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: Previous studies have indicated that the induction of

endoplasmic reticulum stress was observed in many disease
or tumors such as hepatocellular carcinoma or diabetes.
Many factors may interfere with proper protein folding
activity in the endoplasmic reticulum (ER) such as mutant
proteins, viral infection, hypoxia, low glucose or chemical
compounds. Accumulation of unfolded protein will activate
ATF-6, PERK and Irel signaling pathways in response to ER
stress. Recently many studies have indicated that
overexpression of nucleobindin-2 (NUCB-2) is observed in
clinical tumor samples such as gastric cancer, prostate
cancer, renal cell carcinoma, endometrial carcinoma cells,
colon cancer and breast cancer. The survival rate of high-
level expression of NUCB-2 in cancer patients was lower
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than cancer patients with low-level expression of NUCB-2.
However, the effect of NUCB-2 overexpression on tumor cells
1s still unclear. In this project, we want to identify the
novel role and mechanisms of NUCB-2 overexpression in
hepatoma cells. Our preliminary results indicated that two
ER stress inducers, tunicamycin or brefeldin A, increased
NUCB-2 expression in three cell lines (Huh-7/MCF-7/HepG2)
and in vivo. NUCB-2 mRNA expression level was induced by ER
stress as determined with RT-PCR and real-time PCR, and
induction of NUCB-2 protein level was significantly
increased by ER stress. Furthermore, nuclear translocation
of NUCB-2 was observed during ER stress. The role of NUCB-2
in mediating tunicamycin-induced apoptosis was also
investigated, and downregulation of NUCB-2 expression by
NUCB-2 shRNA significantly promoted tunicamycin-induced
apoptosis in Huh-7 cells. In addition, induction of ER
stress by HBV large surface mutant protein pre-S2 was
observed in Huh-7 cells. The result has shown that
increased ER stress by pre-S2 protein was significantly
enhanced NUCB-2 expression. We also observed that the
overexpression of NUCB-2 was corrected with ER stress in
human hepatocellular carcinoma tumor samples.

In this project, we will focus on three aims: (1) To
analyze the role of NUCB-2 in response to ER stress. (2) To
determine the mechanism of induction of NUCB-2
overexpression by ER stress. (3) To investigate the effect
of NUCB-2 overexpression on the action of chemotherapeutic
agents. We hope to identify the relationship between NUCB-2
and tumor development in response to ER stress, and these
results could provide important insight in tumorigenesis
and chemotherapy. Consequently, this mechanistic research
may provide a molecular basis to develop a biomarker and
novel cancer chemotherapeutic agent for high level
expression of NUCB-2 in cancer patients.

Keywords: Hepatocellular carcinoma; Huh-7; HepG2; MCF-T7;

nucleobindin-2; hepatitis B virus; Hepatitis B virus pre-
S2A large mutant surface protein; endoplasmic reticulum

stress; XBP-1; 293T; tunicamycin; brefledi A
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Abstract

Previous studies have indicated that the
induction of endoplasmic reticulum stress was
observed in many disease or tumors such as
hepatocellular carcinoma or diabetes. Many
factors may interfere with proper protein
folding activity in the endoplasmic reticulum
(ER) such as mutant proteins, viral infection,
hypoxia, low glucose or chemical compounds.
Accumulation of unfolded protein will activate
ATF-6, PERK and Irel signaling pathways in
response to ER stress. Recently many studies
have indicated that overexpression of
nucleobindin-2 (NUCB-2) is

clinical tumor samples such as gastric cancer,

observed In

prostate  cancer, renal cell carcinoma,
endometrial carcinoma cells, colon cancer and
breast cancer. The survival rate of high-level
expression of NUCB-2 in cancer patients was
lower than cancer patients with low-level
expression of NUCB-2. However, the effect of
NUCB-2 overexpression on tumor cells is still
unclear. In this project, we want to identify the
of NUCB-2

cells. Our

novel role and mechanisms
overexpression in hepatoma
preliminary results indicated that two ER stress
inducers, tunicamycin or brefeldin A, increased
NUCB-2 expression in three cell lines
(Huh-7/MCF-7/HepG2) and in vivo. NUCB-2
mRNA expression level was induced by ER
stress as determined with RT-PCR and
real-time PCR, and induction of NUCB-2
protein level was significantly increased by ER
stress. Furthermore, nuclear translocation of
NUCB-2 was observed during ER stress. The
NUCB-2 in

tunicamycin-induced

role of mediating
apoptosis was  also

investigated, and downregulation of NUCB-2

expression by NUCB-2 shRNA significantly
promoted tunicamycin-induced apoptosis in
Huh-7 cells. In addition, induction of ER stress
by HBV large surface mutant protein pre-S2A
was observed in Huh-7 cells. The result has
shown that increased ER stress by pre-S2A
protein was significantly enhanced NUCB-2
expression. We also observed that the
overexpression of NUCB-2 was corrected with
ER stress in human hepatocellular carcinoma
tumor samples.

