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Abstract

Background. Modern approach to the surgical treatment of Hirschsprung’s disease (HD) consists in the ear-
liest possible repair and reduction of the number of surgical interventions. Primary one-stage transanal
endorectal pull-through (TEPT) technique requires preoperative determination of the length of aganglionic
segment. The efficacy of the standard method — contrast enema — is questionable in patients with a poorly
defined transitional zone.

Objectives. To present the proposed laparoscopic method for the management pathway in patients with
HD, in whom the determination of the length of aganglionic segment with contrast enema was not possible.

Materials and methods. A retrospective analysis of the diagnostic and therapeutic management em-
ployed in 14 patients, from 2 weeks to 55 months of age, with diagnosed HD, treated between January
2013 and May 2020. Laparoscopic histological mapping was performed with the use of 3 laparoscopic ports
of 3—5 mm diameter.

Results. Inall patients, laparoscopic mapping allowed for the determination of the length of aganglionic seg-
mentand the mode of surgical treatment. Four children with determined short-segment disease underwent
TEPT, while 2 underwent temporary colostomy formation using the Duhamel—Martin—Ikeda method. Five
patients with long-segment HD underwent laparoscopic-assisted TEPT. One patient with long-segment dis-
ease was treated with a temporary double-barrel colostomy and definitive surgery was performed 3 months
later using the Duhamel—Martin—lkeda method. In 2 patients with an initial diagnosis of HD established using
current diagnostic pathway, HD pathology was later excluded hased on the results of laparoscopic mapping
and repeat rectal suction biopsy. No complications related to the laparoscopic procedure were identified.

Conclusions. The method of laparoscopic mapping is effective in the determination of the length of agangli-
onic segment in children with diagnosed HD. In doubtful cases, it can be the preferred option in establishing
the final mode of surgical treatment.

Key words: laparoscopy, biopsy, Hirschsprung
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Background

The modern approach to the definite surgical treat-
ment of Hirschsprung’s disease (HD) focuses on the ear-
liest possible repair, and reducing the number of surgical
interventions. Total transanal surgery for HD — transanal
endorectal pull-through (TEPT) — represents the latest
development in the concept of minimally invasive sur-
gery for HD.}? The feasibility, safety and efficacy of this
approach has been established.?~> Nevertheless, it de-
pends on the length of the aganglionic segment, as well
as the general condition of the patient. The success of sur-
gical correction of HD using the TEPT technique requires
precise determination of the length of aganglionic seg-
ment before the operation. The efficacy and sensitivity
of the standard method used for this purpose — contrast
enema — is questionable, especially in the group of patients
in whom, because of an early presentation of the disease,
bowel distension above the transitional zone is not well
demarcated. On the other hand, the lack of visible tran-
sitional zone in older children with confirmed HD does
not necessarily represent long-segment disease.®” The lack
of precise determination of the length of aganglionic seg-
ment before operation using the TEPT technique can re-
sult in an unwanted intraoperative change of therapeutic
strategy.

Objectives

Following the idea of laparoscopic-assisted TEPT, pre-
sented by Georgeson,31 the aim of this study was to pres-
ent the current procedure employed in our institution
for the determination of the length of aganglionic seg-
ment, as well as surgical treatment mode in patients with
diagnosed HD, in whom the determination of the length
of aganglionic segment was not possible with the use
of contrast enema.

Materials and methods

Between January 2013 and May 2020, HD was diagnosed
in 56 patients treated in the Department of Pediatric Sur-
gery of the University Children’s Hospital in Krakéw, Po-
land. The diagnostic scheme routinely employed in patients
admitted with suspected HD included: plain abdominal
X-ray, anorectal manometry and rectal suction biopsy for
acetylcholinesterase (AChE) histochemical staining and
hematoxylin & eosin (H&E) staining. In cases of uncer-
tain results from the abovementioned studies, calretinin
immunostaining of rectal biopsy was performed. Barium
contrast enema was employed in order to determine
the length of aganglionic segment (Fig. 1). In the stud-
ied group, contrast enema failed to show the length

B. Bogusz et al. Laparoscopic mapping in Hirschsprung disease

of aganglionic segment in 14 children with HD diagnosed
using the aforementioned diagnostic pathway. These pa-
tients were qualified for laparoscopic mapping. The mode
of further treatment including, if possible, consecutive
one-stage surgical treatment during the same procedure,
depended on the results of histopathological evaluation
of seromuscular intestinal biopsies. The age of patients
on admission ranged from 2 weeks to 55 months.

Technique of laparoscopic mapping

Patients were placed in supine position. The surgeon
stood on the right side of the patient, near the head.
Pneumoperitoneum was established using the Hasson
technique. The applied intraabdominal pressure was
6—10 mm Hg. A 5-mm, 30° scope was introduced through
the umbilical port. Two 3-mm or 5-mm working ports
were introduced bilaterally at the level of the umbilicus,
lateral to the mid-clavicular lines, or in the right epigastric
region and right hypogastric area. Seromuscular intestinal
biopsies were obtained using 3-mm or 5-mm instruments.
If the transitional zone was visualized, biopsies were taken
with endoshears distally and proximally to the suspected
level of normal innervation of the intestine in order to con-
firm the diagnosis and length of aganglionic segment.
In cases where the visualization of the transitional zone
was not possible, biopsies were taken as follows:

a) middle part of the sigmoid colon — normal innerva-
tion — confirmation of short-segment HD and possible
TEPT;

b) splenic flexure — normal innervation, with agangli-
onosis in biopsy taken from site a);

¢) proximal section of the transverse colon — normal
innervation with aganglionosis in biopsies at sites a) and
b) — possible laparoscopic-assisted TEPT with the mobi-
lization of descending colon, splenic and hepatic flexures
as well as the whole transverse colon;

d) cecum - differentiation between long-segment HD
if normal innervation; and total colonic aganglionosis
if aganglionosis found in biopsy — in our experience re-
quiring multistage treatment with temporary colostomy
or ileostomy;

e) ileum about 5-10 cm proximal to the ileocecal
valve; and higher biopsies — determination of the level
for ileostomy.

Biopsy sites were closed with absorbable, braided 4.0
or 5.0 sutures in the case of suspected perforation, or in or-
der to mark the level of normal innervations (Fig. 2). All bi-
opsy samples were evaluated intraoperatively for the deci-
sion-making results as described above, except for the first
patient in the series — in this case, the decision concerning
further procedures was made after receiving the results
of histopathological examination. The waiting time for
the intraoperative evaluation of each frozen specimen was
less than 15 min for a single biopsy.
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Fig. 1. Diagnostic/decision-making scheme for patients with suspected HD

Results

Forty-nine biopsy samples were collected from 14 chil-
dren. In 7 patients, it was necessary to collect 5 samples
(including 1 case of unavailable intraoperative sample as-
sessment, 5 cases with long-segment HD and 1 case finally
diagnosed with immature ganglion cells). In 7 other patients,
2 biopsies were sufficient to establish the length of agan-
glionic segment (including 4 children with short-segment
HD and 2 with long-segment HD). The last patient in this
group was finally diagnosed with immature ganglion cells.

Out of 49 biopsy samples, 4 were intraoperatively as-
sessed as unsuitable for histopathological analysis. Eigh-
teen biopsy sites required intracorporeal suturing because
of suspected perforation of the mucous membrane. Sites
with normal innervation determined during intraopera-
tive histological evaluation were marked with sutures to
facilitate their identification during further procedures
(transanal dissection or colostomy), without the need for
additional biopsies.

In 12 patients, laparoscopic histological mapping al-
lowed for the determination of final diagnosis and estab-
lishment of the mode of surgical treatment. Short-segment

Surgical treatment: TEPT, laparoscopic mapping,
colostomy, other types of interventions

AChE + HE staining / surgical biopsy

=

Other innervation disorders

aganglionosis (transitional zone determined in the me-
dial or distal part of the sigmoid colon) was diagnosed
in 6 cases, and long-segment aganglionosis in 6 cases
(in 1 case, normal innervation determined in the descend-
ing colon biopsy and in 2 cases, within the samples from
the middle section of transverse colon). In 2 patients, de-
spite initial diagnosis of HD, this pathology was excluded
on the basis of the results of laparoscopic mapping and
repeat rectal biopsy. The results of preoperative contrast
enema did not correspond with the histopathological pic-
ture in any of the presented patients.

Three children with determined short-segment disease
underwent TEPT during the same procedure. Two chil-
dren with determined short-segment disease underwent
temporary colostomy and definite surgical treatment
using the Duhamel-Martin—Ikeda method due being
over the age of 12 months at diagnosis. One patient with
short-segment HD underwent TEPT in a consecutive
procedure (intraoperative evaluation of samples was un-
available at the time of laparoscopic mapping). Five pa-
tients with long-segment HD (innervation level between
the descending colon and middle section of transverse co-
lon) underwent laparoscopic-assisted TEPT. One patient
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Fig. 2. Technique of seromuscular biopsy of the intestine (3-mm instruments)

with long-segment disease (with aganglionosis extending
to the right section of the transverse colon) underwent
a temporary double-barrel colostomy (directly after laparo-
scopic mapping, during the same procedure). The definite
operation in this patient was performed 3 months later
using the Duhamel-Martin—Ikeda method. There were no
identified complications related to the laparoscopic map-
ping procedures.

Discussion

The implementation of TEPT in the treatment of HD
is connected with the problem of its application in children
with long-segment HD or uncertain diagnosis concerning
the length of aganglionic segment. A solely transanal ap-
proach technique in misdiagnosed long-segment HD disease
can result in an unplanned open or laparoscopic intra-ab-
dominal intervention. Thus, a sensitive method for the de-
tection of the length of aganglionic segment seems necessary,
particularly concerning the risk associated with attempts
of transanal dissection of retroperitoneal colon sections.

A method we considered helpful to avoid the above-
mentioned problem was developed by Georgeson et al.®?
The author emphasized the benefits of his method — lap-
aroscopic-assisted transanal endorectal pull-through
— such as the ability to verify the level of aganglionosis
before endorectal dissection. We believe this is the most
vital benefit of the method, and our observations have
been confirmed by the reports of other authors.'%! Before
the introduction of laparoscopic mapping, we encountered
problems with the identification of the transitional zone
on the basis of contrast enema, which resulted in the need
for an unplanned laparotomy in 2 children operated with
TEPT for misdiagnosed long-segment HD.

Numerous authors underline the benefits of laparo-
scopic intra-abdominal mobilization of the aganglionic
segment, such as avoiding overdilation of the internal anal
sphincter during TEPT (which may lead to possible weak-
ening of the patient’s fecal continence), a more definitive
endpoint for endorectal dissection, and greater versatility
in fashioning the ganglionated pedicle, allowing for pull-
through operations in patients with longer aganglionic seg-
ments.”!21* On the other hand, some researchers currently
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question the deliberate use of laparoscopic assistance in di-
agnosed short-segment HD, because of longer operation
time and additional incisions.!> A meta-analysis published
by Thomson et al. (405 patients), comparing short and
long-term outcomes following total transanal endorectal
pull-through with laparoscopic-assisted pull-through pro-
cedures, failed to show any advantages of either of these
approaches.'® This conclusion has been confirmed, par-
ticularly for rectosigmoid HD, in the European Reference
Network for rare and inherited and congenital digestive
disorders (ERNICA) guidelines.”

Limitations

In our experience, consistent with the observations
of other authors, the use of TEPT is connected with
a postoperative tendency to constipation rather than in-
continence.’” Following the use of the De la Torre tech-
nique for almost 10 years in our department, we also did
not find any additional benefit of laparoscopic assistance
in children with diagnosed short-segment HD. However,
marking the precise level of innervation with seromuscular
sutures in doubtful cases appears helpful in the determi-
nation of the level of resection of the aganglionic segment
during transanal dissection. Laparoscopic assistance not
only shows the level of innervation, but also allows for
the dissection of the aganglionic segment during the same
surgical procedure. This makes possible to perform TEPT
even in patients with aganglionosis involving the descend-
ing and transverse colon.

Conclusions

The laparoscopic histological mapping of the colon
and ileum is safe and effective in the determination
of the length of aganglionic segment in neonates and in-
fants with diagnosed HD, and in doubtful cases, it can be
helpful in establishing the final mode of surgical treatment.
Laparoscopic assistance makes one-stage treatment pos-
sible in selected patients with long-segment HD.
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Abstract

Background. Increased levels of plasma lipoproteins are among some of the modifiable risk factors for
cardiovascular disease (CVD). Dietary changes and increased physical activity are the most powerful non-
pharmacological interventions for achieving optimal plasma lipid levels.

Objectives. To investigate the effect of an intensive short-term lifestyle intervention on plasma lipid tra-
jectories in overweight non-diabetic females.

Materials and methods. A total of 202 healthy overweight (body mass index (BMI) >27.5 kg/m?) females
underwent an intensive short-term (ten-week) intervention (at least 4 units of one-hour exercise activity
weekly at optimal energy intake) aimed at lowering body weight. Plasma lipid (total cholesterol (TC), low-
density-lipoprotein cholesterol (LDL-C), high-density-lipoprotein cholesterol (HDL-C), and triglycerides (TG))
levels were examined at baseline and every 2 weeks over the course of the ten-week intervention.

Results. There was a significant decrease in BMI (A —4.7%, p < 0.001) and body weight (A —4.9%,
p < 0.001) after the intervention. Positive changes (decreases) in TC (A —8%, p < 0.001), TG (A —9%,
p < 0.001) and LDL-C (A —11%, p < 0.001) were observed immediately after 2 weeks, but levels did not
decrease further thereafter. In contrast, HDL-C did not increase as expected: after 2 weeks of intervention,
we observed a significant decrease of about 6% (p < 0.001) followed by a slow return to baseline values.
But even after 10 weeks of intervention, HDL-C values had not reached the values detected at baseline.

Conclusions. In overweight females, HDL-C decreased after short-term intensive lifestyle intervention.
To confirm the protective effect of increased physical activity, plasma lipids need to be examined over
alonger time period.

Key words: physical activity, overweight, HDL-cholesterol, short-term intervention
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Background

Despite progress in diagnostics and treatment, cardio-
vascular diseases (CVD) are still the major cause of mortal-
ity and morbidity in developed countries.! The major CVD
risk factors are age, male sex, genetic predisposition, smok-
ing, obesity, hypertension, diabetes, and dyslipidemia.?

Plasma lipids — especially the build-up of plasma
cholesterol — play an important role in atherosclerotic
plaque development.? The current recommended values
are <5.0 mmol/L for total cholesterol (TC), <3.0 mmol/L
for low-density-lipoprotein cholesterol (LDL-C),
and <1.7 mmol/L for triglycerides (TG); these values
should be even lower in individuals at high risk for CVD.
High-density-lipoprotein cholesterol (HDL-C) val-
ues should be >1.0 mmol/L in males and >1.2 mmol/L
in females.*

Both genetic and environmental factors affect plasma
lipid values.>~® Among the environmental risk factors that
lead to dyslipidemia, obesity seems to be the most impor-
tant. The energy imbalance resulting in increased body
weight and body mass index (BMI) values is influenced
not only by insufficient physical activity and excess en-
ergy intake, but also (in addition to unfavorable genetic
backgrounds) by other less discussed factors, such as side
effects of commonly prescribed drugs, non-exercise activ-
ity thermogenesis and air-conditioning.>'°

As one of the main factors associated with CVD, obesity
correlates with plasma lipid levels. Obese individuals typi-
cally exhibit increased levels of plasma LDL-C and TG, and
decreased levels of plasma HDL-C.!

Increased physical activity (any kind of exercise)
is a common lifestyle intervention widely used in treating
obesity. Such regimens can lead to positive changes in lipid
profiles, reductions in plasma LDL-C and TG and increases
in plasma HDL-C.1213 However, studies on short-term lipid
trajectories during lifestyle interventions are scarce, lim-
ited by very low numbers of examined subjects (between
10 and 25) and focus almost exclusively on males.1*~17

Table 1. Characteristics of the subjects

P. Suchdnek et al. Plasma lipid changes after exercise

Objectives

The aim of our study was to assess the impact of exercise
on short-term trajectories (10 weeks) of plasma lipid frac-
tions in a large sample of overweight adult females.

Materials and methods
Examined subjects

In total, 202 overweight (BMI at least 27.5 kg/m?)
adult females within the age range of 19-71 years (with
quintiles interface 34/43/50 and 58 years, respectively),
recruited through an advertisement on a lifestyle web-
site and a women’s magazine, were enrolled in the study.
Individuals with diabetes, endocrine/autoimmune dis-
ease or any chronic inflammatory or neoplastic disease
were excluded from the study. Detailed characteristics
of the subjects and a summary of the data are presented
in Table 1.

Six examinations were performed: (i) before intervention
(baseline); (ii) after every two-week period (4 examina-
tions); (iii) after the 10" week of intervention.

The study protocol was approved by the ethics commit-
tees at the Institute for Clinical and Experimental Medi-
cine (Prague, Czech Republic) and Thomayer Hospital
(Prague, Czech Republic) in agreement with the Helsinki
Declaration of 1975. All subjects provided voluntary in-
formed consent to participate in the study.

Anthropometrical parameters

Body weight was measured using an electronic weight
scale (scaled to the nearest 0.1 kg). Height was measured
with a stadiometer to the nearest 0.5 cm. Waist and hip
circumferences were measured to an accuracy of 0.5 cm.
The waist-to-hip ratio (WHR) and BMI were also cal-
culated. To avoid potential inter-individual inaccuracies

Parameter Time point
baseline

Age [years] 46.7 £11.4 na. na. na. na. na. = =
Body weight [kg] 89.9+138 885+136 875+136 86.8 +13.2 863+130 85.7 +13.0 0.0001 0.0001
Waist [cm] 1134116 111.9+10.8 1106 +£10.6 109.6 £10.4 108.6 £9.9 107.7 £10.1 0.0001 0.0001
Hip [cm] 1024 £8.7 100.0£109 98.5£8.1 97.0+84 95.9+80 94.8 £10.7 0.0001 0.0001
BMI [kg/m?] 321 +44 31.6+43 312443 31.0+42 30.8 +4.1 30.6 +4.0 0.0001 0.0001
TC [mmol/L] 53094 4.8 +0.94 4.9£0.92 49091 4.9 +0.89 4.9+0.89 0.0001 0.0001
LDL-C [mmol/L] 3.23+0.83 2.88 £0.84 294 +0.78 2.96 +£0.78 298+0.79 3.01£0.80 0.0001 0.0005
HDL-C [mmol/L] 146 +0.33 1.37+0.30 1.38+0.30 1.38+0.30 140+0.30 144 +031 0.0001 ns.
TG [mmol/L] 144 £0.71 1.31+0.78 1.33 +0.67 1.27 +0.68 1.27 £0.55 132 +0.63 0.0001 0.0001

Data are presented as mean + standard deviation (SD); p-values denote differences between baseline and week 2 (p-value*) and between baseline and
week 10 (p-value®); n.a. - not applicable; n.s. - not significant.
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in measurements, 1 trained nurse performed all of the an-
thropometrical examinations.

Intervention

The program was based on supervised ten-week lifestyle
modification interventions.!®-2° Dietary intervention in-
volved adjusting energy intake to the age-related optimum
(max. 7500 kJ/day). Three times per week, the subjects par-
ticipated in a sixty-minute-long supervised training ses-
sion at a fitness center. Participants were advised to carry
out 2 additional sessions per week (jogging, brisk walking
or cycling), with at least 1 self-reported session performed
per subject. All activities included aerobic exercise.

Participants were examined every 2 weeks. Subjects
completed a one-day dietary report before each examina-
tion to assess compliance with the recommended dietary
changes. Dietary recommendations were optimized after
each control visit.

Lipid parameters

Blood samples were collected after twelve-hour overnight
fasting at the beginning, and after every 2 weeks, of interven-
tion. The final samples were taken after 10 weeks of inter-
vention. Serum from blood was obtained through separation
by centrifugation at 3500 rpm (10 min) and stored at —80°C.
In all cases, aliquots of samples were analyzed on the same
day as the entire experiment was completed. Concentra-
tions of plasma TG and TC and LDL-C were analyzed us-
ing Roche Diagnostics kits (Basel, Switzerland; Ref. No. for
kits: TG — 11730711, TC — 11491458, LDL-C — 27714423).
The HDL-C level was determined after separation of apo-
lipoprotein B-containing particles using a phosphotung-
state-based method. The Hitachi 920 autoanalyzer (Hitachi,
Tokyo, Japan) was used for all measurements. The labora-
tory was under the External Quality Assurance program
of the Centers for Disease Prevention and Control (CDC;
Atlanta, USA).

Statistical analysis

Multivariate analysis of variance (MANOVA) was used
for statistical analysis. Parameter changes were adjusted for
age, smoking and BMI (for plasma lipids only) at baseline.
The TG values were logarithmically transformed before
analysis. Results are presented as a percentage decrease,
with values given as mean + standard deviation (SD).
A p-value <0.05 was considered significant.

Results

The characteristics of the individuals in the study ex-
amined before and after each intervention period are
summarized in Table 1. The mean BMI at baseline was
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Fig. 1. Overview of short-term trajectories of plasma lipids over the ten-
week intervention period

32.3 +4.3 kg/m? with a minimum of 27.7 kg/m? and a maxi-
mum of 50.6 kg/m?2. Of the total participants, 30% were
overweight while 43% had grade I obesity, 20% grade II
obesity, and 7% grade III obesity.

As expected, there were significant continuous decreases
in body weight (p < 0.0001), BMI (p < 0.0001) and waist
(p < 0.0001) and hip (p < 0.0001) measurements after in-
tervention (Table 1). Individual anthropometrical changes
differed widely between baseline and final examinations.
For example, the smallest decrease in body weight was
only 0.2 kg (-0.3%), while the largest achieved was 15.0 kg
(-11.3%). For mean values, all anthropometrical param-
eters examined revealed continuous decreases across all
5 measurements (Fig. 1).

Positive changes in anthropometrical parameters were
accompanied by immediate and significant changes across
all lipid parameters examined.

In the cases of both TC (p < 0.0001) and LDL-C
(p < 0.0001), we observed a steep reduction in values
(of about 8% for TC and as much as 11% for LDL-C) as early
as after the first two-week intervention period (Table 1,
Fig. 1). Values were relatively stable across the follow-
ing measurements, with no further significant decreases
observed. In fact, we observed a slight trend for a return
to baseline values.

In the case of TG values, we observed a quick and highly
significant (p < 0.0001) decrease in plasma values as early
as after the first 2 weeks of intervention (Table 1, Fig. 1).
In contrast to plasma total- and LDL-C values, TG values
did not reach the minimum after the first 2 weeks, and
there was a trend (albeit nonlinear) toward a further slight
lowering of values.

Finally, the most interesting results pertained to HDL-C.
In contrast to other plasma lipids, where changes in ex-
pected positive directions were observed almost im-
mediately after the start of the intervention (at the first
examination), HDL-C values did not follow this trend.
In contrast, there was a significant drop in plasma HDL-C
of 5.7% (p < 0.0001). For all subsequent measurements,
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HDL-C values remained lower than those recorded
at baseline. We did, however, note a slight increase be-
ginning in week 8, with HDL-C almost reaching baseline
levels after 10 weeks (but still 1.3% lower).

Discussion

In this study, we found that a short-term intensive lifestyle
modification regime involving an increase in physical activity
and optimization of energy intake in metabolically healthy
overweight females led to a rapid decrease (within 2 weeks)
in all plasma lipid parameters, including HDL-C levels.

The results of our study highlight the different trajectories
of plasma lipids when analyzed over short intensive periods
of intervention. We observed rapid and dramatic changes
in plasma TC, LDL-C and TG concentrations in desirable
directions. However, subsequent weeks of increased physical
activity did not result in further decreases in these values.

Unexpectedly, plasma HDL-C concentrations decreased
in the same manner (albeit not as dramatically) as other
plasma counterparts. Even after 10 weeks of intervention,
no HDL-C increases, in comparison to baseline values,
were detected.

Our findings are in contrast to similar studies
on the topic. In a study examining the short-term (20 min
of physical exercise for 4 days) effect of physical activity
among males (n = 10), Sabaka et al.!® observed no effect
on plasma HDL-C concentrations but a significant de-
crease in small dense HDL particles, with the effects disap-
pearing after 2 days of rest. In a study using a similar proto-
col to ours (physical activity 3 times per week for 16 weeks),
no effect on HDL-C was observed in patients with chronic
kidney disease (n = 25, both males and females).!” Simi-
larly, the authors of another study involving 20 subjects
(10 males and 10 females) with metabolic syndrome found
that 3 months of moderately intensive exercise training
(on cycle ergometers) did not lead to changes in HDL-C
levels.’ In their study of 14 young healthy men, Bounds
etal."reported a significant increase in HDL-C concentra-
tions and a decrease in TG after only 2 weeks of aerobic
exercise. Finally, the authors of the large interethnic HERI-
TAGE study, which involved more than 600 adult males
and females, documented a 3% increase in HDL-C with
huge inter-individual variability in response to 20 weeks
of supervised cycle ergometer exercise.?! It is important
to note that most of these studies were performed among
males and recruited significantly lower numbers of par-
ticipants (max. 25) in comparison to our study (n = 202).

Our study is also in contrast with results from a meta-
analysis performed by Dattilo and Kris-Etherton.?? They
suggest that HDL-C decreases are linearly associated with
the amount of body weight lost. However, the trajectories
we observed show that maximal HDL-C decrease is achieved
very quickly — specifically, just after 2 weeks of intervention.
At this time point, the mean body weight loss was only 1.5 kg.

P. Suchdnek et al. Plasma lipid changes after exercise

Importantly, further body weight reduction was not accom-
panied by HDL-C decrease, but rather with slight return
to baseline. Thus, there was no linear decrease in HDL-C
concentrations in subjects that were actively losing weight.

Interestingly, it has been reported (in a review by Mérz
et al.?%) that pharmacological treatment used to increase
HDL-C concentrations is not accompanied by adequate
reductions in cardiovascular outcomes. However, increas-
ing HDL-C through lifestyle changes (not only increased
physical activity, but also smoking cessation, for example)
has positive effects on CVD outcomes.

Generally, it is recommended that physical activity be
increased to improve plasma concentrations of HDL-C.!2
Our short-term study involving overweight, but otherwise
healthy, female subjects shows that within about the first
2 months of starting exercise, plasma concentrations
of HDL-C decreased in line with the same trajectories
as other plasma lipids. Even after 10 weeks of intervention,
plasma HDL-C values remained slightly below the baseline
values found before the start of the intervention.

Limitations

Besides the strengths of our study — namely it being
the first study of its kind to focus exclusively on females,
and involving a well-controlled intensive lifestyle interven-
tion boasting of a large number of highly motivated subjects,
as well as ethnic homogeneity — our study also had some
limitations. Unfortunately, the protocol of our study did not
allow us to detect the time point at which HDL-C levels may
have achieved significant improvement (i.e., a significant in-
crease). And as our study only involved relatively healthy fe-
males, short-term lipid trajectories may be different in males
and in individuals suffering from metabolic disease.

Conclusions

In conclusion, our short-term intervention involving
physical activity and dietary intake optimization in over-
weight females led to reductions in HDL-C levels.
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Abstract

Background. Galectin-3 is an emerging biomarker in cardiovascular disease. Myocardial galectin-3 is
involved in the pathology of cardiac fibrosis; however, the role of circulating galectin-3 is not yet established.

Objectives. To assess the relationships between circulating galectin-3, fibrosis and outcomes in dilated
cardiomyopathy (DCM).

Materials and methods. We included 70 patients (age: 48 +12.1 years, ejection fraction (EF) 24.4 +74%)
with new-onset DCM (n = 35, <6 months). Galectin-3 and procollagen type I and Il (PICP, PINP, PIIICP, and
PIINP), transforming growth factor B (TGF-f), connective tissue growth factor (CTGF), osteopontin (OPN),
matrix metalloproteinases (MMP-2 and -9), and tissue inhibitor (TIMP-1) were determined in serum at baseline
and after 3 and 12 months. Patients underwent endomyocardial biopsy. The endpoint was a combination
of death and urgent hospitalization at 12 months.

Results. Galectin-3 did not correlate with biopsy-determined fibrosis. Baseline galectin-3 correlated with
OPN,, TIMP-1, PIIICP, and MMP-2. In new-onset DCM, galectin-3 levels at baseline were higher than at 3 and
12 months, whereas in chronic DCM there was no difference. Galectin-3 was a predictor of the endpoint
(hazard ratio (HR) = 1.115; 95% confidence interval (95% (1) = 1.009—1.231; p < 0.05). The best cut-off
value was 14.54 ng/mL (area under the curve (AUC) = 0.67). Patients with galectin-3 >14.54 ng/mL had
anincreased risk of events (HR = 2.569; 95% (I = 1.098—6.009; p < 0.05).

Conclusions. Circulating galectin-3 is unrelated to fibrosis. Serial measurements of galectin-3 correlated with
markers of fibrosis, including markers of collagen synthesis and OPN. Circulating galectin-3 was independently
associated with cardiovascular (CV) outcomes in DCM.

Key words: fibrosis, kinetics, galectin-3, dilated cardiomyopathy
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Background

Fibrosis of the extracellular matrix (ECM) is a com-
mon pathway in many cardiac diseases leading ultimately
to the development of heart failure (HF).! Patients with
dilated cardiomyopathy (DCM) are particularly predis-
posed to extensive ECM fibrosis, specifically reactive fi-
brosis, which contributes to functional impairment and
subsequent ventricular arrhythmias.> The mechanisms
responsible for ECM fibrosis are incompletely described.

Galectin-3 belongs to the p-galactoside-binding lectin
family and serves as a matricellular protein which binds
basic components of ECM, such as collagens, elastin and
fibronectin.? In vitro studies have revealed that galectin-3
is a pivotal protein involved in the development of ECM
fibrosis, as it stimulates transdifferentiation of fibroblasts
into highly active myofibroblasts that produce ECM com-
pounds, e.g., collagens and elastin, in excess.* Additionally,
galectin-3 is an important component of the renin—angio-
tensin—aldosterone pathway that enhances ECM fibrosis.®
Thus, the significance of myocardial (in situ) galectin-3
in ECM fibrosis has been unequivocally proven. However,
the role of circulating galectin-3 is unclear.

Numerous claims were published that circulating galec-
tin-3 is a marker of cardiac fibrosis.®~8 Upon our review
of the medical literature, it seems that these assertions
are premature. In fact, very few studies performed an in-
depth evaluation of the associations between circulating
galectin-3 and ECM fibrosis in HE!! In those studies,
cardiac fibrosis was assessed, either invasively (by means
of endomyocardial biopsy (EMB) followed by a detailed
laboratory assessment of samples) or non-invasively (with
magnetic resonance imaging (MRI)). The determination
of late gadolinium enhancement (LGE) or post-LGE T1
relaxation time served as surrogates of ECM fibrosis. How-
ever, even in those studies, an association between circu-
lating galectin-3 and ECM fibrosis (assessed with either
method) was not clearly confirmed.

Objectives

Although a considerable amount of work has been
published on the subject of galectin-3 in cardiomyopathy
and HF, we have identified knowledge gaps that warrant
further exploration. The relationship between circulat-
ing galectin-3 and cardiac fibrosis is inconclusive. Thus,
our study rigorously explores the associations between
galectin-3 and invasively determined ECM fibrosis (ex-
pressed qualitatively and quantitatively) in a homogenous
group of DCM patients. Furthermore, the relationship
between galectin-3 and other serum markers of fibrosis
(such as markers of collagen synthesis, fibrosis controlling
factors or metalloproteinases (MMPs)) is generally un-
known. The kinetics of serum galectin-3 in DCM patients
stratified according to disease duration and fibrosis status
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have not been well described. Finally, we aim to explore
the association between galectin-3 and survival in HF
in DCM patients, as few studies have reported on this
relationship.

Materials and methods
Study population

Between July 2014 and October 2015, we enrolled 70
consecutive DCM patients who fulfilled pre-specified cri-
teria and were willing to participate in the study. Dilated
cardiomyopathy was diagnosed according to the definition
of the European Society of Cardiology 2007 guidelines,
after an exclusion of significant coronary artery disease
(CAD), primary heart valve disease, congenital heart dis-
ease, and arterial hypertension.!? Based on the duration
of symptoms, patients were divided into equal groups con-
sisting of 35 subjects with new-onset (group 1, <6 months)
and chronic (group 2, >6 months) DCM. The duration
of HF symptoms was defined as the time from the onset
of subjective symptoms (dyspnea on exertion or at rest, par-
oxysmal nocturnal dyspnea, orthopnea, palpitations) and/
or edema to the index hospitalization or ambulatory visit
in cardiology clinic. Patients with the presence of concomi-
tant non-cardiac diseases, such as bone and joint diseases,
chronic liver insufficiency, peripheral atherosclerosis, and
neoplasms affecting collagen metabolism and circulating
levels of procollagens, were excluded. Each patient’s clinical
status was re-evaluated, with echocardiography and blood
sampling repeated at 3 and 12 months (patients’ flowchart
is presented in Fig. 1). We also evaluated 20 healthy volun-
teers as a control group who underwent blood sampling
and echocardiography. The study protocol was approved
by the John Paul II Institutional Review Board and the
Krakéw Medical Chamber Ethics Committee (reference
No. 134/KBL/OIL/2013). All patients gave a written in-
formed consent prior to inclusion in the study.

Endomyocardial biopsy

Endomyocardial biopsy (EMB) procedures were per-
formed by experienced operators via a femoral or jugular
vein approach. Long (104 cm), flexible, disposable 7 French
biopsy forceps with small jaws (Cordis®; Johnson & John-
son Co Inc., Miami Lakes, USA) were used.! Up to 5 myo-
cardial samples were obtained, which were immediately
stored in formalin for light microscopic examination.
The presence of fibrosis was determined qualitatively
and quantitatively by an experienced pathologist blinded
to the clinical data. Specimens for fibrosis assessment were
stained with Masson’s trichrome; fibrotic areas stained
blue, and normal muscle fibers stained red. Collagen vol-
ume fraction (CVF) was assessed with quantitative mor-
phometry as previously described.!*
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Fig. 1. Study flowchart

3-month follow-up
laboratory measurements

12-month follow-up
laboratory measurements

v v

death study population
(n=6; 8.6%) at 12-month follow-up
(n=63; 90%)

Laboratory measurements

Venous blood samples for biomarkers measurements
were drawn after an overnight fast, typically between 8
a.m. and 9 a.m. After centrifugation, the supernatant was
stored at —20°C. The concentration of collagen synthesis
markers (carboxy- and amino-terminal propeptides of pro-
collagen type I and III (PICP, PINP, PIIICP, and PIIINP))
and fibrosis controlling factors (transforming growth
factor B (TGF-PB) and connective tissue growth factor
(CTGF), osteopontin (OPN), as well as matrix metallo-
proteinases (MMP-2 and -9) and tissue inhibitor (TIMP-1))
were determined in plasma using a commercially available
enzyme-linked immunosorbent assay (ELISA), as previ-
ously described.’® The levels of galectin-3 were measured
with ELISA using a commercially available kit (Human
Galectin-3 ELISA, RAF015R; BioVendor, Brno, Czech
Republic). The serum samples and galectin-3 standard
dilutions were added to microwells that were coated with
anti-galectin-3 antibody. Galectin-3 present in the sample
or standard was bound to antibodies adsorbed to the mi-
crowells. Following incubation, a wash step was performed
and the horseradish peroxidase (HRP)-conjugated anti-
galectin-3 antibodies were added binding to galectin-3
captured by the first antibody. Again following incuba-
tion, unbound HRP-conjugated anti-galectin-3 antibodies
were removed during a wash step, and a substrate solu-
tion reactive with HRP was added to the wells. A colored
product was formed in proportion to the amount of galec-
tin-3 present in the sample or standard. The reaction was
terminated by the addition of acid and absorbance was
measured at 450 nm. The galectin-3 sample concentration
was determined based on the standard curve. Baseline,
3- and 12-month measurements of galectin-3, PICP, PINP,
PIIICP, PIIINP, TGE-B, CTGF, and OPN were obtained;
however, for MMP-2, MMP-9 and TIMP-1, only baseline
measurements were available. Intra-assay and inter-assay
coefficients of variation were <7%.

v

incomplete data
(n=1;1.4%)

Statistical analysis

The data are presented either as mean * standard devia-
tion (SD), median and interquartile range (IQR), or count
and percentages. The normality of the distribution of vari-
ables was assessed with a Shapiro—Wilk test. Comparisons
of clinical parameters between 2 groups were conducted
with a Mann—Whitney U test, as a lack of normality was
found. Univariate relationships between galectin-3 and
serum markers of fibrosis were determined with Spear-
man correlation analysis. Two endpoints were analyzed:
cardiovascular (CV) death and the combined endpoint that
was composed of CV death and urgent HF hospitalization
at 12 months. Survival data were analyzed using the Ka-
plan—Meier method, and compared with the log-rank test.
To examine the associations of galectin-3 with endpoints
of interest (unadjusted analyses and analyses adjusted for
age, duration of disease, CVF, ejection fraction (EF), and
N-terminal pro-B-type natriuretic peptide (NT-proBNP))
Cox proportional hazard analyses were performed. Calcu-
lations for the optimal cut-off values of galectin-3 (in order
to determine the cut-off values for adverse outcomes) were
carried out using a receiver operating characteristic (ROC)
curve. Patients were compared according to a galectin-3
optimal cut-off value, derived from ROC analysis, with
the use of alog-rank test. All results were considered statis-
tically significant when the p-value was <0.05. All the anal-
yses were conducted in R software v. 3.3.2 (The R Founda-
tion for Statistical Computing, Vienna, Austria).

