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Identification and target therapy of CD90" liver cancer stem cells
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[Abstract] Objective:To detect the CD90* cells’ stem cell characteristics in human hepatocellular carcinoma and BEL-7404 cell
lines and killed CD90* liver cancer stem cells (LCSCs) by an anti-CD90 monoclonal antibody targeted thermosensitive magnetoliposomes
encapsulated HSP90 inhibition 17-AAG (CD90@17-AAG/TMs). Methods : Immunohistochemical staining was performed to explore
the relationship between the expression of CD90 and the clinicopathological parameters of human hepatocellular carcinoma. Magnetic
activated cell sorting was performed to isolate the CD90* cells from the BEL-7404 cell lines and its stem cell characteristics were
identified. CD90@17-AAG/TMs was prepared by rotary evaporator-hydration method to kill the CD90* LCSCs in vivo. Results: There
was no significant correlation among the age,sex,tumor size,and AFP with the expression of CD90 in hepatocellular carcinoma tissues
(P> 0.05). The expression of CD90 was relative to the pathology classification (P < 0.05). The CD90* LCSCs showed a significantly stem
cell characteristics. CD90@17-AAG/TMs effectively killed CD90* LCSCs and inhibited the tumor growth. Conclusion; CD90* LCSCs has
significant stem cell characteristics. CD90@17-AAG/TMs can effectively kill CD90* LCSCs in vivo and inhibit the formation and
growth of tumors, which may provide a novel therapy approach for hepatocellular carcinoma and other cancers.
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LA (magnetic fluid hyperthermia, MFH) ,
e FIRA RIS MRRI T Tk . EASRAR K
WL/ B BT 5 0T BT I G R ASAURT LA
AT AT R DT AT AN BN T EL
AL LS4 JE I | 4 s )i A0 1 R 07, R #
TR, SR, H TR B IR —E A
R iR 22 W T RS SR g A7 Rk (H 2 R
IT e 5 185 5 R 58 82 90 (heat shock protein 90,
HSP) (8 B3k il ek 4t i) R T, 7 A A A
i 52 S22 MR A B R R 2 — 2 [l 5 1E
WHLUILES, IR 4140h HSPOO RikHI . i,
1, HSPOO AT LA A AT r I AR s P, 1t
Sb, G IBFGE R I, IR A AE CD9O TR, =
5T PRI, X R KA R A — s 5
YER, B2l MR T40M (liver cancer stem
cells, LCSCs) By — P HZAREY, NI, T LI EW
S, AR LR TR AR ic & 1 CD90 1EH
O AR, AR A Ry 20, oA B 4 BE R FesO, T
HSPOO 731 AR 52 5 0y BH Hir 77 3H IR i€ % R (tane-
spimycin, 17-AAG), FARIEDT CDOO0 HLTT DA
(anti-CD90 monoclonal antibody,anti-CD90 mAb) , &
GAHMIMRE S R, ) R G KRG TR A
(thermosensitive magnetoliposomes, TMs ) 4= fifJ§d 1 4H
JLFR AL, 7R A0 52 22 W 3 9% ) (alternating magnetic
field, AMF) HESFA1 FH R, i CDOO 4[] 2 K i 1k 4
IR o AT Ry THIR , A5 T B AT AR FH A K
JHEE T
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1.1 ##
1.1.1 A fafel 3%

W AR TE B T A — N RS = e IFRRANEEF R DB
(1 Ji A P I A AR 27 491, e B 25 6], e 2 3] 5 4F
W% 25~73 %, Bk 55 %, TUSERIEIEE R 9
B A AR A A 2 BEUE S A R P R AR . AR
BEARFTASATAATHIEIRTT , TG B 4 AN
A%, N BEL-7404 4 akkIA FH b R Rl B 16
MR, 4~6 FEBEMER/ N BRI A M K= L
B S
1.12 %7

DMEM/F12 T 40 i 35 5% 2 (GIBCO A H , 3%
)s AIMESYERERR (CD90 MicroBeads, Miltenyi 23
A FEE ) ; g A AR & (bl R S A