In this project, we will focus on three aims:
(1) To analyze the role of NUCB-2 in response
to ER stress. (2) To determine the mechanism
of induction of NUCB-2 overexpression by ER
stress. (3) To investigate the effect of NUCB-2
overexpression on the action of
chemotherapeutic agents. We hope to identify
the relationship between NUCB-2 and tumor
development in response to ER stress, and
these results could provide important insight in
tumorigenesis and chemotherapy. Consequently,
this mechanistic research may provide a
molecular basis to develop a biomarker and
novel cancer chemotherapeutic agent for high

level expression of NUCB-2 in cancer patients.

Keywords: Hepatocellular carcinoma; Huh-7;
HepG2; MCF-7; nucleobindin-2; hepatitis B
virus; Hepatitis B virus pre-S2A large mutant
surface protein; endoplasmic reticulum stress;
XBP-1; 293T; tunicamycin; brefledi A
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= % > 313 B 74c™ : Huh-7 NUCB-2 forward
5'-GGACCACCAAGCTCTTCTAAAACA-3';
Human NUCB-2 reverse
5-TGTTGCCGCTTTGATTAGCA-3' -
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USA)Z & ¢ B~ 15-25 pg w v P2 %
BFE S BEE o - &Fufl (anti-NUCB-2,
anti-GRP78, anti-p65, anti-pp65 ser 276, pp65
ser 311, anti-ERK, anti-pERK, anti-Akt,
anti-pAkt, anti-ATF-6, anti-Irel, anti-elF2a,
anti-pelF2a.% anti-tubulin) #§ 1 &4°C T #
& 16 -] B¥ » 12 Tris-buffered saline (TTBS):&
710 A4l = SFkts 0 b 2 2 Al
(12000)19 BERETRITFR- IR
TTBS {7 10 » 4 § = =X s o A1
ECL(Amersham Biosciences) i g 4 ¥t k& {7
AR

MTT assay

mie F BT PIEd MTT assay k % = o
B 4 3x10° 7% % tm *2 (Huh-7/HepG2/MCF-7)
i 24 4T & > 16 fJ‘E%%;m\wm ok
B2 TM & BFA 2 Z$ & 22w » it
37°Ci—3% 24 2 48 | pEs 4 ,%i%%iijs R e
*~ 7 0.5 mg/mL MTT #1325 & & 12 37°C & 5%
ZFNERBARBE 4 283 K,érti—g%%
£ 4 x 500 wl DMSO 7% ﬁ’éﬁ’f v £ 18 B~ 100 pl
Fl 96 34T K32 & 44wt £ 570 nm kP £
Hw gk » i 4;5 NEme 3EEE
ok g PR 2 e

E}

T
m



BH kA

% £ 3x10° e%6 % ' ¥ (Huh-7/HepG2) 48
FEt 64 34T K16 - J El?»“fé/w\ LA ek B2
TM £ BFA & A2 fm¥e » &1 7 37°C 1 % 24
SER R % é.'l 3.7% paraformaldehyde
e JRPE A 415 1 PBS ik z 0 218 B
REEEE EE (4 EJRiS Bt ~ NUCB-2 4o
Rt b A L 3 LR NUCB-2 s F 28 »
AP ERE AU N FRERS et (ER
tracker; cell signaling cat. 8787)~ #4848 &3¢ 4~
(GM130 antibody)% & & #7481k 32 (COX
IV antibody) % fe f&F i {7 B4°Cr%16
| PEtS 2 PBS fik = & {5 4c ~ anti-mouse
FITC-conjugated #i#8 &% 8 ° F Js— /| F¥ »

