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Abstract
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Objective: To investigate the regulatory effect of the activation of G protein-coupled estrogen receptor (GPER)
on expression of fibroblast growth factor 2 (FGF2) in cancer-associated fibroblasts (CAFs) in breast cancer and
the effect of its induced paracrine on growth of cancer cells.

Methods: The expression localizations of GPER in CAFs and CAFs with GPER mutation cultured alone or co-
cultured with ER+ breast cancer MCF-7 cells or ER- breast cancer MDA-MB-468 cells were determined by
immunofluorescence assays. The mRNA expression and secretion levels of FGF2 in CAFs cultured alone or
co-cultured with breast cancer cells and CAFs with GPER mutation co-cultured with breast cancer cells after
treatment with 17 B-estradiolum (E2) or GPER specific agonist G1 were detected by real-time gPCR and ELISA,
respectively; the changes in proliferative abilities in the two types of breast cancer cells co-cultured with CAFs
after treatment with E2 or G1 were examined by flow cytometry and CCK-8 assays, and the interventional effects
of FGF2 neutralizing antibody were also observed.

Results: In alone culture condition, GPER was located in the nucleus of the CAFs or CAFs with GPER mutation,
while evident cytoplasmic translocation of GPER was seen in CAFs but not in CAFs with GPER mutation after
co-culture with the both types of breast cancer cells. After treatment with E2 or G1, the expression levels of
FGF2 mRNA in CAFs and FGF2 contents in the culture supernatants were significantly increased in co-culture
conditions (all P<0.05), but above changes were not observed in CAFs cultured alone and CAFs with GPER
mutation under co-culture conditions. The proliferative abilities were significantly enhanced in both types of
breast cancer cells in co-culture with CAFs after treatment with E2 or G1 (all P<0.05), but these effects were
abolished by adding FGF2 neutralizing antibody.

Conclusion: In breast cancer microenvironment, there is cytoplasmic translocation of GPER, which may
contribute to the activation of estrogen/ GPER/FGF2 pathway, and thereby promote the progression of breast
cancer.

Breast Neoplasms; Cancer-Associated Fibroblasts; Receptors, G-Protein-Coupled; Fibroblast Growth Factor 2;
Paracrine Communication

CLC number: R737.9

i R AR O AT 4E AR MY ( cancer-associated
fibroblasts, CAFs) WA RKHT . &H
KmE e EFL I A A L RR . R AE
il R 25 Wi 321 (EASVE R AR, FLRE O
B b 25809 14 1E W WLET 4E A0 LB M CAFs, &
i b i R sy 2P AR L I
EZWK (G protein-coupled estrogen receptor,
GPER ) #2 IRy 55 = i 7 A F A4 3R 32 A4,
5 Z2 ol IE 40 i 5 00 1 T R 20 M R P RS 17 - B
Wi (E2) M GPERSE S VEM 3 M G149 i 1k
GPERIF AT N Uie Ml i &m0, J2 1 ) Lt o
BHE W R TS . N2> MR T PEAT R TR 25 K 4 1] 3R
IR R W AR Bn o B 5T AT BA T i3 S 5 b
B, GPERSTFCAFsH I HMIENCYPIOALY
I it BE D PD K4 i e s 6 1, R B fle 2 b 8 41
2 Jay FR ME PR KT 385 5 R M PR B A O B T
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2, DNITEFL IR 40 MO S 58 . B B M 25 W A2 v
PR s e A, GPERER R CAFs 5 i 41
JL 2z T A SORF g T AR 2 LR e 0 R ) E
B .

