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Preparation of functional monoclonal antibodies against human liver cancer
stem cells

SUN Li-chao, ZHAO Xuan® , YU Long, HAN Lu-lu, LIU Tong, HU Hai, SUN Li-xin, YANG Zhi-hua, RAN Yu-liang
( State Key Laboratory of Molecular Oncology, Institute of Oncology, Chinese Academy of Medical Science & Peking
Union Medical College, Beijing 100021, China )

[ Abstract ]

provide candidate antibody drugs for stem cell-targeted therapy of liver cancer. Methods: Human liver cancer stem-like

Objective : To prepare functional monoclonal antibodies( McAbs ) against liver cancer stem cells, so as to

cells ( hLCSLCs ) were separated from human hepatocarcinoma tissues and were used to immunize BALB/c nude mice.
Spleen cells from hLCSLCs-immunized mice were fused with SP2/0 cells to prepare large monoclonal antibody library. Hy-
bridoma McAbs recognizing hLCSLCs were screened and identified by immunofluorescence, sphere formation culture and
in vivo tumor formation assays. hLCSLCs side population cells ( hLCSLCs-SP ) were sorted by flow cytometry. The effects
of hybridoma McAbs on self-renewal and proliferation of hLCSLCs-SP were identified by serum-free suspension culture and
CCK-8 assay. Results: A total of 2 964 McAb clones were obtained by fusing immunized spleen cells with SP2/0 cells,
and 237 McAbs could interact with hLCSLCs as detected by fixed-cell immunofluorescence; 116 of the 237 McAbs interac-
ted with the membrane of hLCSLCs, and 33 McAbs specifically reacted with hLCSLCs-SP but not with non-hLCSLCs-SP,
with positive rates being 2% -5% . Six of the 33 McAbs co-stained with CD133 on hLCSLCs-SP. Further investigation
showed that the positive rates of these 6 McAbs were 3% -26% with sphere cells after serum-free suspension culture,
which were significantly higher than those with hLCSLCs-SP. Tumor formation rate was 100% when 1 x 10* hybridoma
clone 15D2-positive hLCSLCs were injected into nude mice. Functional study showed that 4 of these 6 McAbs significantly
suppressed the proliferation and sphere formation ability of hLCSLCs-SP, with the inhibitory rates being 24% -42% and
13% -50% , respectively. Conclusion: We have successfully constructed the large McAb library against hLCSLCs, from
which 4 hybridoma McAbs can specifically react with hLCSLCs-SP, laying a foundation for cancer stem cell-based antibod-
y-targeted therapy for liver cancer.

[ Key words ] liver neoplasms; cancer stem cell; monoclonal antibody; targeted therapy
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Triton-100 3% 5 min J& , B FLIMA G5 L7 56 HR
—30, IR 1 h, & 1% BSA () PBST %% 5
min x5 U BEFLAIA 100 wl Y RARIEH 1gG/1gM
(1:300 ke ), I 30 min, PEEFIAT. FEINA
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U AR 3 IR, R LI A Z 38T L, id ok
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TR B N 2 2% 58 98 B v WA AR ) S SR A 4 B
F GV AT .
1.10 CCK-8 ##44m h1L.CSLCs #4274

PERTEA KB hLCSLCs $% 1 x 10° M550 2
96 fLARH, 15 5% 24 h JE WSS, N A$T hLCS-
LCs 23808 Ll o ¥idR 3 d S il 1| Ik, dh s 3% 3
d, W3 B, BFLANA 10 pl CCK-8, I % % % JiE
(D)EH. SEERLL SP2/0 4 KE 77 i by B4 X R
FE BRLAT A T35 40 i 184 50 1 o1 23R Al (9% ) =
( XFIRZH D - 525640 D )/ % IEZH D x 100%
1.11 %itsgam

