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ABSTRACT
Purpose: Stem cell factor receptor (c-kit) plays a crucial role in regulating proliferation and survival
of germ cells. The aim of this study was to find the correlation between the number of c-kit positive
germ cells, testicular asymmetry and histological grade in varicocele affected testis samples of
adolescents.
Materials and Methods: Twenty testicular biopsy samples of adolescents affected by varicocele and
eight normal control testes were included. The relationship between percentage of testicular
asymmetry, number of tubular c-kit positive germ cells and severity of spermatogenic failure was
assessed by Spearman correlation test. The results of each group were compared by Mann–WhitneyU test. A p < .05 was considered as statistically significant.
Results: The mean (SD) histological grade for spermatogenic failure in controls was 1.37(0.52),
median 1, while in the varicocele group, it was 2.70(1.08), median 3 (p= .0052). Mean(SD) number
c-kit positive germ cells in the control group were 20.1(2.52), median 20, while in the varicocele
group it was 12.35(7.16), median 12.5 (p= .0059). Spearman test documented a significant positive
correlation between percentage of hypotrophy and histological grade of spermatogenic failure (r =
0.5544 , 95% CI: 0.1345 to 0.8055, p = .0112) but a negative correlation with the number of c-kit
positive cells (r = - 0.5871, 95% CI: - 0.8219 to -0.1817, p = .0065). Moreover, a significant negative
correlation was found between grade of histological changes and number of c-kit positive germ cells
(p< .0001).
Conclusions: A significant correlation between hypotrophy, histological lesions and c-kit positive
germ cells exists in varicocele testes. This finding

suggests a possible role for c-kit in the

pathogenesis of germ cell impairment in varicocele. Histological changes and lack of c-kit germ cells
were also noted in testes not displaying hypotrophy. We believe that reliable markers should be
found as better predictors of testicular function in adolescent with varicocele.
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Introduction
Varicocele affects testicular function and is considered a main but corrigible cause of male
infertility (1-2). Even if medical management promises a potential solution (3-9), surgery is
considered the mainstay of varicocele treatment (10-11). The pathogenesis of testicular damage
remains controversial and no mechanism has exclusively explained the exact way in which
varicocele impairs spermatogenesis. Multifactorial pathogenesis of testicular damage includes
hypoxia by small vessel occlusion and venous stasis and (12), enhancement of scrotal and testicular
temperature (13), retrograde blood flow of renal and adrenal metabolites in the spermatic vein (14),
reduction of gonadotrophins and androgens (15), testicular aquaporin 9 down-regulation (16), and
oxidative stress (17). It has been reported that the expression of c-kit receptor plays a pivotal role in
the survival and proliferation of type A spermatogonia (18), mature germ cells, and regulation of
gametogenesis (19-20). Moreover, its expression in testicular tubular cells has also been reported to
be inversely related to germ cell apoptosis and hypoplasia (21-23)Of note, alteration of transcription
levels or deregulated actions of the c-kit signaling system have been associated with reproductive
disorders and male infertility (22-24). In this regard, W (dominant White spotting) and Sl (Steel)
loci mutations in mice which encode the c-kit receptor, cause sterility, as they are necessary for the
migration and proliferation of primordial germ cells (25).
To the best of our knowledge, the immunoexpression of c-kit in adolescent human testicular samples
affected by varicocele has not yet been investigated. The aim of the present study was to
immunolocalize c-kit and to correlate it with the number of c-kit positive germ cells per tubule.
Testicular volumetric asymmetry and grade of histological changes were also assessed.
MATERIALS AND METHODS
Ethical approval for this study was received from the Local Ethics Committee (ethics code: 90/19).
We retrospectively evaluated testicular incisional biopsies of 20 post-pubertal adolescents (mean
age (SD) :14.3 (1.4) years old, range 13–18) with grade II or III idiopathic left varicocele which
were obtained during inguinal varicocelectomy before the ligation of spermatic veins. Post-mortem
tissue samples from eight age-matched subjects with normal lesion-free adolescent testes were also
processed by employing archival blocks. Diagnosis of varicocele was made after performing
physical examination and was confirmed by echo color Doppler ultrasonography. The percentage of
volume difference between the right (unaffected) and left testis was calculated according to medical
records and decreased volume of the left testis compared with the right was considered as testicular
hypotrophy.
Histological grading
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Histological spermatogenesis was graded according to the Johnsen score. As previously described,
samples were assigned to the following groups: (26)
•