FEF 4 4l g A= < I (fibroblast growth
factors, FGFs) J&—2RAeH W4l 5d . by
Z KRG, N 2 A SV B N A A F
FEM oA . BA RSB, AR A A A K
W2 (FGF2) Yt 5 5 M A A Je % AR
Ky AALZ: 5 e i A8 R A, I ) R 4 i R A
MU E K R AR 2B e Sy o SR, LR O 5
CAFstGPERAN 1Y ALK 1 1 VR HIF 5 8
HEFGF2RY A2 5C R B T i 2B Wy A 4F F B 2 0T 5T
CHAT o WL, AROFFEMAHE2. G1AFGF2H
RPNy TG W AR L B SR R E T
FLIRIE RS CAFs T 48 il 3 GPERIG AL X FGF2 1 3%
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IR YRR T B HC 55 53 00 %o 96 440 D A= A A 5200

1 MREFE

1.1 XWHESEE

MCF-7408 % (ER+) FIMDA-MB-4684fljiii
% (ER-) g g b E R B g a e, R
VA BRI 09 2 F PR AP AR B 3R A B CAFs 4
Bk B EDMEME; 23 ( GibeoN T )
MEMAFME (GibcoAFl). E25GPERY: 7
MW sh# G1 (SigmaZydl ) , FGF2H fl ik
(Millipore/A ™ ) , DAPISFITCARIC L FEHi
leGhiik (b2 & AR ) , FGF2 ELISA
A& (RapidbioAH ) , SRNA$EHGLH & .
Wi S & (TaKaRaA Al ) , %L RPCR
KA & (BioTeKe/AH ) , GPER¥IIK (Abcam
N ), CCK-8IAl& (HaRad) o il
iMIAL (FACS Callur) , CO,K554 ( Thermo
scientific) , ZIWGEM 1Y ( Sunrise ) ,
MiniOpticon=ZBf PCRALFI A4 JE DN A HL 3k 12
( BioRadA ] ) o
1.2 FHi&
1.2.1 @3z f MCF-7, MDA-MB-468 } CAFs
A8 55 F 10% G 2F 1005 1) = B DMEM 5 77 5
H, 37 C. 5% CO, JiFRAANAER, BEH 8K, 7F
41 Jif %% B AR 2 90% A2 A BE FH 0.25% JiR B Ak 25
D JE AR
1.22 UMM Bmifmiziheiim LR
Ji& MCF-7 5 MDA-MB-468 4i it 4= & T 10% FBS
) & B DMEM 35 = &, Rl B AE K2 Y
70%~80% , 445 F2 W HE 4 R 1% FBS 1Y 15 77 3L 4k
ZLEi R 30 b, B FREWE G, H EIER
BV Ay B s 4 j 25 4 15 72 3E (conditioned medium,
cm) Pl
1.2.3 CAFs 5 5UM & 2o o 3k 32 R AR A AR HE 52
B R e B LR e (1) US4 bR 40 i e Ak B
CAFs 21l 36 h; (2) Transwell /NEE 31555 24 b,
CAFs HiiaAh T 1%, Bhmaifsh T T %, Mt
B8 3:1, 45145 %) CAFs+MCF-7 5 CAFs+MDA-
MB-468 H:h% 77 41 oA 7y 191,
1.2.4 GPER ##r £ % (NES) Al 2% K
FE L5 6 25 5 R A R A w X GPER NES J7 41 :
YFINLAVADLILV B #% 0> X 5 LIL #17 %48, 1%
F) A3 YFINLAVADAAAV B 5Ok, R4 C 78

© WA )T i [ & F I F 2P H

I 55 v FH R A 2000 % Y 55 5 15 3045 e e T
e GPER NES FFHI RNk CAFs (M) ]
1.2.5 @ ie % )% % 4 M CAFs 48 )&+ GPER &
HoR A ORI 3R R R IR SR RO A K
(B A= 7 CAFs 52848 CAFs (M) 21 o s i 7
b 85 0 T B 5 DL 2 x 10°/mL 35 Fh TR B A /N 3
Ay 24 fLAR T, BT PR IR, FRAnpA:
KRS B EAEE, B 24 FLAUH PBS ¥ 3 Ik,
A 4% % B W 200 ul [& & 20 min, PBS ¥t
3, 10% W 2F I % 37 °C £ M) 30 min, 1A
GPER LI ( 1:100 #i % )30~40 pl, 4 CHF R,
PBS ¥ 3 W, BEEH A FITC %656 4t (1:200) ,
37 °C 60 min, PBS ¥ 3 ¥, Ml A DAPI (1:10)

