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WE LR T 45 M & G (Calreticulin, CALR) A B f2 8 #4138 & % 42 6-4E(myelodysplastic
syndrome, MDS) & # ¥ 84 & ik, 5432 T CALR-RNAi% 5% & BAK, ILIR A2 AMDS 28 IR SKM-1
ek KA B 89 % k. REEFKPCR(reverse transcription PCR, RT-PCR)#& 344 1&/& . 2 /AMDS
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DNA, 58475 690G V248 /i 1 & 371 A A BAK, 25k, % T B 1F23 GV-CALR-RNAI T 41%
FEBAIR. 2R 55 SKM-14a 8, 7K 28 8 A AR M 45 42 20, RT-PCRA Western blot#iE F A 8UR,
Jhik B RAEYRE AT, KRB, LA A RIS T 7 6912 R B AR EE 4 SKM-1, CCK-87% = Annexin
V/T-AADI e % 4 5 WL 2 H st 4m it A& K A= B 1 69 %% 7%, Western blot#e M caspase-349 & k. 344)1%
S @ /AMDSE & & A 31404 M B CALRIL B A 4% I 4 9] B[4 1K(P<0.01). AR A3 T 34F
CALR-RNAGTE 5% 5 AR, A X 40 0 KA T 3 4% 4 80 F £70%04 . RT-PCRZ Western blot#é: ]
%R I 7, CALR-RNAIQ)Z A B AR BR A E R &, HRiE¥R s, 4R LI, CALR-RNAI()E 3
SKM-1/& T4 4t 4m i £ K . 39 4] 40 iR 78 = (P<0.05), ) B CALR-RNAI(3)48 69 Go/G #2m i, v, SHA
40 R3% % . Western blotiE 52 /8 = I -F cleaved-caspase-3 49 /K-F &4k, CALRILF ZEMDS ¥ #2 2| 47 %
A 694 B, #1369 GV-CALR-RNAI(3) E 4012 - HAA A T it —F HF R CALRA B EMDS ¥ ¢
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CALR Gene Expression in MDS Patients and Its Influence on
Cell Growth and Apoptosis
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Abstract We studied the expression of Calreticulin (CALR) in patients with MDS (myelodysplastic
syndrome) and also constructed RNAI lentiviral vector targeting CALR gene in SKM-1 to investigate the effect of
CLAR-RNAI on proliferation and apoptosis of MDS cells. RT-PCR (reverse transcription PCR) was used to detect

CALR expression in bone marrow specimens obtained from 34 MDS patients and 8 non-MDS patients. Three kinds
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of single-stranded primers were designed and synthesized, then annealed to double-stranded oligo sequences and
subcloned into linear GV248 lentiviral plasmid to produce GV-CALR-RNAI lentiviral vector. After being identified
by PCR and sequencing, recombinant lentiviral vector expressing CALR RNAi were obtained. This lentiviral vector
was transferred into human SKM-1 cells, and the transfection efficiency was detected by flow cytometry. The
interference efficiency of recombinant lentiviral vector was determined by reverse transcription PCR and Western
blot, and the most effective vector was selected. CCKS8 assay and Annexin V/7-AAD staining were conducted to
observe the effects of CALR gene silencing on cell growth and apoptosis. CALR gene expression was significantly
decreased (P<0.01) in MDS patients when compared with healthy controls. Three kinds of CALR-RNAi-expressing
lentiviral vectors were successfully constructed, and the transfection efficiency was more than 70%. Reverse
transcription PCR and Western blot results showed that CALR-RNAI(3) lentiviral vector was the most effective
vector for interfering the expression of CALR gene. Moreover, CALR-RNAI(3) could promote cell growth and
inhibit apoptosis in SKM-1 cells (P<0.05). The percentage of SKM-1 cells in Go/G, phase was decreased and it
was increased in S phase. Results of Western blot showed that down regulation of CALR resulted in the decreased

protein level of cleaved-caspase-3. CALR is an important tumor suppressor gene in MDS, and the CALR-RNAIi(3)

lentivirus vector will be helpful in studying the functional role of CALR gene in MDS.
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(myelodysplastic syndrome)

BB A 75 £ A 1iE(myelodysplastic syndrome,
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I35 RIS SE20104F 20144 [1)346IMDS H % 8 B
FrAFI8HIIEMDS B # B #ibs A . & IHWHO /> 82
Wb vHE FIMDS [ Br i 5 A2 73 2R 4, K S8 20 3445 &8
Ho N E R ARG A, 5l R A JEMDS i
HHIEBEARAE AR . Hoh, e dli8hl (B
1069 L8, FHERS6 5 K164 (5 149
Bl 7)), SFRERES2% ; S IR AL 841 (B 1S4
L3, TR 545 .