RABRAT) 5 A7 w4 AR I AE 53 ( dipalmitoyl-sn-
glycero-3-phosphocholine , DPPC, Lipoid 2\ F] , f2[%] ) ,
12 Fi&k

1.2.1 Ssafeié

WA R 3% H0, ZiRIFF 5~10 min, )
TH R TR AL B 9 16 4 L 28R /K vhk , PBS i3
5 min, 5%~10%4- 17 (PBS i B ) £ 141 , 2 iR %
A 10 min, M, 200, FmM—dt TAEW ,37°C
BEE 1~2 h 8{ 4°Cid7% . PBS #k,5 min 3 ¥R, TN
AV E s ic = ht TAEW,37°CIEE 10~30 min,
PBS ¥k, 5 min 3 W, T4 IIEE 2 (4 BRAR Bl ol il e R
B bR 0 A BE B OF 1R T AR, 37°CIEE 10~30 min,
PBS #5€,5 min 3 K, WA (DAB) {4 3~15 min,
FRAK T84 v, 2 5 K i W], B R,

BH 40 5 B v - CDOO 114 32 35 3 2 A6 41 i i g
YA, BEMLER 5 AOUEF RO 4 BRI, T
HPEAN M 43, AR PH A 40 o R A T
43:0 4 (BHPE4IAEZR R 0) 1 4> (FHMEAII R <
25%) 2 53 (25%< AV #E < 50%) .3 53 (50%<H
PRI <T75%) .4 43 (FHTEAIRRST5%) . FEHRIE
BHPE A L Gt 5 B EA T 1743 T8 0 43 JRER B
143 AFEG 2 0 B (0 3 40, B e i PRI 20 4
T ,0 4 MBAME (=), 1~3 S MG BHYE (+),4~5 20 R
BB (44) , 6~7 43 M58 PEE (444 o
122 EEzk%-i% CD90* BEL-7404 28 i,

WAL, TR F T A% B A B
4% 18 Miltenyi MicroBeads Ui B 45154703k, 40k 4h
R B — 4 73 40 8 R 5 b s e )5 S s T it
B, VT S A0 Y P 5 5 G 40 20 B B i =X
A AR 43 BE LB EE
1.2.3 CD90* BEL-7404 F tm i b % %

PEREE SR ok AR DMEM/F12 48
MuyE IR A, A TAREE MR IR T, 37°C, 5%
CO, MIE MBI TIESR . B 2 d B AHTEE R FRIESS
FREE TR MER HAE>50 wm BHIEFTIARAE AR 55

TSI . B3 ERY CDOO* 4L .CD90- 4 Jifd
FiAE T [/ — 96 fLAR I, BAHix#E 5 MR FL,1 000
AN/ BT 5% CO,.37°CHLFIG B 1Y 1 F2 46 h 1
F5, TEH 1.3.5.7 K CCK-8 2 4 g ity 14 7 iR
A, K0 450 nm B9 W6 (optical density, OD){H.,
22 Tl A A 2 B VPR L A %) B S

2455256 . BH43ERY CD9O* ZHfits .CD9O- 41 it i
FFA]— 96 FLH ., 1 0004 /FL, L E (dox-
orubicin, DOX) FH 35 3% W FE 4 0.625,1.250,5.000
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10000 pg/mL JF/MA 96 FLIFHEFE 24 h, B E 54
1L, F CCK-8 7 450 nm ALK AR R, 3
BB (half maximal inhibitory concentra-
tion,ICs) o

1R 785286 . Bk i CDY0* 1 CD9O- 41 ity i
e BE 43R 1105 4~/mL, B 200 pL LA |2
TEMA 10% FBS M58 2355500, &4 3 M8 1L;
IS T 37°C 5% CO, MIEFRAA NG ;24 h J5HL
N R IR, ASRT, IR R R 2
RN, 0.1% 455448 30 min J5,PBS
PPYE 3 UROIE T 8] S el BE B LS, 43 il L
LA Kerfa] 5 A IR A A A, A AR S
B (%)= 250 4 2 FE 2R AR/ %ok HE 2 25 RS 240 HEL 250 ) x
100% .,

