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fif 25 fig 1 % F M AT [9A9+15D2:1C50 K 0.32pug/ml,9A9:1C50 & 0.58pg/ml, 15D2.1C50 K
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The Efficacy of Combined Multi-targeted Cancer Stem Cell

Therapy

MO Wen-xiu,SUN Li-xin, WANG Jia-jia,et al.

(State Key Laboratory of Molecular Oncology , Cancer Institute ,Cancer Hospital ,Chinese Academy of
Medical Science,Peking Union Medical College, Beijing 100021, China)

Abstract: [Purpose ]To investigate the silver lining of cancer biological-therapeutic regimen.The
hepatic carcinoma cell line Bel7402-V3 intervened with combination of monoclonal antibodies 15D2
and 9A9 to monitor its subsequent functions change including self-renewal ,invading and drug-resis-
tance abilities. [Methods JHepatic carcinoma cell line Bel7402-V3 was choose as an ideal model,in
which living cell flow cytometry was adopted to identify the expression of sole antibody,combination
antibodies and cancer stem cell marker among parent cells and spheres. Antibodies’s influence on
cell self-renewal,invade ability and drug-resistance were examined by methyl cellulose spheres,
Transwell invading test and CCK8 plus IC50 method respectively. [ Results ] The proportion of cells
identified by cancer stem cell marker ESA,;9A9A and 15D2 in the sphere cells were enriched 2.6
times, 2.0 times and 4.1 times more than those in the parental cells,respectively. The co-expression
antigen of combined antibodies and ESA was more than the sum of antigen located on (9A9+ESA) and
(15D2 +ESA).The combined antibodies have notable inhibitory ratio than sole antibody with equal
concentration on spheres forming and invading ability ,which is same as drug-resistance. The IC50 in
combined antibodies group,9A9 and 15D2 was 0.32pg/ml,0.58pug/ml and 0.56pg/ml, respectively.
[ Conclusion JThere are different kinds of sub-sets in cancer stem cells bearing distinct functions on
many signal pathways and gene expression. Combined multi-targeted antibodies are capable of in-
creasing efficacy of treatment.

Key words: cancer stem cell ;monoclonal antibody ; combination ; multi-targeted ;9A9;15D2
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IR B B TUR AN RLE IR A MR — S RE S e
AR A Az, O HLEAT 1 3 58T Ao AL BE T B2
Lobo 2P : JJR 1 20 B2 kg % 2B i ik | e
YEf IR LR Y s BRI, SR AR AR AR R A AR
U ARR IR T 4 S ) A R A 5 T ) i 24
Ve R M E A FEVINCRY, HRT, % bR
T AR AL 6T E T B R TR IR BT ST, (HE N
BRI, BT IR B S M v s = R 2
FLRYT I 2 FRATT AT Y O 0 L Y 22 BRI 18 I
T T AR M B B e TR, REA 2 i T A e R
JEER ARZRANH 2555 . TEARWT I, BATHEAE— R IT
TEANM AR R PRI 22 S R DU T A0 BT R
FIRIT TR

1 #MHE7FE

1.1 #

98 40 L 25 Bel7402-V3 40 i oy v [ B2 24 Bl
2 Bt IV Jea BF 9 T 240 JEL K o A 2 S B mE IR
iR Bel7402 Wi vEARAS 19, S BAT & H &
SRS AR, A IR 2 i 4 S 50 0 L0 22 R R S 1 IR
N ) = S O Sl A A 7 D
15B7,15D2,9A9 Hl 11C9 5§ , Ry A = AR 8T . 5 FL4H
Jifg 1% 3% W \bFGF .B27 .LIF W H 3¢ [ Gibco 2 A,
EGF 4 H Invitrogen 22 F) ,DAPI 4 H Sigma A H] ,
FITC-ESA 1§ H Gentex A Al ,Percp-3 #i /]y )l 1gM
pchain 4 B Jackson 22 H]
1.2 /5 %
1.2.1 Bel7402-V3 sphere 21 L8 3% 7=

