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ABSTRACT OBIJECTIVE: To study the effects of Calpeptin inhibitor Calpeptin on the transformation and stemness markers
expression induced by estradiol (E.), and to investigate its mechanism. METHODS: Taking human mammary epithelial cells
MCF-10A as research object, transformed cells were induced by E. treatment. Cells were divided into control group(0.1%DMSO),
E.-transformed group (50 nmol/L), E.-transformed+Calpeptin group (50 nmol/L E.+1 pumol/L Calpeptin), then continuously treated
with corresponding drug-containing culture medium for 15 generations. Then, MTT assay was used to determine the proliferation
rate of cells (24,48 h); plate colony test was used to detect the Clone formation rate of cells; the number of sphere-forming cells
was measured by suspension spheroidization test; mRNA expressions of stemness marker (CD44, Nanog, OCT4) and extracellular
sigal-regulated kinase (ERK) were detected by RT-qPCR, and protein expressions of CD44, Nanog, OCT4 , ERK and p-ERK
were detected by Western blotting assay. Another E.-transformed cells were divided into control group (0.1% DMSO) and U0126
(ERK inhibitor) group (10 pmol/L). Clone formation rate, the number of sphere-forming, protein expressions of CD44, Nanog,
OCT4,ERK and p-ERK were determined with above methods, and to validate the relationship of ERK inhibition with transformed
cell behavior and the expression of stemness markers. RESULTS: Compared with control group, proliferation rate and clone
formation rate of E. transformed group were increased significantly (P<<0.01), and the number of sphere-forming was increased
significantly (P<<0.01); mRNA expression levels of CD44, Nanog, OCT4, ERK and protein expression levels of CD44, Nanog,
OCT4 and p-ERK in cells were increased significantly (P<<0.01). Compared with E.-transformed group, proliferation rate (24, 48
h) and clone formation rate of E.-transformed + Calpeptin group were decreased significantly (P<<0.01) , and the number of
sphere-forming was decreased significantly (P<<0.05) ; mRNA expression levels of CD44, Nanog, OCT4 , ERK and protein
expression levels of CD44, Nanog, OCT4, p-ERK in cells were decreased significantly (P<<0.05 or P<<0.01). After treated with
ERK inhibitor U0126, clone formation rate of E.-transformed cells, the number of sphere-forming, protein expression levels of
CD44, Nanog, OCT4 and p-ERK were increased significantly (P<<0.05 or P<<0.01). CONCLUSIONS: Calpeptin can inhibit the
transformation and the expression of stemness markers of human mammary epithelial cells MCF-10A, and the mechanism of it may
be associated with inhibiting the activation of Calpain-ERK signaling pathway.
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< Olympus 23 1 ) 5 TI-U-DS-RI2 {5 5 5% 5 i s ( F
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E. AR S (415 : WXBC5H362V, 4l . >989% ) . Cal-
peptin (£S5 : C8999, 4l & . >989% ) . E AL T AR i
(4it5 . PHR1014, 45 : 100% ) FEHL T2 (445 : C8052,
4li i . 95% ) $41y A 3% [H Sigma 23 w] ; U0126 (ERK 11 il
5, 25 [ Med Chem Express 2 7l , It 5 : HY-12031, 4
JE . >98% ) 5 DIl T L 0.25% Jik & (1 i . B-27 I N4
(50x) (3 [ Gibeo 22wl , #5435 4 : 1893656 ,2046777
2046964 ) ; ¢ 7 4= K [H 7 ( EGF, 3% [# PeproTech 24w , it
5 :0515AFC05) ; T 4E 40 i A= 4 [H ¥ (FGFB, o [ ix
PR U RHE AT R AL 5 : 0331504) s S A RS 22
(s X AE R AT BR 2 W), iS5 11820131, & &
95% ~105% ) ; B R EL 5% vl (PBS) K3 oK . 1% &5 i 58 Y
BT 5B T _EARZE PP T b SR R - SR D s T
JHeE I L UK (SDS-PAGE ) il #1071 £ L 5% RIPA ZH 4/
TR AR (AL R IR R A B A | #1520 1
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20190715) ; 75 4% % % . DMEM/F12 § 3% %t ( 2% [ Hy-
clone /A ], #5435 4 : 1150038 . AE,8870264 ) ; — Wk
HiZ (BCA ) 2B 11 1 3355 &5 (35 [ Thermo Fisher Scien-
tific 2 |, #L5 . UD277257) s MTT i H & (b 50 i s 4
RHE AT BR A ] L 415 : 298-93-1) ; Trizol 5] ( 35 [ Ambi-
on Life Technologies /A ] , 65 : 149002) ; [ % sk 7 &
PrimeScript™ RT reagent Kit,PCR JZ 1 i 5] SYBR® Pre-
mix Ex Taq™ I ( HAS Takara 23 A&l , #5374 : AK6301
AIG2363A) ; CD44 /)N R e BT . ERK 2 2 S EPLIR
(3£[H Cell Signaling Technolog 23], 4t 5435124 : 35708
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5 000 /ALIERD T 24 FLEBARF AR b, A B 3K
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Jif 5% % 2% B-27 % N4 | 20 ng/mL EGF, 20 ng/mL
FGFB. 1 pg/mL &k 0] #2411 % 75 5% 8% % ) DMEM/
F12 8592 50  TE8E SR M G 9% 10 U, T s T A RE
FEX R A BRI S TR g E A 3K
2.6 SCATHESEE 2 -PCRIX I T 48 B th CD44,
Nanog .OCT4 .ERK mRNA )&% 15 R