Results
Baseline characteristics
Table 1 shows the baseline characteristics of the study

population. The majority of patients were male (63; 90%)
with symptomatic HF (New York Heart Association (NYHA)
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Table 1. Baseline characteristics of the study population

Parameter | DCM (n =70)
Age [years] 48 +12.1
Sex [male/female] 63 (90%)/7 (10%)
BMI [kg/m?] 26854
NYHA class 249+0.7
Duration [months] 243 £356
LBBB [n, %] 18 (25.7%)
LVESd/BSA [mm/m?] 30.1 £7.1
LVEDd/BSA [mm/m?] 356 £7.0
LVESvol/BSA [mL/m?] 96.1 £49.0
LVEDvol/BSA [mL/m?] 126.8 £59.8
EF [%] 244 £74
E/E'(average sep+years) 208+114
ECM fibrosis [n, %] 24 (34.3%)
PA mean [mm Hg] 23.1£109
PH [n, %] 27 (39.7%)
VO, peak [mL/kg/min] 16.5 +6.1
Hb [g/dL] 14+£16
hs-troponin T [ng/mL] 0.022 £0.018
hs-CRP [mg/dL] 9.52+236
NT-proBNP [pg/mlL] 3373 £5428
B-blocker [n, %] 69 (98.6%)
ACE-I or ARB [n, %] 68 (97.1%)
MRA [n, %] 66 (94%)
Furosemide [n, %] 42 (60%)
CRT-D [n, %] 20 (28.6%)

Data are presented as mean +SD or n (%); DCM - dilated cardiomyopathy;
BMI - body mass index; NYHA — New York Heart Association; LBBB - left
bundle branch block; LVESd - left ventricle end-systolic diameter

indexed to body surface area; LVEDd - left ventricle end-diastolic
diameter indexed to body surface area; LVEDd/BSA; EF — ejection fraction;
E/E' - ratio of early mitral inflow velocity to early mitral myocardial
velocity; ECM — extracellular matrix; PA mean — mean pulmonary pressure;
VO, peak — peak oxygen uptake; Hb — hemoglobin; hs-CRP - high-
sensitivity Greactive protein; NT-proBNP — N-terminal pro-B-type
natriuretic peptide; ACE-I — angiotensin-converting enzyme inhibitors;
ARB - angiotensin Il receptor blockers; MRA — mineralocorticoid receptor
antagonists; CRT-D - cardiac resynchronization therapy with cardioverter/
defibrillator.

class 2.49 +0.7). All patients had severely remodeled left
ventricle (LV; indexed to BSA left ventricle end-systolic
(LVES) volume 96.1 +49 mL/m? and left ventricle end-
diastolic (LVED) volume 126.8 +59.8 mL/m?) with signifi-
cantly depressed LV systolic (EF 24.4 +7.4%) and diastolic
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(E/E’20.8 £11.4) function. Approximately 1/3 (24 (34.3%))
of patients had ECM fibrosis diagnosed with EMB. Pa-
tients had significantly increased serum NT-proBNP level
(3373 £5428 pg/mL). All patients were on optimal medical
therapy: B-blockers in 69 (98.6%), angiotensin-converting
enzyme inhibitors/angiotensin II receptor blockers (ACE-1/
ARB) in 68 (97.1%), mineralocorticoid receptor antagonists
(MRA) in 66 (94%), and implantable cardiac device with
or without cardiac resynchronization therapy (ICD +CRT)
in 20 (28.6%).

Comparison of baseline, 3- and 12-month
galectin-3 between DCM patients
and control group

The control group consisted of 20 healthy subjects that
were previously characterized.!> Comparison of the base-
line, 3- and 12-month serum galectin-3 values of DCM
patients with baseline values of 20 control subjects is pre-
sented in Table 2. All measurements were significantly
higher in DCM patients compared to controls.

Relationships between galectin-3,
invasively determined ECM fibrosis
and serum markers of fibrosis

Baseline galectin-3 did not correlate with either qualita-
tive ECM fibrosis assessment (r = —0.13, p = 0.29) or quan-
titative measurement, expressed as CVF (r = -0.12,
p = 0.58). Baseline galectin-3 correlated with the follow-
ing baseline markers of fibrosis: OPN (0.27; p < 0.02),
TIMP-1 (0.23; p < 0.03), PIIICP (0.27; p < 0.03), and
MMP-2 (0.27; p < 0.03). Galectin-3 at 3-month follow-
up correlated with the following 3-month markers: OPN
(0.37; p < 0.004), PINP (0.27; p < 0.03) and PIIINP (0.34;
p < 0.006). Galectin-3 at 12-month follow-up correlated
only with 12-month OPN (0.35; p < 0.005) and PIIICP
(0.29; p < 0.04).

Kinetics of galectin-3 in new-onset
and chronic DCM

In patients with new-onset DCM, serum levels of galec-
tin-3 at baseline were significantly higher than galectin-3
levels at 3-and 12-month follow-up (14.01 ng/mL (11.17-
17.8 ng/mL) compared to 12.42 ng/mL (10.34—14.59 ng/mL)
compared to 12.32 ng/mL (10.22-15.26 ng/mL), respectively;

Table 2. Comparison of serum galectin-3 between DCM patients and control group at baseline, 3 and 12-month follow-up

Parameter

DCM (n =70)

Control (n =20)

Baseline galectin-3 [ng/mL]
3-month galectin-3 [ng/mL]
12-month galectin-3 [ng/mL]

14.26 (11.03-17.47)
12.5(10.22-15.07)
13.23 (10.43-16.06)

9.84 (8.6-10.9) <0.001
9.84 (8.6-10.9) 0.002
9.84 (8.6-10.9) <0.001

Data are presented as median and interquartile range; DCM - dilated cardiomyopathy.
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Fig. 3. 12-month patterns of serum galectin-3 in DCM with and without
fibrosis

p < 0.001). Of note, there was no difference between values
at 3- and 12-month follow-up. In contrast, galectin-3 lev-
els in patients with chronic DCM were similar at baseline
and at 3 and 12 months (14.54 ng/mL (11.04-16.39 ng/mL)
compared to 12.66 ng/mL (10.12-16.65 ng/mL) compared
to 13.74 ng/mL (10.43-16.59 ng/mL), respectively; p = 0.18
and p = 0.58, respectively). Similarly, there were no differ-
ences between 3- and 12-month follow-up (p = 0.27). The ki-
netics of galectin-3 over the 12-month follow-up are pre-
sented separately for new-onset and chronic DCM groups
in Fig. 2 and Fig. 3. The kinetics of galectin-3 in new-onset
DCM are characterized by a decreasing pattern (Fig. 2);
in chronic DCM, the kinetics of galectin-3 are flat. Com-
parisons of baseline, 3- and 12-month galectin-3 values
between new-onset and chronic DCM revealed that there
were no differences between the 2 groups (Table 3, Fig. 4).
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Fig. 5. Kaplan-Meier 12-month event-free curves for galectin-3 cut-off
value of 14.54 ng/mL

Kinetics of galectin-3 in DCM patients
with and without fibrosis

Galectin-3 serum levels were similar at the index visit,
3- and 12-month follow-up in patients with ECM fibrosis
(12.9 ng/mL (10.33-16.18 ng/mL) compared to 12.18 ng/mL
(10.23-15.49 ng/mL) compared to 12.43 ng/mL (10.89—
14.38 ng/mL); p = 0.64 and p = 0.99, respectively). No
differences were observed between 3- and 12-month
measurements (p = 0.54). However, in patients without
ECM fibrosis, galectin-3 levels significantly decreased
between baseline and 3-month follow-up (14.61 ng/mL
(11.46-17.47 ng/mL) compared to 12.58 ng/mL (10.23—
14.87 ng/mL); p < 0.001). Although galectin-3 levels



250

P. Rubis et al. Galectin-3, fibrosis, dilated cardiomyopathy

Table 3. Correlations between galectin-3 and serum markers of fibrosis, measured at baseline and at 3- and 12-months follow-up

Baseline measurements

Parameter
r-; p-value

12-month measurements

3-month measurements

PICP [ng/mL] —0.08;0.52
PINP [pg/mL] —-0.06; 0.64
PIICP [ng/mL] 0.27;0.03
PIINP [ng/mL] 0.12;0.34
OPN [ng/mL] 0.27;0.02
TGF-B1 [pg/mL] 0.17;0.17
CTGF [ng/mL] —0.09; 045
MMP-2 [ng/mL] 0.27;0.03
MMP-9 [pg/mL] 0.05;0.68
TIMP-1 [pg/mL] 0.27;0.03

r-; p-value r-; p-value
0.01;0.92 0.07;0.63
0.27;0.03 0.17;0.25
0.19;0.13 0.29;0.05

0.35; 0.006 0.13;037

0.37; 0.004 0.35; 0.005

—0.08;0.51 0.05;0.97

—-0.04;0.75 0.09;0.53

r — Spearman rho correlation coefficient; PICP — carboxy-terminal propeptide of procollagen type I; PINP — amino-terminal propeptide of procollagen
type |; PIICP — carboxy-terminal propeptide of procollagen type lll; PIIINP — amino-terminal propeptide of procollagen type Ill; OPN - osteopontin; TGF-f31
— transforming growth factor 31; CTGF — connective tissue growth factor; MMP-2 — matrix metalloproteinase-2; MMP-9 — matrix metalloproteinase-9; TIMP-1

— tissue inhibitor-1.

Table 4. Levels of galectin-3 at baseline and at 3- and 12-month follow-up in patients with new-onset and chronic DCM

Parameter

New-onset DCM (n = 35)

Chronic DCM (n = 35)

Baseline galectin-3 [ng/mL]
3-month galectin-3 [ng/mL]
12-month galectin-3 [ng/mL]

14.01 (11.17-17.8)
1242 (10.34-14.59)
12.32 (10.22-15.26)

14.54 (11.04-16.39) 0.79
12.66 (10.12-16.65) 0.53
13.74 (10.43-16.59) 0.29

Data are presented as median and interquartile range; DCM - dilated cardiomyopathy.

Table 5. Levels of galectin-3 at baseline and at 3- and 12-month follow-up in DCM patients with and without ECM fibrosis

Parameter
Baseline galectin-3 [ng/mL]
3-month galectin-3 [ng/mL]
12-month galectin-3 [ng/mL]

Fibrosis negative DCM (n = 46)
14.61 (11.46-17.47)
12.58 (10.23-14.87)

1344 (10.28-16.17)

Fibrosis positive (n = 24)

12.9(10.33-16.18) 0.29
12.18 (10.23-15.49) 0.94
1243 (10.89-14.38) 0.53

Data are presented as median and interquartile range.

had a tendency to increase between 3- and 12-months,
at 12-months the levels still remained significantly
lower in comparison to baseline values (14.61 ng/mL
(11.46-17.47 ng/mL) compared to 13.44 ng/mL (10.28—
16.17 ng/mL); p < 0.05). The comparison of galectin-3
levels between 3- and 12-months showed similar results
(p =0.15). Those patterns reveal that circulating galectin-3
decreases in DCM patients without fibrosis; in patients
with fibrosis, galectin-3 levels are unchanged.

Galectin-3 and CV outcomes in DCM

During the 12-month follow-up, CV death occurred in 6
(8.6%) patients and urgent HF hospitalization in 19 (27.1%)
patients. Thus, the combined endpoint occurred in 25 pa-
tients. Cox proportional hazard analyses revealed that base-
line galectin-3 was a predictor of CV death in unadjusted
(hazard ratio (HR) = 1.204; 95% confidence interval (95%
CI) = 1.024-1.415; p < 0.05) and adjusted (HR = 1.246; 95%
CI = 1.02-1.523; p < 0.05) models. In addition, galectin-3

was also a significant predictor of the combined end-
point in unadjusted (HR = 1.105; 95% CI = 1.012-1.207;
p < 0.05) and adjusted (HR = 1.115; 95% CI = 1.009-1.231;
p <0.05) models. The ROC analysis was conducted to iden-
tify the optimal galectin-3 level for the prediction of CV
death and the combined endpoint. The optimal galec-
tin-3 cut-off value for the prediction of CV death was
18.592 ng/mL, with a sensitivity of 66.7% and specific-
ity of 84.4% (area under curve (AUC) = 0.74). Event rates
were calculated using a Kaplan—Meier analysis according
to the galectin-3 cut-off value determined with the ROC
curve (Fig. 4). Patients with galectin-3 >18.592 ng/mL had
a significantly increased risk of CV death (HR = 5.053;
95% CI = 1.02-25.049; p < 0.05) compared to those with
galectin-3 <18.592 ng/mL. The event curves are initially
superimposed but begin to diverge after approx. 250 days.
In terms of galectin-3 and the combined endpoint, the op-
timal cut-off value for galectin-3 was 14.54 ng/mL, with
a sensitivity of 70.3% and specificity of 63% (AUC = 0.67).
In addition, event rates were calculated according
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to the galectin-3 cut-off of 14.54 ng/mL (Fig. 5). Patients
with galectin-3 >14.54 ng/mL had a significantly in-
creased risk of the combined endpoint (HR = 2.569; 95%
CI = 1.098-6.009; p < 0.05) compare to those with ga-
lectin-3 <14.54 ng/mL. The event curves diverge quickly
at approx. 50 days and continue to diverge with time.

Discussion

Relationships between galectin-3 and ECM
fibrosis and serum markers of fibrosis

Based on numerous in vitro experiments, galectin-3 has
been established as an important pro-fibrotic protein.*>1°
However, the question remains whether serum galectin-3
level is associated with cardiac fibrosis and consequently
can be used as a reliable biomarker. To date, investigators
have reported contradictory findings. Following long-term
LV assist device (LVAD) therapy, Lok et al. observed an in-
crease in myocardial fibrosis that paralleled an increase
in the concentration of galectin-3. Although the authors
did not perform robust statistical calculations on the as-
sociations between fibrosis and galectin-3, these find-
ings highlight their potential link.!° In contrast, Besler
et al. observed relatively strong correlations (r = 0.63)
between myocardial galectin-3 and biopsy-proven ECM
fibrosis in inflammatory DCM. Importantly, the authors
did not observe any relationship between serum galec-
tin-3 and fibrosis.l” Our study extends this negative find-
ing on the lack of association between ECM fibrosis and
serum galectin-3 to non-inflammatory DCM (as no acute
or chronic myocardial inflammation was observed in myo-
cardial samples).

The ECM fibrosis can also be assessed non-invasively
by means of magnetic resonance imaging. Vergaro et al.
observed that serum galectin-3 was an independent predic-
tor of LV fibrosis as assessed by LGE in DCM patients.!!
In a similar fashion, Lepojérvi et al. found that patients
with stable coronary artery disease who had the highest
values of plasma galectin-3 had the lowest post-LGE T1
relaxation time, which was used as a non-invasive marker
of cardiac fibrosis.!® There are both advantages and disad-
vantages to determining fibrosis via biopsy or resonance.
Nevertheless, our study clearly demonstrated the absence
of a relationship between biopsy-proven fibrosis and cir-
culating galectin-3.

Another approach used to estimate cardiac fibrosis
is the measurement of circulating markers of fibrosis.
However, this strategy should be interpreted with caution,
as numerous studies have demonstrated the absence of as-
sociations between various markers of fibrosis and inva-
sively determined fibrosis.!>19-2! We report weak to moder-
ate correlations between baseline galectin-3 and markers
of collagen synthesis such as PIIICP, OPN, MMP-2, and
TIMP-1. Uniquely, we investigated associations between

251

galectin-3 and markers of collagen synthesis, OPN, TGEF,
and CTGF at 3 and 12 months. In terms of markers of col-
lagen synthesis, the observed pattern is not consistent
as we observed changing correlations between markers
of collagen type [ and III synthesis. On the other hand, for
fibrosis controlling factors, the pattern is clear, as galec-
tin-3 repeatedly correlated with OPN.

Kinetics of galectin-3
in dilated cardiomyopathy

Despite extensive exploration of galectin-3 in various
cardiac conditions, the kinetics of galectin-3 have not been
well-defined in patients with and without ECM fibrosis.
As suggested in a recent American Heart Association
(AHA) document, galectin-3 is a promising marker, but
knowledge gaps — such as kinetic patterns — need to be
addressed.?

Before any attempt is made to analyze the kinetics
of any circulating marker, it is of paramount importance
to understand its reference intervals, variability and
biologic determinants. Krintus et al. have recently es-
tablished galectin-3 reference intervals based on a study
of 180 healthy individuals. They reported the lack of im-
pact of known biological determinants, including age,
on galectin-3 blood measurements.? In terms of HF and
galectin-3, it was reported that galectin-3 short-term
biologic variability, defined as 5 measurements within
athree-week period, was 7.1%, and long-term (3 measure-
ments within a three-month period) was 7.7%.2* Similar
observations were made by Meijers et al.; there were low
levels of biologic variability of galectin-3 in HF, in com-
parison to much higher variability of NT-proBNP, over
a six-week period.?® In addition, we have previously re-
ported the 12-month kinetics of serum markers of col-
lagen synthesis, TGF and CTGEF, which differ between
patients with and without ECM fibrosis.?® In the present
study, the kinetics of galectin-3 were analyzed over a lon-
ger 3- and 12-month follow-up, and the observed values
significantly exceeded previously reported biological vari-
ability. In terms of galectin-3 in patients with ECM fibro-
sis, repeated measurements are within expected biologic
variability. We identified 2 distinct patterns of galectin-3
over a 12-month period. The 1% pattern was characterized
by a gradual decrease and was observed in patients with
a recent diagnosis of DCM and without ECM fibrosis.
The 2™ pattern was characterized by stable measure-
ments and was observed in patients with chronic DCM
and with ECM fibrosis.

Galectin-3 and outcomes
in dilated cardiomyopathy

Despite numerous studies, the relationship between
circulating galectin-3 and CV outcomes has not been de-
finitively defined. Recently, professional cardiac societies
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have suggested that galectin-3 is a potential new biomarker
in the field of HF. However, the scientific evidence support-
ing the prognostic role of galectin-3 is weak and requires
further evaluation. We identified studies with contra-
dictory conclusions on the prognostic role of galectin-3
in HE.27-3¢ Imran et al. have recently published a meta-
analysis of 13 studies that evaluated the prognostic role
of galectin-3 in the context of NT-proBNP and parameters
of renal function.?” The authors concluded that galectin-3
was independently associated with CV mortality, both
in HF and in the general population. In our study, we do
not attempt to conclusively define the relationship of ga-
lectin-3 role in HF given study limitations such as a small
sample size and a short observational period. However,
we studied a homogenous mid-sized DCM cohort and
used well-defined, clinical endpoints of CV mortality and
the combined endpoint of CV mortality and urgent HF
hospitalization. We observed that galectin-3 was clearly
associated with predefined endpoints. Based on ROC
analyses, we were able to identify patients with a worse
prognosis. Larger, well-designed studies are required to ul-
timately verify the prognostic role of galectin-3 before
it can be included in diagnostic pathways.

Limitations

We would like to acknowledge several limitations
of the study. The proper assessment of fibrosis may be
influenced by sampling error, patchy distribution of fi-
brosis, and harvesting from right ventricle (RV) compared
to LV. The MMP-2, MMP-9 and TIMP-1 were measured
only at baseline. Our study population of 70 patients may
seem small, and the observation period of 1 year may be
relatively short. On the other hand, all of our patients un-
derwent biopsy, making the cohort at least a moderate-
size population in the field of DCM and biopsy studies.
During the 12-month follow-up, we observed the occur-
rence of the primary endpoint in 25 patients (6 deaths and
19 urgent hospital admissions), which constitutes a large
number of events for analysis.

Conclusions

Circulating galectin-3 is unrelated to invasively-deter-
mined ECM fibrosis in DCM. Serial measurements of ga-
lectin-3 correlated with markers of fibrosis, including
markers of collagen synthesis and OPN. However, there
were no correlations between galectin-3 and TGF or CTGFE.
Galectin-3 kinetics vary at 12 months in patients stratified
according to disease duration and fibrosis status. Circu-
lating galectin-3 was independently associated with CV
outcomes in DCM.
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Abstract

Background. Puerarin demonstrates a protective effect in many cardiovascular diseases. However, the role
of puerarin in acute myocardial infarction (AMI)-induced injury and the exact molecular mechanisms are
not fully understood.

Objectives. To investigate whether puerarin pretreatment improves cardiac function and to study the
mechanism of action of puerarin.

Materials and methods. Thirty rats were grouped into sham group, AMI group and AMI+-puerarin (PUE)
group at random (n = 10 per group). Except for the sham group, a model of AMI was established via left
anterior descending artery ligation. The PUE group received puerarin 120 mg/(kg x day) for 7 days before
the operation. Echocardiography was used for evaluation of cardiac function in rats and TUNEL staining
for measuring myocardial apoptosis. The expression levels of p-PI3K, t-Akt, p-Akt, Bax, Bcl-2, and cleaved
caspase-3 proteins were measured with western blot.

Results. Compared to the sham group, the AMI group demonstrated poor cardiac function and decreased
p-PI3K, p-Akt and Bcl-2 proteins levels, while Bax, cleaved caspase-3, and myocardial apoptosis levels
increased. Compared with the AMI group, the PUE group showed significant improvement in cardiac func-
tion and increased protein expression of p-PI3K, p-Akt and Bcl-2, while Bax and cleaved caspase-3 levels
decreased and myocardial apoptosis was attenuated.

Conclusions. Puerarin pretreatment in AMI can effectively improve cardiac function by inhibiting myocardial
apoptosis. The molecular mechanism of this protective effect may be mediated by activating the PI3K/Akt
pathway in cardiomyocytes.

Key words: puerarin, cardiac function, PI3K/Akt signaling pathway, acute myocardial infarction, myocardial
apoptosis



256

Background

As a myocardial perfusion obstructing disease, acute
myocardial infarction (AMI) remains the leading cause
of morbidity and mortality worldwide.! Myocardial apop-
tosis is a form of cellular death in cardiomyocytes, which
leads to the loss of cardiomyocytes and participates in myo-
cardial injury during myocardial infarction (MI).2 At pres-
ent, many articles have shown that myocardial apoptosis
is the chief cell injury in AMI and plays an important role
in reducing cardiac function, while the inhibition of myo-
cardial apoptosis is beneficial in preventing and treating
myocardial injury caused by ischemia and hypoxia.3~® Nev-
ertheless, the molecular mechanisms of cardiomyocyte
apoptosis in AMI are complex and diverse. A previous
study found that AMI-mediated myocardial apoptosis via
inhibition of PI3K/Akt signaling is one of the main causes
of progressive cardiac dysfunction.® Therefore, it is rea-
sonable to propose that intervention measures to reduce
myocardial apoptosis by activating this signaling pathway
can protect the heart from AMI-related dysfunction and
improve heart function.

Puerarin is the major isoflavone extracted from Radix
puerariae, which can dilate blood vessels, improve micro-
circulation, increase blood flow, reduce blood pressure,
and prevent coronary artery disease.” Studies have found
that puerarin has a positive preventive and therapeutic
effect on diabetes, hypertension, arteriosclerosis, and ce-
rebral ischemia.® However, effects of puerarin on cardio-
myocyte apoptosis and cardiac function in AMI rat models
and its exact molecular mechanisms are not clear, and
no relevant research currently exists. Thus, facilitating
the realization of the relationship between puerarin and
myocardial apoptosis will be helpful for the prevention
and therapy of AMI.

Objectives

Therefore, we investigated the effects of puerarin pre-
treatment on cardiomyocyte apoptosis and the PI3K/Akt
pathway in an AMI rat model to elucidate the underlying
protective mechanism of puerarin.

Materials and methods
Animal preparation

Animal experiments were conducted based on the guide-
lines for the Care and Use of Experimental Animals and
were approved by the Animal Use Ethics Committee of
Guangxi Medical University, Nanning, China. Our study
was conducted in accordance with the National Insti-
tutes of Health Guide for the Care and Use of Laboratory
Animals. Thirty Sprague Dawley (SD) rats (male, weight

F. Chen et al. Puerarin improves cardiac function after AMI

250-300 g) were purchased from the experimental ani-
mal center of Guangxi Medical University. The rats were
kept in a room with temperature of 23 +2°C and humidity
of 50—60%, and sufficient food and water were guaranteed
for a 12 h/12 h light-dark cycle.

Grouping and modeling

Thirty SD rats were randomly divided into 3 groups:
sham operation group, AMI group and AMI+puerarin
(PUE) group, with 10 rats in each group. With reference
to the method described by Zhang et al., in the PUE group,
120 mg/(kg x day) puerarin was injected intraperitoneally
for 7 days before the AMI model was established.” This
dose has been shown to improve cardiac function in rats
with AMI. The AMI model was established by ligating
the left anterior descending (LAD) coronary artery fol-
lowing the method described by Curaj et al.’® In brief, 1%
pentobarbital sodium (40 mg/kg) was intraperitoneally in-
jected into rats for anesthesia. Endotracheal intubation was
then performed and breathing was assisted by a ventilator,
followed by left thoracotomy at the 3" and 4" ribs to ex-
pose the heart. Next, a 5-0 polypropylene monofilament
suture was placed around the LAD, which was 1-2 mm
away from the left auricular tip. After ligation, pale stain-
ing of the left ventricular anterior wall and apex, transient
weakening of heartbeat, and ST-segment elevation of re-
lated ECG leads were seen, which verified a successful per-
formance of LAD occlusion. The chest layers were closed,
and the rats were put on a thermostatic blanket until they
woke up from anesthesia. For control, the rats in the sham
group underwent a similar thoracotomy without coronary
artery ligation.

Echocardiography

Three days after the operation, we evaluated cardiac
function in the 3 groups of rats. The transthoracic echo-
cardiographic study was conducted by an ultrasound
physician blind to this research. The left ventricular ejec-
tion fraction (LVEF), left ventricular fractional shortening
(LVES), left ventricular end-systolic diameter (LVESD), and
left ventricular end-diastolic dimension (LVEDD) were
measured using a Hewlett-Packard Sonos 7500 ultrasonic
instrument with a 12.0 MHz probe (Philips Technologies,
Andover, USA). The measurements were averaged over
3 cardiac cycles.

Sample collection and processing

After echocardiography, 2 mL 10% KCl was injected via
the tail vein into rats to arrest the heart in diastole and
to enable immediate harvesting. Rat death was determined
by respiration and cardiac arrest, loss of nerve reflexes,
pupil dilation, and muscle relaxation. Then, the ventricles
were infused with cold saline until the rinsing solution was
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not stained. The atria and large vessels were separated, fol-
lowed by separation of the left and right ventricles (includ-
ing the ventricular septum). Next, parallel to the atrioven-
tricular sulcus, the left ventricle was laterally divided from
the midpoint of the long axis into apical and basal parts.
The apical part was immediately frozen in liquid nitrogen
and then transferred to ~80°C storage for subsequent west-
ern blot detection. Furthermore, the basal part was fixed
in 4% paraformaldehyde for 24 h and cut into 4-pm slices
after paraffin embedding for terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) staining.

Determination of cardiomyocyte apoptosis

Cardiomyocyte apoptosis was detected using the TU-
NEL apoptosis detection kit (Roche, Indianapolis, USA)
manufacturer instructions. As observed by light micros-
copy, the normal nucleus was light blue, while the apop-
totic nucleus was yellowish brown (TUNEL-positive).
In each slice specimen, 20 non-overlapping regions (mag-
nified x400) were randomly selected to calculate the total
number of cardiomyocytes and the number of apoptotic
cardiomyocytes in the infarcted and marginal regions.
The apoptotic index (AI) was calculated as:

number of apoptotic cardiomyocytes /
total number of cardiomyocytes x 100%.

Western blot detection

Total myocardial proteins were extracted from the apex
portion with protein lysis buffer, and the bicinchoninic acid
(BCA) assay was used to determine the protein concentra-
tion. Next, equivalent protein samples were separated using
SDS-PAGE assay and then electrically transferred to poly-
vinylidene fluoride (PVDF) membrane (Merck Millipore,
Burlington, USA). The membrane was blocked with 5%
bovine serum albumin (BSA) or skim milk for 1 h at room
temperature and then incubated overnight at 4°C with pri-
mary antibodies against p-PI3K, p-Akt, t-Akt, Bax, cleaved
caspase-3, Bcl-2, or GAPDH. The cleaved caspase-3, p-Akt
and t-Akt antibodies were acquired from Cell Signaling
Technology (Beverly, USA), while p-PI3K, Bax, Bcl-2, and
GAPDH were obtained from Abcam (Cambridge, USA).
Then, the membrane was washed 5 times with tris-buff-
ered saline with Tween 20 (TBST) and incubated at room

Table 1. Changes in cardiac function (mean +SD)
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temperature for 1 h with secondary antibody conjugated
with horseradish peroxidase (HRP; Abcam). Finally,
the signals on the membrane were detected using the che-
miluminescence detection equipment (Pierce, Holmdel,
USA). The protein bands were evaluated and quantified
using the Image] software (National Institutes of Health,
Bethesda, USA).

Statistical analysis

In the present study;, statistical analysis was conducted
using SPSS software v. 17 (IBM Corp., Armonk, USA).
The data was expressed as mean * standard deviation (SD),
and the number of repetitions for each group of data was
at minimum n = 3. The Student’s t-test was used for com-
parisons of 2 groups, and one-way analysis of variance
(ANOVA) was used for comparing 3 groups. A p-value
of <0.05 was considered statistically significant. GraphPad
Prism software v. 8.0 (GraphPad Software, San Diego, USA)
was used for statistical mapping.

Results

Puerarin ameliorated cardiac function
following AMI

Table 1 and Fig. 1 present the results of the echocar-
diography. Briefly, systolic function decreased in the AMI
group compared to the sham group, which manifested
as decreased LVFS and LVEF and increased LVESD and
LVEDD (p < 0.05). However, compared with the AMI
group, in the PUE group, the cardiac function index sig-
nificantly improved after AMI; this was reflected in the in-
crease of LVFS and LVEF and the decrease of LVESD and
LVEDD. These results suggest that puerarin pretreatment
could improve cardiac function in AMI rats.

Effects of puerarin on cardiomyocytes
apoptosis after AMI

Cardiomyocyte apoptosis was detected usingTUNEL
staining (Fig. 2). A small amount of myocardial apoptosis
was observed in the sham group. However, apoptosis was
notably higher in the AMI group than in the sham group
(p < 0.05), and most of the apoptotic cells were concentrated

LVEF (%) LVES (%) LVEDD [mm] LVESD [mm]
Sham 10 85.20 +3.85 4890 £4.07 4.87 £0.14 247 £0.25
AMI 10 63.90 +5.67° 30.00 +4.22° 528 +0.18° 3.67 +0.15°
AMI+-Pue 10 78.10 £2.69% 41.20 £2.66%° 5.06 +0.19% 2.98 +0.20%

?p < 0.05, compared with the sham group; °p < 0.05, compared with the AMI group. AMI - acute myocardial infarction; LVEF - left ventricle ejection fraction;
LVFS - left ventricle fractional shortening; LVEDD - left ventricular end-diastolic diameter; LVESD - left ventricular end-systolic diameter; Pue — puerarin.
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Fig. 1. Echocardiographic analysis of rats in 3 groups

A. Sham group; B. AMI group; C. AMI+Pue group; AMI — acute myocardial infarction; Pue — puerarin.
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§ b Fig. 2. TUNEL staining of myocardial apoptosis (magnification x400; bar = 50 um)

© 20— A. Sham group; B. AMI group; C. AMI+-Pue group. Apoptotic nuclei are shown
yellow-brown, whereas normal cardiomyocytes are light blue. Arrows indicate nuclei
of apoptotic cardiomyocytes; *p < 0.05 compared to the sham group; °p < 0.05

0= compared to the AMI group; AMI — acute myocardial infarction; Pue — puerarin.
sham AMI AMI+Pue

in and around the infarcted area. Meaningfully, compared
with the AMI group, the number of apoptotic cardio-
myocytes were reduced significantly in the PUE group
(p < 0.05). The rates of myocardial apoptosis in the sham,
AMI, and PUE groups were 10.33 £1.35%, 72.70 +6.10%
and 19.77 +6.21%, respectively. Overall, these data indicate
that puerarin pretreatment could reduce the apoptosis rate.

Effects of puerarin on cleaved caspase-3,
Bcl-2 and Bax protein expression

Cleaved caspase-3, Bcl-2 and Bax protein expression
was detected to confirm myocardial apoptosis after AMI.
Compared to the sham group, the cleaved caspase-3 and
Bax protein expression increased in the AMI group, while
Bcl-2 protein levels decreased distinctly and caused a sig-
nificant decrease in the Bcl-2/Bax ratio (p < 0.05) (Fig. 3).

After pretreatment with puerarin, Bcl-2 protein expres-
sion increased, while cleaved caspase-3 and Bax decreased,
resulting in a significant increase in the Bcl-2/Bax ratio.
This indicates that puerarin has an anti-apoptotic effect
on myocardial injury caused by AMI.

Effect of puerarin on protein expression
in the PI3K/Akt signaling pathway

Notably, there was no difference in total Akt expression
among the 3 groups (Fig. 4). Myocardial level of p-Akt and
p-PI3K in the AMI group and PUE group was lower com-
pared to the sham group (p < 0.05). Nevertheless, after
puerarin pretreatment, myocardial level of p-PI3K as well
as p-Akt was increased significantly (p < 0.05), which sug-
gests that puerarin improved rat cardiac function after
AMLI, possibly by activating PI3K/Akt pathway.
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Fig. 3. Effect of puerarin on protein expression of Bax, Bcl-2 and cleaved caspase-3. Values are presented as mean +SD. Data from at least 3 independent
experiments

?p < 0.05 compared with the sham group; °p < 0.05 compared with the AMI group; SD - standard deviation; AMI — acute myocardial infarction.

T q5- @ 157
sham AMI AMI+Pue Y 3
= 2
T £
- - [J]
P-PI3K  we— 54 kD gm— £ 10-
> o
o) £
CAKE W W W GO0 kD 5 5 < 05-
v g
2 2
p-Akt W e e WS OKD O | *go.o—
sham AMI+Pue sham AMI  AMI+Pue
GAPDH WS w—— w— 7D o ] LT
< < b
(7] =
5 107 $ 104
o <<
g 2 :
2
5 0.5 S 0.5+
v S
= ©
E ©
@ 0.0- 0.0-
sham AMI+Pue sham AMI  AMI+Pue
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Discussion

The data provided in this work demonstrate the follow-
ing 3 points. First, myocardial apoptosis plays a consider-
able role in myocardial injury after AMI, which may be
caused by inhibition of the PI3K/Akt signaling pathway.
Second, puerarin pretreatment can significantly reduce
myocardial apoptosis and improve myocardial dysfunction
induced by AMI. Third, the potential protective mecha-
nism of puerarin may be activation of the PI3K/Akt signal-
ing pathway, thus reducing myocardial apoptosis.

In this study, rats developed left ventricular systolic dys-
function and cardiomyocyte apoptosis increased in them

after AMI modeling. These results, like previous studies, in-
dicate that cardiomyocyte apoptosis plays an important role
in the irreversible injury of cardiomyocytes caused by AMI.
However, after puerarin pretreatment, cardiac function was
improved and cardiomyocyte apoptosis was reduced in AMI
rats. These results, confirmed in regard to several differ-
ent aspects, validate the conclusion that puerarin improves
cardiac function by inhibiting cardiomyocyte apoptosis in-
duced by AMI. In addition, when exploring the molecular
mechanism of action of puerarin, it was found to act at least
partially through the activation of the PI3K/Akt signaling
pathway. At present, although reperfusion therapy reduces
the mortality of AMI, it also increases the risk of heart
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failure caused by the loss of cardiomyocytes in secondary
injury. Therefore, in combination with reperfusion therapy,
exploring and developing multiple adjuvant drugs to re-
duce cardiomyocyte loss will provide important support for
the prevention and treatment of MI. To some extent, our
research provides new evidence that puerarin exerts an in-
hibitory effect on myocardial apoptosis induced by AMI
through PI3K/Akt pathway. However, in order to translate
this into clinical application, there are still many problems
that need to be further studied and resolved.

Although percutaneous coronary intervention can sig-
nificantly improve patient survival, it is undeniable that
AMI survivors still face a high risk of death within a few
years of an AMI incident.!! Data showed that the three-
year all-cause mortality of AMI survivors tends to be
greater than 50%.12 As an important form of cell death
after injury, apoptosis plays a very important and key role
in AMI-induced myocardial injury, which occurs early
in AML>1 Importantly, several studies demonstrated
that anti-apoptotic therapies could decrease myocardial
apoptosis and significantly ameliorate cardiac dysfunc-
tion caused by AML1415 Therefore, a therapeutic strategy
to limit cardiomyocyte loss by inhibiting apoptosis may be
a feasible method to prevent and treat AMI.

Puerarin is the main monomer component in Radix
puerariae, used in traditional Chinese medicine (Kudzu
root), which has anti-oxidative, anti-inflammatory and
anti-apoptotic effects.'®!” As mentioned previously, puera-
rin can dilate blood vessels, improve coronary circulation,
increase blood flow, and reduce blood pressure and heart
rate.”® Because of its rich sources and high relative safety,
as well as multiple mechanisms of action, puerarin pos-
sesses broad application potential in cardiovascular dis-
ease.!® In addition to these benefits, previous studies have
demonstrated that puerarin alleviates cadmium-induced
hepatocyte injury by inhibiting apoptosis and restoring
autophagy.’ Similarly, in lead-induced rat kidney injury
models, puerarin reduces renal apoptosis by regulating
the PI3K/Akt/eNOS pathway.'” Moreover, puerarin pro-
tects the brain from ischemic injury by inhibiting apoptosis
of astrocytes, which may be connected with activation
of the PI3K/Akt and MAPK/ERK pathways.?° Deng et al.
demonstrated that puerarin can inhibit the expression
of tissue factor induced through oxidative low-density lipo-
protein by inhibiting the activation of NF-kB and ERK1/2
and activating the PI3K/Akt/eNOS pathway.?! In the pres-
ent work, the results indicate that puerarin distinctly re-
duced myocardial apoptosis in an AMI rat model, thereby
alleviating myocardial injury induced by AMI.

As myocardium is a terminally differentiated tissue, dam-
aged cardiomyocytes cannot be regenerated and repaired.
Therefore, protecting the activity of cardiomyocytes
against ischemic diseases is essential. Myocardial apopto-
sis is widespread during AMI, leading to the loss of a large
number of cardiomyocytes and severe cardiac dysfunction.
In this situation, the activation of anti-apoptotic pathways,
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as well as the expression of specific anti-apoptotic proteins,
are particularly important for the protection of cardiac
function.® Interestingly, PI3K/Akt is not only an important
signaling pathway that mediates apoptosis, growth and
survival, but also a common pathway for a variety of car-
diovascular drugs to achieve myocardial protection.®-2-24

In cells, a vital function of activated PI3K is to inhibit
programmed cell death, and Akt — as a direct downstream
target mediating PI3K-dependent cell-survival response
— is also closely related to anti-apoptosis.?” The PI3K/Akt
pathway can regulate the levels of apoptosis-related pro-
teins, such as caspase-3, Bax and Bcl-2. Bcl-2 is a signifi-
cant and indispensable anti-apoptotic protein, while Bax
is an important pro-apoptotic protein, so the Bcl-2/Bax ra-
tio is a crucial factor in determining the apoptosis thresh-
old.2® Moreover, the aspartic acid-specific protease family,
caspases, are also considered to be a key factor in inducing
apoptosis.?”” Caspase-3 is a well-known family member that
catalyzes apoptosis, and its activation is the most critical
and important executor of apoptosis.?®#?° One of the mech-
anisms through which the PI3K/Akt signaling pathway
reduces apoptosis is via phosphorylated PI3K activating
Akt, which then phosphorylates Bad, thus freeing Bcl-2
to inhibit Bax.3? In this study, the decrease in Bcl-2 and
p-Akt after AMI injury means decreased anti-apoptotic
activity in the heart. However, puerarin pretreatment
upregulated the expression of p-Akt and p-PI3K, as well
as Bcl-2. The increased expression of phosphorylated pro-
teins in the PI3K/Akt pathway means that this pathway
was activated. Therefore, the protective effect of puerarin
on myocardial injury may be closely related to the PI3K/
Akt signaling pathway.

Limitations

The limitations of this study need to be discussed. First,
puerarin was administered through intraperitoneal injec-
tion, while the most common and appropriate route of drug
application clinically is oral. We will explore the effect of oral
administration and the best therapeutic dose of puerarin
in the future. Second, in this study, there is a lack of strong
evidence proving a direct causal relationship between
the expression of PI3K and Akt and cleaved caspase-3, Bax
and Bcl-2. Third, PI3K inhibitors were not used in this study
to confirm that puerarin indeed exerts cardioprotective ef-
fects by activating the PI3K/Akt signaling pathway. In future
research, we will strive to improve these shortcomings.

