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HE. BRY WLEMKpHIEAK—F & B % % 4k 1 (pHLIP-P1AP) &4 3t = I M LA A (TNBC)MDA—-MB—
231 i 3G AW Wk, TTik &t AR BARITH) pHLIP-P1AP, YLE MDA-MB-231 %8 .5 MCF—10A %a itk &
B G EEE 2R 1(PAR) 89 FA B L, 947 R pHAL(7.4.6.0) &4 T % B ARIZ 6 pHLIP-P1AP 5 MDA-MB—231
4 R0 25 A DL E 3 MDA-MB-231 a0 f 38 5 e % vm . 2558 & R T pHLIP-P1AP JFi#t 47 & KARit, R
WEFRIE T (pH 6.0), K AAFITE pHLIP-P1AP 5 & & % %34 PAR1 4 MDA-MB-231 20 A A 3B ey &5, T 2
74 MDA-MB—231 40 it 6938 74, pHLIP-P1AP 4 0.5 pg.1 pg 2 pg 4 ng.8 g i, 4a i 32 74 4 ) 5 25 51 4 3.39%,
5.27%,14.29%,22 14%.35.69%, £Z51 MDA-MB-231 %3tk @ & & K &6 PAR1, pHLIP-P1AP £ B2 M 2R3% F 4k
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The inhibitory effects of pHLIP-P1AP on the proliferation of triple—
negative breast cancer MDA-MB-231 cells*

CHEN Yuehua', WANG Zhenguang®, LI Dacheng®, YU Mingming”
('Intensive Care Unit, *Nuclear Medicine Department, the Affiliated Hospital of Qingdao University,
Qingdao, 266100, Shandong, China)

Abstract: Objective To observe the effects of pHLIP [pH (low) insertion peptide]-P1AP on the proliferation of triple—
negative breast cancer (TNBC) MDA-MB-231 cells. Methods Fluorescent—labeled pHLIP-P1AP was designed and synthe-
sized. Protease—activated receptor 1 (PAR1) expression on the surface of MDA-MB-231 cells and human MCF10A mam-
mary epithelial cells were observed. The binding between fluorescent—labeled pHLIP-P1AP and MDA-MB-231 cells un-
der different pH values (pH=7.4, 6.0) was analyzed. The effects of pHLIP-P1AP on the proliferation of MDA-MB-231 cells
was analyzed under the conditions of pH 7.4 and 6.0. Results pHLIP-P1AP was successfully synthesized and fluorescent—
labeled. PART was highly expressed on the surface of MDA-MB-231 cells. In an acidic environment (pH 6.0), fluorescent—
labeled pHLIP-P1AP and MDA-MB-231 cells had a high binding ability. In an acidic environment (pH 6.0), pHLIP-P1AP
significantly inhibited the proliferation of MDA-MB-231 cells. With 0.5 pg, 1 pg, 2 pg, 4 g, and 8 g of pHLIP-P1AP,
the cell proliferation inhibition rates were 3.39%, 5.27%, 14.29%, 22.14%, and 35.69%, respectively. Conclusion PAR1
was highly expressed on the surface of MDA-MB-231 cells. pHLIP-P1AP can effectively target MDA-MB-231 cells in an
acidic environment and inhibit the growth of MDA-MB-231 cells. Therefore, pHLIP-P1AP is expected to be a valuable
new drug in the treatment of TNBC.

Keywords: pH (low)insertion peptide; Protease—activated receptor 1; Triple—negative breast cancer; Cell proliferation
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— B PE FL MR 95 (wiple—negative breast cancer, TN-
BC) 2 +8 Wi E 24K (estrogen receptor, ER) A2 &R
Z I (progesterone receptor, PR) F15& 7 4 K A+ 32
& 2(human epidermal growth factor receptor 2, HER-
2) ¥ o0 BP0 LR R 7 BT AT LR R R R
15%~20%. TNBC EA &2k b e AR 22
S PRARR R, FLIRE R T 5 T N 2 IR S 7 AL [r)
70 TNBC JRRl, I, 38 Y175 B X TNBC I %
BHIRIT 259, LA IR T g

