
J. Mens. Health 2022; 18(8): 177
http://doi.org/10.31083/j.jomh1808177

Copyright: © 2022 The Author(s). Published by IMR Press.
This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Original Research

The relationship between clinical parameters and hepatocyte growth
factor/c-Met levels in the sperm of infertile males
Basak Ozge Kayan1, Veysel Sabri Hancer2, Uzay Gormus3, Cenk Ozcan4, Faruk Abike1,*,
Cem Murat Baykal5

1Istanbul Bilim University Faculty of Medicine, Department of Gynecology And Obstetrics, 34394 Istanbul, Turkey
2Istinye University Faculty of Medicine, Department of Genetics, 34010 Istanbul, Turkey
3Istanbul Bilim University Faculty of Medicine, Department of Biochemistry, 34394 Istanbul, Turkey
4Florence Nightingale Hospitals, Assisted Reproductive Techniques Unit, 34381 Istanbul, Turkey
5Florence Nightingale Hospitals, Department of Gynecology and Obstetrics, 34724 Istanbul, Turkey
*Correspondence: farukabike@gmail.com (Faruk Abike)
Submitted: 18 November 2021 Revised: 8 January 2022 Accepted: 13 January 2022 Published: 19 August 2022

Abstract

Objective: Hepatocyte growth factor is a pleiotropic cytokine with potent mitogenic activity in many organs and tissues. The receptor
for hepatocyte growth factor is c-Met, a transmembrane glycoprotein with tyrosine kinase activity. We investigated the relationships
between hepatocyte growth factor and c-Met expression levels on sperm motility and male infertility. Methods: The study was designed
as a prospective cohort, single-center clinical trial and was conducted between March 2015 and June 2016. The control group consisted
of 31 healthy male volunteers with children, while the study group consisted of 61 men who were diagnosed with male infertility after
presenting to the In Vitro Fertilization Unit of our Institute. All participants in the study were aged 18–60 years. Sperm samples were
taken from each participant and divided in two. The fresh sample was examined immediately for expression of c-Met, while the other
was stored frozen and evaluated later for hepatocyte growth factor. Primary outcome measures were the levels of hepatocyte growth
factor and c-Met expression, while secondary outcome measures were the correlation of these levels with sperm count, morphology and
motility. Results: The c-Met expression level in the control group (26.53 ± 3.50, 19.43–32.73) was significantly lower than in the
infertile group (27.95± 2.86, 21.58–33.07) (p = 0.039). HGF expression was also significantly lower in the control group (3.25± 1.76,
0.83–8.25) than in the infertile group (4.87 ± 4.11, 1.01–21.58) (p = 0.043). In the overall group, c-Met expression showed a positive
correlation with spermmotility percentage and a negative correlation with sperm count and spermmorphology percentage. Conclusions:
The c-Met receptor and its ligand, hepatocyte growth factor, appear to be fundamental regulators of spermatogenesis, sperm motility and
fertilization capacity.
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1. Introduction

Hepatocyte growth factor (HGF) is a pleiotropic cy-
tokine previously identified as a ‘scatter factor’ and potent
mitogen for hepatocytes that provides a connection between
different target cells [1–4]. HGF is expressed in various im-
munoreactive organs in the male reproductive system, in-
cluding the seminiferous tubules, epididymis, ductus def-
erens, epidermis, prostate and seminal vesicle epithelium
[5,6]. It can act as a mitogen (stimulator of cell growth),
a motogen (stimulator of cell motility) and a morphogen
(inducer of a structure similar to multicellular tissue). It
also has features that allow it to play a role in the functional
regulation of many systems involved in movement, such as
the spermatogenic epithelium [7–9]. HGF has a unique re-
ceptor called met, with the encoding oncogene referred to
as c-Met. The c-Met receptor has tyrosine kinase activity
and a heterodimer structure composed of an α-chain of 50
kD and a β-chain of 155 kD. Both subunits are formed by
glycosylation and proteolytic cleavage of the main 170 kD
precursor. The c-Met oncogene was first discovered fol-

