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Abstract
AIM: To evaluate the inhibitory effects of human 
fragile histidine triad (FHIT) gene on cell proliferation 
and apoptosis in human hepatocellular carcinoma line 
Hep3B in vitro . 
METHODS: A recombinant pcDNA3.1 (+)/FHIT 
including the functional region of FHIT gene was 
constructed and transferred into human hepatocellular 
carcinoma cells in vitro . mRNA and protein expression 
of the FHIT  gene in the transfected cells was detected 
by RT-PCR and Western blot, respectively. The effect 
of FHIT on proliferation was detected by MTT assay. 
Changes in cell cycle and apoptosis were assayed 
by flow cytometry. Five mice received subcutaneous 
transplantation of Hep3B-FHIT; 5 mice received 
subcutaneous transplantation of normal Hep3B and 
Hep3B-C as controls. The body weight of nude mice 
and tumor growth were measured.
RESULTS: RT-PCR and Western blot analysis showed 
that the expression level of FHIT-mRNA and FHIT 
protein was higher in Hep3B cells after infection with 

pcDNA3.1 (+)/FHIT. The growth of Hep3B cells treated 
with pcDNA3.1 (+)/FHIT was significantly inhibited. 
The pcDNA3.1 (+)/FHIT-transfected Hep3B cells 
showed a significantly higher cell rate at G0-G1 phase 
and increased apoptosis in comparison with controls 
(P  < 0.05). The growth of transplanted tumor was 
inhibited markedly by FHIT. Tumors arising from the 
Hep3B-FHIT cells occurred much later than those 
arising from the Hep3B and Hep3B-C cells. The growth 
of Hep3B-FHIT cells was slow and the tumor volume 
was low. 
CONCLUSION: Transduction of FHIT  gene inhibits the 
growth of human hepatocellular carcinoma cells and 
induces cell apoptosis in vivo  and in vitro .
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INTRODUCTION
Fragile histidine triad (FHIT) gene has been successfully 
cloned on chromosome 3p14.2 using an exon trapping 
method for gene capture[1-4]. It was reported that 
abnormal FHIT gene exists in majority of  tumors, and 
is an important candidate tumor-suppressing gene[5-10]. 
In the hepatoma cell line Hep3B, the FHIT gene, 
mRNA, and protein are abnormal[11]. We constructed a 
recombinant pcDNA3.1 (+) /FHIT vector containing  
human (FHIT) gene, which was used to transfect human 
hepatoma Hep3B cells in vitro and in vivo to explore the 
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effect of  FHIT gene on proliferation or apoptosis of  
hepatocellular carcinoma cells.

MATERIALS AND METHODS
Bacteria, plasmids and cells
E.co l i DH5α and eukar yot ic express ion vector 
pcDNA3.1 (+) were routinely kept in our laboratory. 
PBluescript SK FHIT plasmid with a full-length FHIT 
cDNA was kindly given by Professor Xiao-Fan Wang, 
Duke University, USA. Hep3B cells were purchased 
from the Chinese Academy of  Sciences in Shanghai. 

Main reagents
A reverse transcription-polymerase chain reaction (RT-
PCR) kit was purchased from Takara, Japan. FHIT 
antibody was purchased from Zymed, USA. A cell cycle 
assay kit was purchased from Becton Dickinson, USA.

Enzyme cutting and identification of DNA sequence 
To establish an enzyme-cutting reaction, pcDNA3.1 
(or PBluescript SK FHIT), BamH I and Xba I were 
mixed in a water bath at 37℃ for 2 h. The mixture was 
electrophoresed, and 1.0 kb FHIT gene fragments, and 
a 5.4 kb linear pcDNA3.1 were retrieved separately 
with electrophoresis coagulation plastic boxes. For 
constructing the pcDNA3.1 (+) /FHIT vector, FHIT 
gene fragments, linear pcDNA3.1 and T4 ligase were 
mixed in an Eppendorf  tube at 16℃ for 12 h to establish 
a recombinant plasmid reaction. The pcDNA3.1 FHIT 
vector was transferred into competent bacteria DH5, 
and the clones were cultured and identified. 

Cell culture and transfection
Hep3B cells were cultured at 37℃ in Dulbecco’s 
modif ied Eagle ’s medium containing 10% feta l 
calf  serum (Gibco), 1.0 mmol/L sodium pyruvate,  
0.1 mmol/L non-indispensable amino acid and 5% CO2, 
at a saturated humidity. Hep3B cells with  strong growth 
were seeded in 6-well plates. pcDNA3.1 (+) /FHIT 
was transfected into the Hep3B cells at the density of  
70% with Lipofectamine 2000 (liposome transfection 
kit) following its manufacturer’s instructions. After 
transfection, the cells were screened using G418 (500 
mg/L) and the screening was maintained with G418 
(250 mg/L). Hep3B cells transfected with FHIT gene 
and empty vector were named Hep3B-FHIT and 
Hep3B-C, respectively. Parent Hep3B cells were used as 
an untransfected control. 

