYV, while 129 patients demanded additional analgesics.
The PONV symptoms at 2-24 h significantly worsened
in those who received chemotherapy (p < 0.05). There was
no significant difference between PONV 0-2 and PONV
2-24 grades in patients with CINV (Table 2).

Discussion

Surgery, chemotherapy, radiotherapy, and various com-
binations of these are used in breast cancer treatment.

Table 2. Relationship between PONV and chemotherapy
PONV 0-2 h, n (%)

X2/p-value
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Da Silva et al. compared different types of oncologic op-
erations in their retrospective study and reported that
the only surgical procedure in which PONV prevalence
was significantly higher was mastectomy; however, when
they compared the results of Apfel’s model, they could
not find a difference regarding PONV in different mas-
tectomy cases. Their study included both male and fe-
male patients and they used different types of anesthe-
sia (general anesthesia alone or combined with epidural
or spinal anesthesia). Also, the treatment with antiemetics
and postoperative opioids was dependent of the clinicians’
preference, and patient-controlled analgesia was employed
in some of the patients.!! In our prospective study, only
female patients were included, and general anesthesia was
the dominating type of anesthesia; antiemetics and opioids
were used only if necessary.

The expected results for PONV from Apfel’s original
study were 21%, 39%, 61%, and 79% for grades 1, 2, 3, and 4,
respectively. In our study, the Apfel scores were grade 1
for 32 patients (22.37%), grade 2 for 81 patients (56.64%),
grade 3 for 24 patients (16.78%), and grade 4 for 6 patients
(4.19%).

The association between PONV and CINV has not been
fully established. There are studies reporting that heredi-
tary factors may play a role in both PONV and CINV sus-
ceptibility and resistance.!?> On the other hand, antiemetic
medications which have an effect on CINV are not always
protective against PONV.

Janicki and Sugino determined that genetic variations
in the HTR3A and HTR3B genes could increase the risk
of PONV, and the HTR3C gene polymorphisms could have
a predictive role for CINV in patients who receive mod-
erately emetogenic chemotherapy. The main conclusion
of that study was that the incidence of CINV was very
low after chemotherapy in people who did not experience
PONYV after surgery.!® Therefore, in our study, we aimed
to investigate whether the reverse situation is also possible.

Oddby-Muhrbeck et al. claimed that CINV is strongly
related to PONYV, and previous PONYV has a predictive
role for CINV.!® However, in their study, chemotherapy
was applied after surgery, and in patients who experienced
PONYV before chemotherapy, supraglottic airway devices
were used instead of tracheal intubation.

Our patients were given anesthesia after chemotherapy.
In other words, it was investigated whether nausea and

PONV 2-24 h, n (%)
X2/p-value

e “_
no 51(5543) 1(44.57)
SEEEEL yes 29 (56.86) » (43.14)
no 12(75) 4(25)
NV yes 17 (48.57) 18 (51.43)

20 (21.74)

72 (78.26)
# #
0.027/0.869 29 (56.86) 22 (43.14) 7.242/0.007
11 (68.75) 5(31.25)
* #
3.127/0.127 18 (51.43) 17 (48.57) 1.343/0.246

#x? test; * Fisher's exact test; statistically significant p-values are in bold. CINV - chemotherapy-induced nausea and vomiting; PONV — postoperative nausea

and vomiting.
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vomiting was more common during the postoperative pe-
riod in patients receiving chemotherapy.

Anesthesia-related pharmacologic risk factors for PONV
include inhalation anesthetics, nitrous oxide and usage
of postoperative opioids. The effects of volatile anesthetics
on PONV demonstrate a dose-dependent manner and par-
ticularly appear in the first 2—6 h after surgery.'* Opioids
increase the risk for PONV in a dose- and time-dependent
manner.'> We administered sevoflurane, remifentanil and
oxygen/air mix for the maintenance of anesthesia. The in-
cidence of PONYV is lower with opioid-free total intra-
venous anesthesia (TIVA). It is known that propofol and
TIVA reduce the PONYV risk by approx. 25%.1¢ In our study,
PONYV at 2-24 h was significantly increased in patients
who received chemotherapy, and there was no significant
difference between PONV 0-2 or PONV 2-24 in those
with CINV. We think that we eliminated or minimized
the negative effects of anesthetic medications.

We used propofol only in induction of anesthesia, and
we reversed the effect of muscle relaxant with neostig-
mine. We did not apply antiemetic drugs routinely to our
patients because of their possible side effects, and infused
1 g of paracetamol intravenously for postoperative analgesia
when necessary.

Limitations

We did not compare the Apfel score with PONV and
CINYV results. When we were planning the methods, we
included only female patients, which invalidated the results
of Apfel score. Another limitation of our study was the ad-
ministration of inhalation anesthesia instead of TIVA
and/or combination of opioid-free regional anesthesia
with TIVA as a part of multimodal analgesia management
plan.!”-* We used inhalation anesthesia because of its cost
efficiency and routine preference of our hospital policy.

Conclusion

We concluded that prior chemotherapy may be a risk
factor for the occurrence of PONV.
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Abstract

Background. Major depression (MD) is the one of the most debilitating diseases, affecting millions of people
all around the world.

Objectives. To establish visual pathway function in untreated individuals with MD.

Materials and methods. In 29 untreated, newly diagnosed, ophthalmologically asymptomatic individuals
(58 eyes) with MD (mean age: 47.3 years) and in 29 (58 eyes) of age-, sex- and refractive error-matched healthy
controls (mean age: 46.8 years), the following examinations were performed: 1) best corrected distance visual
acuity (BCDVAY); 2) intraocular pressure (I0P); 3) and 4) biomicroscopy of anterior and posterior segment
of eye; 5) macular structure (SD-0CT-Zeiss); and 6) pattern visual evoked potentials (PVEPs) measurements
according to the International Society for Clinical Electrophysiology of Vision (ISCEV) standard (ISCEV-standard
PVEPs). An analysis of correlation between the parameters of PVEPs and the depression severity (Hamilton
Depression Rating Scale (HAMD)) was performed. To estimate the diagnostic power of PVEPs test, a receiver
operating characteristics (ROC) curve was used. Data were analyzed with the significance level of p < 0.05.

Results. In the study group and in healthy control, the clinical results and macular structure were normal
and not different. In the MD group, in PVEPs test (check size: 1°%4and 0°16'), a significant decrease of am-
plitudes of P100 (AP100), associated with prolonged P100 peak time (PTP100; check size: 0°16', p < 0.004)
were detected. The most frequent abnormality in PVEPs examination in the MD group was AP100 reduction
(in 69% of individuals) detected using stimulation check size 0°16". The statistically significant positive cor-
relation between PTP100 (check size: 0°16") and HAMD score was found in severe MD (p = 0.03). The analysis
of ROC curve revealed the highest sensitivity of 0.759 and specificity of 1.0 for AP100 (0°16'). The area under
the curve (AUC) was 0.841 (p < 0.001).

Conclusions. In individuals with newly diagnosed, ophthalmologically asymptomatic and untreated MD,
a dysfunction of visual pathway is present without other signs of ocular pathology. The visual pathway
dysfunction measured with ISCEV PVEPs has a potential value to be an objective biomarker of MD.

