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Abstract. — OBJECTIVE: This study aims to
investigate potential differences in the presence
of Transforming Growth Factor-Beta 1 (TGF-p1)
between the vein walls of patients with varico-
cele and those of healthy individuals.

PATIENTS AND METHODS: The study com-
prised a total of 40 participants, divided into two
groups. The control group (Group 1) consisted
of 20 patients who underwent coronary bypass
surgery, while the varicocele group (Group 2) in-
cluded 20 patients scheduled for varicocelecto-
my. The cytoplasmic and nuclear staining pat-
terns of TGF-B1 immunohistochemistry were as-
sessed in tissue samples under light microsco-
py, identifying any differences in TGF-B1 pres-
ence between varicocele patient vein walls and
normal (saphenous) veins.

RESULTS: The varicocele group demonstrat-
ed lower nuclear and cytoplasmic TGF-B1 stain-
ing rates compared to the control group. Af-
ter controlling for the independent factor of
age, significantly lower nuclear and cytoplas-
mic staining was still observed in the varico-
cele group.

CONCLUSIONS: This study is the first of its
kind to compare TGF-f1 staining in the vein
walls of varicocele patients and healthy indi-
viduals. Previous studies focusing on varicose
veins reported elevated TGF-B1 expression.
Contrarily, our study observed lower TGF-B1 ex-
pression in varicocele patient veins, marking a
unique contribution to the field.

Key Words:
TGF-B1, Varicocele, Normal vein walls, Varicose
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Introduction

Varicocele is the most commonly diagnosed
treatable condition related to male infertility. It
holds a prevalence rate of 15% among the gen-
eral population and ranges between 19-41% in
the infertile population. Moreover, varicocele
prevalence reaches 35% in the primary infertile
population and escalates to 80% in the second-
ary infertile population'. Varicocelectomy is the
most frequently employed treatment method for
this condition?. While varicocelectomy has been
proven to enhance semen parameters, its effect on
pregnancy and paternity rates remains a conten-
tious issue®. The primary factors contributing to
the disruption of spermatogenesis include mal-
functioning spermatic vein valves and an increase
in scrotal temperature due to venous reflux*.

Several factors are implicated in the etiology
of varicocele. Recent reports™® suggest that cer-
tain cytokines, growth factors [like Transforming
Growth Factor Beta-1, (TGF-B1)] and extracellu-
lar matrix metalloproteinases-2 and -9 (MMP-2
and MMP-9) may trigger the onset of varicocele
by promoting fibrosis in the vascular wall. Addi-
tionally, neurotransmitters such as nitric oxide
have been found in high concentrations in the
spermatic vein walls of varicocele patients’. The
TGF-p family consists of three polypeptide mem-
bers (TGF-B1, TGF-B2, TGF-B3)*. TGF-B1, in par-
ticular, has a profound impact on the cardiovascu-
lar system, especially affecting endothelial cells
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(EC), vascular smooth muscle cells (VSMC),
myofibroblasts, macrophages, and other cells of
the hematopoietic system’. TGF-B1 not only facil-
itates the interaction between EC and VSMC, but
also participates in the remodeling and synthe-
sis of the extracellular matrix (ECM) in the vein
wall. This eventually disrupts the collagen/elastin
balance in the vein wall, reducing elasticity, pro-
moting fibrosis, and leading to venous failure that
results in varicocele'.

This study aims to determine whether a differ-
ence exists in the expression of TGF-f1 between
the vein walls of varicocele patients and those of
healthy individuals (saphenous vein).

Patients and Methods

Ethical Considerations

Our research was designed and conducted in
strict accordance with the principles outlined in
the Declaration of Helsinki. Prior to initiating any
research activity, we obtained approval from the
Local Ethical Committee of Tepecik Training and
Research Hospital (Approval No. 201858).

The process of enlisting participants was en-
tirely voluntary. Detailed information about the
nature of the study, its objectives, and the poten-
tial risks associated were provided to all potential
participants. Only individuals who voluntarily
decided to participate and provided written in-
formed consent were included in the study.

The collection of tissue samples was carried
out during routine varicocelectomy procedures.
Specifically, we used the residual portions of the
veins that remained following ligation. These
portions would otherwise have been discarded.
No additional surgical steps or interventions were
performed solely for the purpose of our study. All
participants were thoroughly briefed about this
process and given explicit permission for their
discarded tissues to be used for research. It was
emphasized to the participants that this procedure
would not impact their surgical outcome or over-
all health.

