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ABSTRACT

In this review, we have tried to summarize the evidence and molecular characterization indicating that 20a-hydro-
xysteroid dehydrogenase (20a-HSD) is a group of the aldo-keto reductase (AKR) family, and it plays roles in the mod-
ulation and regulation of steroid hormones. This enzyme plays a critical role in the regulation of luteal function in
female mammals. We have studied the molecular expression and regulation of 20a-HSD in cows, pigs, deer, and
monkeys. The specific antibody against bovine 20a-HSD was generated in a rabbit immunized with the purified re-
combinant protein. The mRNA expression levels increased gradually throughout the estrous cycle, the highest being
in the corpus luteum (CL) 1 stage. The mRNA was also specifically detected in the placental and ovarian tissues dur-
ing pregnancy. The 20a-HSD protein was intensively localized in the large luteal cells and placental cytotrophoblast
villus, glandular epithelial cells of the endometrium, syncytiotrophoblast of the placenta, the isthmus cells of the ovi-
duct, and the basal part of the primary chorionic villi and chorionic stem villus of the placenta and large luteal cells
of the CL in many mammalian species. Further studies are needed to determine the functional significance of the 20a-
HSD molecule during ovulation, pregnancy, and parturition. This article will review how fundamental information
of these enzymes can be exploited for a better understanding of the reproductive organs during ovulation and
pregnancy.

(Key words : 20a-HSD, Reproductive tissues, Ovary, Placenta, testis)

INTRODUCTION
HSDs

In steroid hormone target tissues, pairs of hydrox-

ysteroid dehydrogenases (HSDs) co-exist; they inter- .

convert potent steroid hormones with their cognate in- 200-HSD | |3a-HSD Tfﬁ-HSD 3a-HSD
?ctive metabolites (Penning et al., 20111).f In t;H mamma- Type 3 Type 5 Type 1
ian species, progesterone is essential for the prepara-

tion and maintenance of pregnancy, if it occurs. Pro- AKR1C1 AKR1C2 AKR1C3 AKR1C4

gesterone primes the endometrium for possible im-

plantation and inhibits uterine contraction until birth Fig. 1. Properties of aldo-keto reductases (AKRs). HSD family
(Naidansuren et al., 2011). Aldo-keto reductases (AKRs) divided into 4 groups including 20a-HSD (AKR1C1), 3a-HSD
belong to a superfamily of NADPH-dependent reduc- (AKR1C2), 17b-HSD (AKRIC3), and 3a-HSD (AKRIC4) (Penning,
tases that act on a wide range of substrates, including 2011).
simple carbohydrates, steroid hormones, and endoge-
nous prostaglandins (Jez et al., 1997). The 20a-HSD en- (Fig. 2). Progesterone production in the rodent corpus
zyme is a member of the AKR family (Liu et al., 2007) luteum (CL) is regulated by hormones, including pro-
(Fig. 1). lactin and prostaglandin F.a (Stocco et al, 2001).
The enzyme 20a-HSD predominantly converts pro- Prolactin suppresses 20a-HSD expression (Park et al.,
gesterone to its biologically inactive form, 20a-hydroxy- 2018), and progesterone secretion is maintained in the
progesterone (20a-OHP) and has an important role in first half of pregnancy, whereas prostaglandin Fra stimul-
the termination of pregnancy and the initiation of par- ates 20a-HSD expression at the end of pregnancy

turition (Seong et al., 2002; Naidansuren et al., 2011; 2012) (Albarracin et al., 1994; Stocco et al., 2000).
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Fig. 2. 20a-HSD catalyzes the conversion of progesterone to 20a-
OHP. Prolactin represses 20a-HSD during pregnancy.

The corpus luteum (CL) is the main source of pro-
gesterone throughout gestation in mammalians (Meyer,
1994; Seong et al., 2017). The concentration of proges-
terone in tissues increases from 6 months of gestation
to parturition (Tsumagari et al., 1994). The placenta on-
ly contributes marginally and temporarily to the pe-
ripheral maternal plasma concentrations of progester-
one, which are primarily associated with luteolysis
(Schuler et al., 2006).

