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Abstract

It has been well established that chronic low-grade inflammation is implicated in both physical and mental
noncommunicable diseases. Diet, a leading risk factor for non-communicable diseases, has been repeatedly
shown to be related to inflammation, as well as various health outcomes, including mental and cogni-
tive health. In the current editorial paper, we briefly summarize the current state of evidence and discuss
the potential mediating role of inflammation between diet and mental/cognitive health. We also outline
our perspective on challenges and future research directions in the domain of inflammation and diet, with
a specific focus on mental and cognitive health.

Key words: inflammation, diet, nutrition, mental health, cognitive health
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Systemic chronic inflammation,
diet and health

Chronic low-grade inflammation is implicated in the eti-
ology of various noncommunicable diseases, including
diabetes,! obesity,? cancer,® and cardiovascular diseases,*
and even increased mortality.>® Additionally, inflamma-
tion is also implicated in numerous mental disorders.
For instance, meta-analytic and systematic reviews that
focused on observational evidence have shown that a range
of blood and cerebrospinal fluid pro-inflammatory mark-
ers such as interleukin-6 (IL-6), interleukin-8 (IL-8), tu-
mor necrosis factor alpha (TNF-a), and C-reactive pro-
tein (CRP) were increased in a range of mental illnesses
including depression, anxiety, schizophrenia, and bipolar
disorder.”!! Large cohort studies have also shown elevated
CRP levels and white blood cell counts in depressive and
anxiety disorders.!>16

In terms of cognitive health, evidence from cross-sec-
tional and prospective studies indicate that peripheral
inflammatory markers, such as IL-6 and CRP, are associ-
ated with the global cognitive decline,'”?° and a decline
in specific cognitive domains, particularly short-term
memory,?2% processing speed,?* verbal fluency, and ex-
ecutive function.?>=%” For neurodegenerative conditions,
meta-analyses of prospective studies have reported that
higher levels of CRP and IL-6 are associated with a higher
risk of all-cause dementia.?-3° While inflammation was
not associated with an increased risk of Alzheimer’s dis-
ease (AD), evidence from cross-sectional studies indicates
that peripheral markers of inflammation such as CRP,
IL-1B, IL-6, and IL-8 are significantly higher in AD pa-
tients compared to controls.?'-33 Elevated peripheral in-
flammatory markers such as monocyte chemoattractant
protein-1 (MCP-1), IL-6 and IL-8 have been reported
in mild cognitive impairment,® but this finding is not
consistent,33* and it may be that systemic inflamma-
tion is similar to that of healthy individuals and occurs
at a later stage in the progression of AD.*> Additionally,
due to kynurenine pathway enzymes directly influencing
inflammation and the immune system, kynurenic acid was
shown to be lower in individuals with neurodegenerative
conditions.3¢:37

The aforementioned adverse physical, mental and cog-
nitive health outcomes are also known to be associated
with poor diet quality.3-%° Diet, a leading risk factor for
noncommunicable diseases, affects disease risk via modu-
lation of various mechanisms including, but not limited to,
oxidative stress, plasticity, microbiota—gut—brain axis, and,
most importantly, inflammatory responses.*4? Negative
associations between adherence to a Mediterranean style
diet (MED) and food groups that are abundant in these
diets, such as fruits, vegetables, oily and non-oily fish,
and inflammatory markers such as platelet and leuko-
cyte counts, neutrophil to lymphocyte ratios (NLRs), and
CRP*-% levels have been observed. Intervention studies
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have also shown a similar pattern of results. For instance,
results from meta-analyses of randomized controlled trials
(RCTs) have provided evidence that a MED decreases in-
flammation, specifically CRP, IL-6 and IL-1f.48%

Based on the evidence discussed above, inflammation
may mediate the association between anti-inflammatory
diets, such as the MED, and health outcomes. In fact, a re-
cent cross-sectional study found a role for various inflam-
matory biomarkers in the relationship between diet and
sleep quality,* though the role of inflammation on the rela-
tionship between diet and mental and cognitive health has
not yet been examined. However, there is a considerable
amount of cross-sectional evidence showing that the ad-
herence to a MED or healthy dietary patterns, including
higher intakes of fruit, vegetables, fish, and wholegrains,
were associated with a reduced risk of depression (but not
anxiety), age-related cognitive decline, pathological neu-
rodegeneration, and better general mental well-being.>0-5
Additionally, the consumption of various nutrients (B vi-
tamins, vitamin D, polyphenols, n-3 fatty acids, fiber) and
certain food groups (fish/seafood, vegetables, fruits) were
also shown to be associated with better mental and cogni-
tive outcomes.>>+56-61 Similarly, based on recent reviews,
alow number of heterogeneous dietary intervention stud-
ies have shown beneficial effects of the MED on symptoms
of depression (but not anxiety) and cognitive decline.52-54
Though, to the best of our knowledge, none of these stud-
ies have tested the extent to which these benefits are due
to changes in inflammation.

Challenges and future directions

The research briefly presented above, unfortunately,
is not free from challenges. First and foremost, many
of the studies are observational, and either cross-sectional
or prospective in design, which limits our ability to infer
a causal relationship between diet, inflammation, and
physical, cognitive and mental health. Secondly, although
various RCTs have been conducted in this area, they re-
cruited small numbers of participants, and the heteroge-
neity of research methodology cannot be underestimated.
Specifically, there is considerable variation in assessment
of mental and cognitive health and dietary outcomes,
and not all of the studies utilized consistent, validated
and sensitive measures. Of specific importance, dietary
intake measures are known to rely on the ability of par-
ticipants to recall and report, and are prone to under-
reporting.®® Furthermore, the definition of a specific
dietary pattern differs across distinct geographical and
cultural contexts.*® Third, the majority of the evidence
in the area relies mainly on clinical samples and specific
disorders (such as depression); however, research in sub-
clinical samples and across a variety of psychopathologi-
cal conditions is warranted. Fourth, most of the studies
examined only a small subset of single measurements
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of inflammation biomarkers, and time of the blood draw
was not taken into consideration. Indeed, while single
measurements of various inflammatory biomarkers have
been shown to predict a range of health outcomes,!>¢°
itis also important to note that intraindividual variability
in inflammatory biomarkers has been observed before,®”
and some biomarkers show circadian rhythms.%® Fifth,
one of the biggest challenges to the field is conducting
interdisciplinary research to address the interactions be-
tween peripheral and brain alterations. Therefore, future
research studies would benefit from combining multiple
techniques and linking inflammation to the structure,
function and connectivity of the brain, as well as to other
biomarkers, such as neurometabolites, amyloid, tau, and
a-synuclein, that are known to be sensitive to mental and
cognitive health alterations. Moreover, there is no current
consensus regarding the best diet that has anti-inflam-
matory potential, and, to the best of our knowledge, no
trials have compared the efficacy of dietary interventions
on mental and cognitive health outcomes to pharmaco-
logical and/or other nonpharmacological interventions.
Finally, it is important to note that interpopulation differ-
ences in dietary patterns may result in markedly different
inflammatory potential, as energy, nutrient intake and
density differ greatly across populations.®

Based on the challenges and limitations discussed
above, we invite researchers to conduct longitudinal stud-
ies that aim to clarify the temporal relationships between
mental/cognitive health, inflammation and nutritional
domains, in order to ascertain whether immune dysregu-
lation is a precursor or the result of mental and cogni-
tive health outcomes, or if it is a bidirectional pathway.
We would also like to encourage researchers to conduct
large RCTs: 1) by using consistent, validated, sensitive
(and ideally objective) diet, mental and cognitive health
measures; 2) in clinical and subclinical samples, across
various psychopathological conditions; 3) by using wide
range of inflammation biomarkers (measured at multiple
time points to control for intraindividual variations); and
4) ideally by also utilising brain imaging and cerebrospi-
nal fluid biomarkers, to identify the best anti-inflam-
matory diets, test the efficacy of these on mental and
cognitive health outcomes, and test the efficacy of these
in comparison to pharmacological and other nonphar-
macological interventions. These interventions should,
of course, control for various participant (such as sex,”
severity of health issues, body mass index (BMI), smoking,
exercise, medical comorbidities,”! genetic heterogeneity,
etc.) and sample (collection/processing/storage practices,
time of the sample collection, etc.) characteristics. Filling
the knowledge gaps discussed in this editorial will not
only advance theoretical frameworks that characterize
interactions between the gut and the brain, but also move
fundamental research towards translational applications
that could be used for disorders where inflammation
is implicated.
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Abstract

Background. Perineural spread of head and neck tumors is linked to a worse chance of survival as well
as a higher risk of local recurrence and metastasis. Particle emission tomography/computed tomography
(PET/CT) using 2-[fluorine-18]fluoro-2-deoxy-d-glucose (FDG) is part of the work-up and follow-up of many
afflicted patients, and radiologists play an essential role in the assessment and management of head and
neck cancer.

Objectives. The purpose of the current study was to investigate the diagnostic performance of '8F-FDG PET
in detecting perineural spread among patients with head and neck tumors through a meta-analysis.

Materials and methods. Relevant articles were searched using appropriate keywords from PubMed,
MEDLINE and PubMed Central (PMC) databases. Retrospective and prospective studies were included as per
the predefined PICOS criteria. Demographic summary and event data for diagnostic accuracy of "8F-FDG PET
were determined, and odds ratio (OR), sensitivity, specificity, likelihood ratios, and predictive values were
calculated using RevMan software. The bias risk was analyzed with Egger’s and Begg’s tests using MedCalc
software.

Results. Fourteen clinical trials performed between 2000 and 2021, with 977 head and neck cancer patients
with perineural spread, were included according to the inclusion criteria. Included studies used "8F-FDG PET
imaging of tumors and reported its high sensitivity. In the current study, we obtained the pooled OR = 3.088
(95% confidence interval (95% CI): [1.486; 6.419]), pooled sensitivity of 91.7%, pooled specificity of 92.35%,
positive predictive value (PPV) of 92.27%, negative predictive value (NPV) of 91.13%, positive likelihood
ratio of 745, negative likelihood ratio of 0.28, disease prevalence of 95.8%, and accuracy of 91.5%. Data was
heterogeneous, with Q value of 33.8%, degrees of freedom (df) value of 13, 1 value of 61.5% (31.23-78.5),
and p-value = 0.0013. The risk of publication bias was low, with a p=0.7490 (Eqger's test) and p = 0.7843
(Begq's test).

Conclusions. The present meta-analysis highly recommends "®F-FDG PET as an effective imaging method
for patients with head and neck tumors with perineural spread.

Key words: MRI, head and neck tumors, perineural spread, perineural invasion, FDG PET scan
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Background

The concept of ‘head and neck cancer’ refers to a diverse
class of cancers that affect the oral cavity, pharynx, lar-
ynx, nasal cavity, paranasal sinuses, and salivary glands.
Head and neck cancer has several histologic subtypes due
to the large array of structures and cell types.!

Head and neck tumors can spread through several pro-
cesses, including direct extension, hematogenous dis-
semination and lymphatic dissemination. Furthermore,
a phenomenon known as perineural spread allows some
cancers to exploit peripheral nerves as a direct conduit
for tumor development, away from the initial location.
Perineural spread is important in clinical practice because
itindicates a poor prognosis, even asymptomatic. Further-
more, it is frequently overlooked during surgery and can
develop without hematogenous or lymphatic metastases.?

In the literature, the words ‘perineural invasion’ and
‘perineural spread’ are frequently used interchangeably;
thus, it is vital to distinguish between them.

Perineural spread can affect any cranial nerve and its
branches. However, the trigeminal nerve (cranial nerve
V) and the facial nerve (cranial nerve VII) are the most
afflicted, owing to their extensive innervation of the head
and neck tissues. In addition, the perineural spread is more
likely in tumors that are located in the midface, in men,
in larger tumors, in recurrence after therapy, and in tumors
with poor histologic distinction.?

Perineural invasion is a histologic diagnosis that is difficult
to establish with macroscopic imaging modalities. However,
the perineural spread spreads tumor cells along a nerve and
such infiltration may be seen with imaging tools. Therefore,
the radiologist must determine whether a tumor that is di-
rectly next to a nerve is considered a perineural spread or not.

The perineural spread has an adverse impact on the treat-
ment outcome with a poor prognosis. The long-term sur-
vival is jeopardized. Previous studies have reported that
unrecognized perineural tumor invasion leads to treat-
ment failure. Henceforth, it is necessary to detect and ac-
curately diagnose such spread.*®

Imaging is widely known to have an essential role in diag-
nosis and treatment of head and neck cancers. The frequently
used imaging methods for detecting perineural spread are
magnetic resonance imaging (MRI), computed tomography
(CT) and positron emission tomography (PET) scan, among
others. Among these, the use of ¥F-FDG PET (PET with
2-[fluorine-18]fluoro-2-deoxy-d-glucose (FDQ)) is highly
recommended in various studies due to its high sensitivity
for detecting perineural spread and recurrent metastatic
tumors.®~20 For example, Schroeder et al. reported that MRI
and 8F-FDG PET have identical detection rates of recur-
rent metastatic tumors.!® Similarly, Lee et al. reported that
the application of 8F-FDG PET in clinical diagnosis could
enhance the tumor detection rate in head and neck cancers.?

In contrast to these studies, Hanna et al. concluded that
MRI has higher sensitivity and specificity for perineural

X. Nie et al. PET scan and PNS

spread and malignant tumor detection.?! These contrast-
ing reports limited the use of 8F-FDG PET as an effec-
tive diagnostic tool. Therefore, the current meta-analysis
aimed to statistically analyze the available literature re-
lated to F-FDG PET and predict its diagnostic accuracy.

Objective

This study aims to investigate the diagnostic perfor-
mance of ¥F-FDG PET in determining perineural spread
in patients with head and neck tumors.

Materials and methods

We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) normative
recommendations in this study with the PROSPERO reg-
istration No. CRD42021244688. All procedures performed
in the study were in accordance with the institutional and/
or national research standards set by the Ethics Commit-
tee of the Shandong University (Jinan, China), and with
the 1964 Helsinki Declaration and its later amendments,
or comparable ethical standards.

Search strategy

This meta-analysis is based on an extensive search con-
ducted in databases of MEDLINE (through PubMed),
Cinahl (through EBSCO), Scopus, and Web of Sciences.
The following keywords were used for searching the rel-
evant studies: ['®F-FDG PET], [perineural spread], [head
and neck cancer], [CT scan], and [MRI]. All the included ar-
ticles were selected as per the predefined PICOS criteria and
PRISMA guidelines, and studies were selected randomly,
irrespective of the language, publication status or type
of study (prospective, retrospective, clinical trial). Demo-
graphic summary of the patients and event data of the in-
cluded studies are summarized in Table 1.7!° Two authors
(XN and JZ) scanned the relevant sources for related stud-
ies separately. Mainly, the full-texts articles of the sources
were collected, and abstracts were used to obtain sufficient
information for the meta-analysis. Obsolete references were
excluded, and valuable studies were included as per the in-
clusion criteria. Then, event data with useful variables were
collected by 2 researchers (Z] and JS) independently.

Inclusion and exclusion criteria

The studies included in the meta-analysis reported the use
of BF-FDG PET as an effective imaging method for diag-
nosing patients with head and neck tumors with perineural
spread, and were published between 2000 and 2021. Only
the full-text data were included in the current study, while
studies with insufficient data, studies reporting the use
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Table 1. Demographic summary of the studies
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Gender
(M/F)

Instrument detail

Total Age
Study and year | samples | Type of study | of patients Duration
studied [years]
Ng et al. 2005° 151 prospective 26-82 2 weeks
Schoder et al. ) 2 years
20067 142 prospective 37-84 3 months
Kim et al. 20078 64 retrospective 60 1 year
Gu et al. 2010° 46 retrospective 39-89 2 weeks
El-Khodary et al. ) 3 years
201110 38 retrospective 58 2 months
Pereira et al. )
501211 49 retrospective 36-81 4 years
Karapolat and 3 vears
Kumanlioglu 20 retrospective 20-76 5 ni/onths
201212
GOder etal 38 retrospective 24-78 4 years
2016
Ceylan et al. . 1 year
2018 22 retrospective 18-89 10 months
Sherif et al. )
501815 50 retrospective 17-74 1 year
Schroeder et al. )
202076 25 retrospective 49-79 4 years
Park et al. 2020" 134 retrospective 47-83 9 months
Sarma et al. )
b 63 retrospective 32-83 8 years

2021

' ) 2 years

19 —

Linzetal. 2021 135 prospective 23-88 6 months

121 M/3 F PET system (ECAT EXACT HR; Siemens/CTI, Knoxville, USA)
21 M/10F Integrated PET/CT scanner: Biograph (Siemens) or Discovery
LS (GE Healthcare, Milwaukee, USA)

267 M/82 F Biograph Sensation16 scanner (Siemens/CTl)
39M/7F Discovery STE Whole Body PET/CT System (GE Healthcare)
51 M/12F Discovery STE 16 (GE Healthcare)

44 M/5 F Siemens Biograph Integrated PET/CT scanner (Siemens/CTl)

19M/1TF Siemens HI-REZ Biograph 6 (Siemens/CTI)

24 M/14F 3T wide-bore MR scanner (General Electric Discovery 750w;

GE Healthcare)
49M/16 F = Siemens Biograph 16 TruePoint PET/CT scanner (Siemens/CTl)
34M/16F PET/CT Scanngr (Gem{ml\ TF; Philips, Andover, USA)
with multislice-16 scanner
Integrated PET/CT system (Biograph mCT 128 True V;
17 M/8 F )
Siemens/CTI)
48 M/25 F PET/MRI system (Biograph mMR; Siemens Healthcare,
Erlangen, Germany)
General Electric Discovery PET 8 slice CT scanner

e (GE Healthcare)

24 /61 F PET/CT scanner (Siemens Biograph mCT 64; Siemens

Healthcare)

M —male; F — female; PET/CT — particle emission tomography/computed tomography.

of other imaging methods, and all studies published before
2000 were excluded, as shown in Fig. 1.

Evaluation of the analytical standard
and source of heterogeneity

Two reviewers (XN and JZ) separately evaluated
the methodological validity of the included studies and
calculated the heterogeneity in the included experiments.
At the same time, one author (WC) was responsible for re-
solving disagreements between authors (XN and JZ). In or-
der to investigate the heterogeneity, Cochran’s Q statistic
and I? index in the random bivariate model were calculated
with the help of RevMan software v. 5 (The Cochrane Col-
laboration, The Nordic Cochrane Center, Copenhagen,
Denmark). The investigated heterogeneity sources were
the use of full-text publication compared to abstracts,
prospective compared to retrospective studies, different
numbers of patients with diverse types of head and neck
cancers, and different imaging instruments.

Statistical analyses

The DerSimonian—Laird technique calculated the diag-
nostic odds ratio (OR) for statistical analysis. A 2 x 2 table was

made using the event data, and meta-analysis was performed
using RevMan and MedCalc v. 20.100 (MedCalc Software,
Ostend, Belgium) software. Pooled diagnostic OR with 95%
confidence intervals (95% Cls), respective forest plot, hetero-
geneity of studies (in terms of Q value, degrees of freedom
(df) value, I? value, and p-value), pooled sensitivity, specificity,
likelihood ratios, predictive values, disease prevalence, ac-
curacy, and receiver operating characteristic (ROC) analysis
were performed with the help of MedCalc software. In ad-
dition, Deeks’ funnel plot for publication bias, Youden plot
to assess investigation error, and hierarchical summary re-
ceiver operating characteristic (HSROC) curve were created
using MedCalc software, while forest plot of sensitivity and
specificity was plotted using RevMan software.

Results
Literature search results

We found a total of 1246 studies in different databases,
and excluded 227 studies after reading their titles and
abstracts; as a result, 1019 records were screened. Fur-
ther, due to invalid references and duplicity, we excluded
784 studies and included only 235 studies for the final



X. Nie et al. PET scan and PNS

Fig. 1. Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram of the study

830
_ group
Relevant records selected from database search:
(n=1246)
—
y
Records screened Records excluded
(n=1019) (n=227): due to invalid titles
A
Reports sought for Reports not retrieved (n=784): due
retrieval: (n=235) to invalid references
Reports excluded (n=194)
Reports assessed for  § 1 Reason 1 (n=76): not using 18-F FDG
eligibility: (n=41) PET in identification of perineural
spread in head and neck tumor.
Reason 2 (n= 64): insufficient data
for 2 x2 tables)
Reason 3 (n=54): not in the field of
interest.
Studies included: (n=14)
—

screening. Out of these 235 studies, 194 studies were
excluded based on the inclusion criteria, and eligibility
of the remaining 41 studies was assessed further. The criti-
cal reasons for omission were inadequate evidence and
inappropriate comparison criteria to create 2 x 2 tables
for review. Finally, 14 studies from 2000—-2021 which ful-
filled the inclusion criteria, i.e., ¥ F-FDG-PET for detection
of perineural spread in head and neck tumor patients, were
subject to meta-analysis, as shown in Fig. 1. Those 14 stud-
ies included a total of 977 head and neck tumor patients
of different age groups, chosen randomly and scanned
with F-FDG PET and CT or MRI. The demographic
details of the studies included in this meta-analysis are
shown in Table 1 — the author of the study, publishing
year, duration of the study, type of study, total sample size,
age of patients, gender of patients, and type of instrument
used. In addition, event data of these studies (including
the number of total samples studied, a true positive result,
true negative result, false negative result, and false positive
results) were collected.

Meta-analysis results
The risk of bias for included studies was assessed

as shown in Table 2, and publication bias was measured
with the help of Egger’s test, Begg’s test and Deeks’ funnel

plot. The current meta-analysis has a low risk of publica-
tion bias, as apparent from the funnel plot (Fig. 2), since p-
values of both tests are greater than 0.05 (p-value of Egger’s
test = 0.7490 and p-value of Begg'’s test = 0.7843).

Egger's test

Intercept -0.4226

95% CI -3.2349 to 2.3897

Significance level | P=0.7490

Begg's test

Kendall's Tau -0.05495

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6

Significance level | P =0.7843

standard error

1 1T 1 1T 1T T 1T "1

1l L Ll

10 100
odds ratio

o
N
—_

Fig. 2. Funnel plot for publication bias

95% Cl — 95% confidence interval.
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Table 2. Risk assessment for included studies

Variable

El-Khodary et al.
Kumanlioglu 2012
Go6dény et al.
Schroeder et al.

Karapolat and
2016"

Schoder et al.

8 Ng et al. 2005°

Bell Kim et al. 20078

Bl Gu etal.2010°

Bl Pereira et al. 2012"
=l Ceylan et al. 2018
Bl Sherif et al. 2018
Bl Park et al. 2020"7
=l Sarma et al. 2021'8
=l Linz et al. 2021"

Type of study

Was a consecutive or random sample of patients

<
—<
<
<
<
<
—<
<
—<
<
—<
<
—<
<

enrolled?

Did the study avoid inappropriate exclusions? Y Y Y Y Y Y Y Y

Were all patients included in the analysis? N N N N N N N N N N N N N N
Was the target population having patients

of different age groups and included both Y Y Y Y Y Y Y Y Y Y Y Y Y Y

genders?

Were study participants sampled

in an appropriate way?

Were the study subjects and the setting described
in detail?

Were valid methods used for the identification
of the condition?

Was the condition measured in a standard,
reliable way for all participants?

Was there appropriate statistical analysis
conducted?

P — prospective; R — retrospective; Y — yes; N — no.

The OR of the included studies was calculated using with 95% CI of [1.486; 6.419]. Data used for this analy-
MedCalc software, and the respective forest plot was cre- sis were heterogeneous, and we achieved the Q value
ated (Fig. 3). We obtained the pooled OR value of 3.088 of 33.8%, df value of 13, I? value of 61.5% (31.23-78.5),

- Forest plot Odds ratio
0Odds ratio 959% CI
I
2.700 1.022t0 7.133 Ng etal 2005[6] —
A
462420 21544 109925572 Schoder et al2005(7)  [— ’ x
0579 0.0345109.724 Kim et al 2007(8] = A |
0933 0.0916 10 9.508 Gu et al 2010[9] — A
0.889 0.155 10 5.084 Khodary etal 2011{10) f— Al
0.741 0.18410 2.085 Pereir 2012{11] = +
3.600 025710 50.333 i A
Karggohtietal 2012(12) Q 33.8040
8.400 0.879 10 80.268
Godney et al 2016[13)  |—
0420 0.0527103.483 b 2
X .03 0 3.
Ceyhnetal 2018(14] = ‘ Significance level | P=0.0013
10.667 1,582 t0 71.800 Sheriferal2018015] |- A I (incomsistency) | 61.54%
5 5% CI for I 312310 78.50
1.167 0.168 10 8.090 Schrosdes et al2020{16] =
6.667 221310 20.087 Park 2020017) | ‘
X 741 10 11347
200 DAATHOITS sarma et al 2021[18] — —+
13.000 434410 38.007 -
Linz et al 2021(19) —
3300 2,308 16 5.005 “Total (fived effects) n >
3.088 148610 6.410
7 Total (random effects)  |— B
l 1 L IIIIIII 1 L i iqil 1 1 llll[ll 1 L Illllll 1 L lllll|| 1 1 lllllll
0.01 0.1 1 10 100 1000 10000
Odds ratio

Fig. 3. Forest plot for diagnostic odds ratio

95% CI — 95% confidence interval; df - degrees of freedom.
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Forest Plot
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% Cl)
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Godney et al 2016[13) 7 7 1 13 0.94 [0.73, 1.00) 0.65 [0.41, 0.85) —= —f
Gu et al 2010[9) 7 1 5 33 0.58 [0.28, 0.85) 0.97 [0.85, 1.00) — —a
Karapolat et al 2012[12) 7 2 1 10 0.88 [0.47, 1.00) 0.83[0.52, 0.98) — & —a
Khodary et al 2011[10) 20 8 3 7 0.87 [0.66, 0.97) 0.47[0.21,0.73) —& — &
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Sarma et al 2021(18) 18 6 5 34 0.78 [0.56, 0.93) 0.85[0.70, 0.94) —&— —&
Schoder et al 2005(7) 6 6 3 127 0.67 [0.30, 0.93) 0.95 [0.90, 0.98) —l— L
Schroeder et al 2020[16) 9 3 3 10 0.75 [0.43, 0.95) 0.77 [0.46, 0.95) —a— —l=
Sherif et al 2018[15) 10 4 2 34 0.83 (0.52, 0.98 089[0.75,097), _, , ——®— . . , %
002040608 10020406081

Fig. 4. Forest plot for sensitivity and specificity

95% Cl — 95% confidence interval; TP — true positive; FP - false positive; FN — false negative; TN - true negative.
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95% Cl — 95% confidence interval; df — degrees of freedom.

and p-value of 0.0013. We obtained the pooled sensitivity
of 91.7%, pooled specificity of 92.35%, positive predictive
value (PPV) of 92.27%, negative predictive value (NPV)
of 91.13%, the positive likelihood ratio of 7.45, negative
likelihood ratio of 0.28, disease prevalence of 95.8%, and
accuracy of 91.5%, as reported in Table 3. All of these re-
sults are statistically significant. The forest plot of sensitiv-
ity and specificity was designed using RevMan software,
as shown in Fig. 4.

The ROC analysis was performed using MedCalc
software, a forest plot was designed as shown in Fig. 5
and heterogeneity was assessed. The included data were

heterogeneous, as we obtained the Q value of 68.9%,
df value of 13, I? consistency of 81.15% with 95% CI
of [69.39; 88.40], and significance level (p-value) of 0.0001.
In order to assess the study errors, the Youden curve was
plotted between PPV and NPV (Fig. 6), and we found that
the included studies have minimum investigations error.
The HSROC curve was also plotted between the sensitivity
and specificity of included studies (Fig. 7). All these curves
and results are statistically significant and reflect the high
sensitivity and specificity of ®F-FDG PET, as an effective
imaging method for detecting perineural spread in patients
of head and neck tumors.
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Table 3. Statistical summary of the included studies: 95% Cl — 95% confidence interval.

e - Disease
0 0 0,
Study ID Sensitivity [%] | Specificity [%)] PLR e PPV NPV Accuracy [%]
[95% Cl] [95% Cl] [95% Cl] [95% Cl] [95% Cl] [95% Cl] [95% Cl] [95% Cl]
Ng et al. 20056 80 90.09 8.08 33.11 80 90.10 86.75
9 ’ [66.28; 89.97] [82.54; 95.15] [441;14.79] [0.13;0.39] [25.68; 41.23] [68.61; 87.98] [83.89; 94.08] [80.29; 91.72]
Schoder et al. 66.7 95.48 14.77 6.34 50 97.69 93.66
2006’ [29.93;92.51] [90.44; 98.33] [5.96; 36.65] [0.14;0.88] [2.94;11.69] [28.74; 71.26] [94.38; 99.07] [88.31;97.06]
Kim et al. 97.5 95.83 234 62.50 97.5 95.83 96.87
20078 [86.84; 99.94] [78.88;99.89] [3.43; 159.51] [0.00;0.18] [49.51; 74.30] [85.12;99.63] [76.82;99.38] [89.16;99.62]
Guetal 2010° 583 97.05 19.83 26.09 87.5 86.84 86.95
' [27.67,84.83] [84.67;99.93] [2.71;144.99] [0.22;0.84] [14.27,41.13] [77.12;92.82] [77.12,92.82] [73.74; 95.06]
El-Khodary 86.9 46.66 1.63 60.53 7143 70.00 71.05
etal.2011'° [66.41;97.22] [21.27;73.41] [0.99; 2.69] [0.09;0.91] [43.39; 75.96] [60.28; 80.46] [41.62; 88.42] [54.10; 84.58]
Pereira et al. 60.86 80.76 3.16 46.94 73.68 70.00 7142
2012 [38.54; 80.29] [60.65; 93.45] [1.35;7.43] [0.28;0.83] [32.53;61.73] [54.4; 86.79] [57.55;80.07] [56.74; 83.42]
Eiﬁgifg ?lzd 875 8333 5.5 40,00 7778 9091 85
ctal 2012?2 [47.35;99.68] [51.59; 97.91] [1.44;19.11] [0.02; 0.95] [19.12; 63.95] [49.02; 92.72] [61.11;98.45] [62.11;96.79]
Gédény et al. 94.44 65 2.69 4737 70.83 92.86 7894
2016" [72.71;99.86] [40.78; 84.61] [1.47;4.95] [0.01;0.59] [30.98; 64.18] [56.95; 81.68] [65.32; 98.90] [62.68; 90.45]
Ceylan et al. 76.92 66.66 230 59.09 76.92 66.67 72.7
2018 [46.19; 94.96] [29.93;92.51] [0.87; 6.09] [0.12;1.03] [36.35;79.29] [55.80; 89.80] [40.09; 85.67] [49.78; 89.27]
Sherif et al. 83.33 89.47 791 24.00 7143 94.44 88
2018" [51.59;97.91] [75.20; 97.06] [3.03; 20.69] [0.05; 0.66] [13.06; 38.17] [48.88; 86.73] [82.68;98.37] [75.69;95.47]
Schroeder 75 76.92 3.25 48.00 75 76.92 76
etal. 2020'° [42.81;94.51] [46.19; 94.96] [1.14;9.24] [0.12;0.91] [27.80; 68.69] [51.34;89.51] [54.48; 90.28] [54.87; 90.64]
Park et al. 74.19 44.44 133 46.27 5349 66.67 58.2
2020 [61.50; 84.47] [32.72;56.64] [1.04,1.72] [0.35;0.95] [37.62; 55.08] [47.16;59.71] [54.94; 76.64] [49.38; 66.67]
Sarma et al. 78.26 85 5.21 36.51 75 87.18 82.53
2021 [56.30; 92.54] [70.16; 94.29] [242;11.25] [0.12; 0.56] [24.73; 49.60] [58.18; 86.61] [75.60; 93.72] [70.90; 90.95]
Linzetal. 8333 84.84 55 26.67 66.67 9333 84.44
20211° [67.19; 93.63] [76.24;91.26] [3.37;8.96] [0.09;0.41] [19.43; 34.96] [55.10; 76.52] [87.03; 96.69] [77.21;90.11]

PLR - positive likelihood ratio; NLR — negative likelihood ratio; PPV — positive predictive value; NPV — negative predictive value.

Discussion

Head and neck tumors are different types of oral cavity
malignancies, including pharynx, larynx, nasal cavity, para-
nasal sinuses, and salivary glands. They can spread through
several processes, including direct extension, hematoge-
nous dissemination, perineural spread, and others. Perineu-
ral spread is the most dangerous of the above, as it allows
metastasis of tumors through peripheral nerves, so its early
detection is crucial to the patient’s well-being and survival.
The perineural spread can be seen with imaging tools.

The preferred methods for detecting perineural spread
among head and neck tumors are MRI, CT, PET scan,
among others. However, because of the high sensitivity
and specificity of 18F-FDG PET for cellular change and tu-
mors, its use is highly recommended in various studies due
to its high sensitivity in detecting perineural spread and
recurrent metastatic tumors.®~2° For example, Linz et al.
reported the sensitivity of ¥ F-FDG PET as 78.6% and speci-
ficity as 83.1%.!° Similarly, Sherif et al. reported a high sen-
sitivity of 83.33% and specificity of 89.47%.1° Pyatigorskaya
etal. reported a sensitivity of 90% and specificity of 98%.22

Similar to the studies mentioned above, we achieved a high
sensitivity of 91.7% and high specificity of 92.35%.

Apart from high sensitivity of 18F-FDG PET, various stud-
ies reported its high accuracy; for example, in the study con-
ducted by Tantiwongkosi, PET scanning has been deemed
an accurate method and crucial initial step in identification
and treatment planning of head and neck tumor.2 Further-
more, Ng et al. reported its high accuracy of 98.4%, while
Sherif et al. reported its accuracy of 88%.!> Similarily, we
obtained the accuracy of 91.5%. Based on these statistically
significant results and high sensitivity, specificity and high
diagnostic accuracy, this meta-analysis highly recommends
using ®F-FDG PET in predicting the perineural spread and
in an accurate diagnosis of head and neck tumors.

Limitations

The limitation of the present study is the variability
of PET instruments used and tests performed by differ-
ent radiographers, which influences the risk of false nega-
tive results. Many studies reported comparable diagnosis
of PNS with MRI, however,it’s comparability with PET scan
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in the diagnosis of PNS was not mentioned in the contem-
porary literature, so assessing the diagnostic comparability
of MRI with PET scan accurately might affect the homo-
geneity of the data of the included studies. Data from other
relevant studies showing the diagnostic accuracy of *F-FDG
PET compared to other diagnostic imaging methods could
also be included to support the role PET scan in the di-
agnosis of PNS. In order to reduce the variability among
the data, detailed data on the patient’s case history, physical
examination and pathological tests could be included to fur-
ther boost the diagnostic accuracy rate of 8 F-FDG PET
in predicting perineural spread in head and neck tumors.

Conclusions

Magnetic resonance imaging is the gold standard for as-
sessing perineural spread among head and neck tumors;
still, 8F-FDG PET is preferred chiefly as an effective imaging
method due to its high sensitivity toward cellular change,

X. Nie et al. PET scan and PNS

perineural spread and early tumor detection rate. Further-
more, it is highly recommended since early detection can
prevent metastasis and increase the chances of survival.
In the current study, we analyzed the available related lit-
erature, and based on our statistically significant results,
we highly recommend the use of ¥F-FDG PET to detect peri-
neural spread among patients with head and neck tumors.
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Abstract

Background. The use of selective dorsal neurectomy (SDN) as a surgical treatment of premature ejaculation
(PE) has increased for many years in Asian countries.

Objectives. To investigate the correlation between age and curative effects of SDN in primary premature
ejaculation (PPE) in mainland China.

Materials and methods. From September 2016 to September 2020, 65 patients with PPE treated with SDN
were selected for study. All of the patients were followed up from 12 to 56 (30.07 +13.48) months. They were
divided into 3 groups according to age: group A (22—30 years, n = 23), group B (31-37 years, n = 20) and
group C (38—45 years, n = 22). The 5-item version of the International Index of Erectile Function (IEF-5) and
Premature Ejaculation Diagnostic Tool (PEDT) results, erectile rigidity grade, intravaginal ejaculation latency
time (IELT), ejaculation control abilities (ECA) scores, and sexual intercourse satisfaction (SIS) scores were
assessed in the 3 groups before and after operation to evaluate the clinical efficacy of surgery.

Results. Fifty-nine patients were finally followed up. The IIEF-5 scores and erectile rigidity grade of group A
was significantly higher than that of groups B and C, both before and after surgery. The change of PEDT
scores in group A was significantly higher than in groups B and C; the difference was statistically significant
(p < 0.05). The IELT, ECA and SIS scores in group A were significantly higher than in groups Band C (p < 0.05).
Operational efficiency ratio in groups B and C (65%, 70%) was significantly lower than in group A (95.24%).

Conclusions. The SDN as a treatment of PPE in different age groups allowed to achieve certain results.
The highest surgical efficiency (95.24%) was observed in the 22—30 years age group and the lowest (65%)
in the 38—45 years age group. Therefore, we believe that the best time for surgery is between 22 and
30 years of age.