RS . BUAr kR CD90* il CD9O- 4 fits , 4%
2x10°/mL 2 JE4ER 100 pL TR LT,
6 Hh 3 d g 1 IR T U (0 S i e R
N ESE 4T HRERZE I R e T s HE Y0 b3
IR S22 5 W sE T IS IR,

1.2.4  # 17-AAG % 3% CDO #% P # 4 ig Jj 1k
(CD90@17-AAG/TMs) # %) £&-

K AL TTIE A A5 1 FesO4 GKRLT-17,
17-AAG/TMs 1 il 28 >R I lié 5% 75 K -k AL 1o,
mPEG2000-DSPE F1 Mal-PEG2000-DSPE #% & /K [t
41 T AN, FEIEE 758 Kk J5 PBS I WIKAE 1 h,
il % Mal-PEG2000-DSPE JIZH . 2 BEFATZ BT 19 )7
B 7 Anti-CD90 mAb 265 Traut’s Il #EF T W LA
HEPTAR LS E, SR 5 5 Mal-PEG-DSPE 5 52 i
U 3 ek S MK CD90 & 42 2 PEG 12 JE i CD90-
PEG-DSPE, #% /i ¥ CD90-PEG2000-DSPE 5 17-
AAG/TMs FWEREE/R 1 005:1 (ARBTA AR 2
J& DPPC),60°CH¥E 1 h, Rin]#5% CD90@17-AAG/TMs,
1.2.5 CD90@17-AAG/TMs 4k W 745 5 36

2x10° 4~ CD90* LCSCs 4 Jifd 322 Fh T 4~6 Ji 1
Balb/c #/NRAT FROE TR, S A TR T 200 mm?
A TR 525

Bt g /N BERL AR 5 4 OB X B 4] (4=
FHER K EST4H ) ; @17-AAG/TSLs 4H (3% 17-AAG i
SIGIRARTS2H ), GTMs + AMF 2 (335 TMs /il
AMF FEH1); @17-AAG/TMs + AMF 20 (3E4) 17-
AAG/TMs fill AMF HREt) ; ©CD90@17-AAG/TMs 4H
(FEST CD90@17-AAG/TMs Hill AMF FBS) . 4520
) o7 P8 R FROBR B J , 5 BB AL 02 8 i bk 7 3 AN [)
PG TT A BT, VE SR R R 1 Ik, R 5359 o

4 10 mg Fe/kg MR, Mg FR07E T SP-06A =4k
7 IR £ 2 P oAk, 15 B IR 30 min, B E D)
A 200 kHz, LN 20 A, RIT AN 7 43897
WA R 1 d B 1R, BERWEEITIE SR
AERAE L, I e i K AR A AR TR R AR R,
O ANTE L R (AR = g K AR Mg i 42225 A
I (AR FEURT o et 0 o1 256 T AR R A6 2R (9% ) = (%
T Pk 9 A B — ST 5 201 ek g AR AR ) /%) T 4 i g
X 100% ; 1968 5T 410 1) 238 (9% ) = OWT HE 2 e Jo k-
SIS 2H e Re S5 i ) /% HEZE IR I3 e x 100% , HE et
LS e 2 20 PR 2 AE
1.2.6 TUNEL # &35 20 i =

WA AR ) B TR K, W
KA VE,PBS ¥k, M K F 10 min, M
TUNEL S v ¥ ,37CH## & 1 h,DAB & & 10 min,
PBS Fo/M2 Uk, IS KM I R, AR T 40 Az
PEAE 6, A e, W AUEE T BEAILE 5 A4~
PREF T H R T e AR PR T A AR, R T e A
(%), N340 AT 20 A (PR T 4+ 98 T 4
Ji1)x100%
13 %it®E

