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Abstract: Hepatic cancer is a class of cancer that is relatively insensitive to chemotherapy, and cancers that harbor 
EGFR active mutations are more sensitive to EGFR-TK inhibitor such as gefitinib, which becomes the first-line treat-
ment of this subtype of cancer. However, almost all patients treated with gefitinib will develop drug resistance. Here 
we show that a protein called integrin beta-8 (ITGB8) when over-expressed, is correlated with the gefitinib resistance 
of hepatic cancer cell line HepG2/G. After ITGB8 silencing, the drug resistance is reversed as the cell prolifera-
tion decreases and apoptosis rate increases significantly by gefitinib treatment when compared to HepG2/G. We 
demonstrated that multi-drug resistant proteins ABCB1, ABCC2 and ABCG2, anti-apoptosis proteins like survivin 
and Bcl-2, and cycle promoting protein CDK1 are involved in drug resistance of HepG2/G. Other drug-resistance 
relative proteins like SOD, GST, TS and HIF-1 are also modulated by ITGB8 silencing, but their role in this gefitinib 
resistance might be indirect. TGF beta pathway could be a critical pathway by which ITGB8 modulates the sensitivity 
of HepG2/G to gefitinib.
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Introduction 

Hepatic cancer is the most common cancer in 
both men and women worldwide. It is respon-
sible for 1.38 million deaths annually, as of 
2008 [1]. Typically hepatic cancer are less sen-
sitive to chemotherapy, so surgery is the best 
treatment for early/non-metastatic cases [2]. 
However, a significant number of patients with 
advanced hepatic cancer should be treated 
with chemotherapies. Chemotherapies like 
platinum drugs and taxol are widely used singly 
and more often in combined regime [3]. 
However, the 5 year overall survival rate for 
these patients are still quite limited [2]. 
Moreover, the side effects with the chemother-
apies decrease the life qualities [3]. In the past 
decade, targeted therapeutics has a consider-
able progress in hepatic cancer. A typical exam-
ple is gefitinib (Trade name IRESSA), which is 
an EGFR (Epithelial Growth Factor Receptor) 
tyrosine kinase inhibitor (TKI) and the first one 

to reach market in class. Gefitinib was first 
approved for hepatic cancer in Japan in 2002 
and then by U.S. FDA under accelerated approv-
al regulation in 2003. In June 2005, the U.S. 
FDA limited the use of gefitinib in new patients 
due to lack of evidence that it extended life [4]. 
Then a detailed investigation into the existed 
data found that Asian women patients who 
have never smoked and with pulmonary adeno-
carcinomas are more likely to better benefit 
from gefitinib [5]. Also, some pilot studies indi-
cated that a special kind of mutations in EGFR 
instead of the expression level of EGFR was a 
predictor of gefitinib response [6, 7]. The above 
mentioned sub-population has a relatively high 
incidence of such EGFR mutations. The IPASS 
study is the first phase 3 trials to confirmed gefi-
tinib superiority in this patient population [8]. 
Nowadays, there are two EGFR-TKI named gefi-
tinib and erlotinib in the market, and both of 
them have been proven to significantly benefit 
special sub-population of hepatic cancer [9]. 
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Meanwhile, almost all patients responsive to 
EGFR-TKIs acquired resistance as treatment 
going on. The resistant mechanisms include 
secondary mutation of the EGFR gene, amplifi-
cation of the MET gene, and overexpression of 
HGF and so on [10, 11]. 

Integrins are transmembrane receptors that 
mediate the attachment of cells. They also play 
roles in signal transduction that involved in the 
regulation of cell cycle and motility [12, 13]. Ju 
et al. showed that integrin beta 1 over-expres-
sion associated with resistance to gefitinib in 
hepatic cancer [14]. Here we showed that 
another integrin subtype beta-8 (ITGB8) is 
associated with gefitinib resistance in hepatic 
cancer cell line HepG2/G. Several multi-drug 
resistant proteins and cell cycle and apoptosis 
related proteins are involved in such modu- 
lation.