% E[ ﬁ {Ei i % ﬁi 1 (protease—activated receptor
1, PARD) Z 5 Z T I g 10 42 28 5 B 5 7, A0 9
TNBC., 2697 R M AER 25 Pepducin PZ-128
JERFEHR AL B9 UK, H 8 B 23 A1 PART (W] 1
BePIAP AN . AWFFE RN, PZ-128 REAL i i 4 m)
PART Y55 = 20 I P9 20300 86 i 28 400 g v 19 PAR 1/G
EAG ST [0 PZ—128 X g 40 i AN 2 A 1
PEVE AT 5 AR IE B 455, P PZ-128 (A
RSN B 2 BRI PR o A RE 4 — i 0 2
PROKF PIAP iz 28 Z R A P, al R AR = PIAP 4
3697 R AR H]

1% pH #i A BK [ pH (low ) insertion peptide, pHLIP ]
TG G T 21 TR AR 5241 0T C-18E , J&— 28 AT LA )
12 1 i 983 1% 24 5% (tumor microenvironment, TME) A9
FTRLERAR R ] 19 0 F- ML 2T pHLIP 7€ pH {H
AR ) TVE F 4 A i 958 200 B 82 8 p HL ARG 14 B2
B o~ BELES . pHILIP - C A 0y 25 ek 48 54 A fip
T AL PN, B ie HE C ORI BE S IR BIPREIG Y T L Tz
6 B Ji e 20 A ) R, O sl 2, 1 PIAP A%
FUR TR 20 P SR B S AR TRICR

TEARREGE T, FRA TR pHLIP 1 C i 5 P1AP Y
N s it B AR , 155 pHLIP-PIAP 54
T I SR RAIE pHLIP 2 75 REBSKE H: C i 421 P1AP
iz 3% %5 TNBC 4fl gk MDA-MB-231 [, i 1o 2 [i]
PART 20 i 9 R ] PARL/G 2R LR 556 5 363
HX TNBC BT 1EHT

1 MREFZE

1.1 ##L PAR1 SR SEREDIA (Affinity Bioscienc-
es, VLA M) s Cy3 FRic LA G 1eG (VLR M 42
HEWIRHEAT IR AR TTIRZE M) 54, 6- k-2 0k
w51 (DAPD) (R LA IR B AT PR R VL5 R
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50)53-(4,5- " HIJEmEmE—2) -2, 5 ZRIL UG MR LR
(MTT) [ 74 A% 55 5848 B &7 ( B ) 52 5 A PR A
gl
1.2 (FITC)pHLIP-PIAPHIiZiIt . AR R4 &
ot [E A0 2 K G Bk 43 00 & i pHLIP (Var7) Cys 5
CysP1AP ¥4, pHLIP(Var7)Cys: AEEQNPWARYLEW -
LFPTETLLLELC; CysP1AP: CKKSRALF. ¥ pHLIP
(Var7)Cys 5 CysP1AP i@ & —Hi s % £z , 45 5 pHLIP-
P1APJF 5], 7 pHLIP-P1AP {4 N i b5 30 53 5 S50 IR ¢
Yt & (fluorescein isothiocyanate, FITC) , C ¥ #E17 [k
A 1B , Fe 24538 (FITC) pHLIP-P1AP: (FITC) AE-
EQNPWARYLEWLFPTETLLLELC-CKKSRALF,
22 Ikl 3t 2 AH 5 0B (4,3 (reversed phase high
performance liquid chromatography, RP-HPLC) 4fi {t,
(Gemini NX 10 w C18 100A, 4.6 mmx250 mm, Ji ¥
1.0 mLemin™) , 5 HLAERE, IR HT LS 55 HL 25 ook
1% (electrospray ionization mass spectrometry, ESI-
MS) AT B 5347 -
1.3 HEFRRARKEPARIREBERL A3l
JIR 958 20 Jfl 22 MDA-MB-231 F1 A IF % FL IR 40 i
MCF-10A 4 [ [ B2 B 40 M 52 Jir . MDA-MB-
231 ARG 57 4 - A 10% /N4 LT 1) L-15 85 3%
5, T 37 C. T CO, &M TR . MCF-10A 2 35
IR AT : DMEM/F12 (1 1) 55 5% 5+ E 1L 7% (5% ) + IR
BZE (10 pg-mL)+F A KK F (20 ng-mL™) +8
HL#E 2 (100 ng-mL™") + &AL T AIAA (0.5 pg-mL™")
1E37 °C,5% CO, 26 T #5757