2,27 WUT 3 2H R AE KA ML, 4 ) 4 2% 10°
LR T 6 fLAR T, A E 2R fL. FRA R RE
J& , LA DMEM/F12 15 32 5 OR & IE ) T8 74 97
48 ho 4% B8 Trizol U6 WA 45 77 VA48, 43 g 2 40 i v iy
SURNA, I RCE 43 G RETHIN 2 & 4 RNA MR . fiff
FH PrimeScript™ RT reagent Kit ik 71 & I % 1hd B 45 )7 ik
EVE K 1 pg B RNA 3355 5% cDNA, I L cDNA My
MrifA T PCRY 3G . SR FR : cDNARIH 2 pL, | Fjf
5|#74% 0.8 uL, SYBR® Premix Ex Taq™ I 10.4 L JCff
7K 6 pL, KR K 20 pLo S 45 /495 CHIASE 30 s;
95 CAEME3 5,60 CiB 2k 30 's,72 CHEM 30 s, F 40 I
. LLGAPDH mINZ:, R H 2 **1144 CD44 Nanog .,
OCT4 1 ERK mRNA &35 K- (Horh ¢ R BN R
BN BYPECAE T3k BB BE I i 28 I G R B o
RIGEE 3K 5T IR 1.

x1 SYUFSIRYEF=MKE

Tab 1 Primer sequence and the length of amplified

products
JER R -3) TiiE(s'-3') PRI bp
CD#4  CTGCCGCTTTGCAGGTGTA  CATTGTGGGCAAGGTGCTATT 109
Nanog ~ TTTGTGGGCCTGAAGAAAACT — AGGGCTGTCCTGAATAAGCAG 116
OCT4  GTGTTCAGCCAAAAGACCATCT ~ GGCCTGCATGAGGGTTTCT 119
ERK  CTCAAGCCTTCCAACCTC TTCCACGGCACCTTATTT 180

GAPDH  GGAGCGAGATCCCTCCAAAAT
2.7 Western bloting iX 3 #& it 48 it f CD44 . Nanog.
OCT4 .ERK #1 p-ERK B B RIXIER

B2 27 BT 3 AU R A KA A, 43544 2.6 7 T T
T T AR K 5R SRS DA RIPA 2 124 4
SR, LA BCA LM TR e LG #ET TR . R
SBTE 80 V L R HLTK 30 min )& , Y HL R 28 120 V 4k 4L
HLUK 1 hs SR DLES I 300 mA 5 [ [ 5 i . £ 5 (PVDF)
JEE11.5 h, DL 5% B AR Wk & il 3P 1 hs 23 i i A B L
11344 1:1 000 ) CD44 Nanog ,OCT4 ,ERK ,p-ERK —
BURAG BEEL 54 1210 000 i GAPDH —47T,4 C FIFH
PR LA I TBST 3 MRS 3 9K, B3R 10 min; A LY
THL (R R 1:10 000) , I FHFE 1 h; DL 1x
TBST AW BERE 3 ¥k, 457K 10 min, 7 ECL &G £
B, DAEEI UL R GRS , 3 Image J 1.8.0 F{4F-7
Hr, LA H I3 554 KB 5 N2 GAPDH 2 H 45417 JK

