YA g# G ey

238 Journal of China Pharmaceutical University 2018 ,49(2) :238 —246

1 AGR2 BTz EHR 18A4 HIFI4HARSM ACR2 55
A 25 4 Ae i

F % 3.",Siva Bharath MERUGU" ,Hema NEGI”,7p R 18", T =4 R EA" 2 AH

(MR 252, L3 200240 5° A= B AR A AR S PR 2 28 i AR S oL, L3 200240)

W OE ABASTREAAMNBAIREG AGR2 9 2. &% 7%t e, A375 F= B16-F10 F An N AGR2 w38 3% I 55 4n JiL 76 M, LK
VA AGR2 2 $e.&.09 3 55 FE 4k 18A4 =F 48 i St AGR2 5 59 I 73 2m FL 76 M 69 A ) 4E o ) MTT 3 Ao 55 & T %, 55 B 4o )
AGR2,18A4 Hi k3 A Ao Bk AAF A 3T dm R 38 204 71 09 % v 5 R X4 JL AR A ) AGR2,18A4 J 4k 5 ) Fe Bk A4 ) 5t 4m fieL ) A 64 %5
w3 R IR 2 Be ) 4w LT AL A8 7 s RAEIRAK S &AM 4a J T & T 4L ; Western blot F= %, 9% 3¢ K &b ml aa e M p53 k2 &, 4
BRI, A B 18A4 A5 g4k tm i S AGR2 504 Ik 9% 2m 38 383 JE A, G, /S tmf B B 44K , 3E 4% 1 JE An e Ao 0 LG
A0 T, Western blot Fn 595 3 0 4 &40 M X HLAEALST 254 I F AL 20 eh 4w B , 4w L1 AGR2 MeAk 4w W pS3 9 R A &,
7 18A4 fedbdp bl X — I, Fib 4k R AU 18AL 78 4% 4y ) 2m ie o AGR2 % 504 % A I 7 4w 076 M, & — b B A2 09 3 0 55
EEu R
R R S EHR18A4; AGR2 ; I J8 3R 55 s p53
HESYES RIS  XEFEEE A XELKS 1000 -5048(2018)02 -0238 - 09

doi:10. 11665/j. issn. 1000 —5048. 20180215

SIAA  F X 3~,Siva Bharath MERUGU, Hema NEGL, . 4t AGR2 3 St I 4k 18A4 44 m sk AGR2 3% 509 I /g am L& L [T ]. o B 254
X % 30,2018 ,49(2) ;238 —246.

Cite this article as: YU Tianhong, Siva Bharath MERUGU ,Hema NEGI, et al. AGR2-blocking antibody 18 A4 inhibits cellular tumorigenic properties
induced by extracellular AGR2[ J]. J China Pharm Univ,2018,49(2) :238 —246.

AGR2-blocking antibody 18A4 inhibits cellular tumorigenic properties induced by

extracellular AGR2
YU Tianhongl, Siva Bharath MERUGU", Hema NEGI', SUN Songxuanz, DING Yunhe', WU Zhenghua1 “, LI Da-

1,3 %
wel

!School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240; * School of Biomedical Engineering, Shanghai Jiao Tong Univer-
sity, Shanghai 200240;° Engineering Research Center of Cell and Therapeutic Antibody of Ministry of Education, School of Pharmacy,
Shanghai Jiao Tong University, Shanghat 200240, China

Abstract This study was to evaluate the cellular inhibition effects induced by anti-AGR2 monoclonal antibody
18A4 in two AGR2-negative melanoma cells, A375 and B16-F10, treated with external oncoprotein AGR2. MTT
assay and colony formation assay were performed to detect the cell proliferation rate. Flow cytometry analysis was
performed to evaluate cell cycle transition. Cell migration rate was analyzed by wound healing assay. Cell morpho-
logical changes were detected by phalloidin staining. The expression of pS3 was detected by Western blotting and
immunofluorescence. Results showed that 18 A4 inhibited the AGR2-dependent tumor properties including enhanced

proliferation, accelerated cell cycle, increased cell migration and morphological changes of cells. In addition, by
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Western blot analysis and immunofluorescence, AGR2 blocking antibody 18A4 also restored p53 expression that was

repressed by external AGR2 treated by chemotherapeutic drug doxorubicin. These findings suggest that 18 A4 is able

