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Abstract: Breast cancer is the most common tumor in female, which seriously threatens the health of
women. Triple-negative breast cancer is a subtype with the worst prognosis because of its special
physiological characteristics and lack of targeted drugs. Therefore, it is urgent to develop new targeted
treatments to improve the prognosis and survival rate of the patients. Previous studies have shown that
heat shock protein gp96 is expressed on the membrane of a variety of cancer cells but not on the normal
cells. Cell membrane gp96 levels are closely related to the poor prognosis of breast cancer, which may
serve as a new target for breast cancer treatment. Based on the structure of gp96, we designed an
a-helical peptide p37 that specifically targeting the ATP binding region of gp96. To improve the
stability and decrease the degradation of the peptide, the N-terminus or C-terminus of p37 was coupled
to PEGjg00 or PEGsggo respectively, and four PEGylated polypeptides were obtained: mPEG;00CY,
MPEG;5000CY, mPEG;¢0LC, and mPEGsq0LC. The PEGylated polypeptides inhibited the proliferation
and invasion of breast cancer cell SK-BR-3, among which mPEG;¢0CY showed the most significant
inhibitory effect. The half-life of mPEG;yCY in vivo was significantly longer than p37, and it
effectively inhibited the growth of xenografted tumors of triple-negative breast cancer MDA-MB-231.
The results provide a basis for the development of new targeted drugs against breast cancer, especially

the triple-negative breast cancer.

Keywords: cancer; triple-negative breast cancer; cell membrane gp96; inhibitory peptide; PEGylation of
peptide
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epidermal growth factor receptor 2, HER-2) FH:
FUIRE, b R BHVE o Rl R BTy
Pt HER-2 ZL A 98 1 2590, & i g FH Al K ek
7 HER-2 BHMEZLARE M 0 mE ™, Xt
HER-2 SR8 FIat Ry FLAR R 3, iz
PR BT BN P B85 HA 25 W 0 A 2505
A4 E B 25%58 50%. 1 HER-2 FHE A ZLAR
958 B E A o FLIRR AR B 15%-20%", A
2T FHF R FUIRERE AL, TR i
LI S 1 2590

—BAEZLARIEE (triple-negative breast cancer,
TNBC) J& #5182 fe e 202Uk 2= R B A
ZeRF AR R MERLZR A2 (estrogen receptor,
ER). & Z K (progesterone receptor, PR)
K HER-2 Fik ¥ A MR FLER D, 29 4 2L
A 15%-20%, 2K T 40-50 % 4 2 Fi (1442
PR R R | RS MR A
Koz RN . a2 . Mg
. T2 PEsR, H B RTCA FEROATT 25 R
ST RTINS AE AR IEY) 5 SRR AR AR 60%,
R TR SE TR 25% 254, T E U R
F A AT IR RR, 30%40%H
TNBC 0] & AR 845 R P 105 fe 22 1 5
JE S B, N AT (b B E 4r)
P HER-2 $L[a30Y7 (ANl ZBREHT) xh Bk
FUIE I TR, TNBC {54 — S 5 K 1k B
PECV, SCFRATT AT AR B 1 AT B

PR T gp96 (glycoprotein 96, M [
96), X4 GRP94 (glucose-regulated protein 94,
BV 17 94), & HSP9O S04 i o 2l 73 1Y,
TEIEH A AT @A Tan i Rt 5 H
bR TE B 1 —FF, gp96 [ L LY 2 RE 2
SR, ESS5HEEANTE. i, &
fift o 2 RARR A2 512 5 Ay AR
MIJE, gp96 REAS G I . ZAREEFI A BR,
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E PR PEE HRTE A 20 ZFE A K
AT gpo6 S 5, XK gp96 1E
N FHBES MR EAYREAREZAY
RAEVRRAE RN RS gpo6 T8 IEH A1 e 7
F M, (EFEREE A0 AN AT gp96
L1 =8 i w2 T = /1 S T N 1o e
AN ERSE RO SRR G S e e
RS, 23 TR AT Iz e
MOk 2 S R B, AR gp96 fE/INER
Meth-A [RJE3 40 L | 25 B 98 R 2T 2 1R 90 4 L 55 22
Fgess 200 i 22 T o 25k, $ROR LS 9E 0 R AR
KR R ER I, M gp96
R A M S Rk, (A IE® ZLRA 2R
ik Dejeans ZEPHFSE AL, gp96 TEFL IR
95 v ) 2o 2R 5 BT AU A R ORI £ 0 9 4
BT TR RS A K o gp96 14 B MEFLUIRE T Ik
K8 F IR R R Bt R iR R, gp96
()20 2238 5 LRI BB B I S5 A MR AR AR A
K3 H AL gp96 1 Fikif i Wnt/B-catenin
5 T B AR A R Y TR
AL A HER-2 33 3635 M FLAR I S RLIERH , i
B gp96 ) N ui#hf43 (N-terminal domain,
NTD) 5 HER-2 7E40MME HAE, Mifidgm 1
HER-2 & [0 R E L T irdniefs S
M, DR bR AN A A 3 R R B TR
LB gp96 @1t 5 ER-036 HAFE M AL HEFL IR
A A A AR 280 MR gpo6 Fik 5 7LAR
YRR B S ON RS B YA oG, DR o i g
gp96 AT FE R s — B LA e 76 N I FLAR I TR
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T HIRTEEA gp96 & ILMR 741 M 25 [H]
W%, RO SH IBRERFIZK p37.
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1.1 EEXEMH
111 AR FIKIE Y