Conclusions

The PI3K/Akt pathway is inhibited after AMI and exerts
a key effect on myocardial apoptosis induced by AMI. Pre-
treatment with puerarin can distinctly activate the PI3K/
Akt signaling pathway, inhibit cardiomyocyte apoptosis
induced by AMI and ameliorate cardiac function.
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Abstract

Background. microRNAs are involved in a variety of physiological and pathophysiological processes, but
their role in the pathogenesis of hypertrophic scars (HS) is not fully understood. Transforming growth factor
B1 (TGF-B1) plays an important role in the genesis and development of HS.

Objectives. In this study, we hypothesized that a post-translational miRNA mechanism regulates the expres-
sion of TGF-B1in HS fibroblasts (HSFBs) and participates in the development of HS.

Materials and methods. Predictions from EBCORI, Piclar and miRBase databases showed that miR-124-3p
can target and requlate the expression of TGF-B1. We collected HS tissue and corresponding normal tissue
from 25 patients with HS who had been operated on for the first time.

Results. The expression level of miR-124-3p in HS tissue was significantly lower than in normal tissue, while
the expression level of TGF-B1 mRNA was significantly higher than in normal tissue (p < 0.05), showing
a negative correlation between them. Results from a luciferase reporter assay showed that miR-124-3p
targets the 3-UTR of TGF-BT and inhibits its expression. After miR-124-3p mimics were transfected into
HSFBs, the expression of TGF-B1, a-smooth muscle actin (a-SMA), collagen |, survivin, and Bcl-2 were
reduced and the expression of Bax was increased, with significant decreases in DNA synthesis, proliferation
and survival. However, after a miR-124-3p inhibitor was transfected into HSFBs, these effects were reversed
as the expression of TGF-f1, a-SMA, collagen |, survivin, and Bcl-2 increased, expression of Bax decreased,
and DNA synthesis, proliferation and survival cells increased significantly.

Conclusions. miR-124-3p can inhibit the proliferation of HSFBs by targeting TGF-f1, and miR-124-3p may
thus be a potential therapeutic target in HS.

Key words: TGF-B1, proliferation, fibroblasts, hypertrophic scarring, miR-124-3p
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Background

Hypertrophic scar (HS) is a type of pathological scar,
which is the result of local over-healing after dermal injury
of human skin. The main pathological characteristics are
excessive proliferation and differentiation of fibroblasts
and enhanced deposition of collagen-based extracellu-
lar matrix (ECM) components.! Histologically, HS con-
tains myofibroblasts, which participate in the contraction
of scars.? These cells cause contraction of the surrounding
ECM, resulting in an increase in the density of scar tis-
sue, which not only affects the appearance and function
of patients’ skin, but may also cause psychological trauma.
Hypertrophic scar is one of the most difficult problems
to solve in burn, plastic surgery and in the general field
of wound repair. Because of the lack of effective treatment
methods, HS treatment is very difficult and often requires
repair surgery, which leads to the formation of HS again.?
At present, the mechanism of HS formation is not fully un-
derstood. Elucidating the molecular mechanism of HS will
help contribute to the discovery of new therapeutic targets.

Hypertrophic scar is characterized by excessive prolif-
eration of fibroblasts and aberrant ECM formation. It con-
sists of collagen, fibronectin (FN) and aminoglycan. In nor-
mal fibroblasts, the synthesis and decomposition of ECM
are in a dynamic equilibrium, which maintains the relative
stability of ECM. In HS, this balance is impaired due to in-
creased ECM synthesis, and deficiencies in its degradation
and turnover. It has been shown that the amount of FN
synthesized by HS fibroblasts in vitro is 4 times that of nor-
mal fibroblasts, and the amount of collagen synthesized
is 3 times that of normal fibroblasts.* The expression level
and activity of collagenase in HS fibroblasts were signifi-
cantly lower than that in normal fibroblasts.

Scar formation can be divided into 3 different stages: in-
flammation, hyperplasia and remodeling.® In the inflamma-
tory stage, a large number of chemokines and inflammatory
factors are produced, which can induce angiogenesis, re-
epithelialization, fibroblast recruitment, proliferation, and
ECM deposition. The balance between the recruitment and
proliferation of fibroblasts and the production and degrada-
tion of ECM is mainly regulated by fibroblast growth factors,
including insulin-like growth factor, platelet-derived growth
factor and transforming growth factor § (TGF-p). Among
these growth factors, TGF-p1 is widely reported to be related
to the formation of HS, and mediates fibroblast proliferation,
collagen production, ECM deposition, and myofibroblast
differentiation during wound healing.6-1° In HS fibroblasts,
TGEF-B1 has been shown to increase the phosphorylation
of Smad2/3 and Smad4 and decrease Smad7 phosphory-
lation, resulting in the over-accumulation of Collagen-1
(Col-1).1! In addition, TGF-B1 can induce collagen produc-
tion and contraction of human skin fibroblasts (HSFBs)
derived from HS.'? This suggests that TGF-B1 may be a key
target for the development of new strategies for HS treat-
ment. The TGF-B 1 can induce macrophage M2 polarization

S. Zhang, S. Pan. miR-124-3p and HS

in the process of damage repair, making M2 macrophages
a “double-edged sword.” On the one hand, they are essential
for tissue repair, but on the other hand, they are also poten-
tial mediators of fibrosis and scar formation.! Studies show
that inhibition of macrophage M2 polarization can inhibit
fibroblast activation and the formation of scars.!*1
MicroRNAs (miRNA) are endogenous non-coding RNAs
with regulatory function found in eukaryotes. They are
involved in the regulation of cellular processes such as cell
proliferation, differentiation and apoptosis. They can also
aggravate or inhibit the onset and development of various
diseases, including inflammation, cancer and fibrosis.!®~18
Through bioinformatic approach, we predicted that miR-
124-3p may target the 3-UTR of TGF-P1 to inhibit its ex-
pression. Recent reports show that miR-124-3p is consid-
ered to be a tumor suppressor in some cancers, including
hepatocellular carcinoma,’ cervical cancer?® and gastric
cancer.?! Therefore, it is speculated that miRNAs may post-
transcriptionally regulate the expression of TGF-B1 in HS.

Objectives

In this study, we evaluated the expression levels of miR-
124-3p in HS and normal skin tissues and found that
miR-124-3p was downregulated in HS and was negatively
correlated with TGF-p1 expression. We found that modu-
lating expression of miR-124-3p in HSFBs could affect cell
proliferation.

Materials and methods
Samples

From January 2018 to January 2020, tissue samples from
HS patients and corresponding normal tissues (NC) were
collected from the plastic surgery department. Fresh tissue
was stored directly in liquid nitrogen. Written informed
consent was obtained from all patients. This study was
approved by the ethics committee of Zhejiang Tongde
Hospital (Hangzhou, China).

Cell culture and transfection

Human skin fibroblasts were prepared according to
a previously reported method.?? The human skin fibroblast
cell line HSF2 was purchased from National Biomedical
Experimental Cell Resource Bank (Beijing, China). They
were cultured with high sugar Dulbecco’s modified Eagle’s
medium DMEM (Gibco, Carlsbad, USA) containing 10%
fetal bovine serum (FBS; Gibco), 100 U/mL penicillin G,
and 100 U/mL streptomycin sulfate at 37°C and 5% CO,.

The TGF-B1 expression vector pEX-3-TGF-p1, pGPU6-
TGEF-B1, miR-124-3p mimic, and miR-124-3p inhibitor
were purchased from Gene Pharma (Shanghai, China).
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They were transfected into HSFBs and HSF2 cells. All
transfections were performed with Lipofectamine 3000
Reagent (Life Technologies, Carlsbad, USA) according
to the manufacturer’s protocol. pEX3 and pGPU6 empty
vectors were used as negative controls.

EdU incorporation assay

EdU (5-ethynyl-2’-deoxyuridine) is a thymidine ana-
logue, which can get incorporated into synthetic DNA
molecules instead of thymine (T) during DNA replication.
The ethynyl on EAU can covalently react with fluorescently
labeled small molecule azide probes (such as Azide Alexa
Fluor 488, Azide Alexa Fluor 555, Azide Alexa Fluor 594,
and Azide Alexa Fluor 647) through the catalysis of a uni-
valent copper ion, forming a stable triazole ring so that
the newly synthesized DNA can be labeled by the corre-
sponding fluorescent probe, allowing for the detection
of proliferating cells using appropriate fluorescence detec-
tion equipment.

In order to detect DNA synthesis in different groups
of cells, 2 x 10* cells were added into each well of a 24-well
plate to which EdU was added at a final concentration
of 20 pum; the cells were cultured for 24 h. The cells were
washed twice with pre-chilled PBS and fixed for 20 min
with pre-chilled 4% paraformaldehyde. They were treated
with 0.5% Triton X-100 and stained with Cell-LightTM
EdU In Vitro Imaging kit (Shanghai Beyotime Biotechnol-
ogy Co., Ltd., Shanghai, China) according to the manufac-
turer’s protocol. Nuclei of cells were stained with DAPI
(Shanghai Beyotime Biotechnology), and EdU-positive
cells were observed with an inverted immunofluorescence
microscope.

Cell viability assay

Cells were harvested (from tissue), suspended in serum-
free medium and plated into 96-well plates (1 x 10%/well,
5 wells in each group). The cells were cultured in an in-
cubator at 37°C and 5% CO, for 12 h. The MTT (10 pL,
5 mg/mL; Sigma-Aldrich, St. Louis, USA) was added into
each well at 0 h, 24 h, 48 h, and 72 h respectively, and
cultured for 4 h. After incubation, the culture media was
discarded and dimethyl sulfoxide (DMSO; 200 pL/well)
was added to the wells. The plates were placed on a shaker
for 5-10 min at room temperature in the dark. Absorbance
values at 570 nm were measured with a Microplate Reader
(Multiskan MK3; Thermo Fisher Scientific, Waltham,
USA). The experiment was repeated 3 times.

Cell apoptosis detection by flow cytometry

Apoptosis analysis was performed using the Annexin
V-FITC Analysis Kit (Shanghai Beyotime Biotechnology)
according to the manufacturer’s protocol. Cells were col-
lected, digested with trypsin without EDTA and washed
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3 times with ice-cold phosphate-buffered saline (PBS) and
centrifugation. Cells (1 x 10°) were collected and resus-
pended in 300 pL of 1X binding buffer (Thermo Fisher
Scientific). Annexin V-FITC (195 pL) and PI-PE (5 pL) were
added to the cells according to the manufacturer’s protocol.
After 10 min of incubation at 4°C in the dark, pre-chilled
1X binding buffer (200 pL) was added. Apoptosis was de-
tected using flow cytometry. The results were analyzed
using CELLQUEST software (BD Biosciences, Franklin
Lakes, USA). The experiment was repeated 3 times.

Double luciferase reporter gene analysis

In order to examine the potential interaction between
miR-124-3p and the 3-UTR of TGF-p1, we constructed
wild-type (wt-pGL3-TGF-f1) and mutant (mut-pGL3-
TGEF-P1) luciferase reporter genes based on the pre-
dicted binding site. The constructs were co-transfected
with miR-124-3p and Renilla luciferase into HEK293
cells. The cells were lysed using the Dual-Luciferase Re-
porter Assay System (Promega, Madison, USA) according
to the instructions after culture for 48 h. The results were
detected using Panomics Luminometer (Affymetrix, Santa
Clara, USA) after the luminescence was added. The sea
renin fluorescence was used as an internal reference.

RNA extraction and qRT-PCR

Total RNA was extracted using Trizol reagent (Invit-
rogen, Carlsbad, USA) according to the manufacturer’s
protocol. RNA concentration and purity were determined
using a NanoDrop™ 1000 spectrophotometer (Thermo
Fisher Scientific). Total RNA (1 pg) was subjected to reverse
transcription using miScript II RT Kit (Qiagen, Hilden,
Germany). Real-time polymerase chain reaction (RT-
PCR) was performed using Tagman Universal Mix II No
UNG (Thermo Fisher Scientific), PCR primers, miScript
SYBR® Green PCR Kit (Qiagen), and the ABI StepOne Plus
system (Applied Biosystems, Waltham, USA). At the end
of each reaction, a melting curve analysis was performed
to confirm the absence of primer dimers. The glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) gene was used
as an internal control for normalization of RNA quantity
and quality differences in the samples. Quantification
of target gene expression was performed using the2 22Ct
method. Primer sequences are listed in Table 1.

Table 1. Primers used

Primer name | Sequence (5’-3')
TGF-B1F GGCCAGATCCTGTCCAAGC
TGF-B1R GTGGGTTTCCACCATTAGCAC
GAPDH F TGGGTGTGAACCACGAGAA
GAPDHR GGCATGGACTGTGGTCATGA
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Western blotting detection

Cells were harvested and lysed with Cell Lysis Solu-
tion (Sigma-Aldrich). The supernatant was collected af-
ter centrifugation at 4°C (10,000 rpm) for 5 min. Total
proteins were extracted and protein concentration was
determined using the bicinchoninic acid assay (BCA)
assay. Proteins (50 pg per lane) were separated using
12% SDS-PAGE. Proteins were then electrotransferred
to a polyvinylidene fluoride (PVDF) membrane (Amer-
sham Biosciences, Piscataway, USA). The PVDF mem-
brane was rinsed with TBS for 10—15 min and placed
in TBS/T blocking buffer containing 5% (w/v) skimmed
milk powder. Then, it was incubated at 4°C overnight
following the addition of an appropriate dilution of pri-
mary antibodies (1:2000 a-smooth muscle actin (a-SMA);
1:1000 collagen I; 1:2000 survivin; 1:2000 Bcl-2; 1:2000
Bax; 1:5000 GAPDH; all from Abcam, Cambridge, UK).
The membrane was then rinsed with TBS-Tween 20
(TBST) 3 times and incubated with a horseradish per-
oxidase (HRP)-labeled goat anti-mouse IgG secondary
antibody (1:50,000; Abcam) at room temperature for 1 h.
After incubation, the membrane was rinsed 3 times with
TBST. Protein bands were detected using an enhanced
chemiluminescence kit (Perkin-Elmer, Waltham, USA)
and quantified as a ratio to GAPDH. Quantification was
performed using Imagequant LAS4000 (GE Healthcare,
Tokyo, Japan).
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Statistical analysis

Statistical analysis was performed using SPSS v. 17.0 soft-
ware (SPSS Inc., Chicago, USA). The data are expressed
as mean + standard deviation (SD). The 2 groups of vari-
ables, which were comparable with F-test, were compared
with unpaired Student’s t-test. The mean values of multiple
groups were compared using one-way analysis of variance
(ANOVA). The correlation of the 2 genes was examined
with Spearman correlation test. A p-value <0.05 was con-
sidered to be statistically significant.

Results

miR-124-3p expression was downregulated
and negatively correlated with TGF-f31
mRNA expression in HS

The RT-PCR results showed that the expression levels
of miR-124-3p in HS tissues were significantly lower than
that in NC tissue (Fig. 1A), while the expression levels
of TGF-B1 mRNA in HS tissues were significantly higher
than in NC tissue (Fig. 1B), and there was a negative cor-
relation between them (Fig. 1C). The miR-124-3p expres-
sion in HSFBs was significantly lower than in HSF2 cells
(Fig. 1D), while TGF-p1 mRNA expression in HSFBs was
significantly higher than in HSF2 (Fig. 1E).
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miR-124-3p inhibits HSFB cell proliferation

In HSFBs with low expression of miR-124-3p, DNA
synthesis, cell proliferation and cell survival significantly
decreased after being transfected with miR-124-3p
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miR-124-3p can target the 3"-UTR of TGF-[31
and inhibit TGF-f1 expression

Bioinformatics prediction showed that miR-124-3p
can target the 3-UTR of TGF-f1 (Fig. 3A). The double-
luciferase reporter gene assay showed that miR-124-3p
could target the 3-UTR of TGF-1 to inhibit the expression
of luciferase. When the 3-UTR of TGF-f1 was mutated,
the inhibition of miR-124-3p was eliminated (Fig. 3B). RT-
PCR and western blotting results showed that miR-124-3p
can directly downregulate TGF-f1 expression (Fig. 3C,D).

miR-124-3p affected the proliferation
of HSFBs by regulating TGF-31 expression

In HSFBs transfected with miR-124-3p mimics
or shRNA against TGF-B1, cell proliferation was inhibited,
while in HSFBs co-transfected with miR-124-3p mimics
and TGEF-f1, cell proliferation was restored (Fig. 4A,C,E).
In HSF2 transfected with miR-124-3p inhibitor or TGF-f1,
cell proliferation was promoted, while in HSF2 co-trans-
fected with miR-124-3p inhibitor and TGF-B1 shRNA, cell
proliferation was inhibited (Fig. 4B,D,F).

miR-124-3p affects the expression
of downstream effectors related
to HS formation

The expression of a-SMA, collagen I, survivin, and Bcl-2
was inhibited, and Bax expression increased after transfec-
tion of miR-124-3p mimics into HSFBs (Fig. 5A). However,
the expression of a-SMA, collagen I, survivin, and Bcl-2
was promoted, and Bax expression was inhibited with
a miR-124-3p inhibitor (Fig. 5B).

Discussion

miRNA is a type of endogenous, non-coding, small
molecule RNA that has generally 19-22 nucleotides in
length and is involved in the regulation of gene expres-
sion at the post-transcriptional level. It has been shown
that miRNA can regulate the development of HS in many
ways, including through the TGF-f/Smad signaling path-
way,? ECM synthesis and degradation,?* proliferation
and differentiation of HSFBs, and epithelial-mesen-
chymal transition (EMT).?> miR-140-5p, miR-23b, miR-
let-7b, and miR-153 can all regulate the TGF-B/Smad
signaling pathway including TGF-B type I and type II
receptors (RI and RII, respectively): miR-140-5p can
negatively regulate the expression of TGF-BRII, while
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miR-23b and miR-let-7b can upregulate TGF-BRII ex-
pression. miR-17-5p and miR-20 are also closely related
to HS through their regulation of TGF-BRII expression.?®
miR-21 and miR-503 can also act on Smad7, a negative
regulator of TGF-f/Smad signaling.?® miR-29b can also
act on the 3-UTR of collagen I and inhibit its expression
directly.”” miR-10a and miR-181 can target PAI-1 and UPA
to regulate the expression of collagen I in HS.?8 In HSFBs,
the expression of miR-196a is significantly decreased,
resulting in increased expression of collagen I and IIl and
promotion of scar formation.?? miR-146a inhibits the dif-
ferentiation of HSFBs by acting on Smad4.3° The miR-200
family can affect EMT in HSFBs by regulating the expres-
sion of ZEB1 and ZEB2.5!

The miR-124 family of miRNAs is highly expressed
in differentiated and mature neurons. They were first
found in large numbers in the mouse brain, accounting
for 5-48% of total miRNAs in the organ.?? It was found
that miR-124-3p belonged to the miR-124 family, members
of which not only participate in brain development and
nerve function, but also as tumor suppressors in some
cancers. For example, miR-124-3p can target BCL2L11
to inhibit cell proliferation in angiomyolipoma cells, and
in gastric cancer, miR-124-3p can target Racl and SP1
to inhibit cell proliferation and could be used as an inde-
pendent indicator of survival and treatment strategies.?
In hepatocellular carcinoma, the long non-coding RNA
(IncRNA) IncRNA MALAT1 can act as a molecular sponge
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Fig. 5. miR-124-3p can affect the expression of downstream effectors
associated with HS formation. A. The expression of a-SMA, collagen

I, survivin, Bcl-2, and Bax after transfection of miR-124-3p mimics into
HSFBs; B: The expression of a-SMA, collagen |, survivin, Bcl-2, and Bax after
transfection of miR-124-3p mimics into HSF2

collagen |

to absorb miR-124-3p to inhibit its effects and upregulate
expression of the EMT marker Slug to promote tumor
metastasis.?* Aberrant cell proliferation similar to tumors
is observed in HS. Whether miR-124-3p is involved in reg-
ulating HSFB cell proliferation, has not yet been reported.

In this study, we found that expression levels of miR-
124-3p in HS tissue was significantly lower than that
in corresponding normal skin tissue, and miR-124-3p
in HSFBs was also significantly lower than that in HSF2
cells. miR-124-3p targeted the 3-UTR of TGEF-P1 to inhibit
its expression. The expression of TGF-p1 in HS tissue was
significantly higher than that in corresponding normal
skin tissue, and the expression levels of miR-124-3p was
negatively correlated with TGF-p1 expression.

The TGF-B1 has a variety of biological functions. After
skin injury, high amounts of TGF-p1 are released to in-
crease collagen and ECM deposition.?> The TGF-f1 can
induce collagen production and contraction of fibroblasts
in HS. It can also upregulate the expression of a-SMA
and promote the differentiation of normal fibroblasts
into myofibroblasts.?® In a study by Shah et al., it was
found that neutralization of TGF-B1 could reduce scar
formation in rats, which provided direct evidence of a role
for TGF-B1 in the formation of scars.?” Loiselle et al.
found that regulation of the TGF-p signaling pathway
prevents scar formation during flexor tendon repair.38
Fibroblasts are the main participants in wound repair,
being involved in the formation of granulation tissue,
collagen synthesis and interaction with the ECM to pro-
mote scar hyperplasia. In the process of HS formation,
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the proliferation of fibroblasts promotes the secretion
of collagen, resulting in a large amount of collagen de-
position. At the same time, fibroblasts also release a lot
of growth factors to promote scar hyperplasia. Therefore,
the uncontrolled proliferation of fibroblasts is the basis
of scar formation.

Limitations

The main limitation of this study is the small sample
size. More clinical samples need to be analyzed to clarify
the clinical significance of miR-124-3p in hypertrophic
scarring.

Conclusions

In this study, we found that transfection of miR-124-3p
mimics in HSFBs inhibit the expression of TGF-f1, a-SMA,
collagen I, survivin, and Bcl-2, while promoting Bax ex-
pression. However, inhibition of miR-124-3p in normal
human skin fibroblast cells (HSF2) promotes the expres-
sion of TGF-B1, a-SMA, collagen L, survivin, and Bcl-2, and
inhibits Bax expression. These results suggested that in HS,
miR-124-3p may target TGF-P1 to inhibit the expression
of anti-apoptotic proteins such as survivin and Bcl-2, and
promote the expression of the pro-apoptotic protein Bax.
The transformation of fibroblasts into myofibroblasts
is one of the important mechanisms of scar formation.
There are a large number of myofibroblasts in HS tissue;
a-SMA is a myofibroblast marker.?® Myofibroblasts in-
crease the deposition of ECM. The number and function
of myofibroblasts determine the speed and degree of scar
formation. Inhibition of fibroblast to myofibroblast trans-
formation is an important strategy in preventing scar tissue
development. This study showed that miR-124--3p inhibits
the expression of a-SMA and collagen I, suggesting that
miR-124-3p plays an important role in TGF-B1l-induced dif-
ferentiation of HS fibroblasts. In summary, we found that
miR-124-3p inhibited the proliferation of HSFBs by inhibit-
ing TGF-B1 expression, which suggests that miR-124-3p
may be a potential therapeutic target in HS.
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Abstract

Background. The Sentimag hand-held probe detects the magnetic response from iron oxide particles
trapped in a sentinel node.

Objectives. To investigate if an electromagnetic probe can be helpful in the identification of a hook wire
tip located in an occult breast lesion.

Materials and methods. Forty-two patients undergoing lumpectomy without axillary procedure were
enrolled. In all cases, suspicious non-palpable microcalcifications without mass were found, and a vacuum-
assisted stereotactic biopsy was performed. On the day of surgery, a traditional localization wire (LW) was
placed under imaging quidance. The Sentimag magnetometer was used to precisely detect the wire tip
through the skin. Then, the skin incision was made and Sentimag was used again to guide the surgeon
to the lumpectomy bed. The accuracy of excision was assessed with intra-operative specimen 3D tomo-
synthesis.

Results. Median lesion size was 16 mm (range: 4—38 mm) and median depth was 33 mm (range: 14—
78 mm). In all cases, the wire tip was successfully identified. Neither wire displacement nor transection
occurred. Intraoperative radiography demonstrated doubtful margin requiring selective cavity shaving
in 6 patients (14%). The need for cavity shaving was significantly influenced by the lesion size and histology:
median size 30 mm (range: 24—38 mm) compared to 15 mm (range: 4—28 mm) and histology of ductal
carcinoma in situ (DCIS) compared to atypical ductal hyperplasia (ADH) and lobular neoplasia (LN). Tumors
requiring cavity shaving tended to be deeper — they had a median depth of 43 mm (range: 17-78 mm)
compared to 32 mm (range: 14—76 mm) in patients who did not need cavity shaving, but this parameter
was statistically significant.

Conclusions. Intraoperative identification of the wire tip using Sentimag is a simple technique facilitating
targeted excision without excessive removal of breast tissue. Since it is not associated with additional costs,
it may be worth considering, particularly in developing countries.

Key words: breast cancer, minimally invasive biopsy, biopsy site indicator, magnetic tracer, occult lesion
localization
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Background

The Sentimag system is one of the recent promising
alternatives to traditional sentinel node mapping us-
ing a #™Tc-radiolabelled nanocolloid.! In this technique,
a hand-held magnetometer detects a magnetic response
from superparamagnetic iron oxide (SPIO) nanoparticles
trapped in a sentinel node.? Non-inferiority for Sentimag
and SPIO over traditional isotope and blue dye has been
demonstrated.?=8 As a radiotracer-independent method,
it simplifies logistics, eliminates possible hazards to the pa-
tient and staff, provides a very comfortable timeframe, and
offers benefits where nuclear medicine units are not avail-
able. Because of these advantages, paramagnetic mapping
and SPIO-guided sentinel node biopsy have been introduced
in our institution as a standard technique since 2017. How-
ever, since the magnetometer detects a magnetic response,
it could also potentially allow for precise targeting of a local-
ization wire (LW) placed into a non-palpable breast lesion.

Objectives

The aim of this study was to investigate if the Sentimag
probe can be helpful in the identification of a LW tip and,
therefore, to facilitate a targeted lumpectomy without ex-
cessive breast tissue excision.

Materials and methods
Patients

We retrospectively reviewed patients who underwent
minimally invasive percutaneous biopsy of a non-palpable
breast lesion, followed by LW-guided surgical excision,
in our institution in the years 2018-2019. In 42 cases,
a Sentimag probe was used to help the surgeon to iden-
tify the LW tip. All procedures were performed in accor-
dance with institutional and national recommendations.
The study was conducted according to the Declaration
of Helsinki. In each case, informed consent was obtained
for all diagnostic and surgical procedures, as well as for
the collection and publication of their medical data. Since
the study was a retrospective analysis and did not involve
any experimental interventions, an independent ethics
committee approval was not required. The Institutional
Review Board reviewed and approved the study (approval
No. NDBI/5/2019/KP).

Biopsy

All studied patients underwent a vacuum-assisted ste-
reotactic biopsy of the non-palpable suspicious breast
microcalcifications. Biopsies were performed by 1 breast-
dedicated radiologist (P.K.) at the same breast care unit.

B. Szynglarewicz et al. Targeting breast wire tip using magnetometer

Procedures were performed under local anesthetic with
1% lidocaine using a two-step approach (superficially and
deeply), and were completed under digital mammography
guidance using a designated prone table unit (Mammotest
Plus/S; Fisher Imaging, Denver, USA) with a 10-G needle
(EnCore Enspire Breast Biopsy System; C.R. Bard Inc.,
Tempe, USA). Biopsy specimens were radiographed to con-
firm the presence of microcalcifications. In cases where
there were no residual microcalcifications, a single biopsy
clip (non-magnetic), visible on mammogram, was placed
(Gel Mark Ultra, Breast Tissue Marker GMUEC10GSS;
SenoRx Inc., Tempe, USA). Baseline characteristics are
presented in Table 1.

Table 1. Baseline characteristics

Characteristics | n (%)

Patients age [years]

median, mean +SD, range 52,523 +£99,32-75

Side
right 20 (48)
left 22 (52)
Lesion histology
ductal carcinoma in situ 22 (52)
atypical ductal hyperplasia 14 (33)
lobular neoplasia 6(19)

Lesion size [mm)]

median, mean +SD, range 16, 17.6 £8.3,4-38

Localization wire target
post-biopsy clip 10 (24)
residual microcalcifications 32 (76)

Targeted surgery

On the day of surgery, a single hooked LW (Accura BLN
20G; Argon Medical Devices Inc., Frisco, USA) was in-
serted under stereotactic guidance to target the biopsy
clip or residual microcalcifications. A bracketing tech-
nique with multiple wires was not used. Due to the absence
of a concomitant mass neither preoperative nor intraop-
erative localization ultrasound were used. The procedure
was performed by 3 board-certified breast-dedicated ra-
diologists experienced in localization techniques of non-
palpable breast lesions. To confirm successful localization,
a two-view mammography (cranio-caudal and medio-lat-
eral) was conducted (Fig. 1). Intraoperative LW tip local-
ization was performed by the surgeon using the hand-held
Sentimag magnetometer (Endomagnetics Ltd., Cambridge,
UK). Prior to skin incision, the probe was used to scan
the area from the entry point, along the LW, detecting
the transcutaneous magnetic signal with real-time audible
and visual numeric feedback from the detector. As both
numeric count and audio tone are related to the strength
of the magnetic field, a continuous decrease of signal was
observed along the LW, as its distance from the skin in-
creased. A sharp discontinuation of the signal indicated
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Fig. 1. Localization wire on mammography

A. medio-lateral view; B. cranio-caudal view.

the probable location of the LW tip (Fig. 2A). The skin inci-
sion was then made, and Sentimag was used again to guide
the surgeon to the lumpectomy bed (Fig. 2B). After the ex-
cision was complete, the surgical specimen was properly

275

aligned by placing stitches to mark the sides (Fig. 3A). A 3D
tomosynthesis radiogram was performed using the MO-
ZART System (Kubtec Medical Imaging; KUB Technolo-
gies Inc., Stratford, USA) to confirm the LW had not been
dislocated and to confirm that all the residual microcal-
cifications, or the biopsy clip, were excised (Fig. 3B). Exci-
sion was performed by 4 board-certified breast-dedicated
surgical oncologists. The specimen was inked in the op-
erating room and then sent to pathology. Cavity shaving
was not routinely performed, only being utilized to remove
doubtful margins shown on imaging. Due to possible bias
caused by breast compression, the depth of lesion was not
evaluated on a mammogram. Instead, the actual surgi-
cal depth was assessed intraoperatively using a dispos-
able straightedge, taking measurements of the distance
between the skin and the posterior margin of the cavity.
All the procedures (biopsy, localization and surgery) were
completed at the Division of Breast Imaging and the Divi-
sion of Breast Surgery of the same Breast Unit, Wroclaw
Comprehensive Cancer Center, Poland).

Statistical analysis

All clinical and pathological data was entered into a com-
puter database. The median, range and mean with stan-
dard deviation (SD) values were calculated where appro-
priate. The correlation between categorical variables was

Fig. 2. Identification of the localization wire tip

A. transcutaneous scanning to find the tip; B. targeting the tip during lumpectomy.
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Fig. 3. Surgical specimen

A. specimen oriented with stitches, before inking; B. specimen radiography.

assessed using the x? test with a Yates’s correction, and
correlation between continuous variables was assessed
using the Mann—Whitney U test. Statistical significance
was assumed at a p-value of less than 0.05.

Results

In all cases, the operation was completed without any
difficulties. The LW tip was successfully identified, and
the lesion with surrounding tissues was excised. Neither
wire displacement nor transection occurred. Intraoperative
specimen radiography demonstrated a doubtful margin
in 6 cases (14%). Those patients underwent additional cav-
ity shaving at the questionable margins. The postoperative
pathologic report showed RO resection in 40 cases (no ink
on tumor), including primary margins in the 4 re-excised
patients. In the remaining 2, the margin of the primary
excision was microscopically positive; however, following
cavity shaving, it was diagnosed as negative.

Lesions requiring cavity shaving were significantly larger
than these not required such procedure (median; range;
mean +SD): 30 mm; 24-38 mm; 30 +4.9 mm compared
to 15 mm; 4-28 mm; 15.6 £6.9 mm (z-score = —3.52254;
p = 0.0004). Lesion histology also significantly influenced
the need for cavity shaving; all cases requiring cavity shav-
ing were ductal carcinoma in situ (DCIS): 27% (6/22) com-
pared to 0% (0/20) (x* = 4.331; p = 0.037), which did not
require cavity shaving. Patients’ age was similar (median;
range; mean +SD): 53 years; 38—68 years; 52.5 £9.8 years
in patients who required cavity shaving compared
to 52 years; 32—75 years; 52.3 £10.1 years in patients who

did not require it (z-score = —0.08986; p = 0.928). Cavity
shaving was not needed in any of the cases where the LW
target was the biopsy clip: 0% (0/10) patients requiring
cavity shaving compared to 19% (6/32) in the other group.
Probably, due to the small sample size, the difference was
not significant (x? = 0.924; p = 0.336). The posterior margin
of the tumor cavity tended to be deeper in those requiring
cavity shaving (median; range; mean +SD): 43 mm; 17—
78 mm; 44.2 +23.1 mm compared to 32 mm; 14-76 mm;
34.8 +14.2 mm in those who did not need such procedure.
However, the impact of lesion depth was not statistically

Table 2. Surgical findings

Feature | n (%)

Cavity depth [mm]

median, mean +SD, range 33,36.1 £15.8, 14-78

Radiological margin
negative
doubtful 6 (14)

Cavity shaving
required 6 (14)

not required 36 (86)
Microscopic margin before shaving

negative 40 (95)

positive 2(5)
Microscopic margin after shaving

negative 42 (100)

positive 0(0)
Risk factors for cavity shaving

lesion size p < 0.001

lesion histology p <0.050

cavity depth not significant

patients age
localization wire target

not significant
not significant
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significant (z-score = —0.95252; p = 0.342). Due to the small
volume of the removed glandular tissue, advanced onco-
plastic techniques for breast reshaping were not required.
In all patients, the surgical defect was closed with simple
tissue undermining and re-approximation (level I onco-
plasty). Surgical findings are presented in Table 2.

Discussion

Needle localization for non-palpable breast lesions was
first described in 1965 by Dodd et al.” A key modification
of a LW, a self-retaining hooked tip at its distal end to anchor
the wire at the intended target, was presented by Frank et al.
in 1976.1° For decades, it remained the method of choice
for non-palpable breast tumors requiring surgical excision.
The LW has several drawbacks, most notably the necessity
of performing its implantation the same day as the sur-
gery, which complicates scheduling and can lead to delays
in the operating theater as well as possible displacement
of the wire.!12 Other important disadvantages include: pos-
sibility of wire transection, an additional procedure adding
to patient stress, a possibility that placement of surgical
incision can be limited by the wire entry point, and com-
mon vasovagal episodes.'>!* In addition, pneumothorax,
site-specific pain, retention of wire fragments, hematoma,
bleeding, infection, adjacent tissue injury, hemoptysis, he-
mothorax, non—target tissue excision, and breast implant
puncture can occur.'> However, because of its low cost, sim-
plicity and effectiveness, as well as the important limitations
of other methods, use of a LW remains the most widely
adopted approach to non-palpable breast lesions. Moreover,
it is the only localization technique that can be performed
under imaging guidance using all modalities. Thus, some
claim that a LW should be considered the gold standard,
with new localization techniques randomized against it.!®

Among the new alternatives, radio-guided occult lesion
localization with injection of 99 Technetium (ROLL), seed
of radioactive 125 Iodine (RIS), radiofrequency identifi-
cation with microprocessor tag (RFID), SCOUT Radar
using infrared light, and paramagnetic-based seeds have
been investigated most extensively.!?"1” Magnetic systems
in particular are believed to be very promising because
they overcome the disadvantages of both LW and radio-
active techniques and potentially offer logistical benefits
(easy deploying, comfortable scheduling, no operating
theater delays). Magnetic-based localization has been
demonstrated as a safe, accurate, efficient, and effective
method, and supposedly demonstrates potential to replace
the conventional approach.!8-2

During LW-guided excision, one of the common difficul-
ties is the possible interference with the surgical approach.'®
Moreover, to accurately discern the position of the wire
tip intraoperatively may be a challenge.?? The entry
point of the LW may be at some distance from the wire
tip, making optimal incision placement a challenge, and
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may lead to extensive dissection to remove the target le-
sion.?® We have demonstrated that the Sentimag probe
can detect the magnetic response of the LW in a similar
way to the signature generated by Magseed. As the mag-
netic signal is weak, the LW tip can be precisely targeted.
In Poland, it makes for a much less expensive alternative
to the dedicated magnetic seeds.

The paramagnetic-based localization systems have some
disadvantages. The hand-held magnetometer requires reg-
ular calibration during usage which extends the duration
of surgery. Electrocautery can also interfere with the sig-
nal.l” Stainless steel surgical instruments, such as metal
surgical retractors, are not compatible with Magseed.
When it is in use, non-magnetic tools (titanium or poly-
mer) must be used. This may add separate per-use fees
in addition to the dedicated console and probe.!> However,
none of our cases required the use of non-magnetic instru-
ments as the Sentimag LW tip targeting and the step-by-
step breast tissue dissection were performed in an alternat-
ing fashion. In cases of cancer, another possible limitation
may be the potential overlapping of the magnetic signals
of the sentinel node (SPIO) and the tumor located close
to the axilla (Magseed). However, in the study of this en-
tirely magnetic technique, that complication was not ob-
served.?® The Magseed manufacturer reports the sensing
depth to be 3 cm, but notes that it is greater with palpation.'*
Harvey etal. detected Magseed clips with a Sentimag probe
at depths ranging from 3.5 mm to 30 mm as measured
on ultrasound.?® In a series by Hersi et al., the distance from
the skin to the tumor reached up to 65 mm, but the mag-
netic signal was not detected before the skin incision in 6%
of patients.? In such extremely deep lesions, some Magseed
investigators used a traditional LW instead of a magnetic
clip.?! Some others postulate that Magseed and Sentimag
are effective at all depths, especially for posterior lesions
in very large breasts.?’ This topic warrants further research.

The reported re-excision rate due to positive margins for
non-palpable cancer following a LW-guided lumpectomy
varies from 13-14% up to 47%.1*1° In contrast, we obtained
clear margins in all patients in our series. This was prob-
ably due to both accurate LW placement and accurate
excision bolstered by tip detection. On the other hand,
it was also influenced by the availability of intraoperative
imaging with 3D tomosynthesis and subsequent cavity
shaving in patients with doubtful local control, identified
by a radiologically close margin. In case of a higher budget,
a bracketing technique employing multiple LW is worth
considering, as it can significantly reduce the risk of posi-
tive margins and the need for re-excision, as well as reduce
the volume of normal breast tissue removed.?*2

Limitations
Our study has some important limitations. Firstly,

itisjust a preliminary observational report based on a case
series. Secondly, it is not a multi-institutional study. Thus,
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we cannot be sure that our findings will be repeatable
by other radiological and surgical teams or in a differ-
ent patient setting. Thirdly, due to the small sample size,
the statistical power of comparison is low. No comparison
with other localization methods was conducted. Moreover,
the ratio of resected tumor tissue to healthy breast tissue
was not calculated. Therefore, no definitive conclusions
can be drawn. However, our findings demonstrate that
the accessory application of the paramagnetic-based Sen-
timag hand-held probe is safe, effective and not associated
with additional costs.