A% 5 min, PBS YE3 K, B 5 min, #H A5,

18] ¥ 2 O W U TR

1.2.6 & & & & PCR #& M CAFs &8 J& + FGF2
mRNA % k% CAFs 40 it a0 b 55wl O [F] o 2t
REFRAM AR, £F CAFs A K E 70%~80% )& ,

A TE LT B SR R LR 24 he 43310 A 100 nmol/L
E2 5 100 nmol/L G1 43 CAFs 401 12 h ( 254
b R 2 25 W oE A BART g 1Y), S A
DMSO 2 —F, 57 152X . E2 4B

G1 AbFRA, b 3EAH N B[] J5 57 B2k 25 P ab B8

FH TRIzol i 7 £ B 45 4H CAFs 40 i b B RNA, i
N cDNA, W55 5% I PCR [ #4#% 18 TaKaRa
RH & K9 % E B PCR R & 6 B kAT R

FGF2 I i 51 % J¥ 5 4 5'-AGC CAG GTA ACG
GTT AGC AC-3', T35l ®IF 5k 5'-GCA GAA
GAG CGA CCC TCA C-3% Lk B —actin W NS X IR
UG HIF AR 5'-AGC GAG CAT CCC CCA AAG
TT-3', Ti#5I ¥ F 5 R 5'-GGG CAC GAA GGC
TCA TCA TT-3'. LEHEL 3 K.

1.2.7 ELISA % # M CAFs 28 e £ 7 P FGF2 &
SakE SCE Y4 1.2.6, 1% CAFs 414 K =
80%~90% J5 , B TC I IE KR EEVLER 24 ho 400
HA 100 nmol/L E2 5 100 nmol/L G1 4k ¥ CAFs
M 24 h, AP DMSO & —5, 5 iiE
FIXTIRZH . E2 AbFRZH . G1 AbFR, A BRAH N B[] 5
SEEPZ R 2 A, AR AN L IE W, PR T -80 C
UKHE, 4% ELISA 50 & 45V d W1 45 46 I 2% 41 A A
FGF2 & &, SLREE 3K,

1.2.8 A X g9 8 R m SURE % 49 he B B BOHEK
A4 K MCF-7. MDA-MB-468 5 CAFs 48 Jifi Ji it
HAEEOERE, HMT 6 L X Transwell /NE
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H28 %

e, H10% JiG 4 3 B9 TS By 20 = B DMEM 35 57 5&
% 77 8 Il JeE 4 M R A B 2 50%, B8 R KRR,
PBS Uk 2 ¥k, i AT IV TG By 21 DMEM 85 37 ZL 9L
W24 h, LA EAMEYLYT C/G, #. 55
Ji A 100 nmol/L. E2, 100 nmol/L G1 5 2 pg/ml
FGF2 ORI PTAR AL 3 b2 v CAFs 40 24 h, &4
P % DMSO 2= —2, 24 h J5 W3k T % v 7L I g 4n
M, 70% P E, BT 4 CORFER, PLYE
WG FIRIEE 30 min, 2 40 A I i R 41 g
&% 2 R 40 DNA B9 & &, SCIRE R 3 K.