Normal spermatogenesis: A majority (>50%) of the spermatogenic tubules have a Johnsen’s
score of 10 (normal) or 9 (disorganized architecture, but with ≥ 10 sperm cells).

•

Spermatogenic impairment: <50% of the spermatogenic tubules exhibit a Johnsen’s score
of 10 or 9. To investigate the severity of the spermatogenic impairment, this group was
further divided into the following histological subgroups:
(i) Moderate hypospermatogenesis: < 50% of the seminiferous tubules have a Johnsen’s

score of 9 or 10 but >10% of the seminiferous tubules have a Johnsen’s score of 8 (<10 sperm
cells);
(ii) Severe hypospermatogenesis with few sperm cells: no seminiferous tubules have a
Johnsen’s score of 9 or 10, and ≤ 10% of the seminiferous tubules have a Johnsen’s score of 8 (<10
sperm cells).
(iii) Severe hypospermatogenesis without sperm cells: no mature sperm cells found but at
least one seminiferous tubule has a Johnsen’s score between 7 and 3 (presence of immature germ
cells).
(iv) Sertoli cell-only syndrome: the seminiferous tubules have a Johnsen’s score ≤ to 2 (no
germ cells).
Immunohistochemical evaluation
Immunostaining was carried out using a 1:50 dilution of the rabbit polyclonal anti-human c-kit
(CD117) antibody (Dako- Cytomation A/S,Glostrup, Denmark) after microwave treatment. The
streptavidin-biotin method (LSAB, Dako), with diaminobenzidine development (Vector VIP
substrate, Vector Lab, Burlingame, CA), and methylgreen or toluidine blue nuclear counter-staining
was performed. Positive controls were carried out using specimens from lung small cell carcinoma
for c-kit labelling. Negative controls were obtained by omitting incubation with the primary
antibody.
Statistical analysis
In our study, we focused on the primary variable which was the immunoexpression of c-kit in human
testicular samples. Secondary variables were the histology of the testis, the grade of histological
spermatogenesis and the volume of testis.
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For a quantitative analysis, the percentage of intratubular positive cells in each tubule was counted
in five tubules of each specimen. As the number of observations in each group was not enough to
assess the normality of the distributions, the results of each group were compared by the nonparametric Mann–Whitney U test. The relationship between the quantitative parameters (percentage
of left testicular hypotrophy, number of c-kit positive germ cells per tubule) and the histological grade
of spermatogenesis according to modified Johnsen’s score (26) was studied by the non-parametric
Spearman’s Rank correlation test between the parametric values and values 1 (normal
spermatogenesis), 2 (moderate hypospermatogenesis), 3 (severe hypospermatogenesis with few
sperm cells), 4 (severe hypospermatogenesis without sperm cells) and 5 (Sertoli cell only syndrome)
regarding the histologic subgroups (26). P < .05 was considered as statistically significant.