Key words: curative effect, age, primary premature ejaculation, selective dorsal neurectomy
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Background

Premature ejaculation (PE) is among the most common
sexual disorders in adult males, affecting approx. 8-30%
of adult males worldwide.! It is generally accepted that
PE is divided into primary premature ejaculation (PPE)
and acquired premature ejaculation (APE).2 According
to the International Society for Sexual Medicine (ISSM)
definition, PE has the following characteristics: 1) ejacula-
tion that always or nearly always occurs before or within
1 min of vaginal penetration (primary PE), or a clinically
significant and bothersome reduction in latency time,
often to about 3 min or less (acquired PE); 2) the inability
to delay ejaculation in all or nearly all vaginal penetra-
tions; 3) negative personal consequences, such as distress,
bother, frustration, and/or the avoidance of sexual inti-
macy.? Premature ejaculation treatment methods include
psychological, behavioral, medication,* ¢ surgical and
Chinese medicine treatment, among others.” The above-
mentioned therapies can be used alone or in combina-
tion, and the relevant literature reports specific clini-
cal curative effects. However, there are still problems
such as high recurrence rate, side effects and uncertain
long-term efficacy.®® In the course of our clinical work,
we found that an increasing number of patients with PPE
still cannot be treated with conservative therapies, and
some patients even voluntarily give up nonsurgical thera-
pies and seek surgical treatment. A representative surgical
procedure for PE is selective dorsal neurectomy (SDN),
and the clinical application of SDN has opened up new
avenues for the treatment of PPE. Although ISSM guide-
lines disregard surgical treatment of PE arguing that SDN
may lead to permanent loss of sexual function, no litera-
ture supports its view.!° On the contrary, over the years,
in Asian countries, an increasing number of studies have
found significant curative effects of the procedure. Still,
varying levels of efficiency in different studies may be
related to the inclusion criteria of surgical cases, selec-
tion of surgical modalities and standards of efficacy as-
sessment. Also, in our regular follow-up, we found that
the improvement in intravaginal ejaculatory latency time
(IELT), ejaculation control abilities (ECA) score and sexual
intercourse satisfaction (SIS) score was more pronounced
in younger patients (22-30 years) after the procedure.
We conducted a controlled study to investigate the cor-
relation between SDN curative effects and age. This study
encompassed 65 patients with PPE treated with SDN
in our hospital from September 2016 to September 2020,
in order to compare the postoperative efficacy of SDN
in PPE patients of different ages, and investigate the cor-
relation between age and curative effects of SDN.

The study followed the ethical principles for clini-
cal research based on the Declaration of Helsinki. Pa-
tients in the study agreed and volunteered to participate
in the study, and all patients received informed consent
and the confidentiality of their personal data was has been
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ensured. The Ethics Committee of our hospital — an inde-
pendent body composed of medical and nonmedical staff
— approved the study (approval No. KY2021-340).

Objectives

To investigate the correlation between age and curative
effects of SDN in PPE in mainland China.

Materials and methods
General information

Sixty-five patients were included in this study and divided
into 3 groups according to age: 23 in group A (22—30 years);
201in group B (31-37 years); and 22 in group C (38—45 years).
All patients had normal erectile function (IIEF-5 > 22) and
varying degrees of symptoms of premature ejaculation
(PEDT = 11). The development of external genitalia was
normal, and there were no abnormalities in the testes,
epididymis and spermatic cord examination. The mea-
surement of blood glucose, blood pressure and thyroid
hormone (T3 and T4) tests were not abnormal.

Selection criteria

The inclusion criteria were as follows: 1) good psycho-
logical state; 2) normal erectile hardness during sexual
intercourse; 3) sensitive penile glans; 4) quality of sex
life seriously affecting the relationship between couples;
5) strong desire for surgery; 6) voluntary abandonment
of nonsurgical treatments. Based on Clinical Characteris-
tics Consistent with Primary Premature Ejaculation,!! pa-
tients who had a regular sexual partner and had regular
sex for at least 6 months and met the above criteria were
enrolled in this study.

The exclusion criteria were as follows: 1) patients
younger than 22 and older than 45 years; 2) patients with
poor psychological status; 3) patients with concomitant
prostatitis; 4) patients with hyperthyroidism; 5) patients
addicted to drugs; 6) patients with insertion disorders;
7) patients with APE, etc.

Surgical method

Following proper anesthesia, the surgeon made a circular
incision at 0.6—0.8 cm from the coronal sulcus (circumci-
sion first if the foreskin is redundant; if circumcision has
been done, the cut ran along the original incision; Fig. 1A).
Then, the surgeon cut the skin and subcutaneous tissue
layer by layer, and separated the penile fascia tissue at a dis-
tance of about 0.8—1.5 cm from the coronal sulcus. After
separating about 3—4 layers of penile fascial tissue, the dor-
sal penile nerve could be seen above the anatomical level
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of the deep dorsal penile vein and dorsal penile artery.
It is yellowish, elastic and rich in trophoblastic vessels,
with about 0.2-1.5 mm transverse diameter. Centering
on the 12 o’clock in the middle of the dorsal side of the pe-
nis, the surgeon used fine tip forceps and microscopic
mosquito-type separator forceps to reveal the dorsal pe-
nile nerve by separating both sides, reached the urethral
corpus cavernosum ventrally to the penis, and used silk
thread to gently lift and mark the separated dorsal penile
nerve (Fig. 1B). Depending on the patient’s specific condi-
tion, one nerve at each of the 3, 9 and 12 o’clock of the pe-
nile head was preserved. In principle, approx. 3—4 dorsal
penile nerves were preserved, and the rest of the dorsal
penile nerves were severed and a length of 3—4 cm was
removed (Fig. 1C). If the retained dorsal penile nerve
was >1.5 mm in transverse diameter, the surgeon continued

Fig. 1. A. Incision of the skin;
B. Exposed dorsal nerves;

C. Preserved dorsal nerves;
D. Closed incision

to separate dorsal penile nerves distally until approaching
the head of the penis, and then the operative area was su-
tured in 2 layers (Fig. 1D). We performed the indwelling
of the catheter at the end of the procedure.

Observation items and method
Observation items

The following measurement tools were used: 5-item
version of the International Index of Erectile Function
(IIEE-5) score, erectile hardness grade, Premature Ejacu-
lation Diagnostic Tool (PEDT) score, IELT, ECA score,
and SIS scores for patients and partners. The efficiency
of surgery and the incidence of adverse reactions were
also recorded.
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Survey data

The patients resumed normal sexual life 1 month af-
ter surgery.!? All patiens were requested to measure and
recorde IELT (in seconds) for each sexual intercourse
with a stopwatch, for 4 occurrences of sexual intercourse
over 2 weeks. The geometric mean IELT calculated for
each patient.!® The following items were calvulated from
the data and statistics prepared by the physicians: ECA
scores (PEDT 1, 2, 3 items), SIS scores of patients (ILEF6, 7
and 8 items), SIS scores of partners (IIEF 10, 13, 14 items),
and the occurrence of postoperative adverse effects.

Evaluation of the curative effect

According to the expert consensus on SDN in China,
patients in whom surgery was judged to be effective had
the following characteristics: 1) IELT > 2 min after surgery;
2) increased ejaculatory control; 3) improved sexual satis-
faction of patients and spouses. These 3 items are essential
indicators for assessing the treatment effect of PE after
surgery, and meeting any of them is considered adequate.'*

Statistical analyses

The IBM SPSS v. 26.0 (IBM Corp., Armonk, USA)
and GraphPad Prism v. 8.3.0 (GraphPad Software, San
Diego, USA) software were used for statistical analysis
and graphical plotting. All the data were analyzed with
the Shapiro—Wilk test for normal distribution (Table 1).
The variables not distributed normally (age, duration of PE,
number of DN, follow-up time, IELT, ECA, SIS, IIEF-5, and
PEDT) were described using median and quartiles (M (Q1,
Q3)), the comparison between groups (IELT, ECA, SIS,
IIEF-5, and PEDT) was performed with the Kruskal-Wal-
lis test and the intra-group comparisons (IELT, ECA, SIS,
IIEF-5, and PEDT) was performed with the Friedman’s
test. Numeric data (marital status) were expressed as n (%);
the erectile hardness grade of the penis was compared us-
ing nonparametric rank-sum test; the exact Fisher’s test
was used for comparison between groups, for efficiency
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of surgery and incidence of adverse reactions; the Co-
chran—Armitage x? test!® was used to determine the re-
lationship between age and efficiency of surgery. A value
of p < 0.05 was considered statistically significant.

Results
Clinical data

Two patients in the group A and 1 patient in group C
refused to be followed up, while 1 patient in group C was
lost to follow-up due to a change of personal informa-
tion; the remaining 61 patients completed the follow-up
(Table 2). There was no statistically significant difference
regarding the IIEF-5 score between the 3 groups before
and after surgery; we observed a statistically significant
difference between groups A and C and groups A and B
(p < 0.05), and no statistically significant difference be-
tween groups B and C (Fig. 2). No statistically significant
difference regarding PEDT between the 3 groups before and
after surgery was observed; a statistically significant differ-
ence between groups A and C and groups B and C (p < 0.05)
could be seen, while no statistically significant difference
between groups A and B (Fig. 3) was visible. There was no
statistically significant difference regarding erectile rigid-
ity grade between the 3 groups before and after surgery.
Before the surgery, the difference between groups A and B
(Z = -1.763, p = 0.078) was not statistically significant,
while the difference between groups A and C (Z = —2.949,
p = 0.003) was statistically significant, and the difference
between groups B and C (Z = -1.255, p = 0.209) was not
statistically significant (Fig. 4). After the surgery, the differ-
ence between groups A and B (Z = -2.063, p = 0.039) was
statistically significant, the difference between groups A
and C (Z = -2.654, p = 0.008) was statistically significant,
and the difference between groups B and C (Z = -0.628,
p = 0.53) was not statistically significant (Fig. 5).

There were statistically significant differences in IELT,
ECA scores, SIS scores of patients, and SIS scores of part-
ners for intragroup comparisons before and after surgery

Table 1. The p-values of Shapiro-Wilk test for variables between the study groups

Variable
[ELT 0.056 0.067
ECA 0.009* 0.018*
SIS 0.000* 0.006*
SISt 0.005*% 0.002%
IIEF-5 0.000* 0.019*
PEDT 0.010* 0.086

0.131
0.024*
0.003*
0.000*
0.001*
0.011*

0.012* 0.195 0.086
0.003* 0.086 0.192
0.182 0.705 0.015%
0.327 0.372 0.011*
0.000* 0.000* 0.012*
0.000* 0.002* 0.111

IELT - intravaginal ejaculatory latency time; ECA - ejaculation control abilities; SIS — sexual intercourse satisfaction; ® — partners; IIEF-5 — 5-item version
of the International Index of Erectile Function; PEDT — Premature Ejaculation Diagnostic Tool; post- — post-operation; pre- — pre-operation; * — statistically

significant. Kruskal-Wallis test and Friedman’s test were used.
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Table 2. Baseline characteristics

Variable Group A (n =21) Group B (n = 20) Group C (n=20)
Age [years] 27.00 (23.50, 28.00) 32.00 (30.00, 33.75) 3850 (38.00, 40.75) p <0.05
Duration of PE [years] 5.00 (3.50, 7.00) 10.00 (10.00, 13.50) 15.00 (11.50, 18.00) p <0.05
Marital status, n (%)
Married 13 (61.90) 15 (75.00) 14 (70.00) p < 0.05
Single 8(38.10) 5 (25.00) 6 (30.00) p <0.05
Number of DN
Total 9.00 (9.00, 10.00) 9.50 (9.00, 11.00) 9.50 (9.00, 11.00) p <0.05
Resected 5.00 (5.00, 6.00) 550 (5.00, 7.00) 550 (5.00, 7.00) p <0.05
Follow-up [months] 33.00 (24.50, 42.00) 24.00 (13.00, 38.25) 26.00 (24.00, 42.00) p <0.05

PE — premature ejaculation; DN — dorsal nerves. Values are expressed as number, median and quartiles (M (Q1, Q3)) and percentages. For variables not

distributed normally, non-parametric tests were used.
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Fig. 2. Presentation of 5-item version of the International Index of Erectile
Function (IIEF-5) results alteration before and after operation. Values

are presented as median and quartiles (M (Q1, Q3)). Boxplots show

the minimum value, 1°t quartile (Q1), median, 3" quartile (Q3), and
maximum value. The M (Q1, Q3) of postoperative IIEF-5 in groups A, B

and C were 25.00 (25.00, 25.00), 23.00 (22.25, 24.00) and 23.00 (22.00,
22.75), respectively; p.adj < 0.05 for post-a compared to post-b and post-c

pre- — pre-operation; post- — post-operation; p.adj — p-value corrected
with Bonferroni’s correction.

in the 3 groups (p < 0.05). Before the surgery, there were
no statistically significant differences in IELT, ECA scores,
SIS scores of patients, and SIS scores of partners between
the 3 groups (p > 0.05). After the surgery, there were sta-
tistically significant differences between groups A and C
and A and B in IELT and ECA scores (p < 0.05). While
we observed statistically significant differences between
groups A and C in SIS scores of patients and SIS scores
of partners (p < 0.05), the remaining groups showed no
statistically significant differences between them regard-
ing these scores (Table 3).

Clinical efficacy

The results of postoperative efficacy assessment were
as follows: (n = 21): 20 cases of valid and 1 case of invalid;
group B (n = 20): 14 cases of good and 6 instances of invalid;
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Fig. 3. Presentation of Premature Ejaculation Diagnostic Tool (PEDT)
results alteration before and after operation. Values are presented
as median and quartiles (M (Q1, Q3)). Boxplots show the minimum value,
15t quartile (Q1), median, 3" quartile (Q3), and maximum value. The M (Q1,
Q3) of postoperative PEDT in groups A, B and C were 6.00 (5.00, 7.50),
8.00 (6.00, 12.00) and 8.00 (7.00, 11.00), respectively; p.adj < 0.05 for post-a
compared to post-c

pre- — pre-operation; post- — post-operation; p.adj — p-value corrected
with Bonferroni’s correction.

group C (n = 20): 13 cases of valid and 7 instances of in-
valid. The effective rate of patients in group A (95.24%) was
significantly higher than those in groups B and C (70% and
65%, respectively); the difference was statistically signifi-
cant (p < 0.05) and the gradual decrease in curative effect
rate with age was also statistically significant (Fig. 5).

Adverse reactions

In group A, 1 case of local pain and 1 case of tethered
edema was observed, while in group B, 2 cases of local
pain, 2 cases of tethered edema and 1 case of subcuta-
neous hard nodes were recorded. As for group C, 1 case
of tethered edema and 1 case of poor appearance occurred,
with no statistically significant difference (p > 0.05). None
of the patients in the 3 groups had any complications such
as abnormal penile erection or erectile dysfunction.
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Table 3. Comparison of IELT, ECA score, SIS score for patients, and SIS score for partners in groups A, B and C before and after the operation

Subjects LD
group B
[ELT
Pre- 0.80 (045, 1.40) 0.75(040,1.18) 1.10(040,1.18) 048 0.79
Post- 5.10 (445, 6.00) 4.00(2.00, 5.15) 2.85(1.83,3.58) 14.62 0%
ECA
Pre- 11.00 (10.00, 12.00) 11.00 (10.00, 11.75) 10.00 (10.00, 11.00) 0.58 0.75
Post- 4.00 (3.00, 6.00) 7.00 (4.25,10.00) 7.00 (6.00, 9.75) 14.41 0%
SIS
Pre- 2.00(1.00, 3.00) 2.00(1.00, 3.00) 2.00(1.25,3.00) 0.19 091
Post- 8.00 (6.50, 10.00) 6.50 (3.25, 8.00) 5.00 (3.00, 6.00) 10.66 o
SIS
Pre- 2.00 (1.50, 3.00) 2.00 (2.00, 3.00) 1.50 (1.00, 3.00) 093 0.63
Post- 9.00 (7.00, 10.50) 7.00 (4.00, 8.75) 5.00 (2.50,5.75) 12.19 oY

M (Q, Qu) — median (lower quartile, upper quartile); pre- — pre-operation; post- — post-operation; [ELT — intravaginal ejaculation latency time;

ECA - ejaculation control abilities; SIS — sexual intercourse satisfaction; ® — partners.

*Kruskal-Wallis test results are as follows: H = 14.62, p < 0.001. According to the test standard a = 0.05, if null hypothesis (HO) is rejected, IELT differences can
be considered statistically significant in groups A, B and C after operation.

&~ Kruskal-Wallis test results are as follows: H=14.62, p < 0.001. According to the test standard a = 0.05, if HO is rejected, ECA score differences can be
considered statistically significant in groups A, B and C after operation.

H — Kruskal-Wallis test results are as follows: H = 14.62, p < 0.001. According to the test standard a = 0.05, if HO is rejected, SIS score (patients) differences can
be considered statistically significant in groups A, B and C after operation.

¥ — Kruskal-Wallis test results are as follows: H = 14.62, p < 0.001. According to the test standard a = 0.05, if HO is rejected, SIS score (partners) differences can
be considered statistically significant in groups A, B and C after operation.
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Fig. 4. Presentation of rigidity grade alteration before and after operation. Fig. 5. Presentation of curative effect rate alteration after the operation.
The preoperative rate for grade IV in groups A, B and C were 81%, 65% and The curative effect rate in groups A, B and C was 95.24%, 70% and 65%,
35%, respectively. The postoperative rate for grade IV in groups A, Band C respectively. The p-value for trend indicates that the gradual decrease
were 81%, 50% and 40%, respectively; p.adj < 0.05 for pre-a compared in curative effect rate with age was statistically significant; p.adj < 0.05 for
to pre-¢; p.adj < 0.05 for post-a compared to post-b and post-c. post-a compared to post-b and post-c
p.adj — p-value corrected with Bonferroni's correction; pre- — pre-operation; p.adj — p-value corrected with Bonferroni's correction; pre- — pre-operation;
post- — post-operation, post- — post-operation.
Discussion penile sensory hypersensitivity,'”-!° ejaculatory reflex
hyperactivity, enhanced sexual arousal, possible endo-
The causes and mechanisms of PE are not fully under- crine diseases, genetic susceptibility, and central 5-HT
stood. It is currently believed that PPE is a sexual dysfunc- receptor dysfunction.?®* Factors such as penile sensory
tion caused by psychological,'® behavioral and neuro- hypersensitivity or increased penile sensory nerve ex-

biological factors. The neurobiological causes include citability play an essential role in PPE.?? Zhang et al.
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found that patients with PPE have more dorsal penile
nerves compared to normal subjects, which may be one
of the reasons for their penile sensory hypersensitivity
or increased penile sensory excitability.?? Rosen et al.
suggested that the cause of PE may be closely related
to a decrease in penile sensory threshold and increased
neural excitability.2* However, the current view is that
penile head hypersensitivity and ejaculatory reflex hy-
peractivity are the leading causes of PE. The main idea
of clinical surgery for PPE includes selectively remov-
ing the dorsal penile nerve endings, which can reduce
nerve impulse transmission, thus reducing the sensitiv-
ity of the penile head and prolonging the ejaculatory
latency.’* Some studies have shown that SDN is effec-
tive in delaying ejaculation and does not affect erectile
function. Zhang et al. found that at a 6-month follow-up
the efficacy rate in 128 patients was 87.5%, with satis-
factory clinical outcomes and no severe complications
such as erectile dysfunction.?” Zhang et al. conducted
a randomized controlled clinical study on 78 patients
with a 2-year postoperative follow-up, and the patients
showed significant improvement in IELT and ejacula-
tory control compared with the preoperative period,
as well as no complications such as erectile and ejacula-
tory dysfunction.?® In a nationwide study of 286 patients
with PE treated with SDN in Korea, Yang et al. found
that 96.6% of the patients felt that the symptoms of PE
had subsided and only 0.4% of the patients had erec-
tile dysfunction.?” Zhou et al. treated 78 cases of PPE
with microscopic SDN. They showed significant im-
provement in IELT and patient and partner SIS scores
at 3-month postoperative follow-up compared with
the pre-treatment period, as well as no complications
such as penile head numbness, abnormal penile erection
and erectile dysfunction (ED).28

Liu et al. found that patients in the surgical treatment
group presented significant improvements in IELT and
ejaculatory control compared with the sham-operated
group at 6-month follow-up. There were no severe
complications such as ED.?° Genov et al. reported a pa-
tient with PPE in whom the conservative treatment
had failed, who underwent microscopic SDN and who
were followed up for 12 months after surgery — and
found a 6-fold increase in IELT compared to preopera-
tive measurements. The patient was free of symptoms
of PE at the last follow-up, with no severe complica-
tions.3® Alyaev and Akhvlediani observed that the ef-
ficiency of the surgical group was 88% higher than that
of the sham-operated group (10.2%), and no erectile dys-
function occurred after surgery.3! It is important to note
that pharmacological treatment as the first-line treat-
ment for PE is still widely accepted worldwide, and SDN
is not mainstream treatment for PE, but a complemen-
tary rather than a substitute for non-surgical treatment.

This study showed that most patients treated with
SDN showed significant improvement compared with
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those before treatment. However, the curative effects
of some patients have not yet reached the clinical ideal.
According to the efficacy assessment criteria, the cu-
rative effect in group A was significantly higher than
in groups B and C. There was a correlation between cu-
rative effect and age. According to the IIEF-5 score and
nocturnal penile tumescence test (NPT), the erectile
function and erectile hardness in patients in the group A
were significantly better than in the other 2 groups be-
fore and after surgery. In addition, the PEDT scores
of patients in group A were significantly higher than
in groups B and C before surgery.

In contrast, the PEDT scores of patients in group A
were substantially lower than in groups B and C after
surgery. The patients in group A had a better erectile
function and erectile rigidity, and more significant im-
provement in PEDT scores before and after surgery.
At the same time, it has been pointed out that there
is a tendency for the values of each point of the penile
biosensor threshold test to increase gradually with age
in patients with PPE, and the sensitivity of the penile
head was reduced to varying degrees.?2% It can be seen
that PPE treatment with SDN should be performed
as early as possible — optimally at the age of 22-30.
It may be due to the patients’ higher penile sensitivity
and better erectile function that the degree of postop-
erative improvement is relatively more apparent and
the efficacy tends to be better. Postoperative compli-
cations were also analyzed, and the incidence of local
pain, tethered edema, subcutaneous sclerosis, or poor
appearance of penile foreskin in the 3 groups was not
statistically significant. No complications such as ab-
normal penile erection or erectile dysfunction occurred
in any patient, indicating that increasing age does not
affect treatment safety. Thus, it can be seen that the ef-
ficacy of SDN in the treatment of PPE is remarkable,
with few adverse effects. Moreover, the effectiveness
of patients is closely related to their age, and the clinic
should clarify the diagnosis early.

Limitations

There are several limitations to this study. First,
the minimum age to be enrolled in the study was 22,
since the legal age of marriage for men in China is 22,
but in fact, most of the patients presented PE symp-
toms before they reached such age. At the same time,
the number of patients over 45 years attending our clinic
is low. In the future, we can further expand the age span
in the study group in order to study the relationship
between efficacy and age. Second, there is no uniform
standard for the assessment of ejaculatory control, and
the 3 questions we used (PEDT items 1, 2 and 3) for re-
view may cause some inaccuracies. Third, the number
of cases included in this study is limited, and the results
of multicenter studies are lacking; further expansion
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of the sample size is needed in the future to reduce er-
rors. Fourth, there is no unified surgical efficacy assess-
ment standard. The Chinese guidelines for diagnosing
and treating PE and the expert consensus criteria may
be appropriate only for the Asian population. Future
multi-geographic and multi-institutional studies are
needed to clarify them further. Fifth, our patients did
not have complications such as glans numbness, prob-
ably due to the appropriate number of dorsal penile
nerves preserved during the procedure. Still, we did
not determine how many dorsal nerves should be se-
lectively resected in each patient to achieve optimal
IELT prolongation.

Conclusions

The SDN as surgical treatment of PPE in different age
groups has achieved certain results. The highest surgical
efficiency (95.24%) was achieved in the 22-30 age group
and the lowest (65%) in the 38—45 age group. Therefore,
we believe that the best time for a such surgery is between
22 and 30 years of age.
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Abstract

Background. Achillotendinopathy is reported as an overuse disorder and/or degeneration change of the ten-
don. The diagnosis of tendinopathy is not always easy through imaging modalities. The B-mode grayscale
sonography and power Doppler are well-established methods aimed at visualising tendon structure, but
have limited sensitivity and lack conventional sonographic characteristics in symptomatic patients. Shear
wave ultrasound elastography quantitatively assesses tissue stiffness.

Objectives. To compare the diagnostic accuracy of shear wave ultrasound elastography to that of standard
ultrasound (combined B-mode grayscale sonography and power Doppler) for diagnosis of achillotendinopathy,
considering clinical symptoms as the reference standard.

Materials and methods. Standard questionnaires regarding medical history and the Chinese version
of a Victorian Institute of Sports Assessment — Achilles Questionnaires (VISA-AC) score were evaluated for
atotal of 14 treatment-naive patients with complaints of localized swelling, and reduced force and/or flexibility
of the Achilles tendon(s). The irreqular thickening around the Achilles tendon, heterogeneity of echotexture
of the tendon and calcification of the calcaneal attachment were considered incidences of tendinopathy
in B-mode grayscale sonography. Tendinopathies were considered if tendons were >0.60 cm thick in power
Doppler. Shear wave elasticity <350 kpa (10 m/s) was considered tendinopathy.

Results. A total of 28 conditions of both sides were evaluated through standard ultrasound examinations.
Fighty-four tendons were assessed using shear wave ultrasound elastography. Asymptomatic tendons were
visible as red and symptomatic (VISA-AC score <80) tendons were visible as blue or turquoise in the images.
The rigidity of symptomatic tendons was lower than that of asymptomatic tendons (p < 0.0001). Sensitivity
and accuracy for standard ultrasound were increased by the addition of shear wave ultrasound elastography for
both symptomatic and asymptomatic tendons. The VISA-AC score was strongly correlated with the elasticity
values (p = 0.000, Kendall's tau-beta (tB) = 0.71) of Achilles tendons.

Conclusions. Shear wave ultrasound elastography augments diagnostic confidence of standard ultrasound
for the treatment of tendinopathies of Achilles tendons.

Key words: power Doppler, Achilles tendon, B-mode grayscale sonography, shear wave ultrasound elas-
tography, tendinopathies
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Background

Achilles tendinopathy (achillotendinopathy) is an ortho-
pedic injury reported due to overuse of lower extremity,
especially among athletes (overuse disorder) and elderly
people (degeneration change of the tendon).! Achilles ten-
dinopathy leads to chronic tendon pain, chronic tendon
injury and/or accumulation of subclinical microdamage.?
To overcome rupture of a tendon, chronic pain and severe
injuries of a tendon, and to provide effective treatment,
early diagnosis of tendinopathy is necessary.? Etiology and
pathology of Achilles tendinopathy are not fully under-
stood.* Therefore, it is difficult to choose an appriopriate
treatment.

Achillotendinopathy is a huge clinical problem and
better diagnostic tools would be beneficial for the follow-
up of patients with Achilles tendinopathy. The diagnosis
of tendinopathy is not always easy using imaging modali-
ties® because 3 different muscles contribute to the Achilles
tendons.® The B-mode grayscale sonography and power
Doppler are well-established ultrasound techniques, and
magnetic resonance imaging (MRI) is used to visualize
tendon structure’ because heterogeneous echogenicity
or hypoechogenicity and increased tendon thickness cor-
relates with tendon functions.® However, their utilization
in Achilles tendinopathy diagnosis is controversial® be-
cause their sensitivity is limited and Achilles tendinopathy
lacks conventional sonographic characters in symptomatic
patients.!®

Shear wave ultrasound elastography allows to quantita-
tively assess tissue stiffness, but is used less often in tendi-
nopathy diagnostics. It is well-established for visualization
of stiffness of liver,!* breast,'? prostate,'3 thyroid,'* shoulder
tendons,'® and tongue muscle'® lesions. It is also regarded
as a promising tool for the diagnosis of Achilles tendi-
nopathy and patellar tendons in routine clinical practice.!”

Objectives

The objectives of the retrospective analysis of a cross-
sectional study were to compare the diagnostic accuracy
of quantitative shear wave ultrasound elastography to that
of a standard ultrasound (combined qualitative B-mode
grayscale sonography and quantitative power Doppler)
for diagnosis of Achilles tendinopathy in treatment-naive
patients, considering clinical symptoms as the reference
standard.

Materials and methods

The designed protocol of the study was approved
by the ethics committee of the Chongqing Jiulongpo Dis-
trict Second People’s Hospital (approval No. CJSPH2123
dated April 20, 2020). The study protocol adheres
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to Chinese law and the 2008 Declaration of Helsinki. All
studied patients have signed during hospitalization an in-
formed consent form regarding radiological examinations,
biochemical tests and publication of anonymized informa-
tion in the form of a scientific article (1 or more).

The inclusion criteria were as follows: patients from a di-
abetes clinic with complaints of pain in the Achilles uni-
lateral or bilateral tendon(s), diffuse or localized swelling,
reduced force, and/or reduced flexibility of the unilateral
or bilateral tendon(s) in the last 6 months.

Patients who had undergone treatment for their clini-
cal symptoms, like physical therapy or medication (sys-
temic, and/or topical) with nonsteroidal anti-inflammatory
drugs, were excluded from analysis because symptoms
should persist at the time of ultrasound examinations.
Patients with tendon rupture or surgery were also excluded
from analysis.

Clinical assessment

Standard questionnaires regarding medical history,
sports activity and tendon pain (in rest, movement and
pressure) were evaluated for all studied patients before
ultrasound examinations were performed by orthopedic
surgeons. The Chinese version of a Victorian Institute
of Sports Assessment — Achilles Questionnaires (VISA-
AC) score was used for the evaluation of pain in tendons.!®
The score ranges from 100 to 0, in which 100 means no
pain or no impairment in physical activity and 0 means
maximum pain or maximum impairment in physical ac-
tivity. Glycated hemoglobin (%HbA1C), cholesterol, serum
triglycerides, fasting blood glucose, and urine albumin
levels were evaluated through pathological examinations.
Tendons with a VISA-AC score less than 80 were consid-
ered symptomatic.’

Ultrasound examinations

All studied patients underwent a bilateral multimodal
ultrasound that included B-mode grayscale sonography,
power Doppler ultrasound and shear wave ultrasound
elastography. Aixplorer (SuperSonic Imagine, Aix-en-
Provence, France) ultrasound equipment with 15 MHz
linear transducer (SuperLinear SL15-4; SuperSonic Imag-
ine) and 256 bandwidths from a 5-14 MHz range were
used. Wall filter, alias threshold and other standardized
setting parameters were the same in all studied patients.
A gel (Sonogel®; Sonogel Vertriebs GmbH, Bad Camberg,
Germany), a cushion delay block (length: 100 x 100 mm)
and a 20 mm delay distance between transducer and skin
were used to improve docking. All ultrasound examina-
tions were performed by radiologists (blinded to the pa-
tients’ symptoms) with minimum 5 years of experience.

The Achilles tendons were examined in a relaxed state,
in prone position, with foot hanging freely beyond the ex-
amination couch.
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Standard ultrasound examination

B-mode grayscale sonography in the longitudinal and
axial planes was performed. Conditions of the area around
the left and right Achilles tendons were evaluated. The ir-
regular thickening around the Achilles tendon, hetero-
geneity of echotexture of the tendon and calcification
of the calcaneal attachment were considered incidences
of tendinopathy.® Then, power Doppler of the whole ten-
dons was performed, and the thickness of the left and right
Achilles tendons was evaluated. Achilles tendinopathy
was considered if tendons were more than 0.60 cm thick."
The representative image for power Doppler of the tendon
is presented in Fig. 1.

- 10
+Dist

Fig. 1. The power Doppler image of a tendon. The thickness of the left
Achilles tendon was 0.57 cm

LT - left tendon.

Shear wave ultrasound elastography

Shear wave ultrasound elastography was performed for
the upper left Achilles tendon, middle left Achilles tendon,
lower left Achilles tendon, upper right Achilles tendon,
middle right Achilles tendon, and lower right Achilles
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tendon. It was performed for the most suspicious area
detected with the B-mode grayscale sonography. The re-
sults were analyzed based on color images (semi-quanti-
tatively) and by rigidity of tissue in the region of interest
(ROI; quantitatively). The meaning of the colors is: blue
— low rigidity, turquoise — intermediate rigidity, yellow
to red — high rigidity. The Young’s modulus was used for
a quantitative assessment of shear wave ultrasound elas-
tography. The maximum speed of the shear wave was 500
kPa/13 m/s with 2 cm depth. In the ROI, mean and maxi-
mum rigidity and shear wave speed were evaluated. A total
of 2 mm was the standard diameter of the ROL? The rep-
resentative images for B-mode grayscale sonography and
shear wave ultrasound elastography are presented in Fig. 2.
The characteristics of the most auspicious area in the B-
mode grayscale sonography were: the irregular thickening
around the Achilles tendon, heterogeneity of echotexture
of the tendon and calcification of the calcaneal attach-
ment. Shear wave elasticity less than 350 kpa (10 m/s) was
considered tendinopathy.

Beneficial score analysis

Working area for treatment of tendinopathy was decided
based on Equation 1%°:

Beneficial score analysis =

true positive tendinopathy detected

total number of tendons evaluated

false negative tendinopathy detected y (1)

total number of tendons evaluated

level of diagnostic confidence above which
treatment for tendinopathy can be
initiated or continued

1 — level of diagnostic confidence above
which treatment for tendinopathy can be
initiated or continued

x
319.2kPa

Fig. 2. B-mode grayscale sonography and shear wave ultrasound elastography images of tendons (RT - right tendon). A. Irregular thickening

around the Achilles tendon in the B-mode grayscale sonography (blue color image in the shear wave ultrasound elastography signifies low rigidity);

B. Heterogeneity of echotexture of the tendon in the B-mode grayscale sonography (turquoise color image in the shear wave ultrasound elastography
signifies intermediate rigidity); C. Calcification of the calcaneal attachment in the B-mode grayscale sonography (yellow to the red color image in the shear
wave ultrasound elastography signifies high rigidity). A circle in the B-mode grayscale sonography represents the region of interest: 2-mm diameter
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Diagnostic parameters

Sensitivity and accuracy were evaluated as in Equation 2,3:

vt true positive tendinopathy @
sensitivity =
Y true positive tendinopathy +

+ false negative tendinopathy

true positive tendinopathy +
+ true negative tendinopathy

accuracy =
Y total number of tendons evaluated

Statistical analyses

The IBM SPSS v. 26.0 software (IBM Corp., Armonk,
USA) was used for statistical analyses. The Mann—Whit-
ney test was performed for continuous data. The Fisher’s
exact test was used for categorical data. The Kendall’s tau-
beta correlation was developed between VISA-AC score
and the ultrasound characteristics of Achilles tendons
at 95% confidence interval (95% CI). The Kendall’s tau-beta
correlation coefficient (tf3) was interpreted as: 0 — no cor-
relation, 0.1-0.39 — weak correlation, 0.4—0.69 — moderate
correlation, 0.7-0.89 — strong correlation, and 0.9 — per-
fect correlation.?! All results were considered significant
if the p-value was less than 0.05.
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Results
Study population

From April 21, 2020 to May 1, 2021, 32 individuals
with complaints of pain, diffuse or localized swelling,
reduced force, and/or reduced flexibility of the Achilles
tendon(s) were enrolled at the Department of Orthope-
dics of the Chongqing Jiulongpo District Second People’s
Hospital, Chongqing, China, and the Chongging Red Cross
Hospital, People’s Hospital of Jiangbei District, Chongqing,
China. Among them, 14 patients had undergone treatment
for their clinical symptoms, 3 patients had tendon rup-
ture and 1 patient had undergone surgery. Therefore, data
of these patients (n = 18) were not included in the analysis.
Data on clinical symptoms, pathological examinations, B-
mode grayscale sonography, power Doppler ultrasound, and
shear wave ultrasound elastography of 14 patients were ret-
rospectively included in the analysis after obtaining written
approval from the respective institutions, as it was a retro-
spective study. The flow diagram of retrospective analysis
of the study is presented in Fig. 3.

Clinical symptoms

Clinical symptoms of 14 patients were analyzed. The de-
tails of their clinical symptoms are presented in Table 1.