SK-BR-3 41l g fil MDA-MB-231 4l is 1l H
] = 2 b2 e Bt PR 22 i 98 fir 5 BALB/c-nu /)
S L b s T DUAR AR D H R A RS ] 5 SD KB
W B b B A YR Ry A BR A F . 3
SEH AT ARG sh AR R L E , S ST
22 B A e A W i R T AR L2 D1 2t
e, S APIMCAS2022085,
112 EFEAHF58F

ZIKCY MLC i Fifg s /RAERA R A FS
B B gp96 AL & N 51 G R H
PEGag00 F1 PEGsooo 1 F It 50 SRR 240 A R
Nl BRI ST B 120 AR AR TR
N L-15 Bi3R%E . RPMI-1640 B2 3L ffis 4
3% (fetal bovine serum, FBS) g H Gibco 2
Fl; gp96 monoclonal antibody 4 H Enzo Life
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Sciences /A ) ; Cell Counting Kit-8 (CCK-8)
357 & 5 DOJINDO /3 i) ; Tanswell plate
) B Corning /A7) ; Matrigel LK H BD
/N Fl s Biacore3 000 125 i H E RR 22 B AE W)
W/ S i S S K 7 oA o Vi TR L NN
A, 4 3%4: Eclipse XDB-C18 Semi-Prep (5 pm,
9.4 mmx250 mm) F1XSELECT CSH C18 (5 um,
4.6 mmx150 mm) W H Angilent A A ; iEbr
FRUM B VPG 2 S S 56 7 A PR )

1.1.3  FZE A KEH

TshAH Al & : 20 mmol/L Tris-HCI (pH 7.4),
1 mmol/L EDTANa,, 0.01% NaNj,

HishAl B1 ¥ : 20 mmol/L Tris-HCIl (pH 7.4),
1 mmol/L EDTA-Na,, 0.01% NaN;, 1 000 mmol/L
NacCl,

WEIA A2 . 0.1% TFA (H,0).

TiBhAH B2 ¥ : 0.1% TFA (acetonitrile).

PBST (0.05%): NaCl 4 g, KCl 0.1 g,
KH,PO, 0.12 g, Na,HPO,-12H,0 1.814 g, 25 uL
Tween-20, 500 mL, pH 7.4,

HBS ZZ th#: %% : 10 mmol/L HEPES,
0.15 mol/L NaCl, 3.4 mol/L EDTA, 0.05% PBST;
pH 7.4,

p37 Fl mPEGy0CY BRI (Bh5Ce): ¥
FA PBS, 24k 435124 8 mg/mL 1 12 mg/mL.

WA A M. 0.1% TFA (H,0),

WA B : 0.1% TFA (acetonitrile).

1% M3E M 25 11 (bovine serum  albumin,
BSA): 1 gBSA, #F 100 mL PBS.

LR (RIRREN 6 mg/mL, shsLE):
FRRR 10 3 LR A PBS,

PEG-p37 BRI : A SCE i A 57 i 34 4% IR
mPEG,000CY HiETEZ IR (p37) 118, &7l
WAL R R TR BT T 144 PR,
5 EUTF . mPEGoCY HIFREER=p37 FIET &
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2K (325%)=p37 BISTE Eimx1.44,
BN PBS ¥, WS 1.44 mg/mL (LAFR
HERIE), RIEH 0.22 um HLIERE L IE R
TR, WA 1 mg/mL F B
1.2 A%
1.2.1 ApEFSER