Key words: major depression, visual pathway function, PVEPs
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Background

Major depression (MD) is the one of the most debili-
tating diseases, affecting millions of people all around
the world.! It was reported to be one of the 5 leading causes
of years lived with disability.? Several studies show that
visual abnormalities in individuals with MD may occur.
Photophobia, perceived dimness, anomalous pre-attentive
processing of visual information, and self-reported visual
function loss were detected.?-8 Such patients are also more
likely to experience vision problems like blurred vision and
watery and strained eyes with surrounding pain and eye
floaters. The cause of these complains can be disorders
of the retina®'° as well as disorders of the brain includ-
ing visual cortex.’*-!® Visual evoked potentials (VEPs) are
visually evoked electrophysiological signals extracted from
electroencephalographic activity in the visual cortex, but
they depend on functional integrity of central vision at all
levels of visual pathway.’ In the available literature, only
a few studies, using various methods, described changes
in the PVEPs recordings in individuals with MD.?0-22
In 2 studies, the individuals with MD were medicated with
antidepressants, so it was not possible to exclude their in-
fluence on PVEPs recordings.?%?! Only the study by Bubl
etal. described visual pathway dysfunction in unmedicated
group with MD, and revealed abnormal cortical response,
which was less pronounced than the retinal response.??
It was the reason why we decided to analyze the visual
pathway function in an untreated group of individuals
with MD.

Objectives

Our aim was to evaluate visual pathway function in un-
medicated patients with MD. We wanted to check if com-
monly performed, standard ISCEV (International Society
for Clinical Electrophysiology of Vision) PVEPs recordings
are useful in detecting visual pathway dysfunction in in-
dividuals with MD.

Materials and methods

Prospective studies were conducted in 2017-2021 in De-
partment of Ophthalmology and Department of Psychiatry
at the Pomeranian Medical University in Szczecin, Poland.

In the untreated, ophthalmologically asymptomatic,
newly diagnosed 29 individuals (58 eyes) with MD (mean
age: 47.3 years, age range: 20— 69 years) and in 29 (58 eyes)
age-, sex- and refractive error-matched healthy controls
(mean age: 46.8 years, age range: 21-65 years), the follow-
ing examinations were performed: 1) the best corrected
distance visual acuity (BCDVA; Snellen Table); 2) intra-
ocular pressure (IOP; Pascal tonometer); 3) and 4) biomi-
croscopy of anterior and posterior segments of the eye;
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5) macular structure (thickness: inner limiting membrane
to the retinal pigment epithelium (ILM-RPE) average cube,
average retinal nerve fiber layer and average ganglion cell
layer (GCL) + inner plexiform layer (IPL; Cirrus HD OCT
Model 5000, Carl Zeiss AG, Jena, Germany); and 6) pattern
reversal visual evoked potentials measurements (PVEPs
according to ISCEV standards)'® (RetiPort; Roland Consult
GmbH, Brandenburg an der Havel, Germany). Stimulus
parameters were as follows: black and white reversing
checkerboard with 2 check sizes equal to 0°16' and 1°4/,
with the luminance of the white elements of 120 cd/m?,
and the contrast between black and white squares of 97%.
Parameters of the recording system were as follows: am-
plifier range 100 pV/div; filters 1-100 Hz; sweep time
of 300 ms, and artifact rejection threshold of 95%. Two
trials of 100 artifact free sweeps for each check size were
obtained and averaged off-line. The analysis included
the amplitude (A) and the peak time (PT) of the P100 wave
(AP100 and PTP100).

Written informed consent was obtained from all partici-
pants. Study was approved by the local ethics committee
of the Pomeranian Medical University (approval No. KB-
0012/107/16 granted on October 17, 2016). The individuals
with MD were assessed psychometrically with the Hamil-
ton Depression Rating Scale (HAMD).?*?* Individuals with
MD accompanied by other psychiatric disorders, as well
as ocular and systemic diseases with known influence
on the retinal function were excluded. The MD individu-
als with poor focusing ability were also excluded.

Statistical analyses

The average value of the PVEPs parameters from
the right and left eye from the MD and the control group
were measured for further statistical analysis. Central
tendency and dispersion measures of analyzed vari-
ables were presented as mean and standard deviation
(M +SD). The assumption of normality was checked us-
ing the W Shapiro—Wilk test (Table 1). With reference
to the normality tests, the normal ranges were determined
based on the values of parameters from the control group.
In the case of normal distribution of the variables, the nor-
mal range was between -2SD and +2SD; in the absence

Table 1. Results of the W Shapiro-Wilk test checking the assumption
of normality of analyzed parameters (n = 58)

Parameter | AGCHS |

p-value
Age 0.98 0314
P100
A 0.96 0.041
1o4
PT 0.95 0.012
A 0.97 0.230
0°16'
PT 0.92 0.001

A —amplitude; PT - peak time.
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of normality, the normal range was between 2.5 and
97.5 percentile. The values of parameters (amplitudes and
peak times of the P100 wave with 1°4’ and 0°16' check
sizes) between the 2 groups were compared. To compare
the parameters between the groups, the Student's t-test
was used in the case of normal distribution (taking into
account the homogeneity of variance and Welch’s correc-
tion) of variables, or the non-parametric Mann—Whitney
U test in the case of non-normal distribution. An analysis
of the correlation (Spearman’s rank correlation test) be-
tween the parameters of PVEPs and HAMD scale score
was performed. To estimate the diagnostic power of PVEPs
test, the receiver operating characteristics (ROC) curves
were was used. The results were considered as statistically
significant with p < 0.05.

Results

In the MD group and the healthy controls, the clinical
results were as follow: the BCDVA — 1.0 0.1 (both groups),
IOP — between normal limits, biomicroscopy of anterior
and posterior segment of the eye — normal, and normal
macular structure (Table 2). There was no statistically
significant difference in the age between the 2 groups
(MD: mean age 47.3 years, healthy controls mean age:
46.8 years, Student’s t-test; df = 56; p = 0.731). In the MD
group, the HAMD mean was equal to 26.4 +6.6. There
was a significant difference in the psychometric measure
between the MD and the control group (Mann—Whitney
U test; p < 0.001). There was no statistically significant
difference in mean age between the 2 groups (Student’s
t-test; df = 56; p = 0.731). In the MD group, the HAMD
score mean was 26.4 +6.6. There was a significant differ-
ence in the psychometric measure between the MD and
the control group (Mann—Whitney U test; p < 0.001).

Table 3 presents comparisons of PVEPs parameters
such as AP100 and PT100 (check sizes: 0°16" and 1°4') be-
tween the MD and the control group. In the MD group
(Table 3, Fig. 1), a significant decrease of AP100 was
achieved (Mann—Whitney U test; p < 0.001 with 1°4' and
Student’s t-test; df = 56; p < 0.001 with 0°16"). The signifi-
cant difference of PTP100 between the MD and the con-
trol group was also obtained but only for check size 0°16'
(Mann—Whitney U test; p < 0.004), (Table 3, Fig. 1).

Comparisons of differences between mean A/mean PT
of the P100-wave in patients with MD and mean A/PT
of the P100-wave in normal subjects showed no statistically
significant differences.

The range of normal values for PVEPs parameters was
obtained from 58 eyes of 29 healthy controls. On the basis
of the PVEPs normal values, the percentage of abnormal re-
sults for the analyzed PVEPs parameters in the MD group
was estimated (Table 4). The most frequent abnormality
in PVEPs examination in the group of MD individuals was
the reduction of AP100 (check size: 0°16") in 69% of them.