Individuals with complains of pain of the Achilles tendon, patellar, and/or humeral epicondylar,
or diffuse or localized swelling, reduced force, and/or reduced flexibility tendon(s) (32 individuals)

excluded (18 individuals)

A 4

»| «treatment for clinical symptoms (14 individuals)
- tendon rupture (3 individuals)
« surgery (1 individual)

data included in the analysis (14 individuals)

Index test

A A

clinical symptoms and pathological
examinations (14 individuals)

B-mode grayscale sonography + power
Doppler ultrasound (14 individuals)

shear wave ultrasound elastography
(14 individuals)

- demographic characteristics
« VISA-AC
- pathological data

28 left and right Achilles tendons
- conditions around 28 Achilles tendons
« thickness of 28 Achilles tendons

upper left, middle left, lower left, upper right, middle
right, and lower right (n = 84 Achilles tendons)
- elasticity

Fig. 3. The flow diagram of retrospective analyses

- colorimage

VISA-AC — Chinese version of a Victorian Institute of Sports Assessment — Achilles Questionnaires.
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Table 1. Clinical symptoms of the study group

Parameters | Value
Numbers of individuals included in the study 14
male 8(57)
Gender fernale 6(43)
minimum 20
Age [years] maximum 77
mean +SD 5493 £16.93
<1 year 2(14)
Duration of diabetes 1-5 years 429
course 5-10years 2(14)
>10 years 6 (43)
Systolic blood pressure minimum %
[mm Ha] maximum 150
9 mean £SD 123.5+13.89
Diastolic blood pressure rmm_mum >/
[mm Hal maximum 110
9 mean £5D 795 £15.29
minimum 1.55
Height [m] maximum 1.78
mean +SD 1.69 £0.09
minimum 64
Weight [kg] maximum 86
mean +SD 694 +6.71
minimum 21.22
Body mass index [kg/m?] maximum 3039
mean +SD 24.77 £2.90
Ulcers on the feet 3(27)
Peripheral neuropathy 10 (71)
Insulin use 7 (50)
Oral hypoglycemic drug(s) use 13(93)
Glycated hemoglobin rinimum 4
[%HbATC] maximum 135
mean +SD 8.1+2.15
minimum 1.8
Total cholesterol [mM/L] maximum 6.5
mean +SD 349 £1.71
minimum 041
Triglycerides [mM/L] maximum 28
mean +SD 1.794£0.77
Fasting blood glucose rinimurm 402
[mM/L] maximum 239
mean +SD 12.07 +4.28
Presence of albumin in the urine 4(29)
minimum 44
Pain (VISA-AC) score maximum 94
mean +SD 83.93 £7.67

Constant variables are demonstrated as frequency (percentages) and
continuous variables are demonstrated as mean + standard deviation
(SD). VISA-AC - Chinese version of a Victorian Institute of Sports
Assessment — Achilles Questionnaires.

Among these 14 patients, 4 had bilateral tendons and 10 had
unilateral tendons. A total of 84 tendons were analyzed.
Among them, 11 (13%) were symptomatic and 73 (87%)
were asymptomatic.
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Standard ultrasound examination

Standard ultrasound examination was performed at left
and right Achilles tendons. A total of 28 conditions (left
and right) were evaluated using standard ultrasound ex-
amination and 14 (50%) of them were reported as tendi-
nopathies. The remaining 14 conditions were diagnosed
using ultrasound as asymptomatic.

Shear wave ultrasound elastography

Asymptomatic tendons were visible as red (high ri-
gidity) and symptomatic tendons as blue (low rigid-
ity) or turquoise (intermediate rigidity) images. Ten-
don rigidity of symptomatic tendons were lower than
that of asymptomatic tendons. Shear wave ultrasound
elastography results for Achilles tendons was reported
in Table 2. According to these measurements, 39 (46%)
out of 84 tendons had tendinopathies. Among them,
29 (34%) were asymptomatic and 10 (12%) were symp-
tomatic. The elasticity values of the symptomatic ten-
dons were lower than those of the asymptomatic ones
(p = 0.044, Mann—Whitney test).

Correlation between pain symptoms
and ultrasound examinations

The VISA-AC score had weak correlation with standard
ultrasound characteristics (tf = 0.31, degrees of freedom
(df) = 83, p = 0.5467) and with power Doppler character-
istics (1 = 0.38, df = 83, p = 0.1051) of Achilles tendons,
but that was strongly correlated with the elasticity val-
ues (p = 0.0001, df = 83, 1 = 0.71) of Achilles tendons.
The details of the correlation between pain symptoms and
ultrasound examinations are reported in Fig. 4.

Diagnostic parameters

All studied patients had mild to moderate complaints
about each tendon, and therefore, tendinopathy was clini-
cally considered in all tendons. Sensitivity for standard
ultrasound, shear wave ultrasound elastography and stan-
dard ultrasound plus shear wave ultrasound elastography
for symptomatic tendons were 0, 1 and 1, respectively. Ac-
curacy for standard ultrasound, shear wave ultrasound
elastography and standard ultrasound plus shear wave
ultrasound elastography for symptomatic tendons were O,
1 and 1, respectively. Sensitivity for standard ultrasound,
shear wave ultrasound elastography and standard ultra-
sound plus shear wave ultrasound elastography for as-
ymptomatic tendons was 0.58, 0.38 and 0.78, respectively.
Accuracy for standard ultrasound, shear wave ultrasound
elastography and standard ultrasound plus shear wave ul-
trasound elastography for asymptomatic tendons was 0.58,
0.38 and 0.78, respectively. Sensitivity for standard ultra-
sound, shear wave ultrasound elastography and standard
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Fig. 4. Correlation between pain symptoms and ultrasound examinations. A. Correlation between VISA-AC score and B-mode grayscale sonography
characteristics. Coding of B-mode grayscale sonography characteristics: 0 — none, 1 — blurred Achilles tendon texture, 2 — blurred Achilles tendon texture and
bursa effusion behind the calcaneus, 3 — roughness around the Achilles tendon, the blurry texture of the tendon and calcification of the calcaneal attachment;
B. Correlation between VISA-AC score and thickness of Achilles tendon; C. Correlation between VISA-AC score and elasticity values

VISA-AC - Chinese version of a Victorian Institute of Sports Assessment — Achilles Questionnaires.

Table 2. Elasticity values of the different types of Achilles tendons

Elasticity values Achilles tendon IDPEC e IS S Comparisons between:\ symptomatic
symptomatic asymptomatic and asymptomatic tendons
Numbers of tendons 84 1 73 p-value
Minimum [kPa] 38.6 386 3108
Maximum [kPa] 4755 300.2 475.5 <0.0001
Median [kPa] 3555 2204 361

Variables are demonstrated as mean + standard deviation (SD). The Mann-Whitney test was performed for statistical analysis. Results were considered
significant if the p-value was less than 0.05.

Table 3. Diagnostic parameters of index tests for Achilles tendons

. Standard (B-mode grayscale Standard ultrasound +
Clinical Shear wave ultrasound
Parameters symptoms sonography + power elastoaraph shear wave ultrasound
ymp Doppler) ultrasound grapny elastography
Numbers of tendons 84 84 **p-value 84 **p-value 84 **p-value
symptomatic 11(13) 0(0) <0.0001 11(13) 0.999 11(13) 0.999
True positive asymptomatic 73 (87) 42 (50) <0.0001 28 (33) <0.0001 57 (68) <0.0001
tendinopathy ymp ’ ’ ’
total 84 (100) 42 (50) <0.0001 39 (46) <0.0001 68 (81) <0.0001
True negative tendinopathy 0(0) 0(0) N/A 0(0) N/A 0(0) N/A
False positive tendinopathy 0(0) 0(0) N/A 0(0) N/A 0(0) N/A
symptomatic 0(0) 11(13) 0.0007 0(0) N/A 0(0) N/A
False negative )
wendinoraty asymptomatic 0(0) 31(15) <0.0001 45 (54) <0.0001 16 (19) <0.0001
total 0(0) 42 (50) <0.0001 45 (54) <0.0001 16 (19) <0.0001
symptomatic 1.00 0 N/A 1.00 N/A 1.00 N/A
Sensitivity asymptomatic 1.00 0.58 N/A 0.38 N/A 0.78 N/A
total 1.00 0.5 N/A 0.46 N/A 0.81 N/A
symptomatic 1.00 0 N/A 1.00 N/A 1.00 N/A
Accuracy asymptomatic 1.00 0.58 N/A 0.38 N/A 0.78 N/A
total 1.00 0.5 N/A 0.46 N/A 0.81 N/A

Variables are demonstrated as frequency (percentages). The Fisher's exact test was performed for statistical analysis. Variables were compared for statistical
analysis. Results were considered significant if the p-value was less than 0.05. N/A — not applicable. **with respect to the results of clinical symptoms being
reference standards.

ultrasound plus shear wave ultrasound elastography for all ultrasound plus shear wave ultrasound elastography for
Achilles tendons (symptomatic and asymptomatic) was 0.5, all Achilles tendons (symptomatic and asymptomatic) was
0.46 and 0.81, respectively. Accuracy for standard ultra- 0.5, 0.46 and 0.81, respectively. The details of diagnostic

sound, shear wave ultrasound elastography and standard parameters for index tests are reported in Table 3.
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Fig. 5. Beneficial score analyses for index tests. A. For symptomatic Achilles tendons; B. For asymptomatic Achilles tendons; C. For all Achilles tendons

(symptomatic plus asymptomatic)

Beneficial score analysis

Working areas for the treatment of tendinopathies
of symptomatic Achilles tendons for shear wave ultrasound
elastography and standard ultrasound plus shear wave
ultrasound elastography were 0—1 diagnostic confidence/
tendon (Fig. 5A). Working areas for the treatment of ten-
dinopathy of asymptomatic Achilles tendons for standard
ultrasound (B-mode grayscale sonography + power Dop-
pler), shear wave ultrasound elastography and standard
ultrasound plus shear wave ultrasound elastography were
0-1 diagnostic confidence/tendon, 0—0.61 diagnostic con-
fidence/tendon and 0-1 diagnostic confidence/tendon,
respectively (Fig. 5B). Working areas for the treatment
of Achilles tendinopathy of all Achilles tendons (symptom-
atic plus asymptomatic) for standard ultrasound (B-mode
grayscale sonography + power Doppler), shear wave ultra-
sound elastography and standard ultrasound plus shear
wave ultrasound elastography were 0—0.98 diagnostic con-
fidence/tendon, 0—0.86 diagnostic confidence/tendon and
0-1 diagnostic confidence/tendon, respectively (Fig. 5C).

Discussion

The study found that sensitivity and accuracy for stan-
dard ultrasound plus shear wave ultrasound elastogra-
phy were higher for both symptomatic and asymptomatic
tendons than those of standard ultrasound. The results
of the measurements of diagnostic parameters of the cur-
rent study are consistent with those of a prospective study?
and a cross-sectional study,!” but are not consistent with
that of another prospective study.®> Different study popu-
lations are the probable reason for contradictory results.
There is a noticeable change in shear wave elasticity val-
ues between healthy and diseased tendon(s).” Shear wave
ultrasound elastography augments diagnostic confidence
for treatment of Achilles tendinopathy.

A study by Visnes et al. reported that standard ultra-
sound had a higher rate of false negative findings. Also,
shear wave ultrasound elastography is not yet standardized
to the level of elimination of false negative cases. In clini-
cally symptomatic patients, standard ultrasound often

cannot find sonographic features.!® Also, inter-observer
correlation is an issue for qualitative evaluations of stan-
dard ultrasound,?? while shear wave ultrasound elastography
provides quantitative information, which has lower inter-
observers’ variabilities.? The B-mode grayscale sonography
and power Doppler provide limited information on Achilles
tendinopathy.

In the present study, the results demonstrated that the pain
is strongly correlated to the elasticity of the Achilles tendon
but weakly correlated with standard ultrasound. The detected
correlations between VISA-AC score and imaging parameters
of Achilles tendons of the current study are consistent with
those presented in prospective studies®>>?? and a cross-sec-
tional study.”” Tendon degradation occurs due to loss of fiber,
which causes the softening of Achilles tendons, and conse-
quently the patient feels pain.’ It is possible to use elasticity
as an index to evaluate the pain degree of the patient.

This study found that the elasticity values of symptomatic
Achilles tendons were lower than those of the asymptom-
atic ones. The elasticity values measured in the current
study are consistent with a prospective study.® The pos-
sible reasons for parallel results are that the comparisons
of the elasticity values of symptomatic and asymptomatic
tendons in the current study were performed for individu-
als in the full age range (28—65 years). The prospective
study® was also performed for individuals in a full age range
(mean * standard deviation (SD) 42 +13.4 years, range:
20-71 years).? The close correlation between the elasticity
values of Achilles tendons and clinical symptoms is less
pronounced in elderly individuals.® The tissue rigidity
of Achilles tendons is correlated with clinical symptoms
in treatment-naive patients.

Working areas for the treatment of Achilles tendinopa-
thy for standard ultrasound plus shear wave ultrasound
elastography were equal to that of clinical symptoms for
symptomatic and asymptomatic tendons. Shear wave ul-
trasound elastography with standard ultrasound can be
useful for initiation of treatment for Achilles tendinopathy
or monitoring treatment for the same.

In the article, the 3 parts of the tendons assessed using
shear wave elastography are considered as 3 different ten-
dons and 14 tendons with both sides are finally considered
as 84 tendons. The possible justification is that the elasticity
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of different parts and sides of tendons are dissimilar and
not correlated with each other. Therefore, it is possible
to consider the parts of the tendons as different tendons.

Limitations

The main limitation of this study is that it is a retrospec-
tive analysis and not a prospective study. A small sample
size (only 14 study patients with 18 painful tendons) led
to the type I error. Inter- and intraobserver variabilities
were not evaluated (the study was performed by several
doctors and the standardization of the study was not per-
formed). The patients’ degree of pain was used as the gold
standard. However, patients can have symptoms referable
to the Achilles tendon but it does not necessarily mean that
the patient has Achilles tendinopathy. Pathological diag-
nostic tests can also be used for diagnosis of tendinopathy
and the patient may be asymptomatic early on.

Conclusions

Shear wave ultrasound elastography augments diag-
nostic confidence for treatment of Achilles tendinopathy.
The B-mode grayscale sonography and power Doppler
provide limited information for Achilles tendinopathy.
The elasticity values of Achilles tendons are correlated
with pain. Shear wave ultrasound elastography with stan-
dard ultrasound can be useful for initiation or monitoring
of treatment of Achilles tendinopathy.
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Abstract

Background. Hemodialysis (HD) patients have a high prevalence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and mortality, but they may have a weak response to coronavirus
disease 2019 (COVID-19) vaccines.

Objectives. This study aimed to evaluate factors predictive of humoral response in HD patients vaccinated
against SARS-CoV-2 infection.

Materials and methods. This is a 2-center observational study including HD patients who received
the BNT162b2 mRNA vaccine followed by serological measurements 20 days and 4 weeks after the 1 and
2" dose, respectively. Healthy controls were included. Anti-spike antibody was measured using the chemi-
luminescentimmunoassay (CLIA) method. The quantile regression analysis was performed to assess factors
associated with anti-spike antibody titers.

Results. Seventy-two HD patients and 22 healthy controls were included. Mean age of dialysis patients and
controls was 72.5 +11.5 years and 45.7 174 years, respectively. In the HD group, median levels of anti-spike
antibody were 3 (interquartile range (IQR): 0.5—26) Ul/mL and 391 (IQR: 55—1642) Ul/mL after the 1and
2" dose, respectively, with response rates of 62.5% and 96.7%. The median level of the anti-spike antibody
afterthe 1 dose in previously infected patients was 8571 (IQR: 2586—19147) Ul/mL. There was a significant
correlation between anti-spike antibody levels after the 2 dose and age and anti-hepatitis B surface (HBs)
antibody and serum albumin levels (Spearman’s tho: r=—0.289, p < 0.001;r=0.357,p=0.027;r=0.317;
p = 0.026, respectively). The regression analysis showed a significant association of previous infection and
anti-Hbs antibody level with anti-spike antibody level after the 1% dose of vaccine (p < 0.001). Aftera 5-month
follow-up, 2 vaccinated patients contracted COVID-19.

Conclusions. This study showed a response rate of 96.7% to 2 doses of BNT162b2 mRNA vaccine in HD
patients and 100% to a single dose in previously infected patients. The level of anti-spike antibody can be
predicted by age, anti-Hbs antibodies, serum albumin, and previous infection. Despite the immunization
of patients, preventive measures should be maintained in all dialysis units.

Key words: SARS-CoV-2, COVID-19 vaccine, hemodialysis, anti-spike antibody, hepatitis B vaccine
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Background

Globally, vulnerable populations were severely afflicted
by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic. Hemodialysis (HD) patients
emerged as one of the high-risk groups for coronavirus
disease 2019 (COVID-19). Once infected, their mortal-
ity rate reached 20-25% in several national and global
reports.I=® This led nephrology societies across the globe
to call for effective preventive measures in these patients
as well as to put them on priority lists for vaccination
against COVID-19.47

Despite the urgent need to vaccinate HD patients, this
comorbid population is known to have low immunity and
poor response to vaccines. Since decades, the best prac-
tice in HD patients has required administering vaccines
against hepatitis B and pneumococcal infection. However,
several studies revealed the weak immunization rates,
the decline in the antibodies with time and consequently,
a lack of chronic protection against the aforementioned
diseases.®? In relation to COVID-19 vaccines, several recent
studies showed a diminished humoral response intensity
to 2 doses of the COVID-19 BNT162b2 (Pfizer-BioNTech)
mRNA vaccine compared to healthy controls.!~!3 Despite
the low levels of antibody titers, the rate of seropositivity
seemed to vary between different reports.'* Moreover, previ-
ously infected patients were found to mount their antibodies
very early after the 15 dose.!%!>1¢ Therefore, some patients
might need 3 doses and others 1 dose only. On another note,
the results have been contradictory regarding the correla-
tion between the humoral response to COVID-19 vaccine
and previous response to hepatitis B vaccine.!?'”

Objectives

This study aims to elucidate the factors affecting the hu-
moral response of HD patients after the COVID-19 mRNA
vaccine.

Materials and methods
Study setting

The vaccination campaign against COVID-19 started
in Lebanon on February 14, 2021, with a prioritization
of healthcare workers and elderly above 75 years of age.
Hemodialysis patients received the BNT162b2 mRNA vac-
cine progressively, based on their age category (category
1A: 275 years, category 1B: 55—74 years; patients aged
16—54 years were vaccinated as the last category among
HD patients). It took 5 months to cover the vaccination
of all HD patients in the country.

The study included all chronic HD patients who received
the vaccine and were tested for anti-spike antibody after

M. Aoun et al. Hemodialysis and COVID-19 vaccine

vaccination. Nephrologists who participated in the previ-
ous national study on COVID-19 prevalence in HD were
contacted to include their patients.? Only 5 nephrologists
from 2 units performed serological testing in their patients
following vaccination. The HD patients of these 2 units,
Saint-George Ajaltoun and Bhannes hospitals, Lebanon,
were finally included. These 2 units provided dialysis treat-
ment for 123 patients before their first COVID-19 cases.
Among these patients, 33 contracted COVID-19, 12 died
from this disease and 9 from other causes. Not all infected
patients received the vaccine. Until the end of July 2021,
82 patients received 2 doses of vaccine and 72 patients had
the anti-spike antibody level measured.

Healthcare workers, some family members of patients
and staff who were vaccinated and serologically tested
were included as healthy controls.

Study design and participants

This is a retrospective study that collected data of HD
patients who were administered the 15t dose of COVID-19
vaccine between February 15, 2021 and July 31, 2021.
Al HD patients in Lebanon who were tested for anti-spike
protein antibody 20 days after their 1°* dose and 4 weeks
after their 2" dose of vaccine were included.

The study got the approval of the ethics committee
of Hotel-Dieu de France-affiliated to Saint-Joseph Uni-
versity, Beirut, Lebanon (approval No. CEHDF 1829) and
was conducted in agreement with the Declaration of Hel-
sinki of 1975.

Data collection

The outcome variable recorded for each patient was
the level of anti-spike antibody after the 1°t and 2™ dose
of COVID-19 vaccine. Other variables collected were:
age, sex, current smoking status, dialysis vintage, fre-
quency of dialysis, number of weeks between the 2 doses
of vaccine, comorbidities such as diabetes, hypertension,
coronary artery disease (CAD), heart failure, cancer, and
whether on immunosuppressive therapy or not. We also
collected the hepatitis B vaccination status parameters
for each patient: if fully vaccinated (yes/no), if immunized
(yes/no) (defined as anti-hepatitis B surface (HBs) antibody
levels above 10 UI/mL) and the last measured level of anti-
Hbs antibody. Symptoms or side effects after vaccination
were retrieved from medical charts: fever, myalgia, painful
arm, headache, and other symptoms. Laboratory param-
eters included serum albumin level before vaccination and
platelet count 1 month after the 2" dose.

Anti-spike antibody measurement
The humoral response was evaluated using Elecsys

Anti-SARS-CoV-2 S on the cobas e 411 analyzer (Roche Di-
agnostics, Basel, Switzerland). Elecsys Anti-SARS-CoV-2 S
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is an electrochemiluminescence immunoassay (CLIA)
intended for detection of antibodies against the receptor
binding domain (RBD) of the spike (S) protein in human
serum and plasma. The anti-SARS-CoV-2 S detected are
mainly immunoglobulin G (IgG), in addition to immuno-
globulin A (IgA) and immunoglobulin M (IgM). The Elec-
sys Anti-SARS-CoV-2 S assay uses a recombinant protein
portraying the RBD of the spike antigen in a double-an-
tigen sandwich assay format. Biotinylated SARS-CoV-2
S-RBD-specific recombinant antigen and SARS-CoV-2
S-RBD-specific recombinant antigen labeled with a ru-
thenium complex are first incubated to form a sandwich
complex. During the 2"¢ incubation, the complex becomes
bound to the solid phase via interaction of biotin and strep-
tavidin, after addition of streptavidin-coated microparticles.
The reaction mixture is aspirated into the measuring cell
where the microparticles are magnetically captured onto
the surface of the electrode. Then, application of a voltage
to the electrode induces chemiluminescent emission which
is measured with a photomultiplier. The results are deter-
mined via a calibration curve which is generated by a 2-point
calibration and a master curve provided via the reagent bar-
code or e-barcode. The total duration of the assay is 18 min.
When titers were above 250 UI/mL, dilution was performed
up to 1/100. A cutoff of 0.8 UI/mL was used for interpreta-
tion. The sensitivity of the test is considered to be 89%, 98%
and 100% after 14—20 days, 21-27 days and beyond 28 days,
respectively. The specificity is almost 100%.

Statistical analyses

Continuous variables were presented as mean + stan-
dard deviation (SD) if normally distributed, and as median
and interquartile range (IQR) if data were skewed; categor-
ical variables were presented as numbers and percentages.

The t independent sample test was used to compare
continuous variables that were normally distributed.
The Mann—Whitney test was used to compare skewed data.
A quantile regression analysis using the median (50") was
performed to assess factors associated with anti-spike anti-
body levels after the 1% vaccine dose, including all variables
that had a p-value less than 0.2 in the univariate analysis.
Spearman’s rho correlation was used to estimate the associa-
tion between anti-spike antibody levels after the 2™ dose and
serum albumin anti-Hbs antibody levels and other continu-
ous variables. The statistical analysis was performed with
IBM SPSS for Windows v. 26 (IBM Corp., Armonk, USA).
A p-value <0.05 was considered statistically significant.

Results
Characteristics of HD patients

A total of 72 HD patients were included. Table 1 sum-
marizes their characteristics. The mean age of patients
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was 72.5 +11.5 years and 34.7% of them were females.
Among the 60 infection-naive patients, 2 patients did
not get their 2" dose of vaccine, 1 died and 1 was admit-
ted to the hospital for hip fracture. Among the 12 pre-
viously infected patients, only 4 received the 2" dose
of vaccine.

The interval between the 1°t dose and 2" dose was
3 weeks in the eldest patients (those who were administered
the vaccine in priority) and it was prolonged to 4—5 weeks
in younger patients (based on the decision of the Ministry
of Public Health). A total of 34 patients were 75 years old
or older, and they completed their vaccination by the end
of March 2021.

Two out of the 72 HD patients contracted COVID-19
during the follow-up period that ranged between 1 and
5 months. One of them, a 88-year-old male, who had nega-
tive anti-spike antibody titers after 2 doses of vaccine, was
diagnosed with COVID-19 4 months after he completed
his vaccination. He needed admission to the hospital for
cough, dyspnea and oxygen therapy, and recovered after
5 days. Another patient, a 71-year-old female who had anti-
spike antibody titers of 237 UI/mL after the 2" dose, was
diagnosed with COVID-19 two months after her 2" dose.
She had mild symptoms and did not require admission.

Characteristics of healthy controls

A total of 22 healthy controls were included with a mean
age of 45.7 £17.4 years (22—80 years) and 68.2% of them
were females. Among these controls, 31.8% had a previ-
ous SARS-CoV-2 infection. All controls received the 2"
dose of vaccine 3 weeks after the 15 dose. The median
level of anti-spike antibody following the 1% dose was
150 (IQR: 109.5-571) UI/mL. The median level of anti-
spike antibody 1 month after the 2°¢ dose was 2000 (IQR:
1157-2000) UI/mL (maximum detection in controls was
3500 UI/mL). There was a significant difference in anti-
spike antibody levels after the 1** dose of vaccine between
previously infected and infection-naive controls (N = 21,
Z = -3.457, p < 0.001, Mann—Whitney test). There was
no significant difference in the anti-spike antibody levels
after the 2" dose of vaccine between previously infected
and infection-naive controls (N = 17, Z = -1.213, p = 0.225,
Mann-Whitney test).

Comparison between HD patients
and healthy controls

The anti-spike antibody levels measured 20 days after
the 1%t vaccine dose and 4 weeks after the 2"! dose were both
significantly higher in healthy controls compared to HD
patients (Mann—Whitney test, p < 0.001 and p = 0.001, re-
spectively). Figure 1 shows the high level of anti-spike anti-
body in previously infected patients compared to the levels
after the 1°* dose in healthy controls and infection-naive
HD patients.
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Factors associated with anti-spike

anti-spike antibody after first and second dose of vaccine

10000 antibody levels in HD patients
— 9000 8571 8750
g ?ggg Sex, diabetes or CAD did not significantly affect the anti-
T 6000 p=0.001 spike antibody levels after the 1*t and 2" dose of vaccine.
= 5000 Heart failure patients presented a significantly weaker
%_ 4000 <0001 response with lower anti-spike antibody titers; previous
-% ;ggg 1795 infection caused a higher response of antibodies (Table 2).

There was a positive correlation of anti-spike antibody
levels after the 1%t dose and after the 2" dose of vaccine
with age and anti-Hbs antibody and serum albumin lev-
els (Table 3). The median of anti-spike antibodies after
the 2" dose of vaccine was 93.5 (IQR: 20.25-838.5) UI/mL
in patients with an interval of 3 weeks between the 1t and

1008 . - L m

controls hemodilysis patients
infections-naive infections-naive

hemodialysis patients
with previous infections

= anti-spike antibody
after first dose, median

= anti-spike antibody
after second dose, median

Fig. 1. Anti-spike antibody levels among different groups of patients

Table 1. Characteristics of hemodialysis (HD) patients and the statistical difference between the compared groups

: HD patients who HD patients
Variable I?tl?)tr:;thle;zt)s were infection-naive | previously infected
(n=60) (n=12)

Age [years], mean +SD 725 %115 731 %114 699 £11.7 0.391*
Sex, n (% of females) 25(34.7) 22 (36.7) 3(25) 0.524
Dialysis vintage, median (IQR) 28 (14-60) 28 (14.5-60) 38.5(9.7-74.2) 0.976**
Smoking status, n (%) 10 (13.9) 8(13.3) 2(16.7) 0.669%**
Diabetes, n (%) 34 (47.2) 30 (50) 4(333) 0.354%**
Hypertension, n (%) 66 (91.7) 54 (90) 12 (100) 0.253¢
CAD, n (%) 23(31.9) 21(35) 2(16.7) 0.315%**
Heart failure, n (%) 9(125) 8(13.3) 1(83) 0.999***
History of cancer, n (%) 6(8.3) 6 (10) 0 (0) 0.581%**
Serum albumin level [mg/dL], mean +SD 374 45 369 +4.6 40.1 £6.3 0.120*
Vaccinated against hepatitis B, n (%) 65 (90.3) 53(88.3) 12 (100) 0.213°
Anti-Hbs antibody level >10 Ul/mL, n (%) 36 (50) 27 (45) 9 (75) 0.058°
Anti-Hbs antibody level

mean £SD 175.6 £321.7 106.9 £222.6 484.7 +498.9 <0.001*

median (IQR) 10.8 (0-109) 5.15 (0-50) 204 (17.25-818) 0.004**
Interval between the 2 doses of vaccine [weeks], mean £5D 38+09 38+09 39+0.7 0.097%
Platelet count after the 2" vaccine dose, median (IQR) a 565108(;_020207500) a 54510707_020007500) a 66020%%320501 000) 0.086**
Anti-spike antibody level after the 15t dose [Ul/mL], median (IQR) 3(0.5-26) 1.8(0.5-7.9) 8571 (2585-19147) <0.0071**
Anti-spike antibody level after the 2" dose [Ul/mL], median (IQR) 391 (55-1642) 371 (50-1157) 8750 (1936-26250) 0.003**
Anti-spike antibody level titer positive after the 15t dose, n (%) 45 (62.5) 33(55) 12 (100) 0.003¢
Anti-spike antibody level titer positive after the 2" dose (%) 96.7 (total = 60) 96.5 (total = 58) 100 (total = 4) 0.474%%*
Adverse events after vaccination
Myalgia, n (%) 16 (22.2) 11(183) 5(41.7) 0.091%**
Fever, n (%) 9(125) 5(83) 4(33.3) 0.030%**
Sore arm, n (%) 27 (37.5) 24 (40) 3(25) 0.248***
Headache, n (%) 7(9.7) 5(8.3) 2(16.7) 0.309***
Other - fatigue, n (%) 12(16.7) 11(184) 1(8.3)
Other — chills, n (%) 4(56) 10.7) 3(25) no0e

*independent t-test was used to compare means of continuous variables with normal distribution; **Mann-Whitney U test was used to compare medians
of skewed continuous variables; *x? test and ***Fisher's exact test were used to compare categorical data. SD - standard deviation; IQR - interquartile range;
CAD - coronary artery disease; HBs — hepatitis B surface.
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Table 2. Assessment of anti-spike antibody levels after the 1°*and 2" dose of vaccine among different groups of categorical variables and the statistical

difference between categories

Anti-spike antibody level 20 days after the 1t dose

Anti-spike antibody level 28 days after the 2" dose

Variable
median (IQR)

Sex

Male 46 2.85 (0.5-26)

Female 25 3(0.7-25.3) e
Previous infection

Yes 12 8571 (3057-17765)

No 59 18(05-79) <0001
Smoking

Yes 10 4.8 (0.4-35)

No 61 3(0.6-25.32) 0856
Dialysis frequency

2/week 6 1.6 (0.8-7)

3/week 65 32(053-35) 0579
Diabetes

Yes 34 1.8 (0.4-14)

No 37 7.1 (0.8-39) 0.127
Hypertension

VYes 65 5.9(0.6-35)

No 6 0.5 (0-1.1) 0.049
CAD

Yes 23 0.6 (0.4-23)

No 48 6.5 (0.9-38) ees
Heart failure

Yes 9 0.6 (0.37-0.9)

No 62 6.6 (0.6-35) 0029
History of cancer

Yes 6 9(06-12)

No 64 2.75(0.5-30.2) 0767

median (IQR)
wa | £ TS| o | s
e |G| T0RERD g g
-0579 574 5;2 1( éégj 37?9) 0.141 —1.494
-1.526 53 71739(:336%;_1 11 613) 0.233 -1.191
~1.954 565 32991 5(?10; 107332?) 0348 —0.969
~1.899 g; 7522(]%?:?;?9) 0.084 -1.727
-2.187 583 49248 ((]]5‘1’_51172 9 0018 -2372
0319 556 4(5)5 16 ((5296.;1312?2) 0674 o

*Comparison based on Mann-Whitney test. CAD — coronary artery disease; IOR — interquartile range.

Table 3. Correlation of anti-spike antibody levels after the 1 and 2" dose of vaccine with different continuous variables

Anti-spike antibody level 20 days
after the 15t dose

Anti-spike antibody level 28 days
after the 2" dose

Variable

correlation

coefficient
Age —-0.289
Anti-Hbs antibody level 0.357
Serum albumin level before vaccination 0317
Dialysis vintage 0.124
Platelet count after 2" dose 0.243
Number of weeks between 2 doses of vaccine 0.158

correlation

coefficient
0.015 71 —0.464 <0.001 61
0.002 71 0.283 0.027 61
0.007 71 0.285 0.026 61
0.303 71 0.208 0.108 61
0.046 63 0.207 0.110 61
0212 64 0.340 0.007 61

Spearman'’s rho correlation was used to assess the association between anti-spike antibody levels and different continuous variables; HBs — hepatitis B surface.

2nd dose. It was of 979 (IQR: 308.5-1962.5) Ul/mL
in patients who received the 2"! dose 4 to 6 weeks after
the 1% dose of vaccine.

The quantile regression analysis was used to analyze
the association of different factors with the anti-spike an-
tibody levels after the 15t dose of vaccine (Table 4). Previous
infection and ani-Hbs levels were significantly associated
with higher anti-spike antibody titers after the 1** dose, and
remained significant after adjustment to age, sex, diabetes,
CAD, heart failure, and serum albumin level.

Discussion

Our study revealed a positive humoral response rate
of 96.7% after 2 doses of Pfizer-BioNTech vaccine in HD
patients. This is in line with other reports from Europe
confirming a good percentage of seropositivity of HD pa-
tients after full vaccination. The reported rates in the liter-
ature were 82% in a prospective study from Germany,'® 88%
in a trial from Switzerland,'® 90% in the Romanov study
from France,'° and 97.7% in a prospective multicenter
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Table 4. Multivariate quantile regression analysis of factors associated with anti-spike antibody levels 4 weeks after the 1°* dose of vaccine

Variable | Coefficient | SE

Intercept 9692.68 17.1818
Age [years] 0.006 0.1027
Serum albumin level 0.257 0.2625
Anti-Hbs antibody level 0.051 0.0039
Sex

Male —-1.076 2.1362

Female (Ref)
Previous infection 970065 337
(Ref = yes)
Diabetes
(Ref = yes) —3479 2.1297
Hypertension _0617 36469
(Ref = yes)
CAD
(Ref = yes) 0.044 24562
Heart failure
(Ref = yes) 1.244 3.2067

| ot | 95% Cl |

p-value

53 [9658.22; 9727.15] <0.001
53 [-0.200;0.212] 0951

53 [-0.270; 0.783] 0.333
53 [0.043;0.059] <0.001
53 [-5.361; 3.209] 0616
53 [-9707.42; —9693.89] <0.001
53 [-7.750;0.793] 0.108
53 [-7.931; 6.698] 0.866
53 [-4.882;4.971] 0.986
53 [-5.188; 7.676] 0.700

The median (50™) was used for quantile regression analysis. SE — standard error; 95% Cl — 95% confidence interval; df — degrees of freedom; CAD - coronary

artery disease; HBs — hepatitis B surface.

study from Spain.!! Our findings also highlighted the fact
that the 1% dose is not enough to induce an acceptable
seroconversion rate or titer in infection-naive patients.
Although 62.5% of patients in our sample developed posi-
tive anti-spike antibody levels after the 1 dose, the median
of these antibodies was as low as 3 UI/mL (IQR: 0.5-26).
This is aligned with the findings of Billany et al. from
UK,'® where antibodies were detectable in 79.8% of pa-
tients with a median level of 2.4 (IQR: 8). Lower response
rates to the 1% dose of 18%, 21% and 35% were reported
by Speer et al.,'® Longlune et al.!® and Torreggiani et al.,?°
respectively. They had to administer a 3" dose of vac-
cine to patients who did not respond to the routine regi-
men.!® In most of the studies, HD patients had a better
response than kidney transplant (TX) patients but worse
than healthy controls.!21>17-1921.22 Thig was also the case
in our sample where healthy controls showed significant
higher titers of antibodies.

One interesting finding in our study is the statistically
significant association between hepatitis B vaccine re-
sponse (anti-Hbs antibody levels) and anti-spike antibody
levels. To the best of our knowledge, 3 previous studies
tried to find out if there was any relation between these
2 variables. Only a French cohort of 78 patients showed
a positive correlation between hepatitis B and humoral
responses to COVID-19 vaccines, which concurs with our
results. In a cohort from Switzerland that studied 1198 HD
patients, no such correlation was found.!” Their patients
had longer dialysis vintage than our patients, but were
younger. In another study of 81 patients from Switzer-
land, no association was demonstrated.’” Their vaccination
schedule consisted of 3 doses of Engerix B 40 pg, which
is slightly different from our patients’ 4 doses. The lack
of consistency across studies regarding this association

needs further evaluation by comparing statistical meth-
ods used and enrolling more patients from other units
worldwide.

In our sample, high serum albumin level was associ-
ated with a better response to the COVID-19 vaccine.
This parameter is known to predict mortality in HD
patients.?® It has also been demonstrated recently to be
associated with COVID-19 vaccine response in HD.!2
Other factors that were highlighted to predict the hu-
moral response to COVID-19 vaccine in other cohorts
are age, dialysis vintage and better dialysis quality.!0-12:1
We showed an inverse correlation between age and anti-
spike antibody levels among our patients. However, this
was not consistent in the literature. Speer et al. detected
lower anti-spike antibody levels at older age in healthy
controls but not in HD patients.!® Stumpf et al. dem-
onstrated age-related differences in TX patients but
not in dialysis ones.!® On the other hand, Jahn et al,,
Yanay et al. and Attias et al. found significant lower an-
tibody levels in HD patients over 60, 70 and 75 years,
respectively.2122:24

Our results shed light on the distinctive characteristics
of patients previously infected with SARS-CoV-2 and their
positive response to vaccination. In fact, these patients had
higher serum albumin levels, were younger and had signifi-
cantly higher anti-Hbs antibody titers than infection-naive
patients in our sample. This is most probably due to the nat-
ural selection following COVID-19. Those who survived
the disease were the ones with more robust immunity pa-
rameters. In addition, the strong response of these previously
infected patients after a single dose of vaccine and the high
incidence of fever following 1 dose suggests that they do not
need a 2" injection. In fact, this 2! dose can be spared for
patients who are non-respondents and would need a 3 dose.
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The pronounced peak of response after 1 dose in patients
with a history of COVID-19 has also been demonstrated
in several reports from the general population.?

