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Abstract

Context: Semen is a complex fluid with many functions, some of them well-known, others more obscure.

Aims: The aim of this study was to investigate the levels of Hepatocyte Growth Factor (HGF) in human seminal plasma in comparison with blood plasma levels.

Methods: HGF concentrations were measured in seminal plasma from 40 men utilizing commercial ELISA kits. Blood plasma from 40 healthy blood donors served

as a comparison group.

Results: Median seminal plasma HGF was approximately five times higher than the levels found in blood plasma (5717.5 pg/mL vs. 1124.6 pg/mL). There was a
negative correlation between HGF values in seminal plasma and the number of sperm cells.

Conclusion: The study shows that seminal plasma contains high levels of HGF and that HGF binds to prostasomes. Male HGF can thus reach the female reproductive
tract during unprotected sexual intercourse. Further studies are warranted to evaluate the effect of this on fertility.

Background

Assessment of male fertility is traditionally defined
based on semen parameters such as sperm count, motility,
morphology, pH, and volume [1]. Seminal fluid contains an
array of cytokines, chemokines, and growth factors [2,3]. The
most recent WHO guidelines propose that specific cytokines
may be useful in the assessment of male infertility [4]. Seminal
plasma interacts with the female genital tract and induces an
inflammation-like response [5,6]. The local inflammatory
response may also influence male fertility [7-9].

Hepatocyte Growth Factor (HGF), also called Scatter Factor
(SF), is a cytokine that promotes paracrine cellular growth and
motility [10]. It is mainly secreted by mesenchymal cells and
acts on epithelial and endothelial cells. HGF belongs to the
plasminogen subfamily of S1 peptidases [11]. HGF has been
shown to have an important role in placental growth, post-
implantation, and embryonic organ development [12,13].

Seminal plasma is composed of secretions produced mainly
by the prostate gland, and the seminal vesicles. The remaining
parts originate from the epididymis, testes, and Cowper’s
glands [14,15].
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Previous studies have shown the presence of HGF in seminal
plasma and its receptor in testicular tissue and spermatozoa in
men [16-18]. The highest HGF levels in seminal plasma were
observed in azoospermic samples [19].

Immunohistochemical expression of HGF was significantly
reduced in placentas of preeclampsia-associated pregnancies
compared to uncomplicated ones [20]. Depletion of HGF in
mice leads to placental maldevelopment and fetal lethality
[21,22].

HGF has a number of important functions in the female
reproductive tract. HGF promotes the growth and development
of ovarian follicles and supports their maturation [23,24].
HGF stimulates the production of estrogen and progesterone.
HGF is involved in the preparation of the uterus for embryo
implantation [25]. During pregnancy, HGF is involved in the
development and function of the placenta [26-28].

Seminal plasma has previously been shown to promote
the growth of human epithelial and stroma cells from eutopic
endometria obtained from women with endometriosis [29].
Pretreatment of the cells with a combination of anti-HGF and
anti-prostaglandin E2 antibodies suppressed the growth of the
endometrial cells. This indicates that HGF had an important
role in the promotion of cell growth and that HGF present in the
seminal fluid could have an impact on the female endometrium.

An increasing number of studies have demonstrated the
importance of HGF and the HGF-receptor, a protein tyrosine
kinase receptor, in the progression of prostate cancer [30,31]
and the pathway has even been suggested as a therapeutic
target for prostate cancer treatment [30].

Overall, HGF is essential for male fertility by supporting
testicular development, promoting spermatogenesis and
sperm maturation, contributing to seminal fluid production,
and ensuring proper function of the male reproductive tract
[32]. Dysregulation of HGF signaling can have implications for
male reproductive health and fertility.

Considering the previously demonstrated roles of HGF in
the female and male reproductive tract, the aim of the present
study was to investigate the levels of HGF in human seminal
plasma in comparison with human blood plasma and to test if
the HGF could be present in the surface of prostasomes.

Materials and methods
Seminal plasma and blood plasma samples

A total of 40 patients attending the Carl von Linné Clinic,
Uppsala, were included in the study. The samples were
anonymized directly after sampling. The median age of the
men was 34 years (range 25-66 years). The use of seminal
fluid samples and blood plasma samples was approved by the
ethical committee at Uppsala University (01-367). The ethical
permit limited the patient information to age and sex and the
use of surplus materials from clinical samples. Semen samples
were collected by masturbation and after at least 3 days of
abstinence. After liquefaction at room temperature (30-60

min), the samples were analyzed for the number of sperm cells
and motile sperm cells as described earlier [33].

