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Up-regulation of ribonuclease inhibitor suppresses growth and apoptosis in murine

melanoma B16 cells
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[ Abstract | Objective  To investigate the effects of ribonuclease inhibitor ( RI) on the proliferation
and apoptosis in mice melanoma B16 cells. Methods B16 cells was stably transfected with RI eukaryotic
expression plasmid pIRES2-EGFP-RI, using the cells transfected with empty vector and untransfected cells as
controls, positive clones were screened with G418. The transcription level of RI in B16 cells was determined by
RT-PCR, while its protein level was determined by Western blotting and immunofluorescence assay. The cell
proliferation was detected by MTT assay. Cell cycle and apoptosis were evaluated by flow cytometry (FCM) ,
TUNEL and Hochest33342 staining. The expression of apoptosis-related proteins and key molecules of ILK/
PI3K/AKT signaling pathway were determined by Western blotting. B16-RI cells, B16 vector cells, and B16
cells were used to implant into the C57BL/6 mice to establish transplantation tumor model. The growth of tumor
was observed, tumor microvessel density was surveyed by HE staining and CD31 immunofluorescence assay,

and the expression of ILK/PI3K/AKT signaling pathway proteins in tumor tissues were further analyzed.
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Results  The RI expression at mRNA and protein levels was significantly increased in B16 cells transfected
with pIRES2-EGFP-RI plasmid comprised with the other 2 control cells. MTT assay indicated that the
proliferation of B16-RI cells was notably decreased compared with those in B16 vector and B16 cells. Compared
with B16 cells or B16 vector cells, the percentage of B16-RI cells at the S phase was increased, indicating more
cells were arrested at S phase. A large number of apoptotic cells showed typical apoptotic morphological
features, such as chromatin, nuclear fragmentation and bright blue fluorescence in B16-RI cells (P <0.01).
Western blotting indicated that the expression of ILK, p-Akt, p-GSK3B, Bcl-2 and B-catenin was distinctly
decreased in B16-RI cells, while that of activated Caspase-3 and Bax was significantly increased compared with
the control cells (P <0.01). Animal experiment showed that the tumor weight and microvessel density in tumor
tissue of B16-RI group were significantly reduced and the expression of ILK, p-Akt, p-GSK3@, and B-catenin
were notably decreased simultaneously, when compared with the B16 and B16 vector cells groups. TUNEL
found the apoptosis in the implanted tumor was consistent with that of the cells. Conclusion  Over-expression

of RI significantly inhibits the growth of mice melanoma B16 cells and induces cell apoptosis via regulating ILK/

PI3K/AKT signaling pathway.
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AZBEAZ R i 30 ] [N 5~ ( ribonuclease inhibitor, RI)
SEMUIE N R YE R I —Fh B 5 A 460 BRI AL
Mo F R 290 50 x 107, ZE AR AR v ke %5
BVERT, RT S5 A% A% IR B A (RNaseA ) 25512 UR
AW, 4 90% LL_E 1 RNaseA 7514, ffi RNA [ I,
P, B R, R 7 S EBER S &
FLR AR KL 00 B & A B (leucin-rich repeat, LRR) , [F] f£
fATE LRR EEF M — A ZFE AR RN T 28
TIfe , A5 40 A S5 31 8 55  DNA &5 40 g 26 B % 4
WIS AR BAE ] A5 5 5% 5 . RNA 5957 DL K40 i i
VRS 2 B e R Y SRR
SEAFMHATIERA X LRR S5t 2 0T 1A
ek DNA 55 A0 C o, AR EE 2 RS
DNA 454, SRS R Rk E A o . Nk, AR 1R
A RES A B R A5 Ry HE R 4 2%, RT AT ge 5 AT BR i
ffill RNaseA SMAFETER AR M A Y26, A RIE
FER ( integrin-linked kinase, ILK ) e U 455 40 i i A
K A R GBS R 2R A A LS EMT 48 A 3o
FEAR 7RO HEY . FRATHIYI SR BRI RI
R {7 Ji% I 9 40 B Akt 1 GSK-3B B2 fk Kk SE38 fm , If:
H e Rt 15 DedaE 40 M i) b Bz 18] i %% 4k ( epitheli-
al-mesenchymal transition, EMT) Fll{Z28 . 455 ; Rl 1 3
IRERE I B16 4 RZERIELFS ™ s RI 5 ILK 7E40
TR P A Rk A R A SRR G SR BRI, X 2
5T IR RE 4= 18 B ] RT [ 2 g S IR 18 43+ HL i
BRI , #3000 R 40 6 e 200 A A A< Fn B4 58 A AL R 7T e
WL ILK 553 %, o TR R BIIRE , A 580
FEE T RI P AL R IR BORL, WF5E RI (193 3R 8% B16

