ISSN  1007-7626
CN 11-3870/7Q

hEAEYE S5 FAY2ER hitp ./ cjbmb.bjmu.edu.cn

Chinese Journal of Biochemistry and Molecular Biology

2020 4F 1 A
36(1):21~28

'é/

ﬁ.

AT

DOI; 10. 13865/j.cnki.cjbmb.2019. 10. 1424

AMMEEARNERBELZEZRPHERAEEX

21),2) g2 25k 1)
k=Y, XF#
(DA KFEFEMES ZERIME, 4ui 310009; 2) #r B AR TARER, 3L &M 322100)

WE MR SRS SRR G, EAR R TR T ML B RE, BT A
I, WA % (endoplasmic reticulum stress, ERS) K& T 89 K3 & %& & KL & (unfolded protein
response, UPR) @39 ATAHER 2 THIRB A ALK Z X E%, UPR BRZH{E%EE GRPT8 74
T M55 B (pancreatic adenocarcinoma, PDAC) %8 gL 69 78 =, - 34382 7 AL F A Fo ff 25 14

7 UPR %2 & LA B Fx T e A& AEKE-F (vascular endothelial growth factor, VEGF) #538
WAER A BT IR SR AR fe B B BE X 3e®) UPR iR 42 5 48R B -1 49 25 4 k42 A &
%ﬁ%ﬁﬂ%%%ﬁ%*ﬁ%ﬁ%%ﬁégﬁigaﬁaﬁ%mmﬁ%ﬁﬁﬁiﬁ%¢%%m

B S AT A A B LA dE UPR B IAE A 41308 97 AL JE 09 %42 8 A2 00 — AP 3 B 4 8 o ik
Eﬁ%&@%ﬁ;‘%‘o

KR MR, RIFERGREL; WM R

FESES R735.9

The Role and Significance of Unfolded Protein Response
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Abstract
diagnosis is difficult due to its concealment. It has been found that the unfolded protein response ( UPR)

Pancreatic cancer is a kind of digestive system tumor with high mortality rate. Its early

pathway in the endoplasmic reticulum stress (ERS) is crucial for the development of pancreatic cancer in
recent years. The UPR pathway chaperone protein GRP78 inhibits the apoptosis of pancreatic cancer cells
and enhances the resistance and tolerance to drugs of pancreatic adenocarcinoma ( PDAC ). The
regulation of vascular endothelial growth factor ( VEGF) by UPR pathway and its regulatory factors
contributes to the resistance of pancreatic cancer to ischemia and hypoxia. Targeted drugs for the key
regulators of the UPR pathway will be a new method for the treatment of pancreatic cancer. This article
reviews the recent research on the role of UPR in the development of pancreatic cancer, which helps to
provide reference for the study of UPR pathway as a novel anticancer method for pancreatic cancer.
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I JUAE, A AT H R AR 15 2 SRR B AN
WULE  JR IR K R e v B B D A SRR
FEORN L BRRR <21 g B R 2 T A I A
S BRE , FHR oy B IS I R iRVA TR YD
R IR AR5 78 52 J W IR) R, B R TR RO I 8, P
TR T A LT AT R ER RE T A2, S EOA
I7 AT ACHE S5 >0 ey DAAR AR 1= it v e Ao 114
IRIF K B B B A A AR TR B i, 2R
By TAEE S 107 ), TAFR  7EIR Y7 R AR R 7Y
R R B, NN B (endoplasmic reticulum
stress, ERS) B AR & & F1 X M (unfolded protein
response , UPR) &2 5 AR % VIM G, LRI &
S VRIRiNE s Rk LYW LS axa N AL
Ik VAR T 0]

1 ARMMHNRTEERRMEREZ

RITEHEFARNL (UPR) & —F Al %58 4 5T
(endoplasmic reticulum, ER) &/ 85 H B3 &R A&
A5 R, A (B B & RE S T BRI & H
LR R A D T v S N YT E S
MR, 2 P EORNEM IS W E AR ESCRTEE A
JRHER 7 A P I 98 RN, DA T SR A T
B, o745 8 BT LAY 5 25 1 BT
B fE v B MO O M B ( ER-associated
degradation, ERAD) 3 i X} A< 47 B B8 11 J5 114 8 i A
FH A 2 o B R AT A A S 2 i T
JoE A ECER 3 AN TR HETT T X BB A R T4 4
TIREAFFIE BOCHE L
2 RTEEARNEREESEBRESS
HITHRE

