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i SO H Type VI 3B-Hydroxysteroid Dehydrogenase Isozyme Hsd3b6
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The enzyme 3B-hydroxysteroid dehydrogenase/isomerase (3p-HSD) is essential for the
biosynthesis of all active steroid hormones, such as those secreted from the adrenal gland,
testis, ovary, skin, and placenta. The 3B-HSD enzymes exist in multiple isoforms in humans
and rodents with different tissue specificity. The mouse has two isoforms in the adrenal: one
(Hsd3b1) is ubiquitous in the cortex, but the other (Hsd3b6) is specific to the zona glomerulosa
(ZG), where aldosterone is produced [1]. Both genes are evolutionally conserved in humans,
with the genes named HSD3B1 and HSD3B2 being a candidate counterpart of the mouse
Hsd3b6 and Hsd3bl, respectively. As such, HSD3B1 corresponds to the ZG-specific 3p-HSD
isozyme in human adrenal gland [2]. Angiotensin 1l (Angll) and potassium (K*) are the major
physiological regulators of aldosterone synthesis. Angll stimulates expression of HSD3B1 via
the orphan nuclear receptors NGFIB and NURRL1 in human adrenocortical H295R cells [3].
However, it remains unknown whether K* stimulation similarly activates this NGFIB/NURR1
pathway. Here | examined K* sensitivity of HSD3B1 in H295R cells (chapter 1). Furthermore,
I extended my research to understanding the roles of this enzyme in other tissues. | found that
Hsd3b6 is expressed in the meibomian glands of mouse eyelid. | explored the physiological
function and regulatory mechanisms of this enzyme in the meibomian glands (chapter 2).

Chapter 1: Stimulus-selective induction of the orphan nuclear receptor NGFIB underlies
different influences of angiotensin Il and potassium on the human adrenal gland zona
glomerulosa-specific 3p-HSD isoform gene expression in adrenocortical H295R cells

I show that K* stimulation lacks the ability to induce HSD3B1 expression in human
adrenocortical H295R cells. Both Angll and K* were able to enhance transcription of the
aldosterone synthase gene (CYP11B2). Promoter analysis revealed that although both Angll
and K* activate transcription from the Ca*/cAMP response element (CRE) located in the
CYP11B2 promoter, the orphan nuclear receptor NGFIB-responsive element (NBRE) located in
the HSD3B1 promoter fails to respond to K*, being only able to enhance transcription after
Angll treatment. | found that induction of de novo protein synthesis of NGFIB occurs only
after Angll treatment. This sharply contrasts with the phosphorylation that occurs in response
to both Angll and K* on the CREB/ATF family transcription factor ATF2. Chromatin
immunoprecipitation assay confirmed that the NGFIB protein occupies the HSD3B1 promoter
only after Angll, while ATF2 binds to the CYP11B2 promoter in response to both Angll and
K*. These data provide evidence that signals from Angll and K* can be uncoupled in the
regulation of HSD3B1 in the human adrenocortical H295R cells [4].




Chapter 2: Circadian clock-regulated 3p-HSD activity in the meibomian glands

It is well known that malfunction of the circadian clock is linked to the pathogenesis of a wide
variety of diseases. Meibomian glands are holocrine glands embedded in the eyelid and secrete
lipid onto the ocular surface tear film. However, the molecular mechanisms by which circadian
clock contributes to the meibomian gland function are poorly understood. By performing
immunohistochemistry using Hsd3b6 subtype-specific antibody, | found Hsd3b6 is specifically
expressed in acinar epithelial cells of the meibomian gland. Notably, consistent with the
expression of this enzyme, | found that the meibomian glands exhibit intra-tissue 3p-HSD
enzymatic activity, suggesting that Hsd3b6 contributes to the local steroid production within
the meibomian glands. Moreover, | provide evidence that 3p-HSD enzymatic activity oscillates
in a circadian fashion in the meibomian gland. These findings suggest that malfunction of
circadian clock-regulated 38-HSD activity may underlie meibomian gland dysfunction.
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3B-KEEIL AT a4 RBiAKSFERESE (3B8-HSD) ITAEKNTHEAEAINAIETDOAT T
A RHENVELDOERICHAEADEZETHS, E FBIWN T AD3B-HSDEEFE 7 7 I U
—IITHEE D LS PEBEEROY 7 2 A4 TRFEE L. TR ENN AR %
N9, 3B -HSDEEZE DB DAL A Z D Z L 1Tk T L IR D AT A REE
RO A = AL EZBET 5 ETRAIRTHLIN, FEOMBRICEBW K7 ¥
A T ORERIEESCHEBEN EDO X HITHIEH N TWD O, ZOREBEKGFHNH DT
RIS AFHI 2 A D= X LDEKRE NP ARHTH 72, 2O X9, HEEHIL,
v ARLEICET D3 B -HSDEESR W7 & 4 7'k NHSD3B1/~ 7 AHsd3b6IZ7
HL., Rim3iZBW\WT, ZORBL - {EHEHIE O F#EZH oML, 5—ET
IZ. B FORIB AT v A RpEEAMMERH295R 2 EERAM BHZ VN, HSDIBIDFEELINT
AT I (Angll) QIR IZINE LT EHR 20, Z VoA (K) RFEICE
S URWZ E AR L, Angll EKIEE DICREIB CREAEAIND TV RRAT R
DEM AT HEER/EBEEME CTH D, FEHIL. BEROD T A=A L%
A L. AnglIZ K 5 HSD3BIDF5E 13N R ARNGFIBO F A N LB Th 5 —
J7. NGFIBE HE 1K CIEFE SN2 \W = D HSDSBIIK R IR E L w2 L 25
D LTz, DFED . HSDIBIOFEBHIMI T RIEIRIRMENH W . F OHIH 2 N2 R
KONGFIBA®]H Z L Am Lz, —FH, F 8 TIL, v~V 2ADOREMMEE HW T, Hs
d3b6 MR D AT 0 A REARE THOLI~YAR—LIRICHRS BT DHZ L E2RL,
~A R — LD FTO3 B -HSDEERTEMEICIZFEE 2 AN Y X LANIFEET HZ L & L
L7z, 2OEHIT, K, & b -~ ZARLBICH T D8R 723 5 -HSDEEE Y~
XA T OB 2IEERE A D= X LDOIFEEZH L™ LT, T8, EEH S
HAR—LREEDL LWL TV RAT a2 RKAE LUz &IERE DO, 1551
BT 728 - 2l 2 B S PR ThH D LWz b, Lo T, AT+t CGERS)
DL ELTMESH DD LB DL, £/, Fk3 1H2H22H, @MXAR
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