240 M4 L U T R R A B B 23 BRI , S e )
WG ST S SR i AR A S AR A

1 #M8R5FZE

1.1 2&&XA 544

Bl6 R EZIEANE A T ERE B LA a b
W B A Pk 27 5 40 M A= ) 7 BF 58 B s CSTBL/6 /N B
W R ERR =L st . TRIzol 7] 6.2 x
TagMix Sal T Rl A1k 0] & 30 5 sk iR & 5%
W B K% F A w@l s b fERR 4 175 . RPMI1640 155+
F 8 KB (TBD) 4w REFLiR (bt ) B 2l
4% Bax , Bel-2 | Casepase-3 . B-actin % B £ [E Bioworld
5] 3 Hoechst 33342 42051 \ TUNEL § 745 I 2 77 55 1)
H Biyotime A= ¥ 4% K/ #]; Lipofectamine 2000 Ity H
Invitrogen /] o
1.2 7k
1.2.1 pIRES2-EGFP-RT EAZZ IR H M 1 5 % i

M GenBank H13k45 RI ¢DNA JF# %1 ( NM_002939 )
JEW R A g . bE S $: 5'-CGGAATTCCT-
TCACCTCCACCATGAGC-3"; T #5114 :5'-GCGTCGAC-
AGGAAGACCTCAGGAGAT-3"; 43 WIAE FE S ¥y 57 v
A EcoR 1 FYIL A (R RIZ) R W51 5 s A
Sal 1 FEUIAL AR (T RIZ) o 514 TAY TR (L
) A R A & e A TRIzol 42 Bt A 7703 4f f 11y
mRNA | 4% 554 % <DNA J5 PCR 44 RI 3t[H 75 1%
B IR B AT S FL KA PCR =49, SR 5 7= e 1] i
alifl, WY R AL, PRIk B R YTHY  SR I A
i, £ EcoR 1 A0 Sal 1 U100 15 5 T B4
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P2 w0 R R B R ok 44 8 pIRES2-EGFP-RIL

1.2.2 (a2 B16 4N BE 57 Mk
1.2.2.1 #fEm iR RERE BI6 A&

10% FBS 1] RPMI1640 355738 (& 758 R FIek 8 Rk i
PR 1 x10°U/L) , F 37 CHI5% CO, R4 hit g .
1.2.2.2 A5G g Ao 4l O B50AE 0 ) A
L3Rt T 6 LI IR, 249 80% 4 i il & B2 INF, NG
JiifA& Lipofectamine 2000 4357l 4% 4 A [m] 1) J5ia A7 2] 4 ffd
AR B R B Y ml A Y ORI AS [] 43 3l i 45 4 B16 4
B16 vector vector 2] B16-RI 4H., &4 3 MEFL, #%
e U B A TR

1.2.3  #rREft Y A RI B/ BB 2R B16 41
Z ¥ pIRES2-EGFP-RI JFokifl%s foki pIRES2-EGFP
3G Y B16 40, e 4k 24 h )5 45 1: 3T ARG
F2 50 48 h JF BT & 1 000 g/mL G418 10% I i
FEEFRIERE SR, ik 10 ~ 14 d J5 , REUE FRFGREE, Bk
B E F AT 96 FLAR PG 57 10 ~ 15 d J5 %
FLrP A Y B v B 20 M PR B T A ROk JE B R K
F% 13 BB I PRI R .