We previously showed that 20a-HSD was highly ex-
pressed in ovarian and placental tissues during the es-
trous cycle and pregnancy (Naidansuren et al, 2011,
2012; Kim et al., 2014; Seo et al., 2011; Nanjidsuren et
al., 2011, 2014; Nanjidsuren and Min, 2014). Thus, this
article will review some of the biochemical character-
ization of 20a-HSD in reproductive tissues.

CLONING OF MAMMALIAN 20a-HSD GENE

Bovine 20a-HSD encodes a putative protein of 323
amino acids including a 969-bp open reading frame,
which has been cloned in bovine placental and ovarian

Table 1. Homology analysis of 20a-HSD

tissues (Naidansuren et al., 2011). In pigs, 20a-HSD
c¢DNA is 957 bp in length and encodes a protein of
319 amino acids (Seo et al., 2011). The full cDNA se-
quence of deer 20a-HSD was cloned; it consists of an
open reading frame encoding 323 amino acids and con-
sisting of 969 bp (Naidansuren et al.,, 2012). The mouse
and rat 20a-HSD ¢DNAs in the corpus luteum (CL)
have been determined by cloning (Ishida et al., 1999;
Miura ef al, 1994). The monkey and goat 20a-HSD
cDNA was also cloned in the ovary and placenta
(Higaki et al., 2002; Jayasekara et al, 2004). The 20a-
HSD promoter region was cloned and characterized in
mice, rats, and monkeys (Hirabayashi et al., 2004;
Zhong et al., 1998; Najidsuren and Min, 2014).

According to a homology search, the nucleotide se-
quence of bovine 20a-HSD ¢DNA showed high homol-
ogy to the 20a-HSD cDNA of other animals (deer 96%,
goat 96%, human 84%, rabbit 83%, rat 81% and mouse
81%) (Table 1). Phylogenetic tree analysis showed that
bovine 200-HSD clusters with a high bootstrap in the
lineage of goats, sharing the highest homology with
goat 20a-HSD (Fig. 3).

I: Bovine
Coat
— Hwrnan

Rabbitl
=
Mowuse
Fig. 3. The phylogenetic tree of the bovine 200-HSD amino acid
sequences from other vertebrate species. The other 20a-HSD amino

acid sequences were obtained from GenBank (Naidansuren et al.,
2011).

Nucleotides (%)

Goat Mouse Rat Human Rabbit Pig Deer Bovine
Goat 75 74 80 78 80 87 93
Mouse 67 94 79 80 76 80 78
Amino Rat 66 93 78 80 76 76 76
acids Human 76 72 68 84 81 81 82
(%) Rabbit 73 74 69 80 79 78 79
Pig 81 68 66 76 76 83 83
Deer 96 69 67 76 73 80 90
Bovine 96 68 66 76 74 81 96
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EXPRESSION OF 20a-HSD mRNA

Bovine 20a-HSD mRNA was expressed in the ovaries
during estrous cycle, placental tissues during preg-
nancy, and cultured bovine CL cells (Naidansuren et
al., 2011). Its mRNA was first detected 24 h after cul-
ture and increased 120 h after culture. Northern blot
analysis was performed, and 20a-HSD mRNA was not
detected in the CL of the corpus hemarrhagicum
(CH)2, CH3, and CL3 stages, but was strongly detected
in the CL2 and CL1 stages. Bovine 20a-HSD mRNA
was also strongly detected in the pre-parturition
placenta. Its expression was reported on days 30, 60,
and 90 of pregnancy (Kim et al., 2014). The amounts
showed strong amplification in the ovary, which those
in the placenta and endometrium were slightly lesser.

The results of RT-PCR and real-time PCR for porcine
samples showed that 20a-HSD was expressed on day 5,
10, 12, and 15 of the estrous cycle and day 0~60 of
pregnancy in the ovary (Seo ef al., 2011). It was also
reported that 20a-HSD mRNA was specifically detected
in the uterus on day 30 of the pregnancy. 20a-HSD
mRNA was also detected in high in the placenta on
day 30 of pregnancy (Nanjidsuren ef al., 2014), it was
significantly expressed in the ovary during pre-parturi-
tion rather than on days 30 and 60 of pregnancy.