to inhibit the cellular tumorigenic properties induced by external AGR2 and is a potential drug against fumor.
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Figure 1 Monoclonal antibody 18 A4 blocked the proliferation enhancement induced by extracellular AGR2 in melanoma cells (x +s,n=3)
A :MTT assay of AGR2 and mab 18A4 on the proliferation of A375 cells;B:MTT assay of AGR2 and mab 18A4 on the proliferation of B16-F10 cells;
C: Colony formation assay of A375 and B16-F10 cells treated with AGR2,18A4 or a combination of them ;D : Quantification of colony numbers in histo-

grams

*P<0.05,"*P<0.01,"**P<0.001 vs control group,*P <0.05;**P <0.001 vs AGR2 group
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Figure 2 Monoclonal antibody 18 A4 hindered the cell cycle transition induced by extracellular AGR2 in melanoma cells (x £s5,n=3)

A; Flow cytometry analysis of AGR2 and mab 18A4 on the cell cycle of A375 cells; B:Flow cytometry analysis of AGR2 and mab 18A4 on the cell cycle
of B16-F10 cells; C:Statistical analysis of G, and S phase distributions in histograms

*P<0.05,"* P <0.01 s control group;*P <0.05,"P <0.01 vs AGR2 group
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Figure 3 Monoclonal antibody 18 A4 decreased the migration acceleration and morphological changes induced by extracellular AGR2 in melanoma cells
(x+s,n=3)

A : Wound healing assay of AGR2 and mab 18A4 on the migration of A375 cells; B Statistical analysis of A375 cell migration in histograms ; C: Wound
healing assay of AGR2 and mab 18A4 on the migration of B16-F10 cells; D ; Statistical analysis of A375 cell migration in histograms; E ; Cell morphology
staining of A375 cells with corresponding treatments ; F': Cell morphology staining of B16-F10 cells with corresponding treatments

*P<0.05," " P<0.01 s control group;* P <0.05,"P <0.01 vs AGR2 group
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Figure 4 Monoclonal antibody 18 A4 masked the decline of p53 expression level induced by external AGR2 (x +s,n=3)

A ; Western blot analysis of p53 expression in A375 cells with corresponding treatments; B; Western blot analysis of p53 expression in B16-F10 cells

with corresponding treatments. (3-actin was served as an internal control ; C; Statistical analysis of the band intensities on Western blots as compared to

B-actin bands in A375 cells; D Statistical analysis of the band intensities on Western blots as compared to B-actin bands in B16-F10 cells; E ; Inmuno-

fluorescence assay of p53 expression in A375 cells; F: Immunofluorescence assay of p53 expression in B16-F10 cells

* P <0.05 s control group;*P <0.05 vs AGR2 group

4 1 i

AGR2 fE Z R0 MR 4L 21 b i 33k, 20 P A
s AGR2 ¥ 55 il 7E e ¥ (n 25 5547 5%, BT LA
AGR2 —MBAE PR #E . BARBL A 5]
T 7 TR AGR2 JIfERYSEmE , (HI2 4T
A AGR2 25 B4 WA B . OB TR ST
TLLAGR2 O # 5 18A4 4T 1A 75 410 il 2 i b
AGR2 513 4 s 4 i i 4

oG MTT 5256 Ao e T8 il s e A B 1

18 A4 HLURREG AN HI 40 ML/ AGR2 51 f 33 48 fd
SRR, I E— R 4 AGR2 15 18A4 X4
NP AR . B2 P AGR2 RE A% 11 L I i
ﬁ%ﬂ%ﬁ%@@ﬁf&%ﬁ“”mm%Amu

SR 200 I S5 e R R . ASHIT S H 40
%@m SRULITIAN AGR2 B M RE I/ G, B
2, 30 S WIANAE, B EE A, HE s AGR2 X i
SR8 200 D 0 P R 2 e 18 A4 LA

AGR2 5 iigd 2 ML (4 30 7% A 6 B I 2R
PRI P AGR2 T Jak e i g 40 0 £ 28k, R 22



5549 5 2 ]