Materials and methods

Cell culture and establishment of gefitinib-
resistant HepG2/G cell line

The human hepatic cancer cell line HepG2 was 
purchased from RIKEN Biosource Center 

shRNA lentiviral particles were also purchased 
from Santa Cruz biotechnology.

MTS assay to determine cell proliferation and 
gefitinib sensitivity

0.1 ml of 4 × 104/ml cells were seeded into 
each well of the 96-well microplate, and incu-
bated overnight to get the cells to adherence. 
For cell proliferation determination, every 24 h, 
CellTiter 96 Aqueous One Solution Reagent 
(Promega) was added to the respective wells 
and 4 hrs later the cell viability was determined 
by measuring the absorbance at 490nm using 
a microplate reader. For gefitinib sensitivity 
determination, different concentrations of gefi-
tinib were added to each well and the cells were 
cultured for another 72 hrs. Then cell mass 
viability was determined as before.

Flow cytometry to analyze cell cycle, apoptosis, 
and intracellular accumulation of Rhodami- 
ne-123 and expression of p-glycoprotein

About 1 × 106 the cells were harvested and re-
suspended in 0.1 mL culture medium. For cell 
cycle analysis, PI (BD Biosciences) was used to 
stain DNA. For apoptosis analysis, Annexin 

Table 1. Oligonucleotide sequences used for real-time PCR

Gene Sequences (5’-3’) Hybridization 
T°C Cycles

ABCB1 Forward: AAAAAGATCAACTCGTACCACTC 65 37
Reverse: GCACAAAATACACCAACAA

ABCC2 Forward: CTGGGAACATGATTAGGAAGC 65 42
Reverse: GAGGATTTCCCAGAGCCGAC

ABCG2 Forward: GGGTTCTCTTCTTCCTGACGACC 65 38
Reverse: CCAGACAACCAGTTAGAGTGTTGGT

Survivin Forward: GCATGGGTGCCCCGACGTTG 60 35
Reverse: GCT CCG GCC AGA GGC CTC AA

BCL-2 Forward: ACGGGGTGAACTGGGGGAGGA 60 35
Reverse: TGTTTGGGGCAGGCATGTTGACTT

HIF-1 Forward: TGCTCATCAGTTGCCACTTCC 60 45
Reverse: CGCTGTGTGTTTTGTTCTTTACCC

TGF-β Forward: TGTGTGACGAGCCCAAGGA 65 45
Reverse: TAGTTGGGTCTGGGCCAAAC

CDK1 Forward: CAG TCT TCA GGA TGT GCT TAT GC 65 45
Reverse: GAGGTTTTAAGTCTCTGTGAAGAA CTC

GST Forward: ACGTGGCAGGAGGGCTCACTC 60 40
Reverse: TACTCAGGGGAGGCCAGCAA

β-actin Forward: TGAGCGCGGCTACAGCTT 60 40
Reverse: TCCTTAATGTCACGCACGATTT

(Japan) and maintained at 
37°C in a humidified atmo-
sphere with 5% CO2. The 
culture medium was RPMI-
1640 supplemented with 
10% fetal bovine serum 
(FBS). The gefitinib resis-
tant cell line HepG2/G was 
established by continuing 
exposure of the parental 
cells to gradient increasing 
concentration of gefitinib.

Silencing of ITGB8 by 
shRNA

The lentiviral-mediated ge- 
ne silencing of ITGB8 was 
employed. The ITGB8 sh- 
RNA lentiviral particles (Sa- 
nta Cruz biotechnology) 
were transfected into the 
HepG2/G and the trans-
fected cells could be se- 
lected out by puromycin 
resistance as indicated by 
the instruction. Control 
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V-FITC/PI dual stain (BD Biosciences) was 
employed. Also, cells were stained with 10 μM 
rhodamine-123 (Sigma) for 1 hr and the intra-
cellular concentration was determined by flow 
cytometry (BD, FACSCalibur). The expression of 
p-glycoprotein on the cells surface was deter-
mined by using a direct immunoflurescence 
staining kit purchased from BD Biosciences. 