The total number of sperm cells was counted by manual
microscopy of diluted sperm samples using a Biirker chamber.
Two hundred sperm cells were then analyzed to calculate the
number of motile sperm cells in relation to the total number of
sperm cells [4]. After centrifugation at 1500 g for 20 min, the
samples were initially frozen at -20 °C for and then transferred
to -70 °C until tested.

A total of 40 EDTA plasma samples from healthy male
blood donors were also analyzed to compare the HGF levels in
seminal plasma and blood plasma.

Determination of hepatocyte growth factor

The analyses of HGF were performed without knowledge
of clinical information using commercial sandwich ELISA
kits (DY294, R&D Systems, Minneapolis, MN, USA), in which
a monoclonal antibody specific for HGF was coated onto a
microtiter plate. After blocking the plates with 40 mg/mL
Bovine Serum Albumin (BSA), standards and samples were
pipetted into the wells, and the HGF present was bound to
the immobilized antibodies. After washing, a biotinylated
antibody was added. After incubation and washing steps,
a streptavidin—HRP conjugate was added. After additional
incubation and washing steps a substrate solution was added.
The development was stopped by the addition of HCL, and the
absorbance was measured in a SpectraMax 250 (Molecular
Devices, Sunnyvale, CA, USA). The HGF concentrations in the
samples were determined by comparing the optical density of
the sample with the standard curve.

The assays were calibrated against highly purified
recombinant human HGF. The specificities of the assays were
determined by the manufacturer, and they did not exhibit any
cross-reactivity with a panel of other recombinant human and
mouse cytokines.

Purification of seminal prostasomes

Seminal plasma was centrifuged at 10 000 g for 30 min to
remove possible spermatozoa and cell debris. The supernatant
was then ultracentrifuged at 100 000 g for 2 h to pellet
prostasomes, and the pellet was resuspended in 30 mM Tris—
HCI buffer, containing 130 mM NaCl, pH 7.6 (isotonic Tris—
HCI buffer). The prostasome pellet was loaded on a Superdex
column (GE Health Care, Uppsala, Sweden) and equilibrated
with the isotonic Tris—HCI buffer to separate the prostasomes
from an amorphous substance [34]. Fractions were collected
every 20 min at a flow rate of 4 ml/hour, and the prostasome-
containing fractions were identified by elevated absorbances at
both 260 nm and 280 nm. The column-purified prostasomes
were ultracentrifuged at 100 000 g for 2 h to pellet the
prostasomes. The pellet was resuspended in Phosphate-
Buffered Saline (PBS) (0.15 M Nacl, 0.01 M Na,HPO,, 0.002 M
NaH,PO,, pH 7.4), and the concentration on a protein basis was
adjusted to 2 mg/ml according to quantification with an ESL
protein kit (Roche Diagnostics, Mannheim, Germany).
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Prostasomal bound HGF

100 uL Purified prostasomes diluted 1:1000 in PBS were
added to microtiter wells and incubated overnight at Room
Temperature (RT). The wells were washed three times with
PBS-0.05%Tween 20 and the plates were blocked with 40 mg
bovine BSA/mL in PBS for 2 h at RT. The same biotinylated
antibody as for the HGF assay was added. After incubation and
washing steps, the streptavidin—HRP conjugate was added.
After new incubation and washing steps the substrate solution
was added. The development was stopped by the addition of
HCL, and the absorbance was measured in a SpectraMax 250.

Statistical analyses

Mann-Whitney comparison was used to compare the
seminal plasma and blood plasma values (STATISTICA;
StatSoft Inc., Tulsa, OK, USA). Spearman rank correlation was
used for the estimation of correlations between HGF levels and
the number of sperm cells or the age of the patient.

Results
HGF levels in seminal plasma and blood plasma

All subjects had readily detectable levels of HGF in their
seminal plasmas and blood plasma samples. The median age
of the seminal fluid donors was 34 years. The median seminal
plasma HGF was approximately five times higher than the
levels found in blood plasma (5717.5 pg/mL (95% confidence
interval (CI) 4736.3 to 7011.3) vs. 1124.6 pg/mL (95% CI 704.5-
1523.8). The difference between seminal plasma and blood
plasma was significant, p < 0.0001 (Figure 1).