FREL, % it AGR2 STk 18A4 HIHIANHISN AGR2 5 S ORI AN 17 1 245

He AGR2 Ly A Jiss 2 iy , 4 i i) it £% RE 1 W] . 4
SR EIREAY, A AGR2 {7 E e 4 Y
TR, G EMT, bt 0 @™ o BrLIAHI
A0 1o 0 IR S 6 R 240 i A e A 18 A4 RETR 2%
i ML Ah AGR2 32U fih 5 48 1 3 A% i PR A1 400 i I
A AW RAESE 18A4 HiiA A 18 52 il
Sb AGR2 51 E A 4i f i A N TR AL 5281k

P53 S BRI B AL B > O e 2H 2R
LR pS3 I FAERIBRAR ™ o Hirstka 57 % B
M AGR2 il i X4 5 B iR B 10 ( DUSP10, dual
specificity protein phosphatase 10 ) f9 i 4% [# Ik p53
IS PE  (H I Ah AGR2 BB 52 pS3 I FRIBIL 2R
FIR o A5 B 5 2R Ak 2 ok 9 200 Jt L 5 fn pS3
ik, E i Western blot I 63 5t 4 (4 1id ]
s AGR2 By 30 3 BE 9% & Ik pS3 W9 Rk &, M
18A4 HLRBEAE RS E p53 Ay K, M| AGR2 Xf
p33 FIRE R

L5 LTIk, 18A4 LAARES i fu Sh AGR2 5]
REC ) T 200 s P, A 1 R B AR (G /S i
JE SRR AR T A% B Tt | 40 iR 25 A Bl s A pS3
FORER R, X LE LR A MEN T 18A4 fy 25 B
PERT, il 18 A4 2 — B AL I HTITIR 250

S % X

[1] Kumar A, Godwin JW, Gates PB, et al. Molecular basis for the
nerve dependence of limb regeneration in an adult vertebrate
[1]. Science 2007 ,318(5851) :772 —777.

[2] Zhu Q,Mangukiya HB,Mashausi DS, et al. Anterior gradient 2 is
induced in cutaneous wound and promotes wound healing
through its adhesion domain [J]. FEBS J,2017,284(17) :2856
—2869.

[3] Wodziak D, Dong A, Basin MF, et al. Anterior gradient 2
(AGR2) induced epidermal growth factor receptor ( EGFR) sig-
naling is essential for murine pancreatitis-associated tissue regen-
eration[ J1. PLoS One,2016,11(10) ;¢0164968.

[4] Liu D, Rudland PS, Sibson DR, et al. Human homologue of
cement gland protein, a novel metastasis inducer associated with
breast carcinomas[ J]. Cancer Res,2005,65(9) :3796 —3805.

[5] Ramachandran V,Arumugam T,Wang H,et al. Anterior gradient
2 is expressed and secreted during the development of pancreatic
cancer and promotes cancer cell survival[ J]. Cancer Res,2008,
68(19).7811 -7818.

[6] Zhang JS,Gong A, Cheville JC,et al. AGR2,an androgen-induc-
ible secretory protein overexpressed in prostate cancer| ] |. Genes
Chromosomes Cancer,2005,43(3) ;249 —259.

[7]  Fritzsche FR, Dahl E, Dankof A, et al. Expression of AGR2 in

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[19]

[20]

[21]

[22]

non small cell lung cancer[ J]. Histol Histopathol ,2007 ,22(7) :
703 -708.

Park K,Chung YJ,So H,et al. AGR2 ,a mucinous ovarian cancer
marker, promotes cell proliferation and migration [ J]. Exp Mol
Med ,2011,43(2) :91 - 100.

Chevet E, Fessart D, Delom F et al. Emerging roles for the pro-
oncogenic anterior gradient-2 in cancer development[ J]. Onco-
gene,2013,32(20) :2499 -509.

Brychtova V, Vojtesek B, Hrstka R. Anterior gradient 2:a novel
player in tumor cell biology [ J]. Cancer Lett,2011,304 (1) .1
-7

Li Z,Zhu Q,Hu L, et al. Anterior gradient 2 is a binding stabilizer
of hypoxia inducible factor-lalpha that enhances CoCl,-induced
doxorubicin resistance in breast cancer cells [ J]. Cancer Sci,
2015,106(8) :1041 - 1049.

Li Z, Zhu Q, Chen H, et al. Binding of anterior gradient 2 and
estrogen receptor-alpha: dual critical roles in enhancing fulves-
trant resistance and IGF-1-induced tumorigenesis of breast canc-
er[ J]. Cancer Lett,2016 ,377(1) ;32 —43.