KA B Y 3 4> F 2535 B AR K
BERE N 0T Y S ( protein kinase-like ER kinase,
PERK) | # 5 i 1% [ T 6 (activating transcription
factor 6, ATF6) Fl13 AL EEFE 1 ( inositol-requiring
enzyme 1,IRE1) B5E R LA 20, 1E#EEUIR
A F,IRE1 ,PERK ATF6 5 K78 5 (W 43T
B E A A E A 78 (glucose-regulated
protein 78/ binding immunoglobulin protein, GRP78/
BiP) AbT45G 21 o 140 A N R AT B 2R 1 B 2
fioh 2 PN I D90 7 S4B, GRP78. 435 = 2 4 B, T 45 K
TrEEATF RIS E O RS S, RN =%
Zo—EME TR AR TEAL, 3 SIARI AYA5 - 18 8%, 330 R
Pr&E AR,

2.1 ERHERRE RN M A

PERK J& T 1 BUESHEAR (1, A I XU A
R R R AR B H B, PERK i 2224 51
BB AL AN SERAL T BG5BT 7
2 B o W3 (eukaryotic translation initiation factor 2
subunit o, elF2a) 227, B 15 mRNA 1EIF, S8
PO A A W0 B A B elF2a 2
PERK 1 NS, A AEAE R, T LR i b o /D>
HH BTHERR, R AT RE . (Rl AR ia ] L) ik
PV ol e R At B AR BONEE B R S T 4
(activating transcription factor 4, ATF4) f%) & 7%,
ATF4 3t A 4 i 8% J5, vl DL B I T 5
(activating transcription factor 5,ATF5) .C/EBP [f]Ji
fHH ( enhancer-binding protein homologous protein/
growth arrest and DNA damage-inducible gene 153,
CHOP/ GADD153) Fl A= {4l il DNA 5 £ 2 [N 34
(growth arrest and DNA damage-inducible gene 34,
GADD34) & [ ik, 5l M T Fik Bz,
elF2a FYBRIRILIG IR ATFA AOBHIERE J1, ATF4 A
ANHEAZ T ERAD AHOCHE [ BT 338, B 2R AR
BT, oAb, ATF4 38 0] 52 0 I 45 ) J A= 4 7
(vascular endothelial growth factor, VEGF ) #H & 3 [A]
A,
2.2 HRHEET 6 @i

ATF6 J& T 11 HY 5 8 11, 39 17 40 i S 70
FESHIRMESEMIBN . 5 GRPT8 43S , i i 4 i i
W R im R SRR, TR s /R B D W 4R 1 g S1P
(site 1 protease,S1P) F1 S2P (site 2 protease, S2P)
WK Y VI BTG B ATF6 1935 ¥ T2 28 pATFG6
(N), MBI ATF6 3 A 41 MIAX P 5 4 5T 9 )3
BN TeF (ERS response element, ERSE) 454G, 14
% GRP78, %5 4 #8115 25 1 94 ( glucose-regulated
protein 94, GRP94) SR 8 11 T 6 4 e it ) £
HEEE TS, 4k PERK BHIEEE A4 UG, ATF6
PR B A BT S RE T, RN BT B, 5
4b ATF6 AT 1H%T CHOP 23k, SR 40T,
2.3 FHLEEEE 1 B

5 PERK [, IRE1 W& T 1 ZElESHREN,
{H IRE1 3@ B4 A2 2 tb PERK M1 ATF6 3 i 1F FH 2%
18 . IRE1 Gl B2 AR & 8 RN PRSP O B
Je HaE i A B IR R R A g AL B R
[ 805 A5 PR R A . — D7 T, B0 Y TRE L
HA RN VIEESE, Nt X 45680 1 (X-
box binding proteinl , XBP1) [ mRNA 5§JF5ER 26
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Fig.1 The diagram of UPR pathway

The unfolded protein response reduces the accumulation of unfolded or misfolded

proteins and promotes angiogenesis through regulation of the IRE1, PERK, and ATF6 pathways

