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Abstract
Purpose β-defensins are antimicrobial peptides expressed at mucosal level of male and female genito-urinary tract, where they
exert protective functions against infections, possibly preserving human health and fertility. In our study, we investigated the
possible involvement ofβ-defensins in female and male infertility in Italian infertile couples (i) evaluating the presence of human
β-defensin 1 (hBD-1) in follicular fluid (FF) and its correlation with in vitro fertilization (IVF) outcomes; (ii) investigating the
relationship between hBD-1 levels in semen and IVF outcomes (comprising correlation with sperm parameters); and (iii)
exploring the effect of hBD-1 peptide on spermatozoa motility in vitro.
Methods A perspective observational analytic pilot study was conducted. hBD-1 concentration was measured with ELISA assay
in FF and semen from 50 couples that underwent assisted procreation technique procedures due to infertility status. Moreover,
hBD-1 exogenous peptide was administered to 29 normozoospermic semen and their motility was recorded.
Results hBD-1 was detected in FF and its levels were significantly higher in women with good fertilization rate (≥ 75%), respect
to those with a poor fertilization rate (< 75%). The hBD-1 semen concentrations in oligo-asthenozoospermic subjects were
significantly lower than that in normozoospermic men. Instead, hBD-1 level in sperm and FF not correlated with pregnancy
rate. Finally, incubation of sperm with exogenous hBD-1 significantly increased progressive motility after 1 h and 24 h.
Conclusions Being aware of the relatively small sample size and medium power, our results possibly suggest that hBD-1 could
influence oocyte and sperm quality, and could improve, when exogenously added, sperm motility.
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Introduction

It is well-known that genito-urinary tract infections may affect
male and female infertility in different ways [1]. The microor-
ganisms involved in such infections include bacteria, yeasts,
parasites, and viruses, being these pathogens able to infect and
colonize the reproductive system, inducing inflammation, in-
flammatory disorders, and anatomic abnormalities, possibly
influencing the fertility status. Therefore, the protection

against pathogens conferred by an efficient immune system
could prevent persistent infections and reduce the associated
tissue damage. The innate immune system is the first line of
defense against pathogens in the genito-urinary trait and it can
be involved in the protection against infections, thus playing a
possible role in the risk of infertility [2, 3]. Within the innate
immune system, defensins are antimicrobial peptides pro-
duced by leucocytes and epithelial cells active on gram posi-
tive and negative bacteria, yeast, and viruses [4, 5]. So,
defensins, reducing susceptibility towards infections could
be involved in maintaining genito-urinary health and subse-
quently in protecting the fertility status and potentiality to
conceive [6].

The constitutive expression of human β-defensin 1 (hBD-
1) in all human epithelia indicates its important role in the
innate immunity [7].

In females, hBD-1 is present in the vagina, cervix, endo-
metrium, fallopian tube, and in the pregnant uterus with ex-
pression in the amnion, decidua, chorion, and placental tro-
phoblast; hBD-1 is differentially expressed during the
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menstrual cycle and is important during pregnancy for pre-
serving the health of both the uterus and the fetus [2, 8].
Thus, innate immunity molecules, including hBDs, play a
pivotal role in the defense of the endometrium against patho-
gens. However, the presence of hBD-1 in the ovary has not
been so far reported; moreover, intra-follicular environment is
devoid of professional immune cells and it is unknown wheth-
er innate immunity has a role within the ovarian follicle [2].

In males, the expression of β-defensins has been re-
ported in prostate, testis, and sperm where these mole-
cules probably exert a protective activity against infec-
tions and other functions directly on sperm functionali-
ty; actually, it has been hypothesized that hBD-1 may
create an antimicrobial shield around the sperm; thus, in
the transit through the female reproductive tract, they
may stop premature hyperactivation, reduce the toxicity
due to excessive cytokine production, and protect sperm
motility against a negative effect caused by lipopolysac-
charide [9, 10].

