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The effect of regulator of chromosome condensation 2 on the cell
proliferation in esophageal cancer mouse models and its mechanisms*

Min-biao Chen, Ming-fang Huang, Xu-qiang Liao, Ren-zhong Cai
(Department of Thoracic Surgery, Hainan General Hospital, Haikou, Hainan 570311, China)

Abstract: Objective To explore the effect of regulator of chromosome condensation 2 (RCC2) on the cell
proliferation in mouse models with esophageal cancer and the underlying mechanisms. Methods Esophageal
tissues and primary cells from esophageal cancer mouse models and normal mice were extracted. Gene transfection
was applied to regulate the expression of RCC2. The cell proliferation was detected via cell counting kit-8 (CCK-8),
the expression of RCC2, sex-determining region Y-box 2 (SOX2), proliferating cell nuclear antigen (PCNA), and
zinc finger protein Snail was determined via RT-PCR and Western blot, and the targeting relationship between RCC2
and SOX2 was analyzed via luciferase assay. Results The expression of RCC2 was upregulated in the esophageal
cancer tissues (P < 0.05). The cell proliferation was increased after the overexpression of RCC2 (P < 0.05), and was
decreased after the inhibition of RCC2 expression (P < 0.05). Following the overexpression of RCC2, the levels of
SOX2 and its target genes, PCNA and Snail, were significantly increased (P < 0.05), while the levels of SOX2,
PCNA and Snail were significantly reduced after the inhibition of RCC2 expression (P < 0.05). Luciferase assays
showed that there was a targeting relationship between RCC2 and SOX2. Conclusions RCC2 can enhance the cell
proliferation in esophageal cancer mouse models by up-regulating the expression of SOX2 and its target genes,

thereby further promoting the tumor formation and progression.
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HEPLH Z — o G kg 58755 T 2 (regulator of
chromosome condensation 2, RCC2) ZY @ iAF R E
BB B Ry, 5 2 T AR K T
WALFRE, 25 st =Y. A k8,
RCC2 H ) 35 P8 1 g 52 XY fiE 2R 1 2 (sex
determining region Y-box 2, SOX2 )2 5 & J& 41 ifd ity 4
B RV R, (H 20 B B R R VR R e 4R
o SOX2 & —Fpa] 3 15 M A 41 2k & 1Y+ 4 i
MW, 20 kKRS RIL L
JHEO HJE A5 A2 3 RCC2 Ay 4% i AN B . A DF5E
I RCC2 TE BB /N R A b i ik, IF b L
JE A5 BB ] PR 4 SOX2, 5 M B A 9 A0 A 1 B 5,
S 1 PR 3627 41 (AL Rf 0 i FLRE B
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SNTe L)
PEHL 6 ~ 8 i #% i 1: SPF 9% C57BL/6] /NER 30 H,
W AR AE s s s oL, S sh ) AR VR T IE
5 SCXK(#1)2017-0008 5, SL56 B4 fdi FH /5 nl iE
5 SYXK(H)2017-0167 . #< & 180 ~ 200 g, /il
FRE 22 ~ 24°C, 4 H 4T 70 12 sh W ik B koK o
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RCC2 mimics, RCC2 inhibitor K XF 1 B 14 %iF iR
FRL A i E R BE LU A0, RPMI 1640 15 57
F KA T (25 Gibeo A H) ), HitkEHE R (EHE
Invirogen 72 & ) , [l (4 Gl 3L 00 A D BHE A IR A
Al), RIPA 2R ( LiEE = RAEMERAR LA
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1.1

(B> 52 WA BRA T ) o Transwell /N (b5t
e AR A RAR ), Bibr (3 E i &
MR-96A %), T100 % PCR 4" 34 1Y ( 2% [® Bio—Rad 2%
Al ), 371 8 A AL iR CO, K 3R 4 (55 E Thermo
Fisher Scientific 2¥ 7] ) o