Real-time PCR analysis

About 2 × 106 of cells were harvested for 
RT-PCR analysis. The total mRNA was extracted 
from the cells by the Dynabeads mRNA Direct 
Kit (Life Science) according to the manual 
instruction. Total mRNA was then reverse tran-
scribed for 1 hr at 42°C in incubation buffer 
containing 250 μM of each deoxynucleotide tri-
phosphate, 5 μM oligo (dT) 20, 25 units of 

RNase inhibitor, and 20 units of avian myelo-
blastosis virus reverse transcriptase (Roche 
Diagnostics). The transcription level of ABCB1, 
ABCC2, ABCG2, survivin, Bcl-2 and so on were 
detected by semi-quantitative real-time PCR 
using the icycler iQ detection system (Bio-Rad). 
The PCR condition was as following: decontami-
nation at 50°C for 2 min, denaturation at 95°C 
for 2 min, followed by n cycles at 95°C for 20 
sec. and at hybridization T°C for 40 sec. The full 
details were shown in Table 1.

Western blotting

Cells were eliminated by trypsinization and the 
whole proteins were obtained by RAPI lysis buf-
fer (Millipore) extraction and centrifugation at 
12,000 g for 10 min. Total protein concentra-
tions of the supernatants were measured by 

Figure 1. ITGB8 up-regulates in HepG2/G cells and participates in gefitinib resistance. A: Gefitinib IC50 of HepG2 
and HepG2/G cells was determined. The data are shown as the means ± SD (n = 3). B: HepG2/G cells were infected 
with two different ITGB8 shRNAs (shRNA-1 or shRNA-2). Then ITGB8 expression was determined by western blot 
assay. C: Growth curve of HepG2 cells (Parent), HepG2/G cells (Control) and HepG2/G cells infected with shRNA-1 
(shRNA-1) or shRNA-2 (shRNA-2) was determined by MTS assay. D: Cells treated with gefitinib for 72 hours, then 
cell viability was examined by MTS assay. The data are shown as the means ± SD (n = 3). *P < 0.05, **P < 0.01.
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the BCA kit (Sigma Aldrich). Proteins (20 μg) 
were separated on 12% SDS-PAGE and trans-
ferred onto PVDF membranes. Membranes 
were blocked for 2 hrs at room temperature in 
TNT buffer (10 mM Tris-HCl and 150 mM NaCl 
pH 7.4, 0.1% Tween-20) with 5% non-fat dried 
milk, followed by incubation overnight at 4°C 
with rabbit anti-ABCB1, ABCC2, ABCG2, Bcl-2, 
Survivin and so on (Santa Cruz). Phosphorylation 
of Smad 2/3 and Akt were also determined by 
WB. All primary antibodies were diluted accord-
ing to the instruction manual. Membranes were 
washed and incubated for 1 hr with peroxidase-
labelled anti-rabbit IgG (Santa Cruz, diluted at 
1:2000). Finally, membranes were washed 
three times in TNT and exposed to the 
ImmobilonTM Western chemiluminescent HRP 
substrate (Millipore) for 1 min, and then 

exposed autoradiography film for 2~3 min in 
the dark. 

Statistical analyses

Data were expressed as means ± SD., statisti-
cal analysis was carried out using Student’s 
t-test (two tailed) and P < 0.05 indicates statis-
tical significance.

Results

The gefitinib resistant HepG2/G cells over-
expressed ITGB8 and shRNA downregulated 
expression of ITGB8

The parental HepG2 cell line was a gefitinib 
sensitive cell. However, after continuing expo-
sure to gefitinib, drug resistance was devel-