Bu H, Bormann S, Schafer G, et al. The anterior gradient 2
(AGR2) gene is overexpressed in prostate cancer and may be
useful as a urine sediment marker for prostate cancer detection
[J]. Prostate,2011,71(6) :575 - 587.

Edgell TA ,Barraclough DL, Rajic A et al. Increased plasma con-
centrations of anterior gradient 2 protein are positively associated
with ovarian cancer[ J|. Clin Sci ( Lond) ,2010,118(12) :717
-725.

Vitello EA, Quek SI, Kincaid H, et al. Cancer-secreted AGR2
induces programmed cell death in normal cells[ J]. Oncotarget,
2016,7(31) :49425 —49434.

Fessart D, Domblides C,Avril T, et al. Secretion of protein disul-
phide isomerase AGR2 confers tumorigenic properties| J|. Elife,
2016,5:€13887.

Guo H,Zhu Q, Yu X, et al. Tumor-secreted anterior gradient-2
binds to VEGF and FGF2 and enhances their activities by pro-
moting their homodimerization [ J]. Oncogene,2017,36 (36 ) .
5098 -5109.

Wu ZH,Zhu Q,Gao GW et al. Preparation, characterization and
potential application of monoclonal antibody 18 A4 against AGR2
[J]. Chin J Cell Mol Immunol( taje 5 4 F B F £ &),
2010,26(1) :49 -51.

ZEh. AGR2 3 5t Fe itk 18A4 4 ) SLAR % 2 i 89 A K v it
#[D]. i s IeE, 2011

Guo H,Chen H,Zhu Q,et al. A humanized monoclonal antibody
targeting secreted anterior gradient 2 effectively inhibits the xeno-
graft tumor growth[ J]. Biochem Biophys Res Commun ,2016 ,475
(1):57 -63.

Li K. Monoclonal 18 A4 against AGR2 inhibit human breast ade-
nocarcinoma cell growth and migration[ D ]. Shanghai; Shanghai
Jiao Tong University,2011.

Vanderlaag KE,Hudak S,Bald L,et al. Anterior gradient-2 plays



246 Y @ B A X F 2 Journal of China Pharmaceutical University 2018,49(2) :238 —246

5549 &

a critical role in breast cancer cell growth and survival by modu-
lating cyclin DI, estrogen receptor-alpha and survivin[ J]. Breast
Cancer Res,2010,12(3) :R32.

[23] Hu Z,Gu Y,Han B,et al. Knockdown of AGR2 induces cellular
senescence in prostate cancer cells[ J]. Carcinogenesis 2012 ,33
(6):1178 - 1186.

[24] Ma SR,Mao L,Deng WW et al. AGR2 promotes the prolifera-
tion, migration and regulates epithelial-mesenchymal transition in

salivary adenoid cystic carcinoma[ J]. Am J Transl Res,2017,9

(2):507 -519.

[25] Wang Z,Hao Y,Lowe AW. The adenocarcinoma-associated anti-
gen, AGR2, promotes tumor growth, cell migration, and cellular
transformation[ J ]. Cancer Res,2008 ,68(2) :492 —497.

[26] Hollstein M, Sidransky D, Vogelstein B, et al. p53 mutations in
human cancers[ J . Science,1991,253(5015) :49 -53.

[27] Hrstka R, Bouchalova P, Michalova E, et al. AGR2 oncoprotein
inhibits p38 MAPK and p53 activation through a DUSP10-media-
ted regulatory pathway[ J]. Mol Oncol 2016 ,10(5) :652 - 662.