TE 35 3% M e 15 1) 240 B vf 0 85 B A 85 5 0L
PBSTRUE 3 U5 1 4% 22 5 W [ % 15 min, PBSIR Uk
i FR L3 YK 50.5% Triton X—100(PBS A i) % i 175
20 min, PBSVEREFRIIL 3 W ; 7615 % ML IR I 5%
BSA,37 “CE A 30 min, FHASWAG I 45t df P U, 7085
I 1L PN T 0 A2 40 A0 B 4T 1 PART A B s B L AR
(1:200),37 “CHFHE 3 h; PBSIZPEES 213 ¥k, i fin
i BE AT 1 5 Cy3 FRid Ll BT % 16G(1:200) ,37 °C
B & 30 min, PBS 1@ PEIEFR L3 Y 1% DAPT Y
JEH 5 min, MR A BTG, FH PBS piE 2 R 1Y
DAPI; ] 50% H i3t P 35 72 1L, SR J5 76 98O0 1 ik e
(OLYMPUS) F UL I RAEFUZ
1.4 (FITC)pHLIP-P1AP 5 MDA-MB-231 4 f
AW ¥ MDA-MB-231 411} 5.0x10* /> /FL4%E
FIFE 24 LR . BRI E T PG bR stk
WEmR £5 22 v (25 mmol - L', pH 7.4) VR0 . 4%
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RS A B pHAE N 7.4 .6.0 1 pH 4 5 1-15
BigR Loy BmAFL B F 37 C R CO M TR E
K o mEFL A 30 kL 100 nmol - L' (¥ (FITC)
pHLIP-P1AP, 4R J5 5 24 FLAR & F 55 7 58 W B9 $2 5
RART 2 he FAIRN A pHAE (7.4 .6.0) 57 5 B AR
ERZZ P (25 mmol - L) Y I Al AL 5 Y LABR £AT:
AL G R e, SR HEA T A 2 AR .

1.5 HUIBFESLIE B MDA-MB-231 A HL N9 40 i
PLS.0x 10 LA AAE 24 FLA o 4B BFE TP
Jo o, B 2 RE AR I FH W R 4R 2% v (25 mmol L7,
pH 7.4) VeV AN . K5 pHAE K 7.4 6.0 1Y L-15 K5 %
B AFLE, BT 37 °CUECO IR T E o
B o ¥ ASTR] B Y pHLIP-PIAP (0 pg. 0.5 pg. 1 pg.
2 g 4 pg.8 wg) A AL, SRR 24 FLARCE T
FARFE NG R 72 he HIARN A9 pH{H (7.4.6.0) FE 5
PERE R 5 2% i (25 mmol - L) PEIR T AT 4 5 Yk LA
R RATA RS G A PRE o LU €8 MTT 00 7 75 DU
SEAE 77,8 20 WL 5 mg-mL™ MTT I N A 41 it
1,37 CEE 4 ho BT A5 1 AR % T 150 pL

DMSO H, Ff-fiff FH A5 A AE 490 nm Ab 0 2 W G E
T 20 3 BE A ) %

1.6 ZitZFEs#r KA SPSS 24.0.0.0(IBM) 4 it2#
A TR A B . AR B USSR A 22 (s ) T o
K H one—way ANOVA #4778 5t (1% L AL, P<0.05 B TA
R 2R HAGI R L

2 HR

2.1 (FITC)pHLIP-PIAPRIS B R4 Rh&
(FITC) pHLIP-P1AP, i % Z , pHLIP (Var7) Cys #l
CysP1AP i i) [5 40 22 Ik Wik & 1, 38 2o 4801k 52 1
i W9 2% Ik 2Z TR1JE B — i 82 , 75 3 pHLIP-P1AP, 7E
pHLIP-PIAP 1y N ¥ #r i FITC, 7% #| (FITC)
pHLIP-P1AP. (FITC)pHLIP- P1AP () RP—HPLC 43 #7
WoRA 14 F 16 (96.877 7%, 11.193 min) F1 2 N4
INFR 2 U6 (] 1A ) 3 ESI-MS 23 B 7w 34N g
m/z 53 314 753.8 ([m+6H 16+) ,904.3 ([m+5H5+)
1 130.2([m+4H J4+) (E 1B) . SZill53F 45 (4 516.8,
4 516.5) 5 HE > 75 (4 517.17) FEAMATF