1.3 Ji&
131 AR AR A A mAinRE N

H 2 100 g/L 4—fiff 1 s i —1 - %8 A ) (4-nitroquino—
line—1-oxide, 4—NQO) KK CHE 7 8 08 4-NQO
WMl T 1, 2- 0 B BC I LR 5 /L o £ R BE 1Y i
W, P v He 2K TR 7K G — 20 # B 100 o/L 5T £ vk
PEMA IR, ESRMESE 10 8 J5 etk K K R 3R &
18 i, W/ E . OKE O A, JF
WIS AR BT B . 5 18 S B R ] A I ik Ab B
ANEL, AT T B B A A 2 B R A A,
37CIHKWESAF T I A JBE B Ak 10 min, [ &2 454
3UC, ANAEIRA W3 000 t/min B0 5 min, H 240
W, PBS UL, 7E T 10% Jifi 4 il 7 i) DMEM/
Fl2 g, #ERMEREFRIL, CO, 3G T h a7 .
e B T AR B, B EEm A
Mija, SRR — P R, RAZ 3
MR G

132 miedt 3 RS KRB B w0
TE 5 10% it 4= 1L 1 T 1% 75 55 B K 1) 1640 15 77 )
SR, WO BCE KA M AT, R
Lipofectamine 2000 % 4% 3 5 ¥ RCC2 mimics, RCC2
inhibitor 2%, mimics—NC . inhibitor—NC % B 51 5% e A
A, 520 BI7E A RCC2 mimics 41 . RCC2 inhibitor
ZH . mimics—NC 2 . inhibitor-NC 2H ., 3% R AL F 1Y
BERAMMAE X A, U5 k2L F 48 ho
133  CCK-8#mlzmpeigss HEii#24h 48 h,
72 hisf, 4153 AA 10 I CCK=8X7], 37°Ci#EE
JEE 2 h, LIS HALIEZE, A 150 wl DMSO % fi#
W 5E 450 nm AW EEEAE, DL OD {E Jz Bt 441 ff 384 5 g
J1. BHAEEEREIR, BOFHHE.

134  #%# R R L& 84 K (reverse transcription
polymerase chain reaction, RT—PCR) # ] RCC2,
SOX2.PCNA .Sl mRNA #8 %+ £ 35 8 5 Trizol
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PREE, 45 G Rgi & IR T 20 S8/ BN A8 g ma BRI AT

IR & P B M B RNA, JF 0 E RE S B, B E
M ST R SR eDNA L PCR B 45 : 95°C HiAE
#E30's,95CHAE M 5 5, 60°C IR K 30 s, 74CHEAH 30 s,

A0 MG, RN EEF B CE, HRRER
XFRIKELL 22 RIR . SISt R T A
THRARA R, SIYFILEL,

&1 RT-PCR3|#1F%!

45| 51YF5) 519 EEbp
TEIH] : 5'-CAAACGUGGUUGUACGAGA-3'

RCC2 502
JZIi] : 5'-UCCAAGCGAUUCAACGUUA-3'
1E[A] : 5'~ACAC-CAATCCCATCCACACT- 3'

SOX2 175
JZ i) : 5'-GCAAACTTCCTG-CAAAGCTC-3'
1E[H] : 5'~AAGCCGAAACCAGCTAGACTTTC-3'

PCNA 314
JZ i) : 5'-TGCCCGAGTGCCAACAA-3'
1IEM] : 5'-AGACTTTACCTTCCAGCAGCCCTACGACCAGGCCC=3'

Snail 883
JZ i) : 5'-AAGGCCTTCAACTGCAAATACTGCAACAAGGAATA-3'

GAPDH 1E1 : 5'-CCACTCCTCCACCTTTGAC=3"

190

JZ ] : 5'-ACCCTCTTGCTGTACCCA-3'