B ¢ 5 TEaUFRIR, SR A SPSS12. 0 3443
Br, 2 1A 22 R ¢ K656, DL P <0.05 £R2Z 3658
EI-0'8

2 5 R

2.1 MR FERKRE T IR &

ARSI AR F T, MHE F AR5 A
PESFFHEST T hLCSLCs. ASHFFE 4 hLCSLCs Y% 6
SUNE ZESE 12 A H B, SR FH 1 22 40 i e g 9 'k
R H A28 /INBRUMLI 5 hLCSLCs 4R s g , Jrh
2 50N BR A 2 I VR I A v, LR K T 1050 000,
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hLCSLC-SP WS I, 5 53 7R, o % 1L 5 hLCSLC-
SP SN AR EE R 1: 4 000, 378 e /N BRUAL TR H & A
PN T AR 1), dkelfui 2 s,/
BRI 254 AN P J B8 5, B 2 5 A i /) RG24
ML, 5 SP2/0 AR5 J5 , 3R T 200 S5 A H LR
e RBEFREEMRE IR, 6 ~12 d J5, N EiREE R
PRI VE  FERD 45 96 FLH, 458 ~ 14 d 1
I, 2 964 LA ZASR wbE AR MRS, T 5 A
2 964 BERE IR 78 i BT

1 HaseERiERRN 2 S/ RERME
5 hLCSLC-SP B9 Fz( %100 )
Fig.1 Interaction of immune serum of 2# mouse
with hLCSLCs-SP as detected by

immunofluorescence staining( x 100 )

A: 1:1 000 immune serum; B: 1:2 000 immune serum;

C: 1:4 000 immune serum; D: Normal mouse serum

2.2 4t hLCSLCs 7% 3T S 3009 i ik

4 hLCSLCs #8196 fLk , I SFM #5557 38557 30
h e, SR FH I 2 40 28 2 ' 1A D BT 2 v 2 964
ANZRASIE 55 hLCSLCs AR , Horb SR o 6B
JI BIZRAE TR PR 237 Ko SR 4H M S s 9
PR IX 237 BREAVERRST, 2R45 1 R¢ 55 hLCSLCs 4
JLRRLEE B 1 P 2 28 98 BT 116 MR, FH 2R T =C At i
A31% H ) hLCSLC-SP A1l hLCSLC-SP A6 5x 116
PRSP, S50 W, A 33 BREHT H 5 hLCSLC-SP £ FH
PRV, B 73X L = 28 9 BT AT P i T 40 M )
ST, R A T s R PR S
hLCSLC-SP YAt g 1
2.3 FUAT T m R AR ta e 2k I R B T
2.3.1 FXEH¥EAE CDI33 FE A CDIZ3 AT
TS 2 —"" AT %E
it 33 ¥k5 hLCSLC-SP PHAE [ N 9 2% 28 8 FR it iR
SRR S J 98 T A L ) 24 S8 R B e, SR T UL €8, B 92 ¢

FeIEAKL hLCSLC-SP LA K 3E hLCSLC-SP 1 4% 32 97
Fr 5 CD133 ik gl . 5 R, Hrh 6 #k4k
9 4T 15D2 . 3H9 . 3G7 . 10F6 . 15H7 F1 11A7 5
CD133 [A]iFiH 5] hLCSLC-SP, 30 M 21 (0,58 0 4258
A BATT )RS F CD133 BAHT A XL {0 e 3¢
JEILYL( e 2), FWX 6 BRALSST LR F5 iR
BN )i O

®1 BEEREERERAERUEZEEAR
5 hLCSLC-SP % &
Tab.1 Fixed-cell immunofluorescence staining in
detection of interaction between hybridoma monoclonal
antibodies and hLCSLCs-SP

hLCSLCs-SP Non-hLCSLCs-SP
McAb Stain Positive Stain
intensity rate ( % ) intensity

3H9 + 1 -
12F4 + 3 -
8C7 + 5 -
3G7 +H 5 -
10B6 + 7 _
15H7 +H 7 -
10F6 +H 8 -
11A7 H 8 -
15D2 ++ 12 -

R2 REBWAFEBRNEZEAL.CDI33
5 hLCSLC-SP B4 &( %100 )
Tab.2 Immunofluorescence staining in detection
of interaction between hybridoma monoclonal antibodies,
CD133 and hLCSLCs-SP

McAb CDI133
McAb  Spain Positive Stain Positive
intensity ~ rate ( % ) intensity ~ rate ( % )
3H9 +H 1 + 2
3G7 + 6 + 4
15H7 + 7 + 3
10F6 +H 9 + 5
11A7 H 8 + 2
1502 14 + 3
2.3.2  FEHFORR R R 40 o R T 4

A BFFEUE, 4 1 BE % 1 JC 1L 375 15 57 2 POl
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Rl e PR, 6 Bk 2% A2 983 B 5T R il 1Y 40 i L 451 3
(F3), i H R X S BT AR S R R IR T
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R3I RBWAKRNEZEERERIKIEFR
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Tab.3 Immunofluorescence staining in detection of
interaction between hybridoma monoclonal
antibodies and hLCSLCs-SP after sphere culture