SCHRARE , e T 40 i T A G I I B 7 3 b
TERGESR T H R g T 200 B 43 Ak T A 7 448 3k
BRI sphere 2 Jf1 . K Ak T X B4 KUY Bel7402-V3 2%
A0 L Al 2 AR A, A A % R 2% 10Y/ml
14 200 JfL B, LA FE 3R T LIF (10ng/ml) \EGF
(20ng/ml) .bFGF (20ng/ml) \B27 (1:50) . - % (0.6U/
ml) Fl -7 & B % (2mmol/L) i) DMEM-F12 JG IfiL 7%
R | F 37°C 5%CO, WM 9% 7d, HF
Bel7402-V3 sphere 4 i 1 20 i 370 0G0
1.22 AKX R0 4x &% ESA £ Bel7402-V3
F A g Je B sphere 20 i, 89 rL )

il % Bel7402-V3 FE A 4H il & sphere 41 Jid () HR.
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U, VE A M %% A 1x107/ml, PBS ¥ 1 i
J&, JA FITC-ESA,37°Ci#t 5% & 30min, PBS ¥ 2
i, 1% 2 5 B 1 e e b i AR
123 AX ARk Bel7402-V3 % A F ESA 4 it
FEAE I R ER AL A

TH Ak X B0 19 Bel7402-V3 35 A 41 Mo i B 21 iy
W, 1200rpm, Smin B0 J5 H PBS ¥k 13, fimA
FITC-ESA , # B4 i ik FE & 1x107/ml, 37°CE LI &
30min, PBS ¥t 2 # , & 1%BSA () PBS & &, [ #l
Frim =AML 33 o 4 73 1675 2 1) Bel7402-V3 ESA*
4, Bel7402-V3 SE A L Fl Bel7402-V3 ESA 4 fifs
LL 500 AS/ALAZRD TARRG B 24 LA, #E47 0 1075 35
F% AR 2d AN 1 R, 7d R BB R IC SR ER AR 41 i
1.2.4 & X e R4 al Bel7402-V3 % A& F= sphere
i P AR & A ESA B AR A B R 2 Rk

il % Bel7402-V3 35 A4 I K sphere 41 A3 i) B
IR, E RN O 1x107/ml, PBS ¥k 1 i
Je, TN ZRAZ IR BB 9A9 (15D2 /Y E3E 37CIFE
1h,PBS ¥ 2 i , il A Percp-FHT/ i IgM pchain il
FITC-ESA ,37°Ci# ¢ 7 30min, PBS ¥ 2 i , FH 1%
Z R EE A G b = AR
1.2.5 Kook &3k kb m) S8 st dm i R FR A

TH A A T % 50 A= K 119 Bel7402-V3 2% 7 241 fifd
BN A, 4 3 T 9A9(300pg/ml, 600pg/ml) |
15D2(300pg/ml , 600wg/ml) F1 9A9+15D2 (4% 300/
ml) 5 40 AL, 37°CHEE 2h, LA 500 A4~ 40 i /FL 4%
FiTARAG B 24 fLAR T, & 0.8%H AR ML
MLE R %, 1F 37°C,5%C0, WA H 15 3% 11d J5
THERLER R
1.2.6 Transwell 42 % 55 346 i) S 47 %) 40 MoLAZ 2 42 )
A

TH A A T % 5 A= K 119 Bel7402-V3 2% 7 241 fifd
BN, 4 3 T 9A9(300pe/ml, 600pg/ml) |
15D2(300pg/ml , 600wg/ml ) F1 9A9+15D2 (4% 300w/
ml) 5 4 Jfg L0 T, 37°CHEE 2h, DL 4x10* 4> 4 /1L
$ A0 T WSS B 98 4 Matrigel B9 Transwell % A 75
37°C .5%CO, WeAf 85 % 24h J5 , BUF K, DAPT 4
o, B R FESOG B T WA 2 A i I 14
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1.2.7 CCK-8 i A= 1C50 ik A ) 3 3 4k 22 )5 48 it 6
R 48 ot 25 M

