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Abstract

Relaxin is a pleiotropic hormone included in the insulin-like-growth factor family (IGF)
that is produced in a variety of reproductive tissues including corpus luteum, uterus, testis,
prostate and others. Relaxin facilitates parturition, participates in uterine contractility,
promotes angiogenesis, plays a role in spermatogenesis or promotes spermatozoa motility
and acrosome reaction, among others physiological functions. In this review, we will focus

on the principal roles of relaxin in female and male reproduction.
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Introduction

Relaxin is a peptide hormone that is present in mammals and is
secreted mainly by the corpus luteum during gestation. Relaxin belongs
to the insulin-like-growth factor family (IGF) because of its similarity
to the insulin structure. There are seven peptides in the relaxin family
(relaxin 1, 2, 3 and INSL (insulin-like peptide) 3, 4, 5 and 6).' Relaxin
is a pleiotropic hormone with effects at different physiological levels,
especially in reproduction. In 1926, Frederick Hisaw discovered its
role in the expansion of the pubic ligament to adapt birth canal and
facilitate parturition in female.>* In terms of reproduction, relaxin-1
and relaxin-2 expression is detected in different reproductive
tissues: in females in uterus, corpus luteum, secretory endometrium,
decidualized stromal cells of the endometrium, mammary gland, and
in males in testis and prostate.>* The principal physiological functions
of relaxin in reproduction include the softening of the pubic ligament,
the promotion of endometrial vascularization and the readjustment
of connective tissue.’ The hormone relaxin is also produced in many
tissues like the heart, peripheral blood, brain, lung, kidney, liver,
adipose tissue and pancreas.’

Relaxin and reproduction in females

During pregnancy, relaxin has endocrine roles and is highly secreted
from different sources depending of the species. The principal role of
relaxin is to increase the elasticity and flexibility of pubic ligament in

order to facilitate the birth of the fetus.? In humans, circulating relaxin
is mainly released by the corpus luteum, but Northern blotting assays
have shown relaxin expression in placenta, placental trophoblast,
amnion, chorion, basal plate and decidua parietalis. In the initial
stages of pregnancy in humans, relaxin reaches high levels in the first
trimester but then decline, while in mice, rats and pigs relaxin levels
are elevated and keep rising until parturition, when levels fall down.?
In late pregnancy in mammals, in second half of gestation, relaxin is
primarily secreted by placenta.*

Relaxin plays a role in uterine contractility and growth, being able
to inhibit myometrial contractility in guinea pigs, pigs, mice, rats and
hamsters. This hormone inhibits contractility in the first half of rat
pregnancy while in the second half of pregnancy there is no inhibition.>*
In humans, this effect is very little and is not observed,, , perhaps by
the action of progesterone, which is involved in the inhibition of
myometrial contractility and compete with relaxin in relation with
this role. Relaxin participates in cervix growth in humans, which is
mediated by an increase in prostromelysin, (proMMP-1, proMMP-2)
and in procollagenase.*

Another remarkable function of relaxin in reproductive tissues
is the angiogenesis process, which is mediated by the vascular
endothelial growth factor (VEGF). In humans, relaxin induces the
secretion of VEGF by human endometrial cells and in endometrial
stromal and glandular epithelium cells collected from de secretory
phase of the menstrual cycle. Goldsmith et al.,’ provided human
relaxin-2 (and also exogenous progesterone and estradiol to stimulate
menstrual cycle) to ovariectomized rhesus monkeys and they showed
an increase in the number of arterioles as seen in morphological
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studies (the hematoxylin/eosin-stained sections); a prominent
increase in uterine weight, which was determined by the weight of
the entire uterus after monkeys sacrification; and an increase in the
tissue inhibitor of metalloproteinase 1 levels, determined by Western
Blot assays. Relaxin’s role in angiogenesis remains unclear due to the
fact that Marshall et al.,° studies with relaxin deficient mouse (RIn-
) showed a significant increase in the vascular endothelial growth
factor A genes (Vegf4) but this fact did not show a significant increase
in blood vessels proliferation. These studies also showed that in Rln-
~ mice, a significant decrease in endometrial angiogenesis were not
seen.® In conclusion, endogenous relaxin is not inducing angiogenesis
in mouse endometrial tissue.® In the cardiovascular system, relaxin
carries out typical pregnancy modifications that include a decrease in
blood pressure and an increment in the heart rate, plasma volume and
cardiac output.?

Although relaxin is important in softening pubic ligament,
it is suggested that is not indispensable for this role because
hyporelaxinemic women (without corpus luteum) are able to give
birth without serious problems. Nevertheless, a relaxin knockout
mouse model experience deficient development of mammary gland,
the pubic symphysis and nipples, and has an atrophic vaginal and
cervical luminal epithelium during pregnancy.* The role of relaxin
expression in the placental tissues in humans is not clear, but in other
mammals, the relaxin family peptide known as INSL3 (insulin-like
peptide 3) is expressed in the chorion villi that anchor the endometrium
and participates in the nutrient exchange, and is also expressed in the
maternal blood vessels.?

Relaxin and reproduction in males

Northern blotting, RT-PCR (reverse-transcription/polymerase
chain reaction), immunohistochemical and immunoreactive studies
have recognized relaxin mRNA in the glandular epithelium of the
prostate, the glandular epithelium of the seminal vesicles, the ampulla
of the vas deferens and also in the seminal plasma.>’*

The relaxin/insulin-like family peptide receptor 1 (RXFP1) is
expressed on ejaculated human spermatozoa, where it can mediate
the acrosome reaction, decrease apoptosis, increase mitochondrial
activity, hyperactivation, calcium and cAMP (cyclic adenosine
monophosphate) levels and mediate penetration into oocytes.>!?
RXFP1 is also expressed in spermatocytes and spermatids and Leydig
cells, and is implicated in sperm motility and fertilizing ability in human
spermatozoa.'! Relaxin is able to promote Sertoli cells proliferation
through the activation of the PI3K/AKT (phosphatidylinositol-3-
kinase/protein kinase B) and MEK/ERKI1/2 (Mitogen-activated
protein kinase kinase/ extracellular signal-regulated kinases 1/2)
pathways."! Related to the prostate, relaxin-2 is capable to regulate the
expression of prostate-specific antigen by the activation of the PI3K/
Akt/NFkB (nuclear factor kappa-light-chain-enhancer of activated
B cells) and components of B-catenin/Wnt signaling.!*!?> Moreover,
in neuroendocrine differentiation of prostate cells, there is a raise in
relaxin-2 expression.'®!3

Deficiency of relaxin in males remains controversial: Samuel
et al.,'* studied RIn”~ male mice and wild-type Rin** and found a
decrease in prostate, testis epididymis and seminal vesicles weight
in RIn” mice. They also showed a decreased epithelial proliferation
in the prostate and decreased sperm maturation.! These studies
suggested that relaxin lack could produce local fibrosis in the prostate
gland and in testes, but the following study by Ganesan et al. [15] do
not observe the same results. Ganesan et al.,'” treated R/n”" male mice
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with relaxin and they did not observe changes in prostate morphology.
Finally, it is not demonstrated that the relaxin plays a fundamental role
in male reproductive organ development.

Conclusion

Relaxin plays a potential role in reproduction in both females and
males, especially in parturition and in spermatogenesis, respectively.
Although relaxin reproductive function is the most well-known, there
are aspects that remain unclear and there is the need to continue the
study of the mechanisms and metabolic pathways that relaxin promote
in order to understand better its potential role in reproduction. For
example, there is little knowledge about the physiological role of
relaxin in male reproduction and there is not much information about
the pathways in which relaxin participates in female parturition.
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