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HWE B85 IR 3E (ARM) sF = M SUIR IR (TNBC ) 28 8 % 25wt 25 (MDR ) 89 % v AL . 73k 248 MDA-MB-231 %
REAE A B RAER | B R CCK-8 4l it B ALy Bl K 3% 75 4 30 7 xﬂi(PPAR)y FH A GW9662 . PPARY i# 5 71| 1 #4571 BFl = ABC
#i2 &8 G Kk N 2(ABCG2) 404 7] KO143 f28 18] A 7 B 28 T A 4m Je 38 71 6 35w o LR i 40 O 4 &4 M ARS i 41 2R 4R L
& (HATES )%t 2 fofig AR R a9, A1 A HATES £E4h ARM, 5 A48 (DDP ) Fe 48 45 BE (PTX)4E A 4077 2h4p , i@ it am oy 25 |
CCK-8 Z %X, Annexin V-PE/7T-AAD & T+ HATES 3 MDA-MB-231 0. MDR #5%, % 0 2 85384 & B 40l HATES,
GW9662 ., 1 #4-71 A 5 MDA-MB-231 %8 . ABCG2 45 7E 69 % . Western ¥ i #2] HATES .GW9662 % MDA-MB-231 41 /i,
PPARy #= ABCG2 % & & X 49 %A1, Western 97 i .CCK-8 Z & X, Annexin V-PE/7-AAD X % 71 = # # HATES 2+ PPARy—
siRNA B} iF 45 ¢ MDA-MB-231 %5 4% PPARy A ABCG2 % & & ik L7 0 4 fe3g 38 Ao ) T 49 % vh . CCK-8 ZUA X, Annexin
V-PE/7-AAD 3% A = # # HATES.GW9662.K0143 3 MDA-MB-231 4% 57 B &m Je 3% 74 Fn 0 T 09 % vé1 . S5 5R 125 pmol/L
GW9662.25 pmol/L #1453 B & 10 wmol/L KO143 432 40, 2 h 34 7R % vh 4m JL 35 54, A e Sk mb b 475 4 ?%\ A 49 HATES
A AT AR 3 MDA-MB-231 28 I B8 78 7 %, LR % v MDA-MB-231 20 i 69 75 45 38 78 2R == (3 P>0.05) A2 AL T7 25 4 75 12 i
WTAR 3t dm A3 75 R, Y e IR = (39 P<0.05). HATES 4% % MDA-MB-231 émﬂ@é@ ABCG2 # F &M, M [ PPARy 7T 4941
Z A (P<0.001), HATES 42 4 feeég MDR, 5T PPARy #ef2 )8 GW9662 & KO143 %55 HATES s+ MDR #9%+%(3% P<0.001).
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The adipocyte—rich microenvironment promotes multidrug resistance in triple—negative breast cancer cells
via the PPARY/ABCG2 pathway
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(Department of Immunology,School of Basic Medical Sciences,Tianjin Medical University,Key Laboratory of Diseases and
Microenvironment of Ministry of Education of China, Tianjin 300070, China )

