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Abstract: Gemcitabine (Gem)-based chemotherapies are the main therapeutic regimens for patients with unresect-
able advanced or metastatic gallbladder cancer (GBC). However, the modest ORR and mild benefit on survival dem-
onstrates the need for finding biomarkers for sensitivity to Gem and hence improving the therapy. In present work, 
two GBC cell lines with vast difference in sensitivity to Gem were subjected to DNA microarray analysis. Dramatic 
expression difference was found in protein kinase A signaling, P2Y purigenic receptor signaling, ErbB signaling and 
p70S6K signaling. Predicted low expression of KRAS and inactivation of AKT/ERK signaling in Gem-resistant GBC 
cells was validated by quantitative PCR and immunoblotting, respectively. However, p70S6K, p38MAPK and NF-κB 
signaling was probably activated in Gem-resistant GBC cells, which deserves further investigation in more GBC cell 
lines and tissues. Our work provides potential pathway signatures for Gem sensitivity of GBC patients. 

Keywords: Gallbladder cancer, gemcitabine, DNA microarray analysis, KRAS, AKT signaling, ERK signaling, 
p38MAPK, p70S6K, NF-κB

Introduction

Gallbladder carcinoma (GBC), the most com-
mon and aggressive type of biliary tract cancer 
(BTC), is challenging to treat due to both its 
inability to be detected at an early stage and its 
poor sensitivity to conventional therapies [1, 2]. 
Owing to the symptoms are seldom suggestive 
of cancer, the majority of patients already have 
locally advanced or metastatic disease at the 
time of diagnosis [1, 2]. For patients with unre-
sectable advanced or metastatic GBC, gem-
citabine (Gem)-based chemotherapies are the 
main therapeutic regimens. According to the 
phase 3 trial ABC-02, combination of Gem and 
cisplatin can serve as a standard care for 
advanced GBC patients [3]. Meanwhile, various 
phase 2 trials suggest that combination of Gem 
with irinotecan [4], capecitabine [5, 6], carbo-
platin [7], or oxaliplatin [8, 9] also exerts antitu-
mor activity in BTC patients. Collectively, Gem-
based chemotherapies present 20-30% of the 
objective response rate (ORR) and less than 1 
year of the median overall survival. The modest 
ORR of Gem-based chemotherapies demon-
strates the need for finding biomarkers for sen-

sitivity to Gem to screen the patients who can 
benefit from these therapeutic modalities and 
to improve the therapy.

Gem is one of the most widely used agents with 
proven efficacy in non-small-cell lung cancer 
(NSCLC), breast cancer, pancreatic cancer, and 
bladder cancer among others. Its molecular tar-
gets are ribonucleotide reductase M1 (RRM1) 
and elongating DNA [10, 11]. The highly expres-
sion of RRM1 has been associated with the 
resistance to Gem in various types of cancer, 
including GBC [12, 13]. Furthermore, the 
expression of excision cross-complementing 
gene-1 (ERCC1), human equilibrated nucleo-
side transporter 1 (hENT1), and ribonucleotide 
reductase subunit M2 (RRM2) is also linked to 
the sensitivity to Gem in BTC patients [13]. 
Moreover, NF-κB signaling is proposed to be 
induced by Gem treatment, therefore NF-κB 
inhibitors combination with Gem show a syner-
gistic inhibitory effect on proliferation of GBC 
cells [14-16]. In addition, inhibitor of MEK [17], 
IGF1R [18] and HDAC [19] potentiates the anti-
tumor activity of Gem to GBC cells, respectively, 
in primary xenografts of GBC or BTC cell lines, 
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suggesting that activation of some bypass 
pathways confers cancer cell resistance to 
Gem. Although several genes are related to the 
sensitivity of GBC cells to Gem, it is of great 
interest to investigate systematically the poten-
tial biomarkers for Gem sensitivity in the GBC 
cell lines.