Conclusions

Our initial findings suggest that the simple technique
of targeting the LW tip using the Sentimag detector is safe
and promising. It should be considered for further inves-
tigations if it facilitates more selective and targeted exci-
sion, helps to avoid excessive removal of breast tissue and,
consequently, improves surgical intervention and benefits
the patient. We believe that it may be particularly worth
considering in developing countries with a public health
service functioning on a tight budget.
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Abstract

Background. Prediction of sudden cardiac death remains a significant challenge. There is some evidence
that ventricular ectopic activity could be regarded as a predictive marker.

Objectives. We carried out an analysis to explore whether premature ventricular complexes (PVCs) are a risk
factor in implantable cardioverter-defibrillator (ICD) interventions.

Materials and methods. The study method was a RR interval series analysis (n = 184) of arrhythmic
events and controls from the ICD. Study group consisted of patients with a mean age of 55 +27 years; 74%
of them were male, 85% were secondary prevention patients, 62% had coronary artery disease (CAD), 15%
hypertropic cardiomyopathy (HCM), 15% dilated cardiomyopathy (DCM), and 8% diseases of other etiol-
ogy. The mean follow-up time was 64 months (range: 3—126 months). The study population was divide
into patients with at least 1 appropriate intervention ventricular tachycardia/ventricular fibrillation (VT/VF)
(group A, n=101) and controls without interventions (group B, n = 83). The number of PVC/4000 RR cycles,
the shortest coupling intervals between a PVC and preceding R as well as the number of PVCs of very short
(180—220 ms), short (220—280 ms) and different cycle lengths (CL) as well as the incidence of short-long-
short (SLS) sequences were compared.

Results. The number of PVCs/4000 RR cycles was significantly higher in group A (263 £32 compared
t0 43 +17,p < 0.0001). The mean shortest PVC CL was significantly shorter in group A (320 13 compared
t0 400 £38, p = 0.029). The number of PVCs with a very short CL was 1 £0.4 compared to 0.1 0.1
(p=0.028). The number of PVCs with a short CL was 5 +1.2 compared to 0.6 +0.4 (p = 0.0007) in groups
Aand B, respectively. The incidence of SLS sequences was significantly higher in group A than in group B (67
(949% of patients) and 4 (33% of patients) respectively (p < 0.0001)).

Conclusions. Significant differences were found in the characteristics of PVCs and SLS sequences between
patients with appropriate ICD interventions and controls. A newly developed basic computer program called
PCRR was applied for RR interval analysis. This simple method could be a predictor of PVC burden and life-
threatening arrhythmias in different populations.

Key words: implantable cardioverter-defibrillator, initiation of ventricular fibrillation and ventricular tachy-
cardia, sudden cardiac death prevention, premature ventricular complexes, RR interval
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Background

The implantable cardioverter-defibrillator (ICD) has been
a primary therapy for the treatment of life-threatening ar-
rhythmias for 4 decades. While having a powerful ther-
apy for sudden cardiac death (SCD) prevention is a boon
to medicine, the mechanisms leading to fatal outcomes
are still not fully understood. Extensive studies concern-
ing mechanisms of initiation of ventricular tachyarrhyth-
mias started in the last 2 decades of the 20" century. Since
the publication by de Luna, Coumel and Leclercq in 1989,
this clinical problem has been better understood.! Recently,
more studies have revealed some insight into the mecha-
nisms of SCD.?~* Heart rate variability (HRV), QT disper-
sion, baroreflex sensitivity (BRS), and T wave alternans have
been described as predictors of cardiovascular mortality.
Nevertheless, prediction of SCD is still a challenge. Nowa-
days, ICD technology allows us to store information about
the actual heart rhythm and the onset of arrhythmias, so
that the electrical trigger of the event can be investigated.
An experienced cardiologist can easily distinguish between
various kinds of RR patterns and discriminate whether
a particular episode is a benign or a lethal one by assess-
ing the series of RR intervals presented in the form of in-
tracardiac electrograms (IEGM). Knowledge of typical
kinds of tachycardias and common electrocardiography
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(ECG) understanding is used to recognize arrhythmias.
In the present study, we attempted a scientific assessment
of various types of patterns in order to identify the one which
carries the biggest “risk” on the basis of RR values, rather
than relying on a subjective assessment by a physician.
Most of re-entrant arrhythmias occur due to unidirec-
tional block and premature beats. There is some evidence
that abrupt changes in cycle lengths may facilitate tachycar-
dia initiation.” The Purkinje system and premature ventricu-
lar complexes (PVCs) have been shown to play an important
role in the initiation of ventricular tachycardia/ventricular
fibrillation (VT/VF).6= The short-long-short (SLS) sequence
increases the dispersion of repolarization and may also fa-
cilitate re-entry.> The PVC and SLS sequence examples are
presented in Fig. 1A. In this IEGM, a SLS sequence (RR in-
tervals 590 ms, 992 ms and 422 ms) initiates VT/VF. Anti-
tachycardia pacing (ATP) was unsuccessful in terminating
the arrhythmia; high-voltage therapy of 36 ] which termi-
nates the arrhythmia was required (“return to sinus”, Fig. 1B).

Objectives

The aim of this study was to analyze whether PVCs
remain a risk factor for appropriate ICD interventions
and to categorize cardiac rhythm episodes of device
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Fig. 1A. The IEGM of the PVC and short-long-short sequence
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Fig. 1B. The short-long-short sequence cycle impact on ICD intervention

interrogation. If possible with the proposed methodology,
it could be used as a relative simple predictor of PVC bur-
den and life-threatening arrhythmias in patients without
an ICD. The paper thus presents a new computer program
for cardiac RR interval analysis and its potential application
for the internet data transfer.

Materials and methods
Study group

Consecutive patients were divided into those with
at least 1 appropriate intervention due to VI/VF
in the form of ATP or high-energy therapy (group A,
n = 101) and controls without ICD intervention revealed
during device interrogations in the follow-up (group B,
n = 83). Group B included RR intervals extracted dur-
ing a scheduled clinical visit from device interroga-
tions of ICDs in 2 subgroups of patients: 1) 31 patients
in whom the interrogation was not preceded by any
therapy, i.e., who did not experience any cardiac ar-
rhythmias; and 2) 52 patients from group A in whom
interrogations did not precede ICD therapy (comparison

of the episodes was done within the same patients, i.e.,
episodes not only before the therapy but also remote
from the therapy were included). Thus, the study group
consisted of 131 patients, while 184 RR interval series
were analyzed. The mean follow-up was 38 months
(range: 12—64 months).

The number of PVC/4000 RR cycles, the shortest
coupling intervals (CI) between PVCs and preceding R,
the number of PVCs of very short cycle lengths (180—
220 ms) and short CI (220-280 ms), PVC of different CI,
the incidence of non-sustained ventricular tachycardia
(NSVT), and the incidence of SLS sequence (defined
as RR 2 < 75% of the last 4 RR intervals of the underlying
rhythm, followed by RR 3 > 75% of the last 4 cycles) were
examined and compared. An example of NSVT is pre-
sented in Fig. 2.

For PVC analysis, 2 models were defined: coupling in-
terval between PVC and preceding R defined as RR inter-
val >10% than the predecessor of the underlying rhythm
(model 1) and RR > 20% than the predecessor of the un-
derlying rhythm (model 2).

For the analysis of the RR intervals, searches for the rate
and values of the phenomena defined in the protocol,
a computer program was developed by an experienced
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Fig. 2. The IEGM of non-sustained ventricular tachycardia (nsVT)

biostatistician (I.K.) and tested before the final implemen-
tation. The program (called PCRR) uses the same input
signals as the existing ICDs with RR interval as the pri-
mary input variable. This program was created on the basis
of the SAS v. 9e statistical package (SAS Institute, Cary,
USA). Before the final implementation in the presented
study, the use of PCRR was validated on different 36 re-
cordings containing 4000—9890 RR intervals.

Methods

From the database containing an RR intervals series
of the arrhythmia events and controls stored in ICD
memory (Biotronik models Belos VR (n = 45), Phylax XM
(n = 32), Lexos VR (n = 47), and Micro Phylax (n = 18)),
142 consecutive patients recordings with IEGMs were in-
cluded in the analysis. The basic inclusion criterion was
the presence of sinus rhythm and at least 4000 RR inter-
vals and the corresponding IEGM, recorded 66 +15 min
before an ICD intervention or before a follow-up visit
if there was no intervention. Patients with paced rhythm
were not included. The 2000 PDM-Patient Data Manager
software (Biotronik, Berlin, Germany) was used for data
storage and graphical analysis, made independently by 2
experienced cardiologists. The RR patterns could be pre-
sented in a graphical form as a map of dots in relation
to their predecessors. This method, however, is not widely
used in clinical practice. All RR pattern figures presented
in this paper, except the PCRR program, were produced
with the 2000 PDM-Patient Data Manager. Data were col-
lected during follow-up visits on a six-month schedule
or after clinical events, whichever came first. Eleven pa-
tients were excluded due to a lack of a full dataset or due
to the presence of supraventricular arrhythmias (atrial
fibrillation or flutter).

This study complies with the Declaration of Helsinki
and research protocol and was approved by the local eth-
ics committee. Informed consent was obtained from all
patients.

pa—

Statistics

Statistical analyses were performed using the SAS v. 9e
statistical package. For descriptive purposes, all data are
presented as mean + standard deviation (SD; continu-
ous variables) or as absolute frequencies and percent-
ages, where indicated (discrete variables). T or x? tests
were used, as appropriate. All test procedures were two-
sided with a p-value of less than 0.05 indicating statistical
significance.

The receiver operating characteristics curve (ROC)
analysis was used to determine the cut-off point value
of the PVC count to predict the appropriate ICD interven-
tion event. The optimal cut-off was defined as the value
of the maximal sum of sensitivity and specificity. Com-
parison of the PVC ROC in the 2 models was performed
on the basis of area under curve (AUC). Binary logistic
regression was performed.

Results

Detailed patient characteristics (demographic data, etiol-
ogy, laboratory results, major comorbidities, etc.) are pre-
sented in Table 1. The rate and the values of the phenom-
ena defined in the study protocol are presented in Table 2.

In the overall analysis, the number of PVCs/4000 RR
intervals was significantly higher in group A (263 +32 com-
pared to 43 +17, p < 0.0001). The mean PVC coupling inter-
val was significantly shorter in group A (320 £13 compared
to 400 £38, p = 0.029). The number of PVCs of very short
cycle lengths (180—220 ms) in group A and B was 1 +0.4
compared to 0.1 £0.1, respectively (p = 0.028). The num-
ber of PVCs of short cycle lengths (220-280 ms) in group
A and B was 5 £1.2 compared to 0.6 +0.4, respectively
(p = 0.0007). The incidence of SLS sequences was signifi-
cantly higher in group A than in group B (p < 0.0001).

The percentage of patients demonstrating different
cycle length intervals of PVC events appears in Fig. 3
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Table 1. Patient characteristics (demographic data, etiology, laboratory
results, major comorbidities, etc.)

Study Controls

Parameter group A group B
(n=101) (n=83)
Age [years], mean (SD) 65 (23) 41011 p < 0.001
BMI [kg/m?], mean (SD) 24.5(7.0) 21 (4.0) p < 0.0001
Male sex, n (%) 74 (73.3) 44 (53.1) p < 0.004
Diabetes, n (%) 55 (54.5) 28 (33.7) p < 0.005
LVEF [%], mean (SD) 31.3(82) « 452(98) @ p<0002
CAD, n (%) 60 (59.4) 30(36.1) p < 0.001
M, n (%) 50 (50) 5(6.02) p < 0.001
Arterial hypertension, n (%) 75 (74.3) 35(42.2) p < 0.001
Previous cardiac arrest, n (%) 85 (84.1) 32(38.5) p <0.001
HCM (%) 18(17.8) 14 (16.9) NS
DCM (%) 15 (14.9) 12 (14.5) NS
Other etiology (%) 8(7.9) 11(13.2) NS
Creatinine [mg/dL], mean (SD) 1.0(0.30) ' 0.85(0.14) NS

SD - standard deviation; NS — not significant; BMI — body mass index;
LVEF - left ventricular ejection fraction; CAD — coronary artery disease;
MI = myocardial infarction; HCM — hypertropic cardiomyopathy;

DCM - dilated cardiomyopathy.
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Fig. 3. Comparison of patients (%) within different cycle lengths intervals
of PVC events in group A and B

(p = 0.0233). Graphical representation of RR interval pat-
terns from PDM 2000 (comparing patients from group
A and group B) are presented in Fig. 4.

The template presented in the upper panel in Fig. 4 would
be regarded as a “risk pattern” for group A, with frequent
PVCs of short coupling interval, and the lower panel would
be typical for a normal, healthy heart. The upper recording
comes from a 72-year-old patient after myocardial infarc-
tion, EF = 20%. During the observation period, many epi-
sodes of VT (145 bpm) with unsuccessful ATP occurred,
terminated with cardioversion of 10 joules. The lower panel
in Fig. 4 represents the case of a 52-year-old patient after
acute myocarditis with VF in the acute phase. Initial EF af-
ter the episode was 30% and ICD was implanted. Later on,
complete recovery with the improvement of EF to normal
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Table 2. The rate and the values of the phenomena defined in the study

protocol
Parameter | Group A | Group B | p-value

PVC defined as RR interval shorter >10% than the predecessor

Mean RR of PVC (cl) 640 £101 625 +213 NS
Minimal RR of PVC (c.l.) 314+112 400 +132 0.019
Maximal RR of PVC (c.l.) 945£192 | 896 +190 NS
PVC number/4000 RR 263 £32 43 £17 <0.0001

PVC defined as RR interval shorter >20% than the predecessor

Mean RR of PVC (cl.) 593+82 529183  0.049
Minimal RR of PVC (cl) 320+112 400 +132 0.029
Maximal RR of PVC (cll.) 891 £160 828 £146 NS
PVC number/4000 RR 174 +24 157 <0.0001
Mean number of cycles

Cl: 180-220 ms 1+04 0.1 0.1 0.028
Cl:220-280 ms 5+1.2 0.6 £04 0.0007
Cl: 280-340 ms 18 £11 51 +49 NS
Cl: 340-400 ms 2319 16 £15 NS
Cl: 400-460 ms 88 +46 17 £11 NS
Cl: 460-520 ms 126 £79 189 £129 NS
Cl: 520-580 ms 31549 350 +£150 NS
Cl: 580-1000 ms 2870 £134 | 3075 £245 NS

Cl: 1200-2000 ms (long cycles) 523 +134 273 +117 NS

Mean RR interval in relation

45 +37 19+13
to predecessor

<0.0001

Incidence of short-long-short

(SLS) sequence, number of 67 (94%) 4 (33%) <0.001
patients (%)

Couplets 45 (63%) 4 (33%) NS
Runs of nsVT 28 (39%) 1(8%) 0.0490

PVC - premature ventricular complex; NS — not significant; c.l. - cycle
lengths; Cl - coupling intervals. Values in bold are statistically significant.

limits and no ICD therapies in the follow-up period were
observed.

Graphical representation of RR interval patterns from
PDM 2000 within the same patient are presented in Fig. 5.
The RR interval series presented in upper panels in Fig. 4
and 5 originated from the same patient. They are presented
in such a manner for better visual comparison with lower
panels. The PCRR program makes RR interval analysis
possible. The results are presented above, at the beginning
of the Results section. However, the program also generates
graphs with RR interval distributions and corresponding
PVC burden in different CI. An example of RR distribu-
tion in patients from group B (left panel) and group A (right
panel), generated as a print-out created from the PCRR pro-
gram, is presented in the form of a graphical abstract in Fig. 6.
It summarizes the differences between PVC characteristics
in a graphical form in relation to RR interval cycle length.

The ROC were created as a predictor of ICD interven-
tion for both models described in method section (Fig. 7
below; left panel: model 1, right panel: model 2). The re-
sults of ROC comparison of statistical significance for PVC
in the 2 tested models on the basis of AUC are presented
in Table 3.
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Fig. 7. ROC curves as a predictor of ICD intervention for the analyzed PVC models: 1 (left panel) and 2 (right panel)

Discussion

The mechanisms leading to VT/VF initiation are still
not fully understood. In patients with CAD and heart fail-
ure (e.g., MADIT trial population), a characteristic pat-
tern of ventricular tachyarrhythmias initiation has been
recognized; namely, 77% of the episodes were initiated
by PVC and 23% with an SLS sequence.? In this etiology,
itis suggested that the Purkinje fibers are resistant to isch-
emia so these surviving cells surrounded by necrotic tissue
demonstrate a high degree of automaticity, triggered activ-
ity and abnormal excitability.® It has been demonstrated
that the Purkinje fibers also play a role in VF initiation
in structural heart diseases such as DCM, amyloidosis and
chronic myocarditis, and in hereditary syndromes without

structural heart disease, such as long QT syndrome, Bru-
gada syndrome and catecholaminergic polymorphic ven-
tricular tachycardia.”!® Two mechanisms are postulated
in this situation: the triggered activity from Purkinje tis-
sue or re-entry in the Purkinje system. On the cellular
level, Ca?* overload is considered as a trigger for delayed
afterdepolarizations; in some cases, it can be suppressed
using verapamil. There is some evidence that PVCs could
trigger VF, but sometimes a PVC will precede an arrhyth-
mia event without triggering it.® In some reports, idio-
pathic VF and polymorphic ventricular tachycardia were
associated with a short-coupling interval between PVCs
and conducted beats.!! Our study is concordant with this
observation. PVCs with very short and short cycle lengths
(180-220 ms and 220-280 ms, respectively) were more
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Table 3. Results of the ROC comparison for PVCs in 2 tested models

ROC for PVC Model 1 (left panel of Fig. 7)

i [0) -
Odds ratio [95% Cl], p-value 21 [115-3.7]; p = 0,002

for PVC number/4000 RR

Area under the curve ROC 0.859
Sensitivity 88.7%
Specificity 58.3%

Cut-off point for ROC
(number of episodes)

ROC for PVC Model 2 (right panel of Fig. 7)
Odds ratio [95% Cl], p-value

30

4.7 [1.34-16.3]; p = 0.003

for PVC number/4000 RR

Area under the curve ROC 0.897
Sensitivity 88.7%
Specificity 75%

Cut-off point for ROC

(number of episodes) 12

PVC - premature ventricular complex; 95% Cl - 95% confidence interval
ROC - receiver operating characteristic.

frequent in patients with appropriate ICD therapy. San-
chez et al. found no significant difference between PVC
coupling intervals of those that did or did not trigger
VE&H Also, it was shown that the origin of PVCs is im-
portant. The PVCs originating from a peripheral Purkinje
network were more likely to be present during the occur-
rence of electrical storm than those coming from the right
ventricular outflow tract (RVOT).? The latter PVC could
still trigger VF, albeit less frequently, as there are reports
of successful radiofrequency catheter ablation of unifocal
PVC of RVOT origin for recurrent VE! Of course, the ori-
gin of the PVC was not in our dataset, as our data came
from ICD IEGM, not from the localization technique used
in electrophysiology laboratory.

The PVC ablation is considered a feasible technique and
could be considered as an indication for reducing ICD
shock rates and even withholding the ICD implantation de-
cision.!? A multicenter study followed 38 patients after PVC
RFA for idiopathic VF7 Eighteen percent had recurrent
VF and 5 were treated successfully with redo procedures
of triggering PVC ablation during the five-year follow-up
period. A relationship between PVC burden and left ven-
tricular function was recognized.!® The reported percent-
age of daily PVC burden (determined by 24-hour Holter
monitoring), which led to the deterioration of the left ven-
tricular systolic function (PVC-mediated cardiomyopathy),
varies from 10%, through 16% and 24%, to 30%.'* Cath-
eter ablation techniques for PVCs have recently become
successful treatment in clinical practice with a success
rate >80%.1°-17 Search for different mechanisms leading
to VI/VF initiation and the discussion on the organization
of VF in human myocardium is still of broad and current
interest.!

Baseline PVC assessment is important as a significant
burden is associated with increased risk for SCD and total
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cardiac death.? Screening for the presence of frequent
PVCs should be part of the decision-making process in pri-
mary prophylaxis ICD implantation as trigger ablation
is an effective therapy in scar-related or PVC-triggered
arrhythmias. The ESC SCD Guidelines (2016) recommend
catheter ablation (Class Ila, Level B) in patients with LV
dysfunction, PVC burden >24% and short coupling PVC
intervals (<300 ms).2° Our findings strongly supports these
recommendations and other recent reports.?! On the basis
of our pilot report on patients with ICD, we believe that
the created program and the associated rate variability
pattern could be a tool for prediction of SCD risk in dif-
ferent populations. The main advantage of the PCRR pro-
gram is its low computational complexity. Its simplicity
allows for either hardware implementation in a specific
integrated circuit or implementation in software on stan-
dard microprocessors.

In addition, no pre-processing of the IEGM raw signal
is necessary. In the past, we have shown that it is possible
to transfer RR intervals recordings in a simple text format
transfer, as shown on the dedicated website (http://defib.
imio.pw.edu.pl/).?? The PCRR implementation can easily
make the transition to telemedicine-based practices, e.g.,
monitoring of ECG and implantable loop recorders.

The fact that there are still gaps in the basis of evidence
for sudden cardiac death clinical predictors encouraged us
to work in this field and create a new RR interval analysis
program (PCRR) to question whether ventricular ectopic
activity could be regarded as a predictive marker. Heart
rate variability (HRV) and others have been proposed
as SCD risk factors but they are not widely used due to their
complexity and sophistication.

Limitations

This study is a single-center, retrospective analysis.
The enrollment number is limited due to a lack of full data,
i.e., an RR interval pattern with the corresponding IEGM.
The study group is heterogeneous in terms of risk etiology
and clinical characteristics, but the main aim of the study
was to create the RR interval analysis program on the ba-
sis of a consecutive ICD patient group. For this reason,
we performed an analysis of coupling intervals preceding
VT/VF and controls only. It should be kept in mind that
more complex trigger factors are involved in the induc-
tion of tachyarrhythmias, such as electrolyte imbalance
or worsening of heart failure leading to myocardium elec-
tric instability. We were not able to compare the episodes
within the same patients in all cases (e.g., device inter-
rogations just before the therapy compared to remote
from the therapy). Therefore, we compared interrogations
after the therapy and during the scheduled clinical visit
which was not preceded by any therapy. Some partici-
pants were treated with amiodarone, which could have af-
fected the PVC pattern compared to those not receiving
antiarrhythmic drugs. The RR interval sequences were
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based on the coupling intervals and compensatory pauses.
The IEGM does not enable verification of PVC morpholo-
gies. We merged ATP and ICD shocks recordings in one
group intentionally to obtain a larger RR tachyarrhythmias
database. The time between the ICD implantation and
therapy varied from a few months to 3 years. Therefore,
afurther prospective and a more extensive study is needed
to validate the value of the proposed methodology.

Conclusions

Significant differences were found in the characteristics
of PVCs and SLS sequences in patients with appropriate
ICD interventions and controls. A newly developed basic
computer program called PCRR was used for RR inter-
val analysis. The proposed program could be a new tool
to assess PVC burden and arrhythmia risk in different
populations.

ORCID iDs

Michat Lewandowski @ https://orcid.org/0000-0002-6829-7491
llona Kowalik @ https://orcid.org/0000-0002-8040-5109
References

1. BayesdeLunaA, Coumel P, Leclercq JF. Ambulatory sudden cardiac
death: Mechanisms of production of fatal arrhythmia on the basis
of data from 157 cases. Am Heart J. 1989;117(1):151-159. doi:10.1016/
0002-8703(89)90670-4

2. Sacher F, Victor J, Hocini M, et al. Characterisation of premature
ventricular contraction initiating ventricular fibrillation [in French].
Arch Mal Coeir Vaiss. 2005;98(9):867-873. PMID:16231572

3. AnthonyR, Daubert JP, Zareba W, et al; Multicenter Automatic Defi-
brillator Implantation Trial-Il Investigator. Mechanisms of ventricu-
lar fibrillation initiation in MADIT Il patients with implantable car-
dioverter-defibrillators. Pacing Clin Electrophysiol. 2008;31(2):144-150.
doi:10.1111/j.1540-8159.2007.00961.x

4. Tabereaux PB, Dosdall DJ, Ideker RE. Mechanisms of VF maintenance:
Wandering wavelets, mother rotors, or foci. Heart Rhythm. 2009;6(3):
405-415. d0i:10.1016/j.hrthm.2008.11.005

5. Haissaguerre M, Hocini M, Sacher F, Shah A. Sudden cardiac death,
a major scientific challenge [in French]. Bull Acad Natl Med. 2010;
194(6):983-995. PMID:21513133

6. Nogami A.Purkinje-related arrhythmias part Il: Polymorphic ventric-
ular tachycardia and ventricular fibrillation. Pacing Clin Electrophysiol.
2011;34(8):1034-1049. d0i:10.1111/j.1540-8159.2011.03145.x

7. Partemi S, Batlle M, Berne P. Analysis of the arrhythmogenic sub-
strate in human heart failure. Cardiovasc Pathol. 2013;22(2):133-140.
doi:10.1016/j.carpath.2012.07.003

20.

21.

22.

M. Lewandowski, I. Kowalik. RR interval analysis in ICD patients

Sanchez Munoz JJ, Garcia-Alberola A, Martinez-Sanchez J, et al. Pre-
mature ventricular complexes as a trigger for ventricular fibrillation.
Rev Esp Cardiol. 2010;63(7):798-801. doi:10.1016/51885-5857(10)70164-x
Schmidt B, Chun KR, Kuck KH, Ouyang F. Ventricular tachycardias
originating in the his-purkinje system: Bundle branch reentrant ven-
tricular tachycardias and fascicular ventricular tachycardias. Herz.
2009;34(7):554-560. d0i:10.1016/51885-5857(10)70164-x

. Cho YR, Park JS. Radiofrequency catheter ablation for unifocal pre-

mature ventricular complexes triggering recurrent ventricular fibril-
lations in a young man without structural heart disease. Korean Circ J.
2012;42(8):575-579. d0i:10.4070/kcj.2012.42.8.575

. Del Carpio MunozF, Syed FF, Noheria A, et al. Characteristics of pre-

mature ventricular complexes as correlates of reduced left ventricu-
lar systolic function: Study of the burden, duration, coupling interval,
morphology, and site of origin of PVCs. J Cardiovasc Electrophysiol.
2011;22(7):791-798. doi:10.1111/j.1540-8167.2011.02021.x

. Penela D, Acosta J, Aguinaga L, et al. Ablation of frequent PVC in

patients meeting criteria for primary prevention ICD implant: Safe-
ty of withholding the implant. Heart Rhythm. 2015;12(12):2434-2442.
doi:10.1016/j.hrthm.2015.09.011

. Hasdemir C, Ulucan C, Yavuzgil O, et al. Tachycardia-induced car-

diomyopathy in patients with idiopathic ventricular arrhythmias:
The incidence, clinical and electrophysiologic characteristics, and
the predictors. J Cardiovasc Electrophysiol. 2011;22(6):663-668. doi:10.
1111/j.1540-8167.2010.01986.x

. Yokokawa M, Good E, Crawford T, et al. Recovery from left ventric-

ular dysfunction after ablation of frequent premature ventricular
complexes. Heart Rhythm. 2012;10(2):172-175. doi:10.1016/j.hrthm.
2012.10.011

. Naultl,KnechtS, Sacher F, et al. Advances in catheter ablation of pri-

mary ventricular fibrillation 2016, Thoracic Key, Chapter 96. https://
thoracickey.com. Accessed May 3, 2020.

. Cheniti G, Vlachos K, Meo M, et al. Mapping and ablation of idiopathic

ventricular fibrillation. Front Cardiovasc Med. 2018,5:123. d0i:10.3389/
fcvm.2018.00123

Robert D, Anderson D, Kumar S, et al. Catheter ablation of ventricu-
lar fibrillation. Heart Lung Circ. 2019;28(1):110-122. doi:10.1016/j.hlc.
2018.09.005

. Karaguezian HS. Ventricular fibrillation: An organized delirium or

uncoordinated reason? Heart Rhythm. 2004;1(1):24-26. doi:10.1016/
j.hrthm.2004.02.014

. Tonchev|, Luria D, Orenstein D, Lotan C, Biton Y. For whom the bell tolls:

Refining risk assessment for sudden cardiac death. Curr Cardiol Rep.
2019;21(9):106. doi:10.1007/s11886-019-1191-z

Priori S, Blomstrom-Lundqvist C, Mazzanti A, et al; ESC Scientific Doc-
ument Group. 2015 ESC Guidelines for the management of patients
with ventricular arrhythmias and the prevention of sudden cardi-
ac death. The Task Force for the Management of Patients with Ven-
tricular Arrhythmias and the Prevention of Sudden Cardiac Death
of the European Society of Cardiology (ESC). Eur Heart J. 2015;36(41):
2793-2867. doi:10.1093/eurheartj/ehv316

Kukla P, Stawuta A, Jastrzebski M, Gajek J, Stec S. Unusual changes
in ventricular repolarization before right ventricular outflow tract
arrhythmias. AmJMed Sci. 2017;353(3):311-312. d0i:10.1016/j.amjms.
2016.11.009

Bardossy A, Blinowska A, Kuzmicz W, Ollitrault J, Lewandowski M,
Przybylski A. Fuzzy logic based diagnosis algorithm for implant-
able cardioverter-defibrillators. Artif Intell Med. 2014;60(2):113-121.
doi:10.1016/j.artmed.2013.12.004



Three cases of 3p-hydroxysteroid dehydrogenase deficiency:

Clinical analysis

Lanni Chen*-8-F, Haihua Huang®“?, Huijiao Zhang", Gaohui Zhu®, Min Zhu*?

Children’s Hospital of Chongging Medical University, China

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899—5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Min Zhu
E-mail: zhumin323@aliyun.com

Funding sources
None declared

Conflict of interest
None declared

Received on March 23,2020
Reviewed on June 21,2020
Accepted on December 6, 2020

Published online on March 23, 2021

Citeas

Chen L, Huang H, Zhang H, Zhu G, Zhu M. Three cases
of 3p-hydroxysteroid dehydrogenase deficiency:
Clinical analysis. Adv Clin Exp Med. 2021;30(3):289-299.
d0i:10.17219/acem/131220

Dol
10.17219/acem/131220

Copyright

© 2021 by Wroclaw Medical University

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

Adv Clin Exp Med. 2021;30(3):289-299

Abstract

Background. 3B-HSD deficiency is a rare type of congenital adrenal hyperplasia (CAH), which is caused
by HSD3B2 gene mutations.

Objectives. In order toimprove the understanding and diagnosis of the disease, we analyzed and summarized
the clinical characteristics, genetic variants and treatment for 3 children with 33-HSD deficiency in this study.

Materials and methods. A summary of the clinical data, hormone levels (17-hydroxyprogesterone,
adrenocorticotropic hormone, cortisol, testosterone, dehydroepiandrosterone, androstenedione, renin, and
aldosterone), therapeutic drugs, and gene sequencing results from 3 3p-HSD deficiency patients was created.

Results. The 3 patients developed external genital abnormalities and adrenal insufficiency in infancy. Steroid
hormone levels were consistent with 3B-hydroxysteroid dehydrogenase deficiency. Gene sequencing for
the 3 patients detected complex heterozygous mutations in the HSD3B2 gene, which confirmed the diag-
nosis of 33-HSD deficiency type Il. Among the mutation types, ¢.154_162delinsTCCTGTT and c.674T>A have
not been reported in the literature. The 3 children were treated with glucocorticoid and mineralocorticoid
replacement, which controlled the adrenal insufficiency satisfactorily. In 2 male patients, external genital
dysplasia manifested as hypospadias and small penis. After long-acting testosterone intramuscular injection
toincrease the penis size, the hypospadias were repaired. Mild masculinization in the female patient resulted
in skin pigmentation and clitoral hypertrophy; however, no surgical intervention was required.

Conclusions. The main clinical manifestations of 3p-HSD deficiency were adrenal insufficiency and sex
hormone synthesis dysfunction. There was a strong phenotype correlation between the observed clinical
manifestations in conjunction with steroid hormone levels and HSD382 mutations. The novel mutations
154_162delinsTCCTGTT and c.674T>A were classified as pathogenic variants. Adrenal cortical function control
was satisfactory after hormone replacement therapy, and hypospadias and small penis were attenuated using
testosterone replacement therapy during mini-puberty for optimal surgical outcome.

Key words: treatment, clinical features, 3p-hydroxysteroid dehydrogenase deficiency, HSD352
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Background

There are 2 types of human 33-hydroxysteroid de-
hydrogenase (3f-HSD), type I (3f-HSD1) and type II
(3p-HSD2),! which have 93.6% homology and are en-
coded by the HSD3BI and HSD3B2 genes, respectively.
The 3B-HSD1 enzyme is mainly expressed in organs such
as the placenta, breast, skin, and prostate. It catalyzes
the production of different steroids at low substrate con-
centrations, which are necessary for the synthesis of pla-
cental progesterone during pregnancy.? The 3p-HSD2
enzyme is expressed in the adrenal gland and gonadal
tissues.? It is the rate-limiting step in the synthesis
of the adrenocortical and sex hormones. Their expres-
sion is regulated by negative feedback from downstream
products such as sex hormones and cortisol. It mainly
catalyzes the conversion of A5-3p-hydroxysteroids
to A4-3f-ketosteroid.*

3B-HSD deficiency is a rare type of congenital ad-
renal hyperplasia (CAH), which is caused by HSD3B2
gene mutations. The neonatal incidence is less than
1/1,000,000,° accounting for less than 5% of all CAH
cases. The HSD3B2 gene is located on chromosome
1 at 1p12 and is composed of 4 exons and 3 introns.
The protein contains 371 amino acids and has 4 func-
tional domains that include a cofactor binding do-
main, a ligand binding domain and 2 transmembrane
domains.® HSD3B2 gene mutations cause steroid hor-
mone synthesis disorder, which eventually leads to de-
creased aldosterone, cortisol and sex hormone synthesis.
The main clinical manifestations are adrenal insuffi-
ciency and sex hormone synthesis disorder. The severity
of the clinical manifestations depends mainly on the re-
maining enzyme activity. Therefore, the disorder can be
divided into classical and non-classical types according
to enzyme activity levels and the degree of adrenal in-
sufficiency. Children with classic 33-HSD deficiency
frequently have adrenal insufficiency, genital abnor-
malities in the neonatal period or infancy, and salt loss
manifested through vomiting and dehydration. Typi-
cally, male genitalia have different degrees of incom-
plete masculinization while women may consistently
be affected with mild masculinity. Therefore, the treat-
ment of glucocorticoid combined with mineralocorti-
coid replacement therapy to improve adrenal function
is recommended, and if necessary, surgical treatment
may also be required.

Because 3B-HSD deficiency is a rare disease, there are
a number of different types of mutation across different
populations. More than 110 cases have been confirmed
using genetic testing’~? and more than 50 types of HSD3B2
gene mutations have been detected, including frameshift,
missense, nonsense, splicing pathogenic variants, and de-
letions, among which missense variants are the most com-
mon type, while nonsense or frameshift pathogenic vari-
ants often lead to typical clinical phenotypes.’ In order
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to improve the understanding and diagnosis of the disease,
we analyzed and summarized the clinical characteristics,
genetic variants and treatment for 3 children with 33-HSD
deficiency in this study.

Materials and methods
Subjects

During the period from January 2011 to March 2019,
3 children diagnosed with 33-HSD deficiency were admit-
ted to the Department of Endocrinology, Children’s Hos-
pital of Chongqing Medical University, China. Informed
consent from the parents of each child was obtained and
reviewed by the ethics committee of the Children’s Hospi-
tal of Chongqing Medical University. Our study on humans
also complies with the Helsinki Declaration.

The gender, age of onset, clinical history, family history,
phenotypic features, and medication history was collected
for the 3 patients.

Determination of hormone levels

Peripheral blood was taken from the children and corti-
sol, testosterone (T), adrenocorticotrophin (ACTH), renin,
and aldosterone levels were determined with immuno-
luminescence. Dehydroepiandrosterone (DHEA), andro-
stenedione (AND) and 17-hydroxyprogesterone (17-OHP)
levels were determined using a radioimmunoassay.

ACTH excitatory test

A corticotropin (ACTH39 peptide 25 U = 0.25 mg) pep-
tide was used in the excitatory test. Approximately 10 mL
of normal saline was used to dilute the vein with slow intra-
venous injections for 5-10 min. Post-injections blood was
collected at 0 min (directly afer the injection), 30 min, and
60 min to measure progesterone, cortisol, AND, DHEA,
and 17-OHP levels.

Gene sequencing analysis

Blood (treated with EDTA anticoagulation) taken from
the children and their parents was collected and sent
to the Beijing Jinzhun Medical Laboratory (Beijing, China),
the Molecular Pathology Center of the Affiliated Hospital
of the Air Force Aviation Medical Research Institute (Bei-
jing, China) and the DeyiDongfang Conversion Medical
Research Center (Beijing, China) for sequencing. After
DNA extraction, polymerase chain reaction (PCR) using
gene-specific primers for the 4 HSD3B2 exons, exon intron
junction and V-flanking region was performed. Amplicons
were sequenced using the HiSeq2500 instrument (Illu-
mina, San Diego, USA) and variants were confirmed with
Sanger sequencing.
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Results
Clinical data for Case 1

Case 1is a male with a normal karyotype (46, XY), 5 years
and 8 months old now. When he was at the age of 1 month
and 13 days, his parents sought medical advice of an endo-
crinologist due to abnormalities in the external genitalia
of their son (the penis was short with hypospadias), inabil-
ity to gain body weight by 1 month of age and diarrhea for
at least 3 days. Soon after birth, abnormal genitalia, low
body weight and other symptoms were noted, such as poor
suction and regurgitation of milk, diarrhea, irritability,
convulsions, lack of sweating ability, poor response, short
stature, as well as intellectual and developmental retarda-
tion. His mother has had 1 pregnancy before and that has
delivered once (Tanner staging of her 1% child was G1P1).
He was a full-term baby, breastfed, and his birth weight
was 3.4 kg, with unknown birth length. Newborn screen-
ing showed abnormal results, namely, an elevated 17-OHP
value. His parents were healthy, with no consanguinity,
normal puberty development age, and negative family
history of genetic metabolic disease and CAH. Physical
examination at the age of 1 month and 13 days showed
a body length of 52 cm, body weight of 3.5 kg, normal
development, normal nourishment, no abnormal facial fea-
tures, rough skin, lack of pigmentation of the lip, gum and
breast, lack of hair, hemorrhoids, and normal heart, lungs

Table 1. Laboratory tests of Case 1 during follow-up
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and muscle tension in the limbs. The features of the ex-
ternal genitalia included dark-colored bilateral scrotum,
palpable testis, and embedded penis of approx. 1.0 cm
in length and 3.0 cm in circumference with hypospadias.
The Tanner staging was G1PH1 at the age of 1 month and
13 days. Laboratory findings are shown in Table 1. Labo-
ratory results at initial diagnosis showed elevated potas-
sium, 17-OHP and dehydroepiandrosterone, and low levels
of sodium, testosterone and cortisol.