1.2.9 CCKS8 & UM J% 4 Je 38 78 SEI0 040
B Ji R 1.2.8, FLMR 6 40 M8 5 CAFs 43 )l 3% Fh
T 96 fL# Az Transwell Z/NZE H1, il A 100 nmol/L
E2. 100 nmol/L G1 5 2 pg/mL FGF2 rf FIH ik 4b
F O CAFs 400 24 h, 4% 4174 % DMSO & —
., 24 h JFBUH Transwell /NE, EFLITA 10 pL
CCK-8 X7, ANz 4ahEdE 2 h, BEbs {0 E %
LW S (ODfH ) , B K& $E 450 nm, K15

GPER &It

CAFs

CAFs+MCF-7

CAFs+MDA-MB-468

AN AR E . LR EE 3 K.
1.3 GitFarE

B I« bafE2 (v2s) Fan, RH
SPSS 17.058 3, Z 4l ia) He A ok F 3 2 I 5
20T, ISR F a5, P<0.0S WESH S
ES-9'8

2 & =

2.1 AEFEBZIREMMIIAIES CAFs 1 GPER

b-ge 27 k4= 2

YA A RE o S R . CAFs 20 i B b % 57
ZPFTF, GPERFEZRIATAIMA, M SERZLIF
JEMCF-7 X ER FLAREEMDA -MB-468 41 ifd 31 1% 5%
J&, CAFsHGPERMYZR A E A7 H 240 MO A% 5% 7 A 4 il
¥ GPER NESFSIRAJG, FiRmifm 5L
IR AN A FEMECAFs (M) FGPER & A 83K %
fr, HErgsR—s" (E) .

GPER

CAFs (M)

CAFs (M)+MCF-7

CAFs (M)+MDA-MB-468

1 REWOLEK CAFs 4l GPER HRIZENM ( FEWLEKERBNES GPER, ERWHXKRMAMEEL; x400)

Figure 1 Determination of GPER expression localization in CAFs by immunofluorescence (green fluorescence showing GPER, and blue

fluorescence showing the cell nucleus; x400)

2.2 HIZFEZHEET, E25 G1 LiF CAFs ifah
FGF2 B3Rk K 5 i
SR PO B PCRES R o, R KA
T, AHHE2FGIAN I CAFsA0fi12 h)g, ] |k

© MK A o E & S A EITH

AT N FGF2 mRNAZRIE A, B & & T X 4]
(¥]P<0.05) . ELISAZ Bt —4 EoR, 254 4bpg
24 hiG, E2XG1H B2 3L 3R A CAF s 40 g |
BT FCF2RY 4y W (¥P<0.05) . 1 Bl KRG 37
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AT, W EREGg (E2) .
RAFIL R CAFs T GPER NESES G

& 2 WEE PCR K ELISA #&ll CAFs 1 FGF2 mRNA Riz K L&k $ FGF2 &8

E25G10 FRERBEGE, S5xF R4 kst
xS (#HP>0.05) (E3) .

1) 52 (xtIagl g, P<0.05;

2) 5 CAFs+E2 411045, P<0.05; 3) 5 CAFs+G1 414, P<0.05
Figure 2 Detection of FGF2 mRNA expression in CAFs and FGF2 level in culture supernatant by real-time qPCR and ELISA
1) P<0.05 vs. blank control; 2) P<0.0S vs. CAFs alone+E2; 3) P<0.05 vs. CAFs alone+G1

B 3 zZ3 GPER NES K 5% CAFs 1 FGF2 mRNA &% & 5+ FGF2 S 212

1) 5% e, P<0.05;

2) 5 CAFs (M) +E2 41Hh%E, P<0.05; 3) 5 CAFs (M) +G1 41H#, P<0.05
Figure 3 Influences of GPER NES sequence mutation on FGF2 mRNA expression in CAFs and FGF2 level in culture supernatant
1) P<0.05S vs. blank control; 2) P<0.0S vs. CAFs (M)+E2; 3) P<0.05 vs. CAFs (M)+G1

2.3 CAFs H4iff13% GPER /&8 FGF2 =4

1 13t 2| PR 723 4 Al JB) HA i FR

A 25 R BoR, Sl HE2 R G 1AL 3 4k
BRI CAFS AN I24 W, P9 Fh 24 ) 35 nl [ A%
IR FEMCF-7 5MDA-MB-468 48 it J& 1]t i 11 15
(Go/G 1) 4R iy L), 2 2k 40 e ) 450 e 34 5 300
(SHI5Gy/MW) g, HhE2KGAH S i
Y fE Ak TSHIRDNA K AR 7t i o B i (P<0.05)