Deer 20a-HSD mRNA was expressed in the placenta
and ovary, and fetal skin on days 30 of pregnancy
(Naidansuren et al.,, 2012). The results by the northern
blot analysis showed a stronger expression at 60 and
70 days, than at 30 days of pregnancy. Goat 20a-HSD
mRNA was expressed in the placenta and the intercar-
uncular part of the uterus during mid-to-late preg-
nancy but was not expressed in the adrenal gland, liv-
er, or spleen during pregnancy (Jayasekara et al., 2004).
Its expression was low or at a minimum level in the
placenta on day 40 of pregnancy, but it was increased
by day 90 and remained high until parturition (Jayase-
kara et al., 2005).

In case of primates, 20a-HSD expression was high in
the ovary during pre-ovulation (Nanjidsuren et al.,
2011). It was also expressed in the oviduct and pla-
centa at pre-parturition. After northern blot analysis,
monkey 20a-HSD mRNA level was strongly detected in
the ovarian tissue. This is because the progesterone lev-
el was the lowest at the time of ovulation. Higaki ef
al.(2002) reported the expression of monkey 20a-HSD
mRNA in the liver, intestine, adrenal glands, and
kidneys. Another group showed high expression levels
of 20a-HSD in the stomach, liver, kidneys, and mam-
mary glands, and moderate levels in the ovary, adrenal
glands, and colon (Liu et al., 2007). Human 20a-HSD
(AKRIC1) is highly expressed in the liver, mammary

glands, and brain, whereas the expression is lower in
the prostate, testes, and uterus and is remarkably low
in the adrenal glands (Zhang et al., 2000). Using PCR,
its expression was detected expression not only in the
ovary, uterus, and placenta, but also in many other tis-
sues such as the heart, liver, adrenal glands, kidneys,
muscles, peripheral blood lymphocytes, and testes
(Nishizawa ef al., 2000). Other groups reported that hu-
man AKRICI mRNA expression is highest in the
lungs, followed by the liver, testes, mammary glands,
endometrium, and brain (Rizner et al, 2006). Several
classes of AKRIC1 inhibitors have been identified, in-
cluding benzodiazepines, benzofuranes, steroid carbox-
ylates, flavones, and derivatives of pyrimidine, an-
thranilic acid, and cyclopentane (El-Kabbani et al.,
2011).

LOCALIZATION OF 20a-HSD PROTEIN

Bovine 20a-HSD protein level was the highest in the
CL undergoing luteolysis throughout the estrous cycle
(Naidansuren et al., 2011). It was localized in the large
luteal cells during early pregnancy (Kim et al., 2014),
and was especially intense in the CL of the ovaries at
the terminal stage of the estrous cycle. Notably, the 20
a-HSD was mainly expressed in the trophoblast villus
of the placenta, and staining was weaker in the glan-
dular epithelial cells of the endometrium.

Porcine 20a-HSD protein was also localized in the
large luteal cells on days 2 and 5 of the early estrous
cycle (Seo et al, 2011). Its mRNA was strongly lo-
calized in the luteal cells of ovary at before parturition.
However, its signal was not detected in the small lu-
teal cells. The 20a-HSD protein was strongly localized
in the trophoblast villus of the placenta on day 30 of
pregnancy (Nanjidsuren et al., 2014). A weak signal of
the protein was also detected in the glandular epi-
thelial cells of the uterus. The deer 20a-HSD protein
was expressed at a higher level in the placenta than in
the ovary during early pregnancy, suggesting that 20a-
HSD plays a pivotal function in the placenta in deer
(Naidansuren et al., 2012). It was localized specifically
in the basal part of primary chorionic villi and cho-
rionic stem villus of the placenta. Additionally, the 20a-
HSD protein was intensively localized in the large lu-
teal cells and particularly intense in the corpus luteum
of the ovaries during pregnancy.

Monkey 20a-HSD protein was localized in the isth-
mus cells of the muscularis layer of the oviduct and in
the syncytial villi of syncytio trophoblast (Nanjidsuren
et al., 2011).

In the rat, immunoactivity of the 20a-HSD protein
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was revealed in decidual cells and trophoblastic giant
cells on day 10 and spongiotrophoblasts and visceral
yolk sac cells on day 21 of pregnancy (Shiota et al.,
1993). The 20a-HSD activity slowly decreased from
days 5 to 18 of pregnancy, but rapidly increased in the
ovary during parturition (Seong et al., 2002). On the
other hand, levels of placental cytosolic 20a-HSD were
high from days 8 to 10 of pregnancy, not detectable
from days 11 to 20 of pregnancy, and again, very high
at the time of parturition. Thus, expression of 20a-HSD
in the placental tissues is reported to be related the
number of fetuses that survived in the specific time at
which spontaneous fetus loss occurs. We also reported
that mouse 200-HSD was strongly expressed in the
testes after parturition (Part et al., 2018).

