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This study analyzed whether human chorionic gonadotropin (hCG) induces ER stress via the
IRE/XBP1 pathway in mouse Leydig tumor (mLTC-1) cells. In a previous study, we demonstrated
that the unfolding protein response (UPR) plays an important role in the expression of steroidogenic
enzymes by modulating the ATF6 pathway, as well as ER stress-mediated apoptosis in hCG-stimu-
lated Leydig cells. Although UPR signaling has been reported to regulate the IRE1/XBP1 pathway,
it is not known whether hCG-induced ER stress in Leydig cells can activate the pathway. To inves-
tigate the activation of the IRE1/XBP1 pathway in mLTC-1 cells after hCG treatment, we performed
a Western blot analysis to detect the phospho-IRE1 protein and an RT-PCR analysis to validate splic-
ing of XBP1 mRNA. We used ER stress-activated indicator (ERAI) constructs for monitoring the activ-
ity of IRE1 and then analyzed by fluorescence microscopy and flow cytometry. The expression levels
of the phospho-IRE1 protein markedly increased in response to the hCG treatment. In the mLTC-1
cells transfected with an F-XBP1-venus/F-XBP1 A DBD-venus construct, the hCG treatment led to the
appearance of green fluorescent cells and detectable fluorescence in the nucleus and cytosol,
respectively. In addition, splicing of XBP1 mRNA significantly increased after the hCG treatment.
Taken together, these results indicate that hCG-induced ER stress leads to activation of the IRE1/XBP
pathway in Leydig cells.
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Table 1. Primer sequence for reverse-transcription PCR
Gene Accession number Forword (5'-3) Reverse (5'-3")
Grp78/Bip NM_022310.2 TGCAGCAGGACATCAAGTTC CAGCTGCTGAGGCTCATTG
XBP1 NM_013842.2 AAACAGAGTAGCAGCGCAGACTGC  TCCTTCTGGGTAGACCTCTGGGAG
GAPDH NM_008084.2 ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA
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hCG treatment cause ER stress and leads to IRE1 activation in mLTC-1 cells. Western blot analysis of Grp78/Bip, phospho-IRE1,
total IRE1, B-actin protein in treated MLTC-1 cells with variant hCG concentrations. mLTC-1 cells were incubated with dose
dependent manner of hCG for 12 hr (A). mLTC-1 cells were incubated with 5 IU/ml hCG for different incubation times
(B). phospho-IRE1 protein were quantified and normalized by total IRE1 for Western blot analysis. Data in bar graph are
the means + SEM of three independent measurements.
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hCG and cAMP induce the activation of IRE1. Fluorescence (green) image in mLTC-1 cells were transfected with indicator
plasmids and treated with cAMP, hCG and Tm. mLTC-1cells were transfected with pCAX-F-XBP1-venus (A, B) and
pCAX-XBP1ADBD-venus (C,D) for 48 hr. After transfection, mLTC-1 cells were pre-incuated with serum free medium for
12 hr, and then cells treated with cAMP (500 uM), hCG (5 IU/ml), and Tm (2 pg/ml) as positive control for 12 hr. Cells
were fixed with methanol and stained with 1 png/ml Hoechst 33258 for 10 min (B,D) And then, cells were visualized and
analyzed under a fluorescence microscope. Scale bar, 200 pm.



1

b
ol

CAX-F-XBP1-venus, pCAX-F-XBP1 ADBD-venus &
gk Al Z o] hCGoF cAMP A gléto] S7tete 541
& ZAbsta A3} 517] 938kl Flow cytometry &
A5 Fig. 3914 &< & 4 =] controlol
CGS} cAMP A 23k Azl X &3 7 7]‘ %ol 571
A Y e AP S Tt A BEES FAA
SIEH_KE} & A3} controldl B3} hCGQ} cAMP A g
W foHos YF BRI SUeke AS 29
E‘r(p<005) o] 4P EE T3t hCG9} 24 AEA
cAMP 2% IRE1S &4 3 A7)1, @435 IRE1S endonu-
dease 715 83+ EYH pCAX-F-XBPl-venus £} pCAX-
F-XBP1ADBD-venus® XBP1 mRNA ¥ <
Ae AL F A

o)

[e]

