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Establishment of mouse orthotopic transplantation tumor models of
human hepatoma and comparison of their characteristics

YIN Jun'”,LIJING Dingsha® ,ZUO Conglin® ,ZHANG Huiming® ,SHE Ruiping' *
(1. College of Veterinary Medicine, China Agricultural University, Beijing 100193, China;
2. JOINN Laboratories ( China) CO. ,LTD, Beijing 100176)

[ Abstract]  Objective Three human hepatoma cell lines were injected into liver tissue of four mice with different
immune function defects to establish orthotopic xenograft models of human hepatoma for comparison. Methods Human
HepG2, HUH-7, and QGY-7703 cell suspensions were injected into the livers of mice with different immune function
defects [ BALB/¢ nude, non-obese diabetic (NOD) SCID, NOG (NOD. Cg-Prkdescidll2rg™**/JicCrl), and NPG
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mice |. Survival time, mortality, liver weight, B-mode ultrasound, and histology were used to analyze and compare the

characteristics of liver cancer models in the various immunodeficient mice. Results  B-ultrasonography and gross
anatomical observations indicated that all experimental animals showed tumor nodule formation in liver tissue. Moreover, all
animals injected with a HepG2 cell suspension into the liver died at about 20 days. The survival time of NOG and NPG
mice was significantly shorter than that of BALB/¢ and NOD SCID mice (P <0.001). Experimental groups with injected
HUH-7 and QGY-7703 cell suspensions into the liver were autopsied at day 92 and 104, respectively. The liver volumes of
NOG and NPG model mice were increased significantly and formed large tumor masses, whereas BALB/¢ nude and NOD
SCID mice showed only small tumor nodules in liver tissues. The weights of NOG and NPG mouse livers were significantly
higher than those of BALB/c nude and NOD SCID mouse livers (P <0.05). Histological examination showed that all
groups of animals exhibited tumor cell growth with large areas of necrosis and some animal lung tissues had tumor
metastasis. Conclusions Compared with BALB/¢ nude and NOD SCID mice, hepatoma cells grow more rapidly in the
liver tissues of NOG and NPG mice, and the survival time is short, the liver volume is large, and the weight is increased.
The human hepatoma cell lines can complete malignant proliferation in NOG and NPG mice in a short time for time-efficient

model study. Therefore, human-derived hepatocyte xenografts in NOG and NPG mice are an ideal model for the

development of anti-hepatoma drugs.

[ Keywords)

JFF 400 B 2 o o B DL — e R e | 3. [ A
AR 38,3 T ANBET N, 24 i S BRI A0 T B4
(519% ", 2015 4F i EEE RATIR 2 G0 TR0,
] JFF968 00 2 B A S 349 8 148 3 1 R
PERRE R I R, KR B (> 80% )
ETC NI, AN E A TFARDIBR, RIEE ] LLFARY)
BRI 2 R A Rk 50% , L8y i
B A7 3 ~5 AN AP, BRI 2 &
AR TAE G ALY 25 Y —A0 i 5 vk 25 W 5T LA
Bl it WG 9 &R AL T & A 2SR 1 7 24, an
SN2 0L B Ay F 4 2 4 2 TR, e A
FEH M E B o ) i A 70 A7 B 5T, AR A ok
B HHE, 7R 25 Y00 & 0 S sh P A5 A0 i 2k
TR 22, Hr T P R AL P90 200 i 1) 50 0 o R S dp o
NG I el I R R Bk, B
T B P BN e B /N BRUVE Ry sh 84, B UL AE R YT
259 O BF 2 W A R FH R AN 43z, R
SIS I = A [ AV R AR R B A TR
Ivi) A SR R BB /N B PN 3 2 ok B 43 A JEF Bk g
AR RN R S AT I B, DL ST R R
I I 96 20 RS R AR Ry Bt 488 25 40 114
W2 Pt — 2 B8 S
1 #efAE=*E
1.1 SCIe#t#

L1 SEEshY

SPF 2% BALB/c #1530 H [ SCXK(5%)2012 -
0001 fK 14 ~16 g,4 ~5 JA#. SPF 4% NOD-

in situ orthotopic carcinoma; animal model; liver cancer; NOG mice

SCID /ML 30 H [ SCXK (5)2012 — 0001 |, 1A 14
~16 g,4 ~5 J&#%, SPF %% NOG /MR 30 H [ SCXK
(5)2011 —0011] ,fAHE 14 ~16 g,4 ~5 J&i#%, SPF
4% NPG /INERL 30 H [ SCXK ( 5%)2014 - 0001 |, 1A &
14 ~16 g,4 ~5 JA#E, S50 F b 50 4 R 4L 525K 5
WIBARA BRA R, sh i 55 K Wl F R FA e
SPF %30 5[ SYXK ( 5%)2014 — 0006 | kA7, 4
SHS TACUC 45N : ACU16-219, SEEG# A i #2 vp
TG 3R JFEI
112 NI 4 i