McAb Staining intensity Positive rate ( % )
3H9 + 3
3G7 +H 16
15H7 +H 12
10F6 HH 10
11A7 Ht 12
15D2 H 26

2.3.4 % JE 15D2 $470 A M hLCSLCs B9 4% K A
L CAMEE RN TR RIEZ — 2
AT R ORI P P S T i — 2 I 0 2
(1) 2 AT BT ] R S U 9 T A B, DA 6 Rk 458
S8 BT Bl AL B — #R TR ) hLCSLC-SP LA K TG ifil
TR TE IR B 75 5 4 M Y 24 289 BBt 1502, &0
W3k H 2L 2SR BT 15D2 R hLCSLCs , 427
MRS K SO e . SR A 4 Fiow, ERh
1 x10*4> 15D2 FAPER hLCSLCs HIHEE. 2 > H JF G
B L3 A H B8 R 100% 5 11 15D2 B hLCS-
LCs /T8 1 x 10° N4 2 A~ H J5 7 nl sk
15D2 PHYE hLCSLCs HYBUR fE J7im 5% T 15D2 Bk
hIL.CSLCs , AR 2% 2SR BT 15D2 fEfs4s: S5l i P e
T4
2.4 BT R m iR 2 G Aty £ A

% Southern Biotech 2\ &) A= 7 1) B3 2K B A6
TR &5, X 6 PRI ACTE PP HEA TSR . 45 2R
BIR,6 MRS PABT I IE: 1gM KPR, A AR
BRI (RS ).
2.5 22 i #Fxt hLCSLC-SP 3% 74 49 % vh

& CCK-8 ¥4 6 AR ALASTE HHT X hLCSLC-
SP G AR, 45 R R, 6 R 2% 5 TR BT A e
il hLCSLC-SP Y3858 , AN 2 50. 6% ~42% ( &
2), PR 6 PRAR AR B b 38 S ELAT S0 R T 4
L8 B 1) D B PR

®4 FXE15D2 B5FAM hLCSLCs FI#R R BB RE
Tab.4 Tumorigenic capacity of 15D2-positive
hLCSLCs in nude mice

Tumorigenic capability

hLCSLCs Number
I month 2 months 3 months

15D2*

5x10° 0/6 0/6 0/6

1 x10* 0/6 3/6 6/6

1 x10° 0/6 6/6 6/6
15D2~

1x10* 0/6 0/6 0/6

5x10° 0/6 0/6 0/6

1 x10° 0/6 4/6 6/6

R5 6 HREATEREREE

Tab.5 Subtypes of 6 monoclonal antibodies

McAb Heavy chain Light chain
15D2 IgM
3H9 IgM
15H7 IgM
10F6 IgM
3G7 IgM
11A7 IgM
i}
_: 1) l—
; 401 y
i G [
il

Inhihiioey

¥}

WGT

SHT

B2 CCK-8 i&Z#illZt 3 B Xt hLCSLC-SP

A HI 2

Fig.2 Inhibitory rates of monoclonal antibodies on
proliferation of hLCSLC-SP as detected by CCK-8 assay.

2.6 ZeR B #EFIPH hLCSLC-SP # it 2k 4k

K F 40 Bt s BR 5% 55 15 , B hLCSLC-SP 4% Fh T



+ 126 -

rp [ R A AT 27,2010 42 4 A ,17(2)

eI B FR P R AT ER B 75, IR INA 6 ¥R A3
Rigt L ak SP2/0 K 9% i, K 44 52 98 L pi Xt
hLCSLC-SP ¥k I mfEH . 45 R &I ,6 ~8 d i),
HAZEA2 9 b4 19 hLCSLC-SP JF i 14 20 i 3R 4 /) |
BE B TN SP2/0 1535 b1 109 40 i ] 00,3 ¢y
B AN EVECE A 20 AR AR 1 IR 4 i R4
6 M2 A2 I BB N hLCSLC-SP 76 TG L B 7 5 35
TE AR BR A 30 1 R 3% ~50% (& 3 ), #2750
TR Y 6 PRARSCIRE FRPTE RE RS A I i T2 A 3R
TR DI Re kBT

0k I
Ul L :

. .

