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A B S T R A C T

Purpose: Laminin 5 and collagen IV are the main compounds of the extracellular matrix of the germinal epi-
thelium. The purpose of this study was to evaluate the concentration of these two markers of fibrosis in the
plasma of boys with congenital unilateral cryptorchidism.
Materials and methods: The study group comprised 43 boys aged 1–3 years with congenital unilateral cryp-
torchidism. The control group included 54 healthy, age matched boys, admitted for planned hernioplasty. To
assess laminin 5 and collagen IV in the plasma of boys with unilateral cryptorchidism, we used a new biosensor
with Surface Plasmon Resonance Imaging technique detection.
Results: The median concentration of laminin 5 and collagen IV in the serum of boys with congenital, unilateral
cryptorchidism was higher than in boys with normal scrotal testis. The difference was statistically significant
(p < 0.0001). We did not notice a correlation between a higher position of the testicles in the inguinal and/or
their condition and levels of laminin 5 and collagen IV in the plasma.
Conclusion: Laminin 5 and collagen IV concentrations in the plasma were higher in patients with congenital
unilateral cryptorchidism. We believe that in the future, our results could be compared with fertility level in
adulthood.

1. Introduction

Cryptorchidism (undescended testis), the most common urogenital
congenital defect, is connected with a well-known higher risk of testi-
cular cancer and reduced fertility in adulthood [1]. Therefore, the main
purpose of treatment should be to eliminate or reduce the risk of these
long-term consequences. It is difficult to predict the potential impact on
male fertility, especially when prepubertal boys are operated on. The
correct testis position, and lack of testis atrophy after operation, is not
equivalent to successful treatment and proper functioning of the male
gonads in the future [2].

We are still looking for non-invasive tests to check the status of the
germinal epithelium of the undescended testicles. There is no consensus
on the role of testicular biopsy in prepubertal boys with cryptorchidism.
The internal wall of the germinal epithelium is the basal membrane
(BM). Laminin 5 and collagen IV are one of the compounds of the ex-
tracellular matrix (ECM) and both are secreted by Sertoli cells [3].
Based on research in patients with varicocele, those cells play an im-
portant role in the proper functioning of the testes [3]. They transmit
messages from the ECM to the inner compartment.

We do not know the pathophysiology of fibrosis in cryptorchid
testicles, but we know that untreated male gonads have a wide range of
histopathological changes, such as different degrees of basal membrane
thickening, decrease in seminiferous tubule diameter, dystrophic cal-
cification, and Leydig cell hyperplasia [4]. Furthermore, a study in rats
found that testicular fibrosis may be prevented with mast cell blocker
[5]. The authors observed that fibrous thickening of the wall of the
seminiferous tubule started at prepubertal age and was correlated with
an increased number of active mast cells. It has been recognized that
laminin 5 and collagen IV are in the basal lamina of the basement
membrane and that laminin 5 deposit in adult cryptorchid testes formed
numerous deep invaginations into the seminiferous epithelium [6].

Therefore, the aim of this study was to evaluate the relationship
between congenital unilateral cryptorchidism and basal membrane
compounds: laminin 5 and collagen type IV. To measure the plasma
levels of laminin 5 and collagen IV, the commercial enzyme-linked
immunosorbent assay, the double-antibody sandwich ELISA, could be
used [7].

What is worth emphasizing, in this research we used a new, label-
free, highly selective biosensor with Surface Plasmon Resonance

https://doi.org/10.1016/j.advms.2019.10.004
Received 25 September 2018; Received in revised form 15 April 2019; Accepted 31 October 2019

∗ Corresponding author. Department of Pediatric Surgery and Urology, Medical University of Bialystok, Waszyngtona 17, 15-274, Bialystok, Poland.
E-mail address: ahermanowicz@wp.pl (A. Hermanowicz).

Advances in Medical Sciences 65 (2020) 176–181

1896-1126/ © 2019 The Authors. Published by Elsevier B.V. on behalf of Medical University of Bialystok. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/BY/4.0/).