Moreover, recently, it has been also demonstrated that
treatment with recombinant hBD-1 can restore hBD-1
expression, bactericidal activity, sperm motility, and im-
prove egg-penetrating ability in asthenozoospermic and
leukocytospermic patients [11]. The increase of sperm-
fertilizing capacity was observed in a human sperm–
hamster oocyte hybrid system [11], which has been
shown to have prognostic value on the fecundity rate
[12]. However, no data on human oocytes are, so far,
available.

All this considered, we can hypothesize a role of hBD-1 in
the preservation of a healthy status both in the female and
male genital regions; moreover, as reported by Diao et al.
[11], hBD-1 could have other functions than those related to
antimicrobial activity; indeed they reported that hBD-1 could
affect sperm motility. In the current study, infertile couples
were recruited and the follicular fluid and semen were collect-
ed and analyzed; therefore, the aims of this study are (i) to
evaluate the presence of hBD-1 in the follicular fluid and to
assess the relationship between hBD-1 levels in follicular fluid
and in vitro fertilization (IVF) outcomes; (ii) to investigate the
relationship between hBD-1 levels in semen and IVF out-
comes (comprising correlation with sperm parameters); and
(iii) to explore the effect of hBD-1 peptide on spermatozoa
motility in vitro.

Materials and methods

Study design

(i) and (ii) are perspective observational analytic pilot studies.
(iii) is an in vitro experimental study on spermatozoa.

Study population

One hundred and seven couples were submitted to assisted
reproductive technology procedure at the Assisted
Reproduction Unit of Institute for Maternal and Child
Health IRCCS Burlo Garofolo (Trieste, Italy) from February
to April 2015. A written informed consent was signed by all
subjects and all study experiments and procedures have been
performed in accordance with the ethical standards of the
Declaration of Helsinki and the Bio-Ethical Committee of
IRCCS Burlo Garofolo approved the study (RC03/04,
L1055, protocol number 118/10).

The eligibility criteria for the recruitment were: presence of
infertility status, documented as the failure to achieve a clini-
cal pregnancy after 12 months or more of regular unprotected
sexual intercourse; availability to undergo assisted reproduc-
tive techniques to achieve pregnancy; absence of genitouri-
nary infections, follicular-stimulating hormone (FSH) <
15 UI/L at the third day of cycle, women age ≤ 43 years old,
and absence of chronic diseases.

All partners of the infertile couples were Caucasian,
asymptomatic for genitourinary infections at the moment of
enrollment, and had been screened for chlamydia, mycoplas-
ma, and other bacterial infections; all the individuals were
negative for HIV infection.

Semen samples were collected on the same day of women
oocyte pick-up. Azoospermic men were excluded from the
study (n = 2). Sperm evaluation was performed according to
World Health Organization criteria [13]. Specimens were col-
lected into a sterile container by masturbation after 2–7 days
of sexual abstinence. After liquefaction, semen was evaluated
for volume, viscosity, sperm concentration, total and progres-
sive motility (percentage and concentration as millions/ml)
and round cells concentration. Semen samples were processed
by using swim-up method either for conventional IVF or
intracytoplasmatic sperm injection (ICSI) [14].

All recruited women were not smokers and reported no
use of alcohol; they did not undergo hospitalization and
they did not follow systemic medication for chronic dis-
eases or antibiotics/probiotics (oral or topic) within the
6 months previous to sample collection, they were not
affected by hydrosalpinx or chronic diseases including
endocrinopathies (e.g., diabetes mellitus), cardiovascular
diseases, dyslipidemia, and rheumatologic diseases (e.g.,
systemic lupus erythematosus). All patients were treated
according to standard conventional IVF/ICSI protocols, as
previously described [15]. In two patients, the cycle was
canceled due to high risk of ovarian hyperstimulation syn-
drome and they were excluded from the study. Briefly, a
long gonadotrophin-releasing hormone (GnRH) analogue
suppression protocol or flexible GnRH antagonist proto-
col with oral contraceptive pill pre-treatment were used.
Recombinant FSH (rec-FSH) 150–225 IU/day was started
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when pituitary downregulation was established or from
day 2 of cycle, in GnRH agonist and antagonist protocol,
respectively. The rec-FSH dose was adjusted and/or high-
ly purified menotropin (hphMG) was added, after 5 days
of stimulation, depending on the ovarian response, as
assessed by serum estradiol (E2) levels and through ultra-
sound. In three patients, the cycle was canceled due to
poor ovarian response. Human chorionic gonadotropin
(hCG) 5000 or 10000 IU was administered when two or
more follicles were > 18 mm in diameter. Trans-vaginal
ultrasound guided oocyte retrieval under general anesthe-
sia was generally performed 36 h later; the most accessi-
ble first follicles were selected for the aspiration and then,
the follicular fluid was collected. In 32 women, the clini-
cians used fluid to flush the follicles, so they were exclud-
ed from the study and hBD-1 measurements not
performed.