19
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20 I min-max

AP100 1°4'[uV]

MD control
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Fig. 1. The values of the AP100 (check sizes: 1°4"and 0°16') and PTP100
(check size: 0°16") between 2 groups. The differences in these parameters
between the groups were statistically significant. AP100 and PTP100 are
the amplitude (A) and the peak time (PT) of the P100 wave

The HAMD results did not correlated significantly with
PVEPs parameters. Correlations between PVEPs parame-
ters as well as the severity of depression were also analyzed,
adopting a 2-degree division of MD?*: mild and moderate
(HAMD score 8-23; 11 patients), and severe (score >24;
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Table 2. Clinical results and macular structure in individuals with MD and healthy controls

Variable
BCDVA
IOP [mm Hg] (Mann-Whitney U test; p = 0.544)

Biomicroscopy of anterior and posterior segment of the eye

Cube average thickness
(Student's t-test, df = 56; p = 0.786)

Average retinal nerve fiber layer thickness
(Student's t-test; df = 56; p = 0.737)

Average GCL + IPL thickness
(Student's t-test; df = 56; p = 0.703).

16.3 £1.2; (95% Cl: 15.8-16.9)

Macular structure [um]

2794 £13.1 (95% Cl: 274.3-285.5)

93.5£10.4 (95% Cl: 88.0-99.7)

81.13 £7.35 (95% Cl: 78.0-84.3)

MD group

Control group
1.0 0.1
16.1+1.2 (95% Cl: 15.07-16.6)

1.0 0.1

normal normal

2824 £8.8 (95% Cl: 278.4-285.4)

95.0 £8.2 (95% Cl: 91.8-98.8)

81.57 £5.00 (95% Cl: 79.4-83.7)

MD - major depression; BCDVA — best corrected distance visual acuity; IOP — intraocular pressure; GCL — ganglion cells layer; IPL — inner plexiform layer;

95% Cl - 95% confidence interval.

Table 3. Descriptive statistics of P100-wave of PVEPs (check sizes: 0°16' and 1°4') and results of the comparisons between the groups (n = 29)

Check size
MD 7.87
A
control 10.87
1o4
MD 109.06
PT
control 106.19
MD 8.90
A
control 13.17
0°16'
MD 11540
PT
control 109.71

448
2.62
6.40
3.50
524
2.70
7.89
4.63

6.57 2.15 23.00
<0.001

9.70 840 17.20

108.30 97.20 124.30
0.152

106.50 99.50 110.10

8.30 1.60 2505

<0.004*

13.90 10.20 19.10

113.60 102.15 131.50
0.004

109.20 100.40 119.20

* Student's t-test with Welch's correction; p-value of the F test of variance homogeneity was <0.001. A — amplitude; PT — peak time; SD - standard deviation;

PVEP — pattern visual evoked potentials; MD — major depression.

Table 4. Frequency of abnormal PVEPs parameters in individuals with MD
(n=29)

A 17 586

1°4'
PT 8 276
A 20 69.0

0°16'
PT 8 276

A —amplitude; PT — peak time; PVEP — pattern visual evoked potentials;
MD — major depression.

18 patients). The only statistically significant positive cor-
relation between PTP100 (check size: 0°16") and HAMD
score was found in severe MD (Spearman's rank correlation
coefficient = 0.5; df = 16; p = 0.033).

The ROC analyses for PVEPs parameters were performed
to assess the accuracy of the electrophysiological examina-
tion of the visual pathway with reference to MD. In the case
of AP100 (check size: 1°4’), the cutoff point was 8.3 pV,
with sensitivity of 0.690 and specificity of 1.00. The area
under the curve (AUC) was 0.775 (p = 0.001). In the case
of AP100 (check size: 0°16), the cutoff point was 9.9 pV,
with sensitivity of 0.759 and specificity of 1.00. The AUC
was 0.841 (p < 0.001). For the PTP100 (check size: 0°16'),
the cutoff point was 115.6 ms, with sensitivity of 0.483 and
specificity of 0.897. The AUC was 0.719 (p = 0.001).

Discussion

Results of the present study are consistent with previ-
ous PVEPs findings in individuals with MD.?? A study
by Bubl et al. indicated a reduction of the retinal contrast
gain on the level of ganglion cells in MD individuals.?®
The decrease in retinal contrast gain was correlated with
the reduction of visual evoked potential amplitude.?? In our
study, we did not perform measurements of the contrast
gain in the PVEPs. We wanted to check if commonly
performed, ISCEV-standard PVEPs recordings (contrast
between black and white squares of 97%) are useful in de-
tection of visual pathway dysfunction in individuals with
MD. Obtained results in this study strongly suggest that
in the untreated, newly diagnosed individuals with MD,
visual pathway dysfunction is present without other signs
of ocular pathology and can be measured using ISCEV-
standard PVEPs recordings (Table 3, Fig. 1,2). The manifes-
tations of detected dysfunction were a reduction of AP100
for used check sizes of stimulation as well as prolonged
PTP100 for check size equal to 0°16’.

According to Lam, different sizes of the check stimulus
in PVEPs stimulate different part of the retina.?” The large
check stimulus elicits more parafoveal response (magno-
cellular pathway) but small check sizes stimulate a mainly
foveal response (parvocellular pathway). We investigated



Adv Clin Exp Med. 2023;32(1):117-123
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Fig. 2. Abnormal pattern visual evoked potentials (PVEPs; check size:
0°16") with reduced AP100-wave of the major depression (MD) individual
(above) in comparison to the normal PVEPs recording (below)

the difference in PVEPs examination between stimulation
in the foveal and parafoveal region in patients with MD.
Comparative analysis between AP100 and PTP100 after
large (1°4") and small (0°16") check stimulation showed no
statistically significant differences. This results indicated
that in untreated individuals with MD, parvo- and mag-
nocellular pathways are evenly disturbed.

If separated eyes of MD individuals were compared
to age- and sex-matched normal values from PVEPs ex-
amination of controls (Table 4), the most frequent feature
was the reduction of AP100 (check size: 0°16'). The only
significant correlation found was between PTP100 (check
size: 0°16’) and the severe MD measured using HAMD.
The lack of correlation between PVEPs parameters in mild
and moderate MD suggested that ISCEV-standard PVEPs
measurement, contrary to the PVEPs contrast gain, is less
useful in estimating MD severity.??

The results of the ROC curve analysis show the predic-
tive potential of PVEPs parameters in evaluation of visual
pathway dysfunction in individuals with MD. The areas
under the ROC curve for AP100 (check sizes: 0°16"and 1°4')
and for PTP100 (check size: 0°16’) differed significantly
from the random model. According to the proposed clas-
sification by Hosmer et al., the AUC for AP100 (check size:
0°16’) had an excellent predictive value (0.8 < AUC < 0.9)
while for AP100 (check size: 1°4’) and PTP100 (check
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size: 0°16’) it was acceptable (0.7 < AUC < 0.8).28 In our
model, in the case of AP100 (check size: 1°4'), at the des-
ignated cutoff point, 69% of individuals with MD were
correctly classified (sensitivity of 0.69) and 100% were
correctly classified as healthy (specificity of 1). For AP100
(check size: 0°16’), at the designated cutoff point, 75.9%
(sensitivity of 0.759) of individuals with MD and 100%
of healthy individuals were correctly classified (specific-
ity 1). A worse result was obtained for the PTP100 (check
size: 0°16’), where 48.3% of MD individuals and 89.7%
of healthy individuals were correctly classified at the des-
ignated cutoff point.