MEHBRNE T, AR EREEAYR T &
ST XBPL &MY XBPL S
EHBYT & 5% 18 MR A S I (f1n GRP78
ERAD %) B 5%, i A3 L BOME R R I TRED 42
Al3E of IREle K 8 1 % 9 ( IREla-dependent
decay,RIDD) SO U P J5 ) ) £ A A7 T, 2%
itk AL B2 3, 53— 5 I, BCHE 9 TRET i mf 3o 4
SEYR T AT e A g5 AR T
P4 1 (apoptosis signal regulating kinase, ASk1) , fifi
c-Jun B IR EEF (c-Jun-N-terminal kinase, JNK)
BT, ST A A A= T
2.4 RITEBEEARNERTENEERN

AT O AR A AR BN, A
(1) BSG, i PERK A4 i R 25 R, 410 i
panc g RIS IRy R s A bl N Gy 0P R e 4 S|
5T, 9 P9 I 36 £ (2) Uk, i d PERK-
ATFA 1 ATF6 A%, 35 2 705~ PR A R 3 S
THRE , Sk P9 5t 0 R 3T e 2 1 o A R AT 2R
AT 28 o T RE T, Ul P B R 1 R R
(3) )i, it ATF6 Fl IRE1 3&4% s o o I AH 3¢
ok Ak 2 1 O R R 1 22 35 BB 7, e it O 12 TE A 9 8 11

BT S 3 A A BAL e TN T
P PR A 1 5 RS T HE AR A B 1 o 2 1 TR
AR ML BE AR, B o A A AN IR R T B A A7 RE
I ARERHCAR A RS A, SO o 58 i i Y
B 19 R R T I A 2 R s TR
XKE, BEAS B 1L 20— B AR R T B 4 B R
P& E A ORI B H R, LURIEYLA L] 9 1E
Wisfy,
3 RAMTEEARNERHERRELZELRE
R E

iy A0 T A R gl A 5 A SR I A AR
RS BRI LA B4 bl A R R B
Sy BN BN AR B 8 R el R R AT B 1 R
P R P Jo P 107 35, A 3 7 7 B 35, 0 M 3 i
R BEE B, K NIRRT S5
AT 3 H BN T8 X T R e AR kTR T AR
JUR2TE 5% P 3g i1 AN T b 30145 6 S T ) 5 0
Ui e LR YT, PRSI RO N T VEGE B3 1K A
Jri, et 1A AR K AR PERK 6 1L, 5200 1
JESIBEA T G, W1, 5 S AR . i A 1
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W, RITEE AT GRPT8 FIHAM AR 5 1 5
R RS R N T ) B T S e ) AR PN BT A
AME S, GRP78 HT I T 4 1 O 4 98 40 i o T 9
To, BRULZ A6, i & 16 45 1038 B 3 M &=
S i R A R P At T RE SR TR T
B 05 A R TR 28 1 e 40 i 1 JR E R R
BB E IR BT AL 22T L S B ARIASL . KIS
[ RV R AR AT T B A M P PR TR AR T
IR R 28 (o HL 3 o S AR S ) R B O 4
THAERE 1, A, KA & R N E B T
VEGF 235 0115 VR, (2 2 1 It g 20 e 1) A= 4 3%
FEAIERS

3.1 KMBEA KA BT AR RE 40 AIE R &L M
BREIRE

B IR 20 B EL A R A I T R, LA
JE R IR, P9 5T I 7 357 R R g B2 TN R
iE A FH L R 22 M g A R 2 i 2 A k=
Povkpg B R E ™ P 7 38 nT fil X B AR 9 4
FEL A 5 ELA R FH o TR g 1) e R B s A
JEZERE R, TTRE S R I & B O 3 I 1 B
T MR R A0 R R R AR I R A= AE R T % )
DY,

AT B B SN T8 B R 4 TR S D 24 R
Fraiffa s 2 UIAH G, RIS 8 M N i i
PERK- elF2a ] fif #1382 4R 7K P BAIG, 42 T B A
Jo I 5 A B R R A B e #E LS XBPI
HlATF6 9K 37 & 85 (1 Bz i i 755 B 7, PERK
AT REELAT H Al R 75832 B A s B
SRR ) B 2 — BUAECS3K PERK TE 1k,
PR B s 20 M e A2 AR 2N 38, PERK XS T g 47
WHA AR P g E o E 2, M B ESE, s =
PERK i P 1 b 988 AR /N, A7 06 AR K9 BE ) B
Y B, PERK X elF2c 98 I P X6 T 5 A
FErE KM R E I B o B2, v] LU o it E
PERK ZIfig , SCIHARAY elF2a BEBR AL , MM 0 5 i
JaE K
3.2 RAMMEEARMMEHBER GRPTS HUATI
BE AR HRIAX RIS L E T R RN