Poor ovarian response was defined as the collection of
≤ 3 oocytes at retrieval and good ovarian response as the
collection of > 3 oocytes [16]. In one woman, the oocyte
retrieval failed; meanwhile in two women, the oocytes
were not suitable for conventional IVF and they were ex-
cluded from the study. The IVF procedures were carried
out using ICSI and/or conventional IVF techniques.
Fertilization was assessed the morning after fertilization
and was defined by the presence of two pronuclei. The
IVF cycles were classified into two categories according
to the fertilization rate: Bgood^ fertilization rate (≥ 75%),
and Bpoor^ fertilization rate (< 75%). The threshold value
of 75% fertilization rate was assumed according to a pre-
vious study [17] and it represents the mean fertilization rate
of 1120 patients of our institute undergoing ICSI with at
least three oocytes retrieved (unpublished data).

One to two embryos or blastocysts were transferred on
days 3 or 5 after oocyte pick-up. The luteal phase was sup-
ported by vaginal administration of micronized progesterone
600 mg/day. Cleavage-stage embryos were graded based on
the Veeck criteria [18], while the blastocyst-stage embryos
were graded based on criteria described by Gardner and
Schoolcraft [19]. Serum hCG levels were measured 14 days
after embryo transfer and, if positive, an ultrasound scan was
scheduled 2 weeks later to assess the number and status of the
implanted embryos. Successful pregnancy was considered as
a positive clinical pregnancy where one or more gestational
sacs were visualized with an ultrasound scan [20, 21]. The live
birth was defined as the expulsion or extraction of a product of
fertilization from a woman, after 22 weeks of gestation; which
breathes, presents heart beating, umbilical cord pulsation, or
movement of muscles [20, 21].

The follicular and semen samples used for the hBD-1 anal-
ysis derived from discarded specimens. The fluid from the
first follicle retrieved (the most accessible one) was used for
the analysis.

Seminal and follicular fluid hBD-1

Each sample (semen and follicular fluid) was centrifugated
(200×g for 10 min), the supernatant collected, immediately
stored at − 20 °C, and carried to the laboratories. Follicular
fluid with blood contamination were excluded from the anal-
ysis (n = 15).

The hBD-1 concentration was measured with a com-
mercially validated Human Beta Defensin 1 ELISA kit,
(Cat. No. 100-240-BD1, Alpha Diagnostic, San Antonio,
TX, USA; sensitivity range = 0–800 pg/ml) using manu-
facturer’s instructions: the semen samples were diluted
1:100, while the follicular samples at 1:50 in sample
dilution buffer (provided by the kit). Each assay sample
was conducted in duplicate. The absorbance was mea-
sured with GloMax®-Multi Detection System (Promega,
Fitchburg, WI, USA).

Sperm motility

Recombinant hBD-1 protein (mature secreted form including
pro-peptide: 22–88 amino acids; ab191781, Abcam®,
Cambridge, UK) was used for in vitro test of sperm motility.
Briefly, freshly ejaculated semen samples were obtained from
29 normozoospermic men attending the Assisted
Reproduction Unit of the Institute for Maternal and Child
Health IRCCS Burlo Garofolo, Trieste, Italy, by masturbation
after 2–7 days of sexual abstinence and processed according
toWHO guidelines [13] fromOctober 2016 to February 2017.
The criteria for eligibility were the same of the other popula-
tion above described.