Clinical data for Case 2

Case 2 is a male (chromosome 46, XY), 3 years and
3 months old now. He was treated with hormone therapy
for abnormal genitalia, poor suck and low weight after
reaching 1 month of age. Shortly after birth, external geni-
tal malformations were observed. A variety of physical
issues were present, namely, short penis with hypospa-
dias, scrotal skin pigmentation, poor suction, low weight
gain, irritability, convulsions, lack of sweating, and poor
response. Blood gas analysis revealed abnormal potassium
(high), sodium (low) and chlorine (low), with suspected
CAH and treatment with 1.25 mg hydrocortisone 3 times
per day and 50 pg of fluorohydrocortisone 2 times a day
at 1 month of age. After treatment, weight gain was ob-
served along with better suction and spit responses. He was
a full-term baby, delivered by cesarean section, with birth
weight of 3.4 kg and unknown birth length. At 7 months

ACTH 17-OHP Cortisol | Testosterone DHEA AND Renin Aldosterone | Electrolyte
[pg/mL] | [mmol/L] | [nmol/L] [nmol/L] [umol/L] [nmol/L] | [uIU/mL] [ng/dL] [mmol/L]
1 month and 13 days 34 >75.75 - 4.02 592 >35 10.63 049 ol
Na* 126.1
1 month and 27 days <10 8.82 - <0.69 0.502 3.26 - - normal
3 months and 2 days 131 12.78 - 296 <0407 1.07 - - normal
5 months and 12 days 19 <0303 - <0.69 <0407 <1.05 - - normal
27 months and 15 days 124 <0303 - <0.69 <0407 <1.05 - - normal
11 months and 3 days 13.7 1.03 - <0.69 <0407 <1.05 - - normal
1 yearand 1 month 12.7 35 - <0.69 <0407 <1.05 - - normal
1 year and 4 months 294 <0.303 378 <0.69 <0407 <1.05 - - normal
1 year and 8 months 319 <0303 - <0.69 <0407 <1.05 - - normal
1 yearand 11 months 275 1.03 <441 6.31 <0.407 <1.05 19.1 7.51 normal
2 years and 4 months <10 <0303 147 1.98 <041 <1.05 309 8.07 normal
2 years and 11 months 339 18.7 503 <0.69 312 <1.05 26 <0.97 normal
3 years and 6 months 220 11.26 <276 <0.69 6.08 <1.05 14.6 <0.97 normal
4 years 101 3.79 384 <0.69 2.77 <1.05 94.7 <0.97 normal
4 years and 7 months 629 2257 334 <0.69 23.1 2.77 2582 1.98 normal
4 years and 11 months 933 147 - <0.69 361 <1.05 4.8 <0.97 normal
5years and 2 months 599 7.12 <276 <0.69 4.34 <1.05 255 <0.97 normal
5 years and 8 months 264 6.55 <276 <0.69 10 <1.05 251.1 3.88 normal

Normal values: K+: 3.5-5.5 mmol/L; Na+: 130-150 mmol/L; ACTH: <46 pg/mL; 17-OHP: <29.1 mmol/L; cortisol: 124—-662 nmol/L; testosterone: <0.69 nmol/L;
renin: 2.8-39.9 ulU/mL; aldosterone: <23.6 ng/dL; DHEA: <0.41 umol/L.
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of pregnancy, ultrasound examination revealed that the fe-
tus had hypospadias and amniotic fluid chromosome
karyotyping showed 46 XY. After birth, neonatal screen-
ing revealed an abnormal 17-OHP level (110 nmol/L). His
parents were healthy, with normal puberty, no consan-
guinity and no family history of genetic metabolic disease
(including CAH).

Upon physical examination at the time of initial diagnosis
(2 months and 27 days of age), body length was 61 cm and
body weight was 6 kg. The child showed normal development,
good nutrition, no abnormal facial features, lack of pigmen-
tation in the gums, areola and skin folds, hemorrhoids, and
normal heart and lungs. The external genitalia had several
features such as a short penis similar to a clitoris (about
1.2 ¢cm long, 3.0 cm in circumference), a urethral opening
in the base of the penis, scrotum hypertrophy with no skin
pigmentation, and Tanner staging of G1PH1. The laboratory
results are shown in Table 2. The 17-OHP and potassium
levels were significantly elevated, but sodium remained low
at 2 months and 27 days of age. Other laboratory findings
at the time of initial diagnosis were abnormal, including high
ACTH and renin levels; however, 17-OHP, dehydroepiandros-
terone, aldosterone, and electrolyte levels remained normal.
These laboratory results may be related to hormone treat-
ments that were being administered to the patient. At 1 year
and 8 months of age, the ACTH stimulation test was com-
pleted (Table 3). The cortisol level after the challenge was
less than 500 nmol/L, suggesting a glucocorticoid deficiency.
Progesterone, 17-OHP, androstenedione, and other byprod-
ucts remained low, which also suggested an adrenal cortical
hormone synthesis disorder. The observed lesion was located

Table 2. Laboratory tests of Case 2 during follow-up
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at the adrenal gland and was consistent with 3B-HSD defi-
ciency type II, but dehydroepiandrosterone was not elevated
during the challenge, which may be explained by long-term
hormone replacement therapy. During the follow-up period,
17-OHP, DHEA, ACTH, aldosterone, and electrolytes levels
were normal after treatment.

Clinical data for Case 3

This is a female child (46, XX) who is now 8 years and
2 months old. At 5 months and 8 days of age, she was ex-
amined by an endocrinologist due to skin pigmentation
identified shortly after birth, intermittent vomiting, diar-
rhea, and developmental delay. This patient has bilateral
clitoral hypertrophy. There was pigmentation of the labia,
intermittent vomiting, diarrhea, growth delay, irritability,
convulsions, lack of sweating, poor response, hemorrhoids,
but normal stature and normal intelligence development.
Electrolyte test results showed a concentration range of po-
tassium from 7.26 mmol/L to 9.2 mmol/L and sodium
from 96 mmol/L to 100 mmol/L. She was born at G2P1
(Tanner staging), full-term, with birth weight of 3.1 kg
and unknown birth length; she was subject to artificial
feeding after birth. The parents of the child are healthy,
non-consanguineous, had normal puberty development,
an abortion of the first child and negative family history
of genetic any metabolic diseases, including CAH.

Upon physical examination at the time of initial di-
agnosis (age of 5 months), the patient had a body length
of 59.8 cm and weight of 4.8 kg, and presented with devel-
opmental delay, malnutrition, abnormal skin and areola

ACTH 17-OHP Cortisol | Testosterone DHEA AND Renin Aldosterone | Electrolyte

[pg/mL] [mmol/L] | [nmol/L] [nmol/L] [umol/L] | [nmol/L] | [ulU/mL] [ng/dL] [mmol/L]
Outside the hospital - 110 - - - - - - oo

Na* 114.1
2 months and 27 days 262 3.7 810 43 <041 213 464 <0.97 normal
3 months and 26 days 429 378 813 17.8 0497 539 88.5 <0.97 normal
5 months and 27 days <10 <0303 42.8 <0.69 <041 <1.05 6.5 <0.97 normal
9 months and 15 days 736 045 303 17.8 <041 <1.05 <05 1.02 normal
1 year and 4 months 150 1.74 46.9 1.76 <041 <1.05 29.1 1.94 normal
1 year and 8 months 126 197 63.2 <0.69 <041 <1.05 773 <0.97 normal
2 years and 3 months 483 0.83 464 <0.69 <041 <1.05 13 1.83 normal
2 years and 8 months 157 2.66 67.9 <0.69 <041 <1.05 773 <0.97 normal

Table 3. ACTH stimulation test of Case 2

Base value 120 min
Cortisol 370 284 284 250 170
Progesterone <0.64 <0.64 <0.64 <0.64 <0.64
Dehydroepiandrosterone <041 <041 <041 <041 <041
Androstenedione <1.05 <1.05 <1.05 <1.05 <1.05

17-hydroxyprogesterone 1.61 1.93 2.1 1.96 1.59
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pigmentation, lack of pigmentation in the oral mucosa,
pigmentation in the vulva, and slightly enlarged clitoris.
The laboratory results are shown in Table 4. At the time
of initial diagnosis, they showed high levels of potassium,
ACTH, 17-OHP, and DHEA, but sodium levels were low
and renin and aldosterone level remained normal. During
the treatment period, ACTH and 17-OHP, AND, aldoste-
rone, and electrolytes were normal. At the age of 8, her bone
age is 6 years and 9 months, which is slightly behind normal.

Gene sequencing results of the 3 cases

The gene sequencing results for HSD3B2 for the 3 chil-
dren are shown in Table 5 and Fig. 1. The HSD3B2 gene
screening results in Case 1 showed 2 heterozygous se-
quence changes, namely, c.154_162delinsTCCTGTT/p.

Arg52Serfs*10 and ¢.1003C>T/p.Arg335Ter.
The ¢.154_162delinsTCCTGTT pathogenic variant was
inherited from the mother, indicating that bases between
154 and 162 were deleted, creating a frameshift mutation
with a premature stop codon. In addition, the c.1003C>T
nonsense pathogenic variant, which was predicted to re-
sult in premature termination, was not detected in the fa-
ther. The HSD3B2 gene screening results for Case 2 showed
2 missense heterozygous pathogenic variants, c.424G>A
(p.E142K) change inherited from the father and c.674T>A
(p-V225D) inherited from the mother. Moreover, HSD3B2
gene screening of Case 3 showed 2 pathogenic variants,
a missense ¢.776CcT (p.T259M) change inherited from
the mother and a nonsense ¢.1003C>T (p.R335X) change
expected to result in premature termination inherited
from the father.

Table 4. Laboratory tests of Case 2 during follow-up

ACTH 17-OHP Cortisol | Testosterone DHEA AND Renin Aldosterone | Electrolyte
[pg/mL] [mmol/L] | [nmol/L] [nmol/L] [umol/L] | [nmol/L] [uIU/mL] [ng/dL] [mmol/L]
5 months and 8 days >1250 >755 497 213 >27.1 >35 10.59 0.408 e
Na*119.5
6 months and 18 days <10 1.38 - <0.069 - - 827 0.059 normal
7 months and 15 days <10 <0303 - <0.069 - - 0.27 0.058 normal
10 months and 29 days 239 - - <0.069 - - 041 0.078 normal
1 year and 2 months 14.5 <0303 - <0.069 <0407 <1.05 046 0.08 normal
1 year and 6 months 154 <0.303 196 <0.069 <0.407 <1.05 0.63 0.13 K*33
2 years and 2 months 44.2 <0.303 - <0.69 - - 0.69 0.14 normal
2 years and 7 months 142 - - 1.07 - - 0.62 0.13 normal
3 years and 2 months <10 <0303 - <0.69 <0407 <1.05 - - normal
3 years and 7 months 261 <0.303 32 <0.69 <0407 <1.05 0.57 0.13 normal
4 years and 1 month 1067 3.96 - <0.69 0.738 <1.05 2.09 0.15 normal
4 years and 6 months 447 5.04 236 <0.69 0.532 <1.05 7.6 <097 normal
5 years 1250 9.01 24.6 <0.69 3.61 258 14.5 <097 normal
5 years and 7 months 674 2.66 35 <0.69 0.54 <1.05 58 3.86 normal
6 years and 1 month 643 18.37 67.6 <0.69 5.84 518 170.2 333 normal
6 years and 5 months 268 <0.303 - <0.69 <041 <1.05 15.7 1.28 normal
6 years and 8 months <10 <0303 118 <0.69 <041 <1.05 126 <097 normal
6 years and 11 months 117 3.54 <276 <0.69 0456 <1.05 109.8 143 normal
7 years and 5 months <10 <0.303 60.7 <0.69 <041 <1.05 8.1 <097 normal
8 years 552 048 <27.6 <0.69 <041 <1.05 61 <0.97 normal

Table 5. HSD3B2 gene results of 3 cases

Mutation site

Mutation type Father Mother

Nucleotide change

Amino acid change

c.154_162delinsTCCTGTT p.Arg52Serfs*10 frameshift mutation 3 none hybrid

Cose | c.1003C>T p.Arg335Ter nonsense mutation 4 none none
Cc424G>A PE142K missense mutation 4 hybrid none

Cose 2 C674T>A PV225D missense mutation 4 none hybrid
c.776C>T p.259, T>M missense mutation 4 none hybrid

Case 3 c.1003C>T P335, R>X(38) nonsense mutation 4 hybrid none
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Adrenal cortical hormone
replacement therapy

Case 1 was treated with hydrocortisone replace-
ment therapy immediately after the initial diagnosis
(Table 6). The highest dose of hydrocortisone was ad-
ministered at the beginning during infancy but was
gradually decreased with age. The dose at 2-5 years
of age was 8—10 mg/m?/day, and was slightly increased
after 5 years of age. The dose of fludrocortisone was
gradually increased within the first 3 months of life,
but the maximum dose did not exceed 100 pg/day and
was slowly decreased after 3 months of age. Adrenal
insufficiency control was satisfactory during treatment
as evidenced by lack of adrenal crisis, hypertension and
normal electrolytes. Dehydroepiandrosterone sulfate
(DHEAS) and other androgens were well-controlled.
Bone age was not advanced and consistent with age.
In infancy, the curve of children’s height fluctuates
greatly due to repeated pneumonia, diarrhea and other
diseases. After 1 year and 8 months, the height of chil-
dren grows along the P3 curve of children of the same
age. At 4 years old and 4 months of age, the height curve
significantly increased.
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Case 2 was treated with hydrocortisone and fludro-
cortisone replacement therapy. The dose of the drug was
adjusted after the initial diagnosis (Table 7). The dose
of hydrocortisone fluctuated between 5 mg/m?/day and
10 mg/m?/day. The dose of fludrocortisone was gradually
decreased with age. During treatment, adrenal insuffi-
ciency was controlled satisfactorily (no adrenal crisis, no
hypertension, no bone advanced age and normal electro-
lytes), with normal physical development.

Case 3 was treated with hydrocortisone and fludro-
cortisone replacement therapy after the initial diagnosis
(Table 8). The dose of hydrocortisone was highest at initial
dose in infancy and gradually decreased with age. The dose
at 3—6 years old was maintained at 10 mg/m?/day, and
the dose was slightly increased after reaching the age of 6.
The dose of fludrocortisone was gradually reduced with
age. During treatment, adrenal insufficiency was controlled
satisfactorily. At 4 years and 1 month, there was an increase
in blood pressure, which indicated that there may be min-
eralocorticoid overtreatment; after dose reduction, blood
pressure returned to normal. Electrolytes were normal.
Atthe age of 8, the age of the bones was 6 years and 9 months,
slightly behind normal, suggesting that the treatment of sex
hormone synthesis disorders may also be warranted.

Table 6. Physical examination and medication results of Case 1 during follow-up

Height/weight | Blood pressure Penis length* Testis | Hydrocortisone | Fluorocortisone | Bone age
[em/kg] [mm Hg)] circumference [cm] [mL] [mg/m?/day] [ng/day] [years]
1 month and 13 days 52/3.5 = 1.0%3.0 15 337 50 -
1 month and 27 days 58/4.0 - 1.0*3.0 1.5 31.25 75 -
3 months and 2 days 59/5.0 = 1.5%3.0 2 27.27 100 =
5 months and 12 days 65/7.0 - 2.0%3.0 2 21.74 75 -
7 months and 27 days 65/7.5 = 20%*3.0 2 20.69 75 =
11 months and 3 days 67/8.0 - 2.0%3.0 2 15.79 75 -
1 yearand 1 month 70/85 = 2.0%35 2 15.09 75 -
1 year and 4 months 70/8.5 - 20*3.5 2 12.58 60 -
1 year and 8 months 78/10 = 2.0%*4.0 2 10.18 50 14
1 yearand 11 months 80.5/11.5 96/56 3.5%4.0 2 1212 50 -
2 years and 4 months 88/13 100/50 3.5%40 2 9.01 50 32
2 years and 11 months 91/135 98/53 4.0%4.5 2 8.73 50 -
3 years and 6 months 93/15 100/60 4.0%4.5 2 9.28 333 53
4 years 97/15 101/53 4.0%4.5 2 9.6 50 58
4 years and 7 months 101/17 129/96 4.0%4.5 2 863 40 =
4yearsand 11 months 103.3/17 107/62 4.0*4.5 2 11.99 40 -
5 years and 2 months 104.5/18 105/65 4.0%4.5 2 11.41 40 6.5
5 years and 8 months 110.5/20 110/68 4.0%4.5 2 12.5 40 7.2
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Table 7. Physical examination and medication results of Case 2 during follow-up

Height/weight | Blood pressure Penis length* Testis | Hydrocortisone | Fluorocortisone | Bone age
[em/kg] [mm Hg] circumference [cm] [mL] [mg/m?/day] [ug/day] [years]
2 months and 27 days 61/6 - 1.2*3.0 25 9.68 66.67 -
3 months and 26 days 64/7 - 1.5*3.0 2.5 87 75 -
5 months and 27 days 68/8.7 = 2.0%*35 25 742 60 =
9 months and 15 days 74/11 - 3.5%4.5 3 6.19 50 -
1 year and 4 months 83/13 - 4.0%4.5 3 541 50 -
1 year and 8 months 88/13 102/73 4.0*4.5 3 9.01 50 2.5
2 years and 3 months 94.5/14 100/73 4.0*4.5 3 847 333 -
2 years and 8 months 99.5/15 - 4.0*4.5 3 9.33 40 -

Table 8. Physical examination and medication results of Case 3 during follow-up

Height

Blood pressure
[cm]

[mm Hg]

5 months and 8 days 59.8 4.8
6 months and 18 days 65 6.3
7 months and 15 days 66 9.2
10 months and 29 days 72 9

1 year and 2 months 723 9.2
1 year and 6 months 78 9.5
2 years and 4 months 83 11

2 years and 7 months 86 12
3 years and 2 months 88 14
3years and 7 months 94.5 15
4 years and 1 month 15

4 years and 6 months 102.5 16.5
5 years 17.5
5yearsand 7 months 109 19
6 years and 1 month 113.5 20
6 years and 5 months 21

6 years and 8 months 116 215
6 years and 8 months 117 23

7 years and 5 months 1189 25

8 years 1225 27

Penis length* circumference Testis Hydrocortisone Fluorocortisone
[em] [mL] [mg/m?/day] [pg/day]
- 37.31 50 -
94/46 2341 60 -
71/41 17.77 60 =
90/65 14.46 50 0.8
72/42 14.22 50 -
86/64 13.87 50 -
86/55 1237 50 1.7
90/60 1442 50 -
90/62 10.17 50 =
90/62 8.8 333 -
140/106 9.6 333 39
101/55 8.86 333 -
106/48 842 333 52
104/54 9.8 16.7 -
93/60 9.38 16.7 6.6
- 13.96 16.7 -
101/61 11.73 50 =
96/55 14.73 333 6.8
116/73 11.96 16.7 -
109/54 11.16 16.7 6.8

Masculine insufficiency treatment
for 2 cases

Case 1

Figure 2A shows the abnormal external genital mani-
festations of the child at the time of initial diagnosis.
The child was given long-acting testosterone intramus-
cular injections at the age of 1 year and 9 months at a dose
of 100 mg/m? once every 15 days, 4 times in total over
2 months. The penis size increased significantly at 1 year
and 11 months (Fig. 2B); namely, the length was about
3.5 cm and the circumference was 4.0 cm. After topical
application of dihydrotestosterone cream for 1 month,
the drug was discontinued for 3 months. At the age

of 2 years and 3 months, the patient underwent hypo-
spadias repair at the local hospital. The postoperative
penis (Fig. 2C,D) was about 4.0 cm long and 4.5 cm
in circumference.

Case 2

Figure 3A shows the external genital performance
of the child at the time of initial diagnosis. At the age
of 3 months, intramuscular injection of gonadotropin
(1500 U) was administered once every 2 weeks for a to-
tal of 6 times over 3 months. The penis of the child was
slightly enlarged (Fig. 3B) — about 2.0 cm long and 3.5 cm
in circumference. At 6 months of age, long-acting testos-
terone began to be injected (intramuscularly) in a dose
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Fig. 2. External genitalia size of intramuscular long-acting testosterone (A), intramuscular long-acting testosterone 2 months later (B), 8 months after
hypospadias repair (C) and 28 months after hypospadias repair (D) for Case 1

A

Fig. 3. External genitalia size of HCG and long-acting testosterone (A), intramuscular injection of HCG 6 times (B), intramuscular long-acting testosterone
3 months later (C) and 4 months after hypospadias repair (D) for Case 2
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of 100 mg/m? once every 2 weeks. The course of treatment
was 3 months and the size of the penis increased signifi-
cantly (Fig. 3C) to a length of about 3.5 cm and circumfer-
ence of 4.5 cm. At the age of 2 years and 10 months, the pa-
tient underwent hypospadias repair at the local hospital.
After 4 months, the penis (Fig. 3D) was about 4.0 cm long
and 4.5 cm in circumference.

Case3

Female child had mild masculinization of the external
genitalia (slightly hypertrophied clitoris). However, the pig-
mentation of the vulva was not aggravated and the clitoris
size did not increase progressively. No surgical correction
was needed.

Discussion

3B-HSD deficiency is mainly caused by mutations
in the HSD3B2 gene that cause adrenocortical hormone
and sex hormone synthesis disorders.!! Levels of pre-ste-
roidal steroids, such as pregnenolone, 17-hydroxypregnen-
olone, dehydroepiandrosterone, and androstenediol, were
observed to be increased, while progesterone, 17-OHP,
androstenedione, testosterone, and other downstream
products were decreased, resulting in adrenal insufficiency
and external genital abnormalities as clinical manifesta-
tions. In this paper, we reported 3 33-HSD deficiency cases,
including 2 male children and 1 female child, with the age
of onset in infancy, who suffered from loss of salts caused
by decreased aldosterone synthesis with clinical conse-
quences — namely, spitting milk, diarrhea, slow weight
gain, and high potassium and low sodium levels. All cases
had reduced cortisol levels, which is known to promote
melanocytes to stimulate hormones that lead to increased
melanin synthesis, causing pigmentation in skin folds, are-
ola, vulva, and other parts of the body. All of the 3 children
had abnormal genital function caused by sexual steroid
synthesis disorder. Among them, 2 male patients showed
serious insuffciency in masculine features and the female
child showed mild masculinity with heavy salt loss. Usu-
ally, 33-HSD deficiency can cause levels of 17-OHP and tes-
tosterone and other downstream products to decrease, but
in all 3 children, we observed an elevation of 17-OHP and
testosterone, which was mainly due to a lack of 33-HSD2
and 33-HSD1 expression; the latter is known to convert
17-hydroxypregnenol to 17-OHP in extra-adrenal tissue
to cause an increase in its levels. An increase in testos-
terone may be due to the conversion of excess dehydro-
epiandrosterone to testosterone by 33-HSD1 in the pe-
riphery, or further conversion of dehydroepiandrosterone
to testosterone by elevated 17-OHP level under the action
of an enzyme such as 17,20 carbon lyase. All 3 children
suffered from severe salt loss in early infanthood, as shown
with laboratory tests. Dehydroepiandrosterone increased
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in Case 1 and Case 3 at diagnosis. On the basis of the ob-
served clinical manifestations and laboratory results, it can
be established that the 3 children had the classic manifesta-
tions of 33-HSD deficiency.

The results of HSD3B2 gene sequencing in the 3 children
are shown in Table 5. All of the children had compound
heterozygous mutations and the mutation types were
different, including 1 nonsense mutation, 1 frameshift
mutation and 3 missense changes. The frameshift muta-
tion was located at exon 3 while the remaining mutations
were located at exon 4. After reviewing the OMIM (Online
Mendelian Inheritance in Man; www.omim.org), ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/) and NCBI (Na-
tional Center for Biotechnology Information; www.ncbi.
nlm.nih.gov) databases, it was found that the mutation sites
¢.1003C>T, ¢.424G>A and ¢.776C>T have been reported
in the literature,®'%!3 while c.154_162delinsTCCTGTT
and c.674T>A are novel. According to a previous study,
the ¢.424G>A and c.776C>T mutations result in undetect-
able enzyme activity in vitro, whereas the ¢.1003C>T mu-
tation yielded an activity level of only 2% in vitro.” It has
been demonstrated that more than 2% of residual enzyme
activity may offer sufficient mineralocorticoid produc-
tion to avoid severe salt loss.® Therefore, the genetic re-
sults of the 3 children explain the clinical manifestations
as a classical type of 3B-HSD deficiency. Thus, there was
a strong genotype—phenotype correlation in the 3 patients.

The gene sequencing results presented in Table 5 showed
that the healthy father and healthy mother of Case 2 and
Case 3 were carriers of these mutations of the HSD3B2
gene. In addition, HSD3B2 gene sequencing resulted
in the identification of 2 compound heterozygous mu-
tations consistent with an autosomal recessive form
of 3B-HSD deficiency. Interestingly, the mutation was
not detected in the father of Case 1 and was a de novo
change. The c.154_162delinsTCCTGTT/p.Arg52Serfs*10
was a frameshift mutation that was predicted to end
in an early termination of the peptide chain. Thus, this
change is considered to be associated with a pathogenic
variant. In Case 2, sequencing results suggested that there
were 2 compound heterozygous mutations, c.424G>A
(p.E142K) and c.674T>A (p.V225D). Segregation dem-
onstrated that the 2 mutations were derived from each
of the healthy parents, thus supporting an autosomal re-
cessive mode of inheritance and providing more evidence
for the pathogenicity of these 2 changes.

The standard treatment for 3p-HSD deficiency is hor-
mone replacement therapy. The commonly used drugs
in children are hydrocortisone and fludrocortisone.
Garagorri et al.'* showed that cortisol increased linearly
with age beginning at 6 months of age, and that the con-
centration of basal cortisol in children did not change dra-
matically.!> There were both similarities and differences
in hydrocortisone treatment options for the 3 cases in this
study. The similarities were that the dose of hydrocorti-
sone in infancy decreased with age and was maintained
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at 8-10 mg/m?/day in early childhood, increased slightly
before and after school age, and was maintained at about
10-12 mg/m?/day thereafter. The differences included
the initial doses in Case 1 and 3 being significantly higher
than those in Case 2. Case 3 had significantly higher
doses of hydrocortisone in infancy compared to Case 1,
mainly due to the late treatment of Case 3.1° The physi-
ological secretion of endogenous cortisol in children
is 6—-8 mg/m?/day, and pre-child cortisol levels fluctuate
less. The dose of hydrocortisone in early childhood is main-
tained at slightly higher concentrations than physiological
levels. A slight increase in levels before and after school
age may be related to learning and environmental changes.

We gained important insight into disease treatment from
the 3 cases studied here. Treatment is somewhat similar
to the treatment for 21-hydroxylation deficiency. However,
compared with 21-hydroxylation deficiency treatment,
the hydrocortisone dosage for the 3 cases in our study
was limited and androgen elevation was easier to control.
It should be noted, though, that the patients could be prone
to overtreatment. The dose of fludrocortisone is gradually
decreased with age, and the maximum dosage should not
exceed 100 pg/day. The dose should be adjusted according
to blood pressure and electrolyte and renin activity during
treatment to maintain plasma renin activity in the normal
to medium range.l”

Masculinization treatment is mainly aimed at treating
male patients with a small penis and with hypospadias and
other incomplete masculinization.'® Genital abnormalities
in 33-HSD deficiency are caused by 3B-HSD2 activity be-
ing the highest during the critical period of external geni-
tal development before the 12" week of gestation during
the fetal period.!” Therefore, male children can be affected
by impaired testosterone biosynthesis in the early fetal stage
due to a lack of 33-HSD2 in the testis, causing androgen
deficiency leading to genital abnormalities, small penis,
hypospadias, and severe external genitalia underdevelop-
ment.?° 33-HSD1 activity is higher than 3f-HSD2, which
is most active in the 3" trimester of pregnancy, after genital
development.?t Although 33-HSD1 mediates the conver-
sion of excess dehydroepiandrosterone to testosterone, for
a man with a 46 XY karyotype and 33-HSD2 deficiency,
androgen levels are not sufficient for the normal develop-
ment of genitalia. For female children, the lack of testoster-
one in early pregnancy can degrade the Wolffian catheter,
while the Miillerian catheter can develop into the fallopian
tubes and uterus,?' and 3p-HSDI mediates the conversion
of dehydroepiandrosterone to testosterone in the 3" tri-
mester. Elevated androgen levels can cause affected women
to be mildly masculinized (with different degrees of clitoral
enlargement, with or without labial fusion).?? Treatment
of hypospadias after the penis is enlarged is usually recom-
mended for hypospadias from 6 months to 2 years of age,
which is in the mini-puberty range. We reported Cases
1 and 2 at 1 year and 9 months and 6 months of age, re-
spectively, treated with long-acting testosterone to increase
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penis size. Case 1 was treated with a combination of topical
testosterone cream and penile lengthening, both of which
resulted in satisfactory penis growth and excellent recovery
after hypospadias repair. During follow-up for growth and
development, 2 patients who were treated with long-acting
testosterone had bone age consistent with their age, which
indicates the safety of short-term testosterone therapy in pa-
tients younger than 2 years. The masculinization of Case
3 was mild, and there was no progress in masculinization
with age, so no surgical intervention was needed.

Conclusions

This study reported on 3 children with classic 33-HSD
deficiency. All infants had typical adrenal insufficiency
and abnormal genital manifestations, along with abnor-
mal steroid hormone levels and with compound mutations
in HSD3B2. Specifically, the mutations were diverse and
located in exons 3 and 4, with a strong genotype—phe-
notype correlation. The ¢.154_162delinsTCCTGTT and
c.674T>A (p.V225D) mutations were novel changes and
were classified as pathogenic. The treatment of the dis-
ease was mainly corticosteroid replacement, after which
adrenal function was observed to normalize. For male chil-
dren with hypospadias and small penis, in order to obtain
the best surgical effect of hypospadias repair, testosterone
use was recommended instead of interventions to increase
penis size at adolescence. In addition, the 3 probands re-
ported in this study did not enter puberty and are still
being followed to evaluate hormone levels and puberty
development performance.
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Abstract

Background. Odontogenic keratocysts (OKCs) are clinically aggressive lesions with relatively high recurrence
rates. Dysregulation of functional equilibrium in the RANK/RANKL/OPG system is responsible for osteolysis
associated with the development of OKCs. Previously published findings imply that immunoexpression
of these 3 proteins may correlate with bone resorption activity in OKCs.

Objectives. The rationale behind this study was to assess the potential for receptor activator of nuclear
factor kappa-B (RANK), receptor activator of nuclear factor kappa-B ligand (RANKL) and osteoprotegerin
(OPG) expression, as well as RANKL/OPG expression ratio, to serve as prognostic indicators for OKC recurrence.

Materials and methods. We investigated the immunoexpression patterns of RANK, RANKL and OPG, and
their correlation with recurrence rates, in 41 patients with OKCs treated with enucleation.

Results. We found no statistically significant differences between recurrent and non-recurrent cystsin terms
of either: epithelial (p = 0.404) and stromal (p = 0.469) immunoreactivity of RANK; epithelial (p = 0.649)
and stromal (p=0.198) immunoreactivity of RANKL; or epithelial (p= 1) and stromal (p = 0.604) immuno-
reactivity of OPG. We also did not find significant differences in the distribution of cases with respect to ratios
of RANKL/OPG immunostaining scores between recurrent and non-recurrent OKCs, both in the epithelium
and in the connective tissue (p=1and p = 0.237, respectively).

Conclusions. Our results suggest that immunoexpression levels of RANK, RANKL and OPG at the time
of pathological diagnosis, as well as the RANKL/OPG ratio, are not useful as prognostic markers for OKC
recurrence.

Key words: OPG, RANK, RANKL, odontogenic keratocyst, keratocystic odontogenic tumor
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Background

Several histopathologically benign odontogenic tumors,
including keratocystic odontogenic tumor (KCOT), amelo-
blastoma (AM), ameloblastic fibroma (AF), and odonto-
genic myxoma (OM), exhibit clinically aggressive progres-
sion with a tendency towards infiltrative growth. Recently,
the World Health Organization (WHO) reclassified KCOT
from the tumor category into the cyst category as odon-
togenic keratocyst (OKC).! However, published reports
stress the significance of its aggressive growth and rela-
tively high recurrence rate (approx. 25%).% Many attempts
have been made to elucidate the biological mechanisms
of OKC onset and development, and investigators have
also evaluated various molecular markers as indicators
of the potential for OKC to relapse. It has been suggested
that expression of epithelial cell proliferation and apopto-
sis markers might be correlated with propensity for OKC
recurrence, but these results are ambiguous. In our recent
report, we demonstrated that expression levels of COX-2
(cyclooxygenase-2), BCL-2 (B-cell lymphoma 2), PCNA
(proliferating cell nuclear antigen), and tumor protein p53
are not associated with OKC recurrence.* Thus, it is es-
sential to continue to investigate other molecular factors
in the search for prognostic candidates.

One key event responsible for the aggressiveness and pro-
gression of intraosseous lesions is bone resorption, which
mainly depends on the formation and activation of osteo-
clasts.” Under physiological conditions, there is a delicate
balance between the activities of osteoblasts and osteo-
clasts, through which the bone tissue is subjected to con-
tinuous remodeling.®~® Two members of the tumor necrosis
factor (TNF) receptor superfamily, RANK (receptor activa-
tor of nuclear factor kappa-B) and RANKL (receptor activa-
tor of nuclear factor kappa-B ligand), are critical regulators
of the bone remodeling process.”* In vitro, the RANK/
RANKL signaling pathway, together with macrophage
colony-stimulation factor, promotes osteoclast differen-
tiation from blood-born hemopoietic precursors, whereas
the addition of the soluble receptor osteoprotegerin (OPG)
into these culture systems prevents osteoclastogenesis.!!
Osteoprotegerin binds directly to RANKL and interrupts
the activation of osteoclasts.!? Hence, the balance between
OPG and RANKL regulates bone resorption and forma-
tion.>® The upregulation of RANKL and the downregula-
tion of OPG are involved in various bone-associated dis-
eases, including osteoporosis,' rheumatoid arthritis!* and
bone heredopathia.!® This expression pattern also has a role
in various bone tumors, including primary malignancies,
such as multiple myeloma'® and osteosarcoma,'” as well
as soft tissue malignant tumors with secondary bone inva-
sion by metastasis’ or direct infiltration.!!

Several studies have demonstrated expression of RANK,
RANKL and OPG in the epithelium and stroma of some
odontogenic cysts and tumors, including OKC,>2 AM,>1218
AFY OM,Y radicular cyst (RC),>?° and dentigerous cyst
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(DC).>!2 In 2013, de Matos et al.® suggested that higher
imumunodetection of RANKL and lower imumunodetec-
tion of OPG could indicate greater bone and tooth resorp-
tion activity in OKC and AM in comparison with RC and
DC, which present indolent clinical behavior. Likewise,
Tekkesin et al.? revealed a greater number of RANK-posi-
tive cells in the epithelial component of OKC and AM than
in RC. This may indicate that greater bone/tooth resorp-
tion activity occurs in OKC and AM as compared to RC,
which is consistent with the clinical presentation of these
lesions. However, little is known about the prognostic value
of RANK, RANKL and OPG expression (as measured with
immunohistochemical staining) in aggressive odontogenic
lesions. Therefore, the aim of this study was to investigate
the potential for RANK, RANKL and OPG expression,
as well as the balance between levels of RANKL and OPG,
as prognostic markers in patients with OKC.

Materials and methods
Samples

Original hematoxylin-and-eosin (H&E)-stained slides
and formalin-fixed, paraffin-embedded specimen blocks
representing 41 cases of OKC were retrieved from the ar-
chives of the Chair of Pathomorphology at the Jagiello-
nian University Medical College, Krakéw, Poland, and
the Chair of Pathomorphology of the Medical University
of Silesia, Zabrze, Poland. The OKCs had been surgically
removed from 20 females and 21 males, with a mean age
of 40.24 (+18.3) years at the time of surgery. All lesions
were treated between 1997 and 2015 at the Department
of Oral Surgery at the Jagiellonian University Medical
College or at the Academic Center of Dentistry and Spe-
cialized Medicine in Bytom, Poland. In all cases, surgical
enucleation of the lesion was conducted by careful removal
of the cyst lining, followed by primary closure. No bone re-
generation graft materials were applied. Surgical technique
was standardized between surgeons performing enucle-
ation. Subjects with nevoid basal cell carcinoma syndrome
(NBCCS)-associated OKCs were not included in this analy-
sis. The recurrence period was defined as the time between
diagnosis of the primary lesion and the time of detection
of any recurrent lesion in the same location that was sub-
sequently histopathologically confirmed to meet the WHO
(2017) microscopic criteria for OKC.

Immunohistochemistry

Formalin-fixed, paraffin-embedded archival blocks were
sectioned and stained with H&E. Slides with 5-pum thick
tissue sections were used to confirm a diagnosis of OKC
using a light microscope.

For immunohistochemical analysis, paraffin-embedded,
3-um thick tissue sections were placed on salinized slides.
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Samples were deparaffinized with xylene, rehydrated
in graded alcohol and washed in deionized water. Antigen
retrieval was performed by heating slides in Heat-Induced
Epitope Retrieval Buffer (Thermo Scientific, Fremont,
USA), at pH 6 or pH 9, for 20 min at 95°C. Sections were
then blocked by incubation with 3% H,O, and protein block
(Thermo Scientific), and then slides were incubated over-
night in a humidified chamber at 4°C with one of the fol-
lowing antibodies:

— mouse monoclonal anti-RANK (ab13918; Abcam Inc.,
Cambridge, USA; diluted 1:200);

— rabbit polyclonal anti-RANKL (ab169966; Abcam; 1:400);

— rabbit polyclonal anti-OPG (ab183910; Abcam; 1:400).

After washing in Tris-buffered saline (TBS), sections
were treated according to the manufacturer’s instructions
with the Primary Antibody Amplifier Quanto system, fol-
lowed by the HRP Polymer Quanto system (both Thermo
Scientific). Slides were stained using a 3-3’-diaminoben-
zidine (DAB) Quanto kit (Thermo Scientific). Finally, tis-
sue sections were counterstained with hematoxylin, de-
hydrated, and covered with coverslips for further analysis.
A case of central giant cell granuloma was used as the posi-
tive control for expression of RANK, RANKL and OPG.
For the negative control, sections were treated as above,
but without primary antibody exposure. Cellular staining
patterns for RANK, RANKL and OPG in the epithelium
and stroma of OKC were cytoplasmic.

Semiquantitative assessment was conducted using
a four-point scoring system:

— grade 0 (no reaction): 0% of cells stained;

— grade 1 (weak reaction): 1-25% of cells stained;

— grade 2 (moderate reaction): 26—50% of cells stained;

— grade 3 (strong reaction): >50% of cells stained.

All histopathological and immunohistochemical evalu-
ations were made by board-certified specialists in patho-
morphology.