GGCTGTTGTCATACTTCTCATGG 197
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FEME R HEZR B M ERE7KF . i E S 31k,
2.8 U0126#1#l ERK & B &% )5 *T E. #4452 pE 2
FEE ] B R EMEE N AR FHAREY RIEHZ T

B KA ) B AL A M, BEATL 43 SR %) B (%
0.19% DMSO) F1 U0126 (ERK #11 1] 7] ) 24 (10 pmol/L) .
A3 4 2,47 Ty R 00 400 M 1 v B I BE T e
“2.57 T T A A F TR B R T 2.7 IR U
PR 21 i 7P CD44  Nanog . OCT4 #il p-ERK % [ ) &
KO (Pha-tubulin NS, #i B LLAI R 1:10 000) . 5
IS 3.
29 FitFEFIE

K SPSS 11.5 B 44% £ i 1464 7 8 71 A 3 43 #7 o
Bl x £ s 30K, ZULRBCR FR R Jr 225007, 1
M AEARYL ] SR F e/ g6, P<0.05 RoRZE5SHA
I ==

3 #HR
3.1 Calpeptin X E. ¥z 4L 20 B 2 75 FHHAE B9 32 M
i TR A SR R R, 550 A L, B A Ak 2 A

MBS KA T LR AR AL, A0 S R I BE AR 1, 20 i
RFRAE I, B — & 1Y 18] S5 40 J A R AIE 5 E. 5% fE+Cal-

peptin ZL AL 455 0 BRATHEIT . AL ARIEIE A2 At
B LA 1,

C. Ef# Ak +Calpeptin 41
Bl JAGEMOESFHITEERHE(x200)
Fig 1 Micrographs of orphological characteristic of
cells in each group (x200)

3.2 Calpeptin Xt E. 5L 40 A1 4 38 8¢ 71 B9 22

Kigr 24 A8 hm , 5N HRAL LA, B AL 4 40 B 1 34
BRI TR (P<<0.01) 5 5 B #5 1L 41 oA, Bo B A+
Calpeptin ZH 2 i (1) 385 58 6 35 i 5 R (P<<0.01) . #4541
2N LG T R E A SR I 2,
3.3 Calpeptin X7 E. ¥4t 2 Al 52 FE 72 5% BE 1 9 =2 M

S RE L LR, B AL 2H 20 M 1) v TR R B T
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1 (P<<0.01) ;5 5 E. ¥ AW 2 LU %5, E. %% fk +Calpeptin 2 2
LB e B TR % B S RRAIR (P<<0.01) o A4 4 i FE T
BTG OLTAR B ULIEL 2, ST i 45 R W28 3.

F2 FBAMMIBEZENELER(xts,n=3,%)

Tab 2 Proliferation rate of cells in each group (x * s,

n=3,%)
40 2%h 48h
boi 100.00%0.00 100.00£0.00
EFHLA 152584624 165.26+5.67°
E L +Calpeptin A 1010747517 93.18+4.12%
T XA AR, * P<<0.01; 5 EJ 404 b4, " P<<0.01

Note: vs. control group, “*P<<0.01; vs. E.-transformed group,”P<<

C. E.#%4k+Calpeptin 21

B2 &EMAsERERAIER FRE

Fig 2 Plate charts of colone formation of cells in each

group

®3 BHAEMNEEERENELSER (x+s,n=3)

Tab 3 Clone formation rate of cells in each group(x

s,n=3)
40 TR, %
hapictil 26.08+2.82
B4 59.58 446"
4 ft+Calpeptin 4 32.00+1.75"

T SXTIRZE UL, " P<<0.01; 5 EAEALAT L4, *P<<0.01
Note: vs. control group, *“P<<0.01; vs. E.-transformed group, “P<<
0.01