Figure 2. ITGB8 silencing increases accumulation Rhodamine-123 accumulation, cell cycle arrest and apoptosis 
rate. A and B: Rhodamin-123 accumulation assay was performed on HepG2 cells (Parent), HepG2/G cells (Control) 
and HepG2/G cells infected with shRNA-1 (shRNA-1) or shRNA-2 (shRNA-2). The data are shown as the means 
± SD (n = 3). C and D: HepG2 cells (Parent), HepG2/G cells (Control) and HepG2/G cells infected with shRNA-1 
(shRNA-1) or shRNA-2 (shRNA-2) was treated with gefitinib for 24 hours, then Cell cycle phase was analyzed by flow 
cytometry. The data are shown as the means ± SD (n = 3). E and F: HepG2 cells (Parent), HepG2/G cells (Control) 
and HepG2/G cells infected with shRNA-1 (shRNA-1) or shRNA-2 (shRNA-2) was treated with gefitinib for 24 hours, 
then apoptosis rate was determined. The data are shown as the means ± SD. *P < 0.05, **P < 0.01.
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oped. ITGB8 over-expression was found in 
HepG2/G (gefitinib resistance) cells. The resis-
tance to gefitinib was indicated as the IC50 of 
this cell line was 17 folds of that of parental 
cells (Figure 1A). 

After transfecting HepG2/G cells with ITGB8 
shRNA lentiviral particles, several clones were 
selected out by puromyicin. Downregulation of 
ITGB8 was confirmed by western blotting and a 
high (about 70~80%) and a low (about 30~40%) 
silencing clones were selected for further stud-
ies. Control lentiviral particles had no effect on 
ITGB8 expression (Figure 1B).

ITGB8 silencing decreased cell proliferation 
and increased gefitinib sensitivity

As shown in Figure 1C, the cell proliferation 
rate was decreased after 24 hours of culture 
when compare to the parental cells. Hence, in 
the following studies, we performed the assay 
within 24 hours after cell seeding. Moreover, 
gefitinib sensitivity was restored by ITGB8 
silencing as shown in Figure 1D, This reverse 
effect was correlated with ITGB8 silencing 
level.

Restore of drug sensitivity was accompanied 
with an intracellular accumulation of Rho-
damine-123, cell cycle arrest and increased 
apoptosis rate

Rhodamine-123 is a fluorescent pigment which 
is transported by some membrane transporter 
protein that involved in multi-drug resistance. 
The flow cytometry results showed that the 
ITGB8 silencing cells have a greater intracellu-
lar fluorescent activity, which mean more 
Rh-123 was retained in the cell. Meanwhile, 
FCM showed that cell cycle was halted by G0/
G1 phase and apoptosis rate increased signifi-
cantly after ITGB8 silencing, as shown in Figure 
2.

The accumulation of Rh-123 was accompa-
nied with downregulation of ABCB1, ABCC2 
and ABCG2

Since intracellular Rh-123 increased after 
ITGB8 silencing, we were interested in whether 
transporters from ABC family, such as ABCB1, 

Figure 3. ITGB8 silencing induces downregulation of ABCB1, ABCC2 and ABCG2. A and B: qPCR and Western blot 
analysis of RASAL2 levels in HepG2 cells (Parent), HepG2/G cells (Control) and HepG2/G cells infected with shR-
NA-1 (shRNA-1) or shRNA-2 (shRNA-2). The data are shown as the means ± SD. *P < 0.05, **P < 0.01.

Figure 4. ITGB8 silencing down-regulates SOD, GST, 
TS (Thymidylate synthase), HIF-1 and TGF-beta. 
Western blot analysis of indicated protein expression 
in HepG2 cells (Parent), HepG2/G cells (Control) and 
HepG2/G cells infected with shRNA-1 (shRNA-1) or 
shRNA-2 (shRNA-2). 
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ABCC2 and ABCG2 were involved in the drug 
resistance. Western blotting analysis shown 
that HepG2/G cells expressed a high level of 
ABCB1, ABCC2 and ABCG2; then RT-PCR and 
western blotting results showed that, when 
compared to the high expression level observed 
in the parental cells, the expression of these 
proteins decreased in the ITGB8 silencing cells 
(Figure 3).