1.3.5 Western blotting #r ] RCC2.,SOX2, PCNA 2 %%

Snail & G BT A A F KT R 48 h 5 L BREE IR
2.1 SEIGAFNITERE RCC2 ik

W, PBSURE, MIAZEMIZLAHR, 3 000 r/min 2.0
5 min, B LW . >R SDA-PAGE K i 41 e H 1Y
HMEAX RA R, MERK, fI&EAFES, b
B CEE FIRE &R Maker) , FLUK, B0, B0, 4
Bm—t. P E ., B, B, RidREm
T 4k, K Image Lab BRI 5E 25 1 4545 JK B
B, JHHE B MEAHYREE,
13.6  ®EFEEE BRI &
FUEATHRAE, B A0 2 x 10° /4L Y 55 12 4 2]
12 fLARH, HEEEYLRCC2, SOX2. Y SOX2 Hf A Y |
75 A JFORL43 3] 55 RCC2 mimics . mimies—NC Fhf 4
A (4394 R RCC2 FTEF A A SOX2—wt 5 e
4. RAR SOX2-mut YA ), KigE48 h, K&
KRR W PBS VRV, A 20 B 24 A% W, FE 4°C 5%
£ F 7% 10 min, 40°C . 1 000 r/min B> 3 min,
W VE WA T AR
1.4 SFHitERE

BeE 23 MR FH SPSS 22.0 Ge it #kf . iHaEEERE
DI + b2 (x £ 9) o, HUERFH ¢ K6 00 ol A [R]
RO NS Z W R O 208, dE— 2
PO LE B H LSD-t ki 39 . P <0.05 R 22 # A Gi it

o

S I 2H FORE AR 2H RCC2 mRNA A X 36 3k 543 5]
F(1.48+035)F(1.06+£0.22), & tik, ZRH
itk (1 =1.254, P=0.029) , SZ55 45 T xt
M .

2.2 HAMAEEER

RCC2 mimics ZH . mimics—=NC 41 . RCC2 inhibitor
44 . inhibitor-NC 21 . X FEZH AL EEFR 0 h, 24 h,
48 h, 72 h B ¥EFENS A0 L, SR EE W &R
Ji 22501, SRR . O[] B[R] A5 20 M 5 A
2 5+ (F =103.803, P =0.000) ; 4% £H 4il JitL 38 5t 47 2%
5 (F=13.012, P =0.000) ; (%5 2 21 Jitd 3% 5 75 1k it
oA 2% 5 (F =56.475, P =0.000) , 0 h, 24 h %4
Y BE T CH L 2% % (P>0.05), 48 h, 72hif, 5
XF B ZH He %8, RCC2 inhibitor 2H 41 i 3 48 )i /0 (P <
0.05), HAKHBEA(P<0.05); 5% R B E XS 1
ZH %, RCC2 mimic 41 40 A 384 58 5% i (P <0.05) ,
RCC2 inhibitor ZH 4 {3 58 > (P <0.05) . WL 2.
2.3 & HMBIRCC2,SOX2,PCNA, Snail mRNA
HIRIEE

RCC2 mimics ZH . mimics—NC 2 . RCC2 inhibitor
ZH . inhibitor-NC 2H . XJ 8 41 41 it RCC2. SOX2.
PCNA . Snail mRNA A X 3k &t b, SR EET7
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(n=6, x+s)

215 Oh 24 h 48 h 72 h

RCC2 mimic4]  0.14£0.03 0.37+0.06 1.26+0.11 1.84+0.20
mimic—NC 2 0.16 £0.04 0.34+0.07 0.81+£0.09 1.26+0.14
RCC2 inhibitor 4 0.13£0.02 0.30+0.05 0.47+0.06 0.53 +0.07
inhibitor-NC4{  0.15+0.03 0.35+0.07 0.84+0.09 1.23+0.15
Xof HEZH 0.14+0.05 0.36+0.04 0.74+0.08 1.15+0.13

ZohT, ZRAZRITFEEL(P<0.05), #F—2MW
WL A5 . X BRZL AR F RCC2 mimics 4] . mimics—
NC 4 . inhibitor-NC 2 (P <0.05) ; 5 XF 1 B4 Xf R
4%, RCC2 mimic 41 F+ & (P <0.05) , RCC2
inhibitor ZH [J& 1% (P <0.05) . WL 3 FIK 1.