AT OIOFG 1500 TIAT

i
ISHT  JHW

3 6 BRFEZEEHMH hLCSLC-SP KA Bk AEE
Fig.3 Inhibitory effects of 6 monoclonal antibodies
on sphere formation ability of hLCSLC-SP

3 3 i

R A b i UL A R 2 — R AR
L, SRR A 125 T ASET IR . B & Mk
MM EPE R EERNE ", B4
FE S HGE R T AR R R R R
B A A B IR YT T B T2 2 Rl 1 A [m) = i
B K RS AL 4L N 1) i AR X IR T A i T R
J1, NI S BUMIRE 52 % % B LU KNG RIG YT 10 2% WL
H HI43 1508 1 36 7 2 IR 36 97 400 ) — A~ R %
A, 40 BR BT O R R
JE Ay TR ) 25 A IR VA T Th AR T R
I PRIATTROCR o G SR REARASRR S 30 1) S8 20
(T et AT e o7 O , 2 57 LA fib 988 1 44t it Ay
A4 TR IR 3 58, e 8 5 WA AR ek 2 3
M K s  BGE BB TS  $2m 5 AR,

AERTHITEI I > S R
FHERR A AR ST T KA R D AR BB R AR
B0 AT RA I BP0 B 20 Y D fig
PP ARG o0 B S T & A T
FETANM Y hLCSLC ", I8 BALB/c # il [
TE AN RE DA I /R, F i /0N BI85 7 v 17
BFC 124 000 )3 EE S5 hILCSLCs-SP &2 BHA: 2 B, H:

BEV: 20 36 B 91 240 R 8% , 4 7 FH 2% B 92 /0N BRUVA 440 g
Tl T 28 1 K2 et 2% 28 988 B e b 5 A RO TP T
YR BT, K e/ NN M S SP2/0 B iR 4
IRl G J5 2R 200 A HSLLE 2 R 3R L M 35 3R
L, 535 5 I rh kBT 4 216 B TE R4, FE 42 Rh
96 LML, B 3RAE T 2 964 A>T R A= K By BA BT R
SR FH v 38 e [ 7 200 i 6 28 %9 S0k O 8 1% BB L 3R
877 237 DRE I hLCSLCs 11 BH MBS T2 R ok 5 7%
— 20 FH 4 M S i SO TA T R, b 116 MREASTRE
5 hLCSLCs M4 pEZE A o

ST % e - ARAT RE 5 R T A LA A R B
F A A % H hLCSLC-SP AIE hLCSLC-SP.,
— 5 AR BRI IR 116 #RZLsg IR b, 45
BB, Hordb 33 #k 2 5 hLCSLC-SP 5 BHAE 52 v, 1
AN 5E hLCSLC-SP [ 5 FF RETH 1 5T e B ] 4 G i
TR TR IR 5 (1) B ER 40 A, HEBE P LB R 3% ~
26% W15 7 TSP FH M 40 M B B i e (1% ~
12% )o RGP D NCTEAT I & B, Horp 6 #RAR5E
o IR S I T A M AR AR CD133 5 AN TR L A7)
ARGy /NERUR T R S B 2R B, o T A0 i R
PUBHPE hLCSLCs HAT S 80 P, 1 x 10* /> Bt FH M
1 hLCSLCs 815 ,2 ~ 3 > H I A 81 R3S s il .
XEELE LRI AR 5T 2 ARG T 6 BRbt R T4
LR 2 A TR T . HGHH S0 M IR S IR 5 R R L6
PRELHTAG 4 PRZSACT Sbiie i 2 1 il hLCSLC-SP
PR AT AR A K, R IHIX 4 BRZ4 3SR S 2
HADIReMPT &G T4 sadt. HurlE ., Nob bk
DLV IR T 40 B i e S D e PR BB A iR A

A 0 e | 6 2 TR 1 40 i ) T e B
R T AR ZE H T T 0 KA R D Bk B R AR
Bo ZBEARC BT T e M B B
e AR A S BE R BT, IE BH BE SRS i Hu I R
5% ~10% DI REE SBdi. (AABEFE RS BT
JF9e 20 B A D e BT 1Y) AT AE 2 AG A  EAE
10.1% ~0.2% . KL, BEARASHTIFE T 40 i srpe
WA FE R KBTI PR | L AINA T 8 7 PRkt | oo
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