Results were reported either as mean (+ standard devia-
tion (SD)), or as number of cases plus percentages, as appro-
priate. Differences in immunohistochemical data between
recurrent and non-recurrent OKCs were analyzed using
Fisher’s exact test. The Cox proportional hazard model for
time-dependent variables was implemented to evaluate
hazard ratio, and 95% confidence intervals (95% CI) were
used as estimates of hazard risk for a recurrence potential.
Probability values (p-values) less than 0.05 were considered
significant. All analyses were performed using R statistical
software (the R Project for Statistical Computing; http://
www.R-project.org/).

Results

The number of cases included in the analysis totaled 41.
The mean time until follow-up was 8.49 (+4.34) years. Re-
currences were ascertained in 12 (29.27%) cases. The mean
recurrence period was 3.92 (+2.61) years.
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Positive immunohistochemical staining for RANK was
identified in 15 (36.58%) cases in epithelium, and in 28
(68.29%) cases in stroma. In all but 1 positive case, only
a weak reaction was observed. We did not find a single
OKC case exhibiting a strong response for RANK within
both epithelial and stromal components. There were no
statistically significant differences between recurrent
and non-recurrent cysts in terms of epithelial (p = 0.404)
or stromal immunoreactivity to RANK (p = 0.469)
(Table 1). Representative immunohistochemical images
are shown in Fig. 1 and 2.

With respect to RANKL, all cases of OKCs were positive
for expression within the epithelium, and all but 1 case also
showed expression in the cystic connective tissue (Table 1).
Epithelial samples exhibited moderate-to-strong reactions
in 85.36% of cases, whereas stromal reactions were mostly
weak (51.2% of cases) (Fig. 3). There were no statistically
significant differences between recurrent and non-recur-
rent cysts in terms of epithelial (p = 0.649) or stromal im-
munoreactivity to RANKL (p = 0.198) (Table 1).

Fig. 1. Immunohistochemical reaction for RANK: no cytoplasmic
staining in epithelium (* no reaction) or in stroma (> no reaction) (x100
magnification)

Fig. 2. Immunohistochemical reaction for RANK: cytoplasmic brown
staining in epithelium (* weak reaction) and no staining in stroma (=> no
reaction) (x200 magnification)
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Table 1. Histopathological characteristics of cases, with hazard risks for recurrence of OKCs

Immunostain Recurrent cysts Non-recurrent cysts _value Cox proportional hazard model
Immuno- (n=12) (n=29) FI’: o
localization type (Fisher's
protein : exact test) HR (95% Cl)
of reaction
none 7 58.33% 19 65.52% 1.00
weak 4 33.33% 10 34.48% 0.917[0.268-3.139] 0.891
RANK 0404
moderate 1 8.33% 0 0.00% 4.040 [0.488-33.435] 0.195
strong 0 0.00% 0 0.00% NA
none 0 0.00% 0 0.00% NA
weak 1 8.33% 5 17.24% 1.00
Epithelium RANKL 0.649
moderate 4 33.33% 12 41.38% 1671 [0.187-14.963] 0.646
strong 7 58.33% 12 41.38% 2.515[0.309-20451] 0.388
none 1 8.33% 2 6.90% 1.00
oPG weak 8 66.67% 19 65.52% ] 0.944[0.118-7.559] 0.957
moderate 1 8.33% 4 13.79% 0.606 [0.038-9.722] 0.724
strong 2 16.67% 4 13.79% 0.856 [0.077-9.492] 0.899
none 5 41.67% 8 27.59% 1.00
weak 7 58.33% 21 7241% 0.633 [0.201-1.996] 0435
RANK 0.469
moderate 0 0.00% 0 0.00% NA
strong 0 0.00% 0 0.00% NA
none 0 0.00% 1 345% NR
weak 7 5833% 14 48.28% 0449 [0.116-1.743] 0.247
Stroma RANKL 0.198
moderate 2 16.67% 12 41.38% 0.169 [0.028-1.022] 0.053
strong 3 25.00% 2 6.90% 1.00
none 1 8.33% 2 6.90% 1.00
weak 5 41.67% 18 62.07% 0.613[0.071-5.252] 0.655
OPG 0.604
moderate 4 33.33% 7 24.14% 1.140[0.127-10.226] 0.907
strong 2 16.67% 2 6.90% 1.356 [0.123-14.981] 0.804

OKCs - odontogenic keratocysts; RANK - receptor activator of nuclear factor kappa-B; RANKL — receptor activator of nuclear factor kappa-B ligand;
OPG - osteoprotegerin; NR — no recurrence; NA — not applicable; HR — hazard ratio; 95% Cl — 95% confidence interval.
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Fig. 3. Immunohistochemical reaction for RANKL: cytoplasmic brown Fig. 4. Immunohistochemical reaction for OPG: cytoplasmic brown
staining in epithelium (* strong reaction) and in stroma (—> weak reaction) staining in epithelium (* weak reaction) and in stroma (-> moderate
(X150 magnification) reaction) (x150 magnification)
Immunoreactivity to OPG was observed in 92.68% in 27 cases (65.85%), as was stromal expression, which was
of OKCs both within the epithelium and within the stroma. weak in 23 cases (56.09%). There were no statistically sig-

Epithelial expression of OPG was mostly weak, as found nificant differences between recurrent and non-recurrent
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Table 2. RANKL/OPG ratio of immunostaining scores between recurrent and non-recurrent OKCs

Recurrent cysts

Immuno- RANKL/OPG

Non-recurrent

localization ratio =12 cysts (n = 29)
RANKL > OPG 8 (66.67%) 19 (65.52%)
Epithelium RANKL = OPG 4(33.33%) 8 (27.59%)
RANKL < OPG 0 (0.00%) 2 (6.90%)
RANKL > OPG 5(41.67%) 10 (34.48%)
Stroma RANKL = OPG 3 (25.00%) 15 (51.72%)
RANKL < OPG 4 (33.33%) 4 (13.79%)

Total (n = 41) p-value Cox proportional hazard model
(Fisher’s
exact test) HR (95% Cl)
27 (65.86%) 1.00
12 (29.27%) 1.00 0.997 [0.3-3.316] 0.997
2 (4.87%) NR
15 (36.59%) 1.00
18 (43.90%) 0.237 0435 [0.104-1.821] 0.254
8(19.51%) 1.548 [0.415-5.772] 0515

RANKL - receptor activator of nuclear factor kappa-B ligand; OPG — osteoprotegerin; NR — no recurrence; HR — hazard ratio; 95% Cl — 95% confidence

interval.

Fig. 5. Immunohistochemical reaction for OPG: cytoplasmic brown
staining in epithelium (* moderate reaction) and in stroma (—> moderate
reaction) (X150 magnification)

cysts in terms of epithelial (p = 1) or stromal immuno-
reactivity to OPG (p = 0.604) (Table 1). Representative
immunohistochemical images are shown in Fig. 4 and 5.

We did not find any significant differences in the dis-
tribution of cases with respect to the ratio of RANKL/
OPG immunostaining scores between recurrent and non-
recurrent OKCs. This was true of both the epithelium and
the connective tissue (p = 1 and p = 0.237, respectively)
(Table 2). Within the epithelial subset, most cases (65.86%)
demonstrated higher immunoreactivity to RANKL than
OPG, whereas within the stromal component, most cases
demonstrated uniform immunoreactivity to each marker
(43.90%) (Table 2). We therefore did not identify any prog-
nostic significance of the RANKL/OPG ratio in either cys-
tic component (Table 2).

Discussion

Bone is a tissue that is continuously being rebuilt and
remodeled.” Two types of cells are involved in this process:
osteoblasts — bone building cells that deposit new bone
tissue, and osteoclasts — bone-resorbing cells respon-
sible for breaking tissue down. The RANK, RANKL and

OPG proteins are critical for the control of osteoclasto-
genesis and pathophysiological bone remodeling. Osteo-
protegerin is a decoy receptor for RANKL that blocks
osteoclast formation by inhibiting RANKL from binding
to RANK.>2!

The dysregulation of functional equilibrium in the
RANK/RANKL/OPG system is responsible for osteolysis
associated with the development of intraosseous odonto-
genic lesions, including AM, OKC, DC, and RC, to name
but a few.>>!2 Various lesions exhibit different levels of ag-
gressiveness and tendency towards infiltrative growth.
Accordingly, we attempted to elucidate a relationship
between level of clinical aggressiveness and modulated
expression of RANK, RANKL and OPG in the epithelial
and stromal components of lesions.

Most previous studies have compared the immuno-
expression levels of these markers across various lesions
exhibiting different levels of clinical aggressiveness.
In particular, the results of disturbances in the RANK/
RANKL/OPG triad were compared between AM, OKC,
DC, and/or RC pathologies.®>!? From a comparative point
of view, AM represents a locally aggressive odontogenic
neoplasm with a high tendency to infiltrative growth and
recurrence, with OKC (previously also classified as neo-
plasm) representing a cystic lesion with a moderate po-
tential for destructive growth and infiltrative growth, and
both DC and RC as benign odontogenic cysts with rela-
tively little tendency for local destruction. Tekkesin et al.®
found a greater number of RANK-positive cells in OKCs
than in AM or RC (in both epithelial and stromal lesion
components) as well as a greater number of RANK-posi-
tive cells in AM than in RC (but only in epithelial tissue).
The expression of RANKL was similar (strong) in both
components of all 3 types of lesion. Moreover, all lesions
showed very low expression of OPG.? The authors con-
cluded that the variable most strongly determining osteo-
clastogenesis was RANK expression, since it was upregu-
lated in lesions exhibiting aggressive behavior (AM and
OKC) as compared with benign RC.?

Surprisingly, we did not find even 1 case of OKC exhib-
iting strong expression of RANK within either epithelial
or stromal components. In fact, most cases presented with
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anegative RANK-reaction in epithelial tissue, and merely
weak reactions within stroma. The reasons for the dis-
crepancy between our findings and those of Tekkesin
et al.® are obscure. It is likely that the different antibodies
and methods used for immunohistochemical analyses are
a contributing factor. We also did not include syndromic
cases, which may exhibit higher local aggressiveness,??
in our investigation.

In this study, the majority of OKC cases exhibited posi-
tive immunoexpression of RANKL. Specifically, epithe-
lial components showed moderate to strong reactions
in as many as 85.4% cases. These findings are in line with
those of de Matos et al.,” who revealed higher expression
of RANKL in the epithelium of AM and OKC than in RC
and DC, deducing that increased epithelial expression
of RANKL would be related to elevated osteoclast activity,
thus favoring bone resorption.” Moreover, in the present
study, most cases exhibited merely weak immunohistore-
activity for OPG in both cystic components. The down-
regulation of OPG may also suggest elevated osteolytic
activity, since lack of this molecule allows for interac-
tion between RANK and RANKL, thereby promoting
bone resorption. Accordingly, our findings suggest that
it is strong expression of RANKL accompanied by weak
expression of OPG that may facilitate the local aggres-
siveness of OKC.

Interestingly, elevated RANKL/OPG ratios were mostly
found in the epithelial rather than the stromal compo-
nents. This suggests that osteolytic activity of OKC may
be related to the epithelium of the lesion rather than its
capsule. Some previous studies hypothesized that the ex-
pansive potential of OKC is most likely explained by in-
creased RANK and RANKL activity in the lesional con-
nective tissue, as indicated by higher immunoreactivity
levels. It was suggested that this might have indirectly
indicated the presence in the lesion capsule of osteoclast
precursors that are able to interact with the receptor, lead-
ing to osteoclast differentiation and maturation.?>?* Our
findings, however, do not corroborate this hypothesis, and
are in line with results of the study by da Silva,'> who also
found that the stroma of OKCs contained a higher number
of OPG-positive cells than RANKL-positive cells. Hence,
it is likely that enhanced epithelial expression of RANKL
and/or decreased levels of OPG play an important role
in cyst-associated bone destruction (which was also sug-
gested by da Silva'?).

Limitations

To the best of our knowledge, the present study was
the first to evaluate immunoexpression levels of RANK,
RANKL and OPG in the epithelium and stroma of OKCs
as potential prognostic markers for recurrence. We did not,
however, demonstrate any significant association between
cyst relapse and levels of these immunostains. Likewise,
RANKL/OPG ratios in both histological components
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of OKC were not correlated with recurrence. Although
RANK, RANKL and OPG are critical for osteoclastogen-
esis, and although levels of their immunoexpression may
be associated with local aggressiveness of intraosseous
lesions, our findings suggest that they would not serve
as useful prognostic indicators of OKC relapse.

There are other markers of local OKC invasiveness in-
volved in bone metabolism and cyst progression. Among
them, podoplanin, osteopontin and its receptors CD44v6
and integrin o, have recently generated much research
interest?’; however, their relevance in terms of OKC recur-
rence is still unknown. It is also possible that the immu-
noreactivity of the bone reabsorption regulators studied
here (RANK/RANKL/OPG) should be measured along
with that of proteins which participate in epithelial in-
vasion into the cyst capsule and into adjacent structures
(e.g., CD138).2¢

Conclusions

The results presented here suggest that immunoexpres-
sion levels of RANK, RANKL and OPG at the time of path-
ological diagnosis, as well as RANKL/OPG ratio, are not
useful as prognostic indicators of OKC recurrence. The lo-
cal aggressiveness of OKCs may be related to upregula-
tion of RANKL and downregulation of OPG in the cystic
epithelium. Further investigation is necessary to identify
the precise molecular factors behind OKC relapse.
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Abstract

Background. An endoleak is a typical complication of endovascular aneurysm repair (EVAR). Itis character-
ized by persistent blood flow between a stent graft and the aneurysm sac. Usually, it can be visualized during
primary EVAR, butin many cases, this remains impossible. Therefore, other methods of endoleak assessment
are urgently needed. The measurement of aneurysm sac pressure (ASP) seems to be a promising direction
of research in this area.

Objectives. We aimed to evaluate the safety and efficacy of a new method for invasive pressure measure-
ment inside the abdominal aortic aneurysm (AAA) during EVAR. We also assessed a correlation between
pressure values and early angiographic occurrence of an endoleak after the procedure.

Materials and methods. A total of 20 patients with AAA were included in this experimental prospective
study. During EVAR, systolic, diastolic and mean pressure values were recorded both for ASP and aortic pressure
(AP) before procedure, after stent graft opening and after final stent graft ballooning.

Results. The measurements were successfully obtained in all participants without any complications. There
were no significant differences between all ASP and AP before procedure. After the procedure, blood pressure
significantly decreased in the aneurysm sac but not in the aorta. Systolic ASP was significantly lower than
systolic AP both after stent graft opening (80.4 +20.9 mm Hg compared to 110.7 +21.6mmHg, p < 0.01) and
after its balloon post-dilatation (65.6 +26.1 mm Hq compared to 1074 +22.1 mm Hg, p < 0.001). Diastolic
ASP decreased significantly in comparison to diastolic AP only after stent graft ballooning (48.0 +14.6 mm Hg
compared to 56.4 +13.6 mm Hg, p < 0.05).

Conclusions. Our study confirmed that the novel method for the measurement of ASP during EVAR, using
a thin pressure wire, is feasible and safe.

Key words: endoleak, endovascular aneurysm repair, abdominal aortic aneurysm, aneurysm sac pressure
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Background

One of the most serious conditions in current vascular
surgery is abdominal aortic aneurysm (AAA), which is de-
fined as an enlargement of the aortic diameter by at least
50%. The major complication of AAA is rupture, which
is a life-threatening condition that requires emergency
treatment. The risk of aneurysm rupture grows exponen-
tially with an increase in aneurysm diameter. Therefore,
aneurysms of 55 mm in diameter are an indication for
surgical treatment, even if they are asymptomatic.

Currently, there are 2 methods of surgical treatment for
AAA: a classic open surgery and endovascular aneurysm
repair (EVAR). The latter is becoming increasingly popular
and is gradually replacing classic open surgeries. Endovas-
cular repair involves implantation of a stent graft, that is,
endovascular prosthesis, using common femoral artery
access. The stent graft, which is deployed in the aneurysm
lumen, creates a new channel for blood flow and closes its
way to the aneurysm sac, thereby protecting it from high
pulsatile blood pressure. The advantages of this method
include less extensive trauma, faster recovery and a lower
risk of infection than with open aortic repair.

Despite its obvious benefits, EVAR is not without limita-
tions. A typical complication of the procedure is the so-
called endoleak, which involves the presence of blood flow
between a stent graft and the aneurysm sac. It is estimated
that endoleaks occur in 17-26% of patients after EVAR,!~*
especially those who show aneurysm growth and rupture.®

Although endoleaks can typically be visualized during
primary EVAR, in many cases, this remains impossible.
Therefore, there is an urgent need to develop novel meth-
ods of endoleak assessment. The measurement of aneu-
rysm sac pressure (ASP) seems to be a promising direction
of research. We postulate that continuation of ASP and
its systolic—diastolic amplitude after EVAR may suggest
the presence of endoleak while the decrease of these pa-
rameters indicates a correct result of the procedure.

Objectives

In this study, we aimed to evaluate the efficacy and safety
of a new method for the measurement of intra-aneurysm
pressure during EVAR. We also assessed the correlation
between ASP and early occurrence of an endoleak early
after the procedure.

Materials and methods
Study design and population
This was a prospective study based on the analysis of in-

vasive pressure measurements obtained during endovas-
cular treatment of infrarenal AA As. A total of 23 patients

M. Antkiewicz et al. Intra-aneurysm sac pressure during EVAR

(18 men and 5 women) at a mean age of 71.8 +6.6 years
(range: 58—85 years) were enrolled. The inclusion criteria
were as follows: 1) a referral for primary surgical treatment
of an AAA using EVAR; 2) the presence of an asymptom-
atic AAA; and 3) the length of the aneurysm neck of at least
20 mm. The demographic and clinical data of patients
is presented in Table 1.

Endovascular aneurysm repair

We performed a standard stent graft implantation
in a hybrid operating room with a fixed C-arm system.®
The procedure was carried out under local anesthesia
of the inguinal region. Bilateral femoral artery access
was used. The main body of the bifurcated stent graft
was deployed, positioned and opened under angiographic
guidance, just below the origin of the renal arteries. Then,
the ipsilateral and contralateral arms of the stent graft were
deployed. The EVAR outcome, including early endoleak,
was monitored using angiography. Femoral punctures were
sealed using an endovascular closure device. After the pro-
cedure, all patients received dual antiplatelet therapy (as-
pirin plus clopidogrel, both 75 mg daily) for 3 months,
followed by lifelong 75 mg aspirin according to protocol.”

Pressure measurement

The pressure measurements were taken with a 0.014-
inch wire (COMET II Pressure Guidewire; Boston Sci-
entific, Marlborough, USA). A 6F Judkins right guiding
catheter (Boston Scientifi) was inserted using percutane-
ous radial access and advanced proximally to the aneu-
rysm. The guidewire was advanced through the catheter
into the aneurysm sac before stent graft implantation
to monitor the ASP (position of pressure guidewire is vis-
ible in Fig. 1). Aortic pressure (AP) was measured through
the catheter. Pressure measurements were taken at each
stage of the procedure — that is, before and after stent
graft deployment — as well as after ballooning of the stent
graft. Systolic, diastolic and mean pressure values were
recorded both for ASP and AP. Once the stent graft im-
plantation was completed, the guidewire and the catheter
were removed.

Ethics

All patients gave their written informed consent to un-
dergo treatment, and the study protocol was approved
by the local ethics committee. The study was conducted
in line with the principles of the Declaration of Helsinki.

Statistical analysis
The Shapiro—Wilk test for normality was performed,

followed by the Student’s t-test for comparison be-
tween the obtained coefficients (dependent samples).
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Table 1. Patients enrolled in the study

Model of implanted

‘ Comorbidities

stent graft
1 F 71 253 HT, COPD Gore Excluder
2 M 85 278 HT, CVD, DM Gore Excluder
3 M 68 27.7 HT, NE Terumo Aortic Treo
4 M 73 26.5 HT, KD, NE Jotec E-tegra
5 M 69 218 HT Terumo Aortic Treo
6 M 83 28.7 HT, CVD, NE Terumo Aortic Treo
7 M 62 31.1 HT Terumo Aortic Treo
8 F 72 311 HT Terumo Aortic Treo
9 F 73 250 HT Terumo Aortic Treo
10 M 66 38.1 HT Terumo Aortic Treo
11 M 80 247 HT,CVD, COPD, DM Jotec E-tegra
12 M 66 313 HT Terumo Aortic Treo
13 M 80 294 HT, CVD Gore Excluder
14 M 75 323 HT, CVD, DM Gore Excluder
15 M 72 263 - Cook Zenith Alpha
16 M 66 287 - Gore Excluder
17 M 68 242 - Gore Excluder
18 F 74 313 HT Cook Zenith Alpha
19 M 58 347 HT Medtronic Endurant
20 M 75 31.7 HT Medtronic Endurant
21 F 72 235 HT, CVD Cook Zenith Alpha
22 M 66 235 HT Cook Zenith Alpha
23 M 78 309 HT, CVD Cook Zenith Alpha \

M = male; F — female; BMI — body mass index; COPD — chronic obstructive
pulmonary disease; CVD - cardiovascular disease; DM — diabetes mellitus;
HT — hypertension; KD - kidney disease; NE — neurologic events.

Fig. 1. Position of pressure guidewire during EVAR (black arrow)
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The measurements were successfully obtained during 0 |
EVAR in all patients without any complications. before after after
Systolic, diastolic and mean pressure values for ASP and procedure opening ballooning
AP during the main stages of EVAR are shown in Fig. 2—4.
Before stent graft deployment, all ASP and AP were al-
most equal. The systolic AP was maintained at the same

Fig. 2. ASP and AP values for systolic pressure on each stage of stent graft
deployment. Data shown as means + 95% confidence interval (95% Cl);
Student’s t-test paired comparison

level throughout the procedure (109.5 +22.8 mm Hg
before procedure compared to 110.7 £+21.6 mm Hg af-
ter opening compared to 107.4 +22.1 mm Hg after bal-
looning, not significant (NS)). Similar observation was
noted for diastolic AP (58.7 +13.2 mm Hg compared
to 55.2 £13.5 mm Hg compared to 56.4 +13.6 mm Hg, re-
spectively, NS) and mean AP (74.2 +14.8 mmHg compared
to 74.8 £14.1 mm Hg compared to 73.4 +13.8 mm Hg, re-
spectively, NS). However, after the main body and limbs

*ASP after opening compared to AP after opening, p < 0.001; **ASP
after ballooning compared to AP after ballooning, p < 0.001; *ASP after
opening compared to baseline ASP, p < 0.001; SASP after opening
compared to ASP after ballooning, p < 0.001.

of the stent graft were opened, systolic ASP was reduced
significantly from 107.4 +22.3 mm Hg to 80.4 +20.9 mm Hg
(p < 0.001 compared to baseline systolic ASP and p < 0.001
compared to AP after opening) and after ballooning
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Table 2. Correlations between aneurysm sac pressure and aortic pressure

ASP and AP r-value p-value
Systolic baseline 0.98 <0.001
Systolic after stent graft opening 045 <0.05
Systolic after ballooning 047 <0.05
Diastolic baseline 0.99 <0.001
Diastolic after stent graft opening 0.74 <0.001
Diastolic after ballooning 0.64 <0.01
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Fig. 3. ASP and AP values for diastolic pressure on each stage of stent
graft deployment. Data shown as means £95% Cl; Student's t-test paired
comparison

*ASP after ballooning compared to AP after ballooning, p < 0.05;
SASP after opening compared to baseline ASP, p < 0.05.
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Fig. 4. ASP and AP values for mean pressure on each stage of stent graft
deployment

Data shown as means £95% Cl; Student’s t-test paired comparison

*ASP after opening compared to AP after opening, p < 0.001; **ASP after
ballooning compared to AP after ballooning, p < 0.001; *ASP after
opening compared to baseline ASP, p < 0.001; $SASP after opening
compared to ASP after ballooning, p < 0.01.

to 65.6 £26.1 mm Hg (p < 0.001 compared to ASP after
opening and p < 0.01 compared to AP after balloon-
ing) (Fig. 2). Diastolic ASP after opening dropped from
56.8 £14.0 mm Hg to 51.3 £13.5 mm Hg (p < 0.05 compared
to baseline diastolic ASP) and after ballooning it decreased
to 48.0 £14.6 mm Hg (p = 0.06 compared to diastolic ASP
after opening and p < 0.05 compared to AP after bal-
looning) (Fig. 3). Mean ASP after opening dropped from
73.6 £15.8 mm Hg to 61.0 £15.2 mm Hg (p < 0.001 compared
to baseline mean ASP and p < 0.001 compared to AP after
opening) and subsequently to 53.8 £17.8 mm Hg (p < 0.01
compared to mean ASP after opening and p < 0.001 com-
pared to AP after ballooning) (Fig. 4). The correlation re-
sults for AP and ASP are presented in Table 2.
Angiography performed after EVAR demonstrated
the presence of an endoleak in 5 patients (1 endoleak
type I and 4 endoleaks type II; please see the Discussion
section for explanations of endoleak types). The ASP val-
ues for mean pressure in endoleak type II appeared to be

AP — aortic pressure; ASP —aneurysm sac pressure.

comparable with ASP mean pressure in group without en-
doleak (48.8 +1.4 mm Hg compared to 54.1 +19.7 mm Hg,
respectively, p = 0.06). Mean ASP in 1 case of endoleak
type I was higher (70.0 mm Hg) than in the other cases.

Discussion

Our study showed that pressure wire usage to mea-
sure ASP is feasible and safe. It was free of complica-
tions, including those associated with radial artery ac-
cess. The presence of the pressure wire in the aneurysm
lumen had no influence on the efficacy of the EVAR
procedure. Moreover, the use of a 0.0014-inch pressure
wire instead of a standard catheter allowed us to avoid
leakage between the stent graft and the aneurysm neck.
We observed a significant decrease in ASP during EVAR.
The value of ASP diminished both after stent graft open-
ing and its ballooning.

As the measurement of ASP is invasive and its clinical
significance remains unclear, it is still rarely performed
in the patients with AAA. When it is performed, it is usu-
ally done within 6 months from EVAR. Velazquez et al.
performed ASP measurement in 76 patients, 17% of whom
were shown to develop an endoleak (mostly associated with
patent inferior mesenteric artery). Two-thirds of patients
with endoleak had equal ASP and AP values.? A simi-
lar study was conducted by Baum et al. in 27 patients.
Endoleak was present in 17 patients; ASP and AP values
were comparable in 15 patients, while in 2 patients, ASP
was half as low as AP.®

Depending on etiology, there are 5 types of endoleak:
type I is caused by a leak at the end of prosthesis; type II
is a leak from the branches of the aneurysm; type III
is the leak connected with the defect of the stent graft;
type IV is a leak through the fabric microporosity of stent
graft; and type V is associated with so-called endotension,
which means an enlargement of the aneurysmal sac with
no visible endoleak.>!? Type I and III endoleaks are consid-
ered high-pressure endoleaks, with a high risk of aneurysm
sac rupture because of direct exposure of the aneurysm
wall to aortic pressure. Type II, IV and V endoleaks are
considered lower risk and many of them may close spon-
taneously over time.!12
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A number of studies demonstrated a positive relationship
between increased ASP and aneurysm growth or endoleak
presence.!>* Using the experimental model of endoten-
sion, Shawn Skillern et al. concluded that high ASP after
EVAR might be associated with a need for re-interven-
tion in the future.!> Chaudhuri et al. studied the impact
of an endoleak on the experimental aneurysm model and
revealed that only some types of endoleak were related
to higher ASP.!° A pending issue is ASP response to the dif-
ferent types of endoleak. Due to an insufficient sample size,
this question could not be adjudicated in this study; how-
ever, it is of note that 1 case of endoleak type I presented
high ASP values after the procedure, while cases with no
endoleak or endoleak type II presented a decrease of ASP.

In contrast to the aforementioned studies, our measure-
ments were performed during EVAR. Such a measurement
is much less invasive and may be performed intraopera-
tively. Previous findings were long-term results that were
frequently associated with EVAR-related changes inside
the aneurysm sac, such as thrombus formation. This may
suggest that the early outcome of EVAR may be less satis-
factory than we expected.

We believe that potential clinical application of pressure
measurements during the EVAR could be detection of early
endoleaks that cannot be visualized by angiography, which
may be very important in case of high-pressure endoleaks.
These measurements may also facilitate the identification
of patients at risk of endoleak and aneurysm growth, who
thus require closer monitoring.

Limitations

Our study has several limitations. Most importantly,
it was based on a small group of patients followed for
a short time. However, we are planning to expand our
study population and investigate the significance of cor-
relations between the measured parameters and possible
changes in aneurysm anatomy, the rate of re-interventions
and the occurrence of endoleaks.

Conclusions

Our study proved that the novel method for the mea-
surement of aneurysm sac pressure using a pressure wire
during EVAR is safe and feasible. Our planned research
will compare the current results with follow-up computed
tomography angiography of our patients, which should
provide further important insights, with possible implica-
tions for future research and clinical practice.
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Abstract

Background. Promising studies have been conducted with many substances to reduce the ototoxic effects
of cisplatin, but there is no treatment that completely eliminates the ototoxic effect.

Objectives. To determine the effectiveness of astaxanthin (ASX) as a protective agent against cisplatin-
induced ototoxicity.

Materials and methods. Thirty-six rats were randomly divided into 6 groups. Group 1 received no drug
injections except for anesthetics; group 2 received intraperitoneal (IP) olive oil only for 8 days; group 3 received
only IP ASX 75 mg/kg dissolved in olive oil for 8 days; group 4 received a single dose of only IP 16 mg/kg
cisplatin on the 5™ day; group 5 received 25 mg/kg ASX IP daily for 8 days and a single 16 mg/kg dose of cis-
platin on the 5™ day; group 6 received 75 mg/kg ASX P daily for 8 days and a single 16 mg/kg dose of cisplatin
on the 5™ day. The animals were tested for distortion product otoacoustic emissions (DPOAE) before and
3 days after cisplatin treatment. The animals in all groups were sacrificed under anesthesia on the 10™ day.
Before sacrifice, inferior vena cava blood samples were drawn into commercial tubes for biochemical analysis
and their cochlea were prepared for histological analysis.

Results. The ASX+-cisplatin groups demonstrated significantly higher DPOAE thresholds when compared
to the displatin-only group (p < 0.05). The ASX 25 mg/kg/day--cisplatin group showed a significant increase
in total antioxidant capacity compared to the cisplatin-only group, whereas the ASX 75 mg/kg/day+cisplatin
group had significantly lower total oxidative stress and oxidative stress index. Histologic results showed that
the cortical organ was better preserved in the ASX-cisplatin groups compared to the cisplatin-only group,
and the degeneration in the spiral ganglion and inner and outer hair cells was less visible in the ASX groups.

Conclu-sions. Astaxanthin can protect hearing from cisplatin-induced ototoxicity, prevent cellular degenera-
tion and significantly reduce oxidative stress.

Key words: cisplatin, astaxanthin, ototoxicity
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Background

Cisplatin is an antineoplastic drug commonly used
to treat various neoplasms, especially those in the head
and neck. However, it has several side effects, including
nephrotoxicity, marrow suppression, gastrointestinal dis-
orders, and ototoxicity, which is observed in up to 36%
of patients due to cisplatin use. Ototoxicity may occur
within hours to days after treatment.!~* Hearing loss ap-
pears to be dose-related, cumulative, bilateral and usu-
ally permanent, and occurs at a higher frequency initially.
Cisplatin has been assumed to have a destructive effect,
particularly by increasing free oxygen radicals on the outer
hair cells in the cochlea.>® Its main cytotoxic effect is be-
lieved to be caused by its monohydrate complex reacting
with nuclear DNA. Due to the close relationship between
cytotoxicity and free oxygen radicals, antioxidants have
been used for the prevention of ototoxicity.”8

Astaxanthin (ASX) is a natural red carotenoid pigment
mainly found in certain marine organisms such as mi-
croalgae, fish and shrimps.® It is a powerful extinguisher
of reactive nitrogen and oxygen species (ROS), particu-
larly monovalent oxygen.!® Humans cannot produce carot-
enoids and must obtain them through diet. Many studies
have demonstrated the strong antioxidant,'!-!® anti-apop-
totic,!*!> anti-inflammatory,’® and anticancer!” activities
of ASX. Moreover, ASX offers a high degree of safety.!®

Objectives

Although studies have explored many substances to re-
duce ototoxic effects of cisplatin with promising results,'~*
there is no treatment that completely eliminates them.
The purpose of this study was to investigate the potential
protective effect of ASX against cisplatin ototoxicity.

Materials and methods

This study was approved by the Experimental Animals
Ethics Committee of Recep Tayyip Erdogan University,
Rize, Turkey (decision No. 2014/65). The rats used for
the study were obtained from the Basic Medical Sciences
Experimental Animals Application Unit of our univer-
sity, and the entire study was conducted in our laboratory.
The study was performed in accordance with the 2011
Guide for the Care and Use of Laboratory Animals.

Study protocol

For the purposes of this study, 36 male Wistar albino rats
aged 3-3.5 months and weighing approx. 250—-280 g were
used. Their hearing was verified using a distortion prod-
uct otoacoustic emissions (DPOAE) test. They were then
randomly divided into 6 groups with 6 animals in each
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group. The groups and administered treatments are shown
in Table 1.

All invasive procedures were performed under anesthe-
sia. To induce anesthesia, 50 mg/kg ketamine hydrochloride

Table 1. Groups and implemented treatments

Group | Treatment
Control (n = 6) received no drug injections except for anesthetics
Olive oil (n=6) intraperitoneal (IP) olive oil only for 8 days
ASX75mg (n=6) | received only IP ASX 75 mg/kg dissolved in olive oil
Cisplatin (n = 6) received a single‘;jzzetgfec;r:hlyd;s mag/kg cisplatin
Cisplatin+ASX received 25 mg/kg ASX IP daily for 8 days and
25mg (n =6) asingle 16 mg/kg dose of cisplatin IP on the 5% day
Cisplatin+ASX received 75 mg/kg ASX IP daily for 8 days and
75mg (n=6) asingle 16 mg/kg dose of cisplatin IP on the 51 day

ASX — astaxanthin.

(Ketalar; Eczacibasi, Istanbul, Turkey) and 10 mg/kg xyla-
zine hydrochloride (Alfazyne; Alfasan International B.V,,
Woerden, the Netherlands) were administered intraperito-
neally (ip.). The rats were kept in 12-hour light/dark cycles
at a temperature of 22 +3°C and 55—-60% humidity.

The doses and administration routes of ASX and cispla-
tin were selected based on previously published data.}~*11:12
On the 10 day, inferior vena cava blood samples were
collected from the rats under anesthesia for biochemical
analysis, and all the animals were sacrificed. Their co-
chleae were removed and dissected for histopathological
and biochemical analyses.

Preparation of chemicals

Cisplatin (Cisplatinum Ebewe, 1 mg/mL) was obtained
from Liba laboratories (Istanbul, Turkey), and 98% pure
ASX (Chemical Abstracts Service No. 472-61-7) was pur-
chased from Sigma-Aldrich (St. Louis, USA). Astaxan-
thin was dissolved in olive oil to produce a concentration
of 50 mg/mL prior to administration.

DPOAE testing

The DPOAE test was performed using an Otodynam-
ics Echoport USB cochlear emissions analyzer and Oto-
dynamics ILO software v. 6.0 (Otodynamics, London, UK)
in a quiet room. An infant hearing screening probe was
attached to the external auditory canal. The stimulus con-
sisted of 2 pure tones (f1 and f2; f1/f2 ratio = 1.22) at a sound
pressure level (SPL) of 70 dB. The results were expressed
as the geometric mean of the 2 primary tones. The DPOAEs
were measured at the 2f1-f2 frequency, with the micro-
phone on the outer ear canal. The resulting otoacoustic
emissions were evaluated at 2 kHz, 3 kHz, 4 kHz, 6 kHz, and
8 kHz. The DPOAE test was considered positive for signal-
to-noise ratios (SNR) of 6 dB SPL. The rats in all groups were
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subjected to DPOAE before the start of the experiment, and
the baseline SNR values at each frequency were calculated.
The DPOAE test was repeated on the 8" day of the study,
and the SNR values were calculated again for comparison.

Biochemical analysis

After centrifuging the collected inferior vena cava blood
samples at 3500 rpm for 5 min, the total antioxidant status
(TAS) and total oxidative stress (TOS) levels were mea-
sured using an autoanalyzer (Abbott C16000; Abbott Di-
agnostics, Abbott Park, USA) using TAS and TOS assay
kits (Rel Assay Diagnostics, Gaziantep, Turkey) in the bio-
chemistry laboratory of our institution. The measurements
were expressed as micromole (umol) Trolox equivalent per
litre.!%2° The oxidative stress index (OSI) was calculated
using the following formula:

OSI = TOS (umol H,O, equivalent/L)/
TAS (umol Trolox equivalent/L)

Histopathological examination

The rats’ temporal bones were dissected, and their audi-
tory bullae were opened. The lateral wall of the cochlea
was removed, 2.5% glutaraldehyde solution was slowly
injected and fixation was performed. The temporal bones
were kept in the same solution at 4°C overnight. After fixa-
tion, the temporal bones were kept in 10% EDTA solution
for decalcification at 4°C for 10 days. The cochlea speci-
mens were dehydrated with ethanol, embedded in paraf-
fin blocks, prepared in 5-um sections, and stained with
hematoxylin and eosin (H&E). At least 15 sections were
evaluated for each rat cochlea. Histological examination
was performed under a light microscope. Five microscopic
areas were randomly selected from each section. Images
were obtained from the basal turn of the cochlea. Signs
of degeneration, such as dilation, cell apoptosis, cell de-
generation, nerve degeneration, and cytoplasmic vacu-
olization, were scored separately by a histopathologist
blinded to the groups, on a scale of 0—4, where 0 meant
normal, 1 mild, 2 moderate, 3 moderate-advanced, and
4 severe.

Statistical analysis

The data were processed using SPSS v. 15.0 for Win-
dows (SPSS Inc., Chicago, USA). The biochemical data
were calculated as the mean + standard deviation (SD)
based on the minimum and maximum values. Intergroup
comparisons were made using one-way analysis of variance
(ANOVA) and the Bonferroni post hoc test. The histopath-
ological data were calculated as the median and 25-75%
interquartile range (IQR) values. The Kruskal-Wallis and
Tamhane T2 test was used in the comparison of histo-
pathological data. Differences were considered significant
at a value of p < 0.05 in all analyses.

317

Results
DPOAE results

The obtained SNR values were compared within and
between groups. There was no significant difference
in DPOAE values between the groups before the start
of the experiment (p > 0.05). On the 8" day of the experi-
ment, the SNR values in the cisplatin-only group were sig-
nificantly decreased at all frequencies compared to base-
line (p < 0.01). In addition, they were lower than those
in the other groups at all frequencies (p < 0.017 for 2 kHz,
3 kHz and 4 kHz, p < 0.001 for 6 kHz and 8 kHz).

In the 2 ASX+cisplatin groups, there was no significant
difference in SNR values on the 8" day of the experiment
compared to baseline (p > 0.05). The ASX-only group
also showed no significant difference in terms of hearing
(p > 0.05).