L SPSS 18.0 it A AR AT . 54
BERER R ARG 58 5 1 2 1240 A BT PORER
¢ K56, A IE S50 (AT Ak R R RIAG 56 5 114k
TR R RS, R Kruskal-Wallis FFITRS 56 %7
CD90 5 I A ERAREAE A DGR T 20T, P <
0.05 FREFAGIFE L,

2 7 R

2.1 CD90 # %3k 5 s Rk B 4F4E6) £ 2

S AL 25 R s, CDO0 T AT e H 4 b A A
)R Y B ek e 1 s, K 27 Bk A Fh AT
e 2 BFRAS B U N OWEE, FIOL CD90 FEFRIA T
JH-98E 20 LY BB SO 3% vh o 25831534, D90 &
NS BEAAR . MR, B /NG 22 1 (alpha
fetoprotein,, AFP) ToxK (P> 0.05), 5RB 09 H &
(P <0.05,% 1), X 5MHCHREAHERTF,
2.2 EEEk4ik CD90* LCSCs 9 4k & An i 1k

R RPEREIR 33 7k, Wi th 1 2Bk
90.8%[1) CD90* BEL-7404 4L (& 2), /i iy & 1 ml
PIik%E] 98.9%.,
2.3 CD90* LCSCs F 2mpeus M % &

i Jed 1 240 B ) — A T B R ) 2 AT DAFE A
T4 bR FE ARG 35 7R L8 BT 2Rk,
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B 1 CD90 &AL RTERE(x400)
Figure 1 Results of CD90 immunohistochemical staining (x

400)
F 1 CDY0 PEIERIX S HE IR KR ERHEX R
Table 1 Relationship between the expression of CD90 and
the clinicopathological parameters of human

hepatocellular carcinoma

BRI e b0 ZM Pl
-+

AEI () 046  0.64

<55 4 0 5 5

>55 13 0 4 4 5

51 -0.88  0.38

il 25 0 8 8 9

'8 2 0 1 1 0

g KN (em) -0.46  0.63

<5 4 0 6 1 7

>5 3 0 3 8 2

SRR EE -3.34 <0.01

s 6 0 6 0 0

LRI 21 0 3 9 9

AFP(ug/L) -0.46  0.64

<400 3 0 5 2

=400 14 0 4 7

A3 Y CD90* BEL-7404 41 Jitd 15 40 i 455 55 ik v
Wige 7 d e, AR T ik (5 1A%, PL) B
1R B GE AT 2 R BE 1 (P2) , W12 ER] T
HEA TR dE(E 3A), 5 CD90- BEL-7404 4H
JfI A L, CD90* BEL-7404 £ Ji0 A5 45 56 4 14 5 BiE

3 K YIS A ., i BE B ; i CD90™ BEL-
7404 A0 LA N IE, IRAMEEERE s (]
3B), M T CD90O* BEL-7404 41 i i i 24 14 ,
ANEVEEE ) DOX fEF T CD90* BEL-7404 1 CD90-
BEL-7404 21, FH 4 B0 1] 00 5700 % 4504 D 04
HRVEIE 3K H 1G5 (81 3C) . #52R 7R, CD90* BEL-
7404 ALY 1Cs 42 CD90™ BEL-7404 4ffLfY 10 1% L)
b [(12.6 £ 1.04)pg/mL vs. (1.07 = 0.13) wg/mL ],
M, 4nE 3D Frzs, CD90* BEL-7404 4 il (1= 226k
S B 5E T CD90- BEL-7404 4i}itl (P < 0.05, &

A
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Figure 2 Expression rates of CD90 before and after BEL-
7404 has being sorted by flow cytometry