In this work, two GBC cell lines with dramati-
cally different sensitivities to Gem were applied 
to DNA microarray analysis. The differentially 
expressed genes were subjected to Ingenuity 
Pathway Analysis (IPA). IPA results were validat-
ed by qPCR or immunoblotting.

Materials and methods

Cell culture 

The human gallbladder carcinoma cell lines, 
GBC-SD and SGC-996, were used in this work. 
GBC-SD cell line was purchased from China 
Center for Type Culture Collection, while SGC-
996 cell line is a generous gift from Dr. Yao-
Qing Yang, Tumor Cell Biology Research 
Institute of Tongji University, China. These two 
cell lines were maintained in RPMI 1640 or 
DMEM medium (Gibco) supplemented with 
10% FBS (Hyclone), penicillin (100 IU/ml) and 
Streptomycin (100 μg/ml) (Life Technologies) in 
a humidified atmosphere containing 5% CO2 at 
37°C. Cells in the exponential growth phase 
were used for all the experiments.

Determination of IC50 dose by MTS assay

GBC-SD and SGC-996 cells (4×103) were grown 
in 100 μl of RPMI 1640 or DMEM medium con-
taining serum per well in a 96-well plate. After 
24 h, the cells were treated with Gem (0, 2, 6.3, 
20, 63, 200, 630, 2000 nmol/L, respectively) 
for 72 h. Every treatment was triplicate in the 
same experiment. Then 20 μl of MTS (CellTiter 
96 AQueous One Solution Reagent; Promega) 
was added to each well for 1 to 4 h at 37°C. 
After incubation, the absorbance was read at a 
wavelength of 490 nm according to the manu-
facturer’s protocol. The IC50 calculation was 
performed with GraphPad Prism 5.0 software. 

Microarray analysis

GBC-SD and SGC-996 cells (8×104) were grown 
in 2 ml of RPMI 1640 or DMEM medium con-
taining serum per well in a 6-well plate. All the 
samples were homogenized with 1 ml Trizol 
(Invitrogen, Life Technologies) and total RNAs 

were extracted according to the manufacturer’s 
instruction. 

500 ng total RNA was used to synthesize dou-
ble-strand cDNA and in vitro transcribed to 
cRNA, purified 10 μg cRNA was used to synthe-
size 2nd-cycle cDNA and then hydrolyzed by 
RNase H and purified. Above steps were per-
formed with Ambion WT Expression Kit. 5.5 μg 
2nd-cycle cDNA was fragmented and the sin-
gle-stranded cDNA was labeled with GeneChip2 
WT Terminal Labeling Kit and Controls Kit 
(Affymetrix, PN 702880). About 700 ng frag-
mented and labeled single-stranded cDNA 
were hybridized to an Affymetrix GeneChip 
Human Gene 1.0 ST array, which was washed 
and stained with GeneChip2 Hybridization, 
Wash and Stain kit (Affymetrix). Functional 
annotation was performed to the differential 
expression genes with Ingenuity Pathway 
Analysis (IPA) online software.

Quantitative real-time PCR (qPCR)

Total RNA above isolated was synthesized to 
cDNA using PrimeScript RT reagent kit with 
gDNA Eraser (Takara, RR074A) for RT-PCR with 
mixture of oligo-dT and Random Primer (9 mer). 
The primers used for qPCR validation were list 
in Supplementary Table 1. Real-time qPCR was 
performed on CFX-96 (Bio-lab), with endoge-
nous control hActb. Gene expression was cal-
culated relative to expression of hActb endoge-
nous control and adjusted relative to expression 
in GBC-SD cells.