1.12  FHm#HA  SKM-1400. 293T40 1. 1855
B ARG EH GV248#44 (11.5 Kb). pHelperl.0
(12.0 Kb) Kz pHelper2.0(5.8 Kb)Jii #i  H - i # 9l
FNBE ARG R AT TAERERE. BRHIE N DIEEAge
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A M5 H GibcoAFl . Lipofectamine 200004 H
Invitrogen’A 7l . RNAFRHUAG & 17 550 &
EEPCRIAF &I [ TaKaRaA 7 . bk &
6 HQIAGEN v H] . i B R HLA & BCAEH
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EEIRF A, P ANGAPDHZ wo £ Hiik. B
FAIREFRAC 1L 2E T S i BL S CCK-8iR 7 &0
PR REDMEARER AR . RILACALRZ T
% ARG B Abcam A 7] . CALR X GAPDH | T i 5
Vit B TAY TEAGRAR AR BIERLR
W H Leica/s &) . PCRAX. B A5 A% E Bio-
RadA &) AHIG LI 7E HR R 27 8 P T H1 s SR 30 = Y
TR o
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1.2.1 R4t PCR(reverse transcription PCR, RT-
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B, It T4 DNAE £ 1 1% #2Age 1RIEcoR TXLE )
J& 2B VRS0 B AR, B A2 38 K AT 18, PCRI
326 9 11 e B I 3R AT I 4 5 S8 RN AR i 5 04
) 2% o

R FR293T4H My, BN H 0 41 My T 4 G i

24 hH R 1 T Ak, 5 T R A0 B £ N6 X 10°/mL,
R 41 25 275 70%~80% ) 4% Invitrogen 2 ] ]
Lipofectamine 20001 F 15 B AT L4454k . 48 h/Fii
B S A0 RIS, R RS S A e R AT
EREEE T, —80°CLRAF. B 14, R IZ LIRS
D E 9 EE R B
1.2.4 3#CALR-RNAI® 20 1% s & H ARk o 5 4 4
SKM-1mfe.  BUWHUHAE K I SKM- 148 f 4 T
244U FH T B e e IS BS, 159724 hiE, A 100,
80. 6055 AN[F] B U 2 #(multiplicity of infection,
MOI) ff) 5 20 18995 25 54 YL 40, 43 ) T 553~6 WL %%
% 't M (green fluorescent protein, GFP)Z 1A # #i1.,
6 B B FEMOUE e % o 2 a2k fi it B[R] o 990 I 56 285
R EAEMOI=80, # Y555 d% O RIE R . LI
ISF EC0 B0 A K i SKIM- 140 Jifg 34 & 432 -6 4L 4
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PUL . AN IDdm B 10 25 1 0 HE 2 R B 1 R 271
(2 BAR L (I P X HR ), 559724 h)E, DURSE
(MO 98073 il J8& e~ Ht 41 S BA M of Ht 261 441
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5 H, RT-PCR M Western blotf AR 43 1) £ I £ 2H. 48
JfICALR mRNAFI & H Jit (1) K k. Western blotH
ECLAL 2% & ikt 47 5%, M Quantity One# 14
(Bio-Rad 2> w77 i) 73 AT 1R, LAGAPDHAE AN 2.
1.2.5 fmjet KA=B—egem  BUCALR-RNAI(3)
18 955 25 K L J5 ISKIM- 148 A, 8 % 40 g %5 )% &
5x10%mL, [ &F96FL H i A 100 pL4H M i, =25
SR E T, AR EINE AL, BN RELS dH
CCK-8 A il 4 Jfa 38 % 475 5. (RA 7] 455 AL N ACCK-8
R0 puL, 37 CAUEE RN E2 ha, i
FRXAEA50 nmPE K RS2 HUOG 2 B AE (Daso), F22: 11