K7 % W B PERK-elF2a , IRE1-XBP1
FATF6 — 2% [ 5 A o 19 ¢ R AE® % 1),
GRP78 AT & A ) HEAEARE A, #A R
R B E ARG RS T, RITSEAKR
7 38 b TRE1E GRPT8 I GRP94 141 P J5i 94
Pr&pe Sy, G v 5 O R 85 RV P, 34 5 1 9 4 it

BT RN R BT .

HWFFEFW, GRP78 1Y 3t 3¢ ik 1 19 I o 37 2k
HAF kR A MM A, itk
3SR T e sE 35 19 GRP78 shRNA JiE i 4
H@H&,i&ﬁ%}%ﬁ%ﬁé% PCR ., Annexin V-FITC/PI XX
Yuaf SRB AR & I . 5 R H YL GRP78 shRNA
H I, e e dH IR s 4 ML N GRP78 Y mRNA 3
R T I IR R 91% , 40 14 At 52 1) 1 1
RS . GRPT78 MHTIR T-/E FH P T 1B i g 4
LR T, I B HE TR R g v kTR 2 e ) g 5
Kt GRP78 £ 42 e i i 1 & J it R v R T
EXEEMNIER . GRP78 24k 1 I g i 40 i 1Y
T TE RS, I GRPT8 2 T 40 M AR i
M A BY e 35 P 98 RE T 40 i CBE 936 9700
Gifford 05T 25 R EK W, F+ 5 9 GRP78 5 PDAC
H AL 2 40 PR AE G, GRP78 23k % T8 7Y PDAC
oY 7 At PE 7 ( gemcitabine , GEM) HiPE+ 4%,
KIS HE N A GRP78 FiAMWAE S FHX
SEZ A A 2E U AT O 38, IF B3 GRPT8
VA LAk 24 B0 v 1 b 98 X B R 0 b 2 T
ST At 40 B AL SRR T b R £ e e S
KA B VAL SR ATF6  IRE1a Al PERK &
FLETT A GRPT8, K F Fe AR TS 8 1 R LA A
VR 259 Zhou %5 BF 5T R W, ATF6 15 5 &
A28 3 2 IR Y R P T T T R R T S T R 4 0
MR R RE ., B & W L5 T GRPT8 1
JE M i B 0 55 AL 2 h B 2R 35, GRPT8 IR IR 3 &
Ak B R & kSR R DA O, HL s R A
A ERL i R 5 A B P AR B . Dauer 25K
WF5E 2 BH , — b e 1 i o b ok 638 i 3 S 7, |
FRMEEA 1(Spl) T, "G AT S EA R
7 I T BN 1 T N SRR, Spl T 1R B
L5 P 5 7 3 2 2L T GRP78 Ja sl 7
F1R) PN I3 IO S 98 52 7 G 12 ) 485 5 ARG, 5 50 il
AL (LMP) |, 20 B 5 1 FF e B X
AR R AN A TS, 2 T 5E 45 SR R B, GRP78
i ok AR A i FE WAE JE PDAC 40 I Y 3 BE
GRP78 W] fig:l 128 5% M i TP 8K 11 46 - LE Ty e 4 1 o
fR2e35 , PEM AL HE PDAC BT B AR 284 A
I, GRP78 X TR IZIG E A ERE L, Hm#
IR BT R R AR R e AR R 2
RAWESE GRP78 78 N AR 98 & A= e e A8 o 1) 43
FAERBLEL, X F B 98 i i R 230 (6 2 A =&
B e
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3.3 AEEARMNIE KR HFERENLEE K
1R