lowing transformation of human osteosarcoma cells with
N-methyl-N’-nitro-nitroguanidine, a chemical carcinogen
[10]. The activity of HGF on testicular tissue is different
between the prenatal and postnatal developmental stages.
Modulation of steroidogenesis and apoptosis directs mito-
sis, morphogenesis and differentiation [7]. HGF is one of
the growth factors that supports development of the male
reproductive system and plays a role in controlling the sper-
matogenetic process. A significant amount of HGF is also
present in human seminal plasma. The detection of HGF in
vasectomized men has led to the understanding that HGF is
not testicular in origin. Themain sources of HGF in humans
are the epididymis, prostate and seminal vesicle. Using
immunohistochemistry, c-Met is detected in spermatogo-
nia, spermatocytes, spermatids and spermatozoa cell mem-
branes, but not in Sertoli and Leydig cells. c-Met is also
present in peritubular myoid cells and interstitial compart-
ments, in mitotic and meiotic germ cells, and in spermato-
zoa where it is thought to play a role in differentiation and
migration during human spermatogenesis [11,12].
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The aim of this study was therefore to evaluate the lev-
els of c-Met oncogene and its ligand HGF in relation to the
sperm count and to sperm morphology and motility param-
eters in infertile males and healthy volunteers.

2. Materials and methods
The study design was a prospective cohort study and

was conducted betweenMarch 2015 and June 2016 at a sin-
gle center following approval from the institutional ethics
committee.

A control group and a study (infertile) group were cre-
ated. The control group consisted of healthy males aged
18-60 years who had children, had no known chronic dis-
ease, had not undergone any urological surgery, had nor-
mal sperm count, motility and morphology as revealed by
sperm analysis, and had volunteered to participate in the
study. The infertile group consisted of males aged 18–60
years who were admitted to the Institute’s IVF Andrology
Laboratory, had at least one value for sperm count, motility
and morphology that was below the reference range from
the WHO 2010 Semen Analysis Parameters on sperm anal-
ysis (Table 1) [13], and had volunteered to participate in the
study.

Table 1. Lowest reference values for semen analysis (5th
percentile, 95% confidence intervals).

Parameter Lowest reference value

Semen volume (mL) 1.5 (1.4–1.7)
Total sperm count (millions) 39 (33–46)
Sperm concentration (million/mL) 15 (12–16)
Total motility (%) 40 (38–42)
Progressive motility (%) 32 (31–34)
Sperm morphology (normal forms, %) 4 (3.0–4.0)

All participants signed an InformedVolunteer Consent
Form after being provided with detailed verbal and written
information on the study.

A sperm sample was taken from all study participants
under appropriate conditions at the Institute’s IVF Androl-
ogy Laboratory after 2–5 days of sexual abstinence. Indi-
viduals with a sperm sample under volume of 3 mL were
excluded from the study.

Samples were subjected to a spermiogram following
a liquefaction process lasting 30 minutes at 37 °C. The
spermiogram procedure was performed by an embryologist
at the IVFAndrology Laboratory after placing a 10µL sam-
ple of sperm into a Makler Chamber. The sperm volume,
sperm concentration, motility and morphology percentage
were recorded.

Following the spermiogram procedure, the first sam-
ple of one milliliter was placed into a Falcon 2003 tube
without any treatment and sent to the Institute’s Genetics
Laboratory for the evaluation of c-Met expression on the

same day. The second one milliliter sample was stored
frozen at –10 °C in a Falcon 2003 tube for later HGF mea-
surement.