574 1k I 19 Bel7402-V3 25 A 41 Jid LA 5000 4~/
fLEAP T 96 FLAR, I 43 S A ik 9A9(300pmg/ml,
600pg/ml) . 15D2(300g/ml, 600pg/ml) FI 9A9+15D2
(4% 300pmg/ml) F 4L ,37°C .5%CO, BE4H b 15 5%
24h J5, BESVURMEERE, BAMMBAE 0,
0.15pg/ml ,0.30pg/ml 0.45mg/ml 0.60mwg/ml ,0.75 g/
ml F10.90pg/ml & 7 A4 B2 IURA (1 1 77 Jik B 5% 20
JfL,48h Ji5 4 55 A (4 15 572 5L L 5d J5 # B CCK-8 i
F &V A5 i A CCK-8 7], & 0D450 {H ; H
IC50 #AF 11534 2H 1C50 fE .
1.3 St

2 SPSS13.0 B, B4 1 x+s R, 21 1] 22
SR KK, P<0.05 MEFA G IR L,

2 & R

2.1 Bel7402-V3 sphere il E & ESA* ZHAEIE B

6 A0 3 2K 28 % KL U Bel7402-V3 SE A K
sphere 2 fid v ESA*ZH il Lo 5] & B8 (Figure 1) :ESA*
I 7E Bel7402-V3 sphere 4 i H L FI A 11.6%, Lb
HAE Bel7402-V3 5 A YA M b () L] (4.4% ) & 5 T
25 2.6 5, Bl Bel7402-V3 ESA*4H i 28 JC IfiL 7 & 77 5%
FRIGER)E 4, #5 ESA Al fEJ& Bel7402-V3 4 iy
ZR 0 bR T 20 A R
2.2 Bel7402-V3 ESA'HI BB E R B R EHEE

SR FH T 40 i 3 5K 43 26 J5 19 Bel7402-V3 ESA*4H
Jil, Bel7402-V3 ESA-4H il Fll Bel7402-V3 2% A 4l }fi 11
W BR B FR 45 R R (Figure 2) :Bel7402-V3 ESA*4
JL A I BR R N 20.2%+1.6% , W] 5 T Bel7402-V3
ESA~ZH L 1Y) 4.6%+1.0% I Bel7402-V3 2 A 41 i (1)
9.6%=+1.0% (P $4<0.01) , Hll Bel7402-V3 ESA*4i fifg H
A SR BIKEE Ty, #E— 22478 T ESA /& Bel7402-
V3 20 i Z 1 g T AR AR S
2.3 Bel7402-V3 3£ A& K sphere i ESA K B
AR B £ Rk

it 2 40 A AR K I 45 SR 2 7R (Table 1,Table 2,

‘ Figure 3): J¥& 1 40 i
PR ESA BAHL 9A9

104
87

¥ BBy 15D2 WY H B 7
| Bel7402-V3 sphere 4 il
oA fE Bel7402-V3 3%
L A2 rh 1 B R R
| S ) 43 90 2 O % B
| 2.6 15 2.0 15 4.1 15 s 15
| sphere 41 Jil 1 ,9A9 +
|

15D2 PR Ff 54T W 4L 1

T T T LR T T T T T T
10° 10' 10 10° 10° 10' 10 10°
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Bel7402-V3 parent cells Bel7402-V3 sphere cells

Figure 1 The expression of ESA in Bel7402-V3 parent cells and sphere cells

Table 1 Expression of ESA,9A9,15D2 in Bel7402-V3 parent cells and sphere cells (% )