Biochemical analysis results

The TAS, TOS and OSI values are summarized in Table 2.
The TAS values in the 25 mg/kg ASX+cisplatin group were
higher than those in the cisplatin-only group (p = 0.036).
The TOS and OSI values in the 75 mg/kg ASX+cisplatin
group were significantly lower than those in the cisplatin-
only group (p = 0.026, p = 0.01, respectively).

Histopathological results

The histological morphology and cell structure
in the control group was normal (Fig. 1). In the ASX and
olive oil group, the histological structure of the cochlear
tissue was normal. Astaxanthin and olive oil administra-
tion did not induce any pathological changes compared
with the morphology and cell structure of the control
group (Fig. 2,3).

Samples from the cisplatin-only group exhibited
an edematous area, formed due to the loss of bipolar neu-
rons of cochlear ganglion cells. Thickening of the acellular
basilar and Reissner’s membranes was observed. In the or-
gan of Corti, degeneration of the extensions of the inner
and outer hair cells and cell bodies was observed. More-
over, focal denudation of the superficial epithelium with
strial edema was detected (Fig. 4).

In the 25 mg/kg ASX+cisplatin group, although the in-
tegrity of the organ of Corti had been protected, the ex-
tensions of the inner and outer hair cells and cell bodies
had degenerated. However, although edema was observed
in the stria vascularis area, its intensity was lower than
in the cisplatin-only group. Spiral neurons showed a nor-
mal ganglion cell structure (Fig. 5).

In the 75 mg/kg ASX+cisplatin group, the general his-
tological structure had a normal appearance. However,
although the integrity of the organ of Corti had been
protected, degeneration was observed in the extensions
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Fig. 1. Image of inner ear structures

examined with light microscopy in control
group (H&E staining). A. Cochlear structure,
x40 magnification; B. Stria vascularis,

x40 magnification; C. Spiral (cochlear) ganglion,
x40 magnification

Sva - stria vascularis; Rm — Reissner’'s membrane;
Sm - scala media; Sv — scala vestibuli; St - scala
tympani; Tm — tectorial membrane; SL - stira
limbus; OHC — outer hair cell; IHC — inner hair
cell: Sg - spiral (cochlear) ganglion; Bn - bone;
arrow — cochlear neurons.

Fig. 2. Image of inner ear structures

examined with light microscopy in olive oil
group (H&E staining). A. Cochlear structure,
x40 magnification; B. Stria vascularis,

x40 magnification; C. Spiral (cochlear) ganglion,
x40 magnification

Sva - stria vascularis; Rm — Reissner’'s membrane;
Sm - scala media; Sv — scala vestibuli; St - scala
tympani; Tm — tectorial membrane; SL - stira
limbus; OHC - outer hair cell; IHC — inner hair
cell: Sg - spiral (cochlear) ganglion; Bn — bone;
arrow — cochlear neurons.

Fig. 3. Image of inner ear structures

examined with light microscopy in ASX

75 mg group (H&E staining). A. Cochlear
structure, x40 magnification; B. Stria vascularis,
%20 magpnification; C. Spiral (cochlear) ganglion,
x40 magnification

Sva - stria vascularis; Rm — Reissner’s
membrane; Sm - scala media; Sv - scala
vestibuli; St - scala tympani; Tm — tectorial
membrane; SL - stira limbus; OHC — outer hair
cell; IHC — inner hair cell: Sg - spiral (cochlear)
ganglion; Bn — bone; arrow — cochlear neurons.

Fig. 4. Image of inner ear structures examined
with light microscopy in cisplatin group

(H&E staining). A. Cochlear structure; Acelular
basilar membrane thickening (arrow head)

and Reissner’'s membrane thickening (green
arrow), X20 magnification; B. Stria vascularis,
%20 magnification; C. Spiral (cochlear) ganglion,
x40 magnification

Sva - stria vascularis; Rm — Reissner’s
membrane; Sm - scala media; Sv - scala
vestibuli; St — scala tympani; Tm — tectorial
membrane; SL - stira limbus; OHC — outer hair
cell; IHC — inner hair cell: Sg - spiral (cochlear)
ganglion; Bn — bone; arrow — cochlear neurons;
* strial edema; spiral arrow — focal denudation
of superficial epithelium; curved arrow — loss
of cochlear bipolar neurons.
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Fig. 5. Image of inner ear structures examined
with light microscopy in cisplatin+ASX

25 mg group (H&E staining). A. Cochlear
structure, x20 magnification; B. Stria vascularis,
%20 magnification; C. Spiral (cochlear) ganglion,
x40 magnification

Sva - stria vascularis; Rm — Reissner’s
membrane; Sm - scala media; Sv - scala
vestibuli; St — scala tympani; Tm — tectorial
membrane; SL - stira limbus; OHC - outer hair
cell; IHC = inner hair cell: Sg - spiral (cochlear)
ganglion; Bn — bone; arrow — cochlear neurons.

Fig. 6. Image of inner ear structures examined
with light microscopy in cisplatin+ASX

75 mg group (H&E staining). A. Cochlear
structure, x40 magnification; B. Stria vascularis,
%20 magnification; C. Spiral (cochlear) ganglion,
x40 magnification

Sva - stria vascularis; Rm — Reissner’s
membrane; Sm - scala media; Sv - scala
vestibuli; St — scala tympani; Tm — tectorial
membrane; SL - stira limbus; OHC - outer hair
cell; IHC — inner hair cell: Sg - spiral (cochlear)
ganglion; Bn — bone; arrow — cochlear neurons.

Table 2. Blood oxidative stress parameters in the groups (mean + standard deviation (SD))

(umol H,0, equivalent/L)

(mmol trolox equivalent/L)

Control 7.65+£1.22
Olive oil 15.04 +£1.10
ASX-only (75 mg/kg) 7.71£1.82
Cisplatin-onl 1872735
P Y (p=0.005)
Cisplatin+ASX 25 mg/kg 15.55 £6.55
) ) 10.18 £3.19°
Cisplatin+ASX 75 mg/kg (0= 0026)

128+0.11 597 +1.42
1134011 13314288
1334021 5724116
107 +0.13? 17437322
(p=0.013) (p=0.004)
b

](,'ji E%gg) 10.75 +5.70
13120,120 7744085
(p = 0.008) (0 =001)

°p < 0.05 compared to control group; °p < 0.05 compared to cisplatin group; one-way ANOVA/Bonferroni post hoc correction; TOS - total oxidative stress;

TAS - total antioxidant capacity; OSI — oxidative stress index; ASX — astaxanthin.

of the inner and outer hair cells and cell bodies, and sig-
nificant cell spillage was detected. In the organ of Corti,
both Reissner’s and the tectorial membrane exhibited nor-
mal morphology. The stria vascularis and spiral ligament-
forming cells were normal in terms of arrangement and
nucleus appearance. Spiral ganglion connective tissue cells
and pseudounipolar neurons presented a normal ganglion
cell structure (Fig. 6).

The median values of the histopathological blind grad-
ing of strial edema, inner and outer cell degeneration
in the organ of Corti, and degenerative bipolar neuron

density in the groups are summarized in Table 3. No sig-
nificant difference was observed between the control, olive
oiland ASX-only groups in terms of degeneration findings
(p > 0.05). The ASX 25 mg/kg+cisplatin group (p = 0.000,
p = 0.000, p = 0.000, for strial edema, inner and outer
cell degeneration in the organ of Corti, and degenerative
bipolar neuron, respectively) and ASX 75 mg/kg+cisplatin
group (p = 0.000, p = 0.001, p = 0.000, for strial edema,
inner and outer cell degeneration in the organ of Corti,
and degenerative bipolar neuron, respectively) had signifi-
cantly lower strial edema, inner and outer cell degeneration
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Table 3. Histopathological grading of all groups (median (interquartile range))

S. Terzi et al. Protective role of astaxanthin in ototoxicity

Corti degeneration

Bipolar neuron degeneration

Strial edema
Control 0.5 (0-1)
Olive ol 0.5 (0-1)
ASX-only (75 mg/kg) 0(0-0.5)
Cisplatin-only (; (:2(5)6%)0)
_15)b
Cisplatin+ASX 25 mg/kg (; (:] 01(-;))0)
i i 1(1-1)P
Cisplatin+ASX 75 mg/kg P =0.000

05 (0-1) 0(0-0.5)

0(0-0.5) 0(0-1)

0 (0-0.5) 0.5 (0-1)

3(2-3) 3(25-3)
(p = 0.000) (p = 0.000)

10-1) 1(05-1)°
(p = 0.000) (o = 0.000)

10-1)P° 1(0-1)P°
(p=0001) (p = 0.000)

p < 0.05 compared to control group; °p < 0.05 compared to cisplatin group; Kruskal-Wallis/Tamhane T2 test; SD - standard deviation; ASX — astaxanthin.

in the organ of Corti, and degenerative bipolar neuron den-
sity values than the cisplatin-only group. Moreover, there
was no significant difference between the 2 ASX+cisplatin
groups in terms of strial edema, degeneration in the organ
of Corti and degenerative bipolar neuron density.

Discussion

The prevention of side effects caused by cisplatin is very
important for its safe use as an antineoplastic. Although
many substances have been trialed to that end, none have
been routinely applied in clinical practice.l=* This study
evaluated the potential protective effect of ASX on cispl-
atin-induced ototoxicity. The histopathological findings
and hearing test results show that ASX reduces cochlear
damage caused by cisplatin. Moreover, the biochemical
data show that ASX has antioxidant effects against oxi-
dative stress in the blood, indirectly mitigating cisplatin-
induced damages.

In cisplatin-induced ototoxicity, hearing loss is generally
reported 3 days after the first cisplatin dose and is usually
bilateral. Various cisplatin doses and routes of administra-
tion to produce ototoxicity have been examined in previous
studies.>*¢ A single dose of 16 mg/kg is generally preferred.
Accordingly, we administered cisplatin in a single dose
of 16 mg/kg intraperitoneally on the 5" day of the experi-
ment, which induced bilateral ototoxicity on the 8" day.
This practice did not cause any deaths.

Several pharmacological agents, such as thymoqui-
none, curcumin, a-tocopherol, lycopene, a-lipoic acid,
and erdosteine, have been used to prevent ototoxic effects
of cisplatin.!=* Unfortunately, no agent has been widely
accepted for use in clinical practice to date. Therefore,
the search for an alternative effective protective treatment
continues. Astaxanthin is a carotenoid pigment obtained
from the microalga Hematococcus pluvialis and other bio-
logical sources.? As several studies have demonstrated its
strong antioxidant, anti-inflammatory, anticancer, and
anti-apoptotic activities,'*~1¢ we decided to investigate its
potential protective effect on cisplatin-induced ototoxicity.
Its safety and tolerability, even at high doses, have been

well established in both animal and clinical studies.’~”

In our study, we observed no side effects of ASX in doses
of 25 mg/kg and 75 mg/kg.

The mechanism of cisplatin-induced cochlear damage
is thought to result from increased amounts of toxic free
radicals or cell membrane changes, which cause a decrease
in intracellular calcium content.>® Cisplatin ototoxicity
is also believed to be related to a malfunction of the an-
tioxidant system. Impaired antioxidant enzyme activity
in the cochlea may result in an increase in reactive oxygen
species (ROS), which induce lipid peroxidation, leading
to apoptosis of hair cells, support cells, auditory nerves,
and the stria vascularis.??2 The antioxidant activity
of ASX is known to be 10 times more potent than that
of zeaxanthin, lutein and other carotenoids, and 100 times
more potent than that of a-tocopherol.?

Yeh et al.'* reported that ASX reduced retinal oxidative
stress in streptozocin-induced diabetic rats. Mosaad et al.!®
found that ASX protects the kidneys from gentamicin-
induced nephrotoxicity. Mizuta et al.!* demonstrated that
it is a potent therapeutic agent for vocal cord scarring
through oxidative stress regulation. Wolf et al.!* showed
that it reduces the production of reactive oxygen radicals
by mitochondria and mitigates the loss of mitochondrial
function under oxidative stress, concluding that it is a po-
tential therapeutic agent for various diseases involving oxi-
dative stress. We evaluated the antioxidant effect of ASX
with TAS, TOS and OSI measurements. Our results show
that a high dose of ASX is more effective in reducing oxi-
dative stress caused by cisplatin, but even a lower dose
is sufficient to reduce oxidative stress by increasing tissue
antioxidant capacity.

The DPOAE tests are an objective and highly selective
tool for evaluation of cochlea function. Authors of many
studies on cisplatin-induced ototoxicity have used them
to evaluate hearing.!~* Similarly, we used DPOAE to assess
hearing in rats. In the cisplatin-only group, the DPOAE
values at all frequencies were significantly decreased
on the 8™ day of the experiment compared to baseline,
while they were preserved in both ASX+cisplatin groups.
Astaxanthin significantly mitigated cisplatin-induced
hearing damage, while it had no effect in the control group.



Adv Clin Exp Med. 2021;30(3):315-321

Our histopathological data show that strial edema, inner
and outer cell degeneration in the organ of Corti, and degen-
erative bipolar neuron density in both ASX+cisplatin groups
were significantly lower than in the cisplatin-only group.
The ASX dose of 75 mg/kg did not cause any pathological
changes in tissue morphology and cell structure compared
with the control group. These results show that ASX has
protective effects against cisplatin-induced ototoxicity and
has no ototoxic effects itself. We believe that its protective
role is due not only to its antioxidant activity, but also to its
anti-inflammatory effect on cisplatin-induced ototoxicity.

Limitations

Certain limitations of this study should be mentioned.
Firstly, we could not perform DPOAE measurements at fre-
quencies higher than 8 kHz. Another important limitation
is that we only applied H&E staining to the cochlea sec-
tions. We did not perform immunohistochemistry staining
to demonstrate apoptosis in the cochleae. Finally, the small
size of our animal sample constitutes another limitation.

Conclusions

Astaxanthin has protective biochemical, audiological
and histopathological effects against cisplatin-induced
ototoxicity in both low and high doses. We believe that
it may reduce drug side effects in patients undergoing che-
motherapy, especially those receiving cisplatin. However,
further studies are needed to investigate the effects of ASX
on different species, in different doses, and with different
routes of administration and treatment durations.
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Abstract

Background. The activity of autogenic proteolytic enzymes is requlated in vivo by autogenic inhibitors.
They play important roles in maintaining a balance in many processes in the human body. In pathological
conditions, enzymes are overexpressed and the balance is disturbed. Such uncontrolled changes may lead
to the development of local or systemic cancer.

Objectives. To evaluate the effects of specificinhibitors, i.e,, chicken egg white cystatin ((EWC) and protein-
ase inhibitor (E-64) on autogenic cysteine peptidases (CPs) in the sera of patients reporting for subsequent
stages of treatment after being diagnosed with breast cancer. (ysteine peptidases play a vital role in the basic
processes that are associated with cancer progression.

Materials and methods. We selected serum samples from 108 patients with a diagnosis of breast cancer
(stages IIA—IlIA) who had received no previous treatment. The blood samples were centrifuged, and the re-
sulting serum was placed in liquid nitrogen and stored at —80°C. The biochemical tests were performed
at the laboratory of the Department of Physical Chemistry and Microbiology.

Results. For CEWC, we found an inhibitory effect in 37 out of 108 samples; for E-64, 14 out of 22 samples
displayed an inhibitory effect. In the remaining blood samples, these inhibitors caused an increase in fluo-
rescence. In a parallel test, we added pure cathepsin B to 9 serum samples, and then used CEWC to inhibit
the activity of autogenic CPs. Chicken egg white cystatin completely inhibited the cathepsin B that was added
to the serum without changing its effect on the autogenic CPs.

Conclusions. Theresults suggest that there may be a potential difference between the commercially available
cathepsin B and its autogenic analogues found in the serum of cancer patients. The increase in fluorescence
induced in the reaction between the inhibitors and autogenic CPs is still unexplained. There was no rela-
tionship between the observed inhibition/activation of CPs and any of the available indicators of the health
of the patients examined.

Key words: breast cancer, serum cysteine peptidase-like activity, chicken egg white cystatin, E-64 proteinase
inhibitor
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Background

Autogenic proteolytic enzymes have various func-
tions throughout the body and their activity is regulated
in vivo by autogenic inhibitors. They play important roles
in maintaining the balance in many processes in the hu-
man body. Under pathological conditions, enzymes are
overexpressed, the balance is disturbed, and there can
be either an excess of active enzymes or a lack of active
inhibitors in vivo. Such uncontrolled changes in the body
may lead to the development of local or systemic cancer
or other diseases.

It was therefore proposed to inhibit the activity of these
enzymes under pathological conditions. The inhibitory
effect is achieved by supplying specific exogenous in-
hibitors. This represents a chance to develop a new type
of treatment using specific non-toxic inhibitors to alter
the in vivo activity of enzymes that catalyze pathogenic
processes. Studies on experimental animal models have
demonstrated that many autogenic inhibitors obtained
through chemical synthesis or from biological sources
prevent the neoplastic process both in vitro and in vivo,
but their toxicity in humans is too high for them to be
used as new drug components.!~* It has been suggested
that cathepsin B plays a particularly significant role in cer-
tain individual biological processes associated with can-
cer progression. For this reason, cathepsin B has become
potentially the most efficient new target for anticancer
therapy employing specific inhibitors. So far, many mol-
ecules regulating the in vitro activity of cathepsin B have
been identified, and studies are continually finding inhibi-
tors able to produce inhibitory effects in vivo.>° It was also
found that cathepsin B attenuates the efficiency of con-
ventional chemotherapy.” Research has confirmed that
an overexpression of cysteine peptidases — with a simul-
taneous reduction in their activity achieved by reducing
the number of their active inhibitors — decreases immune
system function and facilitates the invasion of cancer cells
and metastasis. Autogenic cystatins are specific inhibitors
which are able to suppress this process.

Cystatins are involved in many physiological and patho-
logical processes, and a deficiency of them can disturb
key immunomodulatory functions. The overexpression
of cysteine peptidases suppresses immunity, decreasing
the control of the autogenic inhibition of neoplastic pro-
cesses. This finding leads to the hypothesis that reduced
activity of pathogenic cysteine cathepsins in vivo caused
by autogenic or exogenous inhibitors can enhance the im-
mune system, which can then be used as a defense against
the progression of cancer.® Studies on cell lines of human
breast cancer have confirmed the expression of cathepsin
B on the surface of mutant cells in the form of an inactive
precursor that was activated by enzymes in the next stage.
It was found that the active enzyme is inhibited by specific
inhibitors. Findings from in vitro studies were confirmed
in vivo on transgenic mice who received a graft of breast
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cancer cells. In this experiment, the inhibitors of cysteine
peptidases reduced the progression of breast cancer by in-
hibiting CPs, strongly limiting the progression of the dis-
ease.” Moreover, it was found that cathepsin D attenuates
the anticancer immune response by degrading chemokines
and limiting the activity of dendritic cells. On the other
hand, cathepsins B, Kand L play key roles in the degrada-
tion of the extracellular matrix during cancer invasion,
acting directly or through the activation of precursors
of proteolytic enzymes, such as metalloproteinases, colla-
genases, plasminogen activator, and others involved in this
mechanism. It has been confirmed that specific inhibi-
tors of cysteine peptidases successfully inhibit the cancer
invasion and metastasis, and that cathepsin B and other
cysteine cathepsins are important targets for anticancer
therapy.1°

The activity of CPs is regulated in vivo by their autogenic
inhibitors — mainly from the cystatin family, including
cystatins, stefins and kininogens — and a low level/activity
of them in bodily fluids may be associated with a depleted
ability of the body to regulate the overexpression of CPs.
Therefore, some researchers have suggested that a defi-
ciency of these autogenic inhibitors may be supplemented
by their exogenous analogues, including chemically syn-
thesized ones. A synthetic cathepsin B inhibitor, CA-074,
as well as antibodies directed against cathepsin B, were
able to exert a powerful anticancer activity without any
further additional drugs, limiting metastasis and cancer
invasion.

This information has inspired researchers to analyze
anumber of synthetic cysteine peptidase inhibitors as po-
tential drugs for anticancer therapy.!'1? In vitro studies
have confirmed the ability of specific inhibitors to block
active cysteine peptidases, but the toxicity of inhibitors
was found to be too high to use them in vivo as potential
drugs for anticancer therapy.!> The proteolytic activity
of CPs was also inhibited using the most efficient currently
known inhibitors of these enzymes. Chicken egg white
cystatin was found to be the most effective inhibitor of pro-
cesses involved in the overexpression of cathepsins Band L
(resulting in over 80% inhibition of cancer cell invasion
and metastasis), and was more effective than the synthetic
inhibitor, E-64. Other inhibitors derived from biological
materials or through chemical synthesis also inhibited
these processes, but not as effectively as CEWC. It was
also confirmed that the efficient inhibition of these en-
zymes was associated with limited tumor aggressiveness
in breast cancer.™*

This paper presents the effects of CEWC on the activity
of autogenic CPs in the sera of patients with breast cancer.
To complement the results, the activity of CPs in selected
serum samples was also inhibited using a specific inhibitor
(E-64). We found that CEWC inhibited the autogenic CP-
like activity in 37 out of 108 serum samples; in the remain-
ing samples, fluorescence increased after this inhibitor was
added, which may suggest the increased activity of these
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enzymes in serum. To confirm this finding, the activity
of CPs in selected blood samples was also inhibited using
a synthetic inhibitor (E-64). We found that E-64 inhibited
the activity of the same enzymes in 14 out of 22 serum sam-
ples, while in the remaining samples fluorescence increased,
similar to the samples to which CEWC was added. We also
found that the activity of pure cathepsin B added to the se-
rum samples was completely inhibited by CEWC, without
changing the previously observed effects of this inhibitor
on the autogenic cysteine peptidases in the serum samples.

Objectives

The aim of our study was to determine changes in groups
of patients at different stages of cancer or different phases
of treatment. We present the effects of specific inhibitors
on the serum of patients with breast cancer. Similar results
were also found after the analysis of serum from patients
with prostate cancer (unpublished data).

Materials and methods
Chemical reagents

We used Z-Phe-Arg-N-Mec (N-alpha-benzyloxycarbon-
yl-L-phenyl-alanyl-L-arginine-7-amido-4-methylcouma-
rin), Mec (7-amino-4-methylcoumarin), E-64 inhibitor
L-epoxysuccinylleucyl-amido (4-guanidino) butane (Fluka
BioChemika, Buchs, Switzerland), and the enzymes pa-
pain (3.4.22.1) and cathepsin B (3.4.22.2) (Sigma-Aldrich,
St. Louis, USA). The other reagents were chemically pure.
Chicken egg white cystatin was isolated using affinity
chromatography on a carboxymethylpapain Sepharose
4B column.!®

Clinical material (recruitment
of human subjects)

Serum samples were taken from patients diagnosed with
breast cancer. The patients had been referred for routine
tests to the Department of Oncology of the Regional Hos-
pital in Swidnica, Poland, between 2007 and 2009. Blood
for the biochemical tests was taken in parallel with blood
taken for routine follow-up tests. For the study, we recruit-
ed 108 patients with breast cancer (age: 56.36 £9.90 years),
and the decision of whether to include each patient was
based on preliminary chest radiographs, mammography,
ultrasonography, and blood tests — in which the levels
of CEA and CA 15-3 markers were measured. The patients
were diagnosed with cancer (stages IIA-IIIA of the TNM
system), but had not undergone surgical treatment, ra-
diotherapy or chemotherapy. The blood samples were
centrifuged and the resulting serum was placed in liq-
uid nitrogen and stored at —80°C. Biochemical tests were
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performed at the laboratory of the Department of Phar-
maceutical Chemistry and Microbiology at the University
of Wroctaw.

Determination of cysteine peptidase-like
activity in the serum

Each 100-pL serum sample was augmented with 700 pL
of 0.4 M phosphate buffer (pH 6.0) — containing 4 mM
EDTA and 2.5 mM DTT - and a 200-pL solution of diluted
Z-Phe-Arg-N-Mec substrate in order to achieve a final
substrate concentration of 40 uM. Enzymatic hydroly-
sis of the substrate in each sample was carried out for
60 min at 37°C. The hydrolysis was terminated by adding
2.0 mL of 1.0 mM iodoacetic acid. In a parallel experiment,
a control solution was prepared for each sample by add-
ing 2.0 mL of iodoacetic acid before adding the substrate.
Apart from that, other reagents were the same. These
samples were marked as controls. After the inhibition
of substrate hydrolysis, we measured the fluorescence
of the 7-amino-4-methylcoumarin (Mec) released at an ex-
citation wavelength of 370 nm and an emission wavelength
of 440 nm. The results are expressed in units of activity for
cysteine endopeptidases after conversion into the amount
of protein present in 1 mL of serum. One unit of enzymatic
activity (U) was defined as the amount of enzyme able
to catalyze the release of 1 nmol of Mec in 1 min under
the conditions described above.

Inhibition of cysteine peptidase-like
activity in serum

One hundred microliters of the tested serum was added
to 700 pL of 0.01 M phosphate buffer (pH 6.8) containing
2.0mM EDTA and 2.0 mM glycine. Then, 100 pL of the in-
hibitor solution was added in relevant concentrations:
50.0nM CEWC or 5.0 nM E-64. The sample was incubated
at 37°C for 10 min; then, 100 pL of the Z-Arg-AMC substrate
solution was added and the sample was incubated again
for 30 min. After 30 min, the hydrolysis of the substrate
was terminated by adding 2.0 mL of 1.0 mM iodoacetic
acid to each sample. The amount of 7-AMC released was
measured against a sample containing the same reagents,
but the reaction was interrupted immediately after adding
the substrate. In a parallel test, the enzyme activity was mea-
sured for samples that contained 0.01 M pH 6.8 phosphate
buffer instead of the inhibitor. Inhibition or activation units
were not converted. Instead, the observed changes in inhi-
bition/activation were expressed as a percentage of change
in autogenic CP-like activity in the serum samples.

Inhibition of pure cathepsin B
in 9 serum samples with CEWC

Ten microliters of cathepsin B solution from Sigma-
Aldrich, enzyme activity 6000 U/mL, was added to 690 uL
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of 0.01 M phosphate buffer (pH 6.8); after 10 min, 100 mL
of 100 nM CEWC was added. Nine serum samples were
measured. The inhibition of autogenic CPs was found
in 3 samples, and increased fluorescence was found in 6
samples.

Statistics

A standard statistical Student’s t-test was conducted
to compare the 2 variables. The values are presented
as the means + standard deviation (SD), and the level
of statistical significance was set at p < 0.05. Statistical
differences between the groups were assessed using one-
way analysis of variance (ANOVA). Tukey’s test was used
for the post hoc analysis.

Results

In this paper, we tried to explain the effect of CEWC
on the blood components of patients with breast cancer,
focusing on autogenic CP-like activity in vitro. After add-
ing CEWC to the samples of serum from patients with
breast cancer, we found inhibition of CP-like activity in 36
out of 108 samples (Table 1a), and increased fluorescence
in the remaining samples (Table 1b).

To confirm the results, we repeated the tests using
a specific inhibitor of these enzymes (E-64). In the 2" ex-
periment we found inhibition of the activity of the same
enzymes for 14 out of 22 serum samples; in the remaining
samples, the fluorescence increased. Chicken egg white
cystatin added to the same serum samples inhibited the en-
zyme activity in 8 samples, and in 14 caused an increase
in the level of fluorescence. The purpose of the next stage
of the study was to clarify the increase in fluorescence after
the addition of CEWC. We used pure, commercially avail-
able cathepsin B in the tests to compare its reaction with
CEWC and to obtain additional information on the simi-
lar reaction with autogenic CP-like activity in the serum
of cancer patients (Table 2).

The same amount of pure cathepsin B was added to 9
randomly selected samples (Table 3). Chicken egg white
cystatin inhibited CP-like activity in 3 of these samples,
while in 6 samples, an increase in fluorescence was ob-
served. We found that CEWC completely inhibited
the activity of the commercially available cathepsin B,
but there was no change in its effect on autogenic cysteine
peptidases.

Discussion

The involvement of cysteine peptidases, including
cathepsins B, L and K in cancer has inspired scientists
to investigate changes in CP-like activity in the serum
of patients with breast cancer in relation to changes
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Table 1a. Effects of CEWC on CP-like activity in the sera of patients with
breast cancer (samples with inhibited activity)

CP-like activity
in serum

CP-like activity in
serum + cystatin

Remaining
activity

Sample

(\[oX

[U/mL] [U/mL] + cystatin (%)

1 11.56 9.8 84.78
4 645 6.12 94.88
6 5.01 4.16 83.03
9 0.44 0.25 56.82
14 7.82 445 56.91
21 2.75 1.71 62.18
22 33 2.69 81.52
24 9.5 74 77.89
25 6.97 52 74.61
37 6.46 59 91.33
38 6.38 58 90.91
40 5.2 348 66.92
43 6.33 5.64 89.10
44 11.56 5.92 51.21
45 2193 6.38 29.09
46 8.08 55 68.07
47 645 6.12 94.88
49 5.01 4.16 83.03
52 0.44 0.25 56.82
57 7.82 445 56.91
64 2.75 1.71 62.18
65 33 2.69 8152
67 9.5 74 77.89
68 6.97 52 74.61
80 6.46 59 91.33
81 6.38 58 90.91
83 52 348 66.92
86 6.33 5.64 89.10
88 7.0 552 78.86
90 76 5.98 78.68
92 7.86 5.09 64.76
95 10.77 6.86 63.7
97 2.34 1.24 5299
103 4.99 443 88.78
104 8.8 4.06 46.14
106 79 6.17 78.1

in the activity of these enzymes. There are a number
of papers presenting the inhibition of CPs using various
substances, including CEWC. In our study, we decided
to demonstrate the effects of CEWC on blood components,
including autogenic CPs (Tables 1a,b). Findings on the ef-
ficiency of this inhibitor, E-64, and other synthetic inhibi-
tors generated interest in them as potential components
in next-generation anticancer drugs. They have been re-
ported to be efficient inhibitors in some processes that play
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Table 1b. Effects of CEWC on CP-like activity in the sera of patients with breast cancer (samples with increased fluorescence)

CP-like activity

CP-like activity in
serum + cystatin

Remaining

in serum activity

[U/mL] [U/mL] + cystatin (%)

2 21.96 26.76 121.86
3 8.08 7.63 9443

5 447 5.84 130.65
7 2.65 4.69 176.98
8 8.19 9.70 11844
10 5.12 5.15 100.59
1 4.55 8.80 19341
12 142 2.78 195.77
13 10.56 13.05 123.58
15 46 6.89 149.78
16 3.7 38 102.70
17 7.9 17.83 225.70
18 1.55 6.61 42645
18 10.78 11.44 106.12
20 8.82 12.69 143.88
23 465 4.69 100.86
26 548 7.18 131.02
27 59 7.26 123.05
28 58 6.42 110.69
29 8.34 10.08 120.86
30 45 4.84 107.56
31 4.88 574 117.62
32 4.73 6.09 128.75
33 10.35 1238 11961
34 555 7.71 13892
35 53 843 159.06
36 1.57 246 156.69
39 1536 16.08 104.69
41 2.33 7.73 331.76
42 3.64 7.78 213.74
48 447 5.84 130.65
50 2.65 4.69 176.98
51 8.19 9.7 11844
53 5.12 5.15 100.59
54 4.55 8.8 19341
55 142 2.78 195.77

CP-like activity

CP-like activity in
serum + cystatin

Remaining

in serum activity

[U/mL] [U/mL] + cystatin (%)
56 10.56 13.05 123.58
58 4.6 6.89 149.78
59 3.7 3.8 102.70
60 79 17.83 225.70
61 1.55 6.61 42645
62 10.78 1144 106.12
63 8.82 12.69 143.88
66 4.65 4.69 100.86
69 548 718 131.02
70 59 7.26 123.05
71 58 6.42 110.69
72 834 10.08 120.86
73 4.5 4.84 107.56
74 4.88 5.74 117.62
75 473 6.09 128.75
76 10.35 1238 119.61
77 555 771 138.92
78 53 843 159.06
79 157 246 156.69
82 15.36 16.08 104.69
84 2.33 7.73 331.76
85 3.64 7.78 213.74
87 7.7 12.58 163.38
89 79 8.1 102.53
91 89 10.93 122.81
93 641 1442 224.96
94 4.77 12.02 251.99
96 4.86 744 153.09
98 5.02 7.75 154.38
99 2.35 3.57 151.91
100 573 7.27 126.88
101 5.16 539 104.46
102 8.23 10.19 123.82
105 3.63 5.1 140.5
107 412 6.8 165.05
108 15.36 1718 111.85

key roles in cancer development. Our research is focused
on finding CP inhibitors that would be non-toxic and could
replace or supplement the relevant autogenic analogues,
including cystatins, in a patient’s body.>"~* A deficiency
of autogenic cysteine peptidase inhibitors with simulta-
neous overexpression of these enzymes are key factors
responsible for neoplastic processes. Because of this dis-
turbed balance, researchers have suggested supplementing
the level of active CP inhibitors in patients’ bodies by using
exogenous inhibitors that are able to block overexpression

in vivo. So far, the efficiency of chemically synthesized
inhibitors has been best investigated, particularly CA-
074Me and E-64. However, they were found to be too toxic
to humans to be used for scheduled anticancer therapy,
and so far they have only been tested on cell lines and
experimental animal models.!8-22

Our choice of research topic was inspired by findings
about the use of specific cysteine peptidase inhibitors for
the in vitro regulation of neoplastic processes. Two of these
inhibitors were found to be very effective. It was found that
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Table 2. Changes in cysteine peptidase-like activity induced by CEWC and E-64 in selected serum samples from patients with breast cancer

CP-like activity

CP-like activity in serum

Remaining CP-like
activity in serum + E-64

Remaining CP-like
activity in serum +

Remaining CP-like
activity in serum +

Sample No.* [U/mL] in Sen[l[r)r/]r,:,AJ E-64
87 7.7 6.8
88 7.0 6.72
89 7.9 9.12
920 7.6 7.37
91 89 11.51
92 7.86 0.99
93 6.41 0.1
94 4.77 517
95 10.77 3.11
96 4.86 105
97 2.34 1.95
98 5.02 2.63
99 2.35 3.06
100 5.73 4.97
101 5.16 4.57
102 8.23 10.15
103 4.99 515
104 8.8 3.86
105 3.63 2.6
106 7.9 5.03
107 4.12 3.1
108 15.36 155

(%) cystatin [U/mL] cystatin (%)
88.31 12.58 163.38
96 5.52 78.86
11544 8.1 102.53
96.97 5.98 78.68
129.33 10.93 12281
12.6 5.09 64.76
1.56 14.42 22496
108.39 12.02 251.99
28.88 6.86 63.7
216.05 744 153.09
83.33 1.24 52.99
52.39 7.75 154.38
130.21 3.57 151.91
86.74 727 126.88
88.57 5.39 104.46
12333 10.19 123.82
103.21 4.43 88.78
43.86 4.06 46.14
71.63 5.1 140.5
63.67 6.17 78.1
75.24 6,8 165.05
100.91 17.18 111.85

* Sample numbers in bold font were previously depicted in Table 1a; samples in standard font were previously depicted in Table 1b.
Samples with inhibited activity are in bold font. Samples with increased fluorescence are in standard font.

the activity of cysteine peptidases associated with breast
cancer cells was most effectively inhibited by CEWC and,
to a lesser extent, by E-64 peptide (Table 2). This indicates
that these inhibitors can be used as potential components
of anticancer drugs targeting processes that regulate cancer
progression.!* Recent studies have also indicated that E-64
cannot be used in practice, not only because of its high price,
but also its significant toxicity. The dose of E-64 used in vitro
or in vivo in experimental studies on animals per kilogram
of human body weight is highly toxic, and therefore cannot
be used as a potential component of novel anticancer drugs.

The results of our study indicate that CEWC, or its deriv-
atives obtained from other biological sources, may be a po-
tential component of next-generation anticancer drugs. So
far, numerous in vitro studies have also confirmed that this
cystatin is highly efficient in inhibiting the activity of en-
zymes associated with major neoplastic processes. This
suggests that inhibitors isolated from biological sources
— chicken egg white protein, in particular — may be new
targets for anticancer therapy. It is also known that CEWC
shows more than 40% similarity to its autogenic analogues
in the human body. This suggests that a new therapeutic
target can be planned to employ this inhibitor as a po-
tential component of next-generation anticancer drugs

for “inhibitor therapy”.?®?* The results presented in this
paper provide additional information suggesting the use
of CEWC for the inhibition of CP overexpression in cancer
patients (Table la). Surprisingly, CEWC caused an increase
in fluorescence in about 60% of the serum samples from
patients with breast cancer, which suggests the activation
of autogenic cysteine peptidases (Table 1b).

This observation was confirmed by replacing CEWC
with another inhibitor, E-64, which also inhibited the CP
activity in some serum samples, and increased fluorescence
in other samples (Table 2). Other results indicated differ-
ences in inhibiting CP-like activity and pure cathepsin
B by CEWC. The findings from our study are insufficient
to suggest the activation of autogenic CP or differences be-
tween CP-like activity and pure cathepsin B (Table 3). Nev-
ertheless, it is important that the same incomplete inhibi-
tory effect on CP-like activity was obtained in about 30%
of the samples, and that fluorescence increased in the re-
maining samples, which was similar to serum samples from
patients with prostate cancer (unpublished data). Similar
results were reported 20 years ago in a paper on a peptide
isolated from the urine of patients with colorectal cancer
which was able to activate autogenic CP-like activity. This
study from 20 years ago and the findings of our research
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Table 3. Inhibitory effect of commercially available cathepsin B on autogenic CP-like activity in 9 serum samples from patients with breast cancer

CP-like activity in serum

CP-like activity in serum + 10

CP-like activity in serum + Remaining activity + cystatin

S BRI [U/mL] pl cathepsin B [U/mL]
2 2196 81.79
13 1056 77.39
33 1035 73.15
42 364 59.67
51 8.19 65.93
76 1035 73.14
64 2.75 62.12
81 6.38 69.02
86 6.33 67.80

cystatin [U/mL] (%)
28.13 128.10
13.11 124.15
11.97 115.65
8.18 224.73
10.23 12491
11.97 115.65
1.97 71.64
6.03 94.51
5.58 88.15

Samples with inhibited activity are in bold font. Samples with increased fluorescence are in standard font.

seem to be complementary, but require additional studies
to find a detailed explanation.?®

The results presented herein provide important addition-
al information, not only regarding CEWC tested in vitro
on cell lines, but also about the use of CEWC for the inhibi-
tion of autogenic CP-like activity in the ascitic fluid of pa-
tients with pancreatic cancer, tumor tissue homogenates
of the stomach, colon, and tongue, and ovarian cancer inhib-
ited by a CP inhibitor isolated from human placenta. In these
tests, CEWC showed an inhibitory effect on the activity
of cysteine peptidases in almost 100% of samples. However,
this experiment was not aimed at the complete inhibition
of CPs; the target range was 50—-80% in order to assess dif-
ferences between the samples depending on the patients’
cancer stage. The relevant results have been published.?6-3!
Chicken egg white cystatin and its analogues isolated from
placentas were also used in the experimental antican-
cer therapies, where they inhibited neoplastic processes
in experimental animals with a grafted human inhibitor,
or in combined inhibitor therapy, and photodynamic ther-
apy.3*~3> Current research on the effects of CEWC on blood
components in cancer patients have provided useful infor-
mation for the assessment of this inhibitor as a potential
component of new generation anticancer drugs for inhibitor
therapy. The effects of CEWC on autogenic CP-like activity
require additional studies in order to evaluate its suitability
for intravenous administration.