Abstract Objective: To investigate the effect and mechanism of adipocyte-rich microenvironment( ARM) on multidrug resistance(MDR )
in triple-negative breast cancer( TNBC) cell. Methods : MDA-MB-231 cells were selected as the research model to detect the time
and dose effects of peroxisome proliferator—activating receptor (PPAR )y antagonist GW9662, PPARYy agonist troglitazone and ABC
transporter G family member 2(ABCG2 ) inhibitor KO143 on cell proliferation. Oil red O staining was used to detect the effect of human
adipose tissue extract(HATES) on cell lipid droplets accumulation. The effect of HATES on MDA-MB-231 cells was detected by cell
morphology, CCK-8 and flow cytometry Annexin V-PE/7-AAD double-stained apoptosis by using HATES to simulate ARM, cisplatin
(DDP) and paclitaxel (PTX) as chemotherapy drugs.Effect of luciferase reporter gene detection of HATES, GW9662, troglitazone on
ABCG2 transcriptional activity in MDA —MB -231 cells. Western blotting examined the effects of HATES and GW9662 on the
expression of PPARy and ABCG2 proteins in MDA-MB-231 cells. Western blotting, CCK-8 and flow cytometry Annexin V-PE/7-
AAD double-chromatic apoptosis detected by HATES on the expression of PPARy and ABCG2 proteins in PPAR y—siRNA transient
transfection of MDA-MB-231 cells, cell proliferation and apoptosis during chemotherapy. CCK-8 and flow cytometry Annexin V-
PE/7-AAD double—chromatic apoptosis detected by HATES, GW9662 and KO143 on cell proliferation and apoptosis during MDA —
MB-231 chemotherapy. Results: In this experiment, 25 wmol/L GW9662, 25 pwmol/L Trog and 10 pmol/L KO143 treated cells did
not affect cell proliferation for 2 h, and subsequent experiments were carried out on this basis. The HATES concentration applied in
this experiment promoted the formation of lipid droplets in MDA-MB-231 cells without affecting the morphology, proliferation and
apoptosis of MDA-MB-231 cells(all P>0.05), but promoted cell proliferation and reduced apoptosis (all P<0.05) in the presence
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of chemotherapy drugs. HATES increased the ABCG2 transcriptional activity of MDA-MB-231 cells, while blocking PPAR+y inhibited
this effect (P<0.001). HATES promoted MDR in cells, silenced PPARy and used GW9662 and KO143 to attenuate the effect of HATES
on MDR (all P<0.001). Conclusion: HATES promotes MDR in MDA-MB-231 cells through the PPARY/ABCG2 pathway.
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s BRI I, ABC iz 1 1 1o 40 i g 5=
AR Z AR, Hoh ABC Fi2 1 G HKIEA
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X%?LE@%*&E’%EE (breast cancer resistance pro—
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TEAVERT, I ELREAE SMIETUIE 259 , 718 MDR 1)
KA R AR BRI i A R R 5
PG 52 K y (peroxisome proliferator activated recep
tor gamma, PPARy ) J& T2 [ B 52 14088 S T 1 A% 32
T TENR TR K B AR AR P ke 2 A
PPARy fE R HZ ARG 15 73+, 2 SR SR
Jal, iR B ABCG2 AT . #ifi PPARy
AIFEAIE ABCG2 A1 M2 L g4t 4 S HE T 409,
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1.1 A4 A TNBC 4ii}fd MDA-MB-231 f KEHEE
BFR 2 g 1= Be S0 e i B2 B 5 i 2R 17 (FBS)
4 11 GIBCO /A7) ; DMEM 55353  CCK-8 #6471
& FT ORI A Y BRI A R ] 5 A
(PTX) W A #1125\ SE A BR A & 5 41 (DDP)
W F 556 il 2547 BR 2 7] 5 Annexin V-PE/7-AAD
TR & A VTR B R AR e A A PR 7] 5 2¢
DR Bl & B R AR &8 ) Promega 23 7] s PPARYy
WATF A% F B Trog . PPARYy F5415 GW9662 #1114
H Selleck 23 7] ; ABCG2 il 7] KO143 Il§ F| MCE
25wl N PPARy $UKIE H Abcam 23 F) ; ABCG2 it
PRI [ 95 LSS AR B R 0 A7 BR A ] ; GAPDH
PUAIE [ CST A F],