3.4 Calpeptin 3t E. 34 400 B F E#aE 1950

S50 RELH FE B, B B A 2H 20 i A A R 5 2
(P<<0.01); 55 B 55 fL 41 Ho 4, B. 5% fk+Calpeptin 21 41 g
BRI ER R . 5080 (P<<0.05) o 4% 41 4 it i R 7 0, 8. £
P 3, R AR e 46 SR 4.
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®
e .
: 5N -
<l

A B B. Ef6 104
PR :‘ 3
‘g -
. R

e R
C. E.f%1k+Calpeptin 41

B3 SAMARMREKE R R RHE (x40)
Fig 3 Micrographs of spheroidization of cells in each
group ( x40)

F4 BAMEHBIKBNESR (xts5,n=3)
Tab 4 Numbers of sphere-forming of cells in each

group(x*s,n=3)

a5 A A
popicel 6.67+1.33
B4kl 3341666
E.{t+Calpeptin 4 18.01+2.85°

T S B FE#, " P<<0.01; 5 EJ AR 2H He A ,*P<<0.05

Note: vs. control group, **P<<0.01; vs. E.-transformed group, "P<<
0.05

3.5 Calpeptin X} E. %t 2 ffl 7 CD44 . Nanog .OCT4 .,
ERK mRNA Fi% i #2015
5 B2 b A, B B b 4 40 B b CD44 . Nanog.
OCT4.ERK mRNA 3Rk K F-34 fi 2 F 55 (P<<0.01) ;
5 E AL L, B 5% Ak + Calpeptin 41 4fl Jfl 1 CD44
Nanog,OCT4 ,ERK mRNA [ # ik K-35 8 P (P<
0.058 P<<0.01). #&AIAMIH 4 FhFREY) mRNA KAk
e 2SR WA 5
*®5 HKiAMAH CD44 Nanog . OCT4 .ERK mRNA &
KKFMELER (x£5,n=3)
Tab 5 mRNA expression levels of CD44, Nanog,
OCT4 and ERK of cells in each group (x * s,

n=3)
Eil] CD44 Nanog 0CT4 ERK
pagieil 1.00£0.00 1.00£0.00 1.00+0.00 1.00£0.00
Ef L4l 3914038 245+026* 3891028" 1594007
E$# 1+ Calpeptin 41 1.7740.18" 1.64£020° 13240097 114+0.04"

T XA, © " P<<0.015 5 E.5F A4l H gk, "P<<0.05, "P<
0.01

Note: vs. control group, **P<<0.01; vs. E.-transformed group, ‘P<<
0.05,7P<<0.01
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3.6 Calpeptin XI E. ¥ 1. 40 fif  CD44 . Nanog.OCT4.
ERK #1 p-ERK E B &£ 898201

5 A, B B Ak 41 40 i H CD44 . Nanog .
OCT4 Fll p-ERK 25 [ 0 357K -1 2. 2& TH (P<<0.01) 5
5 E. AL b, B, 7 Ak + Calpeptin 2 4l Jifd b CD44 .
Nanog,OCT4 ,p-ERK #& [ [ & 1k K F- 34 i 5 PR (P<
0.05 5% P<<0.01) ; 3 41 4Hi i o ERK £ [ FR A /K] o,
2R TG F 3 L (P>0.05) . %% 41400 $h CD44
Nanog ,OCT4 ,ERK .p-ERK & [ # 1A LK DL IE 4,
FEIRIKFM S 25 R WL 6

CD44 | W S S— 50 kDa
Nanog - ——— 7 kD2

p-ERKk ;M . 2k

OCT4 * 39 kDa
GAPDH | sm——— 30 kD2 GAPDH s S— s— 00 kDa
S SN T
3§X$’ ?,1{%/1 ;\X) \Q@Q\\o *«ﬁb @i&ﬁ% ‘A\Q%Q“o
,;\3(50 F\\()XC
s o
ATERGCEN B. ERK .p-ERK % ]
B4 FHMAH CD44 Nanog, OCT4 ERK . p-ERK
EBRRIEBIKE

Fig 4 Electrophoretograms of protein expression of
CD44, Nanog, OCT4, ERK and p-ERK of
cells in each group

R 6 FHHMH G CD44, Nanog . OCT4 ERK . p-ERK
EAREKEMNESER (x+5,n=3)