Despite well-known characteristic symptoms of MD
like mood dysregulation and impaired cognitive control,
depressive disorder might be associated with the visual
complaints not explained in the course of routine oph-
thalmological examination. There is growing evidence
that a dysfunction of dopaminergic system has a signifi-
cant role in pathogenesis of MD.? The ventral tegmental
area as well as mesolimbic and mesocortical pathway play
important roles in this regard.3*3! The occipital cortex
receives strong dopamine innervation from the mesocor-
tical dopamine system.3? Moreover, dopamine modulates
contrast gain control in the visual pathway in the lateral
geniculate body and visual cortex.3® Dysregulation of do-
pamine level in MD individuals might be responsible for
abnormal retinal contrast response and less pronounced
cortical response.?? There are some studies suggesting in-
fluence of the catecholaminergic dysfunction on the PVEPs
recording in MD individuals?*?2343° and in another do-
pamine-related diseases such as Parkinson disease.?¢”
Abnormal PVEPs in our study confirmed previous no-
tions on the connection with the catecholaminergic system
changes in MD individuals.

In our study, in the MD individuals, the retinal macu-
lar structure was also examined using the OCT test and
compared with the controls. We did not find significant
changes in the MD group. Our results suggest that due
to dysregulation of dopamine level, the visual pathway
dysfunction was detected without the presence of struc-
tural macular changes. In the past, in individuals with
MD, the retinal structure using the OCT test examination
was investigated in 5 case-control studies with mixed re-
sults.1*38-42 Jung et al. described decrease of ganglion cell
inner plexiform layer thickness in individuals with MD.!?
Kalenderoglu et al. showed significantly reduced GCL,
IPL, and global and temporal superior retinal nerve fiber
layer (RNFL) thickness in the recurrent-MD individuals
compared to the first-episode individuals, and in all MD
individuals compared with the controls.?® This decrease
was more severe in individuals with more severe MD. Liu
etal. described thinner RNFL in bipolar disorder and MD
patients than in healthy people.*?> However, other research-
ers, like in our study comparing the MD individuals with
the healthy controls, found no statistically significant dif-
ferences in the OCT measures.?*~%!
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The feature of abnormal ISCEV-standard PVEPs re-
sponse has clinical relevance. The PVEPs signal might
serve as an objective marker of the major depression and has
a potential value in monitoring pharmacological and non-
pharmacological treatment trials. The PVEPs test is com-
monly used in ophthalmology, is easy to perform, minimally
invasive and inexpensive in comparison to other techniques
like positron emission tomography (PET) or functional
magnetic resonance imaging (fMRI). Abnormal PVEPs
in patient without diagnosed MD but with ophthalmic MD
signs and normal results of other ophthalmological as well
as neuroimaging examinations should be an indication for
psychiatric consultation. Major depression should be taken
into account in differential diagnosis of patients with sus-
pected subclinical visual pathway diseases.

Limitations

A limitation of the present study is the small number
of cases, unblinded examination of the MD individu-
als, as well as possible and not detected poor focusing
of the fixation point during the PVEPs test resulting in ab-
normal results.

Conclusions

The present study results are additional evidence that
in patients with MD visual pathway dysfunction is present
(as measured based on ISCEV-standard PVEPs). The ab-
normalities in visual pathway function detected in PVEPs
recording have a potential value to be an objective marker
of MD. Future studies using the same methodology but
with a larger sample size are necessary to confirm such
conclusion. The dependence between subjective visual
symptoms and severity of visual pathway dysfunction
should also be elucidated.
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Abstract

Background. Diabetic patients present an increased risk for heart failure (HF) independently of the presence
of coronary artery disease (CAD) and hypertension. However, little is known about circulatory microRNA
(miRNA), an important regulatory RNA in this population.

Objectives. To evaluate serum miRNA profile of patients with diabetes mellitus (DM) and HF and analyze
its relationship with pathophysiological pathways involved.

Materials and methods. The accumulation of 179 miRNAs was measured in serum of diabetic patients
with HF and compared to the same measurements in healthy control subjects. The miRNAs were assayed
using quantitative polymerase chain reaction (qPCR) on the Serum/Plasma Focus microRNA P(R panel
(Qiagen) with LightCycler® 96 Real-Time PCR System (Roche). A pairwise comparison of mean relative miRNA
accumulation levels was performed to establish those miRNAs that are differently expressed in patients
with: 1) HF; 2) HF and chronic coronary syndrome (HF-CAD); and 3) HF without chronic coronary syndrome
(HF-nonCAD) compared to healthy controls. To gain insight into these functions of miRNAs, we applied Gene
Ontology (GO) enrichment analysis of Biological Processes and Molecular Functions of their predicted targets.

Results. The pairwise comparison revealed that 12 miRNAs were significantly downregulated in HF-CAD
patients compared to controls, whereas 4 miRNAs were considerably derequlated in HF-nonCAD patients,
with miRNA-15b-5p being downregulated in both groups. The GO analysis revealed that differentially accu-
mulated targets of miRNAs include genes involved in potassium channel function, MAPK kinase activity and
DNA transcription requlation, with similar alterations observed in the whole HF group and HF-CAD subgroup
as well as a response to stress and apoptosis (in HF group), and genes involved in the development (in HF-CAD
group). No oriented specialization of derequlated miRNA targets was observed in the HF-nonCAD subgroup.

Conclusions. We observed a significant downregulation of 13 miRNAs in diabetic HF patients, which was
not reported previously either in HF or diabetic patients. Downrequlated miRNAs requlate angiogenesis and
apoptosis.

Key words: angiogenesis, cytokine, glucocorticoids, lipid, apoptosis
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Introduction

Diabetes mellitus (DM) is an independent risk factor
for heart failure (HF). Diabetic patients manifest 4 times
greater risk for HF and earlier HF onset compared
to the general population.? Myocardial dysfunction
in DM has a heterogeneous phenotype and multifactorial
origin, as it frequently occurs due to concomitant coro-
nary artery disease (CAD) and hypertension. It may also
stem from DM itself, more specifically, a condition termed
diabetic cardiomyopathy.>* In vitro and in vivo studies
demonstrated that microRNAs (miRNAs) play important
roles in the pathogenesis of cardiovascular complications
of DM by exerting a direct effect on cardiomyocytes and
influencing vascular smooth muscle cells, platelets, as well
as processes such as lipid metabolism and inflammation.>®
However, little is known about circulating miRNAs in dia-
betic patients.’

Objectives

In this study, we aim to evaluate profiles of circulat-
ing miRNAs of diabetic patients with HF diagnosis and
the correlation between deregulated miRNAs and patho-
physiology of HF in DM.

Materials and methods
Study group

We included 6 adult diabetic patients, in whom HF
had been diagnosed according to the European Society
of Cardiology Guidelines at least 3 months before the onset
of the study.® Diabetes was diagnosed according to current
guidelines.’ The control group consisted of 3 healthy age-
and sex-matched subjects with no history of cardiovascu-
lar disease. The study was approved by the Medical Ethics
Committee of the Medical University of Warsaw and was
conducted conforming to the tenets of Declaration of Hel-
sinki. All participants provided written informed consent.
The exact inclusion and exclusion criteria are described
in Supplementary Text S1.

miRNA isolation

Blood samples from 6 patients and 3 healthy donors
were centrifuged at 1000 x g for 20 min at 4°C. The se-
rum was stored at —80°C until analyzed. The miRNA was
extracted from serum using a commercial column-based
system (Micro RNA Concentrator, cat. No. 035-25C; A&A
Biotechnology, Gdansk, Poland), following the manufac-
turer’s instructions. The obtained concentration and
quality of miRNA were measured using a NanoDrop Lite
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spectrophotometer (cat. No. LD-LITE-PR; Thermo Fisher
Scientific, Waltham, USA) at 260 nm and a purity analysis
based on a 260/280 ratio.