Limitations

The limitations of this study were caused by the lack
of some reagents and limited access to medical equipment.

Conclusions

The results suggest that there may be a potential differ-
ence between the commercially available cathepsin B and
its autogenic analogues found in the serum of cancer pa-
tients. The increase in fluorescence induced in the reaction

between the inhibitors and autogenic CPs is still unex-
plained. There was no relationship between the observed
inhibition/activation of CPs and any of the available indica-
tors of the health of the patients examined.
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Abstract

Background. Atrial fibrillation (AF) is the most common sustained arrhythmia, the most common cause
of supraventricular tachycardia in the global population and the most common arrhythmia requiring treat-
ment in an emergency department.

Objectives. To systematically review recent literature and quantify the correlation between the choice
of pharmacological cardioversion (PCV) drug and the national or international quidelines.

Materials and methods. A systematic review was performed in accordance with the PRISMA statement
methodology. The PubMed search engine was used to search for articles regardless of type or language and
published in the last 6 years (May 2014—May 2020). In addition, we searched for AF guidelines and recom-
mendations published online by cardiology and emergency medicine societies.

Results. The search strategy returned a total of 2615 abstracts. A total of 2598 full texts were screened;
2540 full texts were excluded with reasons and 58 articles from 32 countries were included in the analysis.
In 17 of the 58 articles (29%), we noted discrepancies with the AF quidelines, specifically regarding the PCV
drug used, the patients comorbidities and the contraindications associated with the PCV drug. The most com-
mon clinical situation for the use of a contraindicated drug was when ibutilide was administered to patients
with heart failure. The analysis did not reveal any statistically significant correlations, although the correlation
between the sample size and quideline adherence was close to statistical significance (p < 0.06).

Conclusions. Our systematic analysis revealed substantial non-adherence to AF treatment guidelines.

Key words: atrial fibrillation, cardioversion, guideline adherence, antiarrhythmic
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Background

Atrial fibrillation (AF) is the most common sustained ar-
rhythmia and the most common cause of supraventricular
tachycardia in the world."2 Furthermore, acute AF is a com-
mon complaint among emergency department (ED) patients
and is the most common arrhythmia requiring treatment
in the ED.3 It commonly occurs because AF is often caused
by common diseases (see Table 1). However, ongoing aca-
demic discussions seek to answer whether a patient with AF
who does not have any cardio-pulmonary disease should
be diagnosed with “lone AF”.* According to the latest AF
guidelines published by the European Society of Cardiology
(ESC), the term/diagnosis of “lone AF” should not be used
because AF always has an underlying cause.’

Table 1. Etiology of atrial fibrillation (AF) (according to Benjamin et al. and
Kirchhof et al.)

Ageing

Cardiomyopathies

Chronic obstructive pulmonary disease
Coronary artery disease

Diabetes

Heart failure

Heart valve disease

Hypertension

Obesity

Post-operative

Thyroid disease

Unknown (not yet diagnosed, formerly “lone AF")

There are 2 widely accepted and separate goals of AF
treatment: rate control and rhythm control. In the case
of paroxysmal AF, a clinician has a choice of 2 methods
to restore sinus rhythm (SR): pharmacological (chemi-
cal) cardioversion (PCV) or electric cardioversion (ECV).
According to a large international emergency physician
survey, PCV is the first line of treatment for recent-onset
AF.6 The efficacy of PCV in restoring sinus rhythm varies
among published studies and is subject to ongoing debate.

When deciding to perform PCV, clinicians have several
antiarrhythmic drugs to choose from, which are listed
in national and international guidelines (Table 2). Little
is known about adherence to AF guidelines when it comes
to PCV, particularly in the ED.

Objectives

The aim of this study was to systematically review
the most recent literature in an attempt to answer the fol-
lowing clinical question: Do recently published articles
about PCV reveal any correlation between the choice
of PCV drug and national or international guidelines?

). Springer, T. Szmuda, D. Koztowski. Cardioversion guideline adherence

Materials and methods

A systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement methodology.”
The PubMed search engine was used to find articles re-
gardless of type or language and published in the last
6 years (May 2014—May 2020). The unusual six-year
timespan was purposefully chosen because the American
Heart Association (AHA)/American College of Cardiology
(ACC)/Heart Rhythm Society (HRS) and National Institute
for Health and Care Excellence (NICE) guidelines were
published in December and August of 2014, respectively.®”
The following search terms were applied: atrial fibrillation
AND pharmacological cardioversion AND antazoline OR
amiodarone OR dronedarone OR flecainide OR ibutilide
OR procainamide OR propafenone OR vernakalant.

((((((((“atrial fibrillation”[MeSH Terms] OR (“atrial”[All
Fields] AND “fibrillation”[All Fields]) OR “atrial fibrillation”[All
Fields]) AND ((“pharmacology”’[MeSH Terms] OR
“pharmacology”[All Fields] OR “pharmacological "[All Fields])
AND (“electric countershock”[MeSH Terms] OR (“electric”[All
Fields] AND “countershock”[All Fields]) OR “electric
countershock”[All Fields] OR “cardioversion”[All Fields])))
AND (“antazoline”[MeSH Terms] OR “antazoline”[All Fields]))
OR (“amiodarone”’[MeSH Terms] OR “amiodarone”[All Fields]))
OR (“dronedarone”[MeSH Terms] OR “dronedarone”[All
Fields])) OR (“flecainide”’[MeSH Terms] OR “flecainide”[All
Fields])) OR (“ibutilide”[Supplementary Concept] OR
“ibutilide”[All Fields])) OR (“propafenone”’[MeSH Terms]
OR “propafenone”[All Fields])) OR (“procainamide’[MeSH
Terms] OR “ procainamide”[All Fields])) OR
(“vernakalant”[Supplementary Concept] OR “vernakalant”[All
Fields]) AND (“2014/05/01”[PDAT] : “2020/05/01”[PDAT])

The search strategy yielded a total of 2615 abstracts. A to-
tal of 2598 (full texts) were screened, of which 2540 were
excluded with reasons (Fig. 1). Although they included large
patient samples, meta-analyses were excluded due to an in-
sufficient amount of detail about PCV and the patients’
comorbidities. Articles describing the use of antiarrhyth-
mic drugs as prophylaxis of AF prior to surgery were also
excluded. So-called “pre-treatment” studies with an antiar-
rhythmic drug immediately prior to electric cardioversion
did not meet the criteria of PCV and were also excluded.
The following data was extracted from the 58 eligible full-
text articles: number of patients (n), patient age (or average
age), patient sex, etiology of AF (or significant comorbidities),
antiarrhythmic drug chosen for PCV, dose, bolus or infusion,
success of PCV, time to SR, management after PCV attempt
(e.g., Was the dose of PCV drug repeated? Was another an-
tiarrhythmic drug administered? Was ECV performed in-
stead?), and country where the patients were treated.

Data were extracted from the articles and entered into
Excel spreadsheets (Microsoft Office 2007; Microsoft
Corp., Redmond, USA) and subsequently exported to STA-
TISTICA v. 12.0 (StatSoft Inc., Tulsa, USA) for analysis.
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Fig. 1. Flowchart of the literature search strategy

The following statistical tests were performed: Mann—
Whitney U test (for continuous variables) and Fisher’s two-
tailed test (for categorical variables). Values of p <0.05 were
considered statistically significant.

In addition, we searched for AF guidelines and recom-
mendations published online by cardiology and emergency
medicine societies. Our search returned guidelines from
Australia (National Heart Foundation of Australia (NHFA)/
Cardiac Society of Australia and New Zealand (CSANZ)),®
Canada (Canadian Association of Emergency Physicians
(CAEP), Canadian Cardiovascular Society (CCS)),”!° Eu-
rope (European Resuscitation Council (ERC), ESC)>!! UK
(NICE),'? and USA (American College of Emergency Phy-
sicians (ACEP), AHA/ACC/HRS) (Table 2).!3* We used
these recommendations as a reference point to answer
the research question described earlier.

Results

Our search returned 58 articles from 32 countries; most
articles were published in 2017-2018 (Fig. 2,3).1>~"! Unfor-
tunately, not all relevant data was provided by the authors,

=
S
= Records identified through Additional records identified
= systematic database search through other sources
'g (n=2614) (n=10)
)
=
(=1
A 4 A 4
Records after duplicates removed
(n=2615)
Y3
&=
=
%]
) y
(E Records excluded, with reasons (n = 17):
Records screened > no full text available (n = 9),
(n=2615) no abstract and no full text available (n = 5),
—_ no abstract available (n = 3)
) 4
= Full-text articles assessed Full-text articles excluded with reasons (n =2540):
= for eligibility > not about AF (n = 1695),
= (n=2598) not about PCV (n = 381),
'5 about drug not in search terms (n = 179),
animal study (n=173),
— review article (n = 46),
v
() commentary (n = 24),
= Studies included in not enough data about PCV provided (n = 10),
3 qualitative synthesis correction/erratum (n = 8),
= (n=58) protocol (n = 6),
2 meta-analysis (n = 5),
= guideline (n = 5),
— book (n=4),
drug monograph (n = 3),
cell study (n=1)

thus making it impossible to perform a full meta-analysis.
Detailed results of the systematic review are summarized
in Table 3 (Fig. 2,3).

Despite the incomplete data, the analyzed articles revealed
a surprising trend of non-adherence to AF treatment guide-
lines. In 17 of the 58 articles (29%), we noted discrepancies
with AF guidelines, specifically regarding the PCV drug
used, the patients’ comorbidities and the PCV contraindi-
cations (Table 4).16:18.20-22.26-28.31,32,36,394149.55,6063. According
to the data presented in the articles, it appeared that a total
of 239 patients underwent PCV using a drug that was contra-
indicated given their specific comorbidities. In the described
cases, the most common culprit PCV drug was ibutilide,
followed by vernakalant, amiodarone, propafenone, and fle-
cainide. The most commonly described clinical situation for
the use of contraindicated drug was ibutilide when adminis-
tered to a patient with HF, which is contraindicated according
to the ACEP, CAEP and ESC guidelines (Table 2).1012:13.31.39,55.63
In 9 of the 17 articles, using a contraindicated drug during
PVC was performed in the ED (Table 4).21:22:26:27,32:36,39,55,63
Due to incomplete data, it was impossible to assess whether
an additional 338 patients were administered a PCV drug
that was contraindicated or not.?"3¢ (Table 4).
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Analysis using the Mann—Whitney U test and Fisher’s
test did not reveal any statistically significant correlations
between adherence to AF guidelines and demographic
variables such as sample size, patient age, and male sex
(Table 5). However, it is noteworthy that the correlation
between the sample size and guideline adherence was
close to statistical significance (p < 0.059). It appears that
the larger the sample size, the less adherence was observed.
The analysis using Fisher’s two-tailed tests did not reveal
any statistically significant correlations between adherence
to AF guidelines and the type of study/article, region/coun-
try or department where the PCV was performed (Table 5).

It is noteworthy that our search retrieved a total of 6 ar-
ticles (in 1612 patients) that included PCV using antazoline
mesilate.!32-3442.66 Thjs is an old antihistaminic drug,
which, despite its proven antiarrhythmic efficacy, is not
currently mentioned in any AF guidelines.”>7* According
to publicly available data, it appears that the intravenous
form of antazoline is registered and sold in Poland only;
therefore, it is not surprising that majority of the research
on antazoline was conducted and published by Polish
physicians.”+-78

Discussion

Although we found articles describing PCV performed
on all of the inhabited continents of the world, we are
aware that they do not necessarily reflect daily clini-
cal practice. The articles we analyzed did not contain
enough data to answer the question why the AF guide-
lines were not followed. We do not want to speculate
about the particular authors’ intent or the circumstances
during the described PCV. However, given our institu-
tional experience with PCV, we can think of several
possible reasons, most of which are rather mundane
or perhaps even temporary, e.g., the availability of anti-
arrhythmic drugs, institutional/personal experience with
particular drug(s), and interest in comparing the efficacy
of a new drug (e.g., vernakalant) compared to a “tried
and tested” drug.

The very same issue of non-adherence with AF guide-
lines was addressed in the literature, although the answers
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Adv Clin Exp Med. 2021;30(3):331-348

Table 4. Articles describing PCV performed using a contraidicated drug

345

AF guideline adherence issue

Author(s) Yea'r Of. - Country PC\./ set PCV drug
lication ting
Amin et al. 2015 Netherlands CER flecainide
Balik et al. 2017 Czech ARe_ ICU amiodarone
public
China, Hong-
Beatch et al. 2017 Kong, India, not stated vernakalant
Korea, Taiwan
flecainide
Bonora et al. 2017 Italy ED or prop{afe—
none, amioda-
rone
Carbajosa et al. 2017 Spain ED vernakalant
Cosin-Sales et al. 2016 Spain ED vernakalant
Costabel et al. 2015 Brazil ED vernakalant
Dalyanoglu et al. 2018 Germany CsD vernakalant
Dong et al. 2017 China HoRstaredn (Ll anmios
darone
Farkowski et al. 2016 Poland ED propafenone
Hamilton et al. 2015 UK ED s
amiodarone
ibutilide,
Kriz et al. 2016 Austria ED flecainide,
vernakalant
Lieberman et al. 2018 USA PED flecainide
Nemati et al. 2016 Iran not stated propafenone
Simon et al. 2016 Austria ED ibutilide
Suetal. 2017 USA ICU amiodarone
Vinson et al. 2018 USA ED ibutilide

5 patients had HF (2 had NYHA IlI), 2 patients had HVD (not speci-

11 patients had CAD

5 patients had hyperthyroidism

fied if aortic stenosis or not)

18 patients with IHD received flecainide or propafenone, 53 pa-
tients with HVD received flecainide or propafenone, 23 patients
with THY received amiodarone

15 patients had HF (patients with NYHA lI-IV HF were excluded)
1 patient had HF (NYHA not specified)

“Patients with severe valvular heart disease, restrictive car-
diomyopathy, hypertrophic cardiomyopathy, and those with
known ejection fraction (EF) <35% were excluded”and yet 5.3%
of 121 patients had EF < 55%

21 patients had LVEF < 50%

29.71% of the patients had HF and received ibutilide, 28.35%
had HF and received ibutilide + amiodarone (patients with
LVEF < 35% were excluded)

14 patients had IHD, 2 patients had HVD

52 patients had HVD, 5 had previous congenital heart disease,
162 had IHD (not stated how many of them received flecainide);
48 patients had unspecified THY (not stated how many received

amiodarone)

1 patient with HF/LV dysfunction received flecainide; 3 patients
with HF/LV dysfunction received ibutilide, 4 patients with HF/
LV dysfunction received vernakalant (elsewhere in the article

it is stated that patients with HF and “severely reduced left ven-

tricular ejection fraction” were excluded)

6 patients had CMP + 3 patients had HVD

9 patients had COPD (not stated if patients had bronchospasm
or dyspnea at the time of PCV)

49 patients had HF (NYHA I) and 2 patients had NYHA Il (patients
with NYHA Il and IV were excluded)

1 patient had hyperthyroidism
18 patients had HF (3 of which had EF < 40%)

CAD - coronary artery disease; CER — cardiac emergency room; CMP — cardiomyopathy; ED — emergency department; EF — ejection fraction; HF — heart

failure; HVD — heart valve disease; ICU — intensive care unit; LV — left ventricular; NYHA — New York Heart Association; PED — pediatrics department;

THY — thyroid disease.

were not definitive. Authors suggested reasons such
as lack of quality evidence (see Table 2 for information
about the level of evidence in the analyzed AF guidelines),
impossibility to establish AF onset, concerns about throm-
boembolic events, concerns about negative inotropic
or proarrhythmic effect of PCV drugs, time constrains
(excluding secondary causes of AF is time-consuming and
adds more complexity to decision-making), and the fact
that a significant number of ED patients with AF spon-
taneously revert to SR.3>454978-81 Finally, patient prefer-
ence, or perhaps the physician’s attitude, towards a given
therapeutic option may influence the decisions about
adopting a wait and observe approach or rhythm control

or rate control, as well as electrical or pharmacological
cardioversion.*®

In a survey of 561 physicians, Heidbuchel et al. found
8 major barriers to AF guidelines implementation that were
knowledge-related (e.g., diagnosing AF based on duration
instead of etiology, uncertainty during decision-making,
use and interpretation of risk assessment scores, difficul-
ties in choosing stroke prevention treatment), skill-related
(e.g., difficulties in EKG interpretation/detection of AF,
difficulties in discussing with patients their treatment
strategy) and systemic (e.g., poor cooperation between
specialists and general practitioners, local regulations re-
garding the use of novel anticoagulants).®?
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Table 5. Correlation of several factors with the adherence to the PCV recommendations as described in AF treatment guidelines

AF guideline adherence

Factor PCV protocol adhered PCV protocol did not adhere
to the guidelines to the guidelines
Overall guideline adherence (n, %) 47/64,70.7% 17/64,29.3% -
Sample/number of patients in the study (mean +SD) 1240 +147.8 184.6 +155.7 p =0.059
Age [years] (mean +SD) 60.7 £11.8 62.1 £12.5 p=0345
Sex (n, % of males) 30/43,66.1% 13/43,60.7% p=0284
Type of study/article
RCT (n, %) 5/41,12.2% 3/17,17.7% p =0.680
case report (n, %) 7/41,17.1% 0/17,0% p=0.093
other than RCT or case report (n, %) 29/41,70.7% 14/17,82.4% p=0514
Region/country where the PCV was performed
Europe (n, %) 25/41,61.0% 10/17, 58.8% p = 1.000
USA (n, %) 3/41,7.32% 3/17,17.7% p=0344
Department where PCV was performed
ICU (n, %) 7/30,23.3% 3/16, 18.8% p =1.000
ED (n, %) 9/30, 30.0% 9/16, 56.3% p=0.115
other than ICU or ED (n, %) 14/31,45.2% 4/16, 25.0% p=0218

AF — atrial fibrillation; ED — emergency department; ICU — intensive care unit; PCV - pharmacological cardioversion; RCT — randomized controlled trial;

SD - standard deviation.
Limitations

Our systematic review had several limitations, most no-
tably, the high heterogeneity and incompleteness of the ob-
tained data which did not allow us to perform a meta-analy-
sis. Specifically, we were unable to extract enough data about
the patients (e.g., patient age is provided only as an average
value, comorbidities listed as totals without mention if any
patients had more than 1 comorbidity). Therefore, it was
not possible to assess if AF guidelines were followed dur-
ing PCV of those patients. Furthermore, although reports
of single cases are universally defined as weak evidence,
we had little data to choose from and decided to include
them in the analysis. Had there been more data from large
trials available, we would have chosen them over case re-
ports, thus making our statistical analysis and conclusions
more robust. Finally, we are aware that there might be na-
tional AF guidelines which we were unable to find.

Conclusions

Our review of the published clinical literature about PCV
reveals significant non-adherence to AF treatment guide-
lines. Specifically, the drugs used for PCV in patients with
AF and comorbidities such as heart failure and thyroid
disease are inconsistent with the guidelines.
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Abstract

Cerebral small vessel disease (CSVD) is the most common, chronic and progressive vascular disease.
The changes affect arterioles, capillaries and small veins supplying the white matter and deep Structures
of the brain. It is the most common incidental finding on brain scans, especially in people over 80 years
of age. Magnetic resonance imaging (MRI) plays a key role in the diagnosis of CSVD. The nomenclature and
radiological phenotypes of CSVD were published in 2013 based on the unified position of the so-called
Centres of Excellence in Neurodegeneration. The disease is characterized by a diverse clinical and radiological
picture. Itis primarily responsible for stroke incidents, gait disturbances, depression, cognitive impairment,
and dementia in the elderly. The CSVD contributes to about 20% of strokes, including 25% of ischemic strokes
and 45% of dementias. Common causes of CSVD include arteriosclerosis, cerebral amyloid angiopathy (CAA),
genetic small vessel angiopathy, inflammation and immune-mediated small vessel diseases, and venous col-
lagenosis. There is no causal treatment and management is mainly based on combating known risk factors
for cardiovascular disease (CVD).

Key words: amyloidosis, cerebral small vessel disease, white matter hyperintensities, lacunar infarcts,
microbleeds
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Introduction

Cerebral small vessel disease (CSVD) is a chronic, pro-
gressive disorder of arterioles, capillaries and small veins
supplying the white matter and deep structures of gray
matter; it is characterized by a diverse clinical picture
and specific changes in neuroimaging and neuropatho-
logical investigations of the brain.> The changes affect
small vessels, 50—-400 um in diameter, and lead to dam-
age of the white matter in subcortical brain structures.
The CSVD is a dynamic disease process not limited to ce-
rebral vessels but affecting the whole body. It is clinically
heterogeneous and constitutes the most common cere-
brovascular disease (CVD).! The CSVD is responsible for
about 20% of all strokes, including 25% of ischemic strokes
and 45% of vascular dementias.>3

The nomenclature and radiological phenotypes of CSVD
were published in 2013 based on the unified position
of the so-called Centres of Excellence in Neurodegenera-
tion.* The STRIVE protocol (STandards for ReportIng Vas-
cular changes on nEuroimaging) sets diagnostic standards
and assesses individual radiological phenotypes of CSVD

J. Chojdak-tukasiewicz et al. Cerebral small vessel disease

and their clinical consequences (Table 1).* The CSVD
is typically recognized on both brain magnetic resonance
imaging (MRI) and computed tomography (CT) scans,
but MRI has greater sensitivity and specificity. A reliable
radiological assessment is only possible with atleast 1.5 T
MRI including the following sequences: FLAIR (fluid-at-
tenuated inversion recovery), T2* (gradient recalled echo
T2*-weighted images) or SWI (susceptibility-weighted
imaging), T1, and DWI (diffusion-weighted imaging).
Figures 1-5 present MRI findings of CSVD.

Epidemiology

The CSVD occurs 6-10 times more often than stroke.
Silent brain infarcts are the most frequently identified
incidental findings on brain scans, especially in older
people. As many as 25% of people over 80 years of age
have had >1 silent stroke.®” It has been estimated that for
every symptomatic stroke, there are about 10 silent brain
changes.® The prevalence of CSVD increases with age, with
no significant sex differences.’ Prevalence of white matter

Fig. 1. A. Acute lacunar infarction on DWI; B. White matter hyperintensities (WMHs) on the FLAIR image; C. Old lacunar infarction seen on the FLAIR image
as a dark fluid-filled cavity surrounded by a hyperintense rim; D. Enlarged perivascular spaces on a T2-weighted image; E. Multiple microbleeds bilaterally

within basal ganglia and thalami

Table 1. Types of cerebral small vessel disease (CSVD) according to STRIVE after Wardlaw et al.*

Type of CSVD

Recent subcortical infarcts

Lacunae of presumed vascular origin

White matter hyperintensities
Widened perivascular spaces (Virchow-Robin
perivascular spaces)

Cerebral microbleeds (CMBs)

Brain atrophy

or head injury

fresh, small (less than 20 mm in axial section) ischemic lesions with respect to perforating arteries,
whose radiological features or clinical signs and symptoms indicate their formation in the few weeks
before the test; best seen in the DWI sequence; these changes are hypointense in the T1 sequence,
hyperintense in the T2 and FLAIR sequences, and isointense in the GRE-T2 sequence

round or oval subcortical lesions 3—15 mm in diameter, filled with fluid, with cerebrospinal fluid-like
signal; these lacunae correspond to history of acute cerebral infarction or bleeding from the area

of vascularization of the perforating artery; the lesions are characterized by a distinctive image

in the FLAIR examination; each lesion is a cavity filled with cerebrospinal fluid and surrounded

by a hyperintense rim; they are isointense in the DWI sequence, hypointense in the FLAIR and T1
sequences, and hyperintense in the T2 sequence

symmetric regardless of size; hyperintense in the T2, FLAIR and GRE-T2 (gradient-echo T2) sequences;
isointense in DWI; and hypointense in T1

mostly seen in basal ganglia <2 mm in size; they usually accompany hyperintense lesions of the white
matter and lacunar condition but not brain atrophy; the lesions are hyperintense in T2 sequences,
hypointense in FLAIR and T1 sequences, and isointense in the GRE-T2 sequence

small, homogeneous lesions <10 mm in diameter, characterized by the ‘blooming effect’; the lesions are
best seen in the gradient-echo T2 sequence (hypointense lesions); in the T2, T1 and FLAIR sequences,
they are isointense; microbleeds correspond to hemosiderin-loaded macrophages that are present

in the perivascular space

brain atrophy in the context of CSVD is considered only when the patient has not suffered a stroke

Description

DWI - diffuse-weighted imaging; FLAIR - fluid-attenuated inversion recovery.
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Fig. 2. Grading of white matter hyperintensities
(WMHs) on the Fazekas scale

A. Grade 1, punctate foci; B. Grade 2, early confluent
lesions; C. Grade 3, large confluent areas.

Fig. 3. Hypertensive encephalopathy

FLAIR images (upper row) show diffuse white matter
hyperintensities in both hemispheres with old lacunar
infarction (arrow). Multiple foci of microbleeds within
cortex and deep brain structures on SWI (lower row).

Fig. 4. Cerebral amyloid angiopathy (CAA)

FLAIR images (upper row) show diffuse white matter
hyperintensities (long arrow) and focus of brain
malacia due to cortical hematoma (short arrows).
Multiple foci of microbleeds with cortical distribution
and hemosiderin deposits within old cortical
hematoma on SWI (lower row, short arrows).

hyperintensities increases from about 5% for people aged 80-89 years.!! There is a noticeable population variability:
50 years to nearly 100% for people aged 90 years.'® Also, CSVD lesions are more common in the Chinese popula-
the prevalence of cerebral microbleeds increases from 6.5% tion, where lacunar strokes account for 46% of ischemic

for people aged 45-50 years to about 36% for people aged episodes.’?
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Clinical picture

The CSVD may be asymptomatic for many years, mani-
festing with accidentally detected changes in radiologi-
cal examinations.!3-!® In its acute form, CSVD progresses
as lacunar stroke or a focus of intracerebral hemorrhage.'¢
According to the anatomopathological definition by Don-
nan, lacunar stroke covers a small area of ischemia formed
as a result of microemboli of perforating arterioles in their
proximal sections. In most cases, the changes concern
lenticulostriate branches extending from the middle and
anterior cerebral arteries, thalamoperforating branches
extending from the posterior cerebral artery, and para-
median branches extending from the basilar artery and
affect the basal ganglia, thalamus, pons, or white matter."”
According to the classification of the Oxfordshire Com-
munity Stroke Project, lacunar stroke proceeds in the form
of 1 of 5 syndromes.'® In most cases (approx. 50-70%),
it begins as pure motor stroke (PMS) — isolated, purely
motor paresis or paralysis. Other clinical manifestations
of this stroke include pure sensory stroke (PSS), sensorimo-
tor stroke (SMS), ataxic hemiparesis (AH), and dysarthria-
clumsy hand syndrome (DCHS).!#-2° Cerebral hemorrhage
in the course of CSVD is located in deep brain structures
and its signs and symptoms depend on the location.

Chronic CSVD is mainly associated with progressive
cognitive impairment (from mild cognitive impairment
to subcortical dementia).21-2* Damage to the white mat-
ter of the brain leads to extrapyramidal syndrome with
dominant posture and gait disorders, early and symmetri-
cal involvement of the lower extremities, slight tremor
of the limbs, pseudobulbar syndrome, and sphincter dys-
functions (mainly urgent tenesmus and urinary inconti-
nence), as well as symptoms of depression.??>26 The symp-
toms progress gradually, leading to loss of independence;
the patient withdraws from social life. The risk of death
increases, mainly due to falls and accompanying injuries.?”

Etiology

In most cases, CSVD is sporadic; its occurrence is asso-
ciated mainly with age and commonly known risk factors
for vascular diseases, mainly hypertension and diabetes
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Fig. 5. CADASIL. A 38-year-old patient with cognitive
impairment. Diffuse white matter hyperintensities

in both hemispheres localized typically also within
temporal lobes and external capsules

mellitus.?® Other risk factors include current and former
smoking, obstructive sleep apnea, chronic kidney disease,
and branch atheromatous disease.?

Cerebral amyloid angiopathy (CAA), a form of CSVD,
is the 2" most common cause of cerebral hemorrhage,
after hypertension.3%3! It is associated with recurrent ce-
rebral hemorrhage, coexisting ischemic strokes and cogni-
tive impairments. The CA A may be sporadic or genetically
conditioned; it involves build-up of B-amyloid deposits
in the media and adventitia of small- and medium-caliber
cerebral arterial vessels and in the venous vessels of the ce-
rebral cortex and pia mater. The familial form of CAA
occurs less frequently and involves mutations in dif-
ferent genes on autosomal dominant chromosome 20.
The CAA lesions account for about 30% of spontaneous
hemorrhages and 5-20% of all hemorrhages in the elderly.
The occurrence of CAA type lesions increases with age;
they affect 10-40% of older people and 80% of patients
with Alzheimer’s disease.?*33 Radiologically, CAA leads
to various types of abnormal findings, including micro-
bleed, subarachnoid hemorrhage, superficial siderosis,
microinfarction, reversible edema, and irreversible leu-
koaraiosis (Fig. 4).

In young people, changes in cerebral vessels are deter-
mined by genetic factors, with several single-gene disorders
causing CSVD. Most often, these are systemic diseases
associated with various neurological abnormalities, mainly
ischemic or hemorrhagic stroke.>*3°> Uncommon and rare
forms of CSVD are presented in Table 2.2

The most common genetically determined disease char-
acterized by involvement of small vessels is cerebral autoso-
mal-dominant arteriopathy with stroke and ischemic leu-
koencephalopathy (CADASIL), described for the first time
by Van Bogaert in 1955 as a familial form of Binswanger’s
disease. The CADASIL affects young people and is auto-
somal dominant due to mutations in the NOTCH gene
on chromosome 19. It is characterized by systemic signs
and symptoms with accompanying neurological abnor-
malities, most often recurrent ischemic stroke, epilepsy,
dementia, and psychiatric disorders.?*-3* Neuroimaging
shows 3 types of lesions in patients with CADASIL: white
matter hyperintensities; lacunar infarcts in the semioval
center, thalamus, basal ganglia, and pons; and cerebral
microbleeds (Fig. 5).
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Table 2. Uncommon and rare forms of cerebral small vessel disease (CSVD)
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Genetic conditions causing CSVD:

- Fabry disease;
Type IV collagen mutation-related CSVD (COL4A1/COLA2);

Immune-mediated CSVD:

- primary vasculitis;

- secondary central nervous system (CNS) vasculitis;
- systemic lupus erythematosus;

- Sjogren’s syndrome-associated vasculitis;

- Behcet’s vasculitis.

Infection-mediated CSVD:
— meningovascular neurosyphilis;

- fungi;
- schistosomiasis;
cerebral malaria.

- cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL);
— CARASIL: cerebral autosomal recessive arteriopathy subcortical infarcts and leukoencephalopathy (CARASIL);
mitochondrial encephalomyopathy lactic acidosis and stroke-like episodes (MELAS);

frameshift mutations in TREXT gene: retinal vasculopathy with cerebral leukoencephalopathy;
- hereditary cerebral hemorrhage with amyloidosis (HCHWA) (Dutch-, Italian-, and Flemish-APP mutations; Icelandic-like mutation of cystatin C).

viral: varicella-zoster virus, cytomegalovirus, hepatitis B and C, human immunodeficiency virus (HIV);

A similar condition is cerebral autosomal recessive arte-
riopathy with subcortical infarcts and leukoencephalopa-
thy (CARASIL), more common in Asian regions. It is in-
herited in an autosomal recessive manner and is associated
with mutation in the HTRA 1 gene, located on chromosome
10q26. Abnormalities in the form of recurrent lacunar
strokes appear at the age of 20—30 years. In addition, cog-
nitive impairment, gait disturbances, degenerative spinal
pain syndrome, and premature baldness are observed.?

Changes with respect to COL4A1 and COL4A2 genes
responsible for the synthesis of type IV collagen alpha
chains and associated with microangiopathies may be spo-
radic or genetically determined.*® Type IV collagen acts
as a scaffold for the cell; it is a component of the basement
membrane and extracellular matrix. Abnormal collagen
IV structure is associated with fragility of blood vessels
and a diverse clinical picture. The spectrum of type IV
collagen disorders includes autosomal dominant type
I porencephaly; CSVD with hemorrhage; cerebral micro-
angiopathy with Axenfeld—Rieger anomaly; and heredi-
tary angiopathy with nephropathy, aneurysms and muscle
cramps (HANAC).4142

Mutations in the TREX-1 gene may result in Aicardi—
Goutiéres syndrome, systemic and cutaneous lupus ery-
thematosus, and retinal vasculopathy with cerebral leu-
kodystrophy (RVCL). The latter manifests around the age
of 40 years and is associated with ischemic strokes, tran-
sient cerebral ischemia and psychiatric symptoms. It shows
characteristic ocular signs: retinal hemorrhages, macular
atrophy and capillary microaneurysms. Additional signs
and symptoms may involve other organs (liver, kidneys).*3

One of the most common mitochondrial diseases
— mitochondrial encephalopathy with lactic acidosis and
stroke-like episodes (MELAS) — is also associated with
involvement of small vessels. About 80% of all cases occur
in childhood; the clinical picture is dominated by stroke-
like signs and symptoms, increasing dementia, migraine

headaches, myopathy, and lactic acidosis.** In the case
of Fabry disease, which is an X-linked inherited disorder
of glycosphingolipid metabolism, strokes are observed.
The disease is associated with mutation of the GLA
gene, which is responsible for the activity of lysosomal
a-galactosidase A. As a result, trihexosylceramide depos-
its accumulate in endothelial and smooth muscle cells,
ganglion cells, kidneys, eyes, and other tissues. This in-
volves a number of cardiovascular and renal complications
at an early age. Patients have symptoms of painful periph-
eral neuropathy, dysfunction of the autonomic nervous
system, and corneal disorders. The disease is associated
with frequent strokes and myocardial infarctions. Fabry
disease is responsible for 0.5% of vascular events at a young
age. Ischemic strokes occur in 76%, transient ischemic at-
tacks in 16% and hemorrhagic strokes in 8% of the cases.
Involvement of cerebral small vessels occurs even in as-
ymptomatic individuals; there are characteristic lesions
of the pulvinar and frontal and parietal lobes.*>~4

Pathomechanism

The etiopathogenesis of CSVD takes into account several
mechanisms. Pathological processes associated mainly
with hypertension in the vascular wall lead to development
of lipohyalinosis and fibrohyalinosis; there is a prolifera-
tion of connective tissue fibers and dilatation of perivas-
cular space, which causes loss of contractibility and thus
vascular sclerosis. In addition, vascular endothelial dys-
function occurs due to blood—brain barrier impairment.
The 2" most common cause of damage to small perfo-
rating vessels is CAA. The changes lead to hypoperfu-
sion or vascular flow disorders associated with abnormal
self-regulation and impaired vascular wall permeability,
and result in multifocal stroke lesions. An important
role in the pathogenesis is also played by inflammatory
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processes due to the presence of increased inflammatory
parameters (interleukin 6, C-reactive protein (CRP)) in ce-
rebrospinal fluid and blood.>1®

Prognosis

The CSVD remains clinically silent for a long time and
does not affect the condition of the patients. Screening
the asymptomatic general population with MRI to de-
tect silent CVD is not recommended. However, changes
in the vessels are adverse in long-term evaluation. As-
ymptomatic, radiologically enhanced small vessel disease
diagnosed in the acute period of stroke is associated with
a worse prognosis.*® It was found that the presence of si-
lent cerebral ischemic lesions causes a threefold increase
of future stroke, regardless of other risk factors; the risk
increases in the case of a larger number of lesions.***° Most
incident strokes are ischemic (81-89%), not hemorrhagic
(11-19%). In a study by Poggesi et al., CSVD was associ-
ated with a worse prognosis. The 12-year prognosis after
lacunar stroke is significantly worse than in strokes with
different etiologies (7.9 years compared to 4.3 years).>!

The presence of lesions in the white matter is associ-
ated with the risk of stroke, dementia or death, which
increased during the five-year follow-up in the Framing-
ham Heart Study. There is a known correlation between
the occurrence of clinically silent lesions and cognitive
impairment. tHE CSVD on its own or with Alzheimer’s
disease is the most common cause of cognitive dysfunc-
tion and dementia.>? The risk of dementia increases two-
fold in patients with silent brain infarction.*” The patients
perform worse in neuropsychological tests if the lesions
are located in the thalamus. Lesions outside the thalamus
are related to deterioration of psychomotor functions.?>%
In post-stroke epilepsy, about 11% of patients had lacu-
nar infarcts. Studies suggest involvement of small ves-
sel pathology in epileptogenesis and a higher incidence
of temporal lobe epilepsy in the case of comorbid CSVD
lesions.>~°¢ Intensified retinal vascular remodeling also
correlates with a higher incidence of lacunar stroke.®”

A decrease in the glomerular filtration rate is associated
with more frequent presence of silent ischemic lesions
regardless of hypertension.”® At the same time, Oksala
etal. showed that a reduction of the estimated glomerular
filtration rate (eGFR) below 60 mL/min/1.73 m? is an in-
dependent risk factor for increased damage to the white
matter of the brain.”

Treatment

At the moment, there is no specific treatment available
for genetic forms of CSVD. Only for Fabry disease is there
areplacement therapy based on intravenously administered
a-galactosidase A, which is taken up by cells and tissues
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by the mannose-6-phosphate receptor pathway and deliv-
ered to lysosomes.? There are no established therapeutic
strategies for either preventing or treating sporadic CSVD.
Potential prophylactic and treatment strategies might in-
clude those that target brain microvascular endothelium
and the blood—brain barrier, microvascular function, and
neuroinflammation. Because CSVD and ischemic stroke are
presumed to share the same pathology, the diagnostic and
therapeutic approaches should be the same. For all patients
with CSVD, we should assess common vascular risk factors
such as hypertension, diabetes mellitus, hyperlipidemia, and
smoking.*® The treatment is based primarily on the fight
against vascular risk factors and primary and secondary
prevention of vascular events. One of the most important
modifiable risk factors is hypertension. Non-pharmacolog-
ical treatment is also important and includes diet, sodium
restriction, increased physical activity, and abstaining from
smoking. Genetic testing should be considered in young
people with extensive CSVD in the absence of sufficient
conventional vascular risk factors. A closer understanding
of the mechanisms leading to damage of small blood vessels
may be associated with new therapeutic approaches.

Conclusions

The CSVD is a very common problem in older people.
It is an important clinical problem due to its frequent oc-
currence and serious clinical consequences. The underlying
mechanisms of CSVD are not known in detail. Blood pres-
sure is the most important modifiable risk factor. The pres-
ence of genetic CSVD should be considered in young people
without typical risk factors for vascular disease.
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