NI A0 HepG2 : W A 116 g 5 B0 A= W
FEdt, B 55 4 DMEM ( & 8%) + 10% FBS,
37°C 5% CO, ¥53%; N 40 HUH-7 R I8 T v
IRl BE L 1 2E B 2 F 5 T 40 M 5 s s, R
2143 DMEM (&54) +10% FBS,37°C 5% CO, 85
F NITFREAR QGY-7703 : g [ v [ il 80 1% 35 4%
R RO AR, KR 3R A5 1640 +10% FBS,37°C |
5% CO, Hi3%,
1.2 FERFSHE

S U U K HL ( Asp300, LAICA , SE[E ) |
AL (EGI150H, LAICA, £ [H) 2F A shi %
YIR Bl (RM2235, LAICA, S [H) 3 R # v — 14 A1L
(CS-VI,LAICA, £ H) . 4 A gh §s a5 5 — K Hl
(CV5030, LAICA, 3 [5] ) , 1H & k% #§ ( DRP-9082, th
), A8 B (CX31, BAKE T, B AR, ff #55X
0 22 A S WY (SSExp , TRIIIT S A4 W BE ST
FHEB AR A E, R D, ZHOR Ol (dbstie
T E) AR L (bt A 1 E R



70 [ A PR 2R 2 2018 4F 12 A %5 28 455 12 ] Chin J Comp Med, December 2018, Vol. 28. No. 12

AR HE)
1.3 EWH*E
1.3.1 SE8srdl

BALB/c¢ # fl.NOD SCID /). NOG /) KL Al
NPG /NRAEEAFhE 30 Hah¥or i 12 41, 541 10
H, 00503 #h HepG2 40 i, HUH-7 F1 QGY-7703 4
M, (FR1)
1.3.2  SCEGERAE

FH 3 5 B I £ HepG2 4B % 8.5 x 107/mL,
HUH-7 ZifliH%5 % 4.7 x 10" /mL, QGY-7703 i
A 1.25 x10°/mL, 2R )5 5L A H 0. 06 mL JiR A7
R TSI B e 4 Fh sh ) G B L Z M RR I )
JEESUT 11 23 68 A A it i P TG TR S 4 44 i
RN T S B 50 5, T AR R R 38 1k il 5
SN E

I HI/NEh ) B AR ASORT 2 A i Jg h ) ik Ay
WEE IR A MR LUK, XTSI Rl SE T
LA LRI R AE S ) (5 92 RANES 104 K) it
PRI, % B EAS EAT WL, I HObt 45 %
JUEAS CELE O I il B R, T 2H U B
A, LAWLZE I e eg 760 JHC A JE 245 1) Jf s 5 7% A= 1
B Gevt/IN AR A B) FVE 25 5 o

1.4 SZitZEHE

WLFH SPSS B4 %t St K AT g it A AEI
[F1) 1 i o e R PP 208 = B 22 (& £5) R,
AR R BYSE T Kaplan-Meier A= 473 #1152 il
A AE I TRl 4 W o e 8 O sl B PR 3R T 22
STHLAR AL 22 5%, DL P < 0.05 WERA BEE,

2 R

2.1 R THER

ARSI &SR B AE TR G R b A R
T, TALT s B B (AN 30% ), BRI
INRHFARFSYRIICT A AL IR, (£2)
2.2 BiEEERNRET

RN B R BUSRAX, FE LB 4G 1 4 H LA
S, X HERD iR Bl R AT R R A W SE S B )
JHFER IR s 12 ] D, B 4 i DX 3 (S 0L 1a) o, X
SO S %SRBI AT KA ), 2 B/ BRUHE
Byn] WL 45y, 2 245 IR R, AEEE A, M
AU R FF AR BRI, VI 2 K H
ik, 4G B EUIRE R (S LA 1b) DL R A fig
PILEE , B DA BR Dy 2 BT, = R A i 35 AT R 1)
FEAE

Table 1  Grouping of the experimental animals
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Groups Hepatoma cells Animal strain Animal number

1 HepG2 BALB/c #fE 10

2 HepG2 NOD SCID /M, 10

3 HepG2 NOG /MR 10

4 HepG2 NPG /MR 10

5 HUH-7 BALB/c #RE 10

6 HUH-7 NOD SCID /N, 10

7 HUH-7 NOG /MR 10

8 HUH-7 NPG /MR, 10

9 QGY-7703 BALB/c # 10

10 QGY-7703 NOD SCID /M, 10

11 QGY-7703 NOG /M, 10

12 QGY-7703 NPG /MR, 10

F2 FARIMLR DI Gt
Table 2 Animal death during operations
20531

Groups BALB/c NOD SCID NOG NPG
HepG2 1/10 1/10 1/10 2/10
HUH-7 0/10 3/10 0/10 1/10
QGY-7703 0/10 2/10 3/10 3/10
BET-3R Mortality 1/30 6/30 4/30 6/30
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Note. a: B-mode ultrasonography showed that the density of the mouse
liver at the region of 6. 77 to 4. 51 mm was is increased and confirmed
as the tumor nodule region; b: Survival curves of the various
immunodeficient mice injected with HepG2 hepatoma cell suspensions