SK-BR-3 FEFAE R 10%AR2F 113 ) RPMI-1640
BFwh, BT 37 C. 5% CO, A S 3540
MDA-MB-231 35765 10%MG4- MG L-15
Bewih, BT 37 C. JC CO, ARG F748 .
PR 24 ) SRy O R A, A AR R 5 el e
Mk R AR R L5505, A 2 mL #iER 22
#EL (phosphate-buffered saline, PBS), JH ¥t 2 X,
VEIETR B 0 IR, £ PBS; MIA 2 mL 10%
JER, SEhEEIRL, fHREEEA 1-2 min, 25
FOSE RN AT, 25 53 40 M T 4 I 7% s A
2 mL iR L, IRAS), ZakiEil; BH
fIE B4R A 15 mL B.04H, 100xg B0
4 min; Bl W, A 1 mL Btk L EE
YHE; ARPEAAE AR R, AN IE Y L Y 4
L2 S A e R BE SR L, BRI
S, AR FRFE TSR
1.2.2 FREEEE

Wi B 8 A K B MDA-MB-231 4H Jifd, ]
PBS # & % 3x10’ 4~/mL, f£ BALB/c-nu /) il A7
MR B2 T 4R 0.2 mL (6x10°4N) 4ifi, Hhd
F 5 H BALB/c-nu /M. #2505 45 R WL &2 g
AR . MR A K E 500-600 mm’ B, &b
FE/INEREL R . FE{@ B BALB/c-nu /)N ERUA il
T Bz RS A, & X BALB/c-nu /MRS AE
FRBARFRZ 0 1 mm®, FEfbR A K =38 1k
B 70-150 mm® 2247, ARG K/ NBEAL 541
1.2.3 % BAHY PEG {&

FAT 3 B — i A WA SR R G PEG
(A —ImE A, 7 p37 I N gl C dmg | A
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AR R , 8 SR B S R ] Y
Michael MU, S 4 F PEG 1biY p37 £
Jik, B mPEG000CY . mPEGs00oCY . mPEG000LC
Fl mPEGs000LC

CY ¥ p37 B9 N Bigids n: k2 iR A5 2 i
ZRKLC ¥ p37 1) C Smids inF ok 2 BR 15 21 1Y)
%k, PEG y mPEGxMal 45#, HAEREZ —
FECORBE G, x N PEG B4 ThE; Mal %
TN RN, ER B TE PEG B — i ;
m P8 KL, WA REHETE PEG 1957 — .
PEG L 740 F: (1) ¥ 20 mg (0.010 mmol)
mPEG;000Mal/(0.004 mmol) mPEGsooMal 5
10 mg (0.002 mmol) £ Jik CY/LC WIR&EWHT
10 mL (5 mmol/L) f NaH,PO, ZZ whis b,
5 mmol/L 1Y) Na,HPO, ¥ ¥ 1 15 S b ¥ i pH {EL
% 7.2, HPLC WM ), HZZRR 564,
(2) % JH HiTrap SP FF (1 mL) K& 4fifk %™
Yy, VEBLIR M EhAE A1 MR ShAE B1 W, Uk
WA R e AL YRR B1 R B AR AR EL 4351
80% 1 20% MR AW -, FEH A1 R B1 )&
FIRFREL 23 R 67%F1 33% T e I i
R o WOGAE T b T e s DU IR R A s
(3) KW B B FE A Millipore #8200 45
(3 kDa) 4 C. 3 500 r/min &.0>¥45 £ 500 pL.
He 45 J O FEAS ] HiTrap Desalting (5 mL) 47
R ER AL P VR T R 15 2 MRS PEG
2 RR2lG . p37 19 N 3l C I PEG & 1 i 38
Ay anE 1 AE 2 iR

MPEG2000CY/MPEG000LC 411 B 1 434 1 55
ROBAR AT (AN 1 mL/min) 251, @i
A Angilent Eclipse XDB-C18 Semi-Prep (5 pm,
9.4 mmx250 mm). EIEEIESME. LM BE
JiE L R MV F T S A A2 ORI shAH B2 W2 A .
AVERS PR B2 WA A 2 Lh i 40%5] 3K
T2 65%, A2 WAAFE 4 LL T 60%5) % 2
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PEG-maleimide

1 p37 89 N i PEG &1k

Figure 1 PEG modification on the N-terminal of p37.

N-terminal .

"y
W

C-terminal PEG-maleimide

SH
LE

2 p37 8 C i% PEG &1
Figure 2 PEG modification on the C-terminal of p37.