REGULATION OF 20a-HSD PROMOTER

A reporter assay, using reporter constructs of various
lengths of the 5'-flanking region, revealed that the re-
gion between —83 and 60 bp upstream of the tran-
scription start sites was essential for transcriptional ac-
tivity in the mouse 20a-HSD promoter (Hirabayashi et
al., 2004).

Analysis of the 5'-flanking region of rat 20a-HSD re-
vealed a single putative cyclic AMP-responsive element
(CRE) at —2126 to -2118, one Nur77-binding site at
-1639 to -1531, and another perfect but inverted
Nur77-binding site located further upstream. Two puta-
tive prolactin response elements, which have been pre-
viously shown to bind Stat5/Stat3, were identified at
position —87 to —77 and -1608 to -1600 (Zhong et al.,
1998). A rapid increase in the Nur77 mRNA level was
observed in mice corpora lutea just before parturition,

Wild type (2005bp) “HSF-1 (890bp)
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at a time when 20a-HSD is expressed (Stocco et al.,
2000). They also reported that Nur77 plays an im-
portant role in maintaining the ovarian physiology by
mediating the prostaglandin F.a induction of 20a-HSD
(Stocco et al., 2002). Decidual prolactin plays an im-
portant role in pregnancy by repressing the IL-6 and
200-HSD' expression in the decidua (Bao et al., 2007).
Thus, prolactin signals through the Jak2/Stat5 pathway
to down-regulate 20a-HSD expression in the decidua.

In monkey 20a-HSD, the promoter region (2,002 bp)
included several putative binding sites for different
transcription factors like Ap-1, Sp-1, Oct-1, GATA-1,
GATA-2, GATA-3, HSF-2, XFD, CRE-BP, IRF-1, 2,
Sox-5, GR, and others (Nanjidsuren et al., 2011). Among
the transcription factors, the Ap-1 site (-281~274) plays
a crucial role in the activation of the monkey 20a-
HSD gene in CHO-K1 cells (Nanjidsuren and Min,
2014) (Fig. 4). AKR1C1 is regulated by NF-Y in human
ovaries, lungs, and liver carcinoma cells, and the cis-
platin-induced transcription in human ovarian carcino-
ma cells (Pallai et al., 2010). The increase in AKR1C1
mRNA is transcriptionally regulated, at least in part by
the transcription factor Spl in HT29 human colon can-
cer cells (Selga et al., 2008).

CONCLUSION

We summarized the molecular function of 20a-HSD
on reproductive tissues. 200-HSD mRNA and protein
were expressed in several tissues including those of the
ovaries, placenta, testes, etc. The transcription factors
Sp-1, Ap-1, NF-Y, and Nur77 play a significant role in
the expression of the 20a-HSD gene in luteal cells (Fig.
5). Thus, we suggest that 20a-HSD has a pivotal function
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Fig. 4. Putative transcription factor-binding sites in the 5-flanking region of the monkey 20a-HSD gene. Sequences approximately 2.5 kb
upstream from the translational start codon of the monkey 20a-HSD. Putative transcription factor binding sites were identified using the

TF search software (Nanjidsuren and Min, 2014).
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Fig. 5. Mechanism of 20a-HSD inductions in luteal cells. Among
the species, 20a-HSD promoter was regulated by several trans-
criptional factors (Nur77, Sp-1, Ap-1, NF-Y). This Fig was modified
(Stocco et al., 2002).

in the ovaries during estrous cycle/pregnancy and in
the placenta during pregnancy. Furthermore, we sug-
gest that 20a-HSD activity may be important for protect-
ing the fetus from high progesterone levels during par-
turition in several mammalian species including pri-
mates. However, little is known about the specific
functions of the 20a-HSD protein in the ovaries and
placenta during the estrous cycle and pregnancy. We
suggest that the roles of the 20a-HSD protein in tissues
except those of the ovaries and placenta need to be
clearly elucidated.
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