SOD, GST, TS (Thymidylate synthase), HIF-1 
and TGF-beta

Another subset of proteins like SOD, GST and 
TS, which could detoxify anti-cancer drugs, 

were showed to involve in ITGB8 mediated gefi-
tinib resistance in HepG2/G. HIF-1 and TGF-
beta was also found to increased in HepG2/G 
and decrease after ITGB8 silencing (Figure 4). 
We had a further investigation into TGF-beta 
pathway which would be described below.

ITGB8 modulated the expression of Survivin, 
Bcl-2, and CDK1

Survivin and Bcl-2 have been implicated in anti-
apoptosis, and is also thought to be involved in 
resistance to conventional cancer treatment. 
The expression of survivin and Bcl-2 were 
upregulated in HepG2/G cells, when compare 
to the parental cells and ITGB8 silencing down-
regulated the survivin and Bcl-2. The RT-PCR 
results were consistent to those from western 
blotting, meanwhile, CDK1, a protein which pro-
motes the cell proliferation, was downregulated 
by ITGB8 silencing as well (Figure 5).

TGF-beta signaling pathway was involved in 
ITGB8 mediated gefitinib resistance

Since integrin and TGF pathway have some 
close interaction, we investigated whether TGF 
pathway was involved in this ITGB8 mediated 
gefitinib resistance. Above mentioned data 
showed that TGF-beta expression level changed 
according to the drug sensitivity. Further inves-
tigations showed that signaling downstream of 
integrin and ITGB8, such as phosphorylation of 
Smad 2/3 and Akt, was inhibited by ITGB8 
silencing (Figure 6).

Figure 5. ITGB8 modulated the expression of Survivin, Bcl-2, and CDK1. A and B: qPCR and Western blot analysis 
of Survivin, Bcl-2, and CDK1 levels in HepG2 cells (Parent), HepG2/G cells (Control) and HepG2/G cells infected 
with shRNA-1 (shRNA-1) or shRNA-2 (shRNA-2). The data are shown as the means ± SD. *P < 0.05, **P < 0.01.

Figure 6. TGF-beta signaling pathway was involved 
in ITGB8 mediated gefitinib resistance. Western blot 
analysis of Smad 2/3 and Akt levels in HepG2 cells 
(Parent), HepG2/G cells (Control) and HepG2/G cells 
infected with shRNA-1 (shRNA-1) or shRNA-2 (shR-
NA-2). 
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Discussion

Currently, gefitinib is highly recommended as a 
first-line therapeutic for patient who harbored 
EGFR active mutations. Several large clinical 
trials have demonstrated that in this sup-popu-
lation of patients, gefitinib could significantly 
improve the progress free survival (PFS) when 
compare to standard chemotherapy. However, 
almost all patients will develop resistance to 
gefitinib [4]. Several mechanisms including the 
common secondary mutation T790M have 
been found and respective strategies are under 
developed. Recently integrins are also found to 
involve in gefetinib and erlotinib (another EGFR-
TKI) resistance [14, 15]. Here we showed that 
another integrin called beta 8 could contribute 
to this resistance.

Previous study has confirmed that HepG2 is a 
gefitinib sensitive cell with active EGFR muta-
tion [16]. We generated gefitinib resistant 
HepG2 and several clones were obtained. 
Interestingly, we found that one clone named 
HepG2/G overexpressed ITGB8 without T790M 
mutation. To confirm the role of ITGB8 in gefi-
tinib resistance, we silenced ITGB8 by shRNA 
and found that drug sensitivity could be 
restored. Further studies showed that after 
ITGB8 silencing, intracellular concentration of 
Rh-123 increased, cell cycle was halted by G0/
G1 phase, and apoptosis rate increased as 
well. So the mechanism behind ITGB8 mediat-
ed resistance reverse was explored following 
these clues.