Finally, the fact that one of the immunized patients was
diagnosed with COVID-19 two months after the 2°¢ dose
emphasizes the importance of maintaining preventive
measures in all dialysis units. This was highlighted as well
by Yanay et al. who reported 4% of their patients infected
7 days after the 2" dose.?

Limitations

The major limitation of our study is the small sample
size. The shortage of serological kits to assess anti-spike
antibody levels prevented more units from assessing
the humoral response of their patients. However, despite
the limited number of patients, this study confirmed once
more the good response rate of HD patients to 2 doses
of vaccine, highlighted the robust seropositivity after
1 dose of Pfizer-BioNTech vaccine in previously infected
patients, and showed the importance of anti-Hbs antibody
level as a predictor of the response of patients to COVID-19
vaccine.

Conclusion

In conclusion, this study showed a response rate of 96.7%
to 2 doses of BNT162b2 mRNA vaccine in HD patients
and of 100% to the 15t dose in previously infected patients.
The levels of anti-spike antibody can be predicted by age,
anti-Hbs antibody, serum albumin levels, and previous
infection. Despite the immunization of patients, preven-
tive measures should be maintained in all dialysis units.
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Abstract

Background. Acute-on-chronic liver failure (ACLF) is a syndrome characterized by acute decompensation
of chronic liver disease associated with organ failures and very high short-term mortality.

Objectives. To assess the incidence and factors predisposing to ACLF in patients with liver cirrhosis hospital-
ized due to acute gastrointestinal bleeding (GIB).

Materials and methods. We collected and retrospectively analyzed the data of 89 consecutive patients
(59 males (66.2%), median age 53 years (range: 44—62 years), mean Model for End-Stage Liver Disease
(MELD) score 14.42 +6.5, median Child—Turcotte—Pugh score 10 (range: 8—11), and acute GIB (72 variceal
bleeding and 17 non-variceal bleeding cases). Acute-on-chronic liver failure was diagnosed based on European
Association for the Study of the Liver — Chronic Liver Failure Consortium definition.

Results. Twenty-seven (30.33%) patients met the criteria of ACLF during hospitalization: 8 (30%) had ACLF
grade 1,13 (48%) had ACLF grade 2 and 6 (22%) had ACLF grade 3. The most frequent organ failures were
respiratory (22 (25%)), kidney (18 (20.23%)) and brain (17 (19.1%)) failure. The MELD score value, creati-
nine level and presence of hepatic encephalopathy (HE) on admission were significant predictors of ACLF
in the multivariate logistic regression model with optimal cutoff point for MELD score of 18.313 and optimal
cutoff point for creatinine level of 1.35 mg/dL.

Conclusions. In-hospital risk of ACLF in cirrhotic patients hospitalized for acute gastrointestinal hemorrhage
is high despite successful arrest of bleeding. Elevated creatinine level, MELD score and the presence of HE
on admission are the best predictors of ACLF during hospitalization in such patients.

Key words: liver cirrhosis, gastrointestinal bleeding, organ failure, gastrointestinal hemorrhage, acute-on-
chronic liver failure
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Background

The natural history of liver cirrhosis includes compensated
and decompensated phase. The classic hallmarks of decom-
pensated liver cirrhosis are variceal bleeding, ascites and
hepatic encephalopathy (HE). Acute-on-chronic liver failure
(ACLF) is a syndrome characterized by acute decompen-
sation (AD) of chronic liver disease associated with organ
failures. While the predicted survival of patients with decom-
pensated cirrhosis is 35 years, ACLF has very high short-
term mortality exceeding 25%, with a prognosis comparable
to the acute liver failure.> The European Association for
the Study of the Liver-Chronic Liver Failure (EASL-CLIF)
Consortium and the EASL-CLIF Acute-on-Chronic Liver
Failure in Cirrhosis (CANONIC) study provided the evi-
dence-based definition of ACLF in 2013.3 This definition
is based on the existence of the failure of 1 of the 6 major
organ systems (liver, kidney, brain, coagulation, circulation,
and respiration) in patients with acutely decompensated cir-
rhosis (with or without prior episodes of decompensation).>*
The failure of individual organ systems in these patients
is assessed using the CLIF-C Organ Failure scale. As defined
by EASL-CLIF, ACLF is divided into 3 grades of increasing
severity, based on the number of organ system failure.

The Personalised Responses to Dietary Composition
Trial (PREDICT) study showed that AD without organ
failure (without ACLF) is a heterogeneous condition
with 3 major clinical courses: 1) pre-ACLF with high risk
of ACLF and high 3-month and 1-year mortality rates;
2) unstable decompensated cirrhosis (UDC) with interme-
diate mortality rates, high risk of =1 readmission, but not
leading to ACLF; 3) stable decompensated cirrhosis (SDC)
neither requiring readmission to hospital nor leading
to ACLF, and showing the lowest mortality.® Based on re-
sults of CANONIC and PREDICT studies, we can identify
cirrhotic patients with AD with a high risk of short-term
mortality due to ACLF.

In patients with compensated cirrhosis, the major de-
terminants of decompensation are clinically significant
portal hypertension and the degree of liver failure. Tra-
ditionally, portal hypertension, portosystemic shunting,
and hepatic and extrahepatic organ perfusion disorders
have been recognized for decades as the main risk fac-
tors for complications of cirrhosis. The current view
of the physiological mechanism of AD assumes a crucial
role of systemic inflammation in the development of AD
subphenotypes, including AD-ACLF.® Systemic inflam-
mation increases across AD-no-ACLF phenotypes from
the lowest degree of inflammation in SDC, through mod-
erate in UDC to the highest in pre-ACLFE.”8 In patients
with AD-ACLEF, the degree of systemic inflammation cor-
relates also with the number of organ failures, severity
of the clinical course and prognosis.®® Variceal bleeding,
which is a major complication of portal hypertension, oc-
curs more frequently in UDC than in other AD-no-ACLF
phenotypes.!? This phenotype has a complicated clinical
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course and a relatively high mortality rate, with moderate
systemic inflammation at hospital admission. In patients
with variceal bleeding and AD-ACLF phenotype, the clini-
cal course seems to depend on the evolution of systemic
inflammation.

Objectives

The aim of the study was to assess the incidence and
factors predisposing to ACLF in the cohort of patients with
liver cirrhosis, hospitalized due to acute gastrointestinal
bleeding (GIB) effectively treated endoscopically. The pri-
mary endpoint was the occurrence of ACLF in these pa-
tients. Secondary endpoints were in-hospital mortality,
days of intensive care unit (ICU)/hospital stay, 5-day treat-
ment failure, the rate of repeat endoscopy within 72 h for
rebleeding, the need for salvage therapy, and blood trans-
fusion requirements.

Materials and methods

The medical records of patients hospitalized in our
department from August 2015 to December 2018 were
searched using International Classification of Dis-
eases (ICD)-10 codes (see Supplementary material for
codes and their explanations: https://doi.org/10.5281/
zenodo.6374308). Data on age, sex, etiology and sever-
ity of cirrhosis, sources of acute GIB, and organ failure
were collected. We collected and analyzed both the results
of laboratory tests on admission and during hospitaliza-
tion in order to determine ACLF predictors on admis-
sion and the incidence of ACLF on admission and during
hospitalization.

Definitions

The definitions are presented in the Supplementary ma-
terial: https://doi.org/10.5281/zenodo.6374308.

Inclusion and exclusion criteria

Inclusion criteria were as follows: 1) cirrhosis diag-
nosed based on clinical, laboratory and imaging evidence;
2) acute upper GIB confirmed endoscopically and based
on clinical symptoms (see above); 3) effective initial resus-
citation and successful endoscopic treatment or no need for
endoscopic treatment. Exclusion criteria were as follows:
1) admission for scheduled procedure or treatment; 2) he-
patocellular carcinoma outside Milan criteria; 3) severe
chronic extrahepatic diseases; 4) ongoing immunosup-
pressive treatments; 5) human immunodeficiency virus
(HIV) infection.!!

The study was approved by Ethics Committee
of Medical University of Bialystok, Poland (resolution
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No. R-1-002/336/2019, of June 27, 2019). The study was con-
ducted in accordance with the principles of the Helsinki
Declaration. Due to the retrospective design of the study,
informed consent of the subjects was not required.

Statistical analyses

Continuous variables were tested for normality using
the Shapiro—Wilk test and Lilliefors test, and expressed
as means (+ standard deviation (SD)) or median (interquar-
tile range (IQR)), as appropriate. The equality of variance
in the tested samples was assessed with the Levene’s test.
Categorical variables were reported as counts (percentage).
Continuous data were analyzed with either t-test or Mann—
Whitney U test, as appropriate. Categorical variables were
analyzed using x? test. The p-values of <0.05 were con-
sidered statistically significant. The additional analysis
included a stepwise multivariate logistic regression, which
was used to identify the best combination of parameters
predicting ACLF presence. Only variables which were sig-
nificantly different between analyzed groups were included
into the regression model as predictors. Model was as-
sessed with x? test, R? Nagelkerky coefficient and Hosmer—
Lemeshow goodness of fit (GOF) test. The receiver oper-
ating characteristic (ROC) curves were prepared. Cutoff
point calculation was based on Youden’s criterion. Statisti-
cal analyses were performed with the STATISTICA v. 13.3
software package (StatSoft Inc., Tulsa, USA).

Results

Of the 1902 hospitalizations identified based on ICD-10
codes (384 hospitalizations due to decompensated liver
cirrhosis and 1518 hospitalizations due to acute GIB — see
the Supplementary material: https://doi.org/10.5281/ze-
n0do.6374308), we collected and retrospectively analyzed
data of 89 consecutive patients of Caucasian ethnicity
(59 males (66.2%), median age 53 (44—62) years), with cir-
rhosis (mean Model for End-Stage Liver Disease (MELD)
score 14.42 +6.5, median Child-Turcotte—Pugh score 10
(8-11) of various etiologies, and acute GIB, hospitalized
from August 2015 to December 2018 at our department.

Twenty-seven (30.33%) patients met the ACLF crite-
ria during hospitalization: 8 (30%) had ACLF grade 1, 13
(48%) ACLF grade 2 and 6 (22%) ACLF grade 3. We were
able to confirm ACLF in 7 (7.86%) patients on admission
to hospital, based on the available data. Patient data were
analyzed considering the presence of ACLF. Demographic,
clinical and laboratory characteristics are shown in Table 1.

Acute gastrointestinal bleeding
Seventy-two patients (80.89%) had variceal bleeding,

while 17 patients (19.1%) had non-variceal bleeding.
Twenty-one (29.1%) patients with variceal bleeding and
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6 (35.29%) patients with non-variceal bleeding had ACLF.
Esophageal varices were the most common source of vari-
ceal bleeding, while gastric ulcers, erosive esophagitis,
duodenal ulcers, and Mallory—Weiss tear were the most
common causes of non-variceal bleeding. We found no
relationship between the type (variceal compared to non-
variceal) and the source of bleeding, and the occurrence
of ACLF (Table 2).

Acute cirrhosis decompensation

Forty-three (50%) patients had overt HE, 23 patients
(26.44%) had HE grades I/II and 20 patients (23.26%) had
HE grades III/V. Hepatic encephalopathy was diagnosed
in 24 (40%) patients without ACLF and in 19 (73.08%) pa-
tients with ACLF (p = 0.0048).

Ascites was present in 48 patients (54.55%) — 26 (42.58%)
non-ACLF patients and 22 (81.48%) ACLF patients
(p = 0.0023). Fifty-seven (66.28%) patients were on di-
uretics (34 (57.63%) in the non-ACLF group compared
to 23 (85.19%) in the ACLF group (p = 0.0121). The need
for therapeutic paracentesis during hospitalization was
observed in 6 patients — 3 (4.92%) patients without and 3
(11.11%) patients with ACLF (p = 0.2878).

A total of 12 (13.48%) patients were diagnosed with clini-
cally significant infections. The most common infections
were pneumonia (5 (5.62%)) and urinary tract infection
(5 (5.62%)), followed by bacteremia (3 (3.37%)), sponta-
neous bacterial peritonitis (2 (2.25%)) and Clostridium
difficile intestinal infection (2 (2.25%)). Infections were
more common in the ACLF group compared to patients
in the non-ACLF group (8 (29.63%) compared to 4 (6.45%),
p = 0.006). Antibiotics were administered in 73 (82.95%)
patients (64 (91.43%) patients with variceal bleeding and
9 (52.94%) patients with non-variceal bleeding). Anti-
biotics were used more frequently in the ACLF group
compared to the non-ACLF group (26 (96.3%) compared
to 47 (77.05%), p = 0.0268).

Previous episodes of acute
decompensation

Fifty (56.18%) patients had a history of previous AD.
Of the patients with previous episodes of AD, 16 (32%)
had ACLF, while 11 (28%) patients had ACLF despite
no prior AD. The history of previous AD did not affect
the occurrence of ACLF during current hospitalization
(p = 0.699).

Organ failures

The most frequent organ failures as defined by EASL-
CLIF score were respiratory (22 (25%)), kidney (18 (20.23%))
and brain (17 (19.1%)) failures, followed by coagulation
(7 (7.87%)), circulation (6 (6.98%)) and liver (4 (4.49%))
failures (Table 3). Among patients with organ failures, 20
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Table 1. Demographic, clinical and laboratory characteristics

Variable

No ACLF (n =62)

P. Rogalski et al. ACLF in patients with Gl hemorrhage

Age [years]

Sex, n (%)
Men
Women

Alcohol, n (%)

Viral, n (%)

Cholestatic, n (%)

Other, n (%)

Child-Pugh score
MELDy, score

MELD score
Hemoglobin (IQR) [g/dL]
RBC +SD [106/UL]

WBC (IQR) [10°/UL]

PLT (IQR) [10°/UL]

PT (IQR) (%)

Fibrinogen (IQR) [mg/dL]
Albumin (IQR) [g/dL]
Ammonia

Bilirubin (IQR) [mg/dL]
AST (IQR) [IU/L]

ALT (IQR) [IU/L]

Urea (IQR) [mg/dL]

BUN [mg/dL]

Creatinine (IQR) [mg/dL]
Na [mmol/L]

K [mmol/L]

CRP (IQR) [mg/L]

Days of hospitalization (IQR)

50.0 (43-62)

44 (70.97)
18 (29.03)

8 (5-9)

44 (70.97)
5(8.06)
3(4.84)
9(14.52)
9(8-11)

10.75 (8.45-14.89)
11.82 £4.62
8.7 (7.6-10.10)
3.0+0.66
7.035 (4.92-9.59)
96.79 (59-122)
60.0 (50.0-70.0)
217.5(176.0-263.0)
294 (2.67-3.11)
55.5(40.8-62.7)
2.04(1.28-3.54)
67.0 (42-118.0)
29.0 (21.0-49.0)
43.0(27.0-75.0)
20.07 (12.6-33.6)
0.79 (0.72-1.04)
138 (135-141.0)
4.25(3.73-4.61)
4.8 (2.0-20.7)

ACLF (n=27) Test statistics p-value
54 (48-61) U=751 - - 04478
15 (55.56) X2 =1999 1 - 0.1574

12 (44.44)
10 (6-16) U=5795 - - 0.0209

Etiology
17 (62.96)
0

1 G7) X?=6.1357 4 = 0.1892

9(33.33)
11 (10-12) U=2275 - - 0.0059
24.06 (18.4-27.05) U=132 - - <0.0001
2032 £6.37 t=6.1258 37.081 1442 [13.017; 15.825] <0.0001
8.55(6.7-9.8) U=725 - - 0.4640
2.76 £0.96 t=-1.3793 86 2.9302 [2.7680; 3.0924] 0.1714
8425 (6.74-12.03) U=5735 - - 0.0329
106.58 (69-116) U=757 - - 0.6593
46.0 (33.5-68.0) U=5115 - - 0.0307
216.5 (162.0-373.0) U =566 - - 0.4438
2.65 (2.65-2.76) U=12 - - 0.0897
61.7 (44.5-112.7) U=138 - - 0.1731
2.8(1.92-5.87) U=598 - - 0.0574
76.0 (46.0-157.0) U=5585 - - 0.2814
35.5(19.5-55.0) U=581.00 - - 04053
76.0 (42.5-123.5) U =405 - - 0.0020
26.6 (19.6-57.4) U=4145 - - 0.0343
147 (0.85-2.66) U =351 - - <0.0001
134 (127.0-140.0) U=345 - - 0.0532
4.51 (4.02-5.73) U=3075 = = 0.0185
184 (7.8-30.11) U=4125 - - 0.0077

Data presented as mean + standard deviation (SD) or median (1°' quartile (Q1), 3" quartile (Q3)), unless indicated otherwise. IQR - interquartile range;

t = Student’s t-test; U — Mann-Whitney U test; df — degrees of freedom; 95% CI — 95% confidence interval; ACLF — acute-on-chronic liver failure; BUN - blood
urea nitrogen; MELD — Model for End-Stage Liver Disease; WBC — white blood cells; RBC - red blood cells; PLT - platelet count; PT - prothrombin time;

AST — aspartate transaminase; ALT — alanine transaminase; CRP — C-reactive protein.

(52.63%) patients had single organ failure, 13 (34.21%) pa-
tients had 2 organs failures, 2 (5.26%) patients had 3 or 4 or-
gans failures, and 1 (2.63%) patient had failure of 5 organs.

In-hospital mortality

There were 7 deaths in the study group: 6 (24.0%)
in patients with ACLF and 1 (1.61%) in a patient without
ACLEF. Estimated probability of dying in the ACLF group
calculated based on CLIF-C ACLF score, age and white
blood cell (WBC) count was: 24.0% (range: 13—41%), 42.0%
(range: 31-61%), 47.0% (range: 41.0-66.0%), and 56.0%
(range: 50.0-73.0%) at 1, 3, 6, and 12 months, respectively.
The estimated probability of death based on the CLIF AD

score in the non-ACLF group was: 3.0% (range: 1.0-5.0%),
8.0% (range: 5.0-14.0%), 13.5% (range: 9.0-21.0%), and
24.5% (range: 18.0-34.0%) at 1, 3, 6, and 12 months, re-
spectively. Both CLIF-C ACLF score and CLIF AD score
(at 1 month) allowed for a reliable assessment of probabil-
ity of death during hospitalization in patients with ACLF
and patients with AD without ACLF, respectively. There
were no statistically significant differences in the number
of deaths <5 days between the groups — 1 (1.67%) ACLF
patient compared to 1 (4%) non-ACLF patient; p = 0.5.
However, the overall number of in-hospital deaths was sig-
nificantly higher in the ACLF group compared to the non-
ACLF group: 6 (24%) compared to 1 (1.61%), respectively
(p = 0.002).
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Table 2. Sources of bleeding

Source of bleeding

No ACLF (n=62)

Variceal 51(82.25)
Non-variceal 11(17.74)
Varicea

Esophageal varices, n (%) 38(61.29)
Gastric varices, n (%) 6 (9.68)
Gastro-esophageal varices, n (%) 2(3.23)
NS, n (%) 5 (8.06)

Non-varic
Erosive esophagitis, n (%) 4 (6.45)
Gastric ulcer, n (%) 3(4.84)
Duodenal ulcer, n (%) 0
Mallory—Weiss tear, n (%) 2(3.23)
Dieulafoy lesion, n (%) 1(1.61)
NS, n (%) 1(1.61)

ACLF (n=27)
21(77.78)
6(2222)

Pearson’s x?

0.04 1 0.8407

|
15 (55.56)
3(11.11)
2(7.41)
13.7)

1.39 3 0.7081

eal

8.83 5 0.1162

df — degrees of freedom; NS - not specified; ACLF — acute-on-chronic liver failure.

Table 3. Organ failures according to European Association for the Study of Liver-Chronic Liver Failure (EASL-CLIF) definition

No ACLF .
Organ/system (n=62) Pearson’s x
Liver
Bilirubin <12 62 (100) 23 (85)
1 9.62 0.0019
Bilirubin >12 0 4(15)
Brain
HE 0-2 57(92) 15 (56)
1 16.1 0.0001
HE 3-4 50 12 (44)
Coagulation
0 61(98) 21(78)
1 11.2 0.0009
1 1) 6 (22)
Kidney
Creatinine <1.5 58 (94) 13 (48)
Creatinine 1.5-1.9 4(6) 3(11) 2 30.64 <0.0001
Creatinine >1.9 0 11 (41)
Circulation
0 61 (100) 19 (76)
1 15.74 0.0001
1 0 6 (24)
Respiratory
0 52(85) 14 (52)
1 11.13 0.0009
1 9(15) 13 (48)

ACLF - acute-on-chronic liver disease; HE — hepatic encephalopathy; df — degrees of freedom.

5-day treatment failure

Five-day treatment failure was found significantly more

frequently in patients with ACLF compared to non-ACLF
group: 6 (22.2%) compared to 2 (3.23%), respectively
(p = 0.008). The rate of repeat endoscopy within 72 h for
rebleeding was significantly higher in the ACLF group
compared to the non-ACLF group: 7 (25.93%) compared

to 3 (4.84%), respectively (p = 0.0075). No statistically sig-
nificant differences were found in the need for salvage
therapy.

The use of blood products

Red blood cell concentrate was used significantly more
frequently in the ACLF group compared to the non-ACLF
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group: 33 (53.23%) compared to 21 (80.77%), respectively
(p = 0.017). The frequency of using fresh frozen plasma,
platelet concentrate and cryoprecipitate were compara-
ble between groups (11 (18.03%) compared to 8 (29.63%)
(p =0.265), 13 (21.31%) compared to 4 (14.81%) (p = 0.568)
and 0 (0%) compared to 1 (3.7%) (p = 0.307), respectively).

Multivariate logistic regression

Parameters which were significantly different between
the groups were included into the multivariate logistic
regression model with ACLF as outcome variable. Stepwise
logistic regression recommended a model with 10 param-
eters: the presence of HE, ascites, infection, rebleeding
during hospitalization, the use of diuretics, red blood cell
concentrate, the value of the MELD score, and WBC, cre-
atinine and C-reactive protein (CRP) levels.

The MELD score, creatinine level and presence of HE
were significant in the model (Table 4). The model was
validated with x? test, which confirmed that all variables
jointly are significant (p < 0.001). The R? Nagelkerky co-
efficient was on a moderate level (63%). The additional
assessment with Hosmer—Lemeshow GOF test (p = 0.495)
confirmed good fit of the model to the data.
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To ascertain the optimal cutoff point for MELD score
and creatinine level as predictors for ACLF, ROC curves
were prepared (Fig. 1,2). For MELD score, the analysis re-
sulted in the area under the curve (AUC) = 0.853, 95%
confidence interval (95% CI): [0.759; 0.948]. The optimal
cutoff point for MELD score was 18.313, with ACLF pre-
diction for MELD score >18.313. Sensitivity and specificity
of the analysis were 69.2% and 91.5%, respectively. Accu-
racy of the test (ACC) was on the level of 84.7%, meaning
84.7% of all patients were correctly identified as ACLF pa-
tients based on the MELD score cutoff point of 18.313. For
creatinine level, the analysis resulted in the AUC = 0.779,
95% CI: [0.656; 0.902]. The optimal cutoff point for creati-
nine level was 1.35 mg/dL, with ACLF prediction for creati-
nine >1.35 mg/dL. Sensitivity of the analysis was 61.5% and
specificity was 95.1%. The ACC was on the level of 85.1%.

Discussion

The efficacy of endoscopic and pharmacological treat-
ment of acute GIB has improved significantly during
the last decades.!? Nevertheless, despite high efficiency
of current methods in achieving hemostasis and reducing

Table 4. Multivariate logistic regression model for acute-on-chronic liver failure (ACLF)

95% Cl for OR

Characteristic Coefficient
HE 2.028 0.949
MELD 0.0162 0.081
Creatinine level [mg/dL] 2117 0911
Constant -7.229 1.671

0.0325 7.601 [1.184;48.810]
0.0461 1.176 [1.003;1.379]
0.0202 8.304 [1.392; 49.548]
<0.0001 0.001 [0.000; 0.019]

SE - standard error; OR - odds ratio; 95% Cl — 95% confidence interval; HE — hepatic encephalopathy; MELD — Model for End-Stage Liver Disease.

ROC Curve
Youden Index = 0.61
Proposed cut-off point: 18.31
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Fig. 1. Receiver operating characteristic (ROC) curve for the Model for
End-Stage Liver Disease (MELD)

ROC Curve
Youden Index = 0.57
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Fig. 2. Receiver operating characteristic (ROC) curve for creatinine level
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the frequency of early bleeding relapses, mortality in cir-
rhotic patients with acute gastrointestinal bleeding re-
mains high.!® This disparity indicates that the clinical out-
come depends not only on successful stopping of bleeding,
but primarily on the severity of underlying chronic liver
disease and the development of complications.*!> Acute-
on-chronic liver failure is one such complication which
potentially can contribute to increased mortality after GIB.
Gastrointestinal hemorrhage is a known trigger of ACLF.
However, the relationship between GIB in cirrhotic pa-
tients and ACLF is not well understood.

In this study, we analyzed the data of 89 consecutive
cirrhotic patients admitted to our hospital due to gastro-
intestinal hemorrhage. All patients included in the study
were subsequently hospitalized in our department after
fluid resuscitation and achieving hemostasis. The inci-
dence of ACLF in these patients during hospitalization
was very high (30.33%), despite effective initial treatment
of GIB. The in-hospital mortality in patients with ACLF
was also high and exceeded 24%. On the other hand, in-
hospital mortality in patients without ACLF was 8 times
lower. These data indicate that cirrhotic patients with
acute GIB are a heterogeneous group in terms of prognosis,
and the risk of death in these patients depends primarily
on the occurrence of ACLF. Of the organ failures, respira-
tory failure was most frequently found, followed by kidney
and brain failure.

The relationship between the type and number of pre-
cipitants and the clinical course of patients hospitalized
with AD-no-ACLF and AD-ACLF phenotypes has been
investigated previously. The PREDICT study identified
4 precipitants associated with the AD-ACLF phenotype:
proven bacterial infections, severe alcoholic hepatitis,
GIB with shock, and toxic encephalopathy.® In the pres-
ent study, we identified 3 major risk factors for ACLF
in patients admitted to hospital for gastrointestinal hem-
orrhage: high MELD score value, elevated creatinine and
HE. Two of the 3 parameters (bilirubin and International
Normalized Ratio (INR)) assessed in MELD are used
in Maddrey’s discriminant function for alcoholic hepa-
titis. Therefore, a high MELD score could, in fact, indi-
rectly indicate a higher frequency of alcoholic hepatitis
in the ACLF group. Nevertheless, due to the small group
of patients, it was not possible to perform separate analy-
ses in subgroups of different etiology. Increased creatinine
level could indicate a higher frequency of prerenal renal
failure in the ACLF group, resulting from more severe
bleeding. Finally, some cases of HE may in practice be
a toxic, drug-induced encephalopathy — due to the retro-
spective design of the study we were unable to distinguish
between these cases.

On account of the dynamic clinical course of AD-ACLF,
precipitants most often occur in close association with
ACLF.® However, to the best of our knowledge, the exact
time interval from triggering to ACLF has not been inves-
tigated so far. The assessment of the temporal relationship
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between the precipitant and ACLF is an interesting issue
that requires a new prospective study with close monitor-
ing of parameters of organ systems failure.

In addition to more severe liver failure, higher CRP and
WBC values were found in the ACLF group compared
to non-ACLF group on the admission. In our study, bacte-
rial infections were more common, and antibiotics were
also more often used in the ACLF group compared to non-
ACLF group. The effectiveness of antibiotic prophylaxis
in reducing the mortality, the incidence of infections and
the recurrence of bleeding in cirrhotic patients with up-
per GIB has been confirmed previously in a meta-analysis
of 12 studies.!® However, studies included in the meta-
analysis did not assess the effect of antibiotic prophylaxis
on the incidence of ACLFE. Antibiotic prophylaxis (ceftriax-
one or ciprofloxacin) has been used in most patients with
variceal bleeding and in a significant proportion of patients
with non-variceal bleeding in our study. Interestingly,
ACLF occurred despite the widespread, prophylactic use
of antibiotics. This may indicate the need to individual-
ize antibiotic prophylaxis in cirrhotic patients with GIB
at highest risk of ACLF.

The issue of identifying patients with the highest risk
of mortality and recurrent bleeding is currently of great
interest. In a recent study, it was shown that ACLF in pa-
tients with acute variceal bleeding almost doubled the risk
of recurrent bleeding.l” Furthermore, ACLF was, along
with hepatocellular carcinoma, the strongest predictor
of short-term mortality in these patients, with an al-
most threefold increased risk. Interestingly, it was also
shown that transjugular intrahepatic portosystemic shunt
(TIPSS) could improve survival in patients with ACLF
and acute variceal bleeding. Kumar et al. analyzed the de-
terminants of mortality in patients with cirrhosis and
uncontrolled variceal bleeding.!®* The ACLF was found
in the majority (68.4%) of patients during hospitalization
and it was the strongest determinant of the 42-day and
1-year mortality rates that increased with increasing ACLF
grades. Other mortality predictors identified were age
and systemic inflammation reflected by the WBC. Im-
portantly, the beneficial effect of the rescue TIPSS was
also shown in this study, but only in patients with ACLF.
The authors concluded that TIPSS should be offered
to these patients. In turn, Lv et al. showed that Chronic
Liver Failure Consortium Acute Decompensation Score
(CLIF-C ADS) outperforms active bleeding at endoscopy
and other prognostic models in predicting 6-week and
1-year mortality.! This model may be useful in qualifying
patients with Child—Pugh B cirrhosis and acute variceal
bleeding for early TIPSS. Finally, in a recent study, it was
shown that variceal bleeding has increased mortality com-
pared to non-variceal bleeding only in males.?° Therefore,
the authors suggest a particularly close follow-up after
endoscopy in this group of patients with cirrhosis. Never-
theless, in our study, we did not confirm the relationship
between the sex and the outcome.
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Recent studies suggest comparable mortality after vari-
ceal and non-variceal bleeding in cirrhotic patients.!>1®
The type of GIB (variceal compared to non-variceal)
seemed not to significantly affect the risk of ACLF in our
study, which indirectly confirms the results of recent stud-
ies.?22 On the other hand, the risk of ACLF depended
on the severity of the bleeding, reflected by 5-day treat-
ment failure and rebleeding rate. The rate of repeat en-
doscopy within 72 h for rebleeding and 5-day treatment
failure (defined as death within 5 days and active bleeding
such as spurting or oozing blood or fresh blood contents
in the stomach on repeat endoscopy) were significantly
higher in the ACLF group compared to the non-ACLF
group. The second investigation derived from the PRE-
DICT study showed that GIB with shock is a signifi-
cant risk factor for AD-ACLF phenotype.® According
to the current study protocol, patients were enrolled after
hemodynamic stabilization and stopping GIB, which was
performed in the ICU. Therefore, we were unable to di-
rectly analyze the impact of hemorrhagic shock on the in-
cidence of ACLF.

Limitations

There are several limitations of our study. First, the study
was retrospective, and the data obtained were limited
to patients’ medical records. Second, the number of pa-
tients with variceal bleeding was relatively small. There-
fore, results regarding the effect of the type of bleeding
on ACLF should be interpreted with caution. Third, ACLF
was diagnosed in only a few patients on admission to hos-
pital. We are aware that in some of them, the bleeding
was a complication of ACLF and not a trigger of ACLF.
Based on the available data, we were not able to determine
which patients developed ACLF following a hemorrhage
prior to hospitalization and in which bleeding was a com-
plication of ACLF. Although the latter situation probably
concerned only a few patients with ACLF at admission,
this should be considered when interpreting our results.
And finally, this is a single-center study with a relatively
small number of patients.

Conclusions

In conclusion, in-hospital risk of ACLF in cirrhotic pa-
tients hospitalized for acute gastrointestinal hemorrhage
is high despite successful bleeding arrest and widespread
use of antibiotics. Elevated creatinine levels and MELD
score, and the presence of HE on admission are the best
predictors of ACLF during hospitalization in these pa-
tients. Patients with liver cirrhosis after gastrointestinal
hemorrhage are particularly at risk for respiratory failure,
followed by kidney and brain failure.
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Data availability

The Supplementary data are available at https://doi.org/
10.5281/zenodo.6374308. The package consists of the fol-
lowing files:

1. Supplementary definitions.

2. Explanations of ICD-10 codes.

3. Fig. S1. Search results of the medical records of pa-
tients hospitalized in the department from August 2015
to December 2018.

4. Supplementary Table 1. Verification of assumptions
of statistical tests (t-test or Mann—Whitney U test).
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Abstract

Background. Blood concentration of galectin-3 (Gal-3) — a biomarker of fibrosis useful in diagnostics and
prognostication in heart failure (HF) —is known to be elevated in patients with renal impairment, a condition
which often accompanies cardiac insufficiency.

Objectives.To investigate the effect of moderately reduced renal function (estimated glomerular filtration
rate (eGFR) 30—60 mL/min/1.73 m?) on the diagnostic and prognostic utility of circulating Gal-3 in patients
with HF with preserved ejection fraction (HFpEF).

Materials and methods. Clinical, biochemical and echocardiographic variables were collected at baseline
in 154 patients with HFpEF: 101 with normal and 53 with moderately reduced renal function, who were fol-
lowed up for 48 (24—60) months for HF hospitalization and cardiovascular (CV) death (composite endpoint).

Results. Patients with moderately impaired renal function were characterized by higher age, Meta-Analysis
Global Group in Chronic Heart Failure (MAGGIC) risk score, Gal-3, B-type natriuretic peptide (BNP) and New
York Heart Association (NYHA) class, lower hemoglobin, and more advanced left ventricular diastolic dysfunc-
tion. Older age, female sex and deeper impairment of renal performance were determinants of higher Gal-3
blood concentrations. Lower exercise capacity (lower peak V0,) was associated with higher Gal-3 level and
more pronounced renal impairment. Multivariable regression analysis demonstrated the significance of renal
dysfunction as a determinant of lower exercise capacity and revealed a significant interaction between Gal-3
and eGFR with respect to peak V0,. The addition of Gal-3 to the prognostic models based on clinical data
improved their predictive power for the study endpoint. The Kaplan—Meier analysis revealed that the presence
of moderately reduced renal function with eGFR 30—60 mL/min/1.73 m? did not enhance the increased risk
of adverse outcome associated with Gal-3 above the median.

Conclusions. In patients with HFpEF, the coexistence of moderate renal dysfunction does not deteriorate
the prognostic usefulness of circulating Gal-3. However, renal impairment modifies the association between
(al-3 and exercise capadity, which supports the need to adjust for kidney function when interpreting the con-
tribution of Gal-3 to exercise intolerance in this population.

Key words: prognosis, galectin-3, renal dysfunction, heart failure with preserved ejection fraction
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Background

Galectin-3 (Gal-3), a member of the beta-galactoside-
binding lectin family, is a multifunctional protein secreted
by activated macrophages, fibroblasts and vascular cells, and
involved in the regulation of pro-inflammatory and profi-
brotic signaling.! The pathophysiological relevance of Gal-3
for the heart has been documented in animal investigations
showing the promotion of myocardial fibrosis by exogenous
Gal-3,%as well as the regression of fibrotic changes in response
to Gal-3 inhibition.? Given that cardiac fibrosis and inflam-
mation play major roles in the development of heart failure
(HF), especially the category with preserved ejection fraction
(HFpEF), Gal-3 has emerged as an attractive biomarker in di-
agnostics and prognostication in this disease entity.*

Accumulating evidence from experimental and human
studies indicates that Gal-3 can be useful in the diagnostic
and prognostic strategies both in the preclinical and clini-
cal phase of HF.2° Circulating Gal-3 levels have been found
to be associated with cardiovascular and all-cause mortal-
ity in HF population and general population, with exercise
intolerance and treatment effects of angiotensin receptor
blockers and statins.®~1* However, Gal-3 is not a cardiac-
specific marker. Chiefly, decreased renal function has been
shown to contribute to Gal-3 overexpression in the blood.!!
This interference may provide a confounding effect, de-
creasing the diagnostic and prognostic usefulness of Gal-3
since renal impairment frequently accompanies HF.12

According to the existing evidence, advanced kidney
compromise with estimated glomerular filtration rate
(eGFR) <30 mL/min/m? is associated with a significant in-
crease in circulating Gal-3 of noncardiac origin.'* However,
data reporting the impact of the coexistence of a lesser
degree of renal insufficiency on the accuracy of Gal-3
as a cardiac marker are scarce.

Objectives

In view of this, we sought to investigate the effect of mod-
erately reduced renal function (eGFR 30-60 mL/min/
1.73 m?) on the diagnostic and prognostic utility of circu-
lating Gal-3 in patients with exertional dyspnea catego-
rized as having HFpEF.