1.2.4 S 240H RT JER Fak A

1.2.4.1 RIFEFE mRNA %5 55 KSF (146 ) ] TR-
Tzol i1 42 4% 41 41 Jfid %5 RNA, RT-PCR &7 & ( TaKaRa
Z5H]) M RT mRNA [ 7KF-, R SE A FiF5 1 4:5'-
TCAGCGACAACCTCTTGGG-3', F iif 8] #. 5'-CA-
CAATGCCGCACAGGTC-3' , 1 /=41 44 310 bp; GAP-
DH A Fi%5 4.5 -GCTGTCCCTGTCGCCTCTG-3'
S|4 5 -TGCCGATGGTGATGACCTGG-3' , 4 it =
#12/ 330 bp, PCR =424 2% Byt g W 68 e FiL ik A )
J&i , B Bio-Rad % s B8 HUEE i 114, F Quantity
One ##£17 RI 5 GAPDH X} 5% B2 1) FL 250 #7
1.2.4.2 Western blot £ RI & 3 ¥ 3£k HE
H2# (1067100 wL) fE& AN SEH, &
10% SDS-PAGE BEJREHLIK , F B IR L, 5% WG 7
ME2 h,—Hr 4 C WEF LR (RPLA RL1:500, 4
Fi A B-actin 1:1000) , 2EHi(1:3 000) =47 37 CE
# 2 h,ECL fb2% &% &8 4, Bio-Rad i &AL W
ZLHEAAIT R Quantity One i#47 RI 5 B-actin AH X 5% &
) EL 385 HT o

1.2.5 4okl BANMEIC R, AR ik
80% ~90% 4 i}, 80% vk PN i [# % 10 min, 3%
BSA /) PBS 7£ 37 C % & 30 min, 43 5| L RI $i {&
(1:200 FfiE) .p-Akt (S473) HL{AF1 p-GSK3B (S9) Hit
A& (1:200 Fi Bt )4 CHEHE L7, PBS 358 3 K, itk
IgG-TRITC FRid FA —PL (1: 100) 7 37 C HEMHF
1 h,PBS 3 ¥ 3 K x5 min, 50% H il & Fo f#H
Olympus ZIJfE BB I -4 IE

1.2.6  MTT il B16 ZHAfI 3558 R o045 4
M, LA 2 x 10°/FLEEFD T 96 FL &S FR ML 17 8 K0 1%
7%, [ AEA1 5 8 MR AL, 4 B 7E 24 48 .72 .96 120 h
B 20 pL/fL MTT #RIF FEE 5% 4 h, 5 b5 R 5,
Jin 150 wL DMSO/ 1,490 nm % K F BFIE fe 55 4
{4551 D(490 ) {E . AN A2 = [1 - 525
2H D(490) H{E/%F R4 D(490) #41E ] x 100% .

1.2.7 i aCAn AR 43 A 240 it J5] 10 A 9 1 53 5 B
[ 454 355 7% 1 [R) s [ A% A 9 45 2L 40 M B16, i il 3
fLJ5 , PBS PE¥ 1 Ik, IR O B 40 i, 43 PR 43 b
L, —FRAr AN 70% 2154 CREE 4 h LLE, 55—
O3 T A, ARSI [ R A0 e A e ) 4, oK [
AT, A —3 1, IR EE 3 K,

1.2.8 TUNEL & 40 AR gL 2 i = b
HAVKIRY) R A S5 3% R A 4% 22 58 s L I
B 1 hy iy 0. 1% Triton X-100, 7K FHCE 2 min;
PBS ¥ 3 WK, W I 50 wL TUNEL 350 F 54> 25 8% A
L0 F 60 min FEREEA 37 C 444 R, PBS ¥k 3 I,
PO KN E 5 2O6 R dE N Mg,
1.2.9 Hoechst 33342 R 4a M- 41404
FhF A T8 R 1 6 fLak, Rrdi ek K 205
70% 7245, PBS ¥k 3 WK ,4% LB HEEE 2 1 h; PBS ¥
3 WK, #2 FL 577 B Hoechst 33342 K35 1 fin 21 55 3%
h b E R EEDEIE R S ~ 10 min, PBS & 3 I, H R,
TEDE BT T M A,