*®3 KAMEIRCC2,.SOX2.PCNA.Snail mMRNA

HEMFRIEELLE (n=6,xxs)
RCGC2 SOX2 PCNA Shail
215
mRNA mRNA mRNA mRNA
RCC2 mimicZH 141039 234+0.78 1.28+0.32 1.56+0.42
mimic-NC 20 1.12+£0.34 145+032 1.04+£024 1.12+0.25
RCC2 inhibitor 0.23+0.05 0.26 £0.07 0.19+0.06 0.27 +0.04
inhibitor-NC#H  1.09+0.23 1.42+0.30 1.01+0.26 1.09+0.23
X EZH 1.05+0.34 1.38+0.39 0.96+0.35 1.01+0.20
FAE 67.020 83.541 42.650 51.203
PAE 0.000 0.000 0.000 0.000
4T = RCC2 mimic 2H
» =mimic-NC 2
Ju L = RCC2 inhibitor 21
3
3&2 = inhibitor-NC £
= i i3 4
g X HR 2]
=
: ] ij_ulé
2=}
El
0
RCC2 SOX2 PCNA Snail
E1 &M RCC2,SOX2,PCNA.Snail mRNA
HyRIEELE (n=6,x+5)

2.4 HKHEMAIRCC2,SOX2,PCNA, Snail & B 18
FRIEE

RCC2 mimics ZH . mimics—NC 2 . RCC2 inhibitor
2H | inhibitor-NC 2H X} FEZH 40 Jfd RCC2,SOX2 . PCNA |
Snail F FAMXIRIXE ILE, SREET 20T, =
SH G E X (P<0.05), HE—2 00 A4
XF R A% T RCC2 mimics 41 . mimics—=NC 2 |
inhibitor-NC 41 (P <0.05) 5 5 %% h BI04 X R 4 b 4,

RCC2 mimic 41T+ (P <0.05), RCC2 inhibitor 21 [ AI%
(P<0.05), WFE4FKE?2, 3.

R4 KRAMEWRCC2.SOX2.PCNA.Snail &8

HMRIEEL®R (n1=6,x+s)
215 RCC2#EFT SOX2#E[1 PCNAZKF  Snail F [
RCC2 mimicZ]  1.52+035 236+0.72 1.43+0.26 1.62+0.43
mimic—NC 21 1.24+026 1.52+023 0.94+0.17 0.58+0.07
RCC2 inhibitor4l 0.26 +0.05 0.24 £0.04 0.14+0.03 0.20 = 0.05
inhibitor-NC 4]  1.21+0.28 1.49+0.26 0.97+0.15 0.62+0.08
X HE 2 1.15+£0.22 1.28+0.22 091 +0.24 0.49+0.06
FAH 107.231 63.574 30.621 78.174
PIH 0.000 0.000 0.000 0.000
4r = RCC2 mimic 2
= mimic-NC 4
5| = RCC2 inhibitor 41
e - = inhibitor—-NC 2
B2
I
oo
0
RCC2 SOX2 PCNA Snail
2 RAMBIRCC2.SOX2.PCNA.Snaill EH
B RIEELRE (n=6, x+s)
1 2 3 4 5
RCC2
SOX2
37 kD
b il il T R ¥ = T
T ———
GAPDH 2 36 kD

1:%F M4 ; 2: RCC2 mimics 4 ; 3 : mimies—NC £ ; 4: RCC2
inhibitor 21 ; 5:inhibitor—-NC 2H .
E3 &EMAIRCC2,SOX2,.PCNA, Snail & A& %

2.5 HAMENEEEMELLE
PNCEBEL K45 R /R, mimies-NC 41, RCC2
FTEF A= Y SOX2-wt FeA e ] | 28 78 ) SOX2-mut 3
B e 20 1 906 R WS 4 ) o8 (0.98+£0.13) |
(127 £0.24) #(0.91 £0.17) , 2 B[ & J7 2240 ¥,
ZESH G E L (F=32.610,P=0.000), #F—LH1
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%5 24 1 PRSI, 45« SR i T 2 X0 RPN AL AL KL 5

P HCBZE R 5 mimies-NC 41 HE, RCC2AIEFA P MO SUIFSE & B, SOX2 Al b ol i [ 8y
7 SOX2-wt AL 55 e 41 90 Z MG TH 2T (1 =5.819, BRI T Snail, 25 R BERE 19 AL . A B
P =0.000) ; 1 mimics—NC 241 5 %€ 28 I SOX2—mut 3t FERBL, H SOX2 Kk 5, W A0 Mg s Re ) =
Pe el OR R PE LB, %R LA E L B, PONA B FIRKAKCT B TR, 5 S0X2 M