FT1 ZITHI3ETHRNAFTS

Table 1 Three interference RNA sequences

Ry i HFHI(5'—3") GCE & (%)
Name Target sequence (5'—3") GC content (%)
CALR-RNAI(1) TCT CAG AAT TTG AGAACAT 31.58
CALR-RNAI(2) TCC ACC GTA AGA TGA AGA A 42.11
CALR-RNAI(3) GTT CAG CAATAAAGG GAAA 36.84
NC-RNAi TTC TCC GAA CGT GTCACG T 52.63
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HE R B (P<0.01)(FE 1)
2.2 CALR-RNAIBFR S EH A ESKM- 140+ /Y
BRYE
P RMEL T, CALR-RNAI(2). CALR-RNAI(3)

(A)
Amplification
4000 :
3000 ==
B
£ 2000
1000 )
0 |
0 10 20 30 40
Cycles

185 75 T P 4L v] WK & 4 60 % % 40 i, I 2 40 g
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RT-PCRAG M 4% 42 5 555 d52 36 24lCALR mRNA
K, G5 R BN, 5 R4 K 2 (o B 4L AR L,
CALR-RNAI(3) 25 B AR RE A 2 FF K CALR mRNA
7K-F[(0.40+0.11), P<0.01]. Western blotks; il &5 5t
WAIE 52, CALR-RNAI(3)fAEH 2 A lRCALRIK -, i
5 F N B EEHE A (E3) .
2.4 CALR-RNAI(3)*tSKM-14 R4 & F01 40 Bt
THIS N

FESKM-141 il # Y CALR-RNAI(3)18 ¥ &
J BA P S B0 B, 38 i CCK-874 A% Il SKM- 1411 il
(4K, R ILCALR-RNAI(3)E i N il CALR W] {2 3
SKM-140 i 4 K, A K ES dR i % £ 7 B 3%
(P<0.05)(&l4). AnnexinV/7-AADXY 4t 3% 2 3t 20 48
J ARAS IR T 40 B, & I CALR-RNAI(3)2H 85 B 1 %+
HE LR 2 (1 %o L ZEL 40 P 0 ok (JR1S), A7 SR 3
#5:(P<0.05).
2.5 RN ARE N Z BB EEAE R

T WAL IR NG L A R I I I 1=
Zi R, CALR-RNAi(3)HGo/G 341 i b 5]
(45.25+4.45)%Ik T 25 A XF i 2H(54.12+1.36)% 1 [

(B) 4
°
3 [ ]
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A: RT-PCRIGIGEHRE E; B: (k. BfE4IMDS 83 b A L AMDSHI IR SKM-1H CALRIIZRIE 53 4T o

A: RT-PCR raw data; B: CALR mRNA level of different groups.

El1 RT-PCRAZMMDSEEH5A K AMDSHAEKSKM-151 CALRFRIL
Fig.1 CALR mRNA level of MDS patients and SKM-1 cell line were detected by RT-PCR
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< 1503
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2] J
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50 100 150 200 250 (x1 000) 10? 10° 10* 10°
FSC-A GFP-A
GFP-A
Population Events Parent (%) Mean
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A: 6 R W ELCALR-RNAT T 211897 e SKM- 141 B (100x); B: SR A5 N W22 CALR-RN AL 211897 4 e SKM- 141 iz (100); C: 93041
AREMEERREE . PL BRI AN, P3: FIE LR TGN, 5 U 85.28%.
A: under the white light obsever the infection efficiency of SKM-1 cells by recombinant lentiviral vector CALR-RNAi (100%); B: under the fluorescence
obsever the infection efficiency of SKM-1 cells by recombinant lentiviral vector CALR-RNAi (100x%); C: the transfection efficiency detected by flow
cytometry. P1: cells of through the detection; P3: cells of expressing green fluorescent protein (GFP); the transfection efficiency was 85.28%.
B2 CALR-RNAIEHIEHRFELSKM-140H%
Fig.2 The infection efficiency of SKM-1 cells by recombinant lentiviral vector CALR-RNAIi