1.2.10  Western blot ¥ JU{H T-AH X EH KX LK {25
i S B R B R R T A A A i

[1,12% SDS-PAGE &L UK 5 AR IL 5L K .5 % Wi
WikpE A 2 h, —$t 4 CIEF LK, P Bel-2  Bax Fil
Caspase-3 (1 : 150 ), p-AKT, p-GSK3B Al B-catenin
(1:500) , BPT ILK(1:200) Fladt B-actin(1:1 000) ,F
PR EEDT R —H0(1:2 000) HIEMFF 2 h,ECL ZO6 R
I TS actin AEXFOREE I LA T, LR EE A 3 IR,

12,11 Shpscsars il -8 RIXF B16 4iffiA= 1< a1
FRIR )
L2111 s ereeisimy R B an i, il

PBS il % 2 x 10°/mL () 25 21 240 L7, 43 504 1k
#1025 A0 M B %A 0. ImL = CS7BL/6 /N R 72 il
BN B8 H o 0 R A A MRIE iUt E], 21 d 5 AbAE
S PRIBUI R B B THI A P S, R R
Ao AR = (1 - SR 8 ot/ X B2 1 208
JiitE) x100%

1.2.11.2 HE Bt i 10% WS 9 I8 7 i 2
1,5 wm P, “HE B S R R R 2R AT HE B¢
@, PR A, S R R R

1.2.11.3 Sl R o e et A A 45 L AR R
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H RI,CD31 F1 ILK 1553 % 8 [ () #£ 1k B REH
AUkE B EE R MR AL A AE)E S um PRI
JE A F2 O 2 Ak R G AR 20 TR 1o AR AR W g A T K
5 AR IR AN 1B S P, PBS Pk 3 ¥K,5% £ 13 3147
—¥$i B-catenin RI ILK(1:100) ,4 CHF# 117% , PBS ¥k
3 W EMAE R AL ,37 °C % F 30 min, PBS
PE3 WK T INEE R R PR R S ALY B W 37 C R
7 20 min,PBS 3 Yk, DAB {5, & 44 Iy 1, R
BEE R MEAA R DO B2 M A 2 2 vk R
FJG 4% Z R R E 15 min, R T )5 -80 C LR
M. BUhYI R, PBS vk 3 ¥ FH 0. 1% Triton X-
100 3@ i% 15 min; PBS vk 3 ¥ FH 3% WA K KIiE N
U5 Pt ALY 20 min 3% BSA ¥ EHA] 30 min f7,
535 F PBS i B 1Y S $ p-Akt (8473 ) | p-GSK 38
(S9) .CD31 (1:100 #ikE) —Hi T 4 °C M F L ; PBS
PE3 W H FITC FRic i Fdi e IgG(1:100) —$ 37 C
WEOGIER 1 h;PBS 5t 3 U Lot K H h, 96 2
(G RUE-SiEisfi
1.3 it oW

K SPSS 11. 5 B4 it ot , S5 50 5 ds LA
x5 TN, LI ST R ) FE R L 2 07
ZAHT, LA P <0.05 ESAS5TE X,

2 HR

2.1 F#/f% pIRES2-EGFP-RI #9 % %

AUV 7= 2R AHT, 509300 1400 bp 1S 300 bp
FeA BRUIEE S T — 25, U H B2 A 2l i
AN RUZER, 75 NCBI HL O BORL A I P 25 2R, 56 4
LA, R i A (1B 1) o

1 2 3 4 5 6

12 000 bp—

3000 bp—

1500 bp—> <2000 bp

1000 bp— 1000 bp
<750 bp

500 bp— <500 bp

<250 bp
<100 bp

1. DNA 4 & (DL 12 000); 2. pIRES2-EGFP-RI # ¥7;
3. pIRES2-EGFP #47; 4. pIRES2- EGFP Jf #; 5. pIRES2-
EGFP-RI Jf#:; 6: DNA 47 (DL 2000)

1 pIRES2-EGFP-RI &4 &fi EcoR 1 1 Sal 1 WEH]

2.2 FEEF6g Bl6 mieit £k Rl 9%

5 B RT-PCR 45 R DL 2A, S2I0 20 5 5 2 Jook.
L ORFETA 2 > BRZH A HE, BL6-RT 2 40 Jifd e sk 119

RI mRNA 43574 7 149% F191% , % 53 5% (P <
0.01) . W&l 2B Frzx, 5% BALAH E, B16-RI 41 4 iy
RI EHFREES TR T 162% F197% (P <0.01)
Eix LA EL, B16-RI 21 4, HL e 2 e o i 0 g
R (K 20) , BRI R RIS BB ETE. XM
Western blot 255 —%,