XBP1 AT B 8 A N Y B 7 B, 2
PR I O 7 38414 — o R ) A AR e 1 0, A B AR
A ARG BT W, IEEXT TR A K AR
KHEEL . XBP1 FE P TE AR A A S8 3 WA sl
P LA 0, JF HAE MR B 5T 4, XF XBP1 [ B
FEIN A, B AR PP A DY 5 I R 5 R T R R
T Koong %517 i S e AL 528G | & BB R S
ARIGFRAS IR 6 40 XBP1 (928550 B & 78
g 55 2H 2 T TR AR b 8 JC % 35, Romero-Ramirez
ST AR IR R B AR E AT XBP1 Rk Y, I A
XBP1 HyZAHR 5 CD31 (N 4R ibnic ) ik
AHOCHR , UEIH AR 7 & 85 H R W Y IRE1a-XBP1 43 3¢
PRI 2 A I A AR B, AT B T AR R AR K
A A A

#F 55 % 81, IRE1a-XBP-1. PERK-ATF4 #I
ATF6 i85 VEGF By ¥ 5%, A B P& K1
M AE S RS R kA R R AE KR
T R B E AN X VEGF (1 335
TR MR R R A R R R BRI R T
P RE A0 ME , VEGE (/) 283k 1, v] LLgs S I R 98
iz A A8 R TR K, 2 2 T R i A M ) A 4K R
(780 XN AR ) kA kR E DY
VEGF 7 [ B 6 20 it v ik 22 380 Fs B AN B T
It 90% (IR VEGF 2526155 . PERK Al
At AT B 8 WA F 47 VEGF-A mRNA

Fa g e, UL R A B AR B A0 27 BT VEGF-A FTH
i ol 4 A= B R 7 B, B RE N B
N AT &R ROV 1Y A% S % PERK 5 VEGF
)25 R IEM ¢, PERK @ B 9GS 5 5 S T iF
[AF GRP78,ATF4 By3Rik it ATF4 575 VEGF
R A 007 P A B, R T e TR 2 A A G 3 A
FVEERS o DRI 3 0 OIR 28T /9 4 F R 4
BL e 7 T B i & A R e h R AR it
MG A AR Th VEGF IR IAB EHB S RiITEE
FH 5 7 34 A% Y TR 5 4 5
4 BRIENETREREBERTNEEARNE
ZiaTEERENEIR

VA JBE I Iz ORI AR AT B B S AR TR AR 1Y)
S ALY 256 9T T e A AL A5 DIAEOG . il
AFGE 2 AT DLW ORI 20 i R ok
Pr8aH T AR, DTG fish & AT B B R
AT EE ARV IR IREla 2R, ATH/N
&% STF-083010 #ifill, J& 5 FHLIT XBP1 57 43215
PEDST RIS T IR 5L, & JE 25 JE (sunitinib ) Xt
IR s 200 B A S 2 A R AE R i L 4R
M T 67 JE 5 & i e B R4 FH Asf 1), i SR HL o o) 4
FAB - F LR A TERE T (R I R 43 10 JB i o
H VEGF =31k, &7 J2 2 e n] 30l Jik it 46 200 i 33
FA AT RE S ARIT B R A OV B AE G, FF e e S
AN S 3 A ) R T 0 A O T ke ek 2 e A=
IR E RAFRCR (Table 1)

Table 1 Attempts to target pancreatic cancer by targeting the UPR pathway

Classification Dose Animal model Dosing time Effect Mechanism
Chloroquine 72 h incubation and I J
. ncreas
Chloroquine and/or 50 mg/kg; Mouse; In vitro PDAC  administration ¢ etdsc? ¢ UPR cell apoptosis
. i
Sunitinib GEM"* sunitinib; GEM  cell line Every day, for Apoprosis o and autophagy
PDAC cells
25 mg/kg 4 weeks
Reduced
Mouse; In vitro PDAC Inhibition of VEGFR-2
s [59] 5 o . .
Foretinib 30 mg/kg cell Tine 15 days pI‘Ol.lfeI'at.lOIl of and VEGFR-3
angiogenic cells
Bortezomib > 100 nmol/L Mouse cell line; 24 h Suppress UPR Suppress UPR
Human PDAC cell Ppress SUPPress
TL-118"" Not stated Not stated Not stated General effect VEGF targeted drugs
Aflibercept'®") Not stated Not stated Not stated General effect VEGF ligand inhibitor
. [61] VEGF
Bevacizumab Not stated Not stated Not stated General effect .
monoclonal antibody
Male CD-1 mice; Enhancing the
A | pan-SR . ’