Total RNA was extracted from 1 ml of fresh ejaculate
using a tissue total RNA Isolation Kit (HibriGen, Turkey).
It was then transcribed in vitro to cDNA using MuLV re-
verse transcriptase (High Capacity cDNA Reverse Tran-
scription Kit, Applied Biosystems, USA) and random hex-
amers as primers, according to the manufacturer’s instruc-
tions. The presence of transcripts for the target gene c-Met
and the reference gene HPRT1 was shown by Real Time
PCR under the experimental conditions recommended by
the manufacturer and using the Human c-Met Expression
Kit (HibriGen, Turkey) and LightCycler 2.0 device (Roche
Diagnostics, Germany). The amplificationmixture for each
Q-PCR consisted of PCR mix and 50 ng of template cDNA
in a final volume of 20 µL. The amplification protocol con-
sisted of denaturation at 95 °C for 5 min, followed by 36
cycles of amplification at 95 °C for 10 s, annealing at 55 °C
for 10 s, and extension at 72 °C for 15 s. HPRT1was used as
the house keeping gene in an independent Q-PCR reaction.
Results were obtained in the form of threshold cycle (CT)
values. c-Met and HPRT1 copy numbers were calculated
using the 2−∆∆Ct method. All laboratory personnel were
blinded to the pertinent characteristics of the samples, the
study subjects, and to the hypotheses being investigated.

HGF levels weremeasuredwith a commercial kit (Hu-
man HGF Instant ELISA, Affymetrix eBioscience) that had
been stored at –20 °C. The previously stored frozen samples
were thawed at 24 °C and sent to the Institute’s Biochem-
istry Laboratory for measurement of HGF. Each plate from
the kit contained 96 small compartments, including14 stan-
dard and 2 empty compartments. Antibodies coated with
anti-human HGF had been absorbed into these compart-
ments. Distilled water (100 µL) was added to each com-
partment, followed by 50 µL of the sample. The compart-
ment was then closed with adhesive film and shaken for
3 hours at room temperature on a microplate shaker. Hu-
man HGF was present in each sample in the standard small
compartments andwas bound to the absorbedHGF antibod-
ies during the first incubation. Anti-human HGF antibody
conjugated with biotin was then bound to the human HGF
bound to the initial antibody. Streptavidin-HRP was sub-
sequently bound to the anti-human HGF antibody conju-
gated with biotin, and the adhesive film removed and the
compartments emptied. Any unbound streptavidin-HRP
and anti-human HGF antibody conjugated with biotin was
thoroughly washed away by rinsing 6 times with the ‘wash
buffer’ provided in the commercial kit and then completely
removed by tapping the plate during the last wash. Sub-
strate solution (100 µL) was then added to all compartments
and the plates incubated at room temperature for 30 min-
utes while preventing direct light exposure. The HRP was
activated by the substrate solution added to the compart-
ments (Supplementary Fig. 1). Blue color changes were
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Table 2. Sperm count, sperm motility percentage, sperm morphology percentage, c-Met expression level, and HGF level in the
total, infertile and control groups.

Total (n = 92) Infertile (n = 61) Control (n = 31) p

Basal Sperm Count (x million)
Mean ± Sd 39.75 ± 31.12 25.99 ± 23.00 66.84 ± 27.12 a0.001**

Min–Max (Median) 2–116 (33.5) 2–110 (21) 18–116 (64)

Sperm Motility (%)
Mean ± Sd 46.91 ± 15.56 45.43 ± 17.39 49.84 ± 10.77 b0.138

Min–Max (Median) 15–86 (45) 15–85 (45) 40–86 (45)

Sperm Morphology (%)
Mean ± Sd 2.70 ± 1.87 1.80 ± 1.65 4.45 ± 0.62 a0.001**

Min–Max (Median) 0–6 (3) 0–5 (2) 4–6 (4)

c-Met
Mean ± Sd 27.47 ± 3.15 27.95 ± 2.86 26.53 ± 3.50 a0.039*

Min–Max (Median) 19.43–33.07 (28.35) 21.58–33.07 (28.76) 19.43–32.73 (27.89)

HGF (ng/mL)
Mean ± Sd 3.79 ± 2.86 3.25 ± 1.76 4.87 ± 4.11 a0.043*

Min–Max (Median) 0.83–21.58 (3.10) 0.83–8.25 (2.98) 1.01–21.58 (3.63)
aMann-Whitney U Test. bStudent t-Test. *p < 0.05. **p < 0.01.