RESULTS
Changes in tubular and extra-tubular compartments were seen in the studied varicocele testes,
displaying more or less disarranged tubular compartments. Sloughing and detachment of basal germ
cells occurredwith a varying degree of germ and Sertoli cell impairment, up to spermiogenesis failure.
Unlike normal testes (Figure 1A), varicocele testes showed dilated microvessels, more or less
expanded extra-tubule fluid and extracellular matrix, and many extracellular vesicles inside the
seminiferous tubules. Leydig cell clusters were constantly observed. A varying degree of interstitial
edema prevailed, with notable peritubular and extratubular fibrosis (Figure 1B & C). Mean
(SD)histological grade of spermatogenesis in the control group was 1.37 (0.52), while in the
varicocele group,this figure was 2.70 (1.08), indicating a statistically significant difference (p =
.0052). Specifically, in the control group, 5 testes had value 1 and 3 testes demonstrated value 2. On
the other hand, in the varicocele group, 3 testes had value 1, 6 had value 2, 5 demonstrated value 3
and 6 samples were value 4 . Mean (SD) of c-kit positive germ cells in the control group was 20.1
(2.52) and 12.35 (7.16) in the varicocele group (p = .0059) (Figure 2A-C) (Table 1). The mean
percentage (SD) of testicular volume discrepancy between right (unaffected) and left (varicocele
affected) testes was %14.1 (%22.5), median %12.5,Q1 = 0, Q3 = 29.7. Spearman test documented a
significant positive correlation between percentage of testicular volumetric discrepancy and
histological grade of spermatogenesis (r = .5544, 95% confidence interval (CI): 0.1345 to 0.8055, p
= .0112) (Figure 3) but a negative correlation with number of c-kit positive cells (r = - 0.5871, 95%
CI: - 0.8219 to -0.1817, p = .0065) (Figure 4). Moreover, a significant negative correlation was found
between histological grade of spermatogenesis and number of c-kit positive germ cells (p <.0001, r =
- 0.7621, 95% CI: 0.9035 to -0.4714) (Figure 5).
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DISCUSSION
Although surgical correction of varicocele in adolescents before onset of infertility may be
advantageous, it has been reported that fertility problems will arise later in about 20% of adolescents
with varicocele (27). As sperm analysis is not obtained worldwide from pediatric patients, both for
legal and ethical reasons and because patients' hormonal profiles are not fully developed, establishing
the potential existence of prognostic markers that would make it possible to decide for surgery and to
determine, when necessary, the appropriate time of surgery is still a controversial issue. While
waiting for a reliable marker to be identified for early detection of testicular impairment in adolescents
affected by varicocele, current international guidelines recommended treatment of clinical varicocele
in adolescents only in selected cases such as objective evidence of reduced ipsilateral testicular size
(9). However, recently, it has been reported that 100% of adolescent patients varicocele affected with
a testicular volumetric discrepancy > 20% calculated by ultrasonography fail to fulfill the World
Health Organisation adult criteria for normal spermatogenesis in comparison with 50% of those with
symmetrical testis (28). Not only is it suggested that a positive correlation between testicular
hypotrophy and spermatogenic impairment exists but also that a symmetrical testis affected by
varicocele does not always reflect normal semen parameters (29). In our study, we found that there
is a significant positive correlation between the percentage of testicular volumetric discrepancy and
the histological grade of spermatogenesis and that testicular symmetry does not exclude the
probability of an even severe testicular impairment, triggering a potential subsequent infertility. This
data suggests that testicular volume should not be considered as an early, reliable marker of testicular
impairment in adolescent varicocele.
Moreover, in this study, a lack of c-kit positive germ cells was found in varicocele affected testes,
with a significant positive correlation with histological changes. C-kit is closely associated with
developing germ cells contributing to germ-cell homoeostasis (30). A diminished expression of c-kit
has been found in the testis of infertile men (31), particularly in Sertoli-cell-only syndrome (32, 33).
These observations highlight the importance of c-kit signaling for germ-cell survival and successful
spermatogenesis, implying crucial participation of c-kit in the onset and maintenance of
spermatogenesis (30, 34, 35). A reduced expression of c-kit in the tubular compartment of damaged
varicocele-affected testes substantiates the role of this proto-oncogene in the pathogenesis of
infertility. . Moreover, unexpected data which emerged from our study was that there is a significant
difference in histological grade of spermatogenesis between the subgroup of varicocele affected testes
with a hypotrophy ≤ 10% and control testes. In this regard, 9 out of 20 varicocele-affected testes
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showed a volumetric testicular discrepancy ≤ 10% and in this subgroup, the histological grade of
spermatogenesis was 2.33 ± 1.00which was significantly higher compared to the control group (p =
.0495). Furthermore, a lower but not significant reduction of c-kit cells was recorded in varicocele
group compared with control group (14.89 ± 6.918 versus 20.13 ± 2.532, p = .1193). It suggests that
testes affected by varicocele during adolescence can display a significant impairment of the tubular
testicular function irrespective of testicular volume, and that left testicular volumetric loss is strictly
correlated with histological changes, which based on our experience, is the rule. Even if current
international guidelines, which provide a framework of standardized care, restrict the surgical
management of idiopathic monolateral asymptomatic varicocele to conditions such as the presence
of ipsilateral testicular hypotrophy, at times when sperm analysis is not available, our study suggests
that a reliable and more sensitive indicator of testicular damage should be identified to avoid
progressive impairment of future fertility in adolescents with varicocele. On this basis, we believe
that the effort of both basic and clinical research should be focused on the identification of a reliable
predictor of future infertility of adolescent affected by varicocele even when volumetric testicular
discrepancy is not present. On the other hand, until a highly sensitive, specific and non-invasive
indicator is found, it is at least questionable to correct all varicoceles in adolescents, since only few
adolescents with varicocele will show infertility impairment in adulthood.
The main limitations of this study were