Cell ESA 15D2 9A9 15D2+9A9
Bel7402-V3 4.4+0.5 1.9+0.6 3.2+0.3 6.0+0.7
Bel7402-V3 sphere 11.6+1.0 7.8+1.0 6.3+0.7 15.1+0.9

Fe B 15.1%, 4% F
4T 9A9 HL YL b )
(6.3%) 5 HoT 15D2 H
YL (7.8% ) Z M, 7E
Bel7402-V3 >E A4l il
Want, $Em 9A9 5
15D2 A fig iR 1 2 W
AR A R BRI

Table 2 Co-expression of ESA,9A9,15D2 in Bel7402-V3 parent cells and sphere cells( % )

15D2+ESA 9A9+ESA 15D2+9A9+ESA
Cell 15D2 ESA Co-exp 9A9 ESA Co-exp  15D2+9A9 ESA Co-exp
Bel742-V3 1.7+0.3  4.4+0.5 0.3+0.1 25+0.7 4.8+04 0.3+0.1 7.0£0.9 5.2+0.8 1.4+02
Bel742-V3 sphere 5.6+1.0 11.0£0.8 1.1+0.1 5.0+0.8 11.7+0.9 1.3+0.2 15.7+1.0 11.5£0.9 2.9:0.4
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A:The spheres of ESA*,parent and ESA™ cells(*P<0.01);
B:ESA" cells (x100);C: parent cells (x100);D:ESA™cells (x100) ;
E:ESA* cells (x400);F: parent cells (x400);G:ESA™ cells (x400) .
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Figure 2 Self-renewal assay of ESA+,panrent and ESA- cells
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Figure 3 The co-expression of ESA,9A9,15D2 in Bel7402-V3 parent cells and sphere cells
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B ; H7E sphere 40 i ,9A9+15D2+ESA 4Ly [t
B (2.9%) W& KT 9A9+ESA FLYL L (1.3%)5
15D2+ESA F: 98 ] (1.19% ) Z A1, Bel7402-V3 3 7K
A rp R AN, B HE— BN PR BT ] R T
TR ESA 43 T/,
24 BAEREIERBEBERANMG K BKEE
PUARID ] Bel7402-V3 55 A 2 i B BR B8 7 1) 25
B 5K (Figure 4) ;24 8 Fh 31 A 4 5 i 300wg/ml 42
Tt —1% %2 600wg/ml W}, HL47T 15D2 XF 4 il i) i Bk 4
il % M 21.7%+4.6%3 N & 26.9%+1.2% (P>0.05) ;

BAATL OA9 KT 4 L Fr) ) BR A i 2R M\ 46.9%+3.7% |- Tt
M 49.1%+3.9% (P>0.05) , ¥ LG it #2257 Mk &
PIRRERAT 15D2+9A9, i H ik B2 43 )38 300pg/ml B,
B BR A 61 R 3k F] 80.5%+3.5% , o E TS E
(600wg/ml) BFPBAHT 15D2 1 A BRI 61 R 26.9%+
1.2%H1 9A9 1 BLERHM I %2 49.1%+3.9% (P<0.05) .
25 BAMBKEREFERNMEIEZEEE
PUARIT ] Bel7402-V3 & A 41 Mi 17 2% BE 7 1 25
H IR (Figure 5) : 4 50 BT A4V B2 B 300pwg/ml 42
Ft—1% 2600pg/ml B, F4T 15D2 XF 4i i (1) 4= 28 31

60 -

spheres/500 cells

Control

Single antibody

(*P<0.05)

800 T

600 7

400

invasive cells/vision

200 1

Figure 4 Sphere inhibition assay of single antibody and combined antibodies

166

Figure 5 Invasion inhibition assay of single antibody and combined antibodies
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il Z N 20.09%+0.7% 3 I %= 41.2% +0.5% (P<0.05);
9A9 X 4 A (1Y 4 22 90 il 28 M\ 44.5%+1.2% F Tt K
47.1%=+1.0% (P>0.05) ; T BX A P AP B ST (15D2+9A9),
i e S 43 591 15 300pg/ml B, 42 28 40 i R 5k 2
571%+1.2% , & T 55 W B (600pg/ml) LA B4 15D2
f 4= 28 10 1) 3R 41.2%+0.5% F1 9A9 FY 12 28 41 il &
47.1%=1.0%(P<0.05),,