3D), AR S U R iR T A AR A S I At
Kl 3E.F i, FAHTRE H 1) CD90* BEL-7404 Fil
CD90" BEL-7404 #4fi 13 it A#R B H T, CD90* BEL-
7404 ANLHSE 4 RURE, 1T CD90- BEL-7404 4 i 4
R IR IO —2 /N HE e & 31 CD9O*
BEL-7404 2 ff1 20 i b 98 20 2U0E 285 5 K 43 i BEL-
7404 ARARL, IESEATY A P A0M 25 BT FRAT 143
B 1 CDOO* 4 A HL AT 7E 14t M 4% 37 2 vh LBk 2R
KIGHE ST AT CDOOZM AN 75 , HoHL A A () 1
B i 24 AR 2B RN R e T, R B B R T A
s, AT LAYE R LCSCs bRic#z —.
2.4 CD90@17-AAG/TMs i 5% 4] 52 B

W AHOK A Rk 3 S A T S 2 A A R /D BRUAAR
PHIESZ CD90@17-AAG/TMs [ A U345tk . R T 4
SRITRL, LA 7 d o 1 ANIRYT R B RIE S 1 IR
KM B IT 1R, B IRIEYT 30 min, FHEA
e A 75 R i BA AN (EPR 20 ) Al anti-CD90 mAb
(1) 2 By 30 1) 4 118 90 Kb AR A e 350 7 e S B 5 1
PITR A IR T 40 M, 4N 2 7R, TMs + AMF
AN 17-AAG/TSLs 20 H T EPR 00 AT 78 i 96 ¥4
I B YRR, SR A AR K B —E R
MHIVEH] . 17-AAG/TMs + AMF 2 B T4by7 54
ST ARG A, R (AR ] 23 R T A 0 ] 2R B
mTAEE MR ROR, R T 17-
AAG T 3 5 BT 0 BBURE o T CD90@17-AAG/
TMs + AMF f T8 [0 #4657 B & ) 3 CD90* LC-
SCs, /il _F= EPR R0 A% 7 G 1 i g8 4 e, 3 LA i
Jed () A= A S5 A B G, PR AR BRI B S 41 R
43 513K 390.4% 1 80.1% .,
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A:CD90" BEL-7404 W EREEFE (x400) ; B:CDI0* LCSCs Fl CD90™ BEL-7404 {$&bﬁ§a;<% C 0 a4 ) %R 2 &1 ;D . CD90* LCSCs %u CDY0"

BEL-7404 {2 AMMIEL LLHL ; £ CD90* LCSCs F1 CD90 BEL-7404 H{JR K L4 ; F: CDY0* LCSCs 1 BEL-7404 1A P sliff 32 56 (HE Je €21, x400) ,

3 CD90* LCSCs T4RA4FiE % E
Figure 3 Identify of CD90* LCSCs
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Table 2 Inhibition rates of tumor volume and tumor mass in different groups

2 IR AR (mm?) JirTeE AR 12 (%) P i () i Jo e B 12 (%)
HE R KO R 1392.7 + 108.7 - 1.37 = 0.02 -

TMs + AMF 41 1154.5 + 90.6** 17.1 1.15 + 0.04** 15.6
17-AAG/TSLs #1 1110.0 + 74.3** 20.3 1.12 + 0.03** 14.9
17-AAG/TMs + AMF 41 664.3 + 40.6* 52.3 0.90 + 0.01* 34.1
CD90@17-AAG/TMs + AMF %4 133.7 + 24.3 90.4 0.27 + 0.04 80.1

55 CD90@17-AAG/TMs + AMF 41144, °P < 0.05; 55 17-AAG/TMs + AMF 4 [t4¢,"P < 0.05,,

25 HE #¢&

POTHTE MR HZUE S22 AR W 4, 7
IWFCMWMAMVMVHWF%%fﬁ%?
U, 1 F EPR % A1 CD90@17-AAG/TMs ) EFHE
W, e 22 rbonT L EL A B A BB Y K IR
X, MRSELH L A] UL R SR FesO4 ZHKIRE , 77
T 1 P A A /0 Bl G R R T SR BE X