© MR IT F EHFFNHFEIH

AR 200 0 JR) 1A 3 JR ) 250 F G F 2 B A S M eh R

B (E4) o

2.4 CAFs f4ifi3 GPER f+ S FGF2 34y
183 1 BR 925 4 A 1 5E Bk
CCK-8yL Kl 25 itk — 0 s, E2 X G1Ab#E

CAFsZiffi24 hi5, w48 g 8% 35 455 70 vp 2L B

S N R G A, L LA B4 B 50N B F G F 2 v R A BT

vt (ES5) .
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P<0.05; 3) 5 GI+FGF2 hHIBUARL LE, P<0.05

Figure 4 Detection of cell cycle of the breast cancer cells under co-culture condition by flow cytometry

1) 5XTMEAH LA, P<0.05; 2) 5 E+FGF2 thRISARL %,

1) P<0.0S vs. control;

2) P<0.0S vs. E,+FGF2 neutralizing antibody; 3) P<0.0S vs. G1+FGF2 neutralizing antibody

5 CCK-8 iM% 7= 54 T FL AR LA A1 TE 1505
1) S} AAILE, P<0.05; 2) 45 E2+FGF2 HrRIiiA
AL, P<0.05; 3) 5 GL+FGF2 hHIBUIRAL LA,
P<0.05
Figure S Determination of breast cancer cells proliferation
1) P<0.05
vs. control; 2) P<0.0S vs. E2+FGF2 neutralizing antibody;

3) P<0.0S vs. G1+FGF2 neutralizing antibody

under co-culture condition by CCK-8

AN

3 (2

it

!

o988 ) 2 A R R AN AR A Ay 2 i 9ge S I 4
JiLAS B i) BRBAE ), LB B A0 [ B AR Sy i
Jo B R O R AR Tz 32 9 AT BA R A A
SR B R CAFs B RS 72 45/ F GPER £ 2K Gk
FANMARZ ik 5 e 4 SE R T M E2 FIGPER

© MR IT F EHFFNHFEIH

FE IR T MR 8] B L 4F 4E 40 2 ( tumor stromal
fibroblasts, TSFs) W4l I3 iy 25 A A1
HE b, AWM FCAFST fEZ R A A h £
Tl 4 (A 5 ), T P R S B 400 L 5 C A F s o2 2L R
e o TN s TS B /o ¢ N B2
JIR 8 40 i vT BESE R CAFs R GPER AN AE P9 52 17 . 1Y
LB WF 5T CAFs T GPER Y 24 ¥ 2 Th e vl fiE & A
TH), FLREAIE S5 CAFsZ BB “38 LAHE” i
FIRAEN, XA SR R S A
B AW ZEA R FLRE (ER+AIMCE-7
HER-#IMDA-MB-468 ) 41 ¥ IESE T GPERKY
M AT LS, 75 CAFs T GPER 4% 3¢ 5 {57 7] fig
2 L R ) R A 2 —, HLTE e i e K 2l
Yyif 5z v ak R PEOCEEMEAE T, T RE RV AE IR YT
R