w1 PBS jrieis g k2 & pr B A ACELE M

BT E.ZE NUCB-2 ch4 5 2 £ B35 -

‘E"}?’ o

e R e PR T AR

A dde T R IR R e 2 R R T e
BE wmredode FAM A& Z I
NE-PER Nuclear and Cytoplasmic Extraction
R o H gy it o
# 1x10° Huh-7 4w *¢ % % tunicamycin or BFA 2
(8B & B EE0~3-6~12-24] FFenpJe >
Fo dmre T B 18 S PBS R 6 12200 ul eh
cytoplasmic reagent I solution k 3= ‘w & 4747 {8
Bk 10448 0 2 8 F 4 > 11 pl 5
Cytoplasmic Extraction Reagent II solution: ¥
kb - o418 1 16000g8 T A4 0 b
R L e T Red R B o 4R pellet
£ #v » 100 pl Nuclear Extraction Reagent I **
J\ F 404 4815 2 16000g3 < 104 48 > #7(F 3|
PRI me ) dhked B R E 2L
e A e fode FRES T P ELE DR
x & 17 NUCB-2 2 GRP78 #fm?e p & fv

A% » r4B-actin topoisomerase Il % § 1% fm%e &

reagent kit (Pierce) * it

3 'mPe ¥% einternal control I L E fm e A B

T FRE o

NEF RS FEN TReRS

3 EBALBCE B G - AT A S ]
2 (%A PBS)%2 F % 2 (%4 3ugkg
tunicamycin) » 12 FEL R 3N 3 b {8 B D4) PF
Z_ {8 A BT R A e d e R L A N R
6§ RS rtrizol k 35 B~total RNA » B~lug
RNA i& {7 reverse transcription & 1/ real-time
PCR % & #NUCB-2~GRP78 2 GAPDH:% I

' o

r2 xenograft model# 3= -3¢ &2 7 B F%
1 x 10°5Huh-7 ~Huh-7 NUCB-2~Huh-7
shNUCB-2 2 Huh-7 NLS-NUCB-2 ‘%z /3 &+ 3
SCID micesn# 3% » £ F—- B AP SgHL 2
R H - wPHLSE R - E AL
e 21 Z 4 B8 e o (sorafenib: 25 % 50 mg/kg);
doxorubicin: 3 % 6 mg/kg)  “EisF B X 1Y
”%iﬁiﬁﬁﬁ’ﬁﬁﬁﬁm%if
TREHEE ) F Tk L X
= PR 40 18 s Mxﬁﬁnm R

* oo

Chromatin
assay
Cells were plated into 100 mm-diameter

immunoprecipitation  (ChlIP)

dishes for overnight incubation and stimulated
with or without 1 pg/ml of Brefeldin A for 0, 3,
9, and 24 h. The CHIP assay was performed
according to the supplier’s directions
(Millipore-Upstate, MA). Briefly,

treated cells were fixed in serum-free medium

Billerica,

containing 1% formaldehyde for 10 minutes at
37°C. Huh-7 cells were cross-linked with 1%
formaldehyde for 10 min. The cells were then
sonicated to shear

harvested, lysate, and



genomic DNA into fragments of 200-1000 base
pairs. An aliquot was also retained as an input
sample to normalize PCR reactions and analyze
shearing efficiency. 400 ug of each remaining
chromatin preparation was incubated overnight
at 4oC with 2 pg of anti-AFT-6 or anti-XBP-1
antibodies. Both immunoprecipitated and input
DNA samples were analyzed by real-time PCR
to determine the relative amounts of DNA from
the NUCB-2 gene promoter region present in the
samples. The primers used for amplification by
real time PCR were:
forward primer: 5’-ctccgggtaagctagggaag-3’
reverse primer: 5’-aagctgtggagectggtg-3°.
Plasmid  transfection  and lentivirus
production

€ ® A I RNAI1 coreft % e shRNA -
pMD2.G % psPAX2 F % £ lipofectamine 3000
REFEISS S > DNAR &% 4 »293Tw
2P s B37°CE R4/ PFiS L AT 30% 0
FERAALSEM ) ERABIER AL
2 i £ #Jc B F 7 lentivirus 32 £ A 2
polybrene;® & 14 3 B 4 e o B4 15 chimre
1 pg/ml puromycinfJ22 % H 18 fx B dm o2
total RNA g total protein !“ real-time PCR g
western blotting = 72 4 47 4p B & Flen & B o
(shRNA 7 L35~ Plasmid % stable clone ¢z

*)

NUCB-2 promoter i = 2275 4 45

AN - w3 B & R ANUCB-2 e
promoteriE * # pGL-3-basic luciferase reporter
plasmid k &~ 47 % L p FRB 4 T L RDEFA)
B % 4= NUCB-2 promoter (pNUCB-2 Luc
reporter plasmidi¥ » Huh-7:w® ¢ > 2 {3 & 1
tunicamycin % BFA % &J2 fm¥e » & %] 5 iE0~3~
6~12-] p¥ 14 » 11 Dual-Luciferase Reporter Assay

-

System (Promega) %k 4~ 472 . F 4 sl +
B 74T

A.