35%, PEMRASIE] 11 min, PEALHE A 1 mL/min,
SEHMRIN S 220 nm
MPEGs000CY/mPEGso0oLC JH S 5 5 A
T ASON) g B A 25 R BT AR s N 7 ) i A T 46
fb, RPEREEE VR B2 MR FUE 2t 30%
SIETE R 52%, A2 WMIARRIE 7l 70%%)
HEER 48%, VEMLASE 11 min, VM
2.5 mL/min, £4MGIEEK A 220 nm, T
FIG 52 ENRZSHY PEG 2 k4l o 4l 3 43 Hr
[[] mMPEGa000CY, A [R]HY &2 P BE e i B2
PR E 2 el 20% 57372 100%, A2 W&
AT 80% A3 f% % 0, YELRTE 25 min,
1.2.4 ZHIBE LG (Biacore FAF T HINE)
i1 Biacore J5 ik kil il & 1 PEG £
KRB 5 gp96 8 22 8] i AH ELAE o Al By
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H3
pH~7.4

1 Q .
"a + &z/\/o%()%
\ n
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) Q. ’WO'C”
!." b N\( . n ’
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p

§
pH~7.4 |

& C-terminal

PEG-p37

N-terminal

o

C-terminal

o) :
0. CH
S&/\/ T/\()In 3
(0]

PEG-p37

{3#% A Biacore 3 000 R4t , fifi Hf CM5 1& J80ts

BHE R 1 mg/mL MEF gp96 A pH H
(5.5.5.0. 4.5, 4.0) M2 EE=E 50 ug/mL,
AT 100 L, fFHAR EARRIREHAT. RE, #
HELL S pl/min BFEGE S AR, WEE S
SRS E L, HWRaIE R pH 20 WA
AR N-FEEHIME % (N-hydroxysuccinimide,
NHS) F1 N-Z F-N- " H B2 0 Jep — W j%
(N-ethyl-N-dimethyl-aminopropylcarbodiimide, EDC)
JEA A 100 uL, 12 000 r/min &.0» 5 min; H—
SERIR gp96 &I, LML SR LHIRRE, W
BT 5 150 pL; B 100 pL Z 5% (ethanolamine)
HCL, DL EGHR 84 25 CAf, mile
O 5 min, ¥ FiA 3 MR RERE AR B, BOE
INEEFRHE A 10 pL/min, f 5 “inject”BEI R,
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fif gpo6 HBETEL A . WELS gp96 W iiim
Mg R IE , RES5 gp96 & H AR IE N2
FLiEiE, HBS ZZopis W ki s, i i i v
N 10 uL/min, #4545 PEG £ ik HPS 5 B
AR E (156.312.625.1250.,2 500 nmol/L),
EJE R, RS AR,

gE AN UPLC-MS X 4% MR 5 e JiE
AT . PR 2 vhi (pH 9.5) RC il 2 ik
p37 M PEG Z KN 1 mg/mL MG . B
PG T O R A 50% 2
KW TE ) B 2 BV B2 25.0.37.5..50.0,75.0
100.0, 150.0, 250.0 pg/mL K452 TR .
B A I (A 26 TAEW 20 pL, A ZS R
M2 80 puL, EHIZRRMEE R 5.0, 7.5, 10.0,
15.0. 20.0. 30.0, 50.0 pg/mL AOARHERIZREE N,
FRUEHT AL A 20 uL 20% (i A 40 H)
BERRVA AN 300 uL HEE-2 0 (S 2050
AR 10 1), IRBEIR A2 2 min; 4 000 r/min
B0 10 min, BCRWEW BRI, 15 2 N2
JUR PR o R 2, A2 T 1% T R A A
HAE%EE., Amshy e SD KK, K&
160-180 g, p37 Fl mPEGa000CY £ JIK43 5142k 34
el 4 H SD RE, BEMES 2 Ho SRR E
R, W ER KRS A2, FaEh 8 mg/kg. %A
25)5, 43 BI7E 0 min A1 30 min, 1, 2, 4, 6,
10, 12, 24 h i@t FE# KRR UM 0.3 mL g
FEREAT 6 pL PIAKEEAN 5 pL PR A0 AT
4 500 r/min 5.0 5 min 435 )2 1M12K B F-80 C
UKFEDRAF . B 100 pL FRIUAEAS R ImE , fnA
20 pL 20%WEPRVA W . 20 pL 50%Z 5 /K I 1 AN
300 pL HEE-Z0F (1 : 1) |, WERSY
2 min, 4 000 r/min %.0> 10 min, B F35K EFE
I3HT . PRI A A B AL, PRI B
HEERTE 4 Ho i 20%51 3T 2 35%, A HHEY
WRE T 80%5T K 2 65%, VAT ]

: 010-64807509

10 min, PEMRIEE M 1 mL/min, £54M6 I
Jy 220 nm, FEREAFRN 20 pL. FEFEESERUS ,
TSR it 0 T R LA R I R o ABORA R i
4, IFEEE,