Spermatozoa were incubated with 800 ng/ml (final concen-
tration) of hBD-1 [11] at room temperature for 1 or 24 h before
the examination: progressive and total motility (as percentage
and concentration millions/ml) were recorded [13]. Not treat-
ed spermatozoa from the same sample were used as control for
the comparison. The 1 h time point was chosen to replicate
Diao et al. findings [11] and to observe a precocious effect of
hBD-1 supplementation, while the 24 h were selected to de-
termine if the effect is a late one and/or maintained over time.

Sample size description

In (i) and (ii), from the initial 107 couples evaluated for eligi-
bility, 2 couples were excluded for cycle cancelation due to
high risk of ovarian hyperstimulation syndrome, 3 for cycle
cancelation due to poor ovarian response, 32 for the utilization
of flushing media during oocyte retrieval by clinicians, 15 for
blood contamination of the follicular fluid, 3 for no mature
oocytes recovered, and 2 for no sperm count in the ejaculate;
finally, a total of 50 couples were selected and their samples
were included in the analysis (the flowchart of the enrollment
is reported in Fig. 1).
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In (iii), from the initial 62 men from couples evaluated for
eligibility, 2 couples were excluded for cycle cancelation due
to poor ovarian response, 3 for nomature oocytes recovered, 3
for no semen collection, and 25 for alteration in semen param-
eters (motility and/or count); finally, 29 normozoospermic
men were selected for the in vitro analysis of hBD-1 supple-
mentation on spermatozoa (the flowchart of the enrollment is
reported in Fig. 2).

Statistical analysis

The statistical analyses were performed using the R software
(version 3.5.0) [22]. Pearson’s product-moment correlation

was used to determine if estradiol, female age, numbers of
oocyte retrieved, spermatozoa concentration, total and pro-
gressive motility (percentage), total and progressive motile
spermatozoa concentration (millions/ml), techniques
employed, number of embryos obtained, number of embryos
transferred, and cause of infertility impacted the fertilization
and pregnancy rate and could be considered as confounders in
the statistical analysis. Then, linear regression analysis for
continuous variable and logistic regression analysis for bino-
mial data were performed in order to test the correlation be-
tween hBD-1 and different parameters related to infertility
status: correlation was evaluated between FF hBD-1 and es-
tradiol, numbers of oocyte retrieved, number of embryos

Assessed for eligibility (n = 107) 

Excluded (n = 5) 

Cycle cancellation due to high risk of ovarian 

hyperstimulation syndrome (n = 2) 

Cycle cancellation due to poor ovarian 

response (n = 3) 

Oocyte retrieval (n = 102) 

IVF / ICSI (n = 52) 

Follicular fluid evaluation (n = 70) 

Excluded (n = 32) 

Use of flushing medium (n = 32) 

Evaluable for the analysis (n = 50) 

Excluded (n = 2) 

Unexpected azoospermia (n = 2) 

Excluded (n = 18) 

Blood contamination (n = 15) 

No mature oocytes recovered (n = 3) 

Fig. 1 Flow chart with the
numbers of individuals at each
stage of the study: the perspective
observational analytic pilot study
on 50 infertile couples

790 J Assist Reprod Genet (2019) 36:787–797

4



obtained, number of embryos transferred, and fertilization and
pregnancy rate; moreover, correlation was examined between
semen hBD-1 and spermatozoa concentration, total and pro-
gressive motility (percentage), total and progressive motile
spermatozoa concentration (millions/ml), fertilization rate,
number of embryos obtained, number of embryos transferred,
and pregnancy rate. Moreover, a regression analysis was per-
formed, where the impact of hBD-1 levels of follicular fluid
and semen on fertilization and pregnancy rate were considered
together.

Mann-Whitney test was performed using software Prism™
5 version 5.0 (GraphPad, La Jolla, CA, USA) and it was used
to investigate the differences of hBD-1 level in follicular fluid
between women with good or poor fertilization rate and in
semen between oligo-asthenozoospermic and normozoosper-
mic men. Moreover, Mann-Whitney test was used to detect
the effect of exogenous hBD-1 protein on spermmotility com-
paring hBD-1 supplemented spermatozoa and not treated
ones.