observed at different levels of intensity depending on the
amount of soluble human HGF initially added to the com-
partments. The reaction was terminated by adding 100 µL
of stop solution to each compartment and the plate was then
incubated for 1 hour at 2–8 °C in the dark. The absorbance
of the reaction color in each compartment was measured at
450 nm using a spectrophotometer (Supplementary Fig.
2). The standard curve was determined using 7 human HGF
standard compartments and the human HGF sample con-
centrations. Samples were diluted at a ratio of 1:2 and this
was considered when calculating the results using the stan-
dard curve.

Statistical analysis: The NCSS (Number Cruncher
Statistical System) 2007 (Kaysville, Utah, USA) program
was used to perform the statistical analysis. Descriptive
statistical methods (mean, standard deviation, median, fre-
quency, percentage, minimum, maximum) were used to
evaluate study data. Pairwise group comparisons of quan-
titative data were conducted with the Student’s t-test when
the variables showed a normal distribution, and the Mann-
Whitney U test otherwise. The Wilcoxon Signed Rank test
was used for intragroup comparison of variables that did not
show a normal distribution. Spearman correlation analysis
was used to evaluate the relationships between variables.
Significance was accepted at the p < 0.01 and p < 0.05
levels.

4. Results
The study was conducted on a total of 92 male pa-

tients (61 infertile and 31 fertile) who presented to the Flo-
rence Nightingale Hospitals Group’s IVF department be-
tween March 2015 and June 2016.

The sperm count, sperm motility percentage and
sperm morphology percentage reported in the WHO 2010
Semen Analysis Parameters (Table 1) were considered
when assigning participants to either the control or infertile
groups. Participants with values below the reference range
for any of the three parameters (sperm count, motility per-

centage and morphology percentage) were assigned to the
infertile group.

The sperm count and sperm morphology percent-
age were significantly higher in the control group (Mann-
Whitney U test). The sperm motility percentage was also
higher in the control group but did not reach statistical sig-
nificance, possibly because only one of the three semen
analysis parameters had to be lower than the reference range
in order to assign an individual to the infertile group.

Basal sperm count was 66.84± 27.12 (18–116) in the
control group and 25.99± 23.00 (2–110) in the study group
and a statistically significant difference was present (p =
0.001).

Sperm morphology percentage was 4.45 ± 0.62 (4–
6) in the control group and 1.80 ± 1.65 (0–5) in the study
group with a statistically significant difference (p = 0.001).

The c-Met expression level was 26.53± 3.50 (19.43–
32.73) in the control group and 27.95± 2.86 (21.58–33.07)
in the study group with a statistically significant difference
(p = 0.039).

HGF levels were 4.87± 4.11 (1.01–21.58) in the study
group and 3.25 ± 1.76 (0.83–8.25) in the control group,
again with a statistically significant difference (p = 0.043)
(Table 2).

No statistically significant correlations were found be-
tween c-Met expression and HGF levels in the total cohort,
the infertile group or the control group (each p> 0.05) (Ta-
ble 3). Similarly, no significant correlations were observed
between basal sperm count and HGF level in the total co-
hort, the infertile group or the control group (each p> 0.05)
(Table 4).

However, a significant negative correlation was found
between the basal sperm count and c-Met expression level
in the total cohort (Table 4). The correlation between these
factors did not reach statistical significance in either the in-
fertile or control groups. Fig. 1 shows the correlation be-
tween sperm count and c-Met expression level in the total
cohort.
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Table 3. Correlation between c-Met expression and HGF
levels.

c-Met - HGF

r p

Total (n = 92) 0.130 0.219
Infertile (n = 61) 0.146 0.263
Control (n = 31) 0.287 0.117
r = Spearman’s Correlation Coefficient.

Table 4. Correlation between sperm count and HGF and
c-Met expression levels.