1.-1315 ~ -1: forward-Kpn I- 5'-ggc gcg ggt acc
aca gac aag gac atg gag gc-3'

2.-900 ~ -1: forward-Kpn I- 5'-ggc geg ggt acc
cag att ggt ctc aaa ttt ttg -3'

3.-450 ~ -1: forward-Kpn I- 5'-ggc gcg ggt acc
cca agg cgg agg acg ggg gtg t-3'

4.-175 ~ -1: forward-Kpn I- 5'-ggc gcg ggt acc
tcc aca get tcg gec cte cte-3'

B.

1. reverse-Bgl II-5'- cct aag aga tct gcc cca cca

cce gee geg -3'

Plasmid 2 stable clonesruz >

B R Rge NUCB-2 A F]0 T 7515
1 (1-396 amino acid): NUCB-2 forward-Hind
III 5'-ggc gcg aag ctt atg gtg cct att gac ata gac
-3' ;5 NUCB-2 reverse-Not I 5’-cct aag gcg gcc
gcg a aat gtg tgg ctc aaa ctt caa-3’
2 (85-396 amino acid): NUCB-2 forward-Hind
III 5'-ggc geg aag ctt atg ggg agg cta age aaa gaa
-3' ;5 NUCB-2 reverse-Not I 5’-cct aag gcg gee
gcg a aat gtg tgg ctc aaa ctt caa-3’
3 (166-396 amino acid): NUCB-2 forward-Hind
III 5'-ggc gcg aag ctt atg gaa cac tat gac aag
ac-3'; NUCB-2 reverse-Not I 5’-cct aag gcg gcc
gcg a aat gtg tgg ctc aaa ctt caa-3’
Tk {8 K E {8 e NUCB-2 f # # 7
pCMV-HA plasmid (gift from Ming-Derg Lai) >
pe b R 2 2 e £ R O NUCB-2 39§
H 313 B 5]4c™ : NUCB-2 formard-Hind IIT 5'-
ggc gcg aag ctt ggg agg cta agc aaa gaa c-3'
(85aa-396aa) ; NUCB-2 formard-Hind III 5'- ggc
gcg aag ctt ctg gaa cac tat gac aag act cg-3'
(166aa-396aa) - Huh-7 shRNA stable i = >
shRNA &*@ AR 73] F P EEP k<



WH P B R A H 4 T
NUCB-2shRNA:  TRCN0000055526 %

TRCN0000300120 ; ATF6-shRNA:
TRCNO0000017853 ~ TRCNO000017854 %
TRCNO0000017855 ; XBP-1 shRNA:
TRCNO0000019804 ~ TRCNO000019807 %
TRCNO0000019808 ° KAPI shRNA:
TRCNO0000013159 % TRCN0000329913
STAT3  shRNA: TRCNO0000329887 %
TRCN0000329886; FOXMI shRNA:
TRCN0000273982 2 TRCNO0000015544; ATEF2
shRNA: TRCNO0000013713 2
TRCN0000218254; GATA3 shRNA:

TRCN0000273944 Kz TRCN0000273991 < & £
#-iz 4 plasmid % = o lentivirus 4 i# » Huh-7

P
4

cells {4 12 puromycin & i 2 % {3 » 11 real-time
PCR -+ 3 & s rE e B
p3XFLAG-CMV-NUCB-2-NLS = & » s\ i L
# NUCB-2 2 SV40 NLS ;ﬁ—f&'r&‘ [ G-
3z § * pUC-NUCB-2-NLS > 2% ip* & 12 HindlIII
% Kpnl ‘4|53 p3XFLAG-CMV {48

+om oo

=3

+
s R

Annexin V/propidium iodide assay

For assessment of apoptosis, both floating
and adherent cells were collected and analyzed.
Briefly, 5 x 10° cells per dish were plated onto
6-cm dishes and incubated at 37°C for 16 h. The
cells were treated S5-fluorouracil for time
indicated. The cells were washed twice with
PBS and collected by trypsinization. After
centrifugation at 400 x g for 5 min at room
temperature, the cells were stained with
Annexin V and propidium iodide (1 pg/mL).
The cell apoptosis distributions were determined
on a FACScort flow cytometer and analyzed by

ModFitLT V3.0 software program.