Materials and methods
Patient selection

In this study, we enrolled 154 patients who were diag-
nosed at a tertiary cardiology center between 2012 and
2015 due to exertional dyspnea, and fulfilled the HFpEF
criteria in place at the time of recruitment'*: 1) signs of HF
classified as New York Heart Association (NYHA) func-
tional class II or III; 2) exercise capacity below normal
(<100% of age- and sex-predicted normal ranges for peak
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oxygen consumption; 3) preserved left ventricle ejection
fraction (>50%); and 4) evidence of the left ventricular dia-
stolic dysfunction (LVDD). The exclusion criteria included:
1) atrial fibrillation or flutter (irregular heart rhythm de-
creases the accuracy of echocardiographic evaluation);
2) significant ischemic heart disease (defined by the pres-
ence of atherosclerotic lesions on coronary angiography
or inducible ischemia during exercise testing); 3) mod-
erate or severe valvular heart disease; 4) obesity (body
mass index (BMI) >36 kg/m?); 5) anemia (hemoglobin
(Hb) <11 g/dL); and 6) suspected or confirmed pulmonic,
liver, rheumatic, oncological, skeletal, or kidney (creatinine
eGFR < 30 mL/min/1.73 m?) disease. The study cohort was
divided into 2 subgroups: with eGFR > 60 mL/min/1.73 m?
(n = 101) and with eGFR 30—60 mL/min/1.73 m?2 (n = 53).

The study protocol comprised medical interview and
examination, cardiopulmonary exercise testing, echocar-
diography, and assessment of blood biomarkers: serum
Gal-3 and plasma B-type natriuretic peptide (BNP).

All enrollees provided written informed consent follow-
ing obtaining full information on the essence of the study.
Investigations were approved by the institutional review
board (Wroclaw Medical University Bioethics Committee
approval No. 731/2018) and were conducted in accordance
with the Declaration of Helsinki.

Outcome

Enrollees were followed up over a median period of 48
(24—60) months for the composite endpoint of HF hospital-
ization (defined as hospital admission due to HF worsening
requiring intensification of diuretic therapy) or cardiovas-
cular (CV) death. The event rate was verified through sys-
tematic contact with patients or their authorized relatives.
A standard clinical history was taken, including informa-
tion about risk factors, etiology and treatment.

Standard equipment (Vivid e€9; General Electric Medical
Systems, Milwaukee, Wisconsin) with a phased array 2.5-
MHz multifrequency transducer was used for echocardio-
graphic imaging. Ultrasound data were saved in the digital
format on a secure server and analyzed offline.

Cardiopulmonary exercise testing
and blood assays

A symptom-limited exercise testing was performed
on a treadmill, according to Bruce protocol, with standard
ECG and blood pressure monitoring. Ventilation, oxygen
uptake and carbon dioxide production were monitored con-
tinuously, and peak oxygen uptake (peak VO,) was com-
puted as the average oxygen consumption during the last
30 s of exercise. Peripheral venous blood samples were drawn
between 8:00 and 9:00 AM after 30 min of rest in the supine
position, and subsequently frozen at -70°C. Serum Gal-3
levels were estimated using enzyme-linked immunosor-
bent assay (ELISA) kits from BioVendor, Inc. (Brno, Czech
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Republic). Intra- and inter-assay coefficients of variation
were 6.4% and 11.4%, respectively. Serum BNP levels were
quantified using commercially available fluorescence im-
munoassay from Biosite Diagnostics Inc. (San Diego, USA).

Risk stratification

Based on the age, sex, presence of diabetes, and chronic
obstructive pulmonary disease (COPD), current smok-
ing status, duration of HF, HF functional class, use
of B-blockers and angiotensin converting enzyme inhibi-
tors/angiotensin receptor blockers, systolic blood pressure
(SBP), BMI, serum creatinine, and left ventricular ejec-
tion fraction, the Meta-Analysis Global Group in Chronic
Heart Failure (MAGGIC) risk score was calculated.’

Statistical analyses

Data are presented as mean + standard deviation (SD)
for normally distributed variables, as median (interquar-
tile range (IQR)) for skewed variables (Gal-3, BNP), and
as counts and percentages for categorical variables. Before
being analyzed, the BNP was subjected to logarithmic trans-
formation and Gal-3 to Box—Cox transformation. Between-
group comparisons were performed with an unpaired two-
sided Student’s t-test. Associations between variables were
evaluated using univariable and stepwise multiple regres-
sion analysis. The interaction between Gal-3 and eGFR with
respect to prediction of exercise capacity was tested using
a general linear model. Nested Cox regression models were
built to evaluate the incremental value of BNP, eGFR and
Gal-3 for prediction of the composite endpoint. In the 1%
analysis, the base model included the MAGGIC risk score,
and BNP and Gal-3 were successively added in the next
steps. In the 2" analysis, eGFR and Gal-3 were consecutively
added to patient age. The change in overall log-likelihood
ratio x* value was used to estimate the increase in predictive
power after the addition of subsequent parameter. To evalu-
ate model performance, the Harrell’s C-statistic was used.
Univariable and multivariable Cox proportional hazards
models were used to assess the associations of analyzed
parameters with the study endpoint. Event-free survival
curves were estimated using the Kaplan—Meier method, and
differences were assessed with the log-rank test. All calcula-
tions were carried out using standard statistical software
(STATISTICA v. 13; TIBICO Software Inc., Palo Alto, USA).
The level of statistical significance was set at p-value <0.05.

Results
Patient characteristics
A total of 154 patients were finally enrolled into the study

and divided into 2 subgroups: with moderately reduced renal
function (eGFR 30—60 mL/min/1.73 m? (n = 53)) and normal
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renal function (eGFR > 60 mL/min/1.73 m? (n = 101)).
The demographic and clinical profile of the studied popula-
tion presented in Table 1 was typical of HFpEF, with the pre-
dominance of female sex, hypertension and overweight/
obesity. There were significant differences between groups:
the subgroup with reduced renal function was character-
ized by older age, higher MAGGIC risk score and Gal-3
and BNP concentration, lower hemoglobin level, more ad-
vanced exertional dyspnea as expressed by NYHA class, and
lower exercise capacity as assessed by peak oxygen uptake.
Echocardiographic characteristics of study population are
presented in Table 1. Patients with reduced renal function
demonstrated abnormalities of left ventricle (LV) diastolic
parameters: peak early diastolic tissue velocity of the mi-
tral annulus (¢’) and the ratio of peak early diastolic mitral
inflow velocity of the mitral annulus (E) to €. There were
no significant differences in other demographic, clinical
and echocardiographic variables between both subgroups.

Determinants of Gal-3 concentration
in HFpEF population

Univariable and multivariable linear regression analysis
revealed that older age, female sex and deeper impair-
ment of renal function were significant independent de-
terminants of higher Gal-3 concentration in the studied
population (Table 2).

Gal-3 and renal function as determinants
of exercise capacity in HFpEF population

Univariable linear regression analysis demonstrated
significant associations of Gal-3 and eGFR with exercise
capacity expressed by peak VO,. Multivariable linear re-
gression model revealed the presence of significant inter-
action between Gal-3 and eGFR with respect to peak VO,
(Table 3).

Prognostic utility of Gal-3 in the prediction
of HF hospitalization and CV death
in HFpEF patients

Univariable associations of demographic and clinical
predictors of the study composite endpoint (HF hospital-
ization or CV death) in Cox proportional hazards analysis
are presented in Table 4. A higher risk of the adverse out-
come significantly correlates with higher Gal-3 and BNP
concentration, more advanced age, higher MAGGIC risk
score, and more severe renal function impairment.

In the sequential Cox analysis presented in Fig. 1A,
the addition of Gal-3 to the model including MAGGIC
risk score and BNP improved the predictive power for HF
hospitalization or CV death. Analogically, the addition
of Gal-3 to the model including patient age and eGER pro-
vided an incremental predictive benefit for the composite
study endpoint (Fig. 1B).
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Table 1. Demographic, clinical and echocardiographic characteristics of the study population according to renal function

eGFR = 60 mL/min/1.73 m?

eGFR < 60 mL/min/1.73 m?

Variable (n = 101)
Age [years] 632 £84
Men, n (%) 30 (30)
BMI [kg/m?] 298 +44
Diabetes, n (%) 36 (36)
Hypertension, n (%) 91 (90)
NYHA class Il, n (%) 81 (80)
NYHA class IIl, n (%) 20 (20)
Systolic BP [mm Hg] 127 £14
Diastolic BP [mm Hg] 75 +9
Glucose [mg/dL] 119 +30
Hemoglobin [g/dL] 13.8 +1.1
Creatinine [mg/dL] 0.92 +0.12
eGFR [mL/min/1.73 m?] 7334120
Galectin-3 [ng/mL] 1.07 (0.83-1.82)
BNP [pg/mL] 41 (20-90)
peak VO, [mL/min/kg] 16.3 +4.8
MAGGIC risk score 14.0 £4.9
ACEI/ARB, n (%) 100 (99)
B-blockers, n (%) 83(82)
Ca-blockers, n (%) 42 (42)
Thiazides, n (%) 52 (51)
Loop diuretics, n (%) 7(7)
LVEDD [mm] 494 £43
LVMI [g/m?7] 532 +134
LAVI [mL/m?] 328485
EF [%] 733483
E/A 0.97 £040
DT [ms] 233 £52
€' septal [cm/s] 6.12 +1.40
e'lateral [cm/s] 8.30 +1.81
E/e’ 11.1£3.2

(n=53) Test value
67.7 £7.5 10.2 0.002
12 (23) 0.87 035
295443 0.13 0.72
20 (38) 0.07 0.80
51 (96) 1.82 0.18
34 (64) 4.73
0.030
19 (36) N/A
127 £17 0.04 0.84
72 +9 33 0.07
118 £33 0.01 093
134 +0.9 6.7 0.010
1.23£0.25 115.7 <0.001
50.6 £6.9 161.6 <0.001
2.04 (1.00-2.46) 124 <0.001
70 (32-123) 74 0.007
13.1 £44 17.2 <0.001
17.7 +4.6 19.8 <0.001
53(100) 0.53 047
41 (77) 0.51 047
22 (42) 0.0 0.99
29 (55) 0.15 0.70
8(15) 2.63 0.10
48.8 £4.5 0.58 045
553 +125 0.88 0.35
333+£123 0.09 0.76
736+7.8 0.03 0.85
0.94 +£0.58 0.23 0.64
249 £51 35 0.063
545 +1.24 86 0.003
716 £2.14 120 <0.001
12.7 £49 57 0.01

Values are presented as mean + standard deviation (SD), n (%), or median (interquartile range (IQR)). The p-values in bold indicate the statistical significance
of differences. A - late diastolic mitral inflow velocity; ACEI — angiotensin-converting enzyme inhibitor; ARB — angiotensin receptor blocker; BMI — body
mass index; BNP — B-type natriuretic peptide; BP — blood pressure; DT — deceleration time of E wave; E — peak early diastolic mitral flow velocity; e’— peak
early diastolic mitral annular velocity; EF — ejection fraction; eGFR — estimated glomerular filtration rate; LAVI - left atrial volume index; LVEDD - left
ventricular end-diastolic diameter; LVMI - left ventricular mass index; MAGGIC — The Meta-Analysis Global Group in Chronic Heart Failure; NYHA — New York

Heart Association; VO, — oxygen uptake; N/A — not applicable.

Survival free of the study endpoint is shown in Fig. 2. Patients
with Gal-3 concentration above the median (1.30 ng/mL)
were at higher risk for HF hospitalization or CV death
in comparison with patients with Gal-3 concentration below
the median (p = 0.009; Fig. 2A). There was a trend towards
a higher incidence of the study endpoint in patients with
eGFR 30-60 mL/min/1.73 m2 compared to patients with nor-
mal renal function (p = 0.066; Fig. 2B). The increased risk for
adverse outcome associated with higher (above the median)
Gal-3 was not amplified by the coexistence of moderate renal
impairment (€GFR 30—-60 mL/min/1.73 m? p = 0.60; Fig. 2C).

Discussion

The major findings of this study are that in patients
with exertional dyspnea and possible HFpEF, Gal-3 pro-
vides prognostic information that is independent from
and incremental to clinical data and BNP, and the value
of this marker in predicting adverse outcome is similar
between subjects with normal and moderately reduced
(eGFR 30-60 mL/min/1.73 m?) renal function. The as-
sociation between Gal-3 and exercise capacity is modified
by renal function; therefore, kidney performance should
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Table 2. Univariable and multivariable associations of galectin-3

Parameter | B | SE | p-value

Univariable linear regression
eGFR -0.20 0.08 0.01
Age 0.24 0.08 0.002
Female sex 0.20 0.08 0.01
Multivariable linear regression (R? = 0.13)
eGFR -0.20 0.08 0.02
Age 0.20 0.08 0.01
Female sex 0.25 0.08 0.003

The p-values in bold indicate the statistical significance of differences.
eGFR - estimated glomerular filtration rate; SE - standard error.

Table 3. Univariable and multivariable associations of exercise capacity
(peak oxygen uptake) with galectin-3 and eGFR

Parameter | B | SE | p-value

Univariable linear regression
Galectin-3 -0.21 0.08 0.008
eGFR 0.37 0.08 <0.001
Multivariable linear regression (R? = 0.16)
Galectin-3 -0.15 0.08 0.065
eGFR 0.34 0.08 <0.001
Interaction galectin-3*eGFR —-0.20 0.08 0.016

The p-values in bold indicate the statistical significance of differences.
eGFR - estimated glomerular filtration rate; SE — standard error.

A B
35 25
& p=0.011 | p=0.003
p=0.020 20 —r ]
25
£ 2 £ 5
g MAGGIC z Age
X + 2 »
£ 15 S 10 i
G MAGGIC BNP Q eGFR
10 & ¥ e
MAGGIC BNP Galectin-3 . A Galectin-3
s Age eGFR
0 - v v 0 v "
C-statistic 0,66 0,67 0,73 C-statistic 0,63 0,64 0,70
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
b Chi? 15.7 Chi? 21.0 chi227.4 TNt Chi? 6.2 chi210.1 Chi218.5
HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)
MAGGIC risk | 1.09(1.04-1.14) | 1.07 (1.02-1.12) 1.05 (1.01-1.11) Age 1.04 (1.01-1.07) | 1.03 (1.00-1.07) 1.02 (0.99-1.05)
—_— p=0.001 p=0.004 p=0.041 =0.012 p=0.059 p=0.20
BNP 130 (1.03-1.63) 133 (1.04-1.70) eGFR 0.98 (0.96-1.00) 0.98 (0.96-1.00)
- p=0.027 p=0.021 - pe0.058 pe0.iz
Galectin-3 1.87 (1.03-3.39) Galectin-3 2.12 (1.17-3.86)
- - p=0.038 - - p=0.013

Fig. 1. A. Incremental value of galectin-3 (Gal-3) over Meta-Analysis Global Group in Chronic Heart Failure (MAGGIC) risk score and B-type natriuretic
peptide (BNP) for prediction of heart failure (HF) hospitalization or cardiovascular (CV) death; B. Incremental value of Gal-3 over patient age and estimated

glomerular filtration rate (eGFR) for prediction of HF hospitalization or CV death

HR - hazard ratio; 95% Cl — 95% confidence interval.

Table 4. Demographic and clinical predictors of the study endpoint (HF
hospitalization or CV death) in univariable Cox proportional hazards models

Parameter 95% Cl p-value
Galectin-3 267 [1.51;4.73] <0.001
Age 1.04 [1.01;6.25] 0.01
eGFR 0.98 [0.96; 0.99] 0.01
MAGGIC risk score 1.09 [1.04;1.14] <0.001
BNP 146 [1.18; 1.80] <0.001

eGFR - estimated glomerular filtration rate; MAGGIC — The Meta-Analysis
Global Group in Chronic Heart Failure; HF - heart failure; 95% Cl - 95%
confidence interval; CV — cardiovascular; HR — hazard ratio; BNP - B-type
natriuretic peptide. The p-values in bold indicate the statistical
significance of differences.

be taken into account when using Gal-3 for defining
the pathophysiologic phenotype of exercise intolerance
in this population.

Galectin-3 is implicated in the fibrotic and inflamma-
tory processes, and its expression is increased in dam-
aged and remodeling tissues, irrespective of the affected
organ and etiology of injury. The contribution to the blood
Gal-3 pool can come from a variety of sources of increased
fibrosis. Accordingly, the coexistence of multiple organ
diseases, one of the most frequent of which is cardiorenal
syndrome, constrains the diagnostic ability of circulat-
ing Gal-3 to track specific pathologies, as well as specific
organ-related outcomes.

The clearance of Gal-3 is thought to be largely hepatic;
however, renal excretion of this protein also appears to play
a role."1® Some data indicate that the urinary elimination
of Gal-3 is impaired in HF even if the kidney function
is normal.!! It has been postulated that the impact of re-
nal disease on HF worsening may in part be mediated
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Fig. 2. A. Survival free of heart failure (HF) hospitalization or cardiovascular
(CV) death in the study population stratified according to the median
galectin-3 (Gal-3) concentration (1.30 ng/mL); B. Survival free of HF
hospitalization or CV death in the study population stratified according

to estimated glomerular filtration rate (eGFR); C. Survival free of HF
hospitalization or CV death in the study population stratified according

to Gal-3 concentration and eGFR

Subset (a) — Gal-3 below the median value (n = 77); Subset (b) — Gal-3
above the median value and eGFR > 60 mL/min/1.73 m? (n = 43); Subset
(c) - Gal-3 above the median value and eGFR 30-60 mL/min/1.73 m?
(n=34).

Log rank p-values: subset (a) compared to subset (b) p = 0.046; subset
(@) compared to subset (c) p = 0.013; subset (b) compared to subset ()

p =0.60.
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by the Gal-3 pathways that aggravate cardiac remodeling
and dysfunction.t”1?

The prognostic significance of Gal-3 has been demon-
strated both in acute and chronic HF across a wide spec-
trum of kidney function.?°-2> However, in multivariate
adjustments including renal impairment, the significance
of independent predictive contribution from Gal-3 was
lost in some studies.!>?*2> Interestingly, the association
of higher Gal-3 with adverse outcome in predialysis co-
horts was preserved for all-cause mortality but not for
HF progression, which might suggest that in patients with
more severe renal dysfunction, the prognostic profile
of Gal-3 becomes less cardiac-oriented.?®

The commonly believed notion that in the setting of ad-
vanced chronic kidney disease (CKD) Gal-3 is not a use-
ful marker of cardiac injury, does not exclude the pos-
sibility that a lesser degree of renal impairment can be
more neutral in terms of limiting the diagnostic utility
of Gal-3 in cardiovascular disease (CVD). The current
study demonstrated that in patients with exertional dys-
pnea satisfying the former criteria for HFpEF and having
only a moderately reduced kidney function, circulating
Gal-3 is a robust prognostic marker, providing predictive
information independent from demographic and clinical
data, including renal function status. It is worth empha-
sizing that the prognostic significance of Gal-3 was cor-
roborated after adjustment for the MAGGIC risk score
— a widely approved risk-stratifying tool in HF, including
several risk-associated variables.

The incremental value of Gal-3 in predicting adverse
outcome was evident despite the association of this bio-
marker with eGFR, which, however, was weaker than that
reported in prior studies including subjects with more
advanced renal impairment. Thus, our results support
the use of Gal-3 in the prognostic assessment of patients
suspected of having HFpEF in the absence of severe kidney
dysfunction.

The association between Gal-3 and exercise capacity has
a pathophysiological basis. Higher Gal-3 reflects more in-
tense myocardial fibrosis, which is a substrate for increased
LV stiffness, leading to LV filling pressure elevation and
pulmonary congestion. Abnormal LV filling is exagger-
ated by exercise, which is clinically evidenced as exertional
dyspnea. On the other hand, renal disease can contribute
to myocardial dysfunction through a number of mecha-
nisms, including changes in neurohormonal, metabolic
and pro-inflammatory milieu, as well as in cardiac loading
conditions.

This study revealed that both Gal-3 and eGFR were
associated with peak oxygen consumption. The pres-
ence of significant interaction between these predictors
in multivariable analysis suggests the interplay of fibrosis
and renal impairment in their effect on exercise capacity.
This finding indicates that the role of Gal-3 in the patho-
physiology of exercise intolerance should be considered
in the context of kidney function.
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Limitations

First, the analysis in this paper was limited to the de-
mographic, clinical and laboratory factors. The contribu-
tion of echocardiographic parameters to the discussed
aspects was presented in the previous papers analyzing
the currently studied population.?”?® Second, the clinical
profile of this study population, with exclusions of atrial
fibrillation, coronary artery disease (CAD) and COPD, may
constrain the extrapolation of our findings to other patient
cohorts with exercise intolerance, suspected of HFpEF.
Third, the enrollment of patients from a single academic
center might limit the generalizability of our results.

Conclusions

In patients with exertional dyspnea classified as HFpEF,
the coexistence of moderately reduced renal function does
not deteriorate the prognostic usefulness of circulating Gal-
3. However, renal impairment modifies the association be-
tween Gal-3 and exercise capacity, which supports the need
to adjust for kidney function when interpreting the contri-
bution of Gal-3 to exercise intolerance in this population.
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Abstract

Background. Multiple myeloma (MM) is a malignant plasma cancer which remains difficult to be cured.
Recently, numerous research studies have appeared, exploring MM from molecular level. However, there
is no study about the impact of metabotropic glutamate receptors (mGIuRs), especially mGIuR5, on MM
progression. Thus, the present research was dedicated to the exploration of the influence of mGIURS on MM.

Objectives. In this research, we used quantitative real-time polymerase chain reaction (qRT-PCR) to check
the gene expression in MM, western blot assay to check the protein expression of the gene, MTT assay
to quantify the cell viability, and flow cytometry (FCM) apoptosis method to evaluate cell apoptosis in order
t0 acquire the results. The purpose was to assess the role of mG/uRS in MM cells.

Materials and methods. The qRT-PCR was used and it was found that mGIuR5 was overexpressed in MM
cell lines and MM tissues compared to normal ones. To better observe the function of mG/uRS in MM, cell
viability and apoptosis were checked using MTT and FCM apoptosis assays after the treatment with agonists
and antagonists.

Results. Agonist-induced mGluR5 upregulation could promote MM cell viability and inhibit apoptosis.
The same results were obtained through MTT and FCM apoptosis assays after uprequlation and down-
regulation of mG/uRS by transfection. To further investigate the inner mechanism, the effect of mGIuRS
on Ras—MAPK pathway was checked using western blot. It was found that the uprequlation of mGIuR5
could activate the Ras—MAPK pathway.

Conclusions. The mGluR5 might be involved in promoting cell proliferation and inhibiting cell apoptosis
in MM. It can be an essential biomarker in the screening for MM and a potential part of future MM therapies.

Key words: apoptosis, multiple myeloma, viability, mGluR5
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Background

Multiple myeloma (MM) is recognized as plasma cell
myeloma, myelomatosis or Kahler’s disease.! It is an age-
related plasma cell cancer and a clonal plasma cell ma-
lignancy that is responsible for approx. 10% of hemato-
logic malignancies.? The latest drug discoveries could lead
to greatly improved survival percentages.® Even though
previous research on therapies such as immunomodula-
tory drugs (IMiDs) and proteasome inhibitors have bene-
fited the MM patients, the development mechanism of this
disease still remains to be explored.*® Until now, the fre-
quently discussed genes in MM include KRAS, NRAS,
TP53, BRAF, and CCND1.° It has been widely reported that
the mutations in KRAS and NRAS could regulate the cell
apoptosis of MM cells.®” The TP53, a classic tumor sup-
pressor, is also correlated with cellular apoptosis in MM.8

Metabotropic glutamate receptors (mGluRs), as G-protein
coupling receptors, have been extensively studied in cor-
relation with cell survival and death, and Group I con-
sists of mGIuR1 and mGIluRS subtypes (mGIluR1/5),
which are coupled to Gog i proteins.’ Both mGIluR1 and
mGIuRS5 have been reported to be expressed in a variety
of tumors, including lung cancer!® and osteosarcoma,!!
among others. It has been confirmed that mGIuRS is in-
volved in the osteosarcoma cell proliferation and its inhibi-
tion reduces cell proliferation.!! Similarly, mGIluRS5 antago-
nist was found to suppress cell proliferation in laryngeal
cancer.'? Apart from that, mGIuR5 was also discovered
to be expressed in MM.

However, there has been no further research on MM
regarding mGIluR5. Oncomine (https://www.oncomine.
org) online analysis showed that mGIuR5 ranked the top
10% of the significantly upregulated genes in MM tissues
compared to normal ones, suggesting that mGIluR5 might
play an oncogenic part in MM. Therefore, we hypothesized
that mGIuRS5 might be involved in the occurrence and
progression of MM and tried to explore whether mGIluR5
regulates the cell apoptosis and proliferation and also
the functional mechanism beneath MM.

Objectives

The aim of this study was to investigate the role of mGIuR5
in MM and also explore its regulatory mechanism.

Materials and methods
Cell culture

The MM cell lines (MM1S, OPM-2, NCI-H929, U266,
and RPMI-8226) and normal human umbilical vein endo-
thelial cells (HUVECs) were bought from the American
Type Cell Culture (ATCC; Manassas, USA). The MM1S,
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OPM-2, NCI-H929, U266, and RPMI-8226 are differ-
ent B lymphocytes derived from MM patients. The cells
were cultured in RPMI-1640 medium (Thermo Fisher
Scientific, Waltham, USA) supplemented with 10% fetal
bovine serum (FBS; Invitrogen, Shanghai, China) and 1%
penicillin/streptomycin at 37°C in 5% CO.,.

qRT-PCR

Total RNA was extracted from cells using Triazole re-
agent (Thermo Fisher Scientific). The cDNA was reversely
transcribed as a template. A Roche LC480 real-time poly-
merase chain reaction (RT-PCR) machine and a SYBR Green
kit (both from Qiagen, Diisseldorf, Germany) were utilized
to perform the quantitative RT-PCR (qRT-PCR) analysis.
A total of 10 pL of the SYBR Green PCR master mix, 50 ng
¢DNA and 250 nM of each primer were mixed and diluted
to a total volume of 20 puL. Each group was analyzed in trip-
licate and the process was repeated 3 times. The conditions
for thermal cycling were as follows: 10 min at 95°C, followed
by 40 cycles of 95°C for 15 s and 60°C for 60 s. The 2-44Cd
method was used. Primer sequences were as follows: mGIluR5:
forward, 5-TGAGGGTTGTGCCTTCAGAT-3’, reverse,
5-AAGAGTGGGCGATGCAAATC-3". The GAPDH was
used as an internal control and its primer sequences were
as follows, forward, 5-GTCGGAGTCAACGGATTTGG-3),
reverse, 5-TGACGGTGCCATGGAATTTG-3.

Cell treatment

After qRT-PCR detected the differential expression
of mGIuRS in the 4 MM cell lines, we selected the cell line
with the highest mGluRS5 expression to knock down the gene
expression through its antagonist or inhibitor (OPM2) and
the cell line with the lowest mGIuRS expression (MM1S)
to upregulate the expression of mGIluRS5 by treating it with
its agonist or oe-mGluR5. Therefore, mGIuRS5 siRNA plas-
mid, lentivirus plasmid and respective empty vectors (Santa
Cruz Biotechnology, Santa Cruz, USA) were used to regulate
the expression levels of mGIuR5 in MM1S and OPM2 cells.
The MMI1S cells were treated with 50 nmol/L agonist (S)-3,5-
dihydroxyphenylglycine (DHPG) (Santa Cruz Biotechnol-
ogy), with the group treated with dimethyl sulfoxide (DMSO,
10 ng/mL; Santa Cruz Biotechnology) as a positive control.
The OPM2 cells were treated with mGIuRS5 antagonist 1
(2-methyl-6-(phenylethynyl)-pyridine — MPEP; 50 nmol/L;
Santa Cruz Biotechnology) and the other group of OPM2 cells
— with mGIuRS antagonist 2 (3-[(2-methyl-1,3-thiazol-4-yl)
ethynyl]pyridine — MTEP, 50 nmol/L, ab 144307; Abcam,
Cambridge, UK), with the DMSO-treated (10 ng/mL) group
as a positive control.

Western blot assay

The separation of protein was conducted with ProteoJET
Mammalian Cell Lysis Reagent (Thermo Fisher Scientific).
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This was completed step by step according to the manu-
facturer’s guidelines. Then, the centrifugation (15 min,
4°C) was performed. The proteins were denatured and
forced to undergo sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). The mGIuRS5 primary an-
tibodies — Rabbit Anti-Metabotropic Glutamate Receptor 5
antibodies (ab27190, 1:2000) were purchased from Abcam.
The antibodies related to the rest proteins were also bought
from Abcam: RAS primary antibody — Rabbit Anti-Ras
antibody (ab69747, 1.0 pug/mL); Rafl primary antibody
— Rabbit Anti-Rafl antibody (ab230850, 1:1000); Rabbit
Anti-beta Actin antibody (ab8227, 1:2000); and secondary
antibody Goat Anti-Rabbit IgG H&L (HRP) (ab205718,
1:2000). The resulting bands (RAS, Rafl and b-actin) were
analyzed with electrochemiluminescence (ECL) (Thermo
Fisher Scientific) and densitometry analysis using Image]J
software (Bharti Airtel Ltd., New Delhi, India).

MTT assay

The MTT assay was utilized to evaluate the cell viability.
Shortly thereafter, MM1S and OPM2 cells were placed
in 96-well plates and treated with actinomycin for O h, 2 h,
4. h, and 8 h; then, 20 uL of MTT reagent (5 mg/mL; Abcam)
was applied to each plate, after which they were incubated
for 3—4 h, and the absorbance was measured at 495 nm
using a microplate reader (Thermo Fisher Scientific).

Flow cytometry method
for apoptosis assay

The cell apoptosis was evaluated with the flow cytometry
(FCM) method. Annexin V PE and 7A AD (eBioscience, San
Diego, USA) were utilized to stain cells in accordance with
the instructions of the manufacturers. The percentages
of apoptotic cells (annexin V PE+/7A AD-) were evaluated
using Cell Quest software in a FACScan cytometer (Becton
Dickinson Bioscience, Franklin Lakes, USA).

Statistical analyses

The Graphpad Prismv. 8.2 (GraphPad Software, San Diego,
USA) was applied for statistical analysis. The Kruskal-
Wallis test (K-W) followed by Dunn’s post hoc and Kol-
mogorov—Smirnov test (K-S) were applied in the statis-
tical analysis. The experiments were repeated 3 times
independently.

Results
mGluR5 is upregulated in MM cell lines
The mGIuRS expression in MM cells lines MM1S, OPM2,

U266, NCI-H929, and RPMI-8226 and normal cell line
HUVECs was measured using qRT-PCR (Fig. 1A). The results
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revealed that the mGluRS5 expression was higher in MM cells
compared to the normal cells. Among the MM cell lines,
mGIluRS expression in MM1S cells was the highest and
in OPM2 was the lowest, though still higher than in HUVECs.
Therefore, we selected MM1S cell line for mGIuRS5 down-
regulation and OPM2 for upregulation in the following as-
says. The MM1S cells treated with mGIuRS agonist DHPG,
and OPM2 cells treated with mGIluRS5 antagonist MPEP and
MTEP were measured using qRT-PCR with the DMSO groups
as controls in both cell lines. The mGIuR5 was increased
in DHPG agonist group compared to the DMSO group
of the MM1S, while mGIuRS5 had low expression in both
the MPEP and MTEP antagonist groups (Fig. 1B,C). Further-
more, we measured the relative protein levels of mGIluR5 in all
the groups of both cell lines. The results showed that mGluRS5
was downregulated in the MPEP and MTEP, and upregulated
in the DHPG compared to the DMSO positive controls, which
was consistent with the qRT-PCR findings (Fig. 1D,E).

Agonist-induced upregulation
of mGIuR5 promotes cell viability
in MM cells

The MTT assay revealed that the DHPG group had high-
er viability than the DMSO group in MM1S cells (Fig. 2A),
while the MPEP and MTEP groups had lower cell viabil-
ity than the control group in OPM2 cells (Fig. 2B) due
to the regulation of the mGIuRS expression.

Agonist-induced mGIuR5 upregulation
inhibited apoptosis in MM cells

The cell apoptosis was evaluated in the groups of both
MMI1S and OPM2 cell lines using FCM apoptosis assays.
The apoptosis rates in the mGIluR5 agonist group were low-
er than those of the control group in MM1S cells (Fig. 3A).
Higher apoptosis was found in the groups of MTEP and
MPEP in comparison with the DMSO control group
(Fig. 3B). The results pointed out that the agonist-induced
upregulation of mGIuRS could decrease the cell apoptosis,
while the antagonist-induced downregulation of mGIuRS
could elevate the cell apoptosis in MM cells.

Transfection-induced upregulation
of mGIuR5 promotes cell viability
and curbs cell apoptosis of MM cells

After MMI1S cells were transfected with oe-mGIuR5, oe-
NC and OPM2, the cells were transfected with si-mGluR5
and si-NC, and qRT-PCR was used to confirm the regu-
lation of mGIuRS expression in different groups. It was
verified that the oe-mGIuR5 group had a high expres-
sion of mGIuRS5, while the si-mGluR5 group had a lower
mGIuRS expression compared to their control groups
(Fig. 4A). The MTT assay revealed that the oe-mGIuR5
induced an increase in cell viability, while si-mGluR5
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Fig. 1. mGIuR5 had higher expression in multiple myeloma (MM) cell lines. A. Quantitative real-time polymerase chain reaction (qRT-PCR) was applied

to evaluate the mGluR5 expression in MM cell lines and MM1S, OPM-2, U266, NCI-H929, and RPMI-8226, and normal cell line CD143; B,D. MM1S cell line was
treated with dimethyl sulfoxide (DMSO) as a control group and 3,5-dihydroxyphenylglycine (DHPG) as an agonist group. The gRT-PCR was used to measure
mGluR5 RNA expression in each group in MM1S cell line. Western blot was used to measure mGIuR5 protein expression in each group in MM1S cell line;

C,E. OPM2 cell line was treated with DMSO as a control group, 2-methyl-6-(phenylethynyl)-pyridine (MPEP) or 3-[(2-methyl-1,3- thiazol-4-yl)ethynyllpyridine
(MTEP) as antagonist groups. The gRT-PCR was used to measure mGluR5 RNA expression in each group in the MM1S cell line. Western blot was used for
mGluR5 protein expression in each group in MM1S cell line. Each assay was performed thrice independently. Kruskal-Wallis test (K-W) with Dunn'’s post
hoc test and Kolmogorov-Smirnov test (K-S) were applied in the statistical analysis (Fig. TA. human umbilical vein endothelial cells (HUVECs) compared to
RPMI82226, p = 0.0197; HUVECs compared to U266, p = 0.0324; HUVECs compared to OPM2, p = 0.0029; HUVECs compared to MM1S, p = 0.0452; HUVECs
compared to NCI-H929, p = 0.0298; K-W, Dunn's post hoc. Fig. 1B. p = 0.0237, K-S; Fig. 1C. DMSO compared to MPEP, p = 0.0376; DMSO compared to MTEP,
p = 0.0425; K-W, Dunn’s post hoc; Fig. 1D. p = 0.0198, K-S; Fig. 1E. DMSO compared to MPEP1. p = 0.0487; DMSO compared to MTEP2, p = 0.0341; K-W,
Dunn’s post hoc)
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Fig. 2. Agonist-induced mGluR5 upregulation promoted cell viability in multiple myeloma (MM) cells. A,B. The MTT assay measured the cell viability
situation when MMI1S cell line was treated with dimethyl sulfoxide (DMSO) as a control group and 3,5-dihydroxyphenylglycine (DHPG) as an agonist
group, and OPM2 cell line was treated with DMSO as control group, with 2-methyl-6-(phenylethynyl)-pyridine (MPEP) or 3-[(2-methyl-1,3- thiazol-4-yl)
ethynyllpyridine (MTEP) as antagonist groups. Each assay was performed thrice independently. Kruskal-Wallis test (K-W) with Dunn'’s post hoc test and
Kolmogorov-Smirnov test (K-S) were applied in the statistical analysis (Fig. 2A. p = 0.0032, K-S; Fig. 2B. DMSO compared to MPEP, p = 0.0356; DMSO
compared to MTEP, p = 0.0225; K-W, Dunn'’s post hoc)
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Fig. 3. Agonist-induced mGluR5 upregulation inhibited apoptosis in multiple myeloma (MM) cells. A,B. Flow cytometry (FCM) apoptosis assays measured
the cell apoptosis changes when MM1S cell line was treated with dimethy! sulfoxide (DMSO) as a control group and 3,5-dihydroxyphenylglycine (DHPG)

as an agonist group, and OPM2 cell line was treated with DMSO as a control group, with 2-methyl-6-(phenylethynyl)-pyridine (MPEP) or 3-[(2-methyl-1,3-
thiazol-4-yl)ethynyllpyridine (MTEP) as antagonist groups. Each assay was performed thrice independently. Kruskal-Wallis test (K-W) with Dunn’s post hoc
test and Kolmogorov-Smirnov test (K-S) were applied in the statistical analysis (Fig. 3A. p = 0.0269, K-S; Fig. 3B. DMSO compared to MPEP, p = 0.0274; DMSO

compared to MPTP, p = 0.0225; K-W, Dunn’s post hoc)

lowered cell viability compared with the control groups
(Fig. 4B). On the other hand, FCM apoptosis assays found
that the oe-mGIuR5 group displayed lower cell apopto-
sis rate, while the si-mGIuR5 group presented higher cell
apoptosis in MM cell lines compared to their control
groups (Fig. 4C,D). The MTT assay revealed that the oe-
mGluR5 induced an increase in cell viability, while si-
mGluR5 lowered cell viability compared with the control
groups (Fig. 4B).

mGluR5 upregulation activates
the Ras signaling pathway in MM cells

Western blot assays revealed that in the oe-mGIuR5 group,
the protein expression of mGIuRS5 was upregulated in compar-
ison to the oe-NC, while in the si-mGIuR5 group, the mGIluR5
protein expression was downregulated (Fig. 5A,D). The in-
vestigation into the correlation between mGIuRS and Quan-
titative real-time polymerase chain reaction (qQRT-PCR)
signaling was carried out in MM cells. The protein levels
of Ras, p-Rafl and Rafl were measured using western blot.
The inhibition of mGIluRS in MM1S cells showed decreased
protein levels of Ras and phosphorylated Rafl, and the up-
regulation of mGIuRS in OPM2 cells had an opposite effect

on the protein levels of the signaling pathway (Fig. 5B-D).
These data indicated that the upregulation of mGIuRS in MM
cells could activate the Ras—MAPK pathway by promoting
Ras and the phosphorylation of Rafl in MM cells (Fig. 5B—-D).