Sperm count (millions)

Total (n = 92) Infertile (n = 61) Control (n = 31)

r p r p r p

HGF 0.191 0.068 0.154 0.236 0.054 0.774
c-Met –0.309 0.003** –0.180 0.164 –0.220 0.235
r = Spearman’s Correlation Coefficient.
*p < 0.05. **p < 0.01.

Fig. 1. Correlation between basal sperm count and c-Met ex-
pression level in the total cohort (r = –0.309; p = 0.003).

No significant correlations were found between the
sperm motility percentage and HGF level in the total co-
hort, the infertile group or the control group (each p> 0.05)
(Table 5).

However, significant positive correlations were ob-
served between the sperm motility percentage and the c-
Met expression level in the total cohort (Fig. 2) and in the
infertile group (Fig. 3) (Table 5).

No statistically significant correlations were found be-
tween sperm morphology and HGF level in the overall co-
hort or in the infertile group (each p> 0.05) (Table 6). How-
ever, a significant negative correlation was observed in the
control group (r = –0.378, p = 0.036).

Table 5. Correlation between sperm motility percentage and
the HGF and c-Met expression levels.

Sperm motility percentage

Total (n = 92) Infertile (n = 61) Control (n = 31)

r p r p r p

HGF 0.129 0.221 0.145 0.265 0.014 0.942
C-Met 0.421 0.001** 0.488 0.001** 0.259 0.159
r = Spearman’s Correlation Coefficient.
*p < 0.05. **p < 0.01.

Fig. 2. Positive correlation between spermmotility percentage
and c-Met expression level in the total cohort (r = 0.421, p =
0.001).

Fig. 3. Positive correlation between spermmotility percentage
and c-Met expression level in the infertile group (r = 0.488, p
= 0.001).

Significant negative correlations were also found be-
tween the sperm morphology percentage and c-Met expres-
sion level in the total cohort (Fig. 4) and in the infertile
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group (Fig. 5), but not in the control group (p > 0.05) (Ta-
ble 6).

Table 6. Correlation between sperm morphology percentage
and HGF and c-Met expression levels.

Sperm morphology percentage
Total (n = 92) Infertile (n = 61) Control (n = 31)
r p r p r p

HGF 0.089 0.397 0.052 0.691 –0.378 0.036*
c-Met –0.441 0.001** –0.422 0.001** –0.176 0.342
r = Spearman’s Correlation Coefficient.
*p < 0.05. **p < 0.01.

Fig. 4. Negative correlation between sperm morphology per-
centage and c-Met expression level in the total cohort (r = –
0.441, p = 0.001).

Fig. 5. Negative correlation between sperm morphology per-
centage and c-Met expression level in the Infertile group (r =
–0.422, p = 0.001).

5. Discussion
Male infertility is responsible for 25–30% of all cases

of infertility. It can be caused by many factors, but changes
in sperm count, motility and morphology are the most com-
mon problems.

HGF regulates many different motile systems, includ-
ing the spermatogenic epithelium. It is a pleiotropic cy-
tokine known to be a potent mitogen for hepatocytes, and
is also thought to be a ‘scatter factor’ that connects target
cells [1–4]. HGF binds with high affinity to c-Met, a trans-
membrane receptor with tyrosine kinase activity that is only
expressed in mesenchymal cells.

HGF acts as both a paracrine and an autocrine modu-
lator to support testicular functions. In this study we ana-
lyzed the sperm of infertile and healthymales for the param-
eters of basal sperm count, sperm morphology percentage
and sperm motility percentage. We then analysed the rela-
tionships between these parameters and the levels of c-Met
expression and HGF.

Depuydt et al. [11] reported the presence of significant
amounts of HGF in human seminal plasma. The detection
of HGF in vasectomized men indicates that it is not testic-
ular in origin, with the main source in humans found to be
the epididymis, prostate and seminal vesicle [11,12].