1.2.5 {KRIMRIHET

PRI F A5 5256 % ] CCK-8 7k . BUOW %k
K SK-BR-3 4fifd, FH 2 mL PBS ¥ 11k, 3+
2= PBS IIAJREHE L, 2 min J5 /i1 A RPMI-1640
RFR LI IR E kAT . WidENS, F PBS
HUE 1K, 5 M An BT, 7E 96 FLk
HAEFLIMA 7x10° A4, AR 100 uL. K
R 96 FLARLE T 37 °C . 5% CO, ;5546
24 h,

B il 4% i 4 20 mg/mL (485 ANRE S BT B
Z KRB . PHPEXT RE S CBRAZEE) FE X ]
(PBS) SRR G, WBN 9 MIRERE.
B 96 fLtk , WFHIHEE RIS, A& Ak
JERESL S IR AL, 100 uL/AL, FAUE M 3 A
1L B 96 fFLALE T 37 'C. 5% CO, RG34
H 48 h,

48 h G FH KM FRE, IMAE 10%
CCK-8 B i 5L, 110 pL/AL, ef s A4E <.,
s 96 FLHE T 37 'C. 5% CO, FIR; FR4f b
1-4 h, FAREPRUIE ODagoo WOGAE, S K
PEFE 630 nmo ZHAE AR ATy (W HE
2H ODuop.e30 FHIME—SZI52H. OD 490-630 “F-IIMEL)/ X R
2H OD490-630%100% -

MDA-MA-231 4 Jifd (1) 38 5 190 i) 52 35 5 7 [W]
SK-BR-3 Zii}ifd, A[H#Z& MDA-MB-231 4il ig 1%
R R L-15 85373 T0 CO, B 374 55 5% .
1.2.6 HERESXK

SCHHT 1 d 7E 4 CokAfimtib Matrigel, 7E
Transwell FJZ2/NEHHAIA 60 uL 1 Matrigel,
37 CHL9; 1 h, PBS ZZmiiikisk 2 I, KL
A5ty (LR E 40 SK-BR-3 A p37 & 4 4

B<: cjb@im.ac.cn
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PEG Z kA LI iG55 78 (LW R 6 pmol/L)
Fi B3] 4x10°4~/mL, B 100 pL fil A Transwell
FJE/NE, Transwell T E/NENA 600 puL 584
YUMEE R, E ML dl ;s G I3 85 7R At
B Z K BER RIS R IR, A8 A B X R
2 7E 37 °C 5% CO, ¥ R4 P 4k 41535 24 h,
FAMRZE T 22 FJZ Transwell /N AU, 50%
H 85/50% P i[5 %€ 15 min J& , B PBS 28wl
Uk 3 ¥k, DAPL L, 550 Gl N it 8= 280
YR AL . RZBIH R AT . (BT B
2 AR 2B 1) A M -5 e 2 v AR 2 1Y) A R 5K/ [
PR RE 2 A 28 0 A I £ < 100%
1.2.7 SK-BR-3 1 MDA-MB-231 B R E
gp96 & 7

BO %4k K W) SK-BR-3 Fl MDA-MB-231
M, WFHEFRIL. PBS ¥R 2 W, A 1 mL
[, THAE 2 min, A 1 mL & I35 R R HE A
1Bk, 100xg .0 4 min, W EiE, F PBS
PE 3. SRR 5x10° N HH1/100 pL IR &
AN S PUATEI, Herh U IR EE Y 1%, &
#IH 1% BSA. EilIEE 1 h 5, 76 100xg 5544
TE.0 4 min, F PBS % 3 . 100 uL /] FITC
FRid i EP/NR 1gG (H+L) —Ht, Bk
FEHN 1%, HIN 1% BSA, ZEIHEMFE 30 min.
1E 100xg 454 F B5.0> 4 min, PBS ¥t 3 5 F-H
100 pL PBS & XTRELATIN gpo6 ik, X

F1 NMEXEPEXLRALRAFIESHA
Table 1

=40 P A AR A T R A L B gp96 =
KO
1.2.8 {ARHNERLE

fif B 3C 1.2.2 F e i FLAR AR /N FRRE RS, [
PEXT REZH 1 5 PBS WA, FHPE X REZH 1 5 5542
BEdI ) A2 RSN R 1. A28 1 R
A 2 d i 1 RIME AR, IHEARR
V=0.5xaxb’ (a. b 7 FIF MR K2 AR 2).
AR YRR I 1) 3 6 2% A5 BF X RE 2R i A R
fEAfd 2 000 mm’. RIEEHG, FIBR R
IR, KR He o BB AFTE 10%48 /R 5 AR
FE DL SR o AR I 1) 2 R TS AR X
RAER (TG HE AKX K RTV=VI/VL;
T/C=TRTV/CRTVx100% ; TGI=(1-T/C)x100%
(VL k&5 24 w00 ok 1 ek AR L, VT Sy g Uk
IBPEARTR . TRTV ARV 413 RTV, CRTV
kit BRZH -3 RTV)