1.2 %7k

12,1 ZHMiiE 3 MDA-MB-231 40} A & 10%
FBS ] DMEM ¥53%3E, & T 37°C 5% CO, R F=46
Wik SR B 2~3 R FRBOHHE S,

122 AJRMiH 2R BUR HATES #4275 Nie
sEnapl )y B4 HATES, B FL AR £ 255 1 b 41530
NEWFHAUEARSG 1 h NeRIXH% RSN E, HE
I x5 5655 F IR WY Hanks 28 MR Ve NG 11 2H 21
FE 50 3% A7 R S i e, 64T FRER K A 1 2H 2 85 D) A
2 mm ZEATH/NER 200 H UERIAES , 442 0.8 ¢ BB/
mL DMEM AR AGE & & IxH iR ZIRA W
) DMEM, We4E 23 uE i ,1 000 ¢/10 min &0,
0.22 wmol/L B UEAR WA 5 4B AR A7 28 P o el st
N 20% FBS 1:1 Hikg , 9K E A 0.4 ¢ G /mL.
1.2.3  CCK-8 R 40 fpo 3 58 b b &l A < Y
MDA -MB-231 4 }g LA 7x10%FL % BE $= F F 96 fL
MR, Fo 20 LI B I, 452 4 ZH AR BRAN A - (1) R[] ¥R i
1) GW9662 & Mk 31 (0.5.10,20.40 .60 wmol/L)
Fe A FE Y KO143(0.1.5.10.20.50 mol/L)ZbFH
24 h, (2)GW9662(25 pmol/L) . H#%F1E (25 wmol/L)
J KO143(10 wmol/L) &b B [H] A (8] (0.2.6.8 .12,
24 h), (3)GW9662(25 pmol/L) . KO143(10 pmol/L)
AL FE 2 h; HATES(0.4 g/mL). DDP(30 pmol/L) .
PTX(7 nmol/L)Z5Ab¥H 48 h, FF4H%E 3 NEFL. 40
MuREFR 45 A/ 30 min, WA ANAEIE S ARk, IF
AMIE sk, He CCK-8 A7 S v B 1390 5 2,
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g R AR DU 450 nm 42b f IS B2 (OD450) , 1
GraphPad prism 9 #1741 H2% 047 .

1.2.4 W4 O Je @M HATES % MDA-MB-231
AR DT PR EEL TS K MDA-MB-231 4 4%
FhF 24 FLA, BRE R 1x107mL, 20 0 B s b AN
Iii] ¢ & # HATES (0.0.2.0.4.0.8 g/mL) 1% 5% 24 h.
REFRas e  F B 2T O A Sl i A5 A T8
1k, AR NIRRT

1.2.5 7 Annexin V-PE/7—AAD XL I8 146 I
HATES .DDP , PTX X 4 s A= K 38 58 08 T /Y 5%
M) B X B A K 9 MDA -MB-231 41 ff1 LA 2.5
10%/FL%% FE 5 Fh T 12 FLAR, Fr 4R BN BE J , #4341
AL FRARMD R SR 45 0 0.25 % (S & EDTA)
THAL S AR, AT 2% FBS f%) Hanks %E7 2 1K .
2 LWL, BE A 100 wL 55 & H A9 1xAnnexin
V Binding Buffer HAEA0ML, SCHAIEMA S pL iy
Annexin V %, FHILA 5 pL 1 7-AAD %7, 12T,
4°CHREEYLAD 20 min. ZHARIE TS 400 H i 91 8
FE R AR . T A A A TR, 2
PR ALY F R RN GAME , R FlowJo #R4F
HEFTEHE AT -

1.2.6  Western EJiE Kz {l] HATES X% 2l i PPARYy
K ABCG2 HHEL K5t KA MDA-MB-
231 4L Sx1074L% BEEER T 6 FLAR,, FramfEg
BEJ5 MR PE S296 ZoR He 4y 4l AL BRAN MG , 85 RIPA (2R
FIEEMGRILL 1 000:1 Jic B 24 A, B EUAm i s 2
Fo BCA Z& AN Sk il & vk B2 e 10%
o B B 40 pg/fLEYEE F ] 10% SDS-PAGE i
ATHLIK AT B . FUK R R % BT PVDF JiE, 100 V
R 1 b, 3% 103G F R H (BSA) &R E ] 2 h
Ja  IMAREFHE—PT, 4CIFR LR A HRP FRiC
) P IR E 2 he TBST I UG L2 &GRS
TRRFA SR . K B A 5 NS KR
VERER A s E R

1.2.7 /N RNAGSiRNA) YA RIS PPAR-
siIRNA FHFPEXT BB —siRNA Fh [ 5 904N 7] e A
BCRIA L . XA K301 ) MDA-MB-231 4l it A
Ix10FL# EERERD T 24 FLAL. RRAARING BEJS , 4 8
Lipofectamine 3000 Ui FH 5 %% Y siRNA 2 21 ifg v b5
3% 72 ho HEFREEHT Western EPTIRI S YL s8R
1.2.8 MR BHRAEFE R HATES .GW9662 . [
¥ F i X MDA-MB-231 4l ABCG2 #% %15 ME 1
S ZEFE b E R AL A A A #E ABCG2—pro—
moter—Luc JFURL N 25 3K GV238—Luc TikLFll B—gal
JEORLAS FH o BB KU MDA-MB-231 2 it 4