A unique identifier was assigned to each par-
ticipant to ensure privacy and confidentiality.
Any data that were collected were subsequently
de-identified and securely stored. Throughout the
study, we prioritized the welfare of our partici-
pants. All questions or concerns raised by partic-
ipants were promptly and comprehensively ad-
dressed.

Collection of Tissue Samples
and the Study Groups

This study involved a total of 40 cases, divided
into two groups: Group 1, the control group, con-
sisted of 20 patients who underwent coronary by-
pass surgery; and Group 2, the varicocele group,
comprised 20 patients scheduled for varicocelec-
tomy for left varicocele.

For Group 1, 1-cm samples of the normal vein
wall were extracted from the saphenous vein,
which was exposed during coronary bypass sur-
gery. This served as the control tissue.

For Group 2, the standard varicocelectomy
procedure was followed, where the varicose veins
were ligated. The sections of varicose veins be-
tween the ligated ends, typically considered waste
tissue and usually discarded, were utilized in our
study. From these “waste” segments, we procured
1-cm samples for further analysis.

These samples were subsequently transferred
to the pathology laboratory and preserved in 10%
formaldehyde. The ethical review board and the
patients were fully informed about the use of
these “waste” vein tissues for research. All proce-
dures were in accordance with ethical standards,
as they did not involve any extra surgical steps or
additional risks to patients. Our study methodol-
ogy entailed additional analysis of leftover vein
segments post-ligation, without any deviation
from standard treatment protocols.

This procedure allowed us to investigate the
levels of TGF-Beta in the wall of varicose veins in
varicocele patients, contributing to a deeper un-
derstanding of the pathophysiology of varicoceles
in male infertility.

Preparation of Tissues for
Histopathological Evaluation

The transferred tissues were fixed in 10%
formaldehyde for a period of twenty-four hours,
after which they underwent standard paraffin em-
bedding procedures and block preparation. From
these blocks, 3-um sections were extracted and
mounted onto polylysine slides for subsequent
immunohistochemical evaluation. These sec-
tions were then deparaffinized and treated with
the TGF-B1 antibody (GeneTex, Irvine, CA, USA)
using a universal kit, in conjunction with an au-
tomated staining system (Leica Bond-Max, Lei-
ca Biosystems, Nussloch, Germany). The light
microscopic evaluation focused on assessing the
cytoplasmic and nuclear staining patterns of the
TGF-B1 immunohistochemistry in the tissues.
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Histopathological Evaluation

The evaluation of immunohistochemical stain-
ing was conducted by a pathologist using a light
microscope, comparing levels of cytoplasmic and
nuclear staining between the control and varico-
cele groups. The rate of cytoplasmic staining was
defined as the ratio of cells demonstrating cyto-
plasmic staining to the total number of cells with-
in the section. Staining intensity was scored on a
scale of 0 to 3, where 0 equated to no staining, 1
to weak staining, 2 to moderate staining, and 3
to strong staining''. Similarly, the rate of nuclear
staining was calculated as the ratio of nuclei that
displayed staining to the total number of nuclei
within the section.

Statistical Analysis

All statistical analyses were performed using
SPSS software version 26.0 (IBM Corp., Ar-
monk, NY, USA). The normality of the groups
was assessed using the Shapiro-Wilk test. Statis-
tical relationships between the groups were ana-
lyzed via the Student’s t-test and Mann-Whitney
U test. An Analysis of Covariance (ANCOVA)
was employed to control for age as a confounding
factor. A p-value lower than 0.05 was considered
statistically significant.

Results

The mean age+standard deviation (min-max)
for all participants was 43.03£19.03 years (rang-
ing from 19 to 79 years), 59.5+9.01 years for the
control group (ranging from 48 to 79 years), and
25.59+7.43 years for the varicocele group (rang-
ing from 19 to 46 years). In our study, the ages
of the participants in the varicocele group were
statistically lower (p<0.001) (Table I).

