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Preliminary bioinformatics analyses of the expression and function of AGR2 in
human breast cancer
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[Abstract] Objective: To explore the expression of AGR2 gene in breast cancer as well as to predict its relevant biological functions
and molecular signaling pathways with bioinformatics tool. Methods: The expression of AGR2 in breast cancer tissues and normal tis-
sues was analyzed in Oncomine and GEPIA databases, and the expression of AGR2 in breast cancer cell lines was evaluated in CCLE
database. Meanwhile, HPA database was used to analyze the expression of AGR2 protein in normal and breast cancer tissues. Besides,
the gene expression microarray data download from CCLE database was analyzed by using R software to obtain genes co-expressed
with AGR2. Functional annotation of AGR2 co-expressed genes was performed by using GO Enrichment and KEGG pathway analyses.
Results: Oncomine and GEPIA databases showed that AGR2 gene was highly expressed in breast cancer tissues, and CCLE database
analysis showed that AGR2 was highly expressed in all breast cancer cell lines. Immunohistochemistry results from the HPA database
showed that the expression of AGR2 protein was significantly higher in breast cancer tissues compared with normal tissues. A total of
946 genes co-expressed with AGR2 in breast cancer were screened out with the R software. With the GO function Enrichment analysis,
the co-expressed genes were demonstrated to be mainly involved in biological functions, such as protein localization to cell periphery,
protein localization to plasma membrane, cell junction assembly, cell-substrate adhesion, and cell junction organization etc. In addition,
the KEGG analysis results showed that co-expressed genes were mainly involved in the progression of gastric cancer and breast cancer,

and were associated with proteoglycans in cancer, as well as proline, leucine and isoleucine degradation pathways. Conclusions: AGR2
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is highly expressed in breast cancer tissues, which may be a potential oncogenic gene and a new therapeutic target of breast cancer.

[Key words] breast; neoplasm; anterior gradient protein-2(AGR2); expression; prognosis function; pathway
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Fig.1 Expression of AGR2 gene in different types of tumors

in the Oncomine database
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Median rank P-value Gene
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Legend
1. Invasive lobular breast carcinoma vs normal 5. Invasive mixed breast carcionma vs normal
curtis breast, Nature, 2012 radvanyi breast, Proc Natl Acad Sci USA, 2005

2. Mucinous breast carcinoma vs normal . .
. 6. Invasive lobular breast carcinoma vs normal
curtis breast, Nature, 2012

3. Tubular breast carcinoma vs normal TCGA breast, No Associated Paper, 2011

curtis breast, Nature, 2012 7. Mixed lobular and ductal breast carcinoma vs normal
4. Invasive ductal breast carcinoma vs normal TCGA breast, No Associated Paper, 2011

radvanyi breast, Proc Natl Acad Sci USA, 2005

1-7 represent the results of 7 studies respectively. The darker the red color, the higher the expression of AGR2 gene in the chip.

Red represents high expression and blue represents low expression
2 Oncomine #{#EFE+ AGR2 EFE 7 ZLIRfE P HUFRIX

Fig.2 Expression of AGR2 gene in breast cancer in the Oncomine database

o —-='—_ *_‘ 3 i i
10- . A AGR2 K 55 AGR3 [7J& T 4 J7 19 K 11
8 '«E Tt £ 5 #) liff (the protein disulfide isomerase , PDI) 5 Ji%
6 & IR G, B 5EATYT . PSR, AGR2 7Efif
4 £ Jedh U 51 g R e B SR R 4 W e v 45 2 Bl
21 i‘f P JiE i AR IA , I8 I Y 4R 2 o R 2 3 2 i 3 B AN
e AR . BEFCRIR I AGR2 @ 1 | DUSP10, A
Num(T)=1 085: Num (N)=291 1M 0 1 p38 MAPK 36 M , B¢ & 5 B pS53 I %2
B3 GEPIA %2R AGR2 FESLESFE Y 55k BHo N2 AGR2 #1724t 1A B 6 % p53 38 1% , 4111
Fig.3 Expression of AGR2 gene in breast cancer in the ERK1/2-MAPK @™, Ak, B FL PR B, AGR2 i
GEPIA database Al Ll i watll A 5 1 HE & 8 Wat 5 5 2
10
‘o H
N | .
5 : s
l l . . :
0 I l 1 1 1
Bl T T
. H
-10
B A G UOR B EUNIOR
S ‘5§ PSR st SR 46:\@6’6‘ @Q@*Qfo\ &&\y&%Q 0&”@» SIS 0&9‘}@ F .@‘e’%@%@?&@ &“’%\gy.\o &
SRR o7 P SRR E NN /@i‘%" O e S \?’&:&@
TRIVIS & S5 & GRS e RS A
§ PSS § 0 S POREC SRS 4@0@ &
Qe' @Q > \\43 89 \\ K &
N AR @"‘\ 4 &@ xS