2x 107/ L% BEEHE AP T 24 LA b o Fp A BE f5 |,
M Lipofectamine 3000 it B 3 5% 4L i b 2= 4 g v o
BEYY 6 h ol R T 4 2 AN IR A SR 2R B R
FEHATIHESR 48 h, HoA g S BV FE 25 wmol/L. 1%
FREEWR T, F7 08 Promega “9¢ G ER B 5 3 R F
& UL 2RI, RGN 100 WL 2GR EIIE
¥, FH Promega ¢ )62 BRI ABCG2-promoter
Luciferase (7% PE. [FIATHUZE 20 wlL 247 L3, hEE
JIA 80 wL ONPG,37°CH#E 30 min J& , Kl B—gal
16 Luciferase BIFHNIETE R Luciferase BTG5
B—gal LR ELE , GraphPad prism 9 GEitIHER .
129 %t 542 KM GraphPad prism 9 34
AT G 2E T RPE R . IEZ A6 1 & OB
F xts T, ZALRAE BRS040,
WL IA] FLASR FH ¢ K556 . DL P<0.05 M2ZERA G2
2 H#R

2.1 PPARvy 4375 GW9662 Z % 3 7| th #4-7] B 5
ABCG2 #7471 KO143 *F MDA-MB-231 41 g 4 7
FAebt RS ARSI E ST ARM X 2 A
IR , B SR E GW9662 , A% 51 i K KO143 %5
T 19 f5 3 v B AN B (], CCK -8 SEEG 25 2R W7
GW9662 ., HHi#s 51i K KO143 X} o AE ] 24 h Y
1C50 43914 26.91.26.57 ,13.57 pwmol/L. H4fE 1C50
ZEHRAEHL 25 wmol/L GW9662 .25 wmol/L [ 4% 51] fil
510 pmol/L KO143 HEA7T B} I N 52560 . 4nf&l 1B
ZER R 25 wmol/L GW9662 .25 wmol/L i #% %1 i
510 wmol/L KO143 AbHE 2 h #4752 i 4 Ji 34 5
(35 P>0.05). 55 FHSER:, HEH 25 pmol/. GW9662
25 pmol/L HiA%FIEH5 10 wmol/L ABCG2 kb BRI
L2 h, FEASSENR A MG 5E 0 LT AT RS2SR
(1)

2.2 HATES 12 # MDA-MB-231 %8 L fig i 9 AR R
w2 45 B R ,04 ¢/ml HATES 1 0.8 ¢/mL
HATES 341 - S 4 AL AR TR (AR 2R, {5 50T HRZH AH
FE 0.8 o/mL HATES &b BRE , 21 i FE 245 0H S ik A |, 48
AR 25 A MRS AR 0.4 ¢/mL HATES
HATIRELEE .

2.3 HATES f%3t MDA-MB-231 2afiz. MDR %525
7N, SXTHRLAAA LG, HATES ¥ B R 520 20 it 2F K
g RS (34 P>0.05, B 3A.3B.3C). 41 3B
CCK-8 #5 R Bn , S R4 AH Eb , DDP 40 A1 PTX 41
2 A i AR (1=7.95 1611, 1 P<0.000 1), 5
2l DDP A L, DDP+HATES ZH 4 i 14 5 1] fib 34588
(1=3.76,P<0.05) ; PTX+HATES 2H 522 241 (1=8.54, P<
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0.01). & 3C.3D AP TR ZE R o, 5 X5 e
ZHAH LG, DDP Fl PTX ZH KA T (¢=33.62.
34.90, ¥ P<0.000 1); S DDP 4 A4H I, DDP+
HATES ZH 41 i 8 17~ I 25 51K (1=19.68, P<0.000 1);
PTX+HATES £ 5 22 251 (1=29.24, P<0.000 1). 4ty
(B TE AN T SIS B a— 3

2.4 HATESi#:i$8% PPARy Lifl ABCG2 &5 74
PR AT A 15 B 2= P BiiE 22 W, PPARy J21i2
HEALI I 245 (R R AH C 1 S5 5 T, ABCG2 J& T g
TR Z — . & T i HATES J2& 75 i i
PPARy {2if ABCG2 Hyf%5%, HHATOOGER M 5 2