RT-PCR 
FHIT g ene was ampl i f ied wi th pr imers (P1: 5 ' 
-ATGTCGTTCAGA-3', P2: 5'-CTGAAAGTACAC-3') 
using the Hep3B-FHIT cells screened by G418[12]. 
Total RNA was extracted with TRIZOL method 
and underwent reverse-transcription PCR. The PCR 
products were electrophoresed on a 1% agarose gel. 
One μL of  the resulting cDNA was added into the PCR 
reaction mixture (containing 1.0 μL of  forward primer 
(10 pmol/μL), 1.0 μL of  reverse primer(10 pmol/μL), 

1.0 μL of  dNTPs(10 mmol/L), 0.5 μL Taq DNA 
polymerase). PCR was performed for 30 cycles, each 
amplification cycle consisting of  denaturation at 94℃ for 
1 min, primer annealing at 44℃ for 1 min, and extension 
at 72℃ for 45 s. The PCR products were analyzed on  
10 g/L agarose gel containing ethidium bromide.

Western blot 
The screened Hep3B-FHIT cells were lysed with a 
cell-lysing solution. The protein concentration in the 
supernatant after centrifugation was measured by 
Bradford assay. The supernatant was electrophoresed 
on a 12% SDS-polyacrylamide gel. The electrophoresed 
proteins were transferred to nitrocellulose membrane, 
blocked with calf  serum, combined with FHIT antibody 
and horseradish peroxidase secondary antibody, 
developed by enhanced chemiluminescence (ECL) and 
photographed.

Measurements of growth capacity of transfected cells 
by thiazolyl tetrazolium (MTT) assay
Ten thousand cells/well were seeded in 96-well plates  
(200 μL/well), with 6 wells for each cell group and 3 
wells for control. MTT (5 g/L) was used as an incubation 
solution. DMSO was added to the cell culture for 4 h. 
The luminous absorbance was measured by ELISA 
(wavelength of  570 nm). The measurement was repeated 
once a day for 6 days. 

Flow cytometry analysis of cell cycle and apoptosis 
After trypsinization, the cells were washed twice with 
phosphate-buffered saline (PBS), fixed with cold ethanol 
(70%) overnight, suspended in PBS after ethanol was 
purged from PBS, and stained with propidium iodide (50 
μg/mL). The samples were examined by flow cytometry. 

Animal experiments
After forty-eight hours, 2 μg of  pcDNA3.1 (+) and 
pcDNA3.1 (+)/FHIT plasmid was transfected with 
Lipofectamine 2000 into Hep3B cell lines, and clones 
were obtained by screening with G418 for 14 d. 
The clones were cultured. The study was approved 
by the Experimental Animal Committee of  Tongji 
Medical College, Huazhong University of  Science 
and Technology, and all animal experiments adhered 
to the Animal Welfare Committee Guidelines. Male 
athymic BALB/c nu/ nu mice (4-6 wk old) were 
obtained from the Institute of  Materia Medica (Tongji 
Medical Col lege, Wuhan, China) and housed in 
laminar-flow cabinets under specific pathogen-free 
(SPF) conditions. Fifteen male mice were randomized 
in to Hep3B-FHIT/nude, Hep3B-C/nude and 
Hep3B/nude groups, 5 in each group. A suspension 
of  Hep3B-FHIT or Hep3B-C or Hep3B cells (107 
cells in 0.15 mL Hanks’ solution) was injected into 
the back of  mice in each group. After implantation, 
tumor growth was detected weekly by measuring its 
diameter with a Vernier caliper. Tumor volume (TV) 
was calculated using the following formula: TV (mm3) 
= d2 × D/2, where d is the shortest diameter and D 



is the longest diameter. Animals were sacrificed 7 wk 
after implantation, and samples were harvested. The 
body weight of  mice, and tumor growth were measured.

Statistical analysis
The data were expressed as mean ± SD. Student’s two-
sided t-test was used to compare the values of  the test 
and control samples by software SPSS11.5. P < 0.05 was 
considered statistically significant.

RESULTS 
Identification of plasmid 
The sequence of  PBluescript SK FHIT detected in 
Shanghai Biological Engineering Company was identical 
to that of  FHIT mRNA in GenBank (Lot. Number: 
NM-002012). After enzyme-cut, agarose gel electrophoresis 
showed two DNA bands of  plasmid PBluescript FHIT (1.0 
kb and 2.7 kb), two DNA bands of  plasmid pcDNA3.1 
(+)/FHIT (1.0 kb and 5.4 kb) (Figure 1); thus, pcDNA3.1 
(+)/FHIT was successfully constructed.