B /N , TMs+AMF HF EPR 800, 78 e vt ml I
DR ORRBORL, BRG IT ALY S IR 4
7R T a7 B 0T R ZL R SR N
KA RHE LR, w] UL KT R B IR AR X 0 5 1
SRHRER R AR, X RR AL AR AR R, A
HEP B, RWHRAIRGE, hitkrl I, CDI0@17-
AAG/TMs BXA RGN FHEIAIT TEAR N s T
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RAFIIRIT AR .
2.6 TUNEL # &

RGPS R G, FIFH TUNEL 4@k 7 A [A)
EITHAMERIE T, Wk 5 FfEk 3 frR, 17-AAG/
TSLs 211 TMs 21 g e 2L h i T g e i /0 i T

BTN 16.3%F 15.7% , T 24— FBRWEBIT I
g A AU PR T AN B S | PR TR AT ik
46.9% , 24 A BB Y 245 . BRI RS AT R
RIF 25, PR gl 2N ] LR 5 A4 (o 4 A |, 4
MO TS B S, P TR R T A 83.6% .,

A BIPEXT IR ; B . TMs+AMF 4 ;C 17-AAG/TSLs 4 ;D: 17-AAG/TMs+AMF 4 ; E:CD90@17-AAG/TMs + AMF 41,

C. i : %

4 RiATTHEMEHALR HE F8(x200)
Figure 4 HE staining of different groups(x200)

E,

5 TUNEL &5/ REERARISE (x400)
Figure 5 TUNEL staining of different groups’ tumor tissues(x400)

% 3 TUNEL Z&&n/RiEA R P A Tig 4
Table 3 Apoptosis index of different groups (%)

Eibl JAT R R
A BEER KON BR 2 0
TMs + AMF 44 15.7%*
17-AAG/TSLs 2 163
17-AAG/TMs + AMF 21 46.9"
CD90@17-AAG/TMs + AMF 41 83.6

5 CD90@17-AAG/TMs + AMF 148, *P < 0.05; 5 17-AAG/
TMs + AMF 2152, %P < 0.05,

3 i i

i AT 2 AR A% G2 1 T RIBYT AT T LA
FOH 40 G TT 2 5 X— P sy T B B
I R s H = B IAEEIERITIRIE (42~46C)
T 5 S50 ek 4 7 e il 2 5 T A% A g
LA —FPIay 7Tk YT RN BRI LA TS
BIECE AN C S B AP TG IR . T
T AL AELE , BGERIRYT ik M FARIRIT K
J7 AIT TCTE ARG bR, A2 3 o 7 A AT
PUA S0 3405 i T 41 We 2 Burke 'S5 AR T 1550
(R 7K T8 ST RGBT 1 A7 X = [ 2L

i T AR A, RGO T 0 BT T A 3L
AFURE T4, mXHE G R T A sz b
TR AE DK A AR T 1 A7 2 A5t i LA 50
Z A0 9 T4 I WE 7 Sadhukha 25 OBFFE 2 e RN
KA A T B FRITT A RT LA B 5 = PP 2L AR
i T AR, i BT DA kR T 4 A A iR RE T
T R AR

SR BT W AFELE B B A BB, 7 X6 ik g 200 i it
TS  FF I, AT S A0 S B R
HSP90, HSPOO W] i 20 XL E iy i 5244 , 28
Y ARLAF 15 R B IN LA S T S 07 BT 37 ), AR
TR RIS K IR, 7E LCSCs W AFAEE TN 2 i)
M4, HI A 89774 5 HSP9O B A 7K T %
YIAHZE, #] HSPOO [k ] LA W34 LCSCs Xf
PO7 IR R, FRATTRERE T HYTER A HSP9O
I 17-AAG K345 CD90* LCSCs, A N SL86 45
AL BoR A 17-AAG AT LA B 7FIral, — & H
A RAFENEEA

s T2 A S e R R R R R L
it 245 (AR, R IR A ) R AR (AR
e T2 L o5 ek 200 B ) 4 RS 4, JEL 7 A 1 4 L A
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TR AL AR S YR R 28 R e 1) o ki HL A
PR, RIS Fofr e 40 B 1 A 4 2L O A s 1
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