Discussion

Previous studies have demonstrated that mGIluRS5 plays
different roles in various human diseases. Studies verified
that mGIluRS5 was upregulated in human tongue cancer and
its overexpression promoted cell invasion, migration and
adhesion.!® As displayed by Oncomine online tool, mGIuRS5
is aberrantly upregulated in MM compared to normal tis-
sues. Therefore, we presumed that mGIluRS5 might serve
as an oncogenic gene in MM, similarly to its role in tongue
cancer and prostate cancer.'* Yet, there have been few re-
search studies concerning the impact of mGIuRS5 on MM.
Therefore, our study was dedicated to explore how mGIuR5
regulated the cell apoptosis and proliferation of the MM
and the possible mechanisms beneath. Firstly, through
qRT-PCR we confirmed the expression of mGIluR5 in vari-
ous cell lines of MM and the control cell line HUVEC,
and we discovered that mGIuR5 was upregulated in MM
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Fig. 4. Transfection-induced upregulation of mGIuR5 promoted cell viability and inhibited cell death in multiple myeloma (MM) cells. MM1S cell line was
transfected with si-NC or si-mGIuR5 plasmids while OPM2 cell line was selected to knock down by transfection with oe-NC and oe-mGIuR5 plasmids.

A. Quantitative real-time polymerase chain reaction (qRT-PCR) was performed to evaluate the relative mGIuR5 mRNA expression among all the groups

in both cell lines; B. Cell viability was measured with MTT method; C,D. Flow cytometry (FCM) apoptosis assay was used to measure cell apoptosis.

Each assay was performed thrice independently. Kruskal-Wallis test (K-W) with Dunn'’s post hoc test and Kolmogorov-Smirnov test (K-S) were applied

in the statistical analysis (Fig. 4A. oe-NC (MMIS) compared to oe-mGIuR5 (MMIS), p = 0.0163; si-NC (OPM2) compared to si-mGIuR5 (OPM2), p = 0.0319; K-W,
Dunn's post hoc; Fig. 4B. oe-NC (MMIS) compared to oe-mGIuR5 (MMIS), p = 0.0094; si-NC (OPM2) compared to si-mGIuR5 (OPM2), p = 0.0308; K-W, Dunn’s
post hoc. Fig. 4C; oe-NC(MMIS) compared to oe-mGIuR5 (MMIS), p = 0.0268; si-NC (OPM2) compared to si-mGIuR5 (OPM2), p = 0.0325; K-W, Dunn’s post hoc)

cells compared to the HUVECs, which was consistent
with Oncomine analysis and also suggested that mGIuRS
might be an oncogene in MM. Among all the MM cell lines,
OPM2 presented the highest expression of mGIuRS5, while
MM1S the lowest. Furthermore, we decided to differentiate
the expression of mGIuRS in MM cell lines, selecting OPM2
and MMIS cell lines. To inhibit or stimulate the mGIuR5
expression in cells, transfection with si-mGluR5 and oe-
mGluR5, and treatments with inhibitors or agonists are
available. As for mGIuRS5, DHPG is commonly used to ac-
tivate mGIluR1/5">1%; MPEP and MTEP are effective in-
hibitors of mGIluR5.778 In addition, it has been discovered
that mGIuRS takes part in central nervous system (CNS)
disorders that are induced by the hypersecretion of gluta-
mate, such as epilepsy, neurogenic or inflammatory pain,
dyskinesia, headaches, drug addiction, and psychosis.!>?
In this study, we adopted both the transfection and treat-
ments with agonist DHPG and inhibitors MPEP and MTEP
in MM cells in order to upregulate mGIluRS5 in MM1S and
downregulate mGIluR5 in OPM2. The qRT-PCR and west-
ern blot confirmed the upregulation of mGIluR5 by agonist
DHPG or oe-mGIluR5 in MM1S, and inhibition of mGIuRS
by antagonists MPEP and MTEP and si-mGIuR5 in OPM2
cells in mRNA and protein levels. After confirmation,

we carried out MTT and apoptosis assays to measure
the changes in cell viability and apoptosis. The results in-
dicated that the upregulation of mGIuRS by oe-mGIluR5
or DHPG in MM1S promoted the cell viability and inhib-
ited cell apoptosis compared with the DMSO control group,
which supported the claim that mGIluR5 behaved as an on-
cogene in the MM cell lines. Likewise, it was revealed that
the downregulation of mGIuRS by si-mGluR5 and antag-
onists MPEP and MTEP in OPM2 cells suppressed cell
viability and induced cell apoptosis. The results verified
that mGIuRS acted as oncogene in MM, which was in ac-
cordance with our hypothesis. To investigate the potential
mechanism involved, we did further research with regard
to Ras—MAPK signaling.

Ras—mitogen activated protein kinase pathway is an es-
sential intracellular signaling pathway that regulates mul-
tiple cellular functions, including cell proliferation and
apoptosis.! The most frequently mutated gene concern-
ing the MAPK signaling pathway is Ras, which is related
to the superfamily of small GTPases and is the first intra-
cellular effector of the Ras—MAPK signaling pathway.??
Ras can be stimulated by many extracellular stimuli,
which helps to transform Ras from a GDP-bound inac-
tivated form to a GTP-bound activated form, and recruit
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of Raf1 (C) among all the groups in both
cell lines after transfection. Each assay
was performed thrice independently.
Kruskal-Wallis test (K-W) with Dunn's
post hoc test and Kolmogorov-Smirnov
test (K-S) were applied in the statistical
analysis (Fig. 5A. oe-NC (MMIS) compared
to oe-mGIuR5 (MMIS), p = 0.0039,

si-NC (OPM2) compared to si-mGIuR5
(OPM2), p = 0.0254; K-W, Dunn’s post
hoc; Fig. 5B. oe-NC (MMIS) compared

to oe-mGIuR5 (MMIS), p = 0.0174, si-NC
(OPM2) compared to si-mGIuR5 (OPM2),
p =0.0232; K-W, Dunn’s post hoc;

Fig. 5D. oe-NC (MMIS) compared to
oe-mGIuR5 (MMIS), p = 0.0094, si-NC
(OPM2) compared to si-mGIuR5 (OPM2),
p =0.0163; K-W, Dunn’s post hoc)

e p-Raft
® Raff

relative protein expression of p-Raf1/Raf1

the Raf-1 kinase to the plasma membrane.?® The activation
of the Ras—MAPK pathway is an early event in cancers and
a promoter to chemoresistance.?* In MM, previous stud-
ies showed that Ras—MAPK pathway is activated in MM
patients and its activation could promote the progression
of MM.%

In the present study, western blot was used to determine
the changes in Ras and p-Raf1/Raf1 in response to mGIuRS5
regulation in MM1S and OPM2 cells. It was found that
the upregulation of mGIluRS5 could activate the Ras—MAPK
pathway, exerting a promotive impact on MM cell prolif-
eration and a suppressive effect on apoptosis.

Limitations

This study only focused on the in vitro cellular model,
which makes the results and findings relatively limited.

Conclusion

The results from the present research indicate that
the overexpression of mGIluRS5 promoted cell proliferation

and inhibited apoptosis by activating Ras—M APK pathway
in MM. The findings suggest that mGIluRS inhibitors MPEP
or MTEP might be used in the future as a tumor suppressor
in MM after extensive in vivo research and clinical trials.
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Abstract

Background. The expression of ribosomal protein S27 (RPS27) is uprequlated in multiple human malignan-
cies. In thyroid cancer, the expression of RPS27 is associated with patient outcomes. However, the carcinogenic
mechanisms of RPS27 and functions of RPS27 in the initiation and progression of thyroid cancer are still not
clear.

Objectives. To investigate the carcinogenic mechanisms of RPS27 and functions of RPS27 in the initiation
and progression of thyroid cancer.

Materials and methods. The RPS27 gene was overexpressed in BTH101 cells and the influence on the lev-
el of gene expression and alternative splicing (AS) was then analyzed by comparing the transcriptomes
of the overexpressing cells with the controls. The procedures included cloning and plasmid construction
of RPS27, cell culture and transfection, evaluation of RPS27 overexpression, library preparation and sequenc-
ing, RNA-Seq raw data clean and alignment, differentially expressed genes (DEGs) analysis, AS analysis,
quantitative real-time polymerase chain reaction (qRT-PCR) validation of DEGs and AS events (ASEs), and
functional enrichment analysis.

Results. The results demonstrated that RPS27 could selectively requlate the expression of genes associ-
ated with autoimmune thyroid disease, inflammatory/immune response and AS of genes associated with
TRIF-dependent toll-like receptor signaling pathway and apoptotic process. The genes in question are BMP6,
SERPINAS, IL178, ILTRN, HLA-B, PF4, HLA-DOB, MADCAMI, HLA-DQAT, TPO, HLA-B, HLA-DQAT, HLA-DOB, HLA-C,
KRTS, CFLAR, HMGAT, CASPS, (CNH, UBE2D3, and MAPK9, among others.

Conclusions. The RPS27 selectively requlated the expression and alternative splicing of genes involved
in inflammatory/immune response and TRIF-dependent toll-like receptor signaling pathway, which were
tightly associated with the initiation and progression of thyroid cancer. These results extend our knowledge
on the molecular functions of RPS27 in thyroid cancer cells and have a potential value in thyroid cancer
treatment.

Key words: gene expression, thyroid cancer, alternative splicing, ribosomal protein 527, overexpression



890

Background

Thyroid cancer is a common endocrine tumor with
an increasing incidence worldwide.! The age-standardized
incidence rate of thyroid cancer rose by 20% from 1990
t02013.2 In China, a recent investigation reported a rapidly
increasing number of thyroid cancer cases.? The immune
system plays a crucial role in prevention of tumors, as well
as in their initiation and progression.* Some tumor types
are strongly correlated with chronic infectious or inflam-
matory diseases, whereas others are not, but inflammatory
components are present in most of human neoplastic le-
sions. Studies have demonstrated that thyroid cancer can
be associated with thyroid autoimmunity, even if the exact
mechanisms remain poorly elucidated.>®

Ribosomal protein S27 (RPS27), also known as metallopan-
stimulin-1 (MPS-1), is a multifunctional protein ubiquitously
expressed in most of the human normal tissues and primarily
located in the cytoplasm.” It serves as an RNA-binding protein
(RBP) and subsequently affects the translation and degra-
dation of many mRNAs.® In addition to translation-related
functions, ribosomal proteins are also associated with plenty
of biological process functions, including apoptosis, genomic
stability, development, and cell proliferation.? The expression
of RPS27 is upregulated in multiple human malignancies,
including liver, prostate, colon, stomach, and head and neck
cancers.'*!2 In thyroid cancer, the expression of RPS27 is as-
sociated with patient outcomes.'* However, the carcinogenic
mechanisms of RPS27 and functions of RPS27 in the initiation
and progression of thyroid cancer are still not clear.

Therefore, in this study, the RPS27 gene was overex-
pressed in BTH101 cells and the influence on the gene
expression level and alternative splicing (AS) was then ana-
lyzed through comparing the transcriptomes of the over-
expressing cells with the controls.

Objectives

The objectives were to investigate the carcinogenic
mechanisms of RPS27 and functions of RPS27 in the ini-
tiation and progression of thyroid cancer.

Materials and methods
Cloning and plasmid construction of RPS27

CE Design v. 1.04 (Vazyme Biotech, Nanjing, China) was
employed to design the primer pairs for Hot Fusion. Each
of the primers consists of a fragment of gene-specific sequence
and a 17-30 bp sequence of the pIRES-hrGFP-1a vector:

F-primer: agcccgggeggatccgaattc

ATGCCTCTCGCAAAGGATCTC

R-primer: gtcatccttgtagtcctcgag

GTGCTGCTTCCTCCTGAAGGA.

J. Wan et al. Ribosomal protein S27 in thyroid cancer

The pIRES-hrGFP-1a vector was digested with EcoRI
and Xhol (New England Biolabs (NEB), Ipswich, USA)
for 2—3 h at 37°C. The enzyme-digested vector was then
run on 1.0% agarose gel and purified with the Qiagen
column kit (Qiagen, Hilden, Germany). Total RNA was
extracted from BHT101 cells with TRIzol (Ambion, Invi-
trogen, Carlsbad, USA). The purified RNA was reversely
transcribed for cDNA with oligo dT primer. The inserted
fragment was synthesized through polymerase chain reac-
tion (PCR) amplification. The ClonExpress® II One Step
Cloning Kit (Vazyme Biotech, Nanjing, China) was used
to ligate the linearized vector digested with EcoRI and
Xhol and PCR insert. Plasmids were introduced into Esch-
erichia coli strain through chemical transformation. Cells
were plated onto Luria broth (LB) agar plates contain-
ing 1 pL/mL ampicillin, and incubated overnight at 37°C.
Colonies were screened through colony PCR (28 cycles)
with universal primers located on the backbone vector.
Sanger sequencing was used to verify the insert sequence.

Cell culture and transfection

Chinese Academy of Sciences Cell Bank (Shanghai,
China) provided the human thyroid cancer cell line BHT101.
The BHT101 cells were cultured with 5% CO, at 37°C
in Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 10% fetal bovine serum (FBS), 100 ug/mL of strepto-
mycin and 100 U/mL of penicillin. Lipofectamine 2000
(Invitrogen) was employed to conduct plasmid transfection
of BHT101 cells following the manufacturer’s protocol, and
transfected cells were harvested after 48 h for quantita-
tive real-time PCR (qRT-PCR) and western blot analysis.
This study complied with the Declaration of Helsinki and
the study protocol was approved by the Ethical Committee
of People’s Hospital of Xinjiang Uygur Autonomous Region,
China (approval No. KY20180118148).

Evaluation of RPS27 overexpression

The evaluation of RPS27 overexpression was performed
by means of qRT-PCR and western blot analysis, using
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
as the control. The synthesis of cDNA was conducted
through standard procedures, and qRT-PCR was per-
formed on the Bio-Rad S1000 Thermal Cycler (Bio-Rad,
Hercules, USA) with Bestar SYBR Green RT-PCR Mas-
ter Mix (DBI Bioscience, Shanghai, China). The prim-
ers of RPS27 were 5"TCCTTCATCCCTCTCCAGAA-3'
(forward) and 5-GTAGGCTGGCAGAGGACAGT-3'
(reverse), respectively; and the primers of GAPDH were
5-CGGAGTCAACGGATTTGGTCGTAT-3' (forward)
and 5-"AGCCTTCTCCATGGTGGTGAAGAC-3' (reverse),
respectively. The 2722t method was employed to evaluate
the relative expression level of RPS27. The paired Student’s
t-test was used to perform the comparison between RPS27-
overexpressed cells and control cells.
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For western blot analysis, to prepare the total cell ly-
sates, RPS27-overexpressed and control BHT101 cells
were lysed in radioimmunoprecipitation assay (RIPA)
buffer, containing 150 mM NaCl, 50 mM Tris-HCI (pH
7.4), 0.1% sodium dodecyl sulfate (SDS), 1.0% deoxycho-
late, 1 mM ethylenediaminetetraacetic acid (EDTA),
and 1% Triton X-100. The samples were centrifuged
at 12,000 x g for 5 min. The supernatants were analyzed
using a 10% SDS polyacrylamide gel electrophoresis (SDS-
PAGE) gel and then transferred onto a polyvinylidene
difluoride (PVDF) membrane (Merck Millipore, Burling-
ton, USA). The RPS27 was detected with a monoclonal
Flag antibody (Sigma-Aldrich, St. Louis, USA) diluted
in Tris-buffered saline with Tween 20 (TBST) (1:2000),
and GAPDH (ABclonal Technology, Cumming Park,
USA) was used as the loading control (1:2000).

Library preparation and sequencing

Total RNA extracted from BHT101 cells was purified
using 2 phenol-chloroform treatments and then treated us-
ing RQ1 DNase (Promega, Madison, USA) to remove DNA.
The Smartspec Plus (Bio-Rad) was employed to evaluate
the quality and quantity of the purified RNA by measuring
the absorbance at 260 nm/280 nm (A260/A280), and 1.5%
agarose gel electrophoresis was used to verify the integrity
of the RNA.

The VAHTS Stranded mRNA-seq Library Prep Kit
(Vazyme Biotech) was used to perform RNA-seq library
preparation with 1 pg of the total RNA. Polyadenylated
mRNAs were converted into double-stranded cDNAs
after purification and fragmentation. The DNAs were
then ligated to VAHTS RNA Adapters (Vazyme Bio-
tech) following end repair and A tailing. Purified liga-
tion products ranging from 200 bps to 500 bps were di-
gested using heat-labile uracil-DNA glycosylase (UDG),
and the single-stranded cDNA was amplified, purified,
quantified, and stored at -80°C before high-throughput
sequencing.

For high-throughput sequencing, the libraries were pre-
pared according to the instructions of the manufacturer
and applied to Illumina HiSeq X Ten system (Illumina,
Inc., San Diego, USA) for 150 nt paired-end sequencing.

RNA-Seq raw data clean and alignment

Raw reads with more than 2-N bases in raw sequenc-
ing reads were excluded. FASTX-Toolkit v. 0.0.13 (http://
hannonlab.cshl.edu/fastx_toolkit/index.html) was then
used to trim adaptors and low-quality bases. The short
reads with less than 16 nt were also discarded. After that,
clean reads were aligned to the GRch38 genome with
tophat2,'*allowing 4 mismatches. Uniquely mapped reads
were used for calculation of gene reads number and frag-
ments per kilobase of transcript per million fragments
mapped (FPKM).!®
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Alternative splicing analysis

As described previously, the ABL alternative splicing
(ABLas) pipeline was employed to define and quantify
the alternative splicing events (ASEs) between the sam-
ples.’® Briefly, the detection of 10 types of ASEs was based
on the splice junction reads, including exon skipping (ES),
alternative 5’ splice site (A5SS), alternative 3’ splice site
(A3SS), intron retention (IR), mutually exclusive exons
(MXE), mutually exclusive 5’UTRs (5pMXE), mutually
exclusive 3'UTRs (3pMXE), cassette exon, A3SS&ES, and
AS5SS&ES.

gRT-PCR validation of differentially
expressed genes and ASEs

In order to elucidate the validity of the RNA-seq data,
the qRT-PCR was conducted for some of the differentially
expressed genes (DEGs). The information of primers was
demonstrated in Supplementary File 1. Total RNA re-
maining from RNA-seq library preparation was used for
qRT-PCR. The RNA was reversely transcribed into cDNA
using a M-MLV Reverse Transcriptase (Vazyme Biotech).
The qRT-PCR was conducted on the StepOne Real-
Time PCR System using the SYBR Green PCR Reagents
Kit (Yeasen, Shanghai, China). The gqRT-PCR conditions
consisted of denaturing at 95°C for 10 min, 40 cycles
of denaturing at 95°C for 15 s, and annealing and exten-
sion at 60°C for 1 min. The qRT-PCR amplifications were
performed in triplicate for each sample. The expression
levels of all selected DEGs were normalized against that
of GAPDH.

Meanwhile, a qRT-PCR assay was also conducted for al-
ternative splicing event (ASE) validation. The primers used
were also presented in Supplementary File 1. To detect
alternative isoforms, we used a boundary-spanning primer
for the sequence encompassing the junction of constitutive
exon and alternative exon, as well as an opposing primer
in a constitutive exon. The boundary-spanning primer
of alternative exon was designed according to “model exon”
to detect model splicing or “altered exon” to detect altered
splicing.

Statistical analyses

The R Bioconductor package edgeR (https://biocon-
ductor.org/packages/release/bioc/html/edgeR.html) was
employed to screen out the DEGs whose expression lev-
els were assessed using FPKM.! A false discovery rate
(FDR) <0.05 and fold change (FC) >2 or <0.5 were set
as the cutoff criteria for identifying DEGs. The Student’s
t-test was performed to evaluate the significance of the ra-
tio alteration of ASEs between RPS27-overexpressed and
control cells. Regulated alternative splicing events (RASEs)
were identified when p < 0.05. To sort out functional cat-
egories of DEGs, Gene Ontology (GO) terms and Kyoto
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Encyclopedia of Genes and Genomes (KEGG) pathways
were identified using KOBAS 2.0 server (http://kobas.cbi.
pku.edu.cn/).!® The hypergeometric test and Benjamini—
Hochberg FDR controlling procedure were employed
to define the enrichment of each term. The expression
levels of RPS27, selected DEGs and ASEs were compared
using the Student’s t-test. Significance was set at p < 0.05.

Results
RNA-seq data analysis

The qRT-PCR and western blot were used to evaluate
the efficacy of RPS27 overexpression (Fig. 1A,B). Six cDNA
libraries were constructed and then sequenced for paired-
end reads of each sample. The average high-quality reads
of these 6 samples was 78.47 £3.92 million (Supplementary
File 2). Among these reads, 94.04—96.39% were aligned and
about 89.14—94.42% were uniquely aligned when they were
mapped onto the reference genome with TopHat 2 (Supple-
mentary File 2). Robust expression results for 20,994 genes
were obtained from RNA-seq data (Supplementary File 3).
A correlation matrix was computed with FPKM values
for all 20,994 genes according to the Pearson’s correlation
coefficient (Fig. 1C).

RPS27 overexpression in BHT101 cell
selectively regulates the expression
of inflammatory and immune
response genes

A total of 1504 genes were differentially expressed, in-
cluding 604 upregulated and 900 downregulated. Supple-
mentary File 4 provides the details of all the DEGs. A vol-
cano plot (Fig. 1D) demonstrated the DEGs regulated
by RPS27 overexpression. Figure 1E shows the hierarchical
clustering of DEGs in control and RPS27 overexpression
samples. These results showed that RPS27 overexpression
extensively regulated gene expression in BHT101 cells.

According to the cutoff criteria, the upregulated and
downregulated DEGs were enriched in 44 and 112 GO
terms, respectively (Supplementary Files 5 and 6). Interest-
ingly, the upregulated genes in the biological process terms
of the GO analysis were mainly associated with the inflam-
matory and immune response (Fig. 1F), including BMP6,
SERPINA3, IL17B, ILIRN, HLA-B, PF4, HLA-DOB, MAD-
CAMI, and HLA-DQA1. Conversely, the downregulated
genes were primarily involved in mitosis and mitotic cell
cycle.

When the corrected p-values of the KEGG pathways
were set at <0.05, the upregulated and downregulated
DEGs were enriched in 166 and 211 pathways, respec-
tively (Supplementary Files 7 and 8). Strikingly, the up-
regulated genes were primarily associated with autoim-
mune thyroid disease (Fig. 1G), including TPO, HLA-B,

J. Wan et al. Ribosomal protein S27 in thyroid cancer

HLA-DQAI, and HLA-DOB. In contrast, the downreg-
ulated genes were primarily associated with pathways
in cancer, HTLV-I infection and regulation of actin cy-
toskeleton (Fig. 1G).

The expression of the DEGs involved in the inflamma-
tory and immune response and angiogenesis was quantified
using RNA sequencing data, including BMP6, SERPINA3,
ILI7B, ILIRN, HLA-B, PF4, HLA-DOB, MADCAM1I, HLA-
DQAI, and TPO. The results demonstrated that their ex-
pressions were significantly upregulated (Fig. 2). Among
them, we selected BMP6, HLA-B, HLA-DQA1, IL17B,
and SERPINAS3 for further qRT-PCR validation analysis.
The PCR primers were demonstrated in Supplementary
File 1. The qRT-PCR results were in agreement with the se-
quencing data (Fig. 3).

RPS27 regulates the alternative splicing
of a large number of immune-response
genes

Among the 66.7 £3.0 million uniquely mapped reads,
47.08-47.97% were junction reads (Supplementary File 2).
Compared with the reference genome annotation through
the use of the Tophat?2 pipeline, there were 62.69% annotated
exons (230,287 out of 367,321 annotated exons), 152,726
known splice junctions and 111,776 novel splice junctions.

There were 16,925 known ASEs in the model gene which
was termed as the reference genome, and 45,772 novel
ASEs excluding intron retention events (Supplementary
Files 9 and 10).

A total of 735 RASEs were identified, including 401 up-
regulated and 334 downregulated (Supplementary Files 11
and 12). The RPS27-regulated ASEs mainly included
the A5SS (157), A3SS (146), ES (120), and cassette exon
(73) (Fig. 4A). These results implied that RPS27 overall
regulated ASEs in BHT101 cell. The genes whose levels
of AS and expression were both regulated by RPS27 were
overlapped in order to determine whether the increase
in ASEs could be attributed to altered transcription,'® and
3 such genes were identified (Fig. 4B), including /TGA1,
NPNT and MACFI. This result suggested that AS and
transcriptional regulation might be partially coupled.

Interestingly, among the genes regulated by RPS27-
mediated AS, most were enriched in “viral reproduction”,
“TRIF-dependent toll-like receptor signaling pathway” and
“MyD88-independent toll-like receptor signaling pathway”,
including HLA-C, KRT8, CFLAR, HMGA1, CASP8, CCNH,
UBE2D3, and MAPK9 (Fig. 4C). In contrast, enriched
KEGG pathways (p < 0.05) mainly included those associ-
ated with “pyrimidine metabolism”, “purine metabolism”
and “ribosome” (Fig. 4D).

The ASEs of the genes involved in thyroid cancer were
quantified using RNA sequencing data, including HLA-C,
KRTS8, CFLAR, HMGA1I, CASP8, CCNH, UBE2D3, and
MAPKO. The results showed that they were significantly
upregulated (Fig. 5). To validate the ASEs identified from
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Fig. 1. RNA-seq analysis of ribosomal protein S27 (RPS27)-regulated transcriptome. A. RPS27 expression was quantified using quantitative real-time
polymerase chain reaction (qRT-PCR); t = —7.618; p = 0.002; **p < 0.01; B. RPS27 expression was quantified using western blot; C. Heat map showing

the hierarchically clustered Pearson's correlation matrix resulting from comparing the transcript expression values of the control cells with RPS27
overexpression cells; D. Identification of RPS27-regulated genes. Upregulated genes were labeled in red, whereas downregulated were labeled in blue
in the volcano plot; E. Hierarchical clustering of differentially expressed genes (DEGs) in the control cells and RPS27 overexpression cells. Fragments

per kilobase of transcript per million fragments mapped (FPKM) values were log2-transformed and then median-centered by each gene; F. The top 10
representative Gene Ontology (GO) biological processes of up- or downregulated genes; G. The top 10 representative Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways of up- or downregulated genes.

Control (Ctrl) = BHT101 cells without RPS27 overexpression; OE — BHT101 cells with RPS27 overexpression; GAPDH - glyceraldehyde-3-phosphate
dehydrogenase; FDR - false discovery rate; IgA — immunoglobulin A.
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Fig. 2. Ribosomal protein 527 (RPS27) regulated the expression of the genes involved in the inflammatory and immune response and angiogenesis. Gene
expression was quantified using RNA sequencing data. Fragments per kilobase of transcript per million fragments mapped (FPKM) values were calculated
as explained in Materials and methods section; t = —4.677, —=7.468, —4.405, —3.495, —6.424, —6.243, —4.758, —4.727,—4.397,—3.955; p = 0.009, 0.002, 0.012, 0.025,
0.003, 0.003, 0.009, 0.009, 0.012, 0.017; **p < 0.01; *p < 0.05.

Control (Ctrl) - BHT101 cells without RPS27 overexpression; OE — BHT101 cells with RPS27 overexpression.
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Fig. 3. Ribosomal protein S27 (RPS27) regulated the expression of BMP6, HLA-B, HLA-DQAI, IL17B, and SERPINA3. Both the RNA-seq and quantitative real-time
polymerase chain reaction (qRT-PCR) validation are shown; t = —4.677,-1.316, =7.468, —5.373, =3.495, —3.254, —6.243, —4.829, —4.397; p = 0.009, 0.259, 0.002,
0.006, 0.025, 0.026, 0.003, 0.008, 0.012; Z = —2.235; p = 0.043; **p < 0.01; *p < 0.05.

Control (Ctrl) = BHT101 cells without RPS27 overexpression; OE — BHT101 cells with RPS27 overexpression.

the RNA-Seq data, 4 potential ASEs were analyzed using Discussion
qRT-PCR. They were located in KRT8, CFLAR, CASPS,

and CCNH genes, respectively. The PCR primers were also In this study, we profiled the entire transcriptome
demonstrated in Supplementary File 1. All the 4 ASEs vali- in BHT101 cells with the overexpression of RPS27, allow-
dated with qRT-PCR were highly consistent with the se- ing for the decoding of RPS27-mediated regulation for

quencing results (Fig. 4E,F, Fig. 6). gene expression and AS. Strikingly, the expression of genes
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Fig. 4. Ribosomal protein S27 (RPS27) regulated alternative splicing events (ASEs) in BHT101 cells. A. Classification of RPS27-regulated ASEs; B. The overlap
analysis between RPS27-regulated differentially expressed genes (DEGs) and alternative splicing genes (RASGs); C. The top 10 enriched Gene Ontology (GO)
biological processes of RPS27-regulated alternative splicing genes; D. The top 10 enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways

of RPS27-regulated alternative splicing (AS) genes; E. RPS27 regulated AS of CASP8, with IGV-Sashimi plot showing an alternative 3’ splice sites (A3SS) event.
Both RNA-seq quantification and quantitative real-time polymerase chain reaction (qRT-PCR) validation are presented; F. RPS27-regulated AS of CFLAR, with
IGV-Sashimi plot showing an alternative 5’ splice sites (A5SS) event. Both RNA-seq quantification and gRT-PCR validation are presented. Reads distribution
of each ASE was plotted in the left panel with the transcripts of each gene shown below. The schematic diagrams depict the structures of ASEs, AS1
(purple line) and AS2 (green line). The constitutive exon sequences were denoted by black boxes, intron sequences by horizontal line (right panel, top),
while alternative exon by red box and intron by purple box. The RNA-seq quantification is shown at the bottom of the right panel; t = 4.406, 3.930, —3.058,

—1.349; p = 0.016, 0.017,0.025, 0.249; *p < 0.05.

Control (Ctrl) - BHT101 cells without RPS27 overexpression; OE — BHT101

3pMXE — mutually exclusive 3'UTRs; ES — exon skipping.

cells with RPS27 overexpression; 5SoMXE — mutually exclusive 5'UTRs;
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Fig. 5. Ribosomal protein S27 (RPS27) regulated alternative splicing (AS) of the genes associated with thyroid cancer, with alternative 3’ splice sites (A3SS) for
CASPS, alternative 5" splice sites (A5SS) for CCNH, A3SS for HLA-C, A5SS for HMGAT, A3SS for KRT8, A5SS for KRT8, and intron retention (IR) for UBE203. RNA-
seq quantification is presented; t = 4.159, —4.376, —3.534, 3.032, —3.337,2.971, 6.627; p = 0.014, 0.012, 0.024, 0.039, 0.029, 0.042, 0.003; **p < 0.01; *p < 0.05.

Control (Ctrl) = BHT101 cells without RPS27 overexpression; OE — BHT101 cells with RPS27 overexpression.

involved in the inflammatory and immune response and
autoimmune thyroid disease were selectively upregulated
following RPS27 overexpression. Meanwhile, the genes
whose AS was specifically regulated by RPS27 were en-
riched in the positive regulation of viral reproduction,
apoptotic process, TRIF-dependent toll-like receptor sig-
naling pathway, MyD88-independent toll-like receptor sig-
naling pathway, and so forth. These results demonstrated
that RPS27 was involved in the initiation and progression
of thyroid cancer, possibly through regulating the expres-
sion of genes associated with autoimmune thyroid disease,
and inflammatory and immune response and AS of genes
associated with TRIF-dependent toll-like receptor signal-
ing pathway and apoptotic process.

The upregulated genes associated with the inflammatory
and immune response included BMP6, SERPINA3, IL17B,
ILIRN, HLA-B, PF4, HLA-DOB, MADCAM]1, and HLA-
DQA1. Bone morphogenetic proteins (BMPs) are believed

to have complex roles in cancer progression.?’ Bentley et al.
showed that BMP-6 was correlated with bone metastases
in prostate cancer.?! Katsuta et al. found that a high ex-
pression of BMP6 was correlated with higher immune cell
infiltration and better prognosis in estrogen receptor-pos-
itive breast cancer, whereas it was correlated with a worse
prognosis in estrogen receptor-negative breast cancer.??
The expression of SERPINA3 has been detected in many
tumor cells, including hepatocellular carcinoma, breast
cancer, lung adenocarcinoma, and prostate cancer. Ko et al.
indicated that SERPINA3 could promote hepatocellular
carcinoma (HCC) cell survival and proliferation through
upregulating the transcriptional activity of HNRNP-K.?
Cao et al. demonstrated that the expression of SERPINA3
was higher in colon cancer tissues than in adjacent normal
tissues, and silencing of SERPINA3 had significant effects
on inhibiting the migration and invasion of colon cancer
cells.?* Recent studies have emphasized the potential role
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Fig. 6. Alternative splicing (AS) events of CCNH and KRT8 validated using quantitative real-time polymerase chain reaction (QRT-PCR) were highly consistent

with the sequencing results

Control (Ctrl) = BHT101 cells without RPS27 overexpression; OE — BHT101 cells with RPS27 overexpression; A5SS — alternative 5’ splice sites.

of the IL-17B/IL-RB pathway in cancer. The upregulated
expression of IL-17B or its receptor has been correlated
with a poor prognosis of various cancer types.?>~* In vitro
cell assays demonstrate that IL-17B can promote the sur-
vival of breast cancer cells through enhancing the expres-
sion of anti-apoptotic Bcl-2 family members and activating
the NF-kB and ERK pathways.?®% In thyroid cancer, IL-17B
is confirmed to be able to promote the growth, invasion and
migration of cancer cells in a dose-dependent manner.°
The ILIRN (interleukin-1 receptor antagonist) gene plays
a role in the pathogenesis of many autoimmune diseases.
The ILIRN(VNTR) polymorphism may be correlated
with susceptibility for Hashimoto’s thyroiditis, a complex
genetic autoimmune thyroid disease.3! The ILIRN poly-
morphisms are also associated with the susceptibility for
cancers. Wang et al. found that JLIRN rs315919, rs452204
and rs3181052 polymorphisms were associated with a de-
creased risk of esophageal cancer in a Northwest Han Chi-
nese population.®? Niedzwiecki et al. suggested that inter-
leukin-1 receptor antagonist (IL-1ra) might have a critical

role in the development of anaplastic thyroid carcinoma
and follicular thyroid carcinoma.® As a chemokine, plate-
let factor 4 (PF4, CXCL4) is involved in the pathogenesis
of autoimmune thyroid diseases. Circulating PF4 levels
are decreased in subclinically hypothyroid autoimmune
thyroiditis (AIT).3* Additionally, PF4 can regulate the in-
flammation within the tumor microenvironment, tumor
angiogenesis, and, in turn, tumor growth.*

The upregulated and downregulated DEGs were en-
riched in 166 and 211 pathways, respectively. Strikingly,
the upregulated genes were associated with autoimmune
thyroid disease, including TPO, HLA-B, HLA-DQA1, and
HLA-DOB. The TPO plays a critical role in the production
of thyroid hormones through catalyzing the iodination and
coupling of tyrosyl residues to thyroglobulin.¢3” Many
astudy has investigated TPO as a marker for thyroid cancer.
It is used as a thyroid differentiation marker,3® and its ex-
pression is decreased in thyroid carcinoma.®*3” The human
leukocyte antigen (HLA) gene is involved in the recognition
and presentation of foreign antigens to the natural killer
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cells (NK) and T lymphocytes, which is the starting point
of the immune response.* This gene participates in tumor
immunity and is a susceptibility gene for many cancers,
including thyroid tumors.3*4° Some HLA alleles are risk
factors for some tumors, whereas some have a protective
role in tumorigenesis. Shuxian et al. showed that HLA-
B*51:01 may be a susceptible allele for papillary thyroid
carcinoma in the Chinese Han population of the Shandong
coastal areas.*! The HLA-DQA1 is located on chromosome
6p21 and belongs to the MHC Class II family.*? It has a role
in the progression of esophageal squamous-cell carcinoma
(ESCC) and may be a biomarker for ESCC diagnosis and
prognosis, as well as a potential target for the treatment
of ESCC patients.*> As the B-subunit of the HLA-DO
class II paralogs, HLA-DOB has a negative regulation
for major histocompatibility complex class II molecules
through inhibiting HLA-DM molecules.** The DO:DM
ratio defines major histocompatibility complex class II
restricted-antigen presentation efficiency. Evidence has
demonstrated that the dysregulation of the antigen presen-
tation pathway has influence on development of cancer.*
A report indicated that the single nucleotide polymor-
phism (SNP) of HLA-DOB rs2071554 was correlated with
overall survival in patients with advanced non-small cell
lung cancer treated with first-line chemotherapy.*® Ad-
ditionally, certain HLA-C alleles are also predisposing
factors for papillary thyroid carcinoma.?