FHIT-mRNA expression in transfected cells
After transfected with pcDNA3.1 (+)/FHIT, RT-PCR 
showed a 400 bp band of  Hep3B-FHIT cells. However, 
the empty vector-transfected, or native cells did not 
show any band (Figure 2A).

FHIT protein expression in transfected cells
Western blotting demonstrated FHIT protein (17 kDa) 
in the cells transfected with pcDNA3.1 (+)/FHIT, but 
no FHIT protein in empty vector-transfected or native 
cells (Figure 2B).

Growth rates before and after transfection
Thiazolyl tetrazolium (MTT) assay showed that the 
growth rate of  transfected cells was significantly lower 
than that of  native or empty vector-transfected cells, 
especially after the logarithm growth phase (P < 0.05, 
Figure 3A).

Changes in cell cycle and apoptosis rate 
Flow cytometry analysis revealed that the number of  
Hep3B cells decreased in the G2/M and S phases, but 
increased in the G0/G1 phase. The apoptosis rate was 
higher for transfected cells than for empty vector-
transfected or native cells (P < 0.05, Table 1).

Tumor growth
The growth of  transplanted tumor was inhibited 
markedly by FHIT, showing that tumors arising from the 
Hep3B-FHIT cells occur much later than those arising 
from the Hep3B and Hep3B-C cells. Hep3B-FHIT 
cells grew slowly and their volume was small (Table 2,  
Figure 3B).

DISCUSSION
It has been reported that FHIT is the first cancer-
suppressive gene which links fragile sites to tumors. 

Abnormality of  the FHIT gene is an early event during 
tumor development[13-17]. Fracture at the fragile site results 
in mutation and inactivation of  the FHIT gene; thus 
leading to abnormal cell growth[18-22]. Like many other 
tumors, hepatoma is characterized by highly mutated 
FHIT gene or gene loss. Yuan et al[11] found that down-
regulation of  the FHIT gene is detected in 64.3％ cell 
lines (four cell lines showing mRNA down-regulation did 
not express FHIT protein); allelic loss of  intron 5 of  the 
FHIT gene was detected in 29.4％ hepatomas by in situ 
hybridization; structural alterations of  chromosome 3p 
were identified in 61.5％ of hepatocellular carcinomas; 
expression of  FHIT protein was not detectable in 50％ 
primary tumors with immunostaining[11].

FHIT may modulate APnA by hydrolysis of  ApnA 
to yield adenosine 5'-monophosphate (AMP). Due to 
mutation of  FHIT, loss of  ApnA hydrolase activity 
results in elevated Ap3A levels, intracellular accumulation 
of  APnA strengthens the growth signal transduction, 
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Figure 1  Identification of pcDNA3.1 
(+)/FHIT by enzyme-cutting assay. 
M1: Marker l/DNA/Eco RⅠ+Hin d
Ⅲ ;  M2:  Marker  DL2000,  lane 
1: pcDNA3.1 (+)/FHIT, lane 2: 
pcDNA3.1 (+)/FHIT post enzyme 
cutting.
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Figure 2  Expression of FHIT mRNA and protein in Hep3B-FHIT, Hep3B-C 
and Hep3B cells. A: FHIT mRNA; B: FHIT protein. M: 1000 bp marker; Lane 1: 
Hep3B cells; lane 2: Hep3B-C cells; lane 3: Hep3B-FHIT cells. 

3756      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol     June 21, 2008    Volume 14     Number 23

www.wjgnet.com



B

A

and blocks growth inhibition and apoptosis, thus 
contributing to carcinogenesis. Additionally, the 
activity of  FHIT on mRNA cap analogs raises the 
possibility that failure of  a decapping function might be 
tumorigenic[12,23,24].

Gramantieri et al [13] examined the mRNA FHIT 
expression in both cancerous and matched non-
cancerous tissues in 28 cases of  hepatocellular carcinoma 
(HCC) and 10 normal livers, and abnormal FHIT 
transcripts were detected in 13 cases (in cancerous tissue 
from 11 cases and in non-cancerous tissue from 2 cases). 
No abnormal FHIT transcripts were found in normal 
livers. It was recently reported that many other factors 
can also induce liver carcinogenesis in rats[25-29].

Siprashvili et al[30] found that transduction of  wild-
type FHIT or mutative FHIT with no hydrolase activity 
into tumor cells lacking FHIT gene did not show any 
advantage to cell growth, and no difference was found 
in suppression of  tumorigenicity, suggesting that FHIT 
suppresses the tumorigenicity through FHIT protein 
in combination with its substrate rather than through 
hydrolysis of  APnA. Its more precise mechanism needs 
to be further explored.