showed that the survival time of NOG and NPG mice was significantly

shorter than that of BALB/c¢ nude and NOD SCID mice.
Figure 1 Mouse liver B-mode ultrasonography and survival
curves of the various immunodeficient mice injected
with HepG2 hepatoma cells
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Note. a: A NOG mouse liver injected with HepG2 cells showing a large number of tumor cells with pathological

mitosis and a large necrotic area. b: A NOG mouse liver injected with HUH-7 cells showing a large number of
tumor cells with pathological mitosis. ¢: A NOG mouse liver injected with QGY-7703 cells showing a large number
of tumor cells with pathological mitosis. d: The lung tissue of a mouse showing a tumor metastatic nodule.

Figure 2 Histological changes of the mouse livers and lungs( HE staining)

R 3 HepG2 AMIHEFN /N AR [H] BE i3

Table 3 Survival time for mice injected with HepG2 cells

1 4 BALB/c ## i 2 2 NOD SCID /MR 3 41 NOG /M 4 2] NPG /MR
415
G Group 1 Group 2 Group 3 Group 4
roups BALB/c¢ nude mice NOD SCID mice NOG mice NPG mice
% Number 9 9 9 8
$yg¢ﬁﬁ.lﬁj(d> 26.9 +5.5 28.1x6.3 18.8 +2. 642 17.5£5.94%
Average survival day
b2 [
LA AR (d) 28 27 20 17

Median survival day

V1 AUR 2 4LHBE, A P <0.001 51 41712 4L, 4 P <0.01,
Note. Compared the group 1 with group 2, 4 P <0.001. Compared the group 1 with group 2,% P <0. 01.
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Table 4 Mice deaths in the HUH-7 and QGY-7703 groups

20 51 BALB/c #fl NOD SCID /M, NOG /M NPG /I FET-H

Groups BALB/¢ nude mice NOD SCID mice NOG mice NPG mice Mortality
HUH-7 4 0/10 1/7 2/10 1/9 4/36
QGY-7703 4 0/10 1/8 2/1 3/7 6/32

£ 5 HUH-7 41 K QGY-7703 4Rfudmh /N FUF R RSt
Table 5 Liver weights of the HUH-7 cell-injected mice

251 BALB/c # NOD SCID /)M, NOG /M. NPG /M,
Groups BALB/ ¢ nude mice NOD SCID mice NOG mice NPG mice
S
10 6 8 3
HURT 41 Number
oA =N
EfﬂEE;@) 1.361 £0. 249 1.512 £0. 190 4.916 £3.882* 4.981 +2.615*
Liver weights
Ik
10 7 5 3
QGY-7703 4 Number
) APREE 4 (g) o
1.323 0. 203 1. 469 +0. 393 7.669 2. 171 7.593 +3.474

Liver weights

.5 HR 6 LbE, * P <0.05, 9 407110 4 AL, ™ P <0.05,
Note. The group 5 compared with group 6, * P <0.05. The group 9 compared with group 10, ** P <0.05.

a a b

5
#

T a: HUH-7 AUARREEERD S P IF RAORE IR A 58 7 41 (NOG /N FISE 8 21 (NPG /) h# IR FR i & K T4 5
ZH ( BALB/c #B) FI%5 6 20 (NOD SCID /M) ZIF, b: QGY-7703 20 43 sl 4y BT R AR B B F- . 465 11 4 (NOG
ANRL) ISR 12 AL (NPG /INRL) Sh W AR 38 R4 9 41 (BALB/ e BREL) A 10 41(NOD SCID /MR B4 it . BR 5
A9 A1, % SR IA T I/N BAEF ARSI AN MBI SE T (R TR A1) B 7E e im) ZRAh st T, ok
FEMSCER B JFF AR AR AR, (L Jf o 22 3 S 32 R Rt B8 6 A T 8 48
3 NRUIFR A ILEE IR A

Note. a: Livers from HUH-7 cell-injected mice. Liver volumes of group 7 ( NOG mice) and group 8 ( NPG mice) were
significantly greater than those of group 5 ( BALB/c nude mice) and group 6 (NOD SCID mice). b: Livers injected with
QGY-7703 cells. Liver volumes of group 11 ( NOG mice) and group 12 (NPG mice) were significantly larger than those of
group 9 (BALB/¢ nude mice) and group 10 (NOD SCID mice). Except for groups 5 and 9, some mice in each group died
during surgical transplantation of hepatocellular carcinoma cells ( no hepatocarcinoma nodules were formed ) or died
unexpectedly during the experimental period. Therefore, hepatic tumor specimens could not be collected. However, tumor
nodules were increased gradually with the degree of immunodeficiency.

Figure 3  Gross observation of the mouse livers
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