Differences in nuclear staining were evident
across the groups. The intensities of nuclear and
cytoplasmic staining within the same samples

Table I. Age data of patients.

were comparable, yet the nuclear staining rate
varied between cases. For the nuclear staining
measure, the median value across all patients was
85 (ranging from 0-100). In the control group, the
median was 100 (ranging from 100-100) as all
patients in this group exhibited a nuclear stain-
ing level of 100 (as shown in Figure 1). For the
varicocele group, the median was 10 (ranging
from 0-70), as illustrated in Figures 2, 3, and 4.
Contrary to the expectations drawn from the ex-
isting literature, our results demonstrated lower
rates of nuclear staining with TGF-B1 in the var-
icocele group (p<0.001). Regarding the cytoplas-
mic staining measure, the median value was 2.5
(ranging from 1-3) for all patients, 3 (ranging from
2-3) in the control group (as shown in Figure 1),
and 2 (ranging from 1-3) in the varicocele group
(as shown in Figures 2, 3, and 4). Once again,
our results contradicted the expectations from
the literature, showing lower rates of cytoplas-
mic staining with TGF-f1 in the varicocele group
(p<0.001).

Correlational analysis was employed to compare
the age parameter with the nuclear and cytoplas-
mic staining rates. It was discovered that age had
a positive correlation with both of these measures
[»<0.001, Correlation Coefficient (CC) for nuclear
staining: 0.832, p<0.001; CC for cytoplasmic stain-
ing: 0.707] as presented in Tables II and II1.

Our control group (Group 1) consisted of older
patients who had undergone bypass surgery for
coronary artery disease, while the patient group
(Group 2) was composed of patients scheduled for
varicocelectomy due to infertility. This led us to
question if the unexpected lower TGF-B1 levels
in the varicocele group were linked to their lower
average age. Consequently, we explored wheth-
er significant differences persisted between the
study groups regarding nuclear and cytoplasmic
staining with TGF-B1 when age was controlled
as an independent factor. For this, we utilized an
analysis of covariance (ANCOVA).

Age (Years) Group | (Control) Group Il (Varicocele) All Patients
(n=20) (n=20) (n=40)
Mean 59.5 25.59 43.03
Std. Dev. 9.01 7.43 19.03
Minimum 48 19 19
Maximum 79 46 79

p-value<0.001 between group I and I1.
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Figure 1. Saphenous vein (control group),
100% nuclear and 3+ cytoplasmic staining,
TGF-B1 (DAB, x200).

Figure 2. Varicocele vein, no nuclear stain-
ing and 1+ cytoplasmic staining, TGF-f1
(DAB, x100).

Figure 3. Varicocele vein, 10% nucle-
ar staining and 2+ cytoplasmic staining,
TGF-p1 (DAB, x100).
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Figure 4. Varicocele vein, 90% nu-
clear staining and 3+ cytoplasmic
staining, TGF-B1 (DAB, x100).

Table Il. Bivariate-correlation analysis of age and nuclear staining.

Age Nuclear
(year) staining (%)
Age (year) Pearson’s Correlation 1 .832%*
Sig. (2-tailed) .000
N 40 40
Nuclear staining (%) Pearson’s Correlation .832%* 1
Sig. (2-tailed) .000
N 40 40
**_Correlation is significant at the 0.01 level (2-tailed).
Table Ill. Bivariate-correlation analysis of age and cytoplasmic staining.
Age Cytoplasmic
(year) staining (degree)
Spearman’s rho age (year) Correlation Coefficient 1.000 707%*
Sig. (2-tailed) . .000
N 40 40
cytoplasmic Correlation Coefficient 707** 1.000
staining Sig. (2-tailed) .000
(degree) N 40 40
**_ Correlation is significant at the 0.01 level (2-tailed).
Upon analysis, we found that even after ad- Discussion

justing for age, nuclear and cytoplasmic stain-
ing were significantly lower in the varicocele
group [p<0.001, partial eta-squared (mp*)=0.579
for nuclear staining; p<0.001, partial eta-squared
(Mp?)=0.338 for cytoplasmic staining] (Tables IV
and V).
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Table IV. Nuclear Staining when the age factor is under control.