Tab 6 Protein expression levels of CD44, Nanog,

OCT4,ERK and p-ERK of cells in each group

(xts,n=3)
il CD44/GAPDH  Nanog/GAPDH OCT4/GAPDH  ERK/GAPDH p-ERK/GAPDH
popiceil 078£005 0272003 0232002 0522008 041004
R 1392001 0512004 0454003 050£0.08 077007
B +Calpeptin 4l 0900097 032£001°  026£005 0463011 030£0.03*

XA AL, P<0.01; 5 B4R R4l LR, 'P<<0.05,7P<
0.01

Note: vs. control group, **P<<0.01; vs. E:-transformed group, "P<<
0.05,"P<<0.01

3.7 ERKRiX#ME 53t E. 5 A AR SE R RS AL BE
H BREFENURTHHEXEARENZ N

54 B4 e A, U0126 41 P p-ERK 8 [ A /KF 12
FFEAR (P<<0.05) , 76 W] ERK & [ F 5 A il s 20 i Ay e
B % B 25 BRI (P<<0.01) , L BR %0 & 0 7 (P<
0.05) , TPEA 525 11 (CD44 \Nanog .OCT4) it 35 ik 7K -
58 R (P<<0.05) . X $&/R M| ERK &35 , E4%
Al 4 Y 5 B TR BCBE T 3R BB RE T DA T A AR
I 2R 08055 . BRK A 51 U0126 1 1 45 4140 i
H1 ERK . p-ERK 2 [ 1T HAH G2 11 2 100 i 25 51 D ]
5.7 T, 4N I 5 T S AR A0 B s R AR 0 00 2 SR LRI 6
8,
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42 kDa CD44

kDa 4_tubulin 36 kDa

X R
A. ERK .p-ERK 2 4

U0126 4

Xof B2
BT PEAICER

5 ERK#HF 00126 £ T E. 4L 48 B ERK
p-ERK ZEEFFHEXEBRIZNREIKE
Fig 5 Electrophoretograms of ERK, p-ERK protein

U0126 4

and stemness-related protein expression in E.-
transformed cells after treated with ERK inhi-
bitor U0126

7 ERKHIHIF U126 /EA T E. 2 L 4B 1 ERK
p-ERKERQMTFHBEXEAREKENELR
(xts,n=3)

Tab 7 Protein expression levels of ERK, p-ERK and

stemness-related protein
cells after treated with ERK inhibitor U0126

in E.-transformed

(xxts,n=3)
41 ERK/o-tubulin  p-ERK/g-tubulin ~ CD44/-tubulin~ Nanog/e-tubulin - OCT4/0-tubulin
R 291£0.10 243+0.13 0.480.00 0.69+0.08 0.32+0.02
V01264 267£0.16 157£0.18° 0.20+0.02" 0.3840.05 0.18+0.03

5 IR He A, *P<<0.05
Note: vs. control group, *P<<0.05

4 itig

FL b R A i e A A A SR LR R AR B A sk
Fio e T AR A N B B FR SR 2R e
JRIRR SRR A 2 TR B — R A, SRR E Y R A R
JEEVIMISEN, AU B, B T LR SEFLIR bR
21 s MCF-10A 7k 75 1 40 Jif 47 #£ ¥, CD44, Nanog #I
OCTA YL INNRIE T A MEbr 54 . PidliE , CD44 7]
SRR 11| 107 (B O 1971705 i o S P L 11 O S R MR (92
AL HERRT B9 & A2, T Nanog Fl OCTA4 {E £ R e T
2 i v T e S v R RRAS LR A AR S I 4
) L A, DT 9 o A B4 L 1 R B A 2 e
PRI EE T AIRRIED ", ARBIFY R B S5 77 FLIR
Rz 40 MCF-10A 1548, K BLE A PR AL s B8 1 —
JE 14 6] J5T 4 MOAERRAIE , A MG ) SERE IR I RE 1 DL A
FREFrRE 13 R X R AE EAR I N kA T
ko [, E. 5% Ak 20 i h M An 9 CD44  Nanog
OCT4 mRNA M L& 1Rk B 2 B, X 3R Eo A
AT AN AL , 30 AT G5 5 A A L TR AT

Calpain (142 )23 Ve 55 I 19 4 AR ¢, HonT il
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Fig 6 Plate charts of colone formation and micro-
graphs of spheroidization of E.-transformed
cells after treated with ERK inhibitor U0126