El4 CCLE¥#EE+ AGR2 EFE N EME MM Z FHRIA
Fig.4 Expression of AGR2 gene in different types of tumor cells in the CCLE database
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Fig.7 The heatmaps of AGR2 co-expressed genes in breast cancer



b

IR, 55 . AGR2 7 FLAR R Hh (1315 % HDhBE R A= M5 R 2208 3 W -+ 307 -

[ J
[ J
a [ ]
Cell-substrate adhesion ®
Positive regulation of cellular protein localizati [ ] o
Cell junction [ ]
Cell junction as: [ ] Count
Eslablishment or maintenance of cell polarity ° ; ;g
Positive regulartion of protein localization to cell periphery ° @
Regulation of homotypic cell cell adhesion { @
P.adjust
Focal adhesion : o1
Cell-substrate adherens junction
Cell-substrate junction ° 0.02
Microtubule o
Extrinsic component of membrane ®
Actin-based cell projection d
Extrinsic component of plasma membrane ®
Microvillus o
Cytoplasmic microtubule i
Mast cell granule

0.01 0.02 0.03 0.04 0.05
Gene ratio

8 FLBRET AGR2 £ARIAEFEN GOINEES
Fig.8 GO functional enrichment analysis of the AGR2

co-expressed genes in breast cancer

ER [ 4 8 35 S ATE S R A E R 2 A, AGR2 =7k
PRIAH B E TS, 1f ONDROUSKOVA 251917
HER2 [HPE B A 3] 7RIS R . A, £ 5
U ELNCIES N E IR B RN g e i e

Epithelial cell development I ] ] 1 ] 1
Mammary gland development I 1 1
Regulation of body fluid levels I 1 I m 1
Extracellular matrix organrization i
Gland development 1 r | Inm I
Ossification 1
Cellular response to extracellar stimulus
Mesenchymal cell differentation
Regulation cell-substrate adhesion 1 111
Response to nutrent levels
Positive regulation of cellular protein localization Hl 1 h ] ]
Estabishment or maintenance of cell polarity 1
Positive regulation of protein localization to cell periphery | | | W ] |
Regulation of homotypic cell-cell adhesion |
Cell junction organization | ] 1 1
Cell-substrate adhesion || |
Cell junction assembly
Protein localization to plasma membrance
Protein localization to cell periphery

II II'I 11 I" II'J

T

WA BN T kR S R R PR 7045 2. BT ) Meta
SIATPTB R B, AGR2 3 RIA BB 3 i AR A7 R 22
7~ AGR2 75 7L I 96 7 o] e R 4% 46 (e 9 2 R PE &
AH S A, FRITZSCHE Z5U9F 78 4 i 7 , AGR2 7K
Feak B LRI FE B R AR AR R AGR2 AR /K TR TA
1R F R T E

YT ER G E ARSI TS BT,
2R KR AR 2 ER , 2 T AGR2 75 FL e R 1A
100, 8 G T REAS BN AR R 25 25 RN, (R, &5
1 BA MR E {5 . i#id Oncomine 1 GEPIA
AT , AGR2 JE PR 7E L i 41 4 Hp 1) 308 K1
FmTIER M. CCLE $#E & 4 #1 K  AGR2 &
RI7E LR A R P 2Rk RIS, k4, HPA %
I e o s Al Ak 45 st — 25 B8 AGR2 B8 (1 7R LR
FE A AR B ARk 1% 45 R B A 2 U e A R
— 5, $E7R AGR2 1] RE/EFLRRIE 1R 42 R R R IR &
T R I AE A

1 |1 I
mi lw , .
Correlation coefficient

g v -
oy 0
0.0

Color represents correlation with AGR2, red represents positive correlation with AGR2,

and blue represents negative correlation with AGR2
9 GOINRE D HRE
Fig.9 Heatmaps of GO functional analysis

Proteoglycans in cancer Q Count
®10
[ 2§
. 20
Gastric cancer @ :25
P.adjust
Breast cancer ) oo
0.02
0.03
Valine, leucine and | o 0.04
isoleucine degradation