In this study, the full-length of  the FHIT cDNA 
eukaryotic expression vector was transfected into human 
hepatocellular carcinoma cell line, Hep3B, to manipulate 
FHIT expression, which alters the biological features 
of  Hep3B cell line. The results indicate that successfully 

transfected Hep3B cells could express FHIT mRNA 
and FHIT protein, whereas the empty-vector transfected 
Hep3B or native cells did not express them. Moreover, 
cell proliferation and differentiation were significantly 
decreased at the G2/M and S phases, and cell apoptosis 
increased at the G0/G1 phases of  Hep3B cells transfected 
with FHIT gene as compared with the control group, 
suggesting that FHIT gene plays an important role in 
blocking cell growth at the G1 phase, and in inducing cell 
apoptosis synergized by other apoptosis-inducing factors. 
Furthermore, transfer of  FHIT gene could inhibit the 
growth of  human hepatocellular carcinoma cells, and 
induce cell apoptosis in vivo.

In conclusion, FHIT mRNA, and protein are 
expressed in FHIT-infected Hep3B cells, thus leading 
to low proliferation, and high apoptosis of  HCC cells. 
Transfection of  FHIT gene into human hepatocellular 
carcinoma cells is a promising therapeutic approach to 
HCC.

 COMMENTS
Background
Abnormal fragile histidine triad (FHIT) gene, an important candidate tumor-
suppressing gene, exists in a majority of tumors. In the hepatoma cell line 
Hep3B, the FHIT gene, mRNA, and protein is abnormal. Therefore, we 
constructed a recombinant pcDNA3.1 (+)/FHIT vector containing human 
fragile histidine triad (FHIT) gene, which was used to transfect human 
hepatoma Hep3B cells in vitro and in vivo to explore the effect of FHIT gene on 
proliferation or apoptosis of hepatocellular carcinoma cells.
Research frontiers
Application of gene transfer technologies in treatment of cancer has led to 
the development of new experimental strategies like inhibition of oncogenes, 
restoration of tumor-suppressor genes and enzyme/prodrug therapy (GDEPT). 
These strategies are being evaluated for the treatment of primary and 
metastatic liver cancer.
Innovations and breakthroughs
In this study, we constructed a recombinant pcDNA3.1 (+)/FHIT vector 
containing human FHIT gene, which can be used to transfect human hepatoma 
Hep3B cells (FHIT null) in vitro and in vivo. Transfection of FHIT gene could 
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Figure 3  Growth curves. A: Growth curves of human hepatocellular carcinoma 
cells. Luminous absorbance of Hep3B-FHIT, Hep3B-C and Hep3B cells was 
measured by ELISA (wavelength of 570 nm) after DMSO was added. The 
measurement was done once a day for 6 d; B: Growth curves of tumors after 
implantation of Hep3B, Hep3B-C or Hep3B-FHIT cells in nude mice. The mice 
were injected sc with 1 × 107 (0.15 mL/mouse) Hep3B, Hep3B-C or Hep3B-
FHIT cells. After implantation, tumor growth was detected weekly.

Table 1  Effect of FHIT gene on cell growth and apoptosis in 
human hepatocellular carcinoma (mean ± SD)    

Cell type G0/G1 S G2/M  Apoptosis 
rate (%)

Hep3B 54.36 ± 0.78 17.40 ± 1.32 28.01 ± 1.12 3.78 ± 0.36
Hep3B-C 53.17 ± 0.52 18.23 ± 2.51 28.55 ± 0.55 3.52 ± 0.33
Hep3B-FHITa 72.23 ± 0.84 12.57 ± 0.42 15.12 ± 1.31 9.74 ± 0.43

aP < 0.05 vs Hep3B or Hep3B-C.

Group Mean tumor formation 
time (d)

Mean tumor weight 
(g)

Hep3B/nude   3.22 ± 0.31   3.66 ± 0.40
Hep3B-C/nude   3.08 ± 0.34   3.94 ± 0.39
Hep3B-FHIT/nude 12.17 ± 1.19   0.60 ± 0.04
Total F value  72.38 168.36
Total P value    0.00     0.00

Table 2  Mean tumor formation time and mean tumor weight 
in nude mice implanted with Hep3B, Hep3B-C or Hep3B-
FHIT cells ( n  = 5, mean ± SD)
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inhibit the growth of human hepatocellular carcinoma cells, and induce cell 
apoptosis.
Applications
Transfection of FHIT gene into human hepatocellular carcinoma cells is a 
promising therapeutic approach to HCC.
Peer review
In this paper, the authors evaluated the effect of human FHIT gene on cell 
proliferation and apoptosis in hepatocellular carcinoma in vitro and in vivo. It is 
a very interesting paper, and the study is well designed. It provides a potential 
therapeutic target for hepatocellular carcinoma. 
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