2.6 BAWMEIERESB TR M

PUAR AL B X Bel7402-V3 35 A 41 i 1iif 24 fiE

ISR 45 R R (Figure 6): 45471 15D2 ¥
300pg/ml #2 FH—1% & 600wg/ml B | Hiab BH5 (1) 40 i
1C50 fA i1 0.59pg/ml FEAK 2 0.56pg/ml (P>0.05) ; 24
FLPT 9A9 Wk 1 300pg/ml 2 TF— % £ 600wg/ml
mF, H kb S A 40 i 1CS0 {H B 0.6pg/ml K =
0.58wg/ml (P>0.05) ; 11 B A W6 Al B4 (15D249A9) ,
el vk B 43 1) 3K 300mg/ml B, H AL B Y 40
1C50 fH 4 0.32pg/ml, B A F 559 5 (600 g/ml) Ht
Fh BT 15D2 Ab BE S % 1C50 {H (0.56pg/ml) Al 9A9
A HF A9 1CS50 1H (0.58wg/ml) (P<0.05) , [RIE fiit 2
M2 1 S 7 o XTI 2L R B A A Ak B 2 AR AR AT 25
IR, AR SE T R B G, U 7 & )

AT 245551 155 P 240 i 4 A 35 B ) 6 o R A
T TR AU A Ak T 2H DU 5 4 AT 24 751 i i [
I Sl WL 81 Bt A7 24500 B, SR T A 40 i Y 3
MEBLSE , R ERG 2 30 TR 7 iT LLLEAR 24 4%
(AT 25 e JEE 1 il A 5 T R AR T

i+ 0 R — 2R bR Atk R R Rk
HEA R E 17 5346 BE 77 Al B 3R TR RE 7 0 4 i
XoF T 9o 1 A0 L ) % b AR P A0 D e S S AR T R
S PR R T A AR AR, G 20 R 1 A A P
Jit 1O et Je 1) S SO Al W] S P T e R T A A
SR, % T IR 1 200 B ) SR A WS AR — 2013 4E 9
H ,Meacham %5742 ) . 76 [7] — g 18 R [6] J 3
EAERIRA bR S 0 T 40 M, FLAR 25—
AN 04 BRAAE A e T A ) SE AR, T
Y 1 7E CD44*CD24™ SP  ALDH™4%: A [A) W #f v 2 7%
TE™, Tang 5576 SCHR Hh4& - 76 b8 v A7 A 5 45 Fil
AN TR R Y5 1 200 B A, 3 8 20 7 R A R R K
V- E A B 2E S T REAT A AR A DI RE  FRATTRY

Survival rate

0.8

0.6 7
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0.2

SEAB AR R T R T Al A
IFi) S 1) A7 E

TEARMGE D, AT
B 7E 40 ML &R Bel7402-
V3 1, Bel7402-V3 ESA*41Jifg
L 7€ Bel7402-V3 sphere H1
WAE R AN & 48 T 2.6
& Combination(300ugil) 13 220 AR EIH Bel7402-
V3 ESA * 4 ig & /R b
Bel7402-V3 ESA - #0 g A
Bel7402-V3 ZEA 41 il 55 5% A
KEH G, X LR R
ESA h I 20 i 28 1% T 200 i A
B, s R R T
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Figure 6 Comparison of the drug-resistence capacity betweem single
antibody and combined antibodies
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ZE X, U B K PR R A 3 R R SRR ) A T R ALY
MERE PR ST RE A 5 ESA JEYL | H 7F Bel7402-
V3 sphere 4 g 45 2w 42, Ui W] WA 40 1 AR T
4> ESATHY B8 T 4 ;9A9 A1 15D2 B A5 ESA
) e bR T 2 1 5 ESA Sy H il 22 A R
78 1 9A9 1 15D2 43 53R %] T Bel7402-V3 ESA*Jif
T T 40 L T B AN ) 43 R BB