1000 bp—|
800 by

0 bp—
300ty GAPDH(330 bp)
300 bp—| i P
200 hp— RI(300 bp)

100 bp— ®
1 2 3
RI( SOXIO‘)HE-
B-actin(42x10°)— MR - ®

B16 4 B16 vector ZH B16-RI 4

©
A:RT-PCR #:-) & 28 2 % RI mRNA 49 &k ;M. A7 51, 4.
B16 41; 2, 5: B16 vector Z1; 3, 6; B16-RI 41;1 ~3; RI
mRNA; 4 ~6. GAPDH mRNA ; B; Western blot # | & 2 48
ML RI & @ 49 & ik, 1:B16-RI 41;2; B16 vector 41;3:; B16
21;C: 595 R EA M B4R 20 i RT & & 89 & i& ( x200)

E 2 Bl6 it Fkik RI FEE

2.3 it &k RI PG 77 5 & 4m e Bl B0 69 % v

B16-RT ZH 40 fifa 1 D (490) [EFE#ERN S 72 h J5 A bR
B A% T B16 vector Fl1 B16 41 ( P <0.05) {4 fitd, 4%
Pl 120 h ], FLAH 3 58 1 300 ) 264 43.29% |, fij 2 X
HEZHL IR JCHH (22 5, 3B RI 95 3638 5 1T DL B S R AR
AR IETERE ST o A ARSI 40 e SR 3 40, S5 R s
B16-RI ZH43 515 B16 vector ZH A1 B16 ZHAH L, S H4>
AT T (20.85 +2.24) % F1(23.88 £4.37)% (P <
0.05) ,0E£E S MMM E &2, 1 G, .G, 20
50 B /D, S BRI LD Y R 23k, ml LA
il B16 A0 2% 20 M 5, W A L 72 BT 78 S A (P <
0.05,/K3),
2.4 it&ik Rl stampe A o6 %6

Hoechst33342 #5045 5 2 7~ B16-R1 41 1) 41 fits 2
TR IRTIEA, e ta i & A B R 2 A i
RAEBAR A =SS IR T/ IMAR S ARt B i X6 B A
Y LT R W, @on B16-RI 2 A 4 e & A= 08 1 (&
4A), TUNEL ¥4t qn & 4B F14C Fiz, B16-RI 41
FEVRP M IR S A = 52 o A (BRI T-4i ) .



537 B 13

o= FE K OR ¥ 2

Vol. 37, No. 13

2015 4£7 1 15 H J Third Mil Med Univ Jul. 15 2015 1335
8004 800 4 360-
600 6004 o, 2704
§4oo E 2
1 4004 = 4
= = = 180
200+ 2004 90 4
® ® ©
0+ ‘ 04 0 He
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
HTE] (¢/h) A (¢/h) A A (e/h)

A:B16 #2;B:B16 vector £1;C:BI6-RI 41
B3 R e AR ER S

1 B16 F1 B16 vector ZH A 15 4% 2 G4 g /b, B 41
Mg T 0o AR I A0 e R T 25 R B s (B 4D)
B16-RI 4140 K 297 (57.90 £5.20) % [ I T 40,
I B16 vector Z il B16 ZH AL A (7. 17 = 1.80)% Fi
(2.86 £0.50) % [MJHT 401, Western blot 45l 4f ifd
HR TR DG 1 1Y KGR 7K, Bel-2 1RG5 #7E Bl6-
RIZH A RN, 1M Bax 21 1 Ft, [A] B335 1) Casepase-3
FRWIEIN (P <0.01, & 4E) . DL ESCER 3R] R
WFEIES T B16 A pIET .