The figures were created using software Prism™ 5 version
5.0 (GraphPad). Only p value of ≤ 0.05 were considered as
statistically significant.

Since different outcomes were considered and some of them
were not available at the moment of enrollment, it was not
possible to estimate a priori the sample size to obtain; however,
post hoc power calculations were performed with GPower soft-
ware version 3.1.9.3 using post hoc calculation employing the
Mann-Whitney test and regression analysis tests [23]. Theman-
uscript followed the STROBE guidelines [24].

Results

The characteristics of the study population as well as the re-
productive outcome are shown in Table 1. Briefly, 43 couples
underwent ICSI, 5 conventional IVF, and 2 were submitted to
both techniques (some oocytes were treated with conventional
IVF, some with ICSI); the etiology of infertility was deter-
mined as due to male factors (n = 18), idiopathic (n = 15),
pelvic/tubal factor (n = 12), and ovulatory factor (n = 5). The
implantation rate was 13 on 63 embryos transferred in the
women; meanwhile, the clinical pregnancy rate was 10 on
the 50 couples submitted to IVF (in 3 women there were
two fetuses), totally 13 fetuses developed, while the live births

Assessed for eligibility (n = 62)

Excluded (n = 5)

Cycle cancellation due to poor ovarian 

response (n = 2)

No mature oocytes recovered (n = 3)

Oocyte retrieval (n = 57)

Semen evaluation (n = 54)

Excluded (n = 3)

No semen collection (n =3)

Evaluable for the analysis (n = 29)

Excluded (n = 25)

No normozoospermic 

Fig. 2 Flow chart with the
numbers of individuals at each
stage of the study: the in vitro
experimental study on
spermatozoa from 29
normozoospermic men
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were 9, and the live birth delivery rate was 7 on 38 embryo
transfer cycles. These data were comparable to those reported
by the Italian register of PMA (available at http://old.iss.it/
rpma/index.php?lang=1).

The effect of estradiol, female age, numbers of oocyte re-
trieved, spermatozoa concentration, total and progressive mo-
tility (percentage), total and progressive motile spermatozoa
concentration (millions/ml), techniques employed, number of
embryos obtained, number of embryos transferred, cause of
infertility on fertilization, and pregnancy rate was checked:
only the females age correlated significantly with pregnancy
rate, the other variables had not effect.

Follicular fluid hBD-1

The concentration of hBD-1 in the follicular fluid ranged from
2.84 to 17.93 ng/ml, median 7.91 ng/ml, and average

8.60 ng/ml, while in the semen, the hBD-1 measurement
displayed a range between 7.15 and 137.06 ng/ml, median
24.52 ng/ml, and average 29.31 ng/ml. hBD-1 concentrations
in follicular fluid were not significantly different in women
with good (> 3 oocytes at retrieval) and poor ovarian response
(≤ 3 oocytes). Then, the correlation between hBD-1 levels in
follicular fluid and fertilization rate has been evaluated. Since
the low number of oocytes retrieved (≤ 3) may represent a
potential confounder in calculating fertilization rate, the pa-
tients with poor ovarian response were excluded from this
analysis (n = 8) and the cutoff of 75% for the fertilization rate
was chosen. Considering together the women submitted to
FIVET and/or ICSI, hBD-1 levels in the follicular fluid were
significantly higher in the group of women with good fertili-
zation rate (≥ 75%, n = 15), respect to those with a poor fertil-
ization rate (< 75%, n = 27) (Mann-Whitney test: p value =
0.04, power = 0.61, Fig. 3). A similar result was observed also

Table 1 Study population and cycle characteristics, and reproductive outcome (n = 50)

Partners’ age (years)

Female Median = 38 (range = 26–43)

Male Median = 39 (range = 28–58)

Etiology of infertility

Male factor n = 18 (36%)

Unexplained n = 15 (30%)