10

ofe x PP analysis.
To

analysis, 5 x 10’ cells in 6 cm dish were treated

determine  cell-cycle  distribution
with various concentrations of tunicamycin for
24 h. After incubation, the supernatant was
removed, and the cells were then fixed in 70%
ethanol/PBS, pelleted,

buffer containing RNase A and propidium

and resuspended in
iodide. Cell-cycle distrubation was determined
by flow cytometry analysis, and the percentages
of cells were determined using the WinMDI

software.

caspase-3 & 14 7

1% PE active caspase-3 apoptosis kit (BD
Pharmingen) % 1§ ;¢ Caspase-3 cri5 14 o #- 1 x
10° Huh7 ~ Huh-7 Luc ~ Huh-7 NUCB-2 shRNA
4= Huh-7 NUCB-2 EGFP ‘% 35 % & 10 & &
BiEr s A%3 2 FELERRIE 2448
= - B R 0.5 ml
Cytofix/Cytoperm #74g 18 3z ferk b 20 4 48 >
2 {8 £ %5 7 20 pl caspase-3 antibody i
100 pl Perm/Wash buffer » &% 8™ * J& 30
k8 {8 Bt ~ 400 ul Perm/Wash buffer 4 > &

Berlin N e 58 452 o

P O V)

Colony formation assay

B L3 1000 %% s *e (Huh-7-control /
Huh-7-NUCB-2 shRNA / Huh-7-NUCB-2
EGFP) #fe >t 6 34T &4 + » & 10% FBS-
supplemented DMEM 5 % 232 % 24 /] {5 &
Hd 7 B A A 37°C v% 24 ) pF
PBS e & S fodk & - At & A
(10% FBS—supplemented DMEM)
Ed X {#FH-IEBR2HL > B l438H8M
3.7% formaldehyde % Z_t$ > £ 12 crystal violet

BERS 2 BEFEF - BILE D DR

22, -
e » ©

3 24 N =
v 2 fe M

"z colony er#ic P o



P A

Results were presented as the mean * S.D.,

and statistical comparisons were made using the
Student’s t test. Significance was defined at the
p<0.05,0.01 or 0.001 levels.

R R R L A

1. "% 22 NUCB-2 £ LR i

B ST A FRE NUCB-2 £ Rl & &
W2 Ty o AP LB R ad A
B R3EF 5 MR NUCB-2 4 b i o
B & fI *  ProteinAltas F & £
(http://www.proteinatlas.org/) & 4 7 NUCB-2
BTG R Y R TN 0 A 4T AT

gl B RGN P L N
NUCB-2 F i & % R o pb b 20 | #
SurvExpress e A3

(http://bioinformatica.mty.itesm.mx:8080/Biom
atec/SurvivaX.jsp) X # 7 NUCB-2 mRNA i
3 AR Y AR 0 Bk A
B 225 g R A THEY B3 BT 4
WAfFa, o ¥ - 3 g > NP 25T
P i d ~ 47 NUCB-2 £ I E & e 2
T e F Bk koo A 4] % PROGgene
(http://watson.compbio.iupui.edu/chirayu/progg
ene/database/index.php) % 4 17 81 & *Fffs *
BRI 2 RGF NUCB-2 # e 4 H
FREFP A % R NUCB-2 4 V7%
oA R e FLAE AU Z 87 4
FEMEE & 47RE NUCB-2 0B &% > %

% AT § PR % NUCB-2 8 % Reni
A5 2 12’55*&'«/?3 FEEx3 B RGP

2. M R4 3% ENUCB-2 MRNAZ R

H LA 4] * TM22 BFA & &2 Huh-7
HepG2% MCF-7 ‘% > 50~6~12~24 /] p&
R 15 4 4 NUCB-2 mRNA e B35 >

11

PN F R 4T PR e APEL
mRNA & o ¥ - 26 > Nips e
AR FREY TAPEL R ARSI
A 225 pg/ml tunicamycin % /@32 Huh-7
% HepG2 » %580 ~3~ 6~ 12% 24/ Pregs &
¢ 11 RT-PCR % real-time PCR % %4 7 NUCB-2
mRNA 4 B E > 2 % & 77 Stunicamycin/&d2
T 6-24-] PFNUCB-2 mRNA 5 F' &g 3 v eI
%> L 18— H 30 P92 1real-time PCR % 4 47
NUCB-2 mRNA 4 3 5 5% & Ao b F R
4 ¥ P A ENUCB-2604 31 o

