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Table 1 Primers of RT-PCR

AFP F5" ATGCGT TTC TCG TTG CTT AC 3’;
R 5" CAG GGT TTA CTG GAG TCATTT C3’;
ALB F5" TGATTG CCT TTG CTC AGT ATCTT 3';
R 5" AGC AGT CAG CCATTT CAC CAT 3’;
F 5" CAG TGA CCA TCT ACA GCT TTC CGG 3';
R 5" GCT GCT ACC ACA GTG ATGATGACA A 3,
E-Cadherin F 5’ CGA CCC AAC CCA AGA ATCTA3';
R 5" AAT GGC AGG AAT TTG CAATC 3';
CD29  F5' TAT CCC ATT GAC CTC TAC TAC CT 3';
R5"CCATCT CCA GCA AAG TGA AAC 3';
CD44  F5' CGT GAT GGC ACC CGC TAT GT 3';
R 5" CAG GGA TTC TGT CTG TGC TGT CG 3’;
F5’ CAC CTT CAC CCG CGT GTA C 3/;
R 5" TGC TCC GCG ACA CCA AA 3
F 5" GGC CCT GTC ACT CCT GAG AT 3';
R 5" GGC ATC CAG GTT ATC GGG GA 3';
GAPDH F 5’ AAT CCC ATC ACC ATC TTC CAG GAG 3';
R 5" GCATTG CTG ATG ATC TTG AGG CTG 3’
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Fig. 1 Macroscopic and histological and ultrastructural

characteristics of the tissue-like HCC spheroid on day15

(a) Macroscopic morphology of the whole tissue-like spheroid with a
diameter of 0.8~1.0 cm. (b) Ultra structure analysis of tissue-like HCC
spheroid on dayl5 by transmission electron microscope. A: PLGA
scaffold; B: Rough-surfaced endoplasmic reticulum; C: Cellular matrix;
D: Microvillis; E: Nucleus; F: Desmosome junction and tight junction;
G: Mitochondrion. (c) Histological analysis of tissue-like HCC spheroid
dyed by HE staining (x200) exhibited a spherical geometry with a
concentric arrangement of large proliferating tumor cells in the periphery
and smaller non-proliferating cells in deeper regions, as well as some
cells necrosis in central section. Arrow indicates PLGA scaffold. (d)
Some cytological features of tumor cells such as nuclear pleomorphism,
prominent nucleoli, increased mitotic activity, etc were also observed in
tumor cells of this tissue-like HCC spheroid (x400). Arrow indicates
PLGA scaffold.

Table 2 Level of glucose, LDH, ALB, v-GT and AFP in culture supernatant at different time points

of the development of tissue-like HCC spheroid

Culture mode Glucose(mmol/107 cells)

LDH(U/107 cells)

ALB(g/107 cells) v-GT (U/107 cells) AFP(ng/107 cells)

Monolayer culture 9.31 + 0.69 437.95 + 32.60
RCCS culture on day5 15.11 £ 0.81 1343.30 £ 179.52
RCCS culture on day10 14.83 £ 0.10 771.30 + 47.00
RCCS culture on day15 13.24 £ 0.72 1560.85 + 116.18

12.83 + 0.95 5.70 + 0.42 0
14.35 + 1.07 9.05 + 1.34 0
15.44 + 0.83 14.40 + 1.27 0
31.73 £+ 2.36 28.50 + 2.12 2.00 + 0.15
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Fig. 2 Time course of the expression of HCC specific genes and metastasis associated genes during

the development of tissue-like HCC spheroid model
(a) mRNA Level of HCC specific genes and metastasis associated genes in MHCC97H and HCC spheroid on day 5, dayl10 and dayl5 (RT-PCR). M:
Monolayer cells MHCC97H; D5: HCC spheroid on day5; D10: HCC spheroid on dayl0; D15: HCC spheroid on dayl5. (b) The relative mRNA

expression of HCC specific genes and metastasis associated genes at different time points of 3D culture normalized by the reference gene GAPDH. [1:

3D culture on dayl5; [J: 3D culture on day10; W: 3D culture on day5; B4: Monolayer culture.
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Fig. 3 Distribution and expression of ICAM1, CD29
and AFP in monolayer cells MHCC97H

and HCC spheroid on dayl5
M refer to MHCC97H cells, 3D refer to HCC spheroid on day15. (x200).
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Fig. 4 Identification of the tumorigenicity and metastasis
of a tissue-like HCC spheroid in the nude mouse
by intrahepatic inoculation (HE stain
and immunohistochemistry)
(a) Experimental outline of the tumorigenicity and metastasis of a
tissue-like HCC spheroid in the nude mouse by intrahepatic inoculation.
The secondary tumor nodules were found around primary tumor in liver
(HE stain, green arrow indicates intrahepatic metastasis, x400). The
tumor cells of metastatic lesions in lung confirmed distant metastasis of
HCC (HE stain, green arrow indicates lung metastasis, x400). (b) The
expression state of HCC metastasis associated proteins CK7, CKS8, CK19

and MMP9 in the renascent tumor by immunohistochemistry.
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Establishment of A HCC Tissue-like Spheroid Model

TANG Jian-Hua™, CUI Jie-Feng™, LIU Yin-Kun™
(Liver Cancer Institute, Zhongshan Hospital, Fudan University, Shanghai 200032, China)

Abstract Previously a cell line MHCC97H with high metastatic potential was established for HCC metastatic
study. For further analysis of the biological character and the metastatic potential of HCC cells in 3D state, a HCC
spheroid with tissue characteristics derived from MHCC97H cells formed in a RWV bioreactor system with PLGA
scaffold. The spheroid was transparent and compact in macroscopical morphology, and the cells of it displayed
concentric arrangement of large proliferating tumor cells in the periphery and smaller non-proliferating cells in
deeper regions, as well as some cells necrosis in central section. The spheroid also had a tissue-like ultra-structure
desmosome junction and tight junction complex at membrane borderline of adjacent cells. The higher contents of
ALB, AFP, v-GT in culture supernatant of HCC spheroid implied that the spheroid better regained the function of
HCC specific proteins/enzymes synthesis and secretion. Moreover, the similar changes of ALB, AFP, y-GT in
culture medium were frequently found in serum contents of HCC patients in clinic. The expression patterns of
adhesion molecules, HCC specific gene and metastasis associated genes in the established spheroid clearly
demonstrated that the spheroid was not only a HCC model, but also a model with high metastasis potential. More
significantly, the occurrence of secondary tumor nodule around primary tumor in liver and the tumor cells of
metastatic lesions in lungs of the tested nude mice verified intrahepatic metastasis and distant metastasis. All the
results indicated that the establishment of a HCC tissue-like spheroid model was successful and it might have

applications in HCC study, anticancer drug screening and establishment of animal model.

Key words hepatocellular carcinoma(HCC), metastasis, model, rotating wall vessel bioreactor
DOI: 10.3724/SP.J.1206.2010.00052

*This work was supported by grants from The National Natural Science Foundation of China (30772062) and Shanghai Pujiang Program (08PJ140300).
**These authors contributed equally to this work.

***Corresponding author.

Tel: 86-21-64041990-2105, E-mail: liu.yinkun@zs-hospital.sh.cn

Received: January 26,2010  Accepted: April 8,2010