A

RIS (K] 4A 4B) . S5 WIR, 52 #8ARGAH L,
PPARYy $5H17] GW9662 Bk ABCG2 AYHE -1
P (1=18.45,P<0.000 1), A% 30 AT b 3 42 5
ABCG2 By#5 5151 (1=29.01,P<0.000 1), HATES £
ABCG2 W% sk id M il 2 398 (1=4.69, P<0.01) . 5
HATES A I, HATES+GW9662 21 ABCG2 HY%#% 5%
T I 25 AR (1=5.39, P<0.001 ) , HATES + i1 % 5] fifi
ZHABCG2 WG sk I 1 i 25 1 5% (1=8.18, P<0.000 1)
AN, Western BRI 455 i 7R HATES &b BRAE iF 41 it
PPARy fil ABCG2 & 1 #£ ik, 1M GW9662 FEAK T
HATES #fe#E/EH (& 4C.4D),

GW9662 Trog KO143
100
1C5=26.91 pmol/L.

80 S 1C5=13.57 pmol/L
Soeol R 60 e 00
sz O DN +
2 40
F

20

[ T T T 1 T T T 1
00 05 10 15 20 00 05 1.5 20 0.0 0.5 1.0 1.5 2.0
log10c log10c log10c
B
GW9662 Trog KO143
2'5- #{ 2'5 T stk 2.5- | *****—|
I sk |
. n L{ sl

200 pB—s 2.0 - 2.04 —|***
- Ns —|*  —
7 157 s 157 —I“S_| o 150 MY
a < <
S 1.01 8 1.0 8 1.04

0.57 0.5 0.54

0.0- 0.0~ 0.04

0h2h6h8h12h24h Oh2h6h8h12h24h Oh2h6h8h12h24h

2 A CCK-8 Rl AR [A] e BE GW9662 . K& 511 & KO143 XF MDA-MB-231 4ii 1Y IC50; B : CCK-8 Kailll GW9662 . M5 51 & KO143 kbFE
MDA-MB-231 £ AN [ iof (8] 2 35644 s GW 9662« ixf SF AL My B A 51 Wi 52 AR y 550771 s KO 143 =BEIRIT 45 G 4% 2 B G AR bt 2 411
I 5 #P<0.05 5 #P<0.01 3 ##%P<0.001 5 % P<0.000 1;NS: 25T TG 11245 L
1 GW9662. Hi1& 5.5 KO143 %t MDA-MB-231 28 5 52 i 57 2 70 B i) 350 5z
Fig1 Dose and time effects of GW9662, Trog and KO143 on the proliferation of MDA-MB-231 cells

Control

MDA-MB-231

0.2 g/mL HATES

ML O Y@kl HATES A Heis iR W A8 T 05 (10x .40 ) ; Control : X B8 s HATES : A 7 41 21 E

[E 2 HATES {23 MDA-MB-231 ZHAffS IR &

Fig2 The accumulation of lipid droplets in MDA-MB-231 cells promoted by HATES
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2. P, B 2 2.
= 10’] i 10] = 10
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03 03 R [}
o4 Q3
—104457s 190 ~10™ s an —-10% £
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Annexin V Annexin V Annexin V

12 A:HATES .DDP \PTX 4 Hfi MDA-MB-231 4l /5 W i B~ WL 40 L JE 745 (20% ) ; B: CCK-8 ¥&ill HATES .DDP . PTX 4h ¥ MDA-MB-
231 4G 5E ; C: =k HATES .DDP PTX Ab3# MDA-MB-231 4iMaJf 1= D i R T 3 IRGETHEE R 5 Control : X HATES : ARRMZHZ!
IR s DDP: AR s PTX s 224218 5 #P<0.05 3 #%P<0.01 5 %% P<0.000 1;NS: 2253 Gt it275 X
3 HATES {23 MDA-MB-231 488 MDR
Fig3 MDA-MB-231 cell MDR promoted by HATES