Source Type Ill Sum df Mean Square F Sig. Partial Eta
of Squares Squared
Corrected Model 53,932,574* 2 26,966.287 106,249 .000 .869
Intercept 5,616,729 1 5,616.729 22,130 .000 409
Age 16,523 1 16,523 .065 .800 .002
Group 11,159,952 1 11,159.952 43,971 .000 579
R Squared=.869
Table V. Cystoplasmic Staining when the age factor is under control.
Source Type Ill Sum df Mean Square F Sig. Partial Eta
of Squares Squared
Corrected Model 14,755 2 7,378 34,780 .000 .685
Intercept 8,270 1 8,270 38,987 .000 .549
Age .039 1 .039 184 671 .006
Group 3,468 1 3,468 16,350 .000 338

AR Squared=.869

over 30 structurally similar polypeptide growth
factors in mammals, is typically categorized into
two groups. The first, referred to as the TGF-f-
like group, comprises TGF-B1, TGF-p2, TGF-B3,
activin, inhibin, and several growth differentia-
tion factors (GDFs). The second group includes
Bone Morphogenetic Proteins (BMPs), various
GDF cytokines, and the Anti-Miillerian Hormone
(AMH)®.

TGF-B1, a member of the TGF- family, exerts
the most potent effect on the cardiovascular sys-
tem. It is found in endothelial cells (ECs), vascu-
lar smooth muscle cells (VSMCs), myofibroblasts,
macrophages, and other cells of the hematopoi-
etic system’. TGF-B1 plays a crucial role in vein
growth and function®. It not only affects ECs and
VSMCs but also orchestrates their interactions,
demonstrating both angiogenesis-promoting and
-inhibiting capabilities'*'>. TGF-p1 is a pivotal
regulator in the synthesis (for example, collagen,
elastin) and remodeling of the extracellular ma-
trix (ECM)">". This function of TGF-BI in rela-
tion to the ECM has spurred discussions about
its potential role in structural abnormalities that
may occur in the vascular wall, such as varicose
structures and fibrosis'®'>!*. Some studies'*" have
observed an increase in TGF-B1 expression in
VSMCs and ECs in response to heightened stress
in the vein wall due to diseases like hypertension
(HT). These studies™* concluded that TGF-B1
undertakes remodeling to mitigate this stress

in the vein wall. As a result, increased levels of
TGF-B1 expression in the vein wall (originating
from ECs, VSMCs, myofibroblasts) were expect-
ed in structural pathologies such as chronic ve-
nous failure, varicose vein formation, and arterial
plaque. However, this increased expression, while
remodeling, also induces fibrosis'®*.

Given that varicocele pathology is a disorder
related to the vein wall, an increase in TGF-B1 is
anticipated. Yet, no studies in the existing litera-
ture have directly investigated this subject. Kisa et
al?? explored the relationship between TGF-f and
Epidermal Growth Factor (EGF) levels in varico-
cele and seminal plasma. In this study, patients
were divided into three groups. The first group
consisted of patients with varicocele exhibiting
oligoasthenoteratozoospermia, the second group
included patients with varicocele, and the third
group served as the control comprising subjects
without varicocele. This study discovered signifi-
cantly higher TGF-f levels in the seminal plasma
of groups 1 and 2 compared to the control group.
Although higher EGF levels were detected in the
two varicocele groups compared to the control
group, the difference was not statistically signif-
icant. Interestingly, this study found no correla-
tion between age and levels of TGF-3 and EGF
in seminal plasma. Furthermore, semen parame-
ters were observed to have a negative correlation,
specifically with TGF-f levels. In another study,
Cheng et al” induced experimental varicocele in

9983



M.Z. Keskin, S. Ekmekci, A.Y. Engin, E. Ates, M. Ucar, et al

rats by ligating the left renal vein and found that
subcutaneous EGF treatment resulted in a more
substantial improvement in semen parameters
compared to varicocelectomy alone. The most
significant improvement was observed in the
group that received both varicocelectomy and
EGF treatment?. Kowalewski et al* also reported
higher mRNA levels of TGF-$ RII in the varicose
group compared to the control group, as expected.

In our study, we conducted an immunohisto-
chemical evaluation of vein tissues collected from
both the varicocele and control groups. Contrary
to expectations drawn from existing literature,
we observed that the vein walls of patients with
varicocele exhibited less cytoplasmic and nuclear
staining compared to those of normal vein walls.

In a study conducted by Pascual et al'®, sa-
phenous vein tissues obtained during coronary
bypass procedures composed the control group,
while varicose vein tissues from patients undergo-
ing varicose vein surgery formed the study group.
The authors assessed both latent and mature
TGF-1 levels independently. The study found re-
duced levels of latent TGF-P1 in the varicose vein
wall compared to the healthy vein wall when age
was not factored in. Furthermore, when age was
taken into consideration, the control group aged
over 50 exhibited higher latent TGF-B1 levels
than the under-50 control group. However, strik-
ingly lower latent TGF-B1 levels were found in the
over-50 varicocele group compared to their un-
der-50 counterparts. In contrast, mature TGF-p1
displayed an inverse trend, with higher expression
identified in the varicose group when age was not
factored in. Additionally, both the control and
varicose groups showed an increase in mature
TGF-B1 expression correlating with age's.