cDNA synthesis and real-time polymerase
chain reaction

Briefly, 8 pL of RNA eluate was reverse transcribed
in 20-pL reactions using the miRCURY LNA™ Universal
RT c¢DNA Synthesis Kit (cat. No. 339340; Exiqon, Co-
penhagen, Denmark). The cDNA was diluted 30 times
and assayed using real-time polymerase chain reaction
(PCR), according to the protocol for the miRCURY
LNA™ Universal RT microRNA PCR System (cat. No.
3393306; Exiqon); each microRNA was assayed once us-
ing quantitative PCR (qPCR) on the Serum/Plasma Focus
microRNA PCR panel (cat. No. 3393325; Qiagen, Hilden,
Germany). A no-template control (NTC) of water was
purified with the samples and profiled like the samples.
The amplification was performed in a LightCycler® 96
Real-Time PCR System (cat. No. 05815916001; Roche,
Basel, Switzerland) in 96-well plates. The amplifica-
tion curves were analyzed using the Roche LC software
(Roche), both for the determination of the quantification
cycle (Ct; using the second derivative method) and for
the melting curve analysis. The amplification efficiency
was calculated using algorithms similar to the Lin-
RegPCR software (https://medischebiologie.nl/files/).
All assays were inspected for distinct melting curves,
and the melting temperature was checked to be within
known specifications for the assay.

Quantification of miRNA accumulation

The Ct values for all miRNAs and all samples were
extracted from the reverse transcription results reports
and uploaded into R/Bioconductor environment (https://
www.bioconductor.org/), where the analysis was per-
formed. In particular, for data quality control and nor-
malization, the “HTqPCR” package was employed. Two
forms of normalization were applied. To compensate for
the bias of obtaining Ct values in different runs, normal-
ization to Interplate Calibrator (IPC) UniSp3 (a compo-
nent of the miRCURY LNA™ Universal RT microRNA
PCR System (cat. No. 3393306; Exiqon)) was performed.
The second form was normalization to endogenous nor-
malizer. As in serum samples, widely used controls such
as snoRNAs or snRNAs are not accumulated on the ap-
propriate level; therefore, we decided to perform normal-
ization to invariant miRNA, and the intra-normalization
was performed to hsa-miR-21. As a result, we obtained
ACt values that are equal to log2-transformed miRNA
accumulation levels. Differential miRNA accumulation
profiles were performed using fold change calculations
based on ACt values.


https://medischebiologie.nl/files/
https://www.bioconductor.org/
https://www.bioconductor.org/
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Statistical analyses

First, a heatmap was used to visualize the hierarchi-
cal clustering of 179 miRNAs. Second, principal compo-
nent analysis (PCA) was applied to verify the differences
in miRNA profiles between the patients. Subsequently,
a pairwise comparison of mean relative miRNA accumula-
tion levels was performed to establish those miRNAs that
are differently expressed in patients with: 1) HF; 2) HF and
chronic coronary syndrome (HF-CAD); and 3) HF with-
out chronic coronary syndrome (HF-nonCAD) compared
to healthy controls. The cutoff values for identifying signif-
icantly differentially accumulated miRNAs were adjusted
p-value < 0.05 and fold change (FC) >2 or FC < 0.5 (same
as |log,FC| > 1). To gain insight into these functions of miR-
NAs, we applied Gene Ontology (GO) enrichment analysis
of Biological Processes and Molecular Functions of their
predicted targets, selected with TargetScan (https://www.
targetscan.org) and miRDB (https://mirdb.org). Data were
analyzed with the R Bioconductor environment. A more
detailed description is given in Supplementary Text S2.

Results

In total, 6 male patients with DM and HF were included
in the preliminary analysis (Table 1). The median age
of the patients was 69 years (range: 61-70 years). All pa-
tients were in the New York Heart Association (NYHA)
class I or II, with median left ventricular ejection fraction
(LVEF) equal to 41% (range: 35—50%) and median glycated
hemoglobin (HbA1c) equal to 6.9% (6.6—7.5%). The control
group consisted of 3 healthy males (age: 66 +8 years, body
mass index (BMI): 28 +6 kg/m?).

A comprehensive analysis of circulating miRNA pro-
files revealed that analyzed individuals fall into 4 separate
clusters, with all 3 healthy individuals clustered together,
as uncovered by hierarchical clustering (Supplementary
Fig. 1A,B) and PCA (Supplementary Fig. 1C). We ob-
served a clear shift in HF patients’ miRNA levels, with
65 miRNAs (36.3%) being downregulated (Supplementary
Fig. 2A). In the case of 13 miRNAs, the downregulation
was significant compared to healthy controls (Supplemen-
tary Fig. 2B,C). The pairwise comparison revealed that

Table 1. Characteristics of the study population

127

12 miRNAs are significantly downregulated in HF-CAD pa-
tients compared to controls (Fig. 1), whereas 4 miRNAs are
considerably deregulated in HF-nonCAD patients (Fig. 1),
with miRNA-15b-5p being downregulated in both groups.

The GO analysis revealed that differentially accumu-
lated targets of miRNAs include genes involved in potas-
sium channel function, MAPK kinase activity and DNA
transcription regulation, with similar alterations observed
in the whole group and HF-CAD subgroup (Supplementary
Fig. 3A) as well as genes involved in response to stress and
apoptosis (HF), and genes involved in the development
(HF-CAD) (Supplementary Fig. 3B). No oriented special-
izations of deregulated miRNA targets were observed for
the HF-nonCAD subgroup. Functional networks of path-
ways regulated by mRNA targets of significantly altered
miRNAs are presented in Fig. 2.

Discussion

This is the first study that investigated serum miRNA
profile in HF patients with DM. We identified significant
differences in serum miRNA accumulation compared
to healthy controls. The pathway analysis revealed that
deregulated miRNAs might influence angiogenesis and
apoptosis in response to stress in HF patients, as well as cell
development, response to glucocorticoids, negative regula-
tion of cytokine production, and membrane lipid metabo-
lism in HE-CAD patients.

MicroRNAs downregulated in HF-CAD patients have
been investigated in the preclinical setting. The miR-15
group is implicated in the negative regulation of cardio-
myocyte proliferation.'® The miR-30-b has been shown
to repress cyclophilin D-induced necrosis and promote
hypoxia-induced apoptosis, similarly to miR-145-5p.}1-13
The miR-143/145 cluster is also involved in inhibiting
the phenotype switch of the contractile, mature and differ-
entiated vascular smooth muscle cell type to a dedifferenti-
ated, synthetic and proliferative one.'* The mir-29b-3p was
identified as anti-apoptotic and anti-fibrotic to the myo-
cardium.'>! Substantial evidence supports the use of anti-
fibrotic miR-29b as a potential therapeutic target against
myocardial remodeling, but this application still requires
verification in the clinical setting.'”

Patient number | EF (%)
1 M 70 50
2 M 69 35
3 M 80 55
4 M 54 20
5 M 63 40
6 M 61 45

HbA1c (%) Anti-diabetic medication
1 7.5 insulin
1 6.6 glimepride, metformin
0 6.9 insulin
0 7.7 insulin
1 6.6 insulin
0 - metformin

CAD - coronary artery disease; EF — ejection fraction; HbAlc — glycated hemoglobin.


https://www.targetscan.org
https://www.targetscan.org
https://mirdb.org
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Fig. 1. Distinct microRNA (miRNA) accumulation profiles between healthy controls and heart failure (HF) patients with and without coronary artery disease
(CAD). Results are represented as volcano plots to indicate statistical significance of differential accumulation. Blue dots represent miRNAs that are not
differentially accumulated. In contrast, red dots represent miRNAs that are significantly differentially accumulated, and red lines represent threshold values
(log2(fold change (FC)) < -1, p < 0.05) for discriminating statistically significant miRNAs

In the clinical context, none of the 13 downregulated
miRNAs have been reported to be a diagnostic or prognos-
tic biomarker in HF. Still, the higher circulating miR-145-5p
expression is associated with a positive response to cardiac
resynchronization therapy.!® According to the recent sys-
tematic review, none of the 13 circulating miRNAs, except
for the miR-30 family, are deregulated in CAD patients.'
Similarly, none is deregulated in the case of DM alone.?°
Therefore, we hypothesize that the identified miRNA set
is distinctive for HF-CAD patients.