Tang %5 54 $2& . 083 1 40 4 S i ogg & A= 1) k2
UG AL A7 A S T o TE T B R B T A LA A
B, BE& BT CD34'CD38-, Lin*, CD45RA*
S5 22 IR T A BRSO H T R T A A Y
Ftk, AT RE S T BOR ) 2 4 7540 ] B8R P8 — A
4 TR B el A5 5 — TR B P A K AT 3 K A e
MFERE S 2B L, Z 80 S B AIRYT AT 2
F14) P 9E 200 J S A, A B I S AR R IR T RIUR Y

WFgErh, RATEEE T 2 4 B AFTIR (300umg/
ml, 600wg/ml), I 73 51| A AA S Ty fiig 552 56 v W 22 51, vk
JZ N 600mg/ml BB AR Bel7402-V3 fit 96 -+ 41 it 1)
25 ATy e i 2R R 3R TR B 300mg/ml I BLIA,
RP3E i — 3% e B A e R B O B A I 4 ve AR 1 4
4878 T Al AR EE 3R S B — R R T 25 W R Tk
X T4 T ROk UL B 2 R B TS 9A9
F15D2 WG FR 4T, LUk B 4351 R 300pg/ml B, %
Bel7402-V3 i 9 T 20 i 1) Ty B 410 1 2R B . 3 6
15D2+9A9 £ 300pg/ml B, BRI 2 80.5%=+
3.5% 290 15D2 HAVE R 4 £, 9 9A9 Sl
(9 2 5 ; 15D2+9A9 45 300pmg/ml I, 12 2240 il R Ny
57.1%+1.2% , 24 15D2 F1 9A9 Hu b AE FHAY 1.3 £i%;
15D2+9A9 4% 300wg/ml 4b ¥ 5 1Y Bel7402-V3 3 A
A1 LT 25 0 1C50 (M 0.32, Tt 251 B A% T 15D2
FUlE F (1C50:0.56) Fit 9A9 Pl 7 FH (1C50:0.58)
Je BT 251, 5 R BN ERGS 2 BREN X AR [R] T R A
I8 T 2 ST A7 A T i e T 4 Y 45 22 410 o) R
BRAM A0 T 55 B W SRS PR PE . XA UIE ST
TR T A MO B AR, R EROR T 2SR AR
74 T RS ST AL

BRI R TR 25 S5 FRATT & X A R
AR b BT 24 i 2 2 R I B iR A 3
A 24 2R 5 T TR 3 R Bk AE  BE 4 A Bk Bt 1
A 32 WA Z5AE 1o 700 i AR 24 MR R S L I 40 L A
Wi R B 2 T AT I S A Ak B2 ) RE A
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AR B A 245 791 ik 9 Ll st WL 301 6 A 24 711 6 e
T, S 968 240 M S S R AR T, BRI R i A
J7 25 RIS B W 4 B OR . A U A 4 X 40 B9
15 245 52 0 AN A3 2 B P b B A P A 2 s iz, i
FEARJE— R R RLONE AR R RE S PR R 7 AR T
A, T AR A RIB AR Sy TR RE IR
AN TR B8 45 5 108 B iR DRKSF b & 3% T AN TR AR A S
B PTARR T I, At B S AR A A, AT
FHART RO B (A RS 22 #0506 7 1, B
B X B — S PRS2 IR, A B 2R AR
JrAR LTk o H AT I PR T AR, 2 i TRy 7 25
(O RE R VEHT, 0 (8 B 8 A BT 52 A ROH 13 77
MALTY 25, R BARYT TR IR, R AT A 45 R 4
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