This aforementioned study aligns closest with
our own in terms of materials and methods. How-
ever, it diverges as its study group consisted of
vascular walls inclusive of varicose veins, while
our study group comprised infertility patients un-
dergoing varicocele surgery. Despite the rich lit-
erature investigating TGF-B1 levels, our literature
review found no studies comparing TGF-f1 levels
in vein walls of varicocele patients and healthy
vein walls, making our study the first to under-
take this approach.

In the study by Pascual et al'®, the mean ages
for the control group aged 50 years and below,
the control group aged above 50 years, the var-
icose group aged 50 years and below, and the
varicose group aged above 50 years were found
to be 38.445.8, 71.2+10.6, 39.4+7.8 and 60.7+9.4

years, respectively. In our study, due to the in-
clusion of infertility patients with varicocele, the
patients were significantly younger. The median
(min-max) age values for the control and study
groups were determined as 59 (48-79) and 23 (11-
46) years respectively.

Although there are studies* suggesting that
aging does not affect TGF-B1 expression, they
are outnumbered by publications indicating an
increase with age'¢?. Notably, in our study, even
after controlling for age, the varicocele group
demonstrated significantly lower nuclear and cy-
toplasmic staining.

Cytokines in the TGF-B family are involved
in various functions such as proliferation, dif-
ferentiation, apoptosis, embryonic development,
angiogenesis, wound healing, and many others'.
The TGF-B family in mammals comprises more
than 30 polypeptide growth factors with similar
structures, subdivided into two major groups®.
Among these, TGF-B1 has a potent effect on the
cardiovascular system, playing key roles in vein
growth and function, as well as extracellular ma-
trix (ECM) synthesis and remodeling®'>!>-17,

Previous studies'*?* have noted that stress-in-
duced pathologies, such as hypertension (HT),
increase TGF-P1 expression in the vein wall. In-
terestingly, varicocele pathology, a disorder con-
cerning the vein wall, is yet to be comprehensively
studied for TGF-B1 expression, despite the preva-
lent understanding that it should increase in such
pathological states. Notably, our study stands as
a novel contribution to this area of research, as it
evaluates TGF-B1 expression directly in the vein
walls of varicocele patients for the first time.

Our findings, however, contradict the expect-
ed increase in TGF-Bl expression. Immunohis-
tochemical evaluation of vein tissues from our
study and control groups showed less TGF-f1 cy-
toplasmic and nuclear staining in the varicocele
patients’ vein walls than in healthy vein walls.
Although these results diverge from previous
findings in the related vein wall pathologies!*2%22,
they add a fresh dimension to the understanding
of TGF-B1’s role in varicocele, sparking critical
discussions about its complex and context-specif-
ic functions.

Limitations

Our study’s novelty comes with limitations; the
evaluation of TGF-B1 expression was solely based
on immunohistochemistry, leaving out the quan-
titative assessment that a western-blot approach
could have provided. The lack of distinction be-
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tween latent and mature TGF-B1 forms and the
absence of investigation into other members of the
TGF-B family also narrow the scope of our find-
ings. However, these limitations pave the way for
future investigations, which we believe will ben-
efit from integrating immunohistochemistry with
western blotting and other comprehensive method-
ologies for a more thorough evaluation of TGF-B1’s
role in varicocele and other venous disorders.

Conclusions

Our study provides a novel perspective to the
existing literature by comparing TGF-I staining
between the vein walls of varicocele patients and
healthy vein walls. In contrast to the literature that
reported an increased TGF-B1 expression in var-
icose vein walls, our results revealed a reduction
in TGF-B1 staining in the vein walls of varicocele
patients. This observation suggests a potentially
different role for TGF-B1 in the pathophysiology
of varicoceles than what is currently understood.
Thus, our results suggest that further research
is required to better understand the precise role
of this complex cytokine in the context of vari-
cocele. Such investigations could potentially en-
hance our understanding of the pathophysiology
of varicoceles.
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