Limitations
In this article, we focused on male patients with HF and
CAD. Thus, the results should not be extrapolated to pa-

tients with HF without an ischemic component, neither
pure diabetic cardiomyopathy nor women.

Conclusions

We observed a significant downregulation of 13 miRNAs
in diabetic HF patients, which was not reported previously

either in HF or diabetic patients. Downregulated miRNAs
regulate angiogenesis and apoptosis. Heart failure in DM
is a heterogeneous disease, and these preliminary data
should be viewed with caution. Further patient recruitment
is ongoing to confirm these results.

Supplementary data

The Supplementary Files are available at https://doi.
org/10.5281/zenodo.7295018. The package contains the fol-
lowing files:

Supplementary Text S1. Supplemental methods — study
population.

Supplementary Text S2. Supplemental methods — sta-
tistical analysis.

Supplementary Fig. 1. Explorative analysis of serum
miRNA accumulation profile in heart failure patients.

Supplementary Fig. 2. Profiling of serum miRNA differ-
ential accumulation between patients and healthy control
individuals.

Supplementary Fig. 3. Gene Ontology (GO) analysis
of miRNAs differentially accumulated in heart failure
patients.
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Abstract

Background. The first-line obinutuzumab-based immunochemotherapy improves the outcome of patients
with follicular lymphoma (FL) compared with rituximab-based regimens. However, infusion-related reactions
occur in almost half of patients during the 1t obinutuzumab administration.

Objectives. The study aimed to evaluate the early effectiveness and safety of obinutuzumab-based induc
tion regimens in a real-world setting.

Materials and methods. Outcomes of patients diagnosed with FL and treated with obinutuzumab between
January 2020 and September 2021 were analyzed.

Results. The study group included 143 treatment-naive patients with FL. The median age was 52 years
(range: 28—89 years); 45.1% of patients had a high-risk disease as assessed using the Follicular Lymphoma
International Prognostic Index (FLIPT). Induction chemotherapy included: 0-CVP (obinutuzumab, cyclophos-
phamide, vincristine, prednisolone) in 49.0% of patients, 0-CHOP (0-CVP plus doxorubicin) in 28.7% and
0-BENDA (obinutuzumab, bendamustine) in 22.4%. Complete response (CR) and partial response (PR) rates
were 69.9% and 26.5%, respectively. There was no difference in response rates between different regimens
(p=10.309). Maintenance was started in 115 patients (85.2%). In the 1 cycle, obinutuzumab was adminis-
tered as a single 1000-milligram infusion in 47.9% of patients, whereas in 52.1%, initial infusions were split
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over 2 days (100 mg/900 mg). Infusion-related reactions were reported only during the 1*' administration
of obinutuzumab in 9.1% of patients, with a similar incidence in those receiving the total dose on a single
day or split over 2 days (p = 0.458). The most common adverse events were hematological. Five patients
died from coronavirus disease 2019 (COVID-19).

Conclusions. The early responses to induction regimens and adverse events profile were similar for
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Background

Follicular lymphoma (FL) is the 2" most common
type of B-cell non-Hodgkin lymphoma. The median age
at diagnosis is 65 years, and the median overall survival
is 20 years.! There are still controversies about the most
efficient first-line treatment for FL and the time when
it should be initiated. The watch-and-wait strategy is rec-
ommended for advanced FL without symptoms or organ
impairment.>?

The standard of care for initial therapy of patients with
FL in need of treatment is rituximab with one of the fol-
lowing regimens of chemotherapy: CVP (cyclophospha-
mide, vincristine and prednisone), CHOP (CVP with doxo-
rubicin) or BENDA (bendamustine), with rituximab with
CVP (R-CVP) representing the least toxic and R-BENDA
the most active regimen.34

The type II anti-CD20 antibody, obinutuzumab, when
combined with chemotherapy, resulted in prolonged
progression-free survival (PFS) compared to rituximab
with chemotherapy in a randomized Gallium study, al-
though grade 3 or 4 neutropenia, thrombocytopenia and
infusion-related reactions (IRRs) were more frequent.>¢
Effective measures for reducing incidence of IRRs are
generally adopted, including splitting the dose of the 1°
infusion, slowing down infusion rates and routine use
of pre-medications.”

Objectives

The aim of the study was to evaluate the efficacy and
adverse events, especially IRRs, following obinutuzumab-
based induction therapy in patients with FL in need
of treatment.

Materials and methods

The study included patients aged =18 years diagnosed
with FL in need of treatment. The study was conducted
in the Polish Lymphoma Research Group (PLRG) sites
(participating health centers). Clinical and laboratory
characteristics of the patients were identified retro-
spectively in electronic records of 14 contributing PLRG

every type of induction treatment. The infusion-related reactions were rare and limited to the 1* dose

Key words: follicular lymphoma, chemotherapy, obinutuzumab, induction treatment

sites. The Independent Ethics Committee of the Maria
Sklodowska-Curie National Research Institute of Oncol-
ogy in Warsaw approved the study (approval No. 84/2021),
which was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice Guidelines.

All patients included in the study had a histological di-
agnosis of FL based on the World Health Organization
(WHO) classification.® Patients were treated with obinu-
tuzumab in combination with CVP, CHOP or BENDA
at the physician’s discretion. Obinutuzumab was admin-
istrated at a fixed dose of 1000 mg, in up to eight 21-day
cycles, in combination with CVP (O-CVP), up to six 21-day
cycles with CHOP (O-CHOP), followed by 2 additional
cycles of obinutuzumab monotherapy or up to six 28-day
cycles in combination with bendamustine (O-BENDA).
In the 15t cycle, obinutuzumab was administered on days 1,
8 and 15, then only on the 1% day of every next cycle.’
However, physicians modify the treatment schedule, e.g.,
split the 15t dose over 2 days instead of 1 in individual cases.
Patients received standard premedication before each in-
fusion. Intravenous infusions of obinutuzumab were ad-
ministered at the standard recommended infusion rates.’
Seventeen patients received corticosteroid dose the day
before obinutuzumab at 1 participating center.

The response to treatment was evaluated with positron
emission tomography/computed tomography (PET/CT)
in 81.3% of patients (n = 109/134), and with computed to-
mography (CT) in 18.7% of patients (n = 25/134), according
to response criteria for non-Hodgkin’s lymphomas or re-
vised response criteria when PET/CT was available.!%!1
Adverse events (AEs) were described and graded according
to the National Cancer Institute Common Terminology
Criteria for AEs (NCI-CTCAE v. 5).1?