Protein isolation and western blotting

Cell pellets were resuspended in 1×SDS load-
ing buffer (1 mmol/L Na3VO4, 10 mmol/L NaF, 1 
mmol/L PMSF) containing protease inhibitors. 
Lysates (20 μg each lane) were applied to SDS-
PAGE. Immunoblotting of Abs specific for 
GAPDH (Abmart, 080922), AKT (Santa Cruz, 
sc-8312), p-AKT (Santa Cruz, SC-7985-R, 
pS473), ERK (Abclonal, A0228) and p-ERK (Cell 
signaling, #9106S, pT202/204) were detected 
using HRP-conjugated anti-mouse (Promega) or 
anti-rabbit (Promega) and visualized by chemi-
luminescence detection system (Millipore, 
WBKLS0500).

Statistical analysis

R2 values were calculated using Pearson’s cor-
relation coefficient. The significant difference 
was calculated using Student’s t-test. 
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Figure 1. Two GBC cell lines display dramatically different sensitivities to 
Gem. GBC-SD and SGC-996 cells were treated with 7 distinct doses of Gem 
or left untreated. 72 h later, cell viability was examined by MTS assay.

Results

GBC-SD and SGC-996 cells are sensitive and 
resistant to Gem, respectively

Two GBC cell lines, GBC-SD and SGC-996, were 
treated with 7 different concentrations of Gem 
as indicated for 72 h. Then the cell viability was 
determined by MTS assay (Figure 1) and IC50s 
of these two cell lines were calculated. IC50 
doses of GBC-SD and SGC-996 cells to Gem at 
72 h were 0.0052 (R2=0.986) and 4.4 
(R2=0.997) μmol/L, respectively. According to 
the data from DTP data search (http://dtp.nci.
nih.gov/dtpstandard/dwindex/index.jsp), the 
average IC50 dose for NCI-60 cell panel to 
Gem is approximately 100 nmol/L. Therefore, 
GBC-SD is hypersensitive to Gem, while SGC-
996 is resistant to Gem.

Differential gene expression profile analysis

To figure out the biomarkers that determine the 
different sensitivities to Gem, the 2 GBC cell 
lines were applied to microarray analysis. The 
raw data of microarray showed that there was 
dramatically difference in basal expression 
between GBC-SD and SGC-996 cells. 894 
genes were up-regulated by 2-fold and 1387 
genes were down-regulated by 2-fold in SGC-
996 compared to GBC-SD (data not shown). 
There was 633 genes whose expression differ-
ence was higher than 4-fold between GBC-SD 
and SGC-996 cells was (274 highly expressed 
and 359 lower expressed in SGC-996 com-
pared to GBC-SD). The most markedly expres-
sion-altered genes were CPS1 (carbamoyl-
phosphate synthase 1, mitochondrial) and 
EDIL3 (EGF-like repeats and discoidin I-like 
domains 3), the expression of CPS1 was 
increased by 149-fold and that of EDIL3 was 

(IPA). IPA results showed that these genes were 
mainly enriched in protein kinase A signaling, 
P2Y purinergic receptor signaling, ErbB signal-
ing, p70S6K signaling (Figure 2). Although the 
PI3K/AKT and RAS/RAF/MEK/ERK signaling 
was predicted to be inactivated in SGC-996, 
the downstream p38MAPK (Figure 3A) and 
p70S6K (Figure 3B) signaling were predicted to 
be activated in Gem-resistant cell line.

qPCR validation

To validate the DNA microarray data, expres-
sion of 16 genes was investigated in SGC-996 
and GBC-SD cells by qPCR assay. The relative 
expression of these 16 genes in SGC-996 was 
log2 transformed and plotted (Figure 4). The 
change folds varied to some extent between 
the microarray data and qPCR data, however, 
expression trends of most of genes were con-
sistent between two data sets except that of 
two genes, RRM2 and CCNE2. Microarray data 
showed that RRM2 and CCNE2 were expressed 
at a low level in SGC-996, while the qPCR data 
demonstrated that there was no significant 
expression difference for these two genes in 
SGC-996 and GBC-SD cells. Expression trends 
of 88% (14/16) genes in microarray data were 
validated by qPCR, suggesting that the microar-
ray