#&8 ERKIMFIFI U0126 /E AT E. 2L H R EY ST PE T
R BIKBNELER (x+s5,n=3)
Tab 8 Clone formation rate and numbers of sphere-
forming of E. transformed cells after treated
with ERK inhibitor U0126(x+s,n=3)

4 SR, % AR, 1
TR 67.67+2.05 4767348
uo1264 30.67£285° 200173

e SR g, *P<<0.05, * *P<<0.01

Note: vs. control group, *P<<0.05, " *P<<0.01
AE 19 Calpain #1571 Calpeptin & —Fh E. A 41 Il 15 &
PERRR SRR o AR 5 SCHR R 1E , Calpeptin 7 1~
10 pmol/L ¥ J3 Y0 [l P B S8 4 i B 5 09 A L i
JitL MCF-7 14 38 512, A< SR80 20 Jip 393 0 50 s % B, 10
umol/L Calpeptin B8 i | E. 753 1) MCF-10A $24k. 48
LS FE SRR BT T g, B H 2L L,
5.10 pmol/L Calpeptin I & E. % £ 4b 3 4 Jifd MCF-10A
1518, 459 & B, 765,10 pmol/L Calpeptin HI1EFH T 2
MO 0 T, A FE 1 umol/L ¥E FE R 40 i BE % 1E & A
K, [F] I RE 2 2 M B35 S A0 fefb . BT LA 7EAS IR
R Calpeptin X E, 353 AFLIR A MCF-10A %4k
AT AR A HLH BFFE b, 2878 24 1 pmol/L T
T AR, L HE T Calpeptin AJ 411 i E, 755
FLAR b Kz 20 Bl MCF-10A 6 AL F0 T PERFAE A 1S 5 , 3X

HEZED; 2020 455 31 5 131

$&7R Calpain 7] BEZ 5403 1 E. 175 (10 200 M 2% A ATk
FROERG SR
4 ERK {5 51 BE W0 I8, A 1 1 ERK 8% i 1R 1k

HTEAIE A B p-ERK, IF h 240 i o 7% R 40 A% N L 5%

ST N 5 s DR, g T AR o A L e 5 o3 A DL e

FEIE R AP, AWFSE SR, ERK A 5 B 10306 5 7LIR

SRR i RR e FURR B SRR A B M B IR L

LT AR R s ARG . AWFREE R B IR B A A ZH 4N

Jifd AT 5 25 5 ERK mRNA Fl p-ERK %5 14, {H E. #% {k +Cal-

peptin 2 4l i ERK mRNA F1 p-ERK £ [ i) KA B B

I, XL/ Calpeptin 1 E. 175 5 1) 40 ML Ak LA T 17

AW A IB A AE TR B8 5 40 ) ERK AR 53 8% 19 0 A

Ko N TEAELL BZ58, EFH I L) ERKRE S il

MU0126 4 ¥ E.Fe b 4l . 45 R & B, 42 U0126 4b 3

J& AR A A B RE 0 AN B R ST RE O 24 8 s L T

FHOGHE YRR 25 T 1A, X E— 2P U W] ERK {5 5

HAIRES 5% T B4R LR L B0 MCF-10A e 4k

Lo A PEBG 58 o A SCHR 4R GE L B W]l 5 B0E Cal-

pain-ERK {5 538 % {2 i4F ER BHPE 2L 15 9 200 B 1 184 7

{HAHFFE J B, Calpain $1l1 il 51| Calpeptin 78 3 il E. 75 5

ML AL TR, B8 3% T A Eoi5 9 0 p-ERK 2 (1 A9

ik HTIHGAE , 4 P P REAF7E Calpain-ERK fY 1F S 5t

IR 5 E AL BAE T W0 , S 2 Calpain 35 PEH 95

AT 2 5575 5 20 e A S G P 4 55 T 24 Callpain 1%

PERID T, T RE S S 5 ERK (SRR Ak VR HT, il

T ERK YRR AL , AT i 200 L A L) K kg it

23 B fTid , Calpeptin REM ] E. 1755 9 N FLIR b B2 20

JfI MCF-10A 46 Je T bR sy g e ik , HAIL I 7T AE &

it Calpain-ERK {5 18 #% HOW0E A7 ¢ , (HHHARAE
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