14 16 18 20 22 24 min

Max: 119496
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1 (FITC)pHLIP-P1AP & HPLC(A)f1 ESI-MS(B) 2 #7
Fig. 1 HPLC (a) and ESI-MS (b) analysis of (FITC)pHLIP-P1AP

2.2 MDA-MB-231#1 MCF-10A £f ffl & T PAR1
FiE  MDA-MB-231 40 Jifd /55 3 ik PARL, 1fif MCF-
10A i g f PART 2R3k K 3R (K 2) o 2 3147

Br i 78 , MDA-MB-231 4 fitd AH XF 2 ' 3k J3 /24 iy
(100.00+3.53) % , MCF—-10A 4 ffd {4 FH %o 2 S5 55 /40
MM (39.04+5.70)% i H B & FIRs , 2R A5
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Fig. 2 PARI expression in MDA-MB-231 and MCF-10A cells (400x%)

PR X (F=254.629, P<0.01),
2.3 (FITC)pHLIP-P1AP 5 MDA-MB-231 48 ffl
LEHWm EMMpH T (pH 6.0) , ¥4 5 MDA-

Merge

6.0

pH=

7.4

pH=

K3 (FITC)pHLIP-P1AP 5

Nucleus

MB-231 A 5 = B 45 A R T 5 76 pH 7.4 B, 5%
5 MDA-MB-231 41 il {\ A B 454 (K 3) .
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5 MDA-MB-231 41 Jif, £ & th 7% ot B 1% (200 %)

Fig. 3 Fluorescence imaging of (FITC)pHLIP-P1AP binding to MDA-MB-231 cells (200x)

24 EIELE 5 pH 7.4 KA L, pH 6.0 B}
pHLIP-P1AP 1 B fg 3 il MDA-MB-231 4 Jifd % 4
(P<0.05) (K1 4) . 7F pH 6.0, #KEF 7~ 0.5 png. 1
g 2 ng. 4 w8 wg fif, MDA-MB-231 4 Jifg 3% 55 #1j
w4 Bk (339+0.7)% . (5.27+1.1)%
(14.29+0.1)% .(22.14+1.2) % . (35.69+1.2)%.

3 it

TNBC ARAEW /N, B ) ke A e ¥, Rl ik =

V] 1) 32 A S B0H BLIA T TERL, B BN FLBRE IR YT
yﬁﬁﬂ@%@ﬁ%ﬂﬁﬁﬁmﬁ ‘s PARLJE—FP G &1l
BRZ IR (G protein—coupled receptor, GPCR), T
22 ol B IR 20 B T, 2 R VR TR TR YT S AR
fIF 7% 18 3 f %8 2H AR IE 52 TNBC MDA-MB-231 4 fifg
FAFTE K I PARL, 1fij 1E 5 A ZLAR 41 i MCF-10A
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Fig. 4 The effects of pHLIP=P1AP on the proliferation of
MDA-MB-231 cells under different pH conditions
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PART il 57 PZ-128 J&—JSMRfb ik, RS iE A
YA PN TR PARL/G 25 U5 5 5% %, PZ-128H
FAL T TG ARIREE B B, 1E AR T & 3 8 ) o /)
M 2% 1 PAR 1A i /N 2 g A4 L X T 2tk ek
IR Bk ZE A1 (acute coronary syndromes, ACS) f &
F42 32 W AR Bl kA AR YT (percutaneous coronary in-
tervention, PCI) & ARG T EREE, KAk
HRFGEUESE , PZ—128 v] LA FLAR S e | o0 S0
B K AEERS T PZ—-128 55 GPCR # ) AYAE AL il
PANUEHE AL WER 0 BRAT DL B 4 5 L R U
ZARAEAE ) (32 AR Ak T g s AR TG A
PZ-128 FF AN fig e S M3 ) e 40 A, 4n SR e R 4R
S L o R B AR A AR R L B PLAP JB % 2
i3 40 A DT A e AR R s G S TR LE A
i A DT 2 AN B S () e A