Statistical analyses

Descriptive statistics was used to evaluate variables
including demographic, pathologic, clinical, laboratory,
type of treatment, response to the therapy, and deaths
of patients receiving obinutuzumab-based immunoche-
motherapy regimens. The x? test or the exact Fisher’s test
was used to compare categorical variables. Survival curves
were estimated using the Kaplan—Meier method, and log-
rank test was used to compare time-to-event distributions.
Statistical analyses were performed using Matlab v. 2021a
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(https://www.mathworks.com) and R v. 4.2.0 (R Foundation
for Statistical Computing, Vienna, Austria).!* The ? test,
the Fisher’s exact test and the Kaplan—Meier method were
performed using ‘chisq.test’, ‘fisher.test” and ‘survfit’ func-
tions from R, whereas figures were plotted using Matlab.
Effects were considered statistically significant for p < 0.05.

Results

A total of 143 consecutive patients who started treatment
after obinutuzumab was made available for use in Poland
on January 1, 2020, were included in the analysis. The last
analyzed patients began treatment in September 2021.
The characteristics of patients are presented in Table 1.
According to the Groupe d’Etude des Lymphomes Fol-
liculaires (GELF) criteria, the median tumor burden was 2
(range: 0-7). Four patients with GELF = 0 received treat-
ment on their explicit request.

The O-CVP regimen was used across the analyzed group
the most often (49.0%). The majority of patients responded
to the induction treatment. Progression of disease (PD)
was reported at the end of immunochemotherapy in less
than 3% of patients. We did not find differences in re-
sponse rates between used regimens (Fisher’s exact test,
p = 0.309; Table 2). Clinical and laboratory characteristics
of patients treated according to different regimens are pre-
sented in Table 1.

The median follow-up was 15months and the median
number of treatment cycles was 6. Maintenance treat-
ment was started in 115 patients (85.2%) at the discretion
of treating physicians. We did not find differences between
regimens regarding progression-free survival (PES; log-
rank test, p = 0.327) and overall survival (OS; log-rank
test, p = 0.897) (Fig. 1). During the follow-up, 5 patients
exhibited disease progression. No lymphoma-related
deaths were reported. Five patients died from coronavirus
disease 2019 (COVID-19) during the induction therapy
of lymphoma.

The 1% obinutuzumab dose was administered as a single
infusion on day 1 of the 1% cycle in 68 patients (47.9%)
or split in 2 infusions in 74 patients (52.1%), i.e., 100 mg
on day 1 and 900 mg on day 2 of the 1% cycle. The major-
ity of patients (n = 136, 95.1%) received all planned infu-
sions in the 1% cycle. Doses were omitted in 7 patients due
to COVID-19 (n = 4), neutropenia (n = 2) or pneumonia
with neutropenia (n = 1). In 27 patients (19.3%), doses were
postponed. In 11 patients, day 8 dose was delayed, and in 20
—day 15 dose. Delays occurred due to grade 3 or 4 neutro-
penia (n = 18), admission restrictions due to the pandemic
(n = 5), infections other than COVID-19 (n = 4), COVID-19
(n = 1), and other reasons (n = 3).

The IRRs were reported during the 1% administration
of obinutuzumab only, and occurred in 13 patients (9.1%)
(grade 1 or 2 in 11 patients and grade 3 in 2 patients).
A similar proportion of patients receiving the 1 infusion
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onasingle day or split over 2 days experienced IRRs — 11.8%
and 6.8%, respectively (x? test statistics = 0.551, df = 1,
p = 0.458). A median duration of the 15t infusion measured
in 69 patients was 4 h and 52 min (range: 1.30-9.45).

The most common grade 3 to 4 AEs in patients receiv-
ing obinutuzumab-containing regimens was neutropenia
(46.1%). Granulocyte-colony stimulating factor (G-CSF)
was used in 94 patients (65.7%), including 69 patients
(48.2%) who received G-CSF as a primary prophylaxis
of neutropenic fever. Grade 3 or 4 thrombocytopenia
occurred in 4 patients (2.8%). The COVID-19 infection
occurred in 19 patients (13.3%), and other infections (pneu-
monia, upper respiratory infections, zoster, contagious
impetigo) in 6 patients (4.2%). The incidence of AEs was
similar across chemotherapy regimens used.

Discussion

Follicular lymphoma patients in this real-world study
were younger than FL patients in general population
in Poland (median age: 52 years compared to 61 years,
respectively),'* and younger than patients treated in Gal-
lium study (median: age 59 years) that established supe-
riority of obinutuzumab over rituximab (both combined
with chemotherapy). Briefly, 45.1% and 36.5% of patients
had high-risk FL according to Follicular Lymphoma In-
ternational Prognostic Index (FLIPI) and PRIMA prog-
nostic index (PRIMA PI) assessment, respectively. These
patient characteristics may suggest a preferred choice
of obinutuzumab for younger patients with more aggres-
sive disease.

In our study, we focused on evaluation of response and
safety. The median follow-up time was 15 months. We pre-
sented objective response rate of 96.3%. The limitations
of our analysis are retrospective design and small group
of patients, but our overall response rate (ORR) is superior
to the 88.5% of ORR in the Gallium study.’

The choice of chemotherapy regimen combined with
the antibody was consistent with the European Society
for Medical Oncology (ESMO) guidelines and practice
in the particular health center.? So far, it is not clear which
of the recommended induction chemotherapy regimens
is the most effective for FL — CVP, CHOP or bendamus-
tine — but except for Gallium trial, they were analyzed
in combination with rituximab. In FOLLO5 trial, response
rates after induction therapies R-CVP, R-CHOP, R-FM
(rituximab, fludarabine, mitoxantron) were similar (88%,
93% and 91%, respectively, p = 0.247), but improved PFS
of R-CHOP and R-FM over R-CVP were demonstrated.!®
The PLRG4 trial compared R-CVP to R-CHOP followed
by rituximab maintenance for the treatment of indolent
lymphoma in need of induction therapy (including FL).
Overall response rate (ORR) in the R-CVP arm was 97.1%,
and in the R-CHOP arm - 94.5% (p = 0.218). No differences
is PFS or OS were demonstrated.!



134 E. Paszkiewicz-Kozik et al. Induction obinutuzumab based treatment in FL

Table 1. Baseline characteristics of patients with newly diagnosed FL (number and percentages or median (IQR))