2 BEREAW

PEG £ % Bk p37 B4 E
FH 43 b 784 v 258000 € 35 SRS I 45 2R SR
Ji1% mPEG2000CY HIZHEE H 93.4% , mPEGs000CY
14 A 95.3%, mPEG000LC AUZHEE Ky 94.7%,
mMPEGsoooLC F4lEE H 92.2%. F| I H FEIRl2E B
WAE PG T A AL B B R ge, R
VG PLATFORM Jfii#{¥, Fi MALDI-TOF ARt

2.1

Dosage and method of administration of each experimental group in the transplanted tumor

experiment

Groups Group name Quantity Dosage (mg/kg) Concentration (mg/mL) Volume (uL/mouse) Route Frequency
1 Negative control 6 N/A N/A 200 v Q2D

2 Positive control 6 15.0 1.50 200 ip BIW

3 Low-dose group 6 2.5 0.25 200 v Q2D

4 Mid-dose group 6 5.0 0.50 200 iv Q2D

5 High-dose group 6 10.0 1.00 200 iv Q2D

i.v: intravenous injection, i.p: intraperitoneal injection; Q2D: once every two days, BIW: twice every week.
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FE 2 AN 25 19 PEG Z K mPEGy0CY . Zef7, mPEGsopCY F1 mPEGsooLC 53 F ik
MPEGs000CY . mPEGa0LC. mPEGspooLC (435 9.5 kDa 247, S5FHEAHSF. 1 H Biacore3 000
WK 3A. 3B, 3C. 3D fiim). 4R 5K, IR Z5 R WT, 4 1~ PEG fhZ Ik p37 5 gp96
MPEG00CY Al mPEG,000LC )43 T N 6.5kDa  sHEAKAEMT G5 2), {LE p37 R4fik.
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Figure 3 Identification of four PEG-conjugated peptides. The molecular weight of mPEG00CY (A),
mPEGSO()oCY (B), mPEGzoooLC (C), and mPEGsogoLC (D) is determined by MALDI-TOF-MS.
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R2 PEG1LZBkp37 5 gp96 EERMNHIERE]

Table 2 Coefficiency of binding reaction between
PEGylated peptide and gp96

Peptide Kg4 (mol/L)
P37 6.33x107
MPEG00CY 6.90x107
MPEGs00CY 7.32x1078
mPEG,0,LC 7.54%107
MPEG 000 LC 8.23x10°°

2.2 PEG % Bk p37 W F BRIZMARIEE 5%
ZHER
2.2.1 PEG % BRI ZL BRI 40 AL 7E

oA A & B, FLIRIE AN SK-BR-3
il MDA-MB-231 4L fi I & R i HUR ve & 1
gp96 (Kl 4A), #F— R CCK-8 Bkl p37.
PEG-p37 %} SK-BR-3 fil MDA-MB-231 FLJ%#
20 6 P A SIS BRI P o BH X BECR 5642
M, FAMEXT S PBS.

1t SK-BR-3 [ARSMEF S0, SEAZ B
J¥4 0.023 4 pmol/L, ZH X} SK-BR-3 i I1Cs
Sop I RE L 3R p37 %F SK-BR-3 F{) 1Cs fH.
} 126.4 pumol/L (& 4B /), TEIL |Cso #H[H] FE /R
W T, Wi mPEG000CY . mPEGs00CY .
MPEG100LC . mPEGsLC X SK-BR-3 fit 345t
TR 0K 58% . 48%. 33%F11 30%, K 4B
(£7) 7% mPEGao0oCY M &GRS, 53] 58%.