TME BYRFIE & R R . LT A SE A b3
YRR pH A rpedE S | i 4n A pH et v A%
6.0, TME 2R 0 ML A 5 Bl 4 5 R 1) I8
SEUBEBE R A SRR (Warburg 200 ) 25 45 10 41 D
AR BN CO, = A3, LA 40 B g - 1 22 7
PERG TN R TME HAA RE o, AN 32 I v
TERE I RZ R, DR It 8 A Ry 2 A T 55 1 e 0 o
MR EW . W52 B, pHLIP Z % JIK B8 0% 52 1]
TME , 12 R V5 T 4 T A0 25 21 5t C- B85 , e b Pk
A BRC K™ . pHLIP fi 9% J&% 17 40 At B5E B 3 7% pH
{H, 2 40 i A IR 58 2 R 1 s T 1 A i A 00 i 6
T AR HELS Y pHLIP By KAz — BN 1
e P R R R B K 9 T B s R B A Y R T
DR 40 P9 A = A B T 250 o 1R 2 98 R W, pHLIP
AT LLE I Z ORI B 20, o G ek (RE &R L 2)
Yy JKFIEAZ RR 2> pHLIP 23K A 4 4541 B
5 v ) I R e e B AE RN (WT) ARR 3(Var3) |
AT (Var7) S ATRAM A5 BF 538 35 — B A 1]
V) #| 3% % ¥ (chloro—acetylchloride ) pHLIP(WT) 5
PLAP Jik i 8 5k , 15 5] pHLIP(WT)-P1AP, ] LAH
il /21K PAR 1 321 A ZLIRIE 4H il MDA-MB-231
FIMCF7 (AR R FRATTAE A 53 1) Sty 48T —
ek gl . (1) AN 58 38 FH A% 384K J2 pHLIP K% Var7
JF51 . pHLIP(Var7) 2 ] Jif g ) pHLIP 5% i
L W SR B R, B 25 5 G L RO R TR A
M a5, e ) 7 FH T H#E H) GPCR BYMFSE . I 375 B B
B = S A5 ) B/ LA, 45 s AR T i L X
— % 5 R pHLIP (Var7) WA 5 AR 197

(Chnsd 2 5 ebRic R R AR ID A ) , AT 3
JifRE 0 AR 5387 o (2) R H A 48 & chloro—ace-
tylchloride % 4% pHLIP (Var7) 55 PIAP ik, —fii i nJ
TE 20 9 2L, TR PLTAP 26 ZE 240 i I L 3% s A
{67 pHLIP-P1AP ()45 1%, A I FHE)

A 5T 4 JfL 45 & S5 5 R, (FITC) pHLIP-
P1AP 5 MDA-MB-231 #fi i 7£ iR 14 2758 T (pH 6.0)
BB RIS GRS 78 pH TARFIEAR WA 454,
$E7R pHLIP ] DL o) i 4 20 21, 5 R 78 ¢ F pHLIP
MR FE 45 R — 2, PUig s Wos , pH N 6.0 B,
pHLIP-P1AP F] DL & 2 41l ] MDA-MB-231 4fi Jfd 1)
KR TERRTE 24 pHLIP 7] LA R H0Ks PIAP
iz % 2 MDA-MB-231 4il Jfd N, — it £ 24 A I e ik
PLAP, il I 16 PAR1/G 88 M5 5 7 5 3] 41 i B¢
PEVE .

EN TR IPNGOETIEnE S0 e aa ey AT E IF
MDA-MB-231 4 ffg A= & 5 3 893697 2 4 F pHLIP-
P1AP, A0 /K SFIESE pHLIP-P1AP fEfEHE 7] MDA~
MB-231 4 g 3 &4 il H A= K HBE A ] TNBC
AR AR AT RE . T AR BR I A
A AT YA HIR T HERE S, A6 55 A SR P i 25
HEAT Je 2053, o Ay BR FL A A A9 3 B8 X A 5
HEFTAR AT
4 it

H T, TNBC S A3 I R T B, A s
A2 BT AUHR A TF R T TNBC K AR YT 5 s
HHEE Y., MDA-MB-231 ik K PARI,
ATLLKS PARLYE A HIRYTHL AL . pHLIP-P1APZERRME:
RES R BERS A 3CH M) MDA-MB-231 4 ifd, Jf38 1< 1)
il PAR1/G 2 75 5% 40 il MDA-MB-231 21 A 119
K B BN IE YT TNBC A M E R ET 259
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