its retrospective nature, small sample size and the

unavailability of access to testicular volume in the control group
CONCLUSIONS
Our study showed a significant correlation between the percentage of left testicular asymmetry,
histological grade of spermatogenesis and c-kit positive germ cells in varicocele affected testes. It
suggests a role of c-kit in the pathogenesis of germ cell impairment in testes of adolescents affected
by varicocele. However, histological changes and a lack of c-kit germ cells have also been noted in
testes not displaying a significant left hypotrophy. This suggests that testicular hypotrophy is a
specific but not sensitive-enough indicator of testicular damage. We believe that other markers should
be investigated as better and more reliable predictors of testicular function in adolescents with
varicocele.
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Figure 1A-C: Light microscopy: A) Normal control testis (Johnsen's score 9-10, H&H, original
magnification 200x); B) Varicocele affected testis showing detachment and sloughing of basal germ
cells and a depletion of sperm cells (Jonhsen's score 5, H&H, original magnification 200x); C) Severe
grade of histological lesion of a varicocele affected testis, with intra and extratubular edema, venular
ectasia, peritubular ectasia and marked depletion of germ cells (Johnsen's score 3, H&H, original
magnification 200x).
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Figure 2A-C: C-kit immunohistochimestry: A) Control testis: about 20% of c-kit positive germ cells
are shown in a control testis (original magnification 200x); B) Varicocele testis with moderate
hypospermatogenesis: about 10% of c-kit positive cells are present in sloughed germ cells (original
magnification 200x); C) Varicocele testis with severe hypospermatogenesis without sperm cells: no
positive cells are present (original magnification 200x)
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Figure 3: Distribution of percentage of left testicular asymmetry and histological grade of
spermatogenesis in varicocele group
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Figure 4: Distribution of percentage of left testicular asymmetry and number of c-kit positive germ
cells in the varicocele group.
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Figure 5: Distribution of percentage of histological grade of spermatogenesis and number of c-kit
positive germ cells in the varicocele group.
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Table 1: Mean (SD) of histological grade and number of c-kit positive cells in each group and the
relative p-value
Variables

Left control testes

Left testes with varicocele

P value

Mean ± SD Median Q1-Q3 Mean ± SD Median Q1-Q3
Histological grade 1.37 ± 0.52

1

c-kit+ germ cells

20

20.1 ± 2.52

1-2

2.70 ± 1.08

17.5-22 12.35 ± 7.16

16

3
12.5

2-4

.0052

6.5-18 .0059