Catizone et al. [14] was the first to investigate the role
of HGF in male fertility by evaluating the in vitro motility
of spermatozoa isolated from the caput of the epididymis.
They found that motility in culture medium was signifi-
cantly lower in the absence of HGF, and that sperm motility
could be preserved for long periods in the presence of HGF.
The HGF/c-Met key-lock system was therefore shown to
have a positive role in preserving sperm motility during
transition of the sperm from the epididymis to an in vitro
environment.

However, another study did not find a positive cor-
relation between the HGF level and sperm motility. Kita-
mura et al. [15] added recombinant HGF to washed sper-
matozoa from infertile males and measured sperm motility,
as well as the HGF concentration in seminal plasma. The
results were compared with the hormone profile and with
various semen analysis parameters. Recombinant HGF had
no effect on the linear motility or motility frequency of the
sperm that would cause hyperactivation in the spermatozoa.
Moreover, no correlation was observed between the HGF
concentration in the seminal plasma and any of the clinical
parameters investigated.

Wiltshire et al. [16] evaluated HGF and semen analy-
sis parameters in three different patient groups: those with
normozoospermia, subfertility or azoospermia. They found
no significant correlations between serum HGF concentra-
tion and sperm concentration, sperm motility percentage,
total sperm count or total motile sperm count. There was
also no significant difference in the HGF level between the
three patient groups.
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Catizone et al. [14] reported that c-Met in rat sper-
matogonia, pachytene spermatocytes and round spermatids
could increase germ cell proliferation in conjunction with
HGF. C-Met also influences male germ cell homeostasis
and consequently male fertility by decreasing the number
of apoptotic cells in prepubertal experimental rats [14].

In the present study, c-Met expression in the infertile
groupwas significantly higher than in the control group (Ta-
ble 2). This suggests a role for c-Met in the regulation of
spermatogenesis and sperm quality, either by directly af-
fecting sperm germ cells or through tubular and interstitial
somatic cells in the testis. HGF is a growth factor that in-
duces sperm motility [17]. The effect of HGF on sperma-
tozoa increases during passage through the epididymis and
this is directly correlated with high c-Met receptor expres-
sion [18].

Catizone et al. and others [14,19,20] have reported
that c-Met is expressed in both human and rat germ cells and
that in rats it is always present during the spermatogenetic
process from spermatogonia to spermatozoa.

Using ex vivo organ culture of testicles from 8–30 day
old rats, it has also been shown that HGF controls germ cell
mitotic activity by increasing spermatogonial cell prolifer-
ation [21]. Mitotic germ cells need this HGF signal, but
germ cells must also be inhibited to allow the orderly entry
of germ cells at the beginning of the meiotic process.

The above findings support our notion that the factors
responsible for low HGF levels in the infertile group could
be increased c-Met expression. C-Met upregulation is a re-
sponse to the low HGF level. Elevated c-Met expression
affect the HGF/c-Met key-lock system and could attempt
to increase intracellular signaling.

The HGF level in the control group was significantly
higher than in the infertile group (Table 2). The presence of
sufficient ligand in the control group allows an appropriate
amount of HGF/c-Met complex to form and therefore satis-
factory intracellular signaling can occur. This finding may
also explain the higher sperm motility percentage observed
in the control group compared to the infertile group, despite
the lack of statistical significance. Increased HGF levels
appear to downregulate the c-Met receptor, to physiologi-
cal levels of expression. Spearman’s correlation coefficient
analysis did not reveal any significant correlations between
c-Met expression and HGF levels in the total cohort, the
infertile group or the control group (Table 3).

A positive correlation was found between the c-Met
expression level and sperm motility percentage in the over-
all cohort and in the infertile group, thus supporting a pos-
itive effect of c-Met expression on sperm motility. How-
ever, no such correlation was observed in the control group
where all parameters for the WHO 2010 Semen Analy-
sis reference ranges were met. In the presence of healthy
spermatozoa, sperm maturation and differentiation are con-
sisted with the seminal plasma. If the sperm motility suffi-
cient, there is no need to increase the c-Met expression.