3. P FRER4FENUCB-2 v F4AR
w3 ,Fabgyg.i ?‘r%@g ?J'l?‘;ﬁ;%
NUCB-2 mRNA % 3> F]pt 8- H Vi g &
2 BLENUCB-23-v F & ME o AP 1125
pg/ml tunicamycin %k 2 Huh-7 ~ MCF-7 %
HepG2 > 5i 0~3~6~12% 24/ Prenfid? {8
A $NUCB-23-v Fini RE » S5 8T o=
ﬁ@%ﬁﬁﬁ?ﬁ%ﬂﬁ?&@*?ﬁﬁ
NUCB-2i& R o izt g R gn p kR4 +
1135 FNUCB-2 mRNA % 3-v B ek 3o 1 ¥

g L R A

nB T A FRRA FENUCB-2

v iR
¥F—- 3 g » 3 p xT —N’» ST fm e o P

kAT R4 T NUCB-2 2 4 Reh
Ay N s B R KRR A
/g4 T NUCB-2 4 fehfa50 24 9 12 3ug/kg
BALBC * B » 5§ 24
/| B {5 11 real-time PCR 4 47 ¥ R B | ehimbe
# NUCB-2 eh# A 0 S % B absdo fil
FTAPE LT FRPN TR T UG ga;
SR T‘%.‘« w2 GRP78 2 NUCB-2 s & %
Baj o g b A s R sk B ”Sa‘ﬁ'_ﬂ_
B BRI el % o

£1 tunicamycin X5+



5. R F R4 B transcription® 4 % # ¥
NUCB-2% 31

50 AR F R4 ENUCB-2E
¥ 4 MAFFE- A 38k 4 NUCB-2
mRNA e 4 I &
inhibitor actinomycin D % £ tunicamycin %
Rt o - H REFAN FRRAT
NUCB-2 mRNA % &35 » RT-PCR 4 #7 %
% &7 B & # AI2 tunicamycin 2 actinomycin
DPFNUCB-2 mRNA % L& P! & cipldrd] 7 >
fe B 2% 4 2 real-time PCR % 4 +5Huh-7 m %%
¥ Hhed TMa —‘ﬁ £ & EI® actinomycin D s
NUCB-2e14 3R 0 2 % & 57 NUCB-2 mRNA %
WAkl e R R AN FReRS FE
NUCB-2 # 3 #_i% igtranscription 7173 3% o

» B 1) 40P 1) transcription

6. fp B4 HNUCB-24 B € 3 e bw
B v =

BT RZORREN FRERS T A ES
NUCB-2:F £ % It /w % #rd> i e dk ¢ > 24
#1721 shRNA 3 3% % % MK NUCB-2¢04 10 5 &
- H L ER W% 5 SN o B % 87 shRNA
TP AR A N R R4 T MNUCB-2h
%3 EGRP784 ME * XL Pl {2 #
LA AR ) TR T
¥ '8 MNUCB-2 4 L& &V 17 848 fm b v

— o

7. p FRR 4 % ENUCB-24 » e 1% p
AwH sy A L7 NUCB-2 v F
%12 7 DNA binding domain » f#ip] 3% &
NUCB-2 & & # BPF ¢ ¥ Flehd I3 7 ¥
& A AU P4 LR Huh-7 e s
4 tunicamycin & %] 5 0~3~6~ 1224 /| p&F
6 0 Jo lmie B {S i 4 Foo B A LIS A 4T
NUCB-2 t4 L% A # {250 &% A m & "%
PO R4 E NUCB-2 # £ 4 RpF >
NUCB-2 » ¥ BLZ TP & » % cnIi 4o 70 4

12

i 3aip] NUCB-2 i& » fm% 115 7 it ffh 7133
FIERPIFFLE DA ARA PR
- b 78~ e P e NUCB-2 #7807
g1k d o

8. LAKIFHEENY BRIIN TR &
NUCB-2i§ £ 4 3.2
g A BTN FRRS T UG E
Sl dmfe th ¢ NUCB-2i8 & % Jenfia) 0 971y
V- 2R PRI RELLFITERRS A
TRLRIIEE I f o ST AL A ST
ok A5 PR 4 01 2 NUCB-2
LR (A AR R R T A S
LREFHRIRE) SELFTEAPERL
fORTRR R TR AT R L W R R T
NUCB-24 I8 » 4p ¥ 34 4¢ o

¢ P

g9
—

2
g

N

.