0.04 0.06 " 0.08
Gene ratio

E10 KEGG{ES BB
Fig.10 KEGG pathway analysis of AGR2 co-expressed genes

N T kIR R AGR2 1E 3L i Tl g (AR
FHBLH, FATH T R AR E I H AGR2 A S IE R IA S

» GO & HE 73 W R B e JE IR 32 B9 K (A e A B
2 16 JE ] L B A 3 20 R | 4 e B A e L A
FE RN B A R A RS A DR . KEGG 20 AT
SRR BENFESS B FLUREERE, B0 %
WETE I RE HP O AE B DA R B2 R s R S S s R 1%
fif I B o AR HE— 2B UR N AL 20 T A6 1 LU )
GBIk i AR E IR =

gE BRI BT L AR S B TR I
AGR2 fEFLIRE H SUFN 40 e R b s Rk, 2o
AT B8 72 FLME e o A e 2 R, [ ) A T s
GO FMKEGG #—73#71 7 AGR2 Al 562 5 1AM+
Thee Mm%, v Ja s sl mr et 7 — e 3w
S,



308

T E R AE IR T 2k &, 2020, 27(3)

(& £ xx #]

[1] SIEGEL R L, MILLER KD, JEMAL A. Cancer statistics, 2019[J].
CA Cancer J Clin, 2019, 69(1): 7-34. DOI:10.3322/caac.21555.

[2] ABERGER F, WEIDINGER G, GRUNZ H, et al. Anterior specifica-
tion of embryonic ectoderm: the role of the Xenopus cement gland-
specific gene XAG-2[J]. Mech Dev, 1998, 72(1/2): 115-130. DOI:
10.1016/S0925-4773(98)00021-5.

[3] PERSSON S, ROSENQUIST M, KNOBLACH B, et al. Diversity of
the protein disulfide isomerase family: identification of breast tu-
mor induced Hag2 and Hag3 as novel members of the protein fami-
ly[J]. Mol Phylogenet Evol, 2005,36(3): 734-740. DOI: 10.1016/].
ympev.2005.04.002.

[4] DUMARTIN L, WHITEMAN H J, WEEKS M E, et al. AGR2 is a
novel surface antigen that promotes the dissemination of pancreatic
cancer cells through regulation of cathepsins B and D[J]. Cancer
Res, 2011, 71(22): 7091-7102. DOI: 10.1158/0008-5472. CAN-11-
1367.

[5] MA S R, MAO L, DENG W W, 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.

[6] TIEMANN K, GARRI C, LEE S B, et al. Loss of ER retention motif
of AGR2 can impact mTORC signaling and promote cancer metas-
tasis[J]. Oncogene, 2019, 38(16): 3003-3018. DOI: 10.1038/s41388-
018-0638-9.

[71 LACAMBRA M D, TSANG J Y, NI Y B, et al. Anterior gradient 2 is
a poor outcome indicator in luminal breast cancer[J]. Ann Surg On-
col, 2015, 22(11): 3489-3496. DOI: 10.1245/5s10434-015-4420-8.

[8] BROUSTAS C G, HOPKINS K M, PANIGRAHI S K, et al. RAD9A
promotes metastatic phenotypes through transcriptional regulation
of anterior gradient 2 (AGR2)[J]. Carcinogenesis, 2019, 40(1): 164-
172. DOI: 10.1093/carcin/bgy131.

[9] DUMARTIN L, ALRAWASHDEH W, TRABULO S M, et al. ER
stress protein AGR2 precedes and is involved in the regulation of
pancreatic cancer initiation[J]. Oncogene, 2017, 36(22): 3094-3103.
DOI: 10.1038/0nc.2016.459.

[10] ALAVI M, MAH V, MARESH E L, et al. High expression of AGR2
in lung cancer is predictive of poor survival[J]. BMC Cancer, 2015,
15: 655. DOI: 10.1186/s12885-015-1658-2.

[11] XUE X, FEI X, HOU W, et al. miR-342-3p suppresses cell prolifera-
tion and migration by targeting AGR2 in non-small cell lung cancer
[J]. Cancer Lett, 2018, 412: 170-178. DOI: 10.1016/j. canlet.
2017.10.024.

[12] L1'Y, WANG W, LIU Z, et al. AGR2 diagnostic value in nasopharyn-
geal carcinoma prognosis[J]. Clin Chim Acta, 2018, 484: 323-327.
DOI: 10.1016/j.cca.2017.12.023.