Goda et al. [22] reported that adenovirus-mediated
HGF gene transfer into the testis of experimental cryp-
torchid rat models stimulated the overexpression of HGF
and significantly decreased the number of apoptotic germ
cells by regulating spermatogenesis and testicular weight.

HGF is known to synergize with endocrine signals to
support the homeostasis of male germ cells, decrease germ
cell apoptosis, and act as a survival factor for male germ
cells [23–27].

Naz et al. [28] reported that the highest specific lo-
calization of HGF in the rat epididymal tract where the
sperm becomes motile was in the distal corpus and cauda.
HGF was found to slightly induce cell motility in immotile
sperm, to have a protective effect on epididymal sperm
motility in vitro, but not to improve the motile sperm per-
centage [23,24]. However, the absence of this motogenic
effect in human sperm, although previously reported in ro-
dents [26], means the role of HGF in human sperm physi-
ology is still controversial.

We found significant negative correlations between
the c-Met expression level and sperm morphology percent-
age in the total cohort and in the infertile group (Table 6).
We believe that better sperm morphology indicates higher
quality sperm within the fertile range, thus eliminating the
need to increase intracellular signaling and resulting in de-
creased c-Met expression.

A negative correlation was found between c-Met ex-
pression and sperm concentration in the overall cohort (Ta-
ble 4). Increased c-Met expression to stimulate sperm and
increase its activation is therefore not required in the pres-
ence of a sufficient sperm concentration. This suggests
there is a need to consider the function of the epididymis
during evaluation. Since HGF expression and the regula-
tion of c-Met expression occur in this region, it is possible
that a “main control area” is active here to correct the sperm
quality.

We have demonstrated in this study that HGF levels
in healthy males are high and support sperm motility dur-
ing passage of the ejaculate through the epididymis. The
necessary stimulation is therefore provided by HGF with-
out the requirement for c-Met upregulation.

The high c-Met levels observed in the infertile group
suggest this receptor may be overexpressed in response to
low HGF in order to stimulate sperm. This could be an at-
tempt to compensate for functional defects by upregulating
c-Met receptor expression when HGF-related functions in
the cell are inadequate, particularly those concerning motil-
ity.

The observed increase in c-Met expression as sperm
motility increases demonstrates the association between
these two factors and is consistent with the results of earlier
studies. Since we do not have a normogram for the ligand-
receptor relationship between HGF and c-Met in healthy
males and because this is variable even during spermato-
genesis, it may be more useful to consider these two factors
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together in future work.
The negative correlations observed here between

sperm count and c-Met expression (Table 4) and between
sperm morphology percentage and c-Met expression (Ta-
ble 6) suggest that upregulation of c-Met occurs in order to
increase intracellular signaling. When the cause of infertil-
ity is other parameter than sperm motility, the relationship
between the HGF ligand and the c-Met receptor is regulate
with the activity of various processes trying to activate or
increase it within the cell.

6. Conclusions
When the cause of infertility is a parameter other than

sperm motility percentage (e.g., decreased sperm count or
sperm morphology percentage), we believe the c-Met re-
ceptor controls the key-lock mechanism throughout the life
of the sperm and starting in the epididymis in order to com-
pensate for the defect. It is already well known that c-Met
is upregulated in many other tissues, and especially in neo-
plastic tissue. As factors other than the sperm motility per-
centage deteriorate, the c-Met receptor is overexpressed in
order to increase intracellular signaling. This improves the
functional properties of sperm and leads to fertilization as
an end result. It will be interesting to further clarify the re-
lationship of various Semen Analysis Parameters such as
sperm count and sperm morphology with c-Met and HGF
levels. In future work, we plan to evaluate c-Met expression
and HGF levels in cases where asthenospermia is suspected
as the cause of male infertility and to monitor the effect of
recombinant HGF.

Further studies in this area should advance our under-
standing of the pathogenesis and treatment of male infertil-
ity.
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