Pelvic/tubal factor n = 12 (24%)

Ovulatory factor n = 5 (10%)

Sperm concentration (million/ml) median = 34 (range = 0.1–180)

oligo-asthenozoospermic < 5 × 106/ml sperm with progressive motility n = 16

Normozoospermic ≥ 5 × 106/ml sperm with progressive motility n = 34

Sperm total motility rate Median = 60 (range = 4–80)

Sperm progressive motility rate Median = 32.5 (range = 1–65)

Estradiol on hCG day (pg/ml) Median = 1576 (range = 227–4682)

Number of oocytes recovered Median = 8 (range = 1–24)

Type of IVF technique

ICSI n = 43 (86%)

Conventional IVF n = 5 (10%)

Conventional IVF/ICSI n = 2 (4%)

Fertilization rate (excluding patients with poor ovarian response, oocytes ≤ 3) Median: 67 (range = 0–100)

Fertilization rate ≥ 75% (excluding women with oocytes retrieved ≤ 3) n = 15

Fertilization rate < 75% (excluding women with oocytes retrieved ≤ 3) n = 27

Total number of embryos transferred n = 63 (Median for woman = 1; range = 0–3)

Grade of embryos transferred Median = 1 (range = 1–3)

Implantation rate (on the of embryos transferred) 13/63

Pregnancy

Clinical pregnancy n = 10

Clinical pregnancy rate (on the number of couples submitted to IVF cycles) 10/50

Clinical pregnancy rate (on the number of embryo transfer cycles) 10/38

Number of fetuses n = 13

Live birth n = 9

Live birth delivery rate (on the number of embryo transfer cycles) n = 7/38
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in the sub-group of patients submitted to ICSI technique with
a borderline statistical significance (p = 0.05, data not shown).
The patients were also sub grouped accordingly with the type
of infertility, but no hBD-1 concentration difference was ob-
served between those with good and poor fertilization rate,
probably due to the too small sample size of the subgroups.
Then, a correlation analysis was performed comparing hBD-1
level in each woman with the respective fertilization and preg-
nancy rate, but no association was found (Supplementary
Table 1).

Finally, there was no correlation between hBD-1 follicular
fluid levels and other outcomes, such as peak estradiol levels,
number of oocytes recovered, number of embryos obtained,
quality of embryos, implantation rate, pregnancy rate, and also
after correction for women age.

Seminal hBD-1

We compared the seminal hBD-1 levels in men with normal
and abnormal sperm concentration and motility, evaluated ac-
cording to the WHO criteria [13]. The hBD-1 semen concen-
trations in patients with oligo-asthenozoospermia (< 5 × 106/
mL sperm with progressive motility, n = 14) were significant-
ly lower than that in patients with normozoospermia (≥ 5 ×
106/mL sperm with progressive motility, n = 28) (Mann-
Whitney test: p value = 0.02, power = 0.63, Fig. 4). The men
were also sub-grouped based on the type of infertility: no

different hBD-1 level was detected between oligo-
asthenozoospermic and normozoospermic individuals, proba-
bly due to the too small sample size of the subgroups.

Instead, hBD-1 did not correlate with total and progressive
motility (percentage), total and progressive motile spermato-
zoa concentration (millions/ml), or with the concentration of
spermatozoa (Supplementary Table 1).

Regarding the parameters linked to IVF outcomes, the
hBD-1 levels were not significantly different in the group with
good fertilization rate (≥ 75%), respect to those with a poor
fertilization rate (< 75%). There was no significant correlation
between hBD-1 semen levels and other IVF outcomes, such as
number of embryos obtained, quality of embryos, implanta-
tion rate, pregnancy rate, also after adjustment for sperm total
and progressive motility (as percentage and concentration mil-
lions/ml) and spermatozoa concentration.

Finally, there was no correlation between follicular and
semen hBD-1, considered together, and fertilization or preg-
nancy rate. The power analysis of the data without statistically
significant results are reported in Supplementary Table 2.