T

http://www.sciencedirect.com/science/journal/18961126
https://www.elsevier.com/locate/advms
https://doi.org/10.1016/j.advms.2019.10.004
https://doi.org/10.1016/j.advms.2019.10.004
mailto:ahermanowicz@wp.pl
https://doi.org/10.1016/j.advms.2019.10.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.advms.2019.10.004&domain=pdf


Imaging (SPRI) technique detection. SPRI is a technique to monitor
biomolecular interactions. It is an optical-detection technique and al-
lows real-time monitoring of reactions between biomolecules. The
combination of SPRI technique with the biosensors is at the forefront of
analytical methods of multi-analyte measurements [8]. The SPRI signal
is dependent on a change in wavelength and the angle of polarization of
light. It is also directly proportional to the mass change on the surface
of the metal [9]. The biosensor is usually a gold-coated glass with a
layer of active biomolecule as a receptor for a determined compound.
SPRI biosensors are based on very specific interactions between enzyme
and inhibitor or antigen and antibody. This allows determining the
concentration of the analyte directly in the sample [10].

This new test has been already used in different clinical research to
determine, e.g. ubiquitin carboxyl-terminal hydrolase 1 (UHCL1), 20S
proteasome, immunoproteasome, matrix metalloproteinase-2, laminin
5 with collagen IV and cathepsin D [11–15]. It should be emphasized
that the SPRI biosensor is a promising new laboratory technique with a
wide spectrum of advantages, e.g. rapid, high-throughput and multiplex
detection of protein arrays for proteomics studies, biomarker screening,
disease prognosis, and drug discovery. To our knowledge this is the first
study assessing the plasma levels of laminin 5 and collagen IV in chil-
dren with unilateral undescended testicles.

2. Materials and methods

2.1. Patients

We included 43 healthy boys with congenital unilateral cryptorch-
idism, without any chronic disease aged 1–3 years (mean = 23
months), and 54 generally healthy boys, with both testes in the
scrotum, aged 1–3 years (mean = 25 months), who were admitted to
elective surgery of the inguinal hernia. It was a prospective study
conducted on children from the Department of Pediatric and Urologic
Surgery, Medical University of Bialystok (Poland), between 2016-2017.
We excluded children with abdominal testis, previous operations, any
hormonal treatment, and additional chronic disorders. All testes were in
prepubertal stage and sizes. Apart from cryptorchidism, patients were
healthy. The plasma samples were taken, and the clinical examination
was performed on the day of hospital admission, before the operation.
The size and position of the undescended testicles were examined
during the surgical procedure.

2.2. Methods

In the morning on the day of surgery 2 ml venous blood samples
were taken and collected in EDTA tubes. Subsequently, the blood was
centrifuged, and the plasma was frozen at −80 °C.

The plasma levels of laminin 5 and collagen IV were measured using
highly selective SPRI biosensors. In order to determine the laminin 5
and collagen IV concentrations, plasma samples were diluted with
phosphate-buffered saline (PBS) (1000-fold for laminin 5 determination
and 2-fold for collagen IV determination).

2.2.1. Biosensor preparation and SPRI measurements
Biosensors for laminin 5 and collagen type IV determination were

manufactured on glass chips as described previously [16,17]. The chip,
was immersed in 20 mM of cysteamine ethanolic solutions for a
minimum of 2 h and, after rinsing with ethanol and water, dried under
a stream of nitrogen. Rabbit polyclonal antibody specific to human
laminin 5 (concentration: 5 ng/ml) and monoclonal mouse anti-human
collagen type IV (concentration: 6 μg/ml) were used as receptors. The
antibody solution (50 μl) was mixed with 250 mL of 50 mM N-hydro-
xysuccinimide (NHS), 250 mL of 200 mM N-Ethyl-N’-(3-dimethylami-
nopropyl)carbodiimide (EDC), and 100 mL of carbonate buffer placed
on the amine-modified surface, and incubated at 37oC for 1 h. The chip
was then treated with the sample solutions (3 μl) for 10 min, rinsed

with the buffer and dried, and the SPRI measurement was performed.
SPRI measurements were performed on previously described appa-

ratus [18]. The signal of the light was measured twice based on the
registered images, after immobilization of the receptor, and then after
interaction with the sample containing the analyte. The SPRI signal,
which is proportional to the mass of entrapped laminin 5 or collagen IV,
was obtained as the difference between the signals before and after
interaction with the analyzed sample. Non-specific binding was elimi-
nated by preparing samples in PBS buffer and by background correc-
tion. The concentration of laminin 5 and collagen IV was determined
from the calibration curves (prepared before sample measurements).
The procedure of the prepared calibration curves was described in
previous articles [16,17].