9.BAIF L &5 REFY pre-S2AF HP T
R+ A2 3% NUCB-2 i § 4 R

¥-2m o ‘S% RIS 2 PS40
R4 2 % NUCB-2 4 mA4Fae » A p
» FPRERs fl* B AL Lo R %
Pre-S2AKHE R RS o ig- H et L
NUCB-2 # RT3 o S %87 &% R3
pre-S2A< Huh-7 sn®e @ ¥ 12 of o e R 4
T AR I NUCB-2 thd g v 24
ke g oo b o pre-S2Aen 4 s 4 3 NF-kB~
ERK * AKT i & Fifik it g 4 o

10. 12 pEGFP-NUCB-2 48 trim®e ¥ § € 4
7

prb e - o BRF AEE AR
NUCB-2 F¥ 4t fm %2 e 82 58 » #7102 o ] #
pEGFP-NUCB-2 7 48 # % ¥ » wm®e ¥ i § %
TR PLE A m e o F LA 2293 T i
7 R TDNA L » L v F s k%
NUCB-2-EGFP # 32} » & % & 77 NUCB-2
TP AR W pA

-



western blot= ;2 Xk 2 47 > % %+ % NUCB-2

SRR IR

.k
11. * i« Huh-7 7% ¢ NUCB-2 % ¥ 123
4e sorafenib 3 # 3% %

Aie - Ly U NUCB-2 shRNA %
*# M Huh-7m% ¥ NUCB-24 1 » i& - # L%
3FJ 4% e Z $ sorafenib¥t M NUCB-2 £ IR w %
719, 8 o 2\ {9 Js Huh-7 ~ Huh-7 Luc shRNA ~
Huh-7 NUCB-2 shRNA 2 70004 fm #z f& {8 >+
96% > £ 111~ 54r10 uMsisorafenib k a2 >
284 MTT R A 7im%e i 5 > % BT
%20 uM sorafenib f J2 PF ¥ 17 P OAg LR T
sorafenib¥ 11 3% ¥ { % Huh-7 NUCB-2 shRNA

mie = o

12. Huh-7 =% i§ £ NUCB-24 3.7 14

# > sorafenib & ¥ % o

# B % % ' pEGFP-NUCB-2 ¥
£ K 3 4c Huh-7im % » NUCB-24 3 > :£-
BB ¥e 2 e sorafenib¥t 8 NUCB-2 4 11
m*e el 58 o A i s Huh-7 ~ Huh-7-EGFP ~

Huh-7-NUCB-2-EGFP 2 70004 ‘m *2 & {2 % 96
? o g 21~ 594010 pM:fsorafenib k g2 o 2
BAFMTT R A 47w 3 E 5 o S5 T
£ % JANUCB-2¥ 14 P & ik -> sorafenib a2 p#
srig Eenimre o= o

e -

13. &p FeBR+ T XBP-1:#43 NUCB-2 %
EL

J€ L w0 eNUCB-2 promoter 4 47 3 IR 7
B i &2 B e R 4 4p B eftranscription factor >
% w5 ATF-63% XBP-1 o 2% if# L 14 lentivirusi®
= r2Huh-7 XBP-1 shRNA m®s $& > 1] * p H 4
R A EATMAEIE (4 £ Mreal-time PCRA 47
NUCB-2e04& B - &% &1 % 3 XBP-14 31
B M A AN FRES VPSR K
NUCB-2¢4 3 > &7 XBP-1 & p Fragk+ =

13

HNUCB-24 R FE & ek d o

14. TRB ¥ e 8 A 47

SRR R F L
APFIR A PR TR SRR, T
BLET] NUCB-2 £ E 4 34 FpEat
FH* AP TR IPFLFTHEES
w IR.“*ffﬁ,v,fé_E_f%‘i " 3 NUCB-2 & # Renfia)>
e oA P F AR AT T TR NUCB-2
EAA S 0 50 M AR ABRARRE S BOTR
fﬁp‘ At Y NUCB-2 £33, > NP dd &/
Tl AT 'mr,?ﬂ—ﬁ&%;&ﬁi = p oA\
e b d RGFREE 240 w4 i g arE
H i 4 ke 1 RNA > #-1]* real-time PCR
R A 47 120 29 F% 48 ¢ NUCB-2 - GRP78
% GAPDH #4 & ’;gﬁb ATl BF R
PR R AT A SRR R _9_*]%.‘« ¥ NUCB-2
F I AEA) 0 i % T LR A S R

BROTET Ehpeh et L2 £ R .