[13] ZHANG J, JIN Y, XU S, et al. AGR?2 is associated with gastric can-
cer progression and poor survival[J]. Oncol Lett, 2016, 11(3): 2075-
2083. DOI: 10.3892/01.2016.4160.

[14] INNES H E, LIU D, BARRACLOUGH R, et al. Significance of the
metastasis-inducing protein AGR2 for outcome in hormonally treat-
ed breast cancer patients[J]. Br J Cancer, 2006, 94(4): 1057-1065.

DOI: 10.1038/sj.bjc.6603065.

[15] ONDROUSKOVA E, SOMMEROVA L, NENUTIL R, et al. AGR2
associates with HER2 expression predicting poor outcome in subset
of estrogen receptor negative breast cancer patients[J]. Exp Mol
Pathol, 2017, 102(2): 280-283. DOI: 10.1016/j.yexmp.2017.02.016.

[16] FRITZSCHE FR, DAHL E, PAHL S, et al. Prognostic relevance of
AGR?2 expression in breast cancer [J]. Clin Cancer Res, 2006, 12
(6): 1728-1734. DOI: 10.1158/1078-0432.CCR-05-2057.

[17] TANG Z, L1 C, KANG B, et al. GEPIA: a web server for cancer and
normal gene expression profiling and interactive analyses[J]. Nucle-
ic Acids Res, 2017, 45(W1): W98-W102. DOI: 10.1093/nar/gkx247.

[18] BARRETINA J, CAPONIGRO G, STRANSKY N, et al. The can-
cer cell line encyclopedia enables predictive modelling of antican-
cer drug sensitivity[J]. Nature, 2012, 483(7391): 603-607. DOI:
10.1038/nature11003

[19] UHLEN M, ZHANG C, LEE S, et al. A pathology atlas of the hu-
man cancer transcriptome[J]. Science, 2017, 357(6352) : eaan2507.
DOI : 10.1126/science.aan2507

[20] MIZUNO H, KITADA K, NAKAI K, et al. PrognoScan:a new data-
base for meta-analysis of the prognostic value of genes[J]. BMC
Med Genomics, 2009, 2:18. DOI: 10.1186/1755-8794-2-18

[21] HRSTKA R, BOUCHALOVA P, MICHALOVA E, et al. AGR2
oncoprotein inhibits p38 MAPK and p53 activation through a
DUSP10-mediated regulatory pathway[J]. Mol Oncol, 2016, 10(5):
652-662. DOI: 10.1016/j.molonc.2015.12.003.

[22] TIAN S, HU J, TAO K, et al. Secreted AGR2 promotes invasion of
colorectal cancer cells via Wntl1-mediated non-canonical Wnt sig-
naling[J]. Exp Cell Res, 2018, 364(2): 198-207. DOI: 10.1016/j.yex-
¢r.2018.02.004.

[23] NEGI H, MERUGU S B, MANGUKIYA H B, et al. Anterior Gradi-
ent-2 monoclonal antibody inhibits lung cancer growth and metasta-
sis by upregulating p53 pathway and without exerting any toxico-
logical effects: A preclinical study[J]. Cancer Lett, 2019, 449: 125-
134. DOL: 10.1016/j.canlet.2019.01.025.

[24] BRYCHTOVA V, VOJTESEK B, HRSTKA R. Anterior gradient 2:
a novel player in tumor cell biology[J]. Cancer Lett, 2011, 304(1):
1-7. DOI: 10.1016/j.canlet.2010.12.023.

[25] LIU D, RUDLAND P S, SIBSON D R, et al. Human homologue of
cement gland protein, a novel metastasis inducer associated with
breast carcinomas[J]. Cancer Res, 2005, 65(9): 3796-3805. DOI:
10.1158/0008-5472.CAN-04-3823.

[26] BARRACLOUGH D L, PLATT-HIGGINS A, DE SILVA RUD-
LAND S, et al. The metastasis-associated anterior gradient 2 pro-
tein is correlated with poor survival of breast cancer patients[J]. Am
J Pathol, 2009, 175(5): 1848-1857. DOIL: 10.2353/ajpath. 2009.
090246.

[27] TIAN S B, TAO KX, HU J, et al. The prognostic value of AGR2 ex-
pression in solid tumours: a systematic review andmeta-analysis [J].
Sci Rep, 2017, 7(1): 15500. DOI: 10.1038/s41598-017-15757-z.

[YeFs HHA]  2019-11-18 [EEBH]  2020-02-13
[(A3c4miE] &