Among the genes regulated by RPS27-mediated AS,
some were enriched in “viral reproduction”, “TRIF-depen-
dent toll-like receptor signaling pathway” and “MyD88-in-
dependent toll-like receptor signaling pathway”, including
HLA-C,KRTS8, CFLAR, HMGA1, CASP8, CCNH, UBE2D3,
and MAPK9. Bromodomain-containing protein 4 (BRD4),
belonging to the bromodomain and extra terminal domain
family, has been reported to have important roles in vari-
ous cancers. The abnormal expression of BRD4 is associ-
ated with tumor progression in thyroid cancer.*® It can sup-
press tumor cell proliferation to inhibit the recruitment
of BDR4 to the promoter complex of the Ccndl and Myc
genes in rat thyroid follicular PCCL3 cells.* In prostate
cancer, the inhibition of BRD4 can suppress cell prolifera-
tion by regulating FOXO1-p21-Myc signaling.>® In Merkel
cell carcinoma, the disruption of BRD4 can inhibit MCC-3
xenograft tumor growth, possibly through downregu-
lating c-Myc expression.®! Keratin8 (KRT8), the major
component of the intermediate filament cytoskeleton,
is correlated with progression and metastasis of sev-
eral tumors. In gastric cancer, the abnormal expression
of KRT8 can promote proliferation and migration of can-
cer cells through upregulating MMP2, MMP9, PCNA, and
TIMP1.5? In lung adenocarcinoma, the expression of KRT8
is significantly elevated and may act as an independent
prognostic factor for poor overall survival and recurrence-
free survival.”® In anaplastic thyroid carcinoma (ATC),
the expression of KRT8 is upregulated, and upregulated
KRT8 expression is critical for survival of ATC tumor
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cells since siRNA-mediated knockdown of KRT8 expres-
sion leads to loss of cell viability and increased apoptosis
in ATC-derived cells in vitro.>* Mitogen-activated protein
kinases (MAPKs) are associated with a large number of bi-
ological processes such as proliferation, differentiation,
growth, migration, and apoptosis.®® As a result, aberrant
expression of MAPKs results in various diseases, including
cancers.”® The Mapk9, also named as JNK2, is a kinase
from JNK subfamily. The function of JNK2 in cancers
is still controversial. Several studies demonstrated that
JNK2 acted as a tumor promoter in multiple myeloma,
epidermal neoplasia, glioblastoma, breast cancer, and lung
cancer.®’~ However, in bladder cancer and some lung and
breast cancers, JNK2 appears to act as a suppressor.®%6!
The high mobility group A1 (HMGA1) is an important
member of superfamily of nonhistone chromatin binding
proteins and plays a role in many cellular biology pro-
cesses, such as embryogenesis, transcriptional regula-
tion, viral integration, transformation, DNA repair, cell
cycle regulation, and differentiation.®> The expression
of HMGAL1 is significantly upregulated in plenty of can-
cers, including thyroid, lung, colon, pancreas, breast, and
ovary cancers.®>% In addition, HMGAL1 is confirmed to be
correlated with high invasion and metastasis of thyroid
cancer.®>% The upregulated expression of HMGA1 can
foster carcinogenesis and tumor progression via dysregu-
lation of Wnt signaling and other developmental tran-
scriptional networks.®” Ubiquitin-conjugating enzyme
E2D3 (UBE2D3) belongs to ubiquitin-conjugating enzyme
(E2) family and is a critical component in ubiquitin (Ub)
proteasome system (UPS).%® Ubiquitin-dependent prote-
olysis by the 26S proteasome has a crucial role in the oc-
currence of tumors.*”® Guan et al. indicated that UBE2D3
might be a positive prognostic factor and might be associ-
ated with the expression of hTERT in esophageal cancer
patients.”® Additionally, the downregulation of UBE2D3
enhances radioresistance of esophageal cancer cells
through prolonging IR-induced G2/M arrest and increas-
ing telomere homeostasis,”* whereas its overexpression
enhances radiosensitivity through degrading hTERT.”
Caspase 8 is an important component of the caspases fam-
ily proteins that are the main regulatory and executive en-
zymes in the apoptosis pathway.”> Apoptosis is associated
with prevention from overproliferation in normal cells,”*
and the aberration of the apoptosis pathway is involved
in the development of cancers.”” Caspase 8 regulates
the extrinsic apoptosis pathway,”® and the CASP8 -652 6N
ins/del polymorphism is correlated with a decreased risk
of various cancers.”’

The CFLAR gene encodes the apoptosis modulator
protein c-FLIP, which has a critical role in regulating
cell death.”® One mechanism c-FLIP uses is forming het-
erodimers with caspase 8.7 In HCC cells, the expression
of CFLAR is significantly elevated, and the inhibition
of CFLAR expression can reduce the proliferation of can-
cer cells.8°
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In summary, the overexpression of RPS27 selectively
regulated the expression and AS of inflammatory and
immune response genes in thyroid cancer cells, whereas
these genes had been confirmed to be involved in occur-
rence and development of cancer. Therefore, RPS27 was
involved in the initiation and progression of thyroid cancer,
possibly through regulating the expression of genes as-
sociated with autoimmune thyroid disease, and inflam-
matory and immune response and AS of genes associated
with TRIF-dependent toll-like receptor signaling pathway
and apoptotic process. These results broaden the current
understanding on functions of RPS27 in the initiation and
progression of thyroid cancer.

As for selection of cell lines, the objectives of this
study were to investigate the carcinogenic mechanisms
of RPS27 and functions of RPS27 in the initiation and
progression of thyroid cancer, so selecting the normal
cell line might not be enough. Meanwhile, we analyzed
the expression of RPS27 in thyroid cancer through
The Cancer Genome Atlas (TCGA). The results showed
that the expression level of RPS27 in thyroid cancer tis-
sues was not significantly different from normal tissues,
but the upregulated expression of RPS27 in thyroid can-
cer tissues was associated with the prognosis of thyroid
cancer patients. Therefore, we selected the BHT101 cells
for this study.

Limitations

The limitations of this study mainly included 2 aspects.
One aspect was that only a few DEGs and ASEs were vali-
dated through qRT-PCR, and the other aspect was that
in vivo study was not performed.

Conclusions

tHE RPS27 was involved in the initiation and progression
of thyroid cancer, possibly through regulating the expres-
sion of genes associated with autoimmune thyroid dis-
ease and inflammatory and immune response, and the AS
of genes associated with TRIF-dependent toll-like receptor
signaling pathway and apoptotic process.
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Abstract

Background. Neuroblastoma (NB) is one of the most common extracranial tumors with limited therapeutic
options. Retinoic acid (RA) has been identified to play anticancer role against NB cells by inducing the dif-
ferentiation and apoptosis of immature neuroblasts. However, silencing Hox(9 promoter by £ZH2-induced
H3K27me3 hypermethylation can lead to RA resistance. Previous studies have suggested that arsenic trioxide
(ATO), an inhibitor of DNA methylation, could downrequlate the expression of £ZH2 in breast cancer cells.

Objectives. In our study, we attempted to obtain some insight into the mechanisms of differentiation
of RA-resistant NB cells by detecting the expressions of Hox(9 and £ZH2 in NB cells treated with ATO, so
as to provide a basis for the subsequent treatment of RA-resistant NB by ATO.

Materials and methods. Two NB cell lines, SK-N-AS (retinoic acid-resistant neuroblastoma cells) and SK-N-
SH (retinoic acid-sensitive neuroblastoma cells), were used in our experiments. Cell proliferation and apoptosis
were respectively determined with Cell Counting Kit-8 (CCK-8) assay kit and Annexin V staining. The inverted
phase contrast microscope was used to observe cell growth and measure the total length of nerve synapses.
We employed label-free quantitative proteomic analysis to profile ATO-dependent changes in the proteome
of NB cells. Western blot was used to detect the expressions of Hox(9, HoxD8 and £ZH?.

Results. Arsenic trioxide inhibited the cell proliferation and increased apoptosis and total length of synapses
in two NB cell lines. The expressions of Hox(9 and HoxD8 were uprequlated, while the expression of £ZH2
was downrequlated in the SK-N-AS cell line. No significant changes in the 3 proteins mentioned above were
observed in the SK-N-SH cell line after ATO treatment.

Conclusions. Arsenic trioxide may reactivate the expression of Hox(9 by downrequlating £ZH2, which
leads to restoring RA sensitivity and promoting the differentiation and apoptosis of RA-resistant NB cells.

Key words: neuroblastoma, arsenic trioxide, retinoic acid resistance, £ZH2 gene, Hox(9 promoter
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Background

Neuroblastoma (NB), which results from the improper
differentiation of neural crest progenitors, is the 2"¢ most
frequent extracranial pediatric cancer,! accounting for about
10% of all malignancies in children and 15% of all cancer-
related deaths in this population.>® Although new treatment
options constantly emerge over the past years, the long-term
overall survival (OS) of high-risk NB is still below 50%.*

Retinoic acid (RA) can modulate the expression of its tar-
get genes in order to regulate the differentiation, apoptosis
and proliferation in numerous types of cells.>® As an effec-
tive inducer of cell differentiation, RA has been used for
the treatment of high-risk NB.”® Thus, RA-resistant NB
may significantly contribute to minimal residual disease
during RA maintenance therapy, even with more than 50%
of the patients developing recurrent disease.” Patients with
relapsed or refractory NB have, in general, poor prognosis
and more than 60% of them will eventually die due to de-
teriorating health conditions within a few years.1%11

Homeobox (Hox) genes are well known for their ability
to regulate embryogenesis and induce tissue differentiation.1?
Itis currently assumed that HoxC9 can activate the intrinsic
pathway of apoptosis and is associated with spontaneous re-
gression in NB.!31* The expression of HoxC9-induced genes
can significantly downregulate the oncogenic marker paired-
like homeobox 2b (PHOX2B) in BE(2)-C and other NB cells,
and upregulate the neuronal differentiation markers, like
neurofilament medium (NEFM) and microtubule-associated
protein 2 (MAP2).* The NEFM has been confirmed to be
the target gene of HoxC9, and HoxC9 was confirmed to be
adirect target gene of HoxD8.1'> However, to the best of our
knowledge, the expression of Hox genes was not observed
in RA-resistant NB cells during retinoic acid-therapy.!* In ad-
dition, zeste homolog 2 (EZH2), as a methyltransferase, can
extend gene silencing of Hox genes by trimethylating histone
H3 lysine 27 (H3K27me3) in NB cells.!6-18

Arsenic trioxide (ATO) is an ancient drug from China
which currently entered the clinical arena as a Food and
Drug Administration (FDA)-approved drug for the treat-
ment of acute promyelocytic leukemia (APL).}*2° One study
has suggested that ATO could significantly upregulate
HoxB8 in both mRNA and protein levels during hema-
topoietic stem cell (HSC) differentiation into the colony
forming unit-granulocyte (CFU-G).2! As a methylation
inhibitor, ATO could also provoke the expression or re-
activation of tumor suppressor genes (GSTP1, RASSFIA,
etc.) with Cp@G islands demethylation by suppressing DNA
methyltransferases (DNMT) in liver cancer.??

Objectives

In our study, we detected the expressions of Hox
genes and EZH?2 in RA-resistant NB cells to elucidate
whether ATO could reactivate the expression of HoxC9

C. Lietal. ATO induces the differentiation of NB cells

by downregulating EZH2, leading to the restoration of RA
sensitivity and promotion of the differentiation and apop-
tosis of RA-resistant NB cells. With this experimental
setup, we attempt to provide a novel therapeutic interven-
tion for NB patients with RA-resistant feature.

Materials and methods
Materials

Dulbecco’s modified Eagle’s medium (DMEM) and heat-
inactivated fetal bovine serum (FBS) were purchased from
Gibco (Waltham, USA). Arsenic trioxide was purchased
from Harbin Yida Pharmaceutical Co., Ltd. (Harbin, China).
Cell Counting Kit-8 Assay (CCK-8) was purchased from
APExBIO (Houston, USA). Annexin V-FITC Apoptosis
Detection Kit (Annexin V-FITC/PI) was purchased from
Beyotime Biotechnology (Beijing, China). The BCA kit was
purchased from Beyotime Biotechnology. Anti-HoxC9,
anti-HoxD8 and anti-EZH21 antibodies were purchased
from Abcam (Cambridge, UK). The horseradish peroxidase
(HRP)-linked whole antibody anti-mouse immunoglobu-
lin G (IgG) was purchased from Cell Signaling Technology
(CST, Darmstadt, Germany). The protein markers were
purchased from Thermo Fisher Scientific (Waltham, USA).
The Click-it EQU Alexa Fluor 488 Flow Cytometry Assay
was purchased from Invitrogen (Waltham, USA). All pro-
cedures were performed according to the manufacturers’
protocols.

Cell cultures

For this study, we chose 2 human NB cell lines for cul-
ture: SK-N-AS (retinoic acid-resistant neuroblastoma cells)
and SK-N-SH (retinoic acid-sensitive neuroblastoma cells),
both obtained from the Sun Yat-Sen University (Guang-
zhou, China). Cell line authentication to confirm genomic
identity was performed and the continual tests of myco-
plasma contamination were run after each thaw. Both
cell lines were cultured in DMEM (with 10% FBS and 1%
penicillin-streptomycin) at 37°C in a 5% CO, incubator.
After growing as a monolayer and multilayers with 70-80%
confluence in T75 cell culture flasks with 15 mL of media,
the cells were adjusted at a density of 1 x 10*/mL and then
transferred to a 96-well plate.

Cytotoxicity assay

The CCK-8 assay was used to detect cell cytotoxicity.
Both cell lines were seeded in 96-well plates with 1000
cells (1 x 10*/mL; 100 uL) per well separately. Arsenic
trioxide treatment was performed in triplicate 24 h later.
Based on our previous experience, the 50% inhibitory
concentration of ATO (IC50,10) value of NB cells was
set at 2-128 puM for 24 h. Thus, we chose the ATO



Adv Clin Exp Med. 2022;31(8):903-911

concentrations of 1-256 uM for this experiment. The cells,
drugs, medium, and CCK-8 reagent were contained in ex-
perimental wells; control wells set with the cells, medium
and CCK-8 reagent; blank control contained no cells. After
incubation for 60 min in the dark, the optical density (OD)
value was measured at a 450 nm wavelength using a mi-
croplate reader (SpectraMax Plus 384; Molecular Devices,
Sunnyvale, USA), and the relative viability was calculated
as follows:

the relative viability = [(experimental absorbance — back-
ground absorbance)/(untreated control absorbance — back-
ground absorbance)] x 100%.

In our experiment, to assess the effect of ATO on NB cells
differentiation, the synaptic growth was chosen as a repre-
sentative feature. After both cell lines were cultured with
ATO for 24 h in IC50 (95.36 uM in SK-N-AS, 5.52 uM
in SK-N-SH), apoptotic NB cells became round and sus-
pended. Thus, we reduced the concentration of ATO and
tried to find a proper one in order to obtain a better obser-
vation result of synapses. To achieve this purpose, we cul-
tured them with their 1/, IC50 (48 pM in SK-N-AS cells,
2.7 uM in SK-N-SH cells), 1/3 IC50 (32 uM in SK-N-AS,
1.9 uM in SK-N-SH), /4 IC50 (16 uM in SK-N-AS, 0.9 uM
in SK-N-SH), and !/}, IC50 (8 uM in SK-N-AS, 0.5 uM
in SK-N-SH) concentrations to find out the optimal one
by comparison.

Cell morphology

Both cell lines in the logarithmic growth phase were
seeded in 6-well microplates (6 x 10° cells/well) as a single-
cell suspension and cultured for 24 h to attach to the plate.
Then, they were treated with or without ATO and grown
in DMEM with 10% FBS and 1% penicillin-streptomycin
for 24 h at 37°C in a 5% CO, cell culture incubator (HERA
Cell 240i; Thermo Fisher Scientific). To avoid the inter-
ference of apoptosis on the observation of differentiation,
by comparison, /6 IC50 concentration (16 M) of SK-N-AS
cells and 1/, IC50 concentration (2.7 uM) of SK-N-SH cells
were chosen for observation of cell morphology. After 24-h
our treatment with or without ATO (the cells were adher-
ent to walls at this time), we used inverted phase contrast
microscopy (DP50 digital camera; Olympus Corp., Tokyo,
Japan) to evaluate the cellular morphological changes.
The length of neurites was tallied using the ImageJ program
v. 1.51 (National Institutes of Health (NIH), Bethesda, USA)
with the assistance of the Neuron] Plugin, which can provide
semi-automated tracing.

Apoptosis assay

We used flow cytometry (FCM) assay purchased from
Invitrogen to conduct the apoptosis assay. The experi-
ment was carried out in accordance with the manu-
facturer’s instructions. After the treatment with ATO,
trypsinization was used to harvest the cells, which were
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then collected by centrifugation at 1000 rpm for 5 min.
The cells were rinsed in PBS once more before the collec-
tion by centrifugation.

The both collected cell lines were suspended in 400 uL
Ca?* Binding Buffer (Abcam) and split equally into 2 tubes.
One tube was supplemented with 5 pL of fluorescein iso-
thiocyanate (FITC) reagents, and the other one was used
as a blank control group without any treatment. Then,
10 pL of propidium iodide (PI) dyes were applied to each
sample and the samples were incubated at room tempera-
ture for 15 min in the dark.

Two different markers (FITC conjugated to Annexin V
as an apoptotic cell marker and PI as a dead cell marker)
were contained in Annexin V-FITC/PI Apoptosis Detec-
tion Assay Kit (Invitrogen). In this test, the ratio of flu-
orescence intensities excited at 488 nm was monitored
at an emission wavelength of 515 nm for FITC and 560 nm
for PI. Apoptotic cells were collected and at least 10,000
cells were counted for all FCM experiments to ensure
the accuracy. The experiment was repeated in triplicate.

Phosphoproteomic analysis

Both cell lines in the logarithmic growth phase were
processed to single-cell suspension and cultured in 15-cen-
timeter cell culture dishes (2 x 10¢/mL, 20 mL). Cells were
incubated using the method described in the cell mor-
phology subsection. After the cells adhered to the walls
of the dishes, they were treated with or without ATO for
24 h, and then collected for measuring protein abundances
with mass spectroscopy analysis at PTM Biolabs, Inc.
(Hangzhou, China).

Protein extraction

All operations were carried out on ice. The cells were
sonicated 3 times with a high-intensity ultrasonic pro-
cessor (SCIENTZ-1200E; Ningbo Scientz Biotechnology
Co., Ltd., Ningbo, China) in lysis buffer (8 M urea and
1% Protease Inhibitor Cocktail; Roche, Basel, Switzer-
land). The supernatant was collected after centrifugation
at 12,000 x g for 10 min at 4°C (in order to remove the re-
sidual debris). The BCA kit was then used to determine
the protein content.

Trypsin digestion

The protein solution was alkylated with 11 mM iodo-
acetamide for 15 min at room temperature in darkness
after being reduced with 5 mM dithiothreitol for 30 min
at 56°C. The protein sample was then diluted with 100 mM
triethylammonium bicarbonate (TEAB) to achieve a lower
urea content (less than 2 M). Following the aforementioned
process, trypsin was introduced at a 1:50 trypsin-to-pro-
tein mass ratio for the 1°* overnight digestion, and a 1:100
trypsin-to-protein mass ratio for the 2" 4-hour digestion.
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Mass spectroscopy analysis

The tryptic peptides were separated using an EASY-
nLC 1000 UPLC machine (Thermo Fisher Scientific) af-
ter being dissolved in 0.1 percent formic acid (solvent A;
Thermo Fisher Scientific). The peptides were evaluated
using tandem mass spectroscopy (MS) in Q Exactive™
Plus mass spectrometer (Thermo Fisher Scientific) linked
online to the ultra-performance liquid chromatography
(UPLC) with the nanospray ionization source. The pieces
were identified in the Orbitrap (Thermo Fisher Scien-
tific) at 17,500 resolutions using a normalized collision
energy value of 28 for UPLC-tandem mass spectrometry
(UPLC-MS/MS). One MS scan was followed by 20 MS/MS
scans with 15.0 s dynamic exclusion in a data-dependent
method. Automatic gain control (AGC) was set to 5E4
(automatic gain control); 100 m/z was chosen as the fixed
initial mass.

Database search

The MS/MS data were analyzed using the Maxquant
search engine v. 1.5.2.8 (https://www.maxquant.org/).
Tandem mass spectra were compared to the Uniprot
Human database (https://www.uniprot.org/), which
was combined with the reverse decoy database (unip_
Anas_8839 database). Trypsin/P was chosen as the cleav-
age enzyme, allowing for up to 4 missed cleavages.
The mass tolerance for precursor ions was set to 20 ppm
in the First search and 5 ppm in the Main search. Ad-
ditionally, the mass tolerance for fragment ions was set
to 0.02 Da. Carbamidomethylation on cysteine (Cys) was
designated as a fixed modification, whereas acetylation
and oxidation on methionine (Met) were designated
as variable modifications. False discovery rate (FDR) was
adjusted to <1% and a score greater than 40 was set for
modified peptides.

Bioinformatics methods

The Gene Ontology (GO) annotation covers cellular
composition (CC), molecular function (MF) and biological
process (BP), and it is applied for bioinformatics analysis
by evaluating differentially expressed genes (DEGs) and
associated gene modules, based on the substantial en-
richment of GO functions. The UniProt-GOA database
(http://www.ebi.ac.uk/GOA/) was used for the GO an-
notation proteome by identifying protein IDs, converting
them to UniProt IDs, and then mapping them to GO IDs
by protein ID. If any of the proteins were not annotated
by the UniProt-GOA database, the InterProScan online
software (http://www.ebi.ac.uk/InterProScan/) was used
as a substitute method based on protein sequence align-
ment technique.

C. Lietal. ATO induces the differentiation of NB cells

Western blot

Whole-cell lysates from both cell lines (with or without
ATO) were investigated using standard western blotting
techniques. Both cell lines were seeded in 6-well micro-
plates (6 x 105 cells/well) as a single-cell suspension and
cultured for 24 h. After the cells adhered to the walls
of the plates and were treated with or without ATO for
24 h,2-3mL of precooled PBS were added to wash the cells,
and then the samples were immediately placed on ice. Af-
ter that, 100 pL of lysate was added for 30 min in order
to achieve full lysis. Protein lysates were denatured at 95°C
for 5 min after being collected and centrifuged (1200 r/min,
4°C) for 5 min, and then they were stored at —80°C. Pro-
tein concentration was measured using BCA protein assay.
The absorbance was measured with enzyme labeling in-
strument at 592 nm wavelength, and concentration of each
sample was calculated based on standard curve analysis.
Approximately 20 pg of protein were run on 4-15% gradi-
ent Tris-Glycine Gels (Thermo Fisher Scientific). Before be-
ing transferred with the Trans-Blot Turbo transfer system
(Bio-Rad, Hercules, USA), the concentrated gel was run
at 80 V and separation gel at 120 V constant pressure elec-
trophoresis. After blocking the membranes for 1 h at room
temperature with 5% skim milk powder, the membranes
were incubated with the 1°* antibody (1:1000) in Tris-buff-
ered saline containing 0.1% Tween20 (TBST) overnight
at 4°C. The membrane was washed 3 times with TBST,
incubated for 1 h with the 2" antibody of HRP-labeled anti-
mouse IgG (1:2000), and rinsed 3 times with TBST before
using electrochemiluminescence (ECL) reagent to visualize
the blots. A gel documentation system (Biozym, Hessisch
Oldendorf, Germany) was applied to quantify the scanned
film, following gel electrophoresis.

Statistical analyses

We used IBM SPSS v. 25.0 (IBM Corp., Armonk, USA)
and GraphPad Prism software v. 8.0 (GraphPad Software,
San Diego, USA) to analyze the data. Before applying para-
metric statistics, we used Levene’s test for the homogene-
ity of variance and Kolmogorov—Smirnov tests combined
with QQ-plots for the normality of data. If the quantitative
data fulfilled the necessary conditions, the Student’s t-test
was used. The rank-sum test was performed if the nor-
mal distribution or the homogeneity of the variance was
not met. Values of p < 0.0500 were considered to indicate
statistically significant differences. The IC50 values are
not cases of simple linear regression, but they reflect non-
linear parameter optimization and fit using a sigmoidal
dose-response model. In our experiment, a 4-parameter
logistic equation was employed using Microsoft Excel 2019
(Microsoft Corp., Redmond, USA) and GraphPad Prism for
curve fitting analysis to determine IC50 values.
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Results

SK-N-AS and SK-N-SH cells
growth inhibition with different
concentration of ATO

In order to evaluate the cytotoxicity of ATO, both SK-
N-AS and SK-N-SH cells were seeded in 96-well cell cul-
ture plates with 1000 cells (1 x 10*/mL; 100 uL) per well
separately and treated with different concentration of ATO
ranging from 1 uM to 28 uM. The CCK-8 assay was used
to detect cell cytotoxicity. In SK-N-AS cells, the inhibi-
tion rate (mean * standard deviation (SD)) was 1.1 +5.1%,
8.5 £0.7%, 17.1 £4.5%, 25.9 £0.2%, 37.5 £2.1%, 44 +1.0%,
48.3 +1.9%, 48.9 +0.9%, and 55.9 +0.8% in different ATO
concentrations (1 uM, 2 uM, 4 pM, 8 uM, 16 uM, 32 pM,
64 1M, 128 puM, and 256 uM) at 24 h. The inhibition rate
of proliferation markedly elevated from 4 uM to 128 uM
and plateaued thereafter (Fig. 1). The IC50410 value of SK-
N-AS cells was 95.36 uM at 24 h, calculated with Graph-
Pad Prism. The IC50410 value (5.52 uM) of SK-N-SH cells
was obtained the same way as above (Fig. 1), which corre-
sponded with our previous experimental results.?® To avoid

The control group of SK-N-AS (without ATO)
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Fig. 1. Proliferation inhibition rate of SK-N-AS (retinoic acid-resistant
neuroblastoma) and SK-N-SH (retinoic acid-sensitive neuroblastoma) cells
with different concentration of arsenic trioxide (ATO) at 24 h
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Fig. 2. Cell morphology of SK-N-AS (retinoic acid-resistant neuroblastoma) and SK-N-SH (retinoic acid-sensitive neuroblastoma) cells with or without arsenic

trioxide (ATO)
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the interference of apoptosis on the observation of differ-
entiation, by comparison, !/s IC50 concentration (16 uM)
of SK-N-AS cells and !/, IC50 concentration (2.7 uM)
of SK-N-SH cells were chosen for observation of cell mor-
phology, apoptosis assay, phosphoproteomic analysis, and
western blot.

ATO accelerated synaptic growth
of SK-N-AS and SK-N-SH cells

To assess the effect of ATO on NB cells differentia-
tion, the synaptic growth was chosen as a representative
feature (longer synaptic represents better differentia-
tion). We cultured both cell lines with or without ATO
for 24 h, and more synapses in 2 cell lines were observed
in the experimental group (with ATO) than the control
group (without ATO) using inverted phase contrast mi-
croscopy (Fig. 2). In both cell lines, using Image]J pro-
gram with Neuron] Plugin, we found that the length
of synapses (1 field was randomly selected under micro-
scope with x100 magnification) grew longer with time
in culture in both cells, and the total length of synapses
in the experimental group significantly increased com-
pared to the control group (Table 1,2). We can conclude
that ATO could morphologically promote the differentia-
tion of NB cells.

ATO promoted apoptosis
of SK-N-AS and SK-N-SH cells

We cultured both cell lines with or without ATO for
24 h and the apoptotic rates of the 2 groups were ana-
lyzed with FCM. Results were expressed as mean +SD.
We found that the apoptotic rate of SK-N-AS cells
in the experimental group was significantly higher (Fig. 3)

Table 1. Total lengths of synapses of SK-N-AS and SK-N-SH cells with
or without ATO

Total lengths of synapses [uM]

control group
(without ATO)

experimental group

LL/L] (with ATO)

Table 2. The p-value of normality test and homogeneity test

Total lengths of synapses

experimental group of SK-N-AS
(without ATO)

experimental group of SK-N-AS
(with ATO)
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Fig. 3. The apoptosis rate of SK-N-AS (retinoic acid-resistant
neuroblastoma) and SK-N-SH (retinoic acid-sensitive neuroblastoma) cells
with or without arsenic trioxide (ATO)

than that in the control group (20.15 +1.79% compared
to 3.84 +£0.94%, p < 0.0001). In SK-N-SH cells, a significant
increase of apoptosis could also be observed in the experi-
mental group compared to the control group.

Different intracellular protein expressions
between the experimental group and
control group of SK-N-AS and SK-N-SH cells

In order to figure out the different intracellular protein
expressions before and after the treatment with ATO,

Apoptosis rate

normality
Control group (without ATO) of SK-N-AS cells 0.826
Experimental group (with ATO) of SK-N-AS cells 0.126
Control group (without ATO) of SK-N-SH cells 0.157
Experimental group (with ATO) of SK-N-SH cells 0.194

homogeneity normality homogeneity
0.718
0.050 0.050
0.085
1.000
0.050 0.050
0.680

ATO - arsenic trioxide; SK-N-AS - retinoic acid-resistant neuroblastoma cells; SK-N-SH - retinoic acid-sensitive neuroblastoma cells.
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we compared intracellular protein expressions of SK-N-
AS and SK-N-SH cells between the experimental group
(with ATO) and control group (without ATO). We identi-
fied quantitative information for 6424 proteins in the SK-
N-AS cell line and 4638 proteins in the SK-N-SH cell
line. Differentially expressed protein (DEP) was identified
by comparison of the signal values between the 2 groups
based on p < 0.05 using t-test. In SK-N-AS cells, we iden-
tified that the neuronal markers MAPT and NEFM were
upregulated, and the tumorigenic marker PHOX2B were
downregulated in the ATO-treated group. As compared
with the control group, we found that EZH2 (FC = 0.552)
and PHOX2B (an oncogenic marker, FC = 0.142) were
significantly downregulated, while the markers related
to the normal differentiation of neurons were upregulated,
like MAPT (FC = 1.21), NEFM (FC = 1.547) and MAP2
(FC =2.669) in the experimental group. In SK-N-SH cells,
the same changing trends of the markers mentioned above
(PHOX2B was not detected in SK-N-SH cells), but the dis-
parity coefficients of most proteins were smaller than
in the SK-N-AS cells, such as for EZH2 (FC = 0.691), MAPT
(FC = 1.312), NEFM (FC = 1.146), MAP2 (FC = 1.086),
and others. We tested the protein expressions of HoxC9,
HoxD8 and EZH2 in SK-N-AS with or without ATO using
western blot. We found that, compared to control group,
ATO could upregulate HoxC9 and HoxD8, and down-
regulate EZH2 (Fig. 4,5).

Discussion

The NB, which derives from embryonic neural crest,
has self-renewable capacities and can differentiate mul-
tidirectionally during dorsal migration from the neural
tube to the ventral side.? When neuroblasts fail to migrate

s s o

control ATO

W S B-actin
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Fig. 4. Differential protein expressions in both cell lines (heat map)

Ctrl* — the control group (without ATO) in the SK-N-AS (retinoic acid-resistant
neuroblastoma) cells; ATO* - the experimental group (with ATO) in the SK-
N-AS cells; ATO/Ctrl* — ratio of protein expression in the experimental group
to the control group in the SK-N-AS (retinoic acid-sensitive neuroblastoma)
cells; ATO/Ctrl** — ratio of protein expression in the experimental group

to the control group in the SK-N-SH cells; ATO — arsenic trioxide.

correctly and remain undifferentiated, NB occurs.?* The de-
gree of differentiation is assessed by the total neurite length,
co-expression of neurofilament and synaptic vesicles, and
shape of the cone.?> Notably, total neurite length is directly
involved in the neural differentiation.?®?” The MAP2,
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Fig. 5. Different protein expressions of HoxC9, HoxD8 and EZH2 in SK-N-AS (retinoic acid-resistant neuroblastoma) cells with arsenic trioxide (ATO)
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as a neuronal differentiation marker, can maintain neu-
ronal dendritic spines by interacting with microtubules.?®
It has been reported that the expression of MAP2 could be
upregulated by RA through brain-derived neurotrophic fac-
tor (BDNF) in SH-SY5Y cells.?%0 A study on whole genome
sequencing of fetal adrenal cells has found that PHOX2B
is a marker of sympathetic progenitors, which is signifi-
cantly downregulated during the differentiation process
of sympathetic nerves.3! The NEFM gene encodes a subunit
of neuron-specific intermediate filaments®?; its expression
was reduced after ATO administration.?® The NEFM was
verified to be the target of RA in NB cells, as well as the di-
rect target of HoxC9.” Our study verified that expressions
of HoxC9 and HoxD8 in SK-N-AS cells were upregulated.
Label-free quantitative proteomic technology identified
that tumorigenic marker PHOX2B was significantly down-
regulated, while the markers for differentiation of sympa-
thetic neurons (NEFM, MAP2, MAPT) were upregulated.
Similarly to the results of previous studies, the expressions
of NEFM, MAP2 and MAPT were decreased after RA treat-
ment in SH-SY5Y cells.3* The above results suggest that low
doses of ATO could reprogram RA-resistant NB cells differ-
entiation, which may be due to the upregulation of HoxC9.
In SK-N-SH cell line, the same changing trends of the mark-
ers mentioned above, except PHOX2B, HoxC9 and HoxD8
(not detected), were observed after ATO treatment, but
the disparity coefficients of most proteins were smaller
compared to the SK-N-AS cell line. However, in our view,
this phenomenon can be explained. The SK-N-SH cell line,
with RA-sensitive feature, might not possess the inhibition
of HoxC9 pathway, and thus ATO could not ameliorate
the differentiation by the mechanism of enhancing HoxC9
(via disinhibition). The H3K27me3 is a repressive histone
mark, frequently seen in various kinds of tumors and as-
sociated with poor prognosis.?> The H3K4me3, a silencing
marker of HoxC9 promoter, is represented in an activated
state in RA-resistant NB cells and conversely silenced
in RA-sensitive cell lines.!* This may partly explain why RA
could not induce the expression of HoxC9 in SK-N-AS cell
line. The methylation of histone is catalyzed by 2 different
families: the protein arginine methyltransferases (RMTs)
and the histone lysine methyltransferases (KMTs). Among
them, methyltransferase EZH2 is known to be closely as-
sociated with the tumorigenesis and tumor development.3®
Previous studies showed that histone deacetylase inhibitors
(HDAC:) targets EZH2 and SUZ12, which are the major
components of the PRC2 complex, ultimately reducing
the H3K27me3 methylation.?”38

Our phosphoproteomic analysis revealed that ATO
downregulates the expression of EZH2 in both cell lines;
western blotting also confirmed this result, accompa-
nied by the overexpression of HoxC9 in SK-N-AS cells.
Based on existing literature, we speculate that ATO may
act through a mechanism similar to HDACi, which could
reduce repressive H3K27me3 through downregulating
the expression of EZH2, and then reactivate HoxC9.

C. Lietal. ATO induces the differentiation of NB cells

Limitations

However, there are also some shortcomings of this experi-
ment. First, only 2 human NB cell lines were chosen, which
could affect the robustness of the results. Second, the results
confirm that ATO could upregulate the expression of HoxC9
and enhance neuronal differentiation, but we did not con-
firm the direct relationship between HoxC9 and neuronal
differentiation. Finally, we mentioned that ATO might re-
duce repressive H3K27me3 through downregulating the ex-
pression of EZH2, and then reactivate HoxC9, but methyla-
tion assays were not performed to confirm this result.

Conclusion

The ATO-mediated EZH2 suppression of RA-resistant
NB cells induces HoxC9 expression that, in turn, amelio-
rates differentiation and enhances cell apoptosis. Further
study is necessary to compensate for the abovementioned
limitations and support our conclusion.
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Abstract

Although traditional cardiovascular risk factors are well established and understood, mortality and morbid-
ity in patients with cardiovascular disease (CVD) remains high. Exploring new pathophysiological pathways
enables a better understanding of CVD at both the molecular and clinical levels. Gut microbiota as a potential
modulator of CVD are the subject of extensive research. In recent years, trimethylamine N-oxide (TMAQ),
a biologically active molecule generated by the qut microbiota, has been widely tested in studies on various
populations of patients. The ultimate TMAQ levels depend on individual features and gut microbiota com-
position. Most of the research on TMAQ has focused on atherosclerotic CVD and heart failure (HF). Studies
conducted so far support the use of TMAQ as a prognostic marker in CVD. Several studies describe diverse
interventions aimed at reducing the concentration of TMAQ and its harmful effects. This article summarizes
the findings from research, discusses the majorinsights into TMAO metabolism and related pathophysiological
processes, as well as indicates the directions for future research.