-

7 - e

FEAEp
AP EHERAHEAPN TR E
nucleobindin-218 & % JL¥ "o (R 8
VRYGZEPFALYE o n Pl E-
EopmAPe 3 LR DR AP
FIRPN FRBA T 4o ENUCB-2:04
2 4] ¥ T & ILNUCB-2/m e 5+
B ihie E 5 5 F BN F R A
LG EE DT o P AR AL
1T el o TR A PR S e
B 2 TR A 4T 0 AR BT LB
B Al Tlhe PR LFLED
Peb R F R I A o2k FINE
A S X BINF] R AN S & oa g
FrREE oA AL TS AR ORA
mEFRRE i IR L ER ¥
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To Investigate the Mechanism and Function of Nucleobindin-2 in Human
Hepatoma Cells

Jui-Hsiang Hung", Ren-Hao Li, Chih-Han Li, Hut-Min Chang,
!Department of Biotechnology, Chia Nan University of Pharmacy and Science, Tainan, Taiwan

Hepatocellular carcinoma is a common malignancy affecting approximately one million
people worldwide annually. Recent studies have shown that appetite-associated nucleobindin-2
(NUCB-2) is over-expressed in clinical tumor samples such as gastric cancer, prostate cancer,
renal cell carcinoma, endometrial carcinoma cells, colon cancer and breast cancer. The survival
rate of high-level expression of NUCB-2 in cancer patients was lower than cancer patients with
low-level expression of NUCB-2. In addition, overexpression of NUCB-2 was observed in liver
cancer by using bioinformatics analysis. The liver cancer patients with NUCB-2 overexpression
are associated with poor prognosis. However, the effect of NUCB-2 overexpression on tumor
cells is still unclear. In this project, we want to identify the novel role and mechanisms of
NUCB-2 overexpression in hepatoma cells. Our preliminary results indicated NUCB-2 mRNA
expression level was induced by ER stress as determined with RT-PCR and real-time PCR, and
induction of NUCB-2 protein level was significantly increased by ER stress. Increased ER
stress by pre-S2A protein was significantly enhanced NUCB-2 expression. We also observed
that the overexpression of NUCB-2 was corrected with ER stress in human hepatocellular
carcinoma tumor samples. Consequently, this mechanistic research may provide a molecular
basis to develop a biomarker and novel cancer chemotherapeutic agent for high level
expression of NUCB-2 in cancer patients.

keyword : Endoplasmic reticulum stress; Nucleobindin-2; real-time PCR; RT-PCR; HBV large
surface mutant protein pre-S2A; Hepatocellular carcinoma; Huh-7; HepG2; MCF-7,;
Tunicamycin; Brefeldin A.
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To Investigate the Mechanism and Function of N ucleobindin-2 in Human
Hepatoma Cells

*Jui-Hsiang Hung, Ren-Hao Li, Chih-Han Li, Hut-Min Chang
Department of Biotechnology, Chia Nan University of Pharmacy and Science, Tainan, Taiwan

Hepatocellular carcinoma is a common malignancy affecting approximately one million people worldwide annually.
Recent studies have shown that appetite-associated nucleobindin-2 (NUCB-2) is over-expressed in clinical tumor
samples such as gastric cancer, prostate cancer, renal cell carcinoma, endometrial carcinoma cells, colon cancer
and breast cancer. The survival rate of high-level expression of NUCB-2 in cancer patients was lower than cancer
patients with low-level expression of NUCB-2. In addition, overexpression of NUCB-2 was observed in liver cancer
by using bicinformatics analysis. The liver cancer patients with NUCB-2 overexpression are associated with poor
prognosis. However, the effect of NUCB-2 overexpression on tumbr cells is still unclear, In this project, we want
to identify the novel role and mechanisms of NUCB-2 overexpression in hepatoma cells. Our preliminary results
indicated NUCB-2 mRNA expression level was induced by ER stress as determined with RT-PCR and real-time
PCR, and induction of NUCB-2 protein level was significantly increased by ER stress. Increased ER stress by pre-
S2D protein was significantly enhanced NUCB-2 expression. We also observed that the overexpression of NUCB-2
was corrected with ER stress in human hepatocellular carcinoma tumor samples. Consequently, this mechanistic
research may provide a molecular basis to develop a biomarker and novel cancer chemotherapeutic agent for high
level expression of NUCB-2 in cancer patients,
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