(t=1.792, P=0.078),

3 it

BEEELZHER . 23 ML FEEH S
g R L R LT 52 4 o I AR OR At A ] 0 R G
15 538 [ VA 755 B R SRR IE 7 T8 A B O 34 T Ry A
Mo REMIE S R, 408 E B TR
FafE A i R A . kR AR R ) E AR T,
RCC2 & — P 3 A5 SC A5 538 [ = 5 240 it Jo) 00 o] 4%
MEE L H AT A BT 22 iR A0 I AR W e AT
HORIEVER], WUTER RCC2 355, 5 I 40 i 434 5
fig 152 B4, RCC2 AT 3@ i+ MAPK/JNK {5 5 18
%, FS AT, S 545 %A
[i1] J5it £k, (epithelial mesenchymal transition, EMT) 1
e A SR B, RCC2 78 U 1 95 40 i v 3% 35
FiE, HEfEH TREREAFHEZSYMS 54
T, $8 RCC2 7 40 M3 5l FE 5 4% Fad f vl
) —EEHY, AR R RN, S8R REY
Ml RCC2 /iR m TIEFH /MR, /R RCC2ER
B RIA LE . 1 3258 RCC2 Ji 40 o 338 5 1% in
I RCC2 3K J5 40 M 34 58 s />, 4575 RCC2 T fig
WA, S5 a8 AR

SOX2 &4 s 7 SOX e i b1, SHEIE A
HMG 454k &, S5 RERREE . 44110

() kRN R TR A A R b R R R ) S b
L, e . R RS, ]
UL SOX2 ik B, $&78 SOX2 f] e 5 MR EMT i
A M WA AT & B, SOX2 i i 8 4% 1 g 4l
FELJEVI , BEL W 4 0 T, DTS e B b R 4
AR, IFEHEEIGIRIUG A RA RN, 8 s0X2
A RE I R R A M A, S S Mg iR, H
HI & 31 SOX2 )7 8 7~ X 55 PCNA | Snail 77 2 1~
S5 ALm, H PCNA & —Fl DNA 245 i 1) il B 25
M, FE40 DNA & il b F A vT sl e, 78 20 g i
1B AR RR, GLUITF LR 38 I, S 1913k 3 0%
B, B G2 MWW TR, PR IBKF-GEA AL
TEA i 92 20 B DNA & 8 R 285 R 40 it 14 5 8 7 7K

(9 /2, Snail U J& — R G S 7, SRR RN
Snail BE WM GL, HEEEE. BE. &4hEse
Fofo A g o e 3k AN Snail S B R 40 ML EMT
WM EYZ —, SMEER. BEHEUHL,
W98 & B, SOX2 BE 43 F1) #E 17] 4E F PCNA |
Snail, 335/ BUBLIR BE T, I B e A0 M 1) 34
FAFRFH, RFFRGERED, RCC25S0X2 A
AR PEEER . 2RBRCC2IE, 41+ SOX2
Je SOX2 B KK PCNA | Snail M 26 15 5 ¥ 0 & 7
LR Z AR, R RCC2 AT # ) 9 #5 SOX2 K I
AL PR, DT R A R A M A . M OCTRRE R

B, 4 P RCC2 33 3k mT 4 i SOX2 77 £ Ak
R, fEdESoX2 HHEN I N G sh F X 45 G, MR

SOX2 #% S VEN . AW INN, 76 RCC2 UL BR 1K)
it 4 41 B R 3k 2 R SOX2 RE IE 1) 4 4N M A7 05, %
Pt RCC2 WL BR X 41 it 338 7 A0 400 1 1 AP, 3l fig 2
RCC2 3 £ 4% SOX2 {3k, it 2 i Jeg 4 e 144 B 1)
JRH 22—

25 BT, RCC2. SOX2 7E £ 45 Ji 240 i v 1 5
ik, HRCC2 A b SOX2 K H A 3 [ (1)
Foib, B e /D B 3 B g it — 2 %t
ﬁﬁﬁmﬁ%ﬁi%m MRanﬂwnvL%ﬁ

Z, A ZMESEES S 28 1m0 i85 T
. H HA™ A E R SOX2 5 RCC2 3L A 5 2 1
X 25 & HIAE FHALT]
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