Associations between seminal HGF concentrations and
sperm cell counts

The Spearman rank correlation between seminal fluid HGF
and total number of sperm cells was not significant (R =-0.228,
p = 0.157) (Figure 2). There was a significant negative Spearman
rank correlation between seminal fluid HGF and motile sperm
cells (R =-0.352, p = 0.026) (Figure 3).

Association between seminal HGF concentrations and
age of the seminal fluid donor

There was a significant positive correlation between the age
of the seminal fluid donor and HGF values (r = 0.335, p = 0.034)
(Figure 4).

Prostasomal bound HGF

In comparison with wells only blocked with BSA the
prostasome-containing wells gave a significantly higher value
when probed with the anti-HGF antibody.

Discussion

There are several published studies on the role of HGF in
the female reproductive organs, but the information on HGF in
the male reproductive organs is very limited. This is the first
study quantifying HGF levels in seminal plasma, comparing it
with blood plasma levels and showing that HGF is bound to
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Figure 1: Comparison between HGF levels in seminal plasma (left) and blood

plasma (right). The difference between seminal plasma and blood plasma levels
was significant (p < 0.0001).
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Figure 2: Association between the seminal fluid HGF levels and the total number of

sperm cells. (R =-0.228, p = 0.157).
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Figure 3: Association between the seminal fluid HGF levels and the number of

motile sperm cells. There was a significant negative Spearman rank correlation
between seminal fluid HGF and motile sperm cells (R =-0.352, p = 0.026).
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Figure 4: Association between the age of the seminal fluid donor and the HGF levels

in the seminal fluid. The correlation was significant (r = 0.335, p = 0.034).
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prostasomes. The levels in seminal plasma are approximately
five-fold higher than the levels found in blood plasma.

There was a negative correlation between seminal plasma
HGF values and mobile sperm cell count. This could be explained
by a higher concentration of HGF in the prostate than in the
testis. A lower proportion of fluids from the testis should in
theory lead to lower sperm counts but a higher seminal fluid
HGF value. This is supported by one of the seminal fluid donors
that had no sperm cells at all while the seminal plasma HGF
value was 6811 pg/mL which was higher than the median value
for seminal fluid samples. These results are not in agreement
with one previous study investigating HGF in seminal plasma
with regards to male fertility [35]. Wiltshire et al showed non-
significant differences between group comparisons based on
sperm function. They did however not perform any correlation
analysis as performed in this study [35] which might explain
the difference in results. Our findings are supported by tissue
protein distribution data from the human protein atlas website
(https://www.proteinatlas.org/ENSG00000019991-HGF/
summary/rna). The highest HGF RNA levels were found in the
female placenta. In the male reproductive system, the highest
HGF RNA values were found in the prostate followed by the
seminal vesicles, epididymis, and testis.

Seminal fluid HGF may influence the endometrial cells as
an effect of unprotected sexual intercourse [29]. The presence
of HGF on the surface of highly purified prostasomes indicates
that HGF is bound to the prostasomes. Prostasomes adhere
to sperm cells and may fuse with them, as shown by free
zone electrophoresis [36] and fluorescence microscopy [37].
Previous work on HGF in seminal plasma did not investigate
prostasomal-bound HGF [35]. Prostasomal-bound HGF may
bind to the sperm cells and migrate together with the sperm
cell to the oocyte. Seminal HGF may therefore have effects not
only in the male but also in the female reproductive tract.

The HGF values were positively correlated with the age of
the seminal plasma donors.

The binding of HGF to the HGF receptor causes the
activation of numerous signaling pathways [38,39]. The HGF
receptor is overexpressed in primary prostate cancers, and
increased expression is also seen in bone metastases [40].
Thus, the HGF-HGF receptor interaction plays an important
role in prostate cancer progress. Prostate cancer is the most
common malignancy in men, and the tumor is mainly found in
elderly males [41,42]. The positive association between age and
seminal plasma HGF levels could possibly contribute to this.

Conclusion

The study shows increased levels of seminal plasma HGF in
comparison with blood plasma levels. The seminal plasma HGF
is not derived from the testis but rather from the prostate. The
seminal plasma HGF is bound to prostasomes and may thus
affect not only the male but also the female reproductive tract.
Further studies are warranted to study if there are associations
between seminal plasma HGF levels with fertility or prostate
cancer development.
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