2.3. Ethical issues

The study was approved by the local ethics committee of the
Medical University of Bialystok (Poland) (R-I-002//152/2014, R-I-002/
178/2009). All parents gave written, informed consent for this study.
The study was conducted in accordance with the 1964 Declaration of
Helsinki with its later amendments.

2.4. Statistical analysis

Statistical analysis was performed using the STATISTICA PL 12.5
program. All the results of the concentrations are presented as median
with 25th and 75th percentiles.

Receiver Operator Characteristic (ROC) curves were constructed to
plot sensitivity against specificity of high plasma laminin 5 and collagen
IV levels as diagnostic tests for unilateral cryptorchidism. The areas
under the ROC curves (AUC) were calculated and compared with the
AUC (0.5) of the non-diagnostic test (the line with the slope).

To determine correlation between laminin 5 and collagen IV plasma
concentrations, the Spearman test was used.

3. Results

There was no statistically significant difference in the age distribu-
tion between the study groups. Most undescended testicles were loca-
lized in the superficial inguinal pouch (n = 38) and 5 patients had their
testis near the external ring of the inguinal canal. The median con-
centration of laminin 5 in the blood plasma of boys with cryptorchidism
was higher than in the control group (Fig. 1). The difference was sta-
tistically significant (p < 0.0001). We also noticed a statistically sig-
nificant difference (p < 0.0001) between collagen IV levels in the boys
with cryptorchidism and boys with normal male gonads. (Fig. 2). We
did not find statistically significant correlations between laminin 5 and
collagen IV concentrations. No significant correlation between plasma
levels of laminin 5 and collagen IV was found (Spearmen test) (r = -
0.18).

To evaluate if laminin 5 and collagen IV plasma levels were useful to
prove the diagnosis of cryptorchidism, we performed a ROC curve
analysis, comparing cryptorchid patients and healthy boys as controls.
The AUC for laminin 5 was 0.89 (95% CI 0.829–0.951) (Fig. 3.). The
AUC for collagen IV was 0.996 (95% CI 0.988–1) (Fig. 4).

The best cut-off value for collagen IV (129.26 ng/ml) had very high
specificity and sensitivity (100% and 97.7%, respectively) to diagnose
unilateral cryptorchidism. The best cut-off value for laminin 5
(53.05 ng/ml) had lower than collagen IV specificity and sensitivity
(77.4% and 83.7%, respectively) to diagnose unilateral cryptorchidism.
(Table 1.).

4. Discussion

Male infertility and a decline in sperm quality have been increasing
[19]. Approximately 20% up to 30% of infertility cases are due to the
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male factor [20]. In heterogeneous causes, cryptorchidism is one of the
non-obstructive causes of male infertility and approximately 10% of
men have a history of undescended testis [21]. Undoubtedly, the risk of
infertility in cryptorchidism is higher in the bilateral form [21,22]. On
the contrary, the vast majority of children, suffer from a unilateral
defect, and in this group research results are mutually exclusive, partly
because studies evaluate different parameters [23].

It is difficult to predict the fertility potential in the future. For ex-
ample, though the levels of gonadotropin are normal, the number of

germ cells could be decreased [24]. Orchiopexy performed in the re-
commended time (between 6 and 12–18 months of age) [25] does not
always guarantee normal germ cell development. Hadziselimovic and
Herzog [26] showed in their study that despite a really early surgical
correction - before 6 months of age, 35% of boys will be infertile, de-
spite a normal number of germ cells per tubule during testicular biopsy.
On the contrary, so far only the results of earlier operations have been
studied [27,28]. Fertility has not been compared between early and late
age orchiopexy groups yet. However, Park et al. [29] compared

Fig. 1. Plasma laminin 5 concentration in boys with cryptorchidism.

Fig. 2. Plasma collagen IV concentration in boys with cryptorchidism.
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histological parameters in boys with unilateral inguinal cryptorchid
testes depending on the age. Their results show that as the patient's age
increased, the germ cell count decreased, whereas interstitial or peri-
tubular fibrosis increased. Similarly in another study, later age of
orchiopexy was associated with reduction of both – the number of
Leydig cells and germ cells per tubule. Contrary, histological samples
showed improvement in the tubular diameter and reduction of peri-
tubular fibrosis in patients after early operation [29,30].