B16 4H B16 vector 21

B16-RI 4H

100 pm 100 wm 100" m

|

100 pm

100 wm
— —

100 pm
et

Bel-2(26x10°)—

Bax(21X107)— s S— S—
(17x10*)—

-"’——"‘w
Bractin(42x10°)— N S——

A :Hochest33342 # &, ; B: TUNEL #3148 i, 74 = ; C: TUNEL

Ho i I % 2827 2 L ) =5 D ; Western blot #t 4m i & 8 £

M E G kik,1:B16 28,2 B16 vector 41,3 :B16-RI 4
4 FFRIE RIES Bl6 ARAAT

2.5 &k RI xtém g ILK/PI3K/AKT 42 5
F AR

T FSE RT L 98 3 56 A 2 O T 00 i) 4 e 3 4
43 FHLH, FATREM T ILK/PI3K/AKT 3 % o i %
5> F 25 5, WK SA A1 5B, 4558 & 32 1 RI
i TLK , p-Akt, p-GSK3B Fl B-catenin [ A 4R BH & [
I, 7E B16-RI 41 H H R B AT F 2 X HR 4 -1
KA TFRET 89.89% 71.46% 91.48% F165. 4%
(P <0.05,P <0.01) ,fii Akt FI GSK3p [ 1326 7K
WA YRS . e SO EHE— 2R p-Ake Fl p-
GSK3B ik, NIE 5C h3RATTAT LA, 7E B16-RI 41
S e H e S B i ek , 1EH p-Akt I p-GSK3 11y
HHARIBAKF TR, 5 Western blot 45—,

1 2 3
| — —

WHEG

ILK(59%10°
p-GSK3B(49x10°)—> | Sem— S—

)

)

P-AKE(56X10°)—> [——
B-catenin(85x10°)— [IN— S
Bractin(42x10°)— e—————— )

1 2 3

Aki(60x10°)— [REGCGCGGG—E————

oska(arp) (asx10)— [
B-actin(42x10°)— m ®

B16 41 B16 vector 4] B16-RI 41

100 }Llll 100 00 pm

100 pm
[—

A :Western blot #-# ILK ,p-Akt ,p-GSK3B #= B-catenin %) &
ik ;B: Western blot #:-| Akt #= GSK3B 9% & &k ik 1.Bl6
41,2 B16 vector 41,3 BI6-RI 20; C: %, 7% 40 i % 36 4 1)
p-Akt #o p-GSK3B 9 A ik
B 5 E3Fzi% RIX ILK/PBK/AKT 55 EREARIEMZIN
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2.6 SEZXRINZEEZHmmM RSB E KR
R R GE A

FERG 9 d, K 3K B16 FI B16 vector Xif BE 4 it 2H 4%
TRy CSTBL/6 /INERA IR B A= 4, B16-RT 4 U 2H T4
g 15 d FFER SR, SR 21 d AbFE/NER, B
S PR EH, B16 . B16 vector 11 B16-RI £H i 953 1 - 14
RS M (5. 235 £ 1. 687) . (5. 400 +0. 968) .
(0.273 £0.115) g, B16-RI 41 5 B16 Fil B16 vector 4
AL, e ) F S B S sl /N (P < 0. 01) s 909 2843 51
94. 8% M1 94.95% . WhIRi 4Lk VI Y CD31 4
PCHHE A WY A i HE 4L 25 L 7R . B16 B16
vector 1 B16-RT 2 JJfJeg 2 2Ll 875 B 4 il R (17.5 =
2.8).(14.8+2.5) (6.2 +1.8)1,B16-RI 41 5 B16
1 B16 vector ZHAH LY, B16-RI ZH 11 i 2H 21 1k 1fn 45 5%

JE LU B2 S 932D (P < 0.01) , BB RI 3 SRR REHS B
A L P A R o
B16 41 B16-RI 4

B16 vector 2

CD31

5 96 9135 20 W R
B 6 ik RI X2 & SRmAMALI 4 AR R

2.7 i &k RI MR A AP 4048 ILK/PI3K/AKT 42 5

BIHER G RAN YR

e AL 45 R B, XY RI ok ik w), 78 B16 F
B16 vector ZH JifJRi 21 21 rp ILK | B-catenin £ [ 5 £ ik,
IM7E B16-RI 4] H 23k i E RN (BT TA) o 8
yetgh Bn] I, 78 B16 F B16 vector 4] p-Akt il p-
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