Recombinant-hBD-1 and sperm motility

The incubation with hBD-1 exogenous peptide (800 ng/ml)
[11] increased significantly the progressive motility after 1 h
(Mann-Whitney test: p value = 0.03, power = 0.50, Fig. 5) and

fertilization rate < 75% fertilization rate  75%
0

5

10

15

   P < 0.05

l
m/

g
n

1-
D

B
h
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24 h (Mann-Whitney test: p value = 0.02, power = 0.46)
(Fig. 5) respect to not treated spermatozoa.

Discussion

To our knowledge, this is the first study that reports on the
presence of hBD-1 in the follicular fluid. There are no studies
on the expression of β-defensin in human ovarian tissue.
However, it has been shown that in animal models β-
defensins are expressed in the follicle, actually avian-β-
defensin have been identified in interstitial, theca interna,
and granulosa cells, where their amounts are likely increased
with follicular growth [25]. So, it can be hypothesized that β-
defensin are mainly produced by granulosa cells, being the
most metabolically active epithelial line during follicle
growth [26]. The role of this defensin in the follicular envi-
ronment is not clear. β-defensins are a group of small secre-
tory peptides with antimicrobial activity but they have also
immunomodulatory properties and are involved in many pro-
cesses, such as fertility, development, wound healing, and
cancer [27].

In the last decades, many data have been accumulated on
the interactions between innate immunity, inflammation, and
reproduction [2, 3, 6]. It has been shown that physiological
events within the ovary, such as follicle development, use
several inflammatory mediators, and that an impaired inflam-
mation may contribute to infertility status [28, 29]. Thus, the
presence of hBD-1 in the follicular fluid might be related with
the inflammatory response that has been demonstrated to be

necessary for appropriate folliculogenesis as well as for induc-
ing both ovulation and its associated tissue remodeling [30].
Our findings do not support this hypothesis: we observed no
correlation between hBD-1 levels and number of oocytes re-
trieved as well as 17β-estradiol levels, which may be consid-
ered as marker of ovarian inflammation [31, 32]. Moreover, it
has been shown that 17β-estradiol do not influence hBD-1
production in vaginal epithelial cells where this defensin is
constitutively produced [33].

In our study, we observed that the hBD-1 follicular levels
of women with a good oocyte fertilization rate (≥ 75%) were
significantly higher than those of women with poor fertiliza-
tion rate (< 75%); this finding suggests a potential
fertilization-promoting effect of hBD-1. Our data failed to
observe an association between hBD-1 concentration and
pregnancy achievement; however, it is reasonable to think that
the successful embryo implantation and pregnancy, both com-
plex events, reasonably depend upon a major number of var-
iables, therefore, hBD-1 should play a minor role in this con-
text respect to the one played in a more controlled condition
such as the in vitro fertilization. Prior to our work Das et al.
[34] measured α-defensin 1–3 production in the follicular
fluid without finding a correlation with fertilization or IVF
outcome. The same authors [35] observed no difference in
expression (using immunohistochemistry) of α-defensin 1–3
and hBD-1 in endometrium from patients who did or did not
reach pregnancy following subsequent IVF. To note, the en-
dometrial samples were collected at least two cycles before the
IVF and therefore may not directly reflect the endometrial
status of the treatment cycle accurately.

oligoastenozoospermic normozoospermic
0

10

20

30

40
   P < 0.05

l
m/gn

1-
D

Bh

Fig. 4 Seminal hBD1 levels in
oligo-asthenozoospermic (n = 16)
and normozoospermic (n = 34)
subjects. Results are represented
as mean ± standard error of the
mean
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It has been suggested that β-defensins modulate sperm–
oocyte interaction [36]. However, about 86% of our patients
were treated using ICSI that bypasses sperm–egg surface in-
teraction. Therefore, alternative fertilization promoting mech-
anism by hBD-1 should be hypothesized.