LA, GPERITAN S 09 Mg 55 43 W 280 vf ko
M 29T B G TE . SRR PR I CAFs
GPER U]/ 240 g [ T HMGB 1 4M 3 WA HE ER +FL I
AN A W, AN, EER FLARE AN T, BEEE
]38 3 35 AL GPER H 43 W R 4E B 7 TL-6 32 11 fiE #F
i 2 240 e e sl A BT TR RE L S8 R A B E O
WAIE S G PE R B i 2L 2 1o 4 1% 51 7 7L 7 96 40 i A &
AR T 9 A1 5 0 R AN A 1 I R £ 2 Az
AW 5T HE— 25 B T LR ROA BE GPER 5 1 £F 4t
MM T H R A FCF2R TR L R . R
ZAF T M E IS L CAFs T 4N GPERE HEF G2
B 235 K55 5r i, RAFGPERMINESFS] ( GPER
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ff FCAFsAI A% ) Ja vl BH W bR %0 o [\ B,
CAFsHUIBE FR 4500 F IR WA 8] Bkl %, ik
— PR IL B IR R IO B CPE R 41 3 22 A 1) b A
W EER . SR, CAFsH ML ZE/GPER/FGF2
15 5 Sl 0% Ak AR BLH 0 R B, A R Sl
() P — 25 5%

MAEMREN, FCF2Mid iRk X F i fE 5
() 3 BE TG AL 2 5 bR b I R PP e e
B Z M ( chronic myeloid leukemia, CML)
T, FGF23 35 5% Fh = K 5 B C ML AH i X 5 1) 245
YO S8R Je 3R 97 AN Terai 552 GE 52 4 /N
Y Jf Bt 9 T FGF2 S HAZ AR F GFR 16 M3 o s 5 | A
i JEE 24 B R S B M B e , ELGT AR ) 25 ) 3 AR R
Je B 25 . R, ARBFER WA R MIEE R M
W GPER A S B FGF25% 43 i Al i 25 ¢ 1k L IR
a7 240 300 3 e g R A K, N H PG F2 1 4
S AR AT BRSO, B I ) B D
CAFsH M R /GPER/FGF215 5 i % AT g 2 XF 4 b
JeA It R 1 JR B ALVR T RS, (HX A 5 BT 2 (1 K
A B AR S 5 i — 2P Bk 5 S .

&% Lk

[1] Houthuijzen JM, Jonkers J. Cancer-associated fibroblasts as key
regulators of the breast cancer tumor microenvironment[J]. Cancer
Metastasis Rev, 2018, 37(4):577-597. doi: 10.1007/s10555-018—
9768-3.

[2] FMRAE, BAGERTL, A, A5 AR REREEAIEHE FIL-6, 1L-10,

CXCR7AE HURNRFL SR b 235 Bl PRI SCLT]. v 138
SRR, 2017, 26(5):578-582. doi:10.3978/j.issn.1005-6947.
2017.05.008.
Sun ZH, Zhao ZH, Jiang HP, et al. Expressions of tumor
microenvironment-associated factors IL-6, IL-10 and chemokine
receptor? in papillary thyroid carcinoma and their clinical
significance[J]. Chinese Journal of General Surgery[J]. Chinese
Journal of General Surgery, 2017, 26(5):578-582. doi:10.3978/
j-1ssn.1005-6947.2017.05.008.

[3] Plava J, Cihova M, Burikova M, et al. Recent advances in
understanding tumor stroma-mediated chemoresistance in breast
cancer[J]. Mol Cancer, 2019, 18(1):67. doi: 10.1186/s12943-019—
0960-z.

[4] ZEoFws, SRR I A G B R 2k 4 i A FLIR I P9 43 IR T o
TEH R ZE BRI (0], b 3 AR R, 2015, 24(5):733-738.
doi:10.3978/j.issn.1005-6947.2015.05.023.

© WA )T i [ & F I F 2P H

(7]

(8]

[10]

(1]

[12]

[13]

[14]

Li KF, Zhang XY. Research progress in the role of carcinoma-
associated fibroblasts in endocrine therapy for breast cancer[J].
Chinese Journal of General Surgery, 2015, 24(5):733-738.
doi:10.3978/j.issn.1005-6947.2015.05.023.

Lappano R, Maggiolini M. GPER is involved in the functional
liaison between breast tumor cells and cancer-associated fibroblasts
(CAFs)[J]. J Steroid Biochem Mol Biol, 2018, 176:49-56. doi:
10.1016/j.jsbmb.2017.02.019.