Key words: gut microbiota, coronary artery disease, heart failure, TMAO, trimethylamine oxide
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Introduction

According to the World Health Organization (WHO),
cardiovascular disease (CVD) remains the major cause
of death and disability worldwide.! Exploring new patho-
physiological pathways enables a better understanding
of CVD at both the molecular and clinical levels. Owing
to the development of metabolomics and metagenomics,
the intestinal microbiota have been indicated as a potential
modulator of the course of CVD. Trimethylamine N-oxide
(TMAQO) is a gut-derived metabolite whose usefulness has
been evaluated in numerous studies. Despite promising
results, TMAO is an example of a deeply researched gut
microbiome biomarker which is still not used in everyday
clinical practice. In order to determine the utility of a new
biomarker, it is first necessary to assess its metabolism and
related pathophysiological processes, followed by clini-
cal trials.? This review summarizes extensive literature
on TMAO and indicates gaps in knowledge existing after
more than 10 years of research.

Objectives

The purpose of this article was to provide an overview
of the metabolism of TMAO and associated pathophysiolog-
ical processes, and the results of major studies. An attempt
was also made to indicate the direction of further research.

Methodology

Literature search was carried out in the PubMed data-
base on November 3, 2021 using the queries: “(TMAO)
AND (atherosclerosis)”, “(TMAQO) AND (coronary artery
disease)”, “(TMAQ) AND (atrial fibrillation)”, “(TMAQO)
AND (heart failure)”, and “(TMAO) AND (gut microbi-
ota)”. Selected key studies concern diverse groups of pa-
tients with CVD. Their results are discussed in the text
and presented in tables below.

Metabolism of TMAO

The TMAO is an organic compound with the chemical
formula of (CH3)3NO. It is commonly found in the tis-
sues of marine organisms, where it mitigates the adverse
effects of temperature, salinity, as well as high urea and
hydrostatic pressure.® In humans, TMAO is produced
by the oxidation of trimethylamine (TMA) and is ab-
sorbed directly from food. The TMAO is most abundant
in fish and seafood.* Gut microbiota produce TMA from
the dietary precursors: choline, L-carnitine, and betaine.
These TMA precursors are most abundant in red meat and
eggs.” The most recent research indicates that the intake
of foods rich in TM A precursors does not translate directly

R. Konieczny, W. Kuliczkowski. TMAQ in cardiovascular diseases

into an increase in plasma TMAO level because it depends
on individual metabolic features, such as hepatic enzymes
activity and gut microbiota composition.®”’

Carnitine metabolism is key to human TMAO produc-
tion and 3 major bacterial metabolic pathways leading
to TMA synthesis from dietary precursors were described®:

a) anaerobic choline degradation by choline TM A-lyase;

b) hydroxylation of L-carnitine to TMA by carnitine
oxidoreductase; and

¢) conversion of L-carnitine to y-butyrobetaine, which
is then converted to TMA.

Trimethylamine produced by gut microbiota is excreted
from the gut via 3 mechanisms: it can be absorbed to the cir-
culation, excreted with stool or used by other bacteria
in the process of syntrophy. Trimethylamine that has been
absorbed to the circulation is oxidized to TMAO by he-
patic flavin-containing monooxygenase (FMO).® Trimeth-
ylamine absorption occurs in the small intestine (Fig. 1).°
After absorption, TMA is almost immediately oxidized
to TMAO. Following the oral intake of phosphatidylcholine,
the highest plasma and urinary TMAO levels are observed
after 12 h and 24 h, respectively. After 48 h from intake,
the plasma TMAQ level returns to baseline.” The TMAO
taken with food is absorbed through the intestinal barrier
and is detectable in blood after 15 min. The maximum blood
concentration is reached after 1 h and is maintained for
approx. 6 h. After 24 h, 96% of the TMAO dose taken with
food is excreted with urine, mostly in an unchanged form.!°

To determine the concentration of TMAQ, liquid chro-
matography coupled with tandem mass spectrometry and
automated nuclear magnetic resonance spectrometry are
most often used.* Due to the need of specialized equip-
ment, reliable TMAQ determination is possible in research
or academic facilities; however, mentioned methods be-
come more available.

The effect of TMAO
on pathophysiological processes

The first studies reporting the negative effects of TMAO
were conducted on an animal model and focused on ath-
erogenesis. Initially, it was determined that TMAO ac-
celerates the production of foam cells from macrophages.
The TMAO was shown to promote the upregulation
of the scavenger receptors CD36 and SR-A1'! as well
as induce inflammation!? via the MAPK/JNP pathway,
which regulates the synthesis of pro-inflammatory cyto-
kines — tumor necrosis factor alpha (TNF-a), interleukin
6 (IL-6) and intercellular adhesion molecule 1 (ICAM-1).
This leads to cholesterol overload in macrophage foam
cells and their faster migration and adhesion to endothelial
cells. A study on human umbilical vein endothelial cells
(HUVECS) confirmed a link between high plasma TMAO
levels and the development of atherosclerosis. Moreover,
it indicated that TMAO impaired endothelial self-repair
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TMA - trimethylamine; TMAO - trimethylamine N-oxide; FMO - flavin-containing monooxygenase.

already in the early stages of atherogenesis.!® This is due
to the inhibitory effect of TMAO on endothelial cell pro-
liferation during the GO/G1 phase of the cell cycle'* as well
as its cytotoxic effect on circulating endothelial progenitor
cells.!> This cascade of events is accompanied by increased
oxidative stress, another postulated effect of chronically
elevated TMAO levels, observed also in healthy individu-
als.!® The effect of TMAO on pathophysiological processes
is depicted in Fig. 2.

Atasystemiclevel, TMAO promotes atherogenesis by al-
tering lipid metabolism. In a study on a mice model, Koeth
et al. demonstrated that TMAO inhibited the expression
of the Cyp7al enzyme and bile acid transport proteins.'”
The Cyp7al is responsible for bile acid synthesis and inhi-
bition of cholesterol catabolism. The lack of Cyp7al leads
to the reduced bile acid synthesis and secretion, resulting
in atherosclerosis progression. At the same time, a reduc-
tion in the expression of bile acid transporter proteins
in the liver negatively affects the major pathway of elimi-
nation of cholesterol from the body."”

Along with research on atherosclerosis, there have been
studies investigating the prothrombotic effect of TMAO.
Impaired intracellular calcium ion transport in platelets,
heightened platelet reactivity and increased platelet adhe-
sion to collagen fibers were reported.'® In endothelial cells,
an increased tissue factor synthesis and downregulation
of thrombomodulin were described.”

Direct cardiotoxic and
proarrhythmic effects of TMAO

The cardiotoxicity of TMAO was confirmed in morpho-
logical and functional studies, mainly in animal models.
By activating the inflammatory pathways, TMAQO promotes
cardiac fibrosis, heart weight gain and cardiac remodel-
ing.2% At a cellular level, TMAO impairs the intracellular
microtubule network and alters calcium concentration
control in cardiac muscle cells. This leads to a decrease
in contraction amplitude, longer time of peak and reduced
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synchronization.?! Similar TMAO-induced abnormali-
ties in contractility were also reported in ex-vivo human
cardiac tissue.?

Results from studies on TMAO

Over the past 10 years, numerous studies investigat-
ing the prognostic value of TMAO have been conducted.
The research included various populations of patients,
both with acute and chronic illness. Most of those studies

enrolled patients with coronary artery disease (CAD) and
heart failure (HF). Selected studies are discussed below
and summarized in Table 1.

The first meaningful study on the effect of TMAO
in CAD was published in 2013.2® Tang et al. demon-
strated that higher plasma TMAO levels correlated with
an increased risk of major adverse cardiovascular events
(MACEs) during a 3-year follow-up in 4007 patients re-
ferred for elective coronary angiography.?® The correla-
tion was revealed even after adjustment for traditional risk
factors. Similar findings were reported by Senthong et al.
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in a study of 2235 patients with significant coronary ar-
tery stenosis receiving optimal treatment. Higher TMAO
levels predicted mortality independent of traditional risk
factors during a 5-year follow-up.?* In a longitudinal study

by Lee et al.,>® a significant association between higher lev-
els of TMAO and increased risk of incident and recurrent
atherosclerotic CVD was shown.?> Another large commu-

nity-based study of middle-aged participants revealed that

Table 1. Results of studies on the association of TMAO with cardiovascular risk

Population Results Ly
Author Type of study characteristics Follow-up Study endpoint HR/OR (95% Cl) [umoI/L],
median (IQR)
Coronary artery disease
B o TMAO Q4 compared to Q1 3.7 (24-6.20)
u?wc]efogi; pZTtlaecr:itje MACE n =513, MACE 5.0
ebective Corona? ang S MACE HR 2.54 [1.96; 3.28]; p < 0.001 (3.0-88)
Tang et al.® P st’id yUS/g graphy 3 years (death, myocardial multivariate HR 1.43 [1.05; 1.94] no MACE
y age 63 411 infarction, stroke) death HR 3.37 [2.39;4.75]; p < 0.001 3.5uM
mz?le'seX'_64°/ nonfatal myocardial infarction or stroke (24-5.9);
i HR 2.13 [1.48; 3.05]; p < 0.001 p <0001
n = 2235; patients with
stable coronary artery
Senthon rospective dlseealzeé;\\l/zocg?:near:vem TR0 compz Etlio O 2ee5-65)
ot al 2 9 P St?,ld angioarach Y 5 years death (all-cause) death n =338 Q4>65;9.7
' y 9 U? . phy HR 3.90 [2.78; 5.48]; p < 0.0001 (7.7-14.9)
age: 63 £11 years
male sex: 71%
USA quintile 5 compared to quintile 1 ?_229
age: 72 £53 years ASCVD defined multivariable HR 1.23 [1.04; 1.45]; a 821—2 61)
male sex: 36% as Ml (fatal and p=0.028 ) uinti'le
rospective a) participants free nonfatal), fatal multivariable, diet and renal function ?_ 132
prosp of prevalent cardiovascular coronary heart adjusted HR 1.08 [0.91; 1.29]; p = 0.579 Dy
multicenter : ) o i ) (10.4-19.9)
Lee et al?s community- disease (n=4131) 15 years disease, stroke a) multivariable, diet and continuous 2)472
' age: 72.2 +5.3 years (fatal and nonfatal), eGFR, adjusted HR 1.07 [0.90; 1.27]; )
based cohort | A ) _ (3.19-7.69)
study male sex: 36% sudden cardiac p=0516 oGFR 701
b) participants with death, and other b) multivariable HR 1.25 [1.01; 1.56]; (162) '
prevalent cardiovascular atherosclerotic p =0.009 b) 5'43
disease (n = 1449) death multivariable, diet and continuous 3 57—é 74)
age: 73.6 +5.8 years eGFR, HR 1.10[0.87; 1.39]; p=0.179 : :
male sex = 53% eCFR 638
(17.9)
n = 2181; healthy CADA_ ‘hosp|ta| Q4 compared to Q1
o admission and/
nested case- I IelEls or death with CAD =t
Tang et al.?® Europe 8 years X OR 1.86 [1.46; 2.37]; p < 0.001 34(2.3-5.7)
control study as underlying ) s )
age: 65 £8 years cause (ICD9 Code adjusted for traditional risk factors OR
5 0 . .
male sex: 65% 410-414) 1.58 [1.21; 2.06]; p < 0.001
TMAQO T3 compared to T1
n =292 events
n = 1079; acute M all-cause mortality n =119
. HR 1.21[0.98; 1.48]
. ) patients ) 3.7 (4.6-6.4)
Suzuki retrospective all-cause mortality p=0074
P UK 2 years B T3>5.1;85
etal. study death/MI death/MIn =232
age: 67 (57-77) years ) (6.2-15.0)
male sex: 72% HR 1.40 [1.26; 1.55]
’ p < 0.0005
multivariate HR 1.21 [1.03; 1.4]
p=0023
deathn=5
nonfatal myocardial infarction n =5,
n = 112; STEMI patients unstable angina requiring
who underwent primary revascularization n = 2
Matsuzawa = observational PCl median: cardiovascular nonfatal stroke n =5 6.76(3.82—
etal?® study Japan 5.4 years events TMAO >6.76 compared to <6.76 12.53)
age: 63 (56-71) years adjusted HR 6.21 [1.69; 30.285];
male sex: 88% p = 0.005
adjusted HR for 0.1 increase in log
TMAO 1.343 [1.122; 1.636]; p = 0.001
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Table 1. Results of studies on the association of TMAO with cardiovascular risk — cont.

Population Results TMAO
Author Type of study characteristics Follow-up Study endpoint HR/OR (95% Cl) [prpoI/L],
median (IQR)
n = 530; patients
presenting
to the emergency
iﬁ]pzmse“;g;h Ccahrgfgc MACE defined TMAO Q4 compared to Q1
P L P ) as a composite MACE 1 month OR 6.30 [1.89; 21.0];
origin (112 troponin
T-positive) 1 month of M, stroke, p <001 428
. P ' revascularization, MACE 6 months n = 220 (death n = 29) ’
. 2 prospective USA 6 months, ] ) (2.55-7.91)
Lietal or all-cause OR5.65[1.91;16.7]; p < 0.01
study age: 62.4 £13.9 years 7 years, . . 2.87
mortality (1 month, mortality 7 years HR 1.81 [1.04; 3.15];
male sex: 57.5% 1 year (1.94-4.85)
n=1683 who underwent 6 months), p <005
coronary angiography all-cause mortality MACE n =119 (death n =79) (1 year
for ACS (7 years) Q4 HR 1.57[1.03; 241]; p < 0.05
Switzerland
age: 63.9 £12.4 years
male sex: 77.8%
_ n = 335; patients with SYNTAX Score 23 adjusted OR 1.16 [1.06; 1.29]; p = 0.001
S prospective STEMI e —— r=0.237,p <0001 218
ot a3 observational China N/A of multivessel AUC 0.656 [0.591; 0.722]; p < 0.001 a 34'_3 90)
' study age: 587 £12.1 years disease adjusted OR 1.15[1.01; 1.32]; p = 0.035 ' ’
male sex: 80.6% r=0.192, p < 0.001
n = 353; stable patients SYNTAX Score (r = 0261) p < 0.0001
with CAD detected adjusted OR 4.82; p < 0.0001
by elective coronar SYNTAX Score SYNTAX Score Il (r=0.62) p < 0.0001
Senthong prospective Y andioaraoh Y N/A SYNTAX Score I adjusted OR = 1.88; p = 0.0001 55mM
etal3’ cohort study 9 U%A phy presence of diffuse 84 15.7;14.0] compared to 44 [5.2; (34-9.8)
age: 65.0 +11.0 years lesions 135]
9 o ‘79({/ adjusted OR 2.05 [1.45; 2.90],
IR p = 00001
n = 26 patients with CAD
who underwent optical TMAO
. rupture
coherence tomography concentration
China in rupture compared
. _ TMAO level - lipid arc (r = 0.43, to no rupture
% observational age: 60 £10 years compared to _
Fu et al. ) N/A p =0.031), 86148
study male sex: 77% non-rupture TMAO | . . )
) lipid volume index (r = 0.39, p = 0.048) compared
n =12 - plaque rupture concentration .
t04.2+24;
group and plaque
N p=0011
n =14 - non-plaque composition
rupture group
n = 146; STEMI with rupture
pre-intervention optical rupture adjusted OR 4.06 [2.38;6.91]; compared
) coherence tomography to erosion 3.33
prospective China TMAO p < 0.001 (2.48-457)
Tanetal® | observational ) N/A rupture compared AUROC 0.89, : ’
age: 57.0 £11.0 years ) o compared
study ) to erosion 1.95 uM sensitivity = 88.3%,
male sex: 82.2% <pecificity = 76.8% to 1.21
n =77 - plaque rupture P Y= /087 (0.86-1.91);
n =69 - plaque erosion p < 0.001
Heart failure
n = 720; stab'\e subjgcts death n = 207
with HF, patients with
. s . Q4 compared to Q1
single-center | ACS within the preceding . o ;
Tangetal? | prospective 30 days excluded 5 years all-cause mortality adjusted for traditional risk factors and 5.0(3.0-85)
' BNP HR 2.2 [1.42;3.43]; p < 0.001 T
cohort study USA ) .
age: 66 £10 years adjusted for renal function HR
male sex: 59% 1.75[1.07; 2.86]; p < 0.001
n = 155; patients with
stable HF for >6 months CAD
(NYHA class ll-1V) SIS ~1214195
rospective Europe all-cause and HTx(n =16) DCM
Troseid prospec _ e median: - T3 compared to T1 unadjusted HR
- observational age: 57 £11 years anticipated ) o -9.2485
stal stud male sex: 83% S AT mortality, i.e., HTx 22 S 9 = 0000 health
Y : bh (= adjusted HR 1.79 [0.90; 1.79]; p = 0.097 Y
NS7ESCD NYHA class I/II/IV r = 0.15, p < 0.05 control
n=75-DCM By -79+89
n =7 - other
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Table 1. Results of studies on the association of TMAQO with cardiovascular risk — cont.

Author

Zhou
etal®

Schuett
etal#

Suzuki
etal?

Israr et al.#?

Suzuki
etal®

Wei et al.#

Svingen
etal¥

Type of study

prospective
cohort study

retrospective
study

retrospective
study

retrospective
study

multicenter
prospective
study
(BIOSTAT-CHF)

prospective
study

retrospective
cohort study

Population
characteristics

n = 1208; patients with
chronic HF after Ml
China
age: 73 (64-80) years
male sex: 68.5%

n = 2490; LURIC
population
Europe
n =823 - HF patients:
HFrEF (n = 428) and HFpEF
(n=395)

n = 972; patients with
acute HF
UK
age: 78 (69-84) years
male sex: 61%

n = 806; patients with
acute HF
UK
age: 78 (69-84) years
male sex: 61%

n = 2234; patients with
progressive worsening
or new-onset symptoms
of HF
UK
age: 70 (61-78) years
male sex: 74%

n = 915; chronic HF
patients with reduced
ejection fraction
China
age: 57.1 £14.1 years
male sex: 69.9%

n = 3797; patients with
suspected stable angina
Europe
n = 3143; community-
based control population
Europe

Follow-up Study endpoint

MACE, all-cause
mortality, HF
rehospitalization,
recurrent Ml
all-cause mortality

median:
1.84 years

all-cause mortality
death due
to cardiovascular
causes

mean:
9.7 years

all-cause mortality
(death)
composite death
or rehospitalization
due to HF (death/
HF)

1 year

death at 30 days
n=62
death at 1 year
n=213
death/HF at 30 days
n =98
death/HF at 1 year
n=313

1 year

all-cause mortality
(3 years)
composite event
of mortality
combined with
rehospitalization
due to HF (3 years)

3 years

cardiovascular
death or HTx
(n=314)
recurrence

of HF + first
rehospitalization
for cardiovascular

causes

median:
33 months,
max.
7 years

Atrial fibrillation

median:
7.3 years diagnosis
community of AF during
control hospitalization
10.8 years

Results
HR/OR (95% Cl)

Q4 compared to Q1
MACE n = 507
deathn =56
readmitted with HF n = 384
recurrent Ml n =67
unadjusted HR 3.15 [2.09; 4.73];
p <001
adjusted HR 2.31 [1.42; 3.59]; p < 0.01
all-cause mortality HR 2.15 [1.37; 3.24];
p <001

all patients
T3 compared to T1
death n =728
1.70[1.41; 2.04]; p < 0.001
cardiovascular death n = 446
1.87[1.48;2.38]
HFrEF
T3 compared to T1
death 2.33 [1.67; 3.24]; p < 0.001
cardiovascular death 2.27 [1.52; 3.37]
HFpEF - ns

death n =268
T3 compared to T1

univariate HR 1.35[1.21; 1.51];

p < 0.0005

n =384

death/HF HR 1.33 [1.20; 1.46];

p < 0.0005
adjusted for renal function - ns

T3 compared to T1
HR 1.39 [1.05; 1.84]; p = 0.022
HR 1.26 [1.08; 1.47] p = 0.004
HR 1.38 [1.10; 1.73] p = 0.006
HR 1.25[1.09; 1.42] p = 0.001
adjusted for renal function — ns

unadjusted HR 2.27 [1.90; 2.72];
p < 0.001

adjusted |HR 1.42 [1.13; 1.80];
p =0.003

unadjusted HR 1.93 [1.66; 2.23];
p < 0.001

adjusted HR
1.21[1.00; 1.46]; p = 0.054

T3 compared to T1
HR 1.47 [1.13; 1.91]; p = 0.004
adjusted HR 1.33 [1.01; 1.74]; p = 0.039
high dose-dependent association: first
rehospitalization for cardiovascular
causes (p =0.002)
recurrence of HF (p = 0.003)

m=412
Q4 compared to Q1
adjusted HR 1.16 [1.05; 1.28]: p = 0.0009
community control n = 484
adjusted HR 1.10 [1.004; 1.19]
per 1 standard deviation increase
in log-transformed plasma TMAO

TMAO
[umol/L],
median (IQR)

Q4>792
Q1<283

13>592
T1 <390

5.6(34-10.5)
T3=142
(82-151.5)
T1=29
(0.5-4.0)

10.2 (5.8-18.7)

59(3.6-10.8)

252
(1.20-4.76)
T3 >3.770
T1 <1574

Q4>158
(11.9-23.5)
Q1<27
(2.2-3.2)
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Table 1. Results of studies on the association of TMAO with cardiovascular risk — cont.

Population

Author characteristics

Type of study

Follow-up

n = 117; consecutive
rheumatic heart disease
patients with AF
age: 57 (50-64) years
male sex: 41% N/A
n =25 - patients with
cardiac thrombi
n =92 - patients without
cardiac thrombi

prospective
observational
cohort study

Gong
etal®

Study endpoint

concentration
between 2 groups

TMAO
[umol/L],
median (IQR)

Results
HR/OR (95% Cl)

comparison

of TMAO TMAO, group | compared to group |I:

4.55[3.19; 4.83] compared to N/A
3.53[2.96;4.25]; p = 0.01

ACS - acute coronary syndrome; DCM - dilated cardiomyopathy; MACE — major adverse cardiac event; TMAO — trimethylamine oxide; a — age; m — male;

Q - quartile; T - tertile; HR — hazard ratio; OR — odds ratio; 95% Cl — 95% confidence interval; IQR - interquartile range; AUROC — area under the receiver
operating characteristic curve; ASCVD - atherosclerotic cardiovascular disease; CAD — coronary artery disease; Ml — myocardial infarction; HF — heart failure;
HFrEF — heart failure with reduced ejection fraction; HFpEF — heart failure with preserved ejection fraction; BNP — brain natriuretic peptide; HTx — heart
transplantation; LURIC — Ludwigshafen Risk and Cardiovascular Health; PCI — percutaneous coronary intervention; SYNTAX — synergy between percutaneous
coronary intervention with taxus and cardiac surgery score; STEMI — ST-segment elevation myocardial infarction; NYHA — New York Heart Association;

eGFR - estimated glomerular filtration rate; N/A — not available/not applicable; AUC — area under the curve; AF — atrial fibrillation; N/A - not applicable;

ns — nonsignificant.

higher TMAO levels are associated with the risk of CAD
in previously healthy individuals.2¢

The prognostic value of TMAO was also assessed
in patients with acute coronary syndrome (ACS). In-
creased TMAO levels showed an association with the risk
of death or recurrent myocardial infarction (MI) during
a 2-year follow-up,” as well as with future cardiovascular
events during a 5-year follow-up.?® Importantly, the risk
persisted despite the improvement regarding traditional
cardiovascular risk factors such as hypertension, dyslip-
idemia or diabetes.?® In another interesting study, Li et al.
showed that increased TMAO levels were a risk factor for
MACEs at 30 days and 6 months in patients presenting with
chest pain of suspected cardiac origin.? The strong prog-
nostic significance of TMAO was observed irrespective
of baseline troponin levels and the final diagnosis of ACS.
In the same study, in an independent cohort of patients with
ACS who underwent coronary angiography due to ACS,
higher TMAOQ levels were associated with an increased risk
of MACE:s at 1 year, independent of traditional risk factors.

In addition to predicting future MACEs, plasma TMAO
levels were shown to correlate with the extent of CAD and
atherosclerotic plaque stability. Studies conducted to date
have revealed an association between TMAO levels and
the SYNTAX Score, multivessel CAD3%3! and the risk
of atherosclerotic plaque rupture.>33 Finally, it was reported
that TMAOQ could act as a mediator of clopidogrel resistance
and inhibit clopidogrel effects, which has significant impli-
cations for the medical treatment of CAD.3*

In the context of atherosclerosis, TMAO has also been
investigated in patients with chronic kidney disease
(CKD).?>3¢ As renal function deteriorates, TMAOQO level
increases and correlates with coronary atherosclerosis
burden,3> gut microbiota alterations, increased intesti-
nal permeability, chronic inflammation, and endothe-
lial dysfunction.?® Chronic kidney disease has complex
pathogenesis and dynamics. The higher risk of death and

the extent of atherosclerosis are therefore the cumula-
tive effect of many processes. Accordingly, TMAO is one
of the bystanders rather than the single and direct caus-
ative agent of vascular complications of CKD.

Heart failure

There is a considerable body of evidence on the role
of TMAO as a prognostic marker in patients with HF.
These associations were studied in the chronic and acute
settings as well as depending on the preserved or reduced
ejection fraction and the burden of symptoms.

A significant association between increased TMAQO lev-
els and mortality risk in patients with chronic HF (CHF)
was first described in 2014.3” Subsequent studies reported
associations with the New York Heart Association (NYHA)
functional class and CHF after MI.383% Schuett et al.
demonstrated that increased TMAO levels were a strong
predictor of mortality in patients with HF with reduced
ejection fraction, but not in those with preserved ejection
fraction, over a mean follow-up of 9.7 years.1°

Several studies reported data on the effect of increased
TMAO levels on disease course and prognosis in patients
with acute HF. Suzuki et al. showed that elevated TMAO
levels were a strong predictor of mortality or rehospital-
ization at 1 year.*! However, after adjustment for renal
confounders, the correlation was no longer significant,*!
which is in line with the results of a more recent study
by Israr et al.*? In a multicenter study including patients
with new-onset or progressive HF, higher TMAO levels
were strongly associated with an increased risk of mor-
tality and/or rehospitalization during 1-, 2- and 3-year
follow-up. In line with previous studies, TMAO levels were
not reduced by optimal treatment.*3

The association between elevated TMAQO levels and poor
prognosis in patients with HF has not been fully elucidated
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so far. Apart from gut microbiota, the role of FMO3 poly-
morphism has been postulated.** Moreover, Li et al.
suggested a potential inhibitory effect of loop diuretics
on renal excretion of TMAO, resulting in its retention
in tissues.?

Atrial fibrillation

The role of TMAO as a risk factor or mediator of atrial
fibrillation (AF) has not been determined so far.*® A study
on 2 Norwegian cohorts indicated that high TMAOQO levels
were associated with a risk of incident AF, independent
of traditional risk factors.*’” In the AF-RISK study, higher
TMAO levels were associated with progression to perma-
nent AF.*® Finally, the proarrhythmic and prothrombotic
effects of TMAO can result in increased risk of thrombus
formation in patients with AF.*

Results from meta-analyses

There are several meta-analyses assessing TMAO lev-
els as a predictor of mortality or other adverse events
in patients with CVD.5%-% The results strongly indicate
that elevated TMAO levels are a significant risk factor
for death and MACEs. Selected meta-analyses are sum-
marized in Table 2.

Interventions aimed at reducing
TMAO levels and toxicity

The knowledge of TMAO synthesis, metabolism and
excretion pathways allows investigators to study in-
terventions aimed at reducing TMAO toxicity. Some
of the conclusions were formulated on the basis of ran-
dom findings derived from other studies. Examples include

21

the association between statin use and reduced TMAO
levels®® or between aspirin use and reduced TMA synthe-
sis.>” In both cases, the lowering effect was probably due
to drug-induced alterations in gut microbiota.

A standard targeted approach is to reduce the dietary
intake of TMA precursors and TMAOQO. The elimination
of red meat from diet results in reduced TMAO levels
after 4 weeks,” while vegetarians and vegans have lower
circulating TMAO levels and a lower capacity to synthe-
size TMA, probably due to changes in gut microbiota.!”
The beneficial effect of Mediterranean diet on reducing
TMAQO levels is primarily due to the high intake of plant
foods,® although the results of studies are equivocal.>

The use of broad-spectrum antibiotics was shown to sup-
press gut microbiota and reduce TMAO levels. However,
antibiotic therapy does not offer satisfactory long-term
outcomes and is associated with a high risk of side effects.!!
Rifaximin has been reported to be a safer alternative, but
the results of the recent GUTHEART study are insufficient
to confirm this suggestion.®® Other interventions include
supplementation with probiotics,® gut bacteria transplant
from healthy donors,° bariatric surgery,®® resveratrol,®*
and meldonium.® Current interventions are summarized
in Table 3 and Fig. 3.

Review limitations and gaps
in knowledge

The possibility of discussing all ongoing studies in mi-
crobiota biomarkers is beyond the scope of this review.
For now, to the best of our knowledge, despite the ex-
tensive literature supporting its usefulness, TMAO has
not been identified as an established biomarker in CAD
or HF guidelines. Perhaps, the ongoing research will
consolidate the use of TMAO and other gut microbiota
metabolites such as bile acids and short chain fatty acids
in everyday practice. Linking the metabolism of the gut

Table 2. Results of meta-analyses on the association of TMAO with cardiovascular risk

Results

RR/HR (95% Cl)

Population
Author (number of studies Endpoints

included)

Heianza et al.>° n=19,256 (19) MACCE, death

Schiattarella et al.>! n=26,167 (26) MACCE, death

Qi et al.2 n=7716(11) cardiovascular events, death

Farhangi® n=31,230(20) death

Lietal>* n=6879 (7) MACE, death

Guasti et al.>® n=923(3) MACE, death

MACE: RR 1.62 [1.45; 1.80]; p < 0.001, I> = 23.5%
death: RR 1.63 [1.36; 1.95]; I> = 45.9%

MACCE: RR 1.67 [1.33; 2.11]; p < 0.00001, I* = 46%
death: RR 1.91 [1.40; 2.61]; p < 0.0001, I = 94%

cardiovascular events: RR 1.23 [1.07; 1.42]; 1> = 31.4%
death: RR 1.55 [1.19; 2.02]; 1> = 80.8%

death: RR 1.466 [1.291; 1.665]; p < 0.001, I> = 81.9%

MACE: T3 compared to T1: HR 1.68 [1.44; 1.96]
death: T3 compared to T1: HR 1.67 [1.17; 2.38]

MACE: RR 2.05 [1.61; 2.61]; 12 = 50%
death: RR 342 [2.27; 5.15]; 1> = 0%

TMAO - trimethylamine oxide; MACE — major adverse cardiac events; MACCE — major adverse cardiac and cerebrovascular events; CVE - cardiovascular

events; HR — hazard ratio; RR - risk ratio; T - tertile; Cl — confidence interval.
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Table 3. Results of studies assessing therapeutic strategies aimed at reducing TMAQ levels

Author

Type of study

Population/
model

Intervention

Endpoint

Results

Comment

Lietal>®

Zhuetal”’

Wang et al.?

Awoyemi
etal®

Boutagy
et al®

Smits
etal®?

Traseid
etal®

retrospective
study; 3-year
follow-up

prospective
study

prospective
study

prospective

randomized,

double-blind
study

randomized
double-blind,
placebo-
controlled

double-blind
randomized
pilot study

observational
study

n =4007;
sequential
patients
undergoing
elective
diagnostic
coronary
angiography

healthy vegans/
vegetarians
(n = 8); healthy
omnivores
(n=10) orally
supplemented
with choline

n = 113; healthy
adult participants
all omnivores

n=151; patients
with LVEF < 40%;
NYHA class lI-ll
despite optimal
medical therapy

n = 19; healthy,
non-obese males
(18-30 years)

n =20; male
patients with
metabolic
syndrome

n = 34; obese
patients (17 with
and 17 without
type 2 diabetes)

undergoing
bariatric surgery

statin use

aspirin 81 mg/day
for 3 months

discontinuation
of red meat intake
to non-meat
or white meat

3 months:
rifaximin, 550 mg
twice daily,
250 mg
3 months:
probiotic
Saccharomyces
boulardii NCM
[-745 500 mg
twice daily
standard of care
only

4-week
hypercaloric
(+1000 kcal
day—1), high-fat
diet (55% fat) +
VSL#3 (900 billion
live bacteria) orally
placebo

vegan-donor FMT

bariatric surgery
laparoscopic
Roux-en-Y gastric
bypass
duodenal switch

MACE, defined
as death,
myocardial
infarction, or stroke;
reduction of TMAO
concentration

reduction of TMAO
concentration

reduction of TMAO
concentration

LVEF after 3 months
of intervention
baseline-adjusted
NT-proBNP
baseline-adjusted
TMAO

reduction of TMAO
concentration

conversion
of choline and
carnitine to TMA
and TMAO
fasting plasma
TMAO level
TMA/TMAO urinary
excretion

abseline plasma
TMAQ level
preoperatively
(after 3 months
of lifestyle
intervention)
1 year after bariatric
surgery

n =322 MACE by 3 years
statin use associated with
decreased MACE: HR 0.74,
95% Cl: [0.60; 0.93]; p = 0.0089
plasma TMAO associated with
increased MACE: HR 1.57,
95% Cl: [1.40; 1.76]; p = 2.4e-14
statin use associated with
decreased TMAO (3.9 compared
t04.3) p = 0.002

aspirin attenuated TMAQO elevation
TMAO:
choline compared to choline + ASA
36.9 £9.4 compared to 21.2 £3.0;
p =0.009

no meat — TMAO reduction;
p < 0.0001
white meat - TMAO reduction;
p < 0.0001

LVEF: rifaximin compared
to standard of care mean
difference: —1.2 pp (3.2-0.7);
p=022
Saccharomyces boulardii —0.2 pp
(22-19);,p=087
NT-proBNP: no significant effects
rifaximin p = 0.28
S. boulardii: increase; p = 0.03
TMAO: no significant effects
rifaximin; p = 0.8
Saccharomyces boulardiip = 0.16

plasma TMAQ level increased
significantly
VSL#3 (89+66%); p < 0.05
placebo (115 £61%); p < 0.05
VSL#3 compared to placebo:
p > 0.05

no signifficant effect; p > 0.05

no significant effect of 3-month
lifestyle intervention preoperatively;
1 year after bariatric surgery TMAO
plasma levels more than doubled
(HR 10.5,95% Cl: [7.5; 13.5])
compared to preoperative (HR 4.4,
95% Cl: [2.8; 6.0]; p < 0.001)
compared to baseline (HR 4.7,
95% Cl: [3.7; 5.8]; p < 0.001),
regardless of surgical method

suspected
mechanism:
alteration in gut
microbiome activity

suspected
mechanism:
alteration in gut
microbiome activity

N/A

patients low
in baseline dysbiosis
low dose
of rifaximin

VSL#3 does not

influence plasma

TMAO following
a high-fat diet

significant changes
in intestinal
microbiota
composition did
not affect TMAO
metabolism;
residual capacity
to convert
precursors to TMAO
in vegans?
short follow-up
(2 weeks)

mechanism:
changes in gut
microbiota profile
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Table 3. Results of studies assessing therapeutic strategies aimed at reducing TMAO levels — cont.

Endpoint

Results Comment

Population/ .
Author Type of study model Intervention
double-blind, grape pomace
randomized polyphenol
Annunziata ! n =380; healthy | nutraceutical (rich
o placebo- e }
etal. individuals in resveratrol)
controlled ) .
study 400 mg twice daily
4 weeks, 8 weeks
meldonium
Dambrova |, OP" Iabel, n = 8; healthy Qral\y, .500 mg
ot al interventional W twice daily, 7 days
' study during TMAO-rich
diet

reduction of TMAO b < 0.0001) N/A
concentration 8 weeks — 75.85%; p < 0.0001
diet compared to diet +
meldonium
) plasma: 81.5 £8.6 mM compared
redc‘écnt;‘;zt‘:;g‘nm t043.0+3.8 mM; p < 0.05
wrine TMAO excretion: 18.2 £2.2 mmol/mg N/A
e creatinine x 7 days compared

plasma TMAO reduction (—49.78%,

to 243 +1.5 mmol/mg
creatinine x 7 days;
p <005

LVEF - left ventricular ejection fraction; MACE — major adverse cardiac event; N/A — not available/not applicable; NYHA — New York Heart Association
functional classification; TMAO — trimethylamine oxide; NT-proBNP — N-terminal pro-B-type natriuretic peptide; FMT - fecal microbiota transplant;
TMA - trimethylamine; ASA — acetylsalicylic acid (aspirin); HR — hazard ratio; 95% Cl — 95% confidence interval.

microbiota to CVD is an attractive topic of ongoing re-
search. It is worth mentioning the studies NCT04962763°
and NCT02728154,%” which will deepen the knowledge
on the correlation of the intestinal microbiota with HF.
The study NCT05014880 is going to assess the effective-
ness of a dietary intervention reducing dietary TMAO
levels during the rehabilitation of CAD patients.5®

Conclusions

The TMAQO is a biomarker that has been proven useful
in a population of patients at higher cardiovascular risk.
The use of TMAO in clinical practice requires confirma-
tion in subsequent prospective interventional studies.
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