Variable | Al | 0-CvP | o-cHop | o-8enDA
Number of patients 143 70 41 32
Gender, male 9 (41.3%) 30 (42.9%) 8 (43.9%) 11 (34.4%)
Age (IQR) 52 (41-63) 55 (43-65) 47 (40-58) 52 (41-67)
€] 30 (21.9%) 17 (24.6%) 3(7.7%) 10 (34.5%)
FL grade (n=137) G2 61 (44.5%) 31 (44.9%) 0(51.3%) 10 (34.5%)
G3 46 (33.6%) 21 (30.4%) 6 (41.0%) 9 (31.0%)
0 42 (29.6%) 22 (31.4%) 5 (37.5%) 5 (15.6%)
EEOG Raiiaimenee 1 77 (54.2%) 33 (47.1%) 9 (47.5%) 25 (78.1%)
Score (n =142) 2 20(14.1%) 13 (18.6%) 5(12.5%) 2(62%)
3 3(2.1%) 2 (2.9%) 1 (2.5%) 0 (0.0%)
1 1 (0.7%) 1(1.4%) 0 (0.0%) 0 (0.0%)
2 12 (8.4%) 6 (8.6%) 3(7.3%) 3(9.4%)
Clinical stage
3 4 (23.8%) 21 (30.0%) 6 (14.6%) 7 (21.9%)
4 96 (67.1%) 42 (60.0%) 32 (78.0%) 22 (68.8%)
B symptoms (n = 141) 63 (44.7%) 34 (49.3%) 18 (45.0%) 11 (34.4%)
Extranodal disease 96 (67.1%) 43 (61.4%) 30 (73.2%) 23 (71.9%)
HGB < 12 g/dL 36 (25.2%) 22 (31.4%) 9 (22.0%) 5 (15.6%)
Elevated LDH 50 (35.0%) 23 (32.9%) 14 (34.1%) 13 (40.6%)
Serum B,-microglobulin >3 mg/L (n = 99) 5 (35.4%) 21 (38.9%) 9 (31.0%) 5(31.2%)
Bone marrow involvement (n = 134) 73 (54.5%) 36 (58.1%) 24 (58.5%) 13 (41.9%)
Involvement of at least 3 nodal sites (n = 142) 87 (61.3%) 43 (61.4%) 21 (51.2%) 23 (74.2%)
Organ dysfunction 41 (28.7%) 21 (30.0%) 13 (31.7%) 7 (21.9%)
Exudation 19 (13.3%) 11 (15.7%) 5 (12.2%) 3 (9.4%)
Splenomegaly (n = 142) 20 (14.1%) 10 (14.5%) 8 (19.5%) 2 (6.2%)
FL cells in blood (n = 60) 11 (18.3%) 6 (18.2%) 3 (14.3%) 2 (33.3%)
Bulky disease >7 cm diameter 63 (44.1%) 28 (40.0%) 18 (43.9%) 17 (53.1%)
Lymph nodes >3 cm diameter 73 (51.0%) 38 (54.3%) 21 (51.2%) 14 (43.8%)
0 4 (3.7%) 1(1.6%) 2 (54%) 1(11.1%)
1 23 (21.1%) 13 (20.6%) 8 (21.6%) 2 (22.2%)
2 37 (33.9%) 24 (38.1%) 11 (29.7%) 2(22.2%)
GELF criteria 3 22 (20.2%) 14 (22.2%) 6 (16.2%) 2 (22.2%)
(n=109) 4 2(11.0%) 6 (9.5%) 5(13.5%) 1(11.1%)
5 8 (7.3%) 4(6.3%) 4(10.8%) 0 (0.0%)
6 1 (0.9%) 1(1.6%) 0(0.0%) 0 (0.0%)
7 2 (1.8%) 0 (0.0%) 1(2.7%) 1(11.1%)
low risk 29 (20.4%) 15 (21.4%) 2(29.3%) 2 (6.5%)
FLIPI (n = 142) intermediate risk 49 (34.5%) 24 (34.3%) 2 (29.3%) 13 (41.9%)
high risk 64 (45.1%) 1(44.3%) 7 (41.5%) 16 (51.6%)
low risk 31 (32.3%) 15 (29.4%) 9 (31.0%) 7 (43.8%)
PRIMA PI (n = 96) intermediate risk 30 (31.2%) 15 (29.4%) 11 (37.9%) 4 (25.0%)
high risk 35 (36.5%) 21 (41.2%) 9 (31.0%) 5(31.2%)

Total number of patients (n) = 143, otherwise indicated in brackets. IQR - interquartile range; FL - follicular lymphoma; ECOG - Eastern Cooperative
Oncology Group; clinical stage — Ann Arbor clinical stage; HGB — hemoglobin; LDH — lactate dehydrogenase; GELF — Groupe d'Etude des
Lymphomes Folliculaires; FLIPI - Follicular Lymphoma International Prognostic Index; IQR - interquartile range; PRIMA Pl — PRIMA prognostic index;
O-CVP - obinutuzumab, cyclophosphamide, vincristine, prednisolone; O-CHOP — obinutuzumab, cyclophosphamide, doxorubicin, vincristine,
prednisolone; O-BENDA — obinutuzumab, bendamustine.
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Table 2. Response to induction regimens

Response/induction regimen All regimens
CR 48 (73.8%) 28 (70.0%) 19 (61.3%) 95 (69.9%)
PR 15 (23.1%) 9 (22.5%) 12 (38.7%) 36 (26.5%)
SD 1 (1.5%) 0 (0.0%) 0 (0%) 1(0.7%)
PD 1(1.5%) 3(7.5%) 0 (0%) 4 (2.9%)
Total 65 (100%) 40 (100%) 31 (100%) 136 (100%)
Not evaluated 5 1 1 7

CR - complete response; PR — partial response; SD — stable disease; PD — progression of disease; O-CVP — obinutuzumab, cyclophosphamide, vincristine,
prednisolone; O-CHOP — obinutuzumab, cyclophosphamide, doxorubicin, vincristine, prednisolone; O-BENDA — obinutuzumab, bendamustine; p = 0.309
(Fisher's exact test, for CR+PR and SD+PD compared to O-CVP, O-CHOP and O-BENDA).
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Fig. 1. Overall survival (A) and progression-free survival (B) of patients with newly diagnosed follicular lymphoma treated with obinutuzumab-based
regimens. There were no differences in overall survival (C) and progression-free survival (D) between obinutuzumab combined with CHOP, CVP and
bendamustine (log-rank test)

O-CVP - obinutuzumab, cyclophosphamide, vincristine, prednisolone; O-CHOP — obinutuzumab, cyclophosphamide, doxorubicin, vincristine,
prednisolone; O-BENDA - obinutuzumab, bendamustine.

The Gallium study was not designed to compare differ- they occurred only during the 1% obinutuzumab infusion.
ences within chemotherapy groups combined with ritux- We assume that this phenomenon can be associated with
imab or obinutuzumab, but ORR and PFS were superior the underreporting of adverse events in retrospective stud-
with obinutuzumab to rituximab, with consistent effects ies. The initial dose of obinutuzumab was split in 2 in half
across chemotherapy regimens.® In any of these trials, OS of the patients; however, the incidence of IRRs was simi-
difference was demonstrated. lar no matter if the dose was split or not. An amendment

The events of special interest for safety evaluation were of the CLL11 study protocol changing the administration
IRRs, which usually occur during the 1°* administration of the 1** obinutuzumab infusion to patients with chronic
of obinutuzumab.? In a phase IV GAZELLE study, where lymphocytic leukemia (CLL) from 1 day to 2 days resulted
safety of 90-minute infusion of obinutuzumab from C2 was in a decreasing grade 3 or 4 IRRs to 20%.!® The practice
evaluated in 101 patients,'” IRRs were observed in the 1¢ adapted from the CLL therapy probably does not need
cycle of treatment with a standard infusion duration. to be extended to patients with FL. The occurrence of IRRs

A single patient experienced grade >3 IRRs beyond the 1% in FL and CLL patients beyond the 1% infusion are only
cycle. In our study, the rate of IRRs was even lower and occasional; thus, shortened duration of obinutuzumab
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infusions starting from the 2" can be used as a routine,
and since October 2021, obinutuzumab is approved for
induction treatment of FL.>1

Neutropenia was the most common AE that required
therapeutic use of G-CSF and delay of subsequent cy-
cles of treatment. Unfortunately, 5 patients died from
COVID-19; there were no other deaths in this group
of patients. Therefore, the protection of patients requir-
ing treatment with anti-CD20 antibodies against severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is a high priority, with measures including appropriate vac-
cination and/or pre-exposure treatment with anti-SARS-
CoV-2 antibodies, as well as early treatment with anti-viral
agents in case the infection occurs.

Conclusions

The first-line treatment of follicular lymphoma pa-
tients with obinutuzumab combined with cytotoxic
chemotherapy is efficacious and well-tolerated. The re-
sponse to treatment with 3 different chemotherapy regi-
mens was similar. Low grade and incidence of infusion-
related reactions that exclusively occurred in the 1%
administration of obinutuzumab support the use of ab-
breviated 90-minute infusions starting from the 2
treatment cycle.
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