Yu T, Liu M, Luo H, et al. GPER mediates enhanced cell viability
and motility via non-genomic signaling induced by 17B-estradiol in
triple-negative breast cancer cells [J]. J Steroid Biochem Mol Biol,
2014, 143:392-403. doi: 10.1016/j.jsbmb.2014.05.003.

Yin H, Zhu Q, Liu M, et al. GPER promotes tamoxifen-resistance
in ER+ breast cancer cells by reduced Bim proteins through MAPK/
Erk-TRIM2 signaling axis [J]. Int J Oncol, 2017, 51(4):1191-1198.
doi: 10.3892/ij0.2017.4117.

Li Y, Jia Y, Bian Y, et al. Autocrine motility factor promotes
endometrial cancer progression by targeting GPER-1[J]. Cell
Commun Signal, 2019, 17(1):22. doi: 10.1186/s12964—-019-0336—4.
Hernandez Silva CD, Riera-Leal A, Ortiz-Lazareno PC, et al. GPER
Overexpression in Cervical Cancer Versus Premalignant Lesions:
Its Activation Induces Different forms of Cell Death[J]. Anticancer
Agents Med Chem, 2019. doi: 10.2174/18715206196661902061715
09. [Epub ahead of print]

Cortes E, Sarper M, Robinson B, et al. GPER is a mechanoregulator
of pancreatic stellate cells and the tumor microenvironment[J].
EMBO Rep, 2019, 20(1). pii: e46556. doi: 10.15252/
embr.201846556.

Luo H, Liu M, Luo S, et al. Dynamic monitoring of GPER-mediated
estrogenic effects in breast cancer associated fibroblasts: An
alternative role of estrogen in mammary carcinoma development[J].
Steroids, 2016, 112:1-11. doi: 10.1016/j.steroids.2016.03.013.

Luo H, Yang G, Yu T, et al. GPER-mediated proliferation and
estradiol production in breast cancer-associated fibroblasts[J].
Endocr Relat Cancer, 2014, 21(2):355-369. doi: 10.1530/ERC-
13-0237.

Yu T, Yang G, Hou Y, et al. Cytoplasmic GPER translocation
in cancer-associated fibroblasts mediates cAMP/PKA/CREB/
glycolytic axis to confer tumor cells with multidrug resistance[J].
Oncogene, 2017, 36(15):2131-2145. doi: 10.1038/0nc.2016.370.
Akl MR, Nagpal P, Ayoub N M, et al. Molecular and clinical
significance of fibroblast growth factor 2 (FGF2 /bFGF) in
malignancies of solid and hematological cancers for personalized
therapies[J]. Oncotarget, 2016, 7(28):44735-44762. doi: 10.18632/

oncotarget.8203.

http://www.zpwz.net



580 E LA AR R

28 &

[15] Javidi-Sharifi N, Martinez J, English I, et al. FGF2-FGFR1
signaling regulates release of Leukemia-Protective exosomes
from bone marrow stromal cells[J]. Elife, 2019, pii: e40033. doi:
10.7554/eLife.40033.

[16

=

Awaji M, Futakuchi M, Heavican T, et al. Cancer-Associated
Fibroblasts Enhance Survival and Progression of the Aggressive
Pancreatic Tumor Via FGF-2 and CXCLS8[J]. Cancer Microenviron,
2019. doi: 10.1007/s12307-019-00223-3. [Epub ahead of print]

[17

—

Seo JH, Yu JH, Suh H, et al. Fibroblast growth factor-2 induced by

enriched environment enhances angiogenesis and motor function

in chronic hypoxic-ischemic brain injury[J]. PLoS One, 2013,

8(9):¢74405. doi: 10.1371/journal.pone.0074405.