REE

25 K42 2017 ARAREBEAU L AITE BL(2)

e A

KN

47 K ERTEAT B I IR A7 AR A £ i R 24 i
48 —fif N - Ik -4 - G0 -5 — ALl 6 05 ik

50 A SRS B 4 7 L

ST JLEIk 2 W RIEE P A AR B A B H G 46 D s
52 AP EA TR 2 R A s RO

53 AR 1 Bk R £ 24 2R G B 4  ik
54 FEMEITERAUY B 25 R

56 —RARZEML A I %7 IR 24 g

57T TIRYREHTER] # U AL RS 24 i L

58 AP FUIRIE R A AR S AL S

59 ARG S R 2R B T T
60 HENERAL Y il 07 M R 2 TR

61 —FZE A 4 R s R 2 AL B 95 7 5

62 PR E ISR HTNO 2 SRR BH 701 1 FH ik

64 ST IX 43 TEEAR Sl Kok Ao ASE A A S 280 SO0 (K b 2

66 FAMEAIE PR TR R FR A AL
67 B (RS I ME RS2 (AR R L) 6 0 vk O LR 25 i
68 JUBIAIF CYPASO A S Ml 0 o7 HRLis i 6 75

69  VEGFR2 HUfEHT{A MICA Rl 8 F I 7 5 BTk

70 —Fh AU R AR AR TR

71 —FhIRORIE S E R B 2L A )

72 =M - N - S SR AL A ) R A R
73 R BIOK A R R A B

74 Withaphysalin B4k &4 K H 6

75 pH WARLPE— AR REAN KR AR B 45 i AT g
76 HT RS HEEKSE SRR RBR Y

77 RN LA ik

78 —FE TR A i 2 LI A e Sk

79 —HATLEIEHE AR SRR

80 Al EA R M ME TR/ I R AL G K S

81  RIAE TR A/ BRI RILE %% 2R 58 K il 4 7 ik
82 Bl E IR T BRI T R AT

83 LR

84 7Pl R MG SR VA B A T M R A IR 1)
85 7l y — MEMEERAL S W A RO

86 —FlHTALNLLE K L AL R 5

87 AV HRAT A YL T A ST A L2 ) T )5 g

88— ELAK T SR o MO
89 B AUREIR RIS o R Ly AR

49 PR R A 3,5,6,7,8,3" 4" — L AL BRI Jr %

55 ZINRET S I R TR FLRR AR A AR HLAT R 24 SR A 4 5

63 RPMIAL 1,5 - TS - 1,24 - S LA 0ok S R 2 i

65 —nl IR R A I R 2 AR AR BE B £ M A 4 S T

TR JUE 4 BB s 240 IS

NI s 2 A5 5 0T SRR s E AR

XS 3 2= 5 1 e s BOA s SERTH

iR s Bl A s T 5 SR b ; SRR 5 5K s

F R TR AR

LR s DRAREAR ; /N aE

Rl BT RIEME

)4 5 FEAS R s 3 LWL 2 49 e 5 T SCEE 5 SRR ; BRI R &
R0 B RS R R

aREE; IR & N &g S ; T

SRTE I BRI 7 5 KT 5 SR 5 2R
FrRRIC; 2R3 R AT BB

A% 5 G s D TP 5 A 28 5 20 s i B 5 X0 I

R ARG ; SR s B ISR kA sk Ze e

XU 5 51 SCHH 5 TRR 3R 5 TS

JEM; S2 5 08 s AR I 5 8k 8t

ARBEEL s 550 AR BV 3 IR s VLI s R s 5 TR UT 5 T 525 W AIAL
A

FERRIC A R A R T8 T

MRERTR 5 UG 5 3 RV s VST 5 2 5 St B 5 525 5 VRl ; st
e R A

Tl s ER s R ; B s BRI Jo)a &

B N PV 5 SRR TR A A ON s TR KGR ; P s s
AR 5 JC B

TRAR ; T BT SO - BT - BT S 5 R AR RIRG R
Bt

JAET; B4 T

H AT s AR s AR AR s 3R s B

O BRI a7 s XU DR IR 5 BS54 5 X RS 5 B 3CU s BT

S DR ; TRINT K s AU s AR SR i s TR 2
LGB R mF PO

RGBT

2= NIBH A  Y05 5 SR

2R At s SR s BRIV Xt

ZHAN S HUE

TR KA s A At 5 T 58

ZEARI BRI 5 U/ INES 5 U 5 o LAY s R IR A BRI 0 s T 6
A IE IR BRI &5

IMECHE ; S5 s Tl ; SFILAE 8] 15 L

kb s Rt R SRk

TR

A X A BT s OB ARTEEE s A

kA 5 IO

IR s ORI 5 B BRI AR 5 JRL DR K i

AR AR 2R I 5 SR s R 2 5 kvt s DI E YR s SR Ak O E M
& AR SEDE A s i 1

FHRIT 3 RATA ; R 50 251 ) 5 A B  FOR A

I s oAl ; B SOl s KA A R IE U

(BHss)