2

Sk oo o {4
o _gl_&ol'\[
TE?}TW

il

o X 82

4ot oot o = oo iy
>’~ﬁ

< splicing Al 7] &

hCG2t cAMP Az2|0fl 2/ XBP1 mRNA<| splicing &4

hCGS} cAMP A 2lel o) 24 3hd IRE1°] AlZ ol A
HEAE = XBP1I mRNAY splicings =32 &4 817]
#3ke] RT-PCRE @ st 439t XBPI mRNAE &%
A 2E# 2ol o3 &A45E IRE1 93 26719 nucleotide
7} splicing . RT-PCR< &3t 5% unspliced XBP1
(uXBP1)#} spliced XBP1 (sXBP1)& 2671 9] nucleotide 5ol
Aol 7k UAl kol viZ A7 gE oz Eelste] &<l )7t
o g}, wekA splicing =& 2671 9] nucleotide F & <ol &
A8k Pstl AFEL A F-HE o] &3k uXBP19} sXBP1

A 500 M cAMP

Journal of Life Science 2014, Vol.24. No. 10 1043

ol

T3 ATH1]. mLTC-1 A Z o cAMPS} hCGE A7HE =
A g 5 sXBP1e] E FE <l 33th cAMP A &
4A 7H5-E sXBP1Y| Hd o] F7h3h7] A& (p<0.01), A
Azko] Aol A4E g o] A v FUiske 8zt 7H
%ol F73t A th(p<0.001). hCG FA AF $F 3AFH
sXBP1 L# o] 17}0}111 (p<0.01), 6417t FRE FA3| Ftat
AE 3 & 4 thp<0.001). cAMP9} hCG 25 A g
ANZEeEH O 2 sXBP1Y] o] A Fhste AFES Hol
07t AR EE 234 247 AEE §xe A2 A
2EH 2 FEEAQ Tm A & 4%, A 2w 4
o) 5Bl sXBP1o] & ol w43 F7Fsk th(p<0.001). ©
£8 E3to] cAMPY hCG A8 mLTC1 Al Zol] 234 ~
EY2E fistH IRE1/XBP1 422 843 A7 AL
A & 5 st

i
=

i
~

a

0} 4ol Folrs AE mLTC-1 Al E hCGet
cAMPE A3t Grp78/Bipe] ¥ F7H5 Faote] AxA
2EY 27t FEHASE FUSL o] i Hofr) e
g4 IRE1°] %7}3t™ XBP1 mRNAY]
splicinge] F=5E A& 5314 IRE1/XBP1 ARt 248
e g0 & 5 YAtk B AT E o] IRE/XBPL 4= &
437] Sske] o 7hA AEEHE AHES T WA &

E UPR signaling %

51U/ml hCG

70 80

40 %0 80

Counts

F-XBP1-venus

0 10 20 30

10°

o
10
FLIH

500 pM cAMP

w

5
10°
FLI-H

51U/ml hCG

- - [ (&)
o n =] [
1 i i 3

(Fold increase)

Mean Fluorescence Intensity
o
el

o
(=]
T

10*

unts

Co
0 10 20 30 40 S0 60 70 80

F-XBP1ADBD-venus

0 10 20 30 40 S0 60 70 B0

100 3

10!
FLI-H FLI-H

10! 102 10°

N
o
)

(Fold increase)
i
P h o

bt
o
1

Mean Fluorescence Intensity

o
o
I

3

10 10t

Fig. 3. hCG and cAMP induce the ER stress- dependent splicing of XBP1. Quantification of green fluorescent cells by flow cytometry.
After transfected mLTC-1 cells with pCAX-F-XBP1-venus (A) and pCAX-XBP1ADBD-venus (B) were treated with cAMP
(500 uM), hCG (5 IU/ml) for 12 hr, and then cells were analyzed with flow cytometry. The black and red lines indicate
non-treated mock transfectants (pCAX, control) and treatments in pCAX-F-XBP1-venus and pCAX-XBP1ADBD-venus,
respectively. The mean fluorescence from three experiments is expressed per group of cells; intensities are expressed relative
to the level in the each treatment cells. Asterisks indicate a statistically significant difference (p<0.05) between control (Cont)

and treated cells using Student’s t-test.
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