[18] Qiao A, Gu F, Guo X, et al. Breast cancer-associated fibroblasts:
their roles in tumor initiation, progression and clinical
applications[J]. Front Med, 2016, 10(1):33-40. doi: 10.1007/
s11684-016-0431-5.

[19] JRZEFR, ZJA . I 4 s IRt SR R B I s e (0], v I

W AN, 2017, 26(9):1202-1206. doi:10.3978/j.issn. 1005—

6947.2017.09.019.

Xing RC, Qin ZP. Research progress of tumor microenvironment

in pancreatic ductal adenocarcinoma[J]. Chinese Journal

of General Surgery, 2017, 26(9):1202-1206. doi:10.3978/
j-1ssn.1005-6947.2017.09.019.

SRARIE, A, SKOGH, 4. IR AR G RLAT 4E 4 T GPER A

FHMGB 1AM et FL IR MCF - 740 i) 1 W M BEFE ] JohsRd,

2017, 37(5): 448-456.

[20

[l

Guo LY, Yu TH, Zhang GJ, et al. GPER-mediated HMGB1
exocrine in cancer-associated hbroblasts promotes autophagy and
proliferation of breast cancer MCF-7 cells[J]. Tumor, 2017, 37(5):
448-456.

[21] FAh, IR, LR, 55 MR MESEER LIS A T IL-614
FIR[]. PR RS HRBMERL, 2015, 35(3):309-314.
doi: 10.7655/NYDXBNS20150303.

© WA )T i [ & F I F 2P H

Wang J, Xu J, An XQ, et al. Estrogen enhances expression of
interleukin-6 in ER-negative breast cancer cells[J]. Journal of
Nanjing Medicial University, 2015, 35(3):309-314. doi: 10.7655/
NYDXBNS20150303.

[22] Miura K, Oba T, Hamanaka K, et al. FGF2-FGFRI1 pathway

activation together with thymidylate synthase upregulation is
induced in pemetrexed-resistant lung cancer cells[J]. Oncotarget,

2019, 10(11):1171-1192. doi: 10.18632/oncotarget.26622.

[23] ZnkAE, Bk, EIH, 2. B AR I A1 B Bk nl e 4k A= <

W7 5L S R IE Y AL Y E R[], R AR A,
2015, 24(2):283-287. doi:10.3978/j.issn.1005-6947.2015.02.025.
Li BD, Yan LB, Shen Y, et al. Relationship of transforming growth
factor B1 and basic fibroblast growth factor with congenital
choledochal cyst in children[J]. Chinese Journal of General Surgery,
2015, 24(2):283-287. doi:10.3978/j.issn.1005-6947.2015.02.025.

[24] Traer E, Javidi-Sharifi N, Agarwal A, et al. Ponatinib overcomes

FGF2-mediated resistance in CML patients without kinase domain
mutations[J]. Blood, 2014, 123(10):1516-1524. doi: 10.1182/
blood-2013-07-51838]1.

[25] Terai H, Soejima K, Yasuda H, et al. Activation of the FGF2-FGFR1

autocrine pathway: a novel mechanism of acquired resistance to
gefitinib in NSCLC[J]. Mol Cancer Res, 2013, 11(7):759-767. doi:
10.1158/1541-7786.MCR-12-0652.

(AL RiF)

A5 AR RIBYE, RN, L5, S MRAR G 4E 40 i
P G A 11 {18 B0 W D 3% 52 A 8 2 (A 140 557 - 0 X L s 4
PR BRI []. T RSB SRR, 2019, 28(5):573-580. doi:10.7659/
j.1ssn.1005-6947.2019.05.009

Cite this article as: Yu TH, Tu G, Peng MQ, et al. Influence of
paracrine mediated by cytoplasmic translocation of G protein-coupled
estrogen receptor in cancer-associated fibroblasts on growth of breast
cancer cells[J]. Chin J Gen Surg, 2019, 28(5):573-580. doi:10.7659/
j.1ssn.1005-6947.2019.05.009

http://www.zpwz.net