7E MDA-MB-231 #fiffl A5G 5E S50
LRI 7 0.11 pmol/L, 2 X MDA-MB-231
[ 1Cso XTI FE o THEA5 H p37 X MDA-MB-231
) 1Cso fli Jy 281.2 pumol/L (&l 4C £5), ek
ICso #H ] EE /R M FE T, M3 mPEGy00CY
MPEGs000CY . mPEG300LC . mPEGsoLC %
MDA-MB-231 [ 34 58 ) il 253 51 - 59.2% .
47.3%. 36.4%. 29.6%, WK 4C (H) Fimn.
mPEG100CY #ilil| Rz, 53] 59.2%.
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2.2.2 PEG L& Bk p37 I LR IE AR RNIEE

b5, F&ATFIF Transwell plate Fll Matrigel
A3y SR p37 1 PEG-p37 X FLIIEE 4Nl SK-BR-3
RBIWEM . 450 KH, p37 144 PEG £ ik
AE o M LR 40 i SK-BR-3 fUfRZE, Horp
MPEG2000CY . MPEGs000CY . mPEGa00LC .
mPEGso00LC HJMTIZ 70500 53.8% . 41.2%.
36.3%71 28.5% (&l 5), mPEG,000CY 1l 250 S f5%
il
2.2.3 PEG LB Bk7E SD AR 4K M M 32 3 =HA
B9 IF N

FRA DA g 2, AT 3k JBOXT 2L A 968 240 i
SK-BR-3 % % 417 il 142 2% 41 il 580 R 5 W) b 14
PEG Z Ik mPEG,000CY , 1 H 5 p37 A4 10124
NS (R 3). SREW . MXTF p37,
mMPEG;000CY E@%1¢WE"J¥%§J§ (TI/Z) E@ﬁ@
K (p37 vs. mPEG000CY, 2.44+0.39 vs. 10.90+5.03,
P<0.01); mPEG000CY FJIEFE* (CL_F _obs) &
FIRTFZRK p37, FEYW S (MRTlast) 2
FHER UL 2R AT PEG 2 Ik mPEGa000CY
TE S A Y AR T s 1) AR E P B B AE K,
FGE K 2P B TRl H
2.3 mPEG00CY #IH =R ZE RIEFRE
BEK

YT SK-BR-3 A i A 2=, B LR H
= BAPEFLIRE MDA-MB-231 2 Jifd JF i # i e
SR s m s KRBV (2.5 mg/kg).
PR (5 mg/kg) MEFIE (10 mgkg) B
mMPEG1000CY Y RE i & 0 oiig A K, HoX g
A S0 AR (B 6A), GRS TGI
M 60.41%, HFRIEL TGl N 84.57%, fmilhE
4 TGI K 79.38%; Hrflimal . ¥ & 4 i 2R
BIERCR (TGI>60%), H.5 2428 FHM: X iR
4 (78.95%) AL,
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Figure 4 PEGylated polypeptide p37 inhibits the proliferation of breast cancer cell SK-BR-3 and
MDA-MB-231. (A) Expression of cell membrane gp96 was detected on SK-BR-3 and MDA-MB-231 cells.
(B) The effect of SK-BR-3 cell viability under treatment with the indicated concentrations of p37 was determined
by CCK-8 assay (left). At the 1Csy concentration (126.4 umol/L) of p37 on SK-BR-3, the proliferation inhibition
rates of MPEG;00CY, mPEGs;p00CY, mMPEG;¢00LC and mPEGsg00LC were determined respectively (right). (C) The
effect of MDA-MB-231 cell viability under treatment with the indicated concentrations of p37 was determined
by CCK-8 assay (left). At the 1Csy concentration (281.2 umol/L) of p37 on MDA-MB-231, the proliferation
inhibition rates of mMPEG;0oCY, MPEGs00oCY, mMPEG0oLC and mPEGsq00LC were determined respectively
(right). Data were shown as X+S of three replicates. *: P<(.05; **: P<0.01 by t-test.
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Negative control

Figure 5 PEGylated p37 inhibits the invasion of breast cancer cell SK-BR-3. SK-BR-3 cells were treated
with p37, mPEG;00CY, mPEGs;000CY, mPEG300LC, or mPEGs(qoLL.C for 24 h. Cell invasion was measured by
Transwell invasion assay. (A) Images of cells on the other side of the chamber stained by DAPI were shown.
(B) The invasion inhibition rates of p37, mPEG;p00CY, mPEGs00CY, mPEG300LC and mPEGs00LC were
determined respectively. Data were shown as X+S of three replicates. *: P<0.05; **: P<0.01; ***: P<0.001

by t-test.

R 3 p37 F1 mPEG00CY IR INZhN ¥ S8

Table 3 The pharmacokinetic parameters of p37 and mPEG;(00CY

Peptide T, (h) Tmax () Cinax (ng/mL) CL_F obs (mL/kg) MRTlast (h)
p37 2.44+0.39 0.94+0.17 91.64+26.18 430.66+78.13 1.89+0.31
mMPEG;000CY 10.90+5.03** 1.78+0.29* 79.41£19.53%* 145.314£23.15%* 8.45+2.74%*

Data were shown as X+£S of four mice. *: P<0.05; **: P<0.01 by t-test.