A B c D
H% 6 HpANEzt % s MDA-ME231 MDA-MB231 MDA-MB231
o= seksk sk i .
- =
E - £ WP L s - 4 HATES - - 4+ 4
it a4 ABCG? [ W] 72 KD GW9662 =+ -+
%2 52 ABCG2 [ 72 KD
N = PpARy ] 56 KD |, 56 KD
F ORI OS2 3 _
Control  ABCG2 promoter Control ~ ABCG2 promoter GAPDH37 KD GAPD Hi———— 37 KD
CW9662 - - + - HATES - - + + +
Trog - - - +  GW9662 - -  + + -
Trog - - - - +

H:A:GW9662., A% FIEALHE %45 ABCG2 promoter—luc MDA-MB-231 41 i 5¢ 56 AN 1575 B: HATES .GW9662 . [l 51 il 4b R &5 4
ABCG2 promoter-luc MDA-MB-231 4NEH S Z AN TG ; C: Western ERIBAGI HATES 403 MDA-MB-231 4lfifl PPARy . ABCG2 # [11#1k;D:
Western ERFEKG HATES .GW9662 4B MDA-MB-231 4iifffl PPARy ABCG2 # (4 %35 ; HATES : AN 202U BOR ; PPARYy - 32 S Ak 4 A3
BTGS2 v; GW9662 : PPAR~y 54707 ; A5 : PPAR~y #3h7; ABCG2: =W 4 S5 H G AR 2; GAPDH: NBHE H 5 *+P<
0.01;##%P<0.001 ; **+#P<0.000 1
4 HATES #3837 PPARy £ ABCG2 Rix
Fig4 HATES upregulated ABCG2 expression by regulating PPARy
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2.5 HATES i it PPARY/ABCG2 i 12 W R MR 2 FPTX B, HATES fe AR r 3558, 1MiER PPARYy
MDA-MB-231 a /. MDR  40I&] S5A Western EJ84% AMHNZRON (1=9.14, P<0.015:=12.84,P<0.001) ., [d]
R7R, UUR PPARy MUFEL T ABCG2 IyEEH#E A, W&l 5D Jixl Al &5 R s, i H DDP Al
ik, 109855 T H1 HATES 5I#289 PPARy 1 ABCG2 25 PTX B, HATES 14089081, 12k PPARY 1855
FIFIR RGN . QN 5B.5C 4558 7R, W H DDP T (1=4.763.16.25, %) P<0.000 1),

A B C
Control siPPARy i MDA-MB-231 2.57 MDA-MB-231
HATES -
(=3
ABCG2 m—‘ 2kD o 2
Z 2
, =)
PPARy L_‘.:..__-m 56 kD
CAPDH }-—-— | 37kD
D
Control HATES siPPARy
10421, E 104, o 04,
10° 4 109
a 3 a 3 a
= B = =
T o107 T o101 <
~ 3 ~ ~
47 +
3 e 03 =
0 100 10° 10° 0 100 10° 10° 0 100 10° 10°
Annexin V Annexin V Annexin V
bbP DDP+HATES DDP+HATES+siPPARy
a a
= = 2
5 5 <
~ = ~
Qs
LR i s 956
0 U100 107 0 100 100 10° 100 100 10°
Annexin V Annexin V Annexin V
PTX PTX+HATES PTX+HATES+siPPARy
a a a
= = =
5 5 5
~ ~ ~
0 100 100 10° 0 100 10 10° 0 100 10 10°
Annexin V Annexin V Annexin V

12 A Western EJZEAG HATES AbFH PPARy—siRNA Bfit554 MDA-MB-231 401l PPARy ABCG2 #E 13634 B il C: CCK-8 KM HATES |
DDP/PTX 4t 34 PPARy-siRNA WEI Y4 MDA-MB-231 4 I35 ; D : i 0k I HATES .DDP \PTX Zb## PPARy-siRNA B# i 5% 4« MDA-MB-231
ANMIYA T HATES : A ZURIBGR ; PPARy - i S AL YR S TR DG 524K v ABCG2: —BEIRIT A5 A4S 8 G BRI 5t 2; GAPDH : [
B3 DDP WA PTX : A2 HE 5 4 P<0.01 ; ##%P<0.001 ; ##%#P<0.0001 ; NS : 22 5 LG5 H# 7 X
E 5 HATES i#it PPARY/ABCG2 & 1&WiR (R # MDA-MB-231 8 MDR
FigS HATES promoted MDA-MB-231 cell MDR via PPARY/ABCG2 pathway endogenously
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