Z"Vle pa§C 06 0-1 ;LIOO Pancreatic 24h,48h, 72 h Pro“i"t‘“j expression of GRP78/
modulator Rt~ pmo adenocarcinom cell Apoplosts BiP, ATF4 and CHOP
Artesunate binds t e S

rtesunate binds to 20 pmol/LL Human pancreatic A h PDAC Induce KRAS mutant

GRP78 inhibitor'®’

cancer cell lines

PDAC ferroptosis
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JER AR 315 58 B R P 2 2 S B R
ST RIME i H R 2 25 b A e B e
WS TAAASE R Y ROR . 2o 4k B0 A P 24
Yt e AN & R, A2 1 T TR AR e 0 B0 YR T Y
AWk g, IEAK (PS-341, Velcade ) J&—Fh 78
P AR AR v ELAT 3 M ) 22 B P 2R 1 AR LR 3%
25755 N BT I R, (BB R R & R E RO, B
HTIELERFSIR T AR IR . Nawrocki 58 A YA
GERHRE S B 7 oK ol g i 9 240 PR X P Joie IO 3 384
5 ) A L TR IS IR IR B YR YT AT S R
A7 B g INK (JNK 2 UPR 3175 18 3% FR W
(R 5 2 — ) BT8GR T, DT D B s g

ML VEGF S8 5 1 DR B4T (bevacizumab) |
B[R JE (apatinib) \TL-18 BiTAA PGS ( Aflibercept)
Hl Foretinib 5% VEGF Ay 3, tAEIR I7 R A8 b
AW A28 . LI ERS/UPR ¥ 1 VEGF i@
P& N B0 IR T BN R AT RE B R OB B9 IR 9T T B
Sarkar Bhattacharya L1 Z G AT T PN B I 3
N R B E RN Ca™ {5538 XX PDAC
AT RZ IR, Mahanine 38 i 3005 JLF R Ir &
HE RN AR 5 PN 5T P R JBORT Ca™ (5 5% 5,
554 B PRERAL | DA PDAC 4l GD3 i ik
5 | RS A ML T, 45 58 by 3 2k P9 J5 I 107 A OG5 =
i HEFT PDAC 157 SR AL . Mujumdar 251 fff
S, BN R PN TR GE T A A R T B 78
(Grp78) FHU 18 14 PN J5T IO 107 384, S50A68 J i s &4 i A6
T=. Clarke 55 58 & H, 5 PE LI 25 5 GRP78
HHEAE 75 B CLPTMIL A9 40 i 4834, 3 1 410 31
CLPTMIL HifA , ¥ o) bt ik 42 8 3~ 1 AR ELAE FH Ak
SEHU M IRIIR YT AR IR R A 0 R ) AL

5 HABSRE

SN2, PR BT O I SRR AR A 28 £ 1 S 3 (O
[K-¥- GRP78 Fil XBP1, DI R A& H R HE T
(1) 3 SR Aa R IR i B VD AH G | 70 B i A LB e |
REMER T A EZ MG, GRPTS MWLM T
Tiifie MR F 20 e 3% {8 09 76 L, DL & GRP78 34
PDAC 4Rl hi k42 & 1 1B A8 76 AP il i 4201y
WET WIS, RIT&EEHE A RN M IREla-
XBP1 4332, % T 1B A g 300 A4 4 sk 2 v 9 i 7 A
BE T A BT A M i 5 A . P
16 GRP78 / BIP & P45t I 7 8 1) 3= 2 0 5 IR -
BFR N AR UG A B AARE

[ BRI BT, R LA O 3 i LAAk T

ARG E G 2o . TARVIBR BRI A7 1
RIGHFR AN R W, i 257 5 A7
FEARREA RO IE LI N4 A7, TP iRAs B
L E R, WO W2 B R, xR R
I7 AT LB e R A 0 B MR AT T AT
ARUIBREFIR ST I7 58 45 5878 Il R i v LA B Rl A
Mo FRTRYBRARE 53R 16 T 70 N R B A K T
ZAK (epidermal growth factor receptor, EGFR) I
FR T 1R I A o ) | R B 2R AR A B R
VEGF 2 A 77 F1HAbAF 5388 B i 70 55, PRt
BN W BRI TE N2 4 A T e £ 1 S I T g A ) oK
1 78 25 1S 388 6 P PR R o — T LT ) R AR
AT I
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