β-defensins could guarantee a better quality of oocyte,
protecting it from microbial agents. Animal studies suggest
that alterations in the follicular environment due to pathogen
exposure results in diminished oocyte quality, further affecting
fertility [29]. Alternatively, immunomodulatory properties of
hBD-1 on cytokine inflammatory response [27] might explain
its positive association with fertilization rate. Actually, it has
been shown that follicular fluid cytokines may influence, neg-
atively or positively, oocyte fertilization and thus embryo
quality [37, 38]. Thus, the favorable effect of hBD-1 on oocyte
fertilization might be mediated through cytokine system.
Unfortunately, we have no experimental data supporting these
hypotheses and further studies are needed.

Several animal studies showed that β-defensins influence
sperm functions, with the most of the research conducted on
rodents [10], but there are very scanty data for humans. The
primary evidence for a role of defensins in human fertility has
been provided by the study of Tollner et al. [39] who described
that a mutation in DEFB126 (chromosome 20p13, encoding
for human β-defensin 126) was associated with a reduced
ability to successfully reproduce. Later, Diao et al. [11] dem-
onstrated in a Chinese population that the amount of hBD-1 in
sperm from infertile men with asthenozoospermia and
leukocytospermia, was lower when compared to that in nor-
mal fertile sperm.

In the present study, we were able to confirm these results
in a European population: we observed that subjects with
oligoasthenospermia, defined by WHO criteria [13], had
hBD-1 levels significantly lower than subjects with normal
sperm concentration and motility. Moreover, we found that
recombinant-hBD may improve sperm motility in

Fig. 5 Sperm progressive
motility after 1 h and 24 h of
incubation with and without
recombinant-hBD-1 (rec-hBD-1)
in 29 normozoospermic subjects.
Results are represented asmean ±
standard error of the mean
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normozoospermic subjects. These data do not completely
agree with the observation of Diao et al. showing that
recombinant hBD-1 may increase sperm motility in
asthenozoospermic, and leukocytospermic patients but not in
healthy fertile donors [11]. However, it should be noticed that
we used a different method to detect hBD-1 and, that our
population was different from the population investigated by
Diao et al. [11], as a matter of fact, in Italy, due to legal
restrictions, healthy donors were not available, we recruited
male partner of infertile couples referring to our andrology
laboratory for routine semen analysis.

Taken together, our findings confirm an important role of
hBD-1 in regulating sperm motility and the possibility to use
recombinant hBD-1 to improve male fertility, as firstly sug-
gested by Diao et al. [11].

Since the relationship between hBD-1 and sperm fertili-
zation capacity have never been evaluated on human oo-
cytes, we have also correlated hBD-1 levels in samples col-
lected on the day of in vitro oocyte insemination and fertil-
ization rate and IVF outcomes. We did not find any corre-
lation between hBD-1 levels and oocyte fertilization or IVF
outcomes. Although these results need of further confirma-
tion, they can be explained considering that performing ICSI
sperm defects are bypassed; thus, β-defensin may influence
natural sperm-egg interaction but not oocyte fertilization af-
ter ICSI.

We are aware that our study presented some limitations,
such as the restricted sample size; the heterogenicity inside
the population with the presence of different subgroups when
considering the IVF techniques or the type of infertility.

The power analysis values were medium for the statistical-
ly significant results here reported, while in the correlation
analysis, the power is very low, so it should not be excluded
that the lack of association could be due to the insufficient
sample size. The small sample size is a limitation of our study
that we fully acknowledge. Nevertheless, this is a preliminary
pilot study aiming at depicting a picture, although not com-
plete, of the role of hBD-1 in infertile couples. In conclusion,
our study suggests that hBD-1 could play a role also in ovarian
dynamics, although the precise mechanisms need to be further
elucidated in a larger cohort. The presence of hBD-1 in the
follicular fluid could indicate that this peptide might influence
oocyte maturation, as it has already been indicated for sperm
maturation and has been corroborated by our data. Further
studies are needed to define the possible role of follicular
and seminal β-defensin in egg–sperm interaction. The prelim-
inary positive correlation between hBD-1 and fertilization rate
and the property of recombinant hBD-1 to improve sperm
motility observed in our study, should be investigated in larger
clinical experimentation to evaluate the possible role of β-
defensin in the treatment of infertility.
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