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Modern human society faces the serious problem of infertility. The average age of marriage has
increased, which has resulted in some challenges such as infertility. There are many reports about causes of
infertility [Abrao et al., 2013, de Kretser, 1997, Ochsendorf, 2008], which can be roughly classified as
female-dependent factors (e.g., egg aging, age-related chromosome segregation errors in oocytes, female
genital tumors, ovulation disorder, antibody production against sperm) and male-dependent factors (e.g.,
oligospermia, asthenospermia, teratospermia, sexual dysfunction, genitourinary tract infection). These
studies revealed that almost half of the causes of infertility result from male-dependent factors. In addition,
there are other reports that bacteria frequently exist in seminal fluid, and many infertile male patients have
semen that is contaminated with bacteria such as Escherichia coli [Moretti et al., 2009, Philippov et al.,
1998, Shukla et al., 2012]. Therefore, seminal bacterial infection remains an important problem.

On the other hand, sperm cells express Toll-like receptor (TLR) on cell surfaces, such as TLR2 and
TLR4 which are generally acknowledged to play a key role in immune responses in adaptive and innate
immunity [Fujita et al., 2011, Fujita et al., 2011, Shimada et al., 2008]. TLRs are key upstream mediators of
inflammation at many tissue sites, and TLR activation results in an inflammatory immune response[ Akira
and Takeda, 2004]. Approximately 10-15 mammalian TLRs have been identified, with TLR1-10 present in
human and TLR1-13 present in mouse [Jiménez-Dalmaroni et al., 2016]. Each TLR recognizes a
pathogen-associated molecular pattern (PAMP) as specific components of pathogenic microorganisms,
namely, bacteria, fungi, viruses, and parasites|Guan et al., 2010, Yuan and Wilhelmus, 2010]. For example,
TLR2 recognizes peptidoglycan (PG), which is derived from Gram-positive bacteria, and TLR4 recognizes
lipopolysaccharide (LPS), which is an endotoxin of Gram-negative bacteria [Fu et al., 2013, Poltorak et al.,
1998, Qureshi et al., 1999]. In sperm, PAMP recognition by TLRs reduces cell motility and induces
apoptosis, in addition to immune response initiation [Fujita et al., 2011, Fujita et al., 2011]. To prevent
bacterial contamination of semen, oral administration of antibiotics or addition of antibiotics in semen has
been performed [Magri et al., 2009, Okazaki et al., 2010, Vaillancourt et al., 1993]. However, frequent

antibiotic use raises other problems such as negative influence on intestinal bacterial flora or
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antimicrobial-resistant bacteria [ Yoon and Yoon, 2018]. Moreover, bacterial components can remain in
semen and continue to stimulate sperm TLRs.

On the other hand, I have studied the antibacterial property of lactoferrin (LF). LF is an iron-binding
glycoprotein with a molecular weight of 78 kDa, which is contained in mammalian exocrine fluids
including milk, tears, and vaginal fluids [Garcia-Montoya et al., 2012]. Moreover, LF is known to have
antimicrobial, anti-inflammatory, and antitumor effects [Tung et al., 2013]. Concerning its antimicrobial
effect, LF competitively blocks the binding of LPS to TLR4, which inhibits TLR4-mediated signaling by
LPS, and consequently suppresses inflammatory cytokine production [Drago-Serrano et al., 2012]. From
there facts, [ assumed that LF may also prevent the sperm apoptosis induced by pathogen LPS via sperm
TLR4 and may facilitate the pregnancy.

Firstly, I examined the LF effect on sperm apoptosis induced by bacterial lipopolysaccharide
(LPS). From the result of TUNEL assay, TUNEL-positive sperm cells were scarce in the group treated with
LF and LPS compared to the group treated with LPS only. In addition, real-time RT-PCR detected lower
mRNA expression levels of apoptosis-associated genes in the LF/LPS group compared to the LLPS group.

Next, I further investigated the LF effect on embryo development by using LPS-treated mouse
sperm. For the development rate of the 2-cell stage embryo, the embryo derived from LPS- and LF-treated
sperm showed similar survival rate to the control embryo. On day 12 after the embryo transfer into the
recipient, the frequent abnormality was observed in the embryo derived from LPS-treated sperm, and the
abnormality was tended to be inhibited in the embryo derived from LPS- and LF-treated sperm.

These results indicate that the LF treatment on bacteria-contaminated sperm might decrease

LPS-induced sperm apoptosis and the LF treatment of sperm may also facilitate the embryo development.

Therefore LF may contribute to the improvement of infertility.
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Effects of lactoferrin on fetal development
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