The increase of intracellular concentration of 
Rh-123 means that drug efflux by the cancer 
cells is inhibited. P-gp, ABCB1, ABCG2 and 
ABCC2 are several most common membrane 
transporters that efflux drugs out of cells and 
frequently found to be overexpressed in the 
drug resistance environment. It has been 
reported that the polymorphisms of ABCB1, 
ABCC2 and ABCG2 is associated with irinote-
can-pharmacokinetics and clinical outcome in 
patients with advanced hepatic cancer [17]. 
There some evidences indicate that gefitinib is 
a possible substrate to ABCB1 and ABCG2, as 
Agarwal et al [18] showed that distribution of 
gefitinib to brain is limited by these two proteins 
and Elkine et al [19] showed that ABCG2 atten-
uated gefitinib induced tumor cell death. We 
demonstrated that ITGB8 silencing could down-
regulate the expression of these transporter 

proteins. Hence this effect could improve intra-
cellular concentration of gefitinib.

Another mechanisms involved in chemotherapy 
resistance is that hepatic cancer cells have 
elevated detoxification activity. SOD, GST and 
TS are such kind of proteins. SOD and GST are 
two antioxidant enzymes that are effectively 
protected cells, including cancer cells against 
exogenous free radicals. This effect could pro-
tect cancer cells from radiation and chemother-
apy. TS plays a central role in DNA biosynthesis 
and is the target of many chemotherapeutic 
agents. Cancer cells resistant to cisplatin or 
doxorubicin show increased levels of this 
enzyme [20]. Although our studies showed that 
these proteins were modulated by ITGB8, their 
roles in gefitinib resistance are unclear since 
little evidence has been found to indicate that 
free radicals involve in gefitinib inhibition of 
cancer. HIF-1 is a transcriptional factor that 
responds to changes in available oxygen in the 
cellular environment [21]. For a long time it has 
been considered that HIF-1 is a possible anti-
cancer targets [22, 23]. It has also been 
showed that gefitinib could decrease VEGF 
expression of hepatic cancer cells by both HIF-
1-independent and HIF-1-dependent manner 
[24]. In our study, HIF-1 was upregulated in 
HepG2/G and downregulated by ITGB8 silenc-
ing. However, according to its biological func-
tions, HIF-1 might not play a direct role in this in 
vitro gefitinib resistance.

CDK1 is a highly conserved protein that func-
tions as a serine/threonine kinase and is a key 
player in cell cycle regulation. CDK1 functions 
abnormally in many cancers and promotes the 
cancer cells through the cell cycle [25]. Since 
ITGB8 silencing inhibits cell cycle of HepG2/G, 
we determine the expression level of CDK1 and 
found that it was downregulated after ITGB8 
silencing. It’s not very clear how ITGB8 modified 
CDK1. One possible mechanism is through 
TGF-beta pathway as described below. 

Survivin is an anti-apoptosis protein which sole-
ly expressed in tumor and embryonic tissue. By 
inhibiting cancer cell apoptosis and promoting 
proliferation and angiogenesis, it is a potential 
anti-cancer target [26, 27]. Bcl-2 is another 
anti-apoptosis protein and in many caners its 
overexpression is correlated with drug resis-
tance [28]. We demonstrated that survivin and 
Bcl-2 were involved in gefitinib resistance in 
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HepG2/G as they were both downregulated by 
ITGB8 silencing.

Most interesting finding in our study is that TGF-
beta decreases after ITGB8 silencing. Since it 
has been found that integrins usually interact 
with TGF-beta pathway [13, 29], we speculated 
that TGF beta signaling pathway was involved in 
ITGB8 mediated HepG2/G gefitinib resistance. 
Indeed, integrins and TGF-beta receptor could 
coordinate to form a complicated intracellular 
signaling network which involves in many cellu-
lar processes including cell growth, cell differ-
entiation, and apoptosis and so on. Here we 
showed that the phosphorylation of smad 2/3, 
two responsive factors of TGF-beta receptors, 
and Akt was inhibited by ITGB8 silencing, which 
proved our speculation.

In summary, we found that ITGB8 overexpres-
sion could be an inducer of gefitinib resistance 
of hepatic cancer. ITGB8 overexpression could 
lead to drug efflux and promote cell cycle and 
anti-apoptosis. ITGB8 might interact with TGF-
beta pathway to achieve its anti-gefitinib 
effects.
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