The last years have brought a new imaging tool: shear wave

elastography (SWE), an ultrasound technique to assess soft tissue elas-
ticity and strain [31]. It was first used to check testicular elasticity in
2011 [32]. According to the specific elasticity scores, undescended
testicles have been distinguished from reactive lymph nodes [33]. SWE
can be used to predict interstitial fibrosis and the severity of histologic
damage.

The basal membrane (BM) is a specialized structure of the extra-
cellular matrix. The main components of BM are laminin 5 and collagen
IV [34,35], which play a crucial role in the regulation of the biological
cellular functions [3]. Collagen IV stabilizes BM, while laminin 5 could
bind to collagen IV and epithelial cells [36]. Interestingly, both of these
proteins have a direct relationship and strong connection with Leydig
cells. On the Leydig cell surface, there are fragments of laminin 5 and
collagen IV, although cells are not surrounded by a BM. Additionally,
ECM affects the proliferation of those cells, testosterone production,
and genes. This suggests that any alteration of ECM can influence the
steroidogenic capacity of Leydig cells and steroidogenesis [6]. Inter-
stitial fibrosis is one of the most important histological changes in
cryptorchid testis [37].

Plasma laminin 5 and collagen IV concentration is associated with
fibrosis of the liver, e.g. in non-alcoholic fatty liver disease [38] or in
hepatitis C [39]. These components of ECM are called class I sensitive
markers of liver fibrosis [40]. Some authors postulate the replacement
of the invasive liver biopsy with the assessment of biomarkers such as
laminin 5 and collagen IV [41].

In cryptorchidism, but also in other testis disorders such as var-
icocele, Sertoli cell-only syndrome (SCO) and Klinefelter syndrome, the
BM is thickened due to high deposition of collagen in the extracellular
space [42]. The classic histology of undescended testis is usually similar
to previous mentioned testis disorders: interstinal fibrosis, disturbances
in the count and quality of germ cells, Sertoli and Leydig cells [37]. An
experiment on cryptorchid mouse revealed, disruption of the blood-
testis-barrier [43]. Histological samples from patients with Klinefelter
syndrome presented a natural process of progressive fibrosis and hya-
linization and degeneration of the tubules [30], which is almost always
associated with inferility [44]. Collagen IV index was significantly
correlated with basement membrane thickness [45]. The intraoperative
biopsy showed a smaller tubular diameter and lower number of germ
cells, which was associated with higher fibrosis grades [46]. Further-
more, in SCO only the localization of laminin 5 and collagen IV are
different from healthy testes [47].

In the cryptorchid testis, peritubular or interstitial fibrosis was sig-
nificantly higher with increasing patient age [29]. Our results showed
for the first time that patients suffering from unilateral cryptorchidism
have significantly higher plasma levels of laminin 5 and collagen IV. We
found that the mean plasma concentration of laminin 5 and collagen IV
was significantly higher when compared to the control group
(p < 0.0001). In young children, as in our control group, the cause of
the inguinal hernia is patent processus vaginalis. In contrast to adults,
no alteration in collagen subtypes 1:3 ratio have been noticed [48]. In
most cases, pediatric patients with inguinal hernia are healthy without
connective tissue disorder. Higher laminin 5 and collagen IV con-
centrations in the plasma of boys with undescended testis may reflect

Fig. 3. ROC curves for laminin 5 in plasma as a diagnostic test for unilateral
cryptorchidism.

Fig. 4. ROC curves for collagen IV in plasma as a diagnostic test for unilateral
cryptorchidism.

Table 1
Validity indications of plasma laminin 5 and collagen IV levels in prediction of
unilateral cryptorchidism.

Parameter Laminin 5 Plasma Collagen IV Plasma

Cut-off value 53.05 ng/ml 129.26 ng/ml
Sensitivity 83.7% 97.7%
Specificity 77.4% 100%
PPV 75% 100%
NPV 85.4% 98.2%
Accuracy 80.2% 99%