A s

CALR mRNA level

(B) 1 2 3
CALR s S <™ 57 Dy

GAPDH N e s 36 kDa

A: RT-PCREZMCALR mRNARIL, *P<0.05, **P<0.01, H5PVEXIRALLEL. "P<0.05, "P<0.01, 525 XA AL B: Western bloth lICALR
RABUKT . 1: CALR-RNAIGYEITE T AL, 20 2 FIX AL 3: AP AL
A: CALR mRNA level of different groups was detected by RT-PCR. *P<0.05, **P<0.01 vs negative group. “P<0.05, *P<0.01 vs blank groups. B:
CALR protein expression in different groups was detected by Western blot. 1: CALR-RNAI(3) transfected group; 2: blank group; 3: negative group.
[El3 CALR-RNAIZEHEHREFFELFSKM-140I3TCALR mRNA K& B Rk FHIF M0
Fig.3 The effect on CALR mRNA and protein levels in SKM-1 cells infected by CALR-RNAi
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El4 CALR-RNAi(3)XISKM-140004 KA S0
Fig.4 Effect of CALR-RNAIi(3) on growth of SKM-1 cells
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Fig.5 The apoptosis rate of SKM-1 cells assessed by flow cytometry
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Fig.6 Effect of CALR-RNAI(3) on cell cycle distribution of SKM-1 cells
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Cleaved-caspase-3

GAPDH

1: CALR-RNAI(3)4; 2: BIVEXTHEZH; 3: 7% (o 2 .
1: CALR-RNAI(3) group; 2: negative group; 3: blank group.

1 2 3

17 kDa

36 kDa

[Z]7 Western blot#& % ¢H # cleaved-caspase-3%& H Fi/K F
Fig.7 The protein level of cleaved-caspase-3 was evaluated by Western blot analysis
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fo— SR P ORI DU R E T A —26 4K, fEA
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ARG % UIA OGS, SCRRHGE, SR FHSNPES ¢
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195 Gt AR 1p12-q32 X BUAFAE 108 4K, X e o
A 5 AL T-MDS &8 2 B 8 40 it 19 CD34 i i
T/ AELAH B R A1 JE) T e PR R 2 P, IR E 24 A T IC ik
W, CALRIER{E AL TMDSH 195 Yk 1 1)
UPDIX 35, %ifih 4174 2 BE FR 2H B (1) S R M Ca™
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CALREE R It 7 32 B4R v 72 X Ho 4 b5 22 FICALR
(IR 7 1, CALRFIN-3fi 1~180% 5 B [X 35K, % iIF 52
e — PR 77 ) i 78 AR B i) IR, SRR A f
BT LA 1) 2 (vasostatin), B 2 B iR (4 24E K,

1, B8 2 S3E 200 9 T T 75 3 AR S e 1 g IR
T 573 — 4 of 7L e AR il e () BF 2 op U S RT), CALR
L CALRE R IENEHE T I8 41 B ¥ 3L 78 FOZ B, $27m
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B KT 5 TH R A R WARTE o AR AR I,
15 46K 2% $AMDS i % & 8 b5 4 Sz AMDS4H i ik
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T T 3N CALR-RNAS TR & 44, Hr24mIh
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DR". G IESE, SKM-1/2 8/ FEMDS & i K Ir) [ L7 4%
AL ML 1] B AR 21 B A ), i 3 RT-PCR A Western
blot&s — R HI| U6 IF 52, CALR-RNAI(3) 195 75 4k A
Je T HCALREE K 21K 1 e A 5 1) 7 471, e A R0
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AT A2 #ESKM- 14 A= . 5IRA T 7T 45
L, Kobayashi&F i 7t 45 R K BH, FIHCALR
i R 0k 2 B 2 1 J AT A S5 R AR BE R £ (tumor
necrosis factor, TNF )R i 5 298 IK B8 K -+ AH 5 I
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TRAIL)™= 4=, M e #E 40 B8 - Bt 4h, de Bruyn
SN HE R B, CALRFE R @I RIERILEA S
TNFZ % i i FasL &5 & J i FasL/4% W & (4 5 4 14k,
IR T

Caspase X R LS FAHIH T i R it &
e & BB /E H, K caspase-34 % B 1 AT 43
1, EERTESERNT Z@ah KED M.
Caspase-3 1E i LA J51(32 kDa) 1 JE X A7 78 T M Ji
i TR TSR AR B, e 8BS, 1E AL H caspase-3
H24 K 3£ (17 kDa)f124> /N W (12 kDa)4H Jik, %4
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