[F) B R AT X /N BRLAY S 2R AE ] (overall
survival, OS) #17 T iFfh (K 6B), NIEZ Z5W)
IRIT IR 2/ NRIE TS CHIWTAR Dy I fR F>2
500 mm’) , £ F|BH kX R A . K =
mPEG1000CY . H #| & mPEG1000CY . = | &
mPEG,000CY . A2 FH T BEZH i HR L OS 43
B 27, 43, 61, 59, 52 d, BEHIHRE R
H . mPEG000CY 5 HABHAMLL, 7EIRITHL
Ji g A B TR o

3 Wi
ARG FE T . AR SE R i sh Y
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SEUG R4 T AR PEG BRI (2K N S
Il C & . AFSrFE A PEG) X p37 £k
LA AR DI RE R SZ IR, FRATIS 2 4 Fh PEG &1
P LR 1 p37 Z K, 43002 N ¥ PEG &
T i) mPEG000CY 1 mPEGs000CY , C ¥ii PEG 14
i) mPEGa000LC A1 mPEGsgooLCo FA 1A T
4 4~ PEG 2 kX ZL IR 9 40 il SK-BR-3 ()34 4 %
1228150, 45 R N 3 PEG B £ Ik e
C % PEG &1 i) 22 Ik X SK-BR-3 i 34 5 F1{R 78
BT CR 58 , Ho mPEGa0CY ARl &k
BB . FILFATESE mPEG00CY, HHEE
MFBMMZIK p37 &Iy hES5, 4550
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Figure 6 mPEG00CY inhibits the tumor growth of transplanted breast cancer cell MDA-MB-231. (A)
Effect of mPEG;00CY treatment on tumor growth, determined by measuring implanted tumor volume at the
indicated times (left) and tumor weight (right) at day 23 post treatment when the nude mice were sacrificed.
Mice treated with PBS or paclitaxel served as negative or positive control. (B) Overall survival from
treatment to death (tumor volume>2 500 mm") for each group. Data were shown as X+s of six mice. **:

P<0.01; ***: P<0.001 by t-test.

IR, PEG &MY 2 IRAE K BRI A fY 2 32 19T ]
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ﬁllﬂ’ﬂ}ﬁﬁfﬁé% p37 il mMPEG2000CY %mﬂ@ﬂ%
gp96 J5 XA A gp96 % F#E 1 HER2, EGFR.,

ER-036. uPAR FYEE & P AN T 1l 10 % 1) 4100 )
JEAFAE— g 22 5207 il 4n HER2/EGFR i i
T A 2 7L s 200 P 15 5y TG A 4% B AR T, T
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E—2B 05T o b, ABFSE LT gp96 4545 SR
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Wy 4.5 4% (% 3), #2785 mPEG00CY TEMA N
HAE &R oiee, D A Py PR S 56 48
i, . B mPEGa000CY, BF5E H L AR
i A= A A R

A SCRIFSE H AP 04 248 P R A4 HER-2 PV
1) LM 98 200 L 22 SK-BR-3 11 = BH 1 2L it 98 400 i
MDA-MB-231, gp96 TE3X P 2 ffd 28 () [ 25 17 24
A ik 5T HER-2+FL I 40, mPEG 000CY
AR FABLEI R AT BB AL 45 T LA gp96 15 HER-2
FHEAE R IF AR e M . {2 iF HER-2 F&f# ;
MiXtF MDA-MB-231, mPEG,00,CY HJ/EAHL
AT e T4 gp96 5 ER-a36 .uPAR A HA/EHT,
AT FEEAVR X 2 P 2 1 A R 1Pk

FATXF p37 PEG fLIERK 5], F2H
) S 1 s AR AR N BT Tl fe . BRI EE RIAE
M, IRATE AR MR & B p37 AETE
U 3R o A Lt R 0 e A R TR
IEME K | 25 ) 3 WG S 67 Bz R 15 4 A5 Bl s
Xt Z ik PEG &4 5 i) mPEGa000CY X/ FRUF |
AR TERIE B R s, U B R B v B A
MR CRARER), FATHEN AT 58 5 25 Wi i
PESE R L B2 WA v S0 o7 R I A5 BE ) 0 AR
B, HILZPi gyt o 548w . AT
FAERH mPEG,000CY 1 BH 2 411481 /1N BUAS AT 1
Ak IER PR N R A, X R far
B A 7 00 1) SEE K T BB 5 2 A R o A 9 L
A R 2B RE A OC

H ATl ARG T = e 2L 259 S 42
EEFI#E ] PD-1 8% PD-L1 HiiAk25 9418
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