PPV - positive predictive value; NPV - negative predictive value.
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ECM damage and inform about fibrosis of the testis. Undescended testis
may be associated with histological abnormalities, even if early and
successful orchiopexy was performed [26]. The higher temperature in
the inguinal canal or in the abdominal cavity could damage the tem-
perature-sensitive blood-testis barrier. Even slight elevation of tem-
perature could disrupt spermatogenesis and cause thermal injury of the
testis. Benof et al. [49] showed thermal injury of the testicles in cryp-
torchidism and varicocele. Histological examination of the testicles in
adolescents with varicocele showed loss of actin in cells, which are near
the basement membrane of the seminiferous tubules. Testicular ther-
moregulation also does not work properly in patients with cryptorch-
idism and therefore spermatogenesis may be interrupted. The effect of
heat stress on germ cells is apoptosis and autophagy [50]. Furthermore,
an increased temperature causes lower sperm counts [51], testicular
germinal atrophy, and loss in testicular weight [50]. Besides, disorder
of the hypothalamic-pituitary-testicular axis maturation and hence de-
layed and ineffective transformation of gonocytes into type A dark (Ad)
spermatogonia (called ‘mini-puberty’) [52,53] may impair spermato-
genesis in undescended testes [53]. Undescended testes have significant
lower RNA levels for spermatogonial and gonocyte marker genes [54]
and it is related with disruption of the mini-puberty period and lower
level of testosterone. Biopsies from undescended testes showed down-
regulated positive regulatory domain-containing (PRDM9) genes in
tissue gonads which is connected with absence of Ad spermatogonia
[55]. PRDM9 encoded histone methyltransferases that are essential for
germ cell development. Additionally, in testes with high risk of in-
fertility (lack of Ad spermatogonia) Hadziselimovic et al. [56] found
insufficient PROK2, CHD7, FGR1 and SPRY4 gene expression. Defi-
ciency of luteinizing hormone secretion and impairment of the mini-
puberty are likely to result from a compromised gene expression.

The goal of cryptorchidism treatment is to prevent testicular heat
injury and maintain the function of the testis for future fertility. Semen
analysis, sexual hormonal status, and finally paternity rate are used to
assess fertility. However, these tests are done mainly in adulthood.
Long-term follow up, especially after 18 years of age, is still challen-
ging.

Another option of checking the germinal epithelium of the un-
descended testis is biopsy. It provides significant information about the
germinal epithelium of the testis, but it is still an invasive method.
Although some authors suggest that prepubertal testicular biopsy does
not damage the undescended male gonads, after biopsy anti-sperm
antibodies were not found, and testicular biopsy did not increase the
rate of testicular microlithiasis. Still, this procedure is controversial in
young children [2].

Therefore, a non-invasive laboratory technique is preferable. We
believe that SPRI biosensor could be an alternative technique to in-
vasive testis biopsy. The great advantage of this method is that it is
easy, cheap, and reproducible. We can confirm the condition of the
reproductive epithelium in the undescended testes and inform parents
about possible problems concerning the future fertility of the child.
What is worth emphasizing, by means of ROC curve analysis, both
proteins (Figs. 3 and 4), especially the measurement of plasma collagen
IV level, and to a lesser degree laminin 5 plasma level, were found to be
a reliable test for discriminating unilateral cryptorchidism from healthy
patients. The positive predictive value (PPV) for collagen IV was in-
terestingly high (100%), and the negative predictive value (NPV) for
collagen IV, for the diagnosis capacity in the exclusion of undescended
testis versus boys with testis in the scrotum, was likewise high (98.2%).
The sensitivity and specificity for collagen IV were 97.7% and 100%,
respectively. Laminin 5 and collagen IV concentrations in the plasma of
boys with cryptorchidism may reflect damage to the germinal epithe-
lium of the testis. The results of our study may be helpful in assessing
the conditions of undescended testis before operation. The higher
plasma concentration of laminin 5 and collagen IV, as the main com-
pounds of ECM, could reflect basement membrane disruption or turn-
over and higher fibrosis in the undescended testis. A significant

problem is also to predict testicular function in men with a history of
acquired cryptorchidism. There are two options of treatment, one is
‘wait and see’ protocol [57], because in over half of the cases testes
descent before puberty, and the second option is a surgical intervention
at diagnosis [58,59]. Research results are contradictory [57,60]. In our
opinion, the levels of laminin 5 and collagen IV could be useful to assess
the degree of fibrosis in acquired undescended testes or to assess the
differences in cryptorchid testis age groups.

5. Conclusions

We found that plasma levels of laminin 5 and collagen IV were
higher in patients with undescended testes. We believe that in the fu-
ture our results could be compared with fertility level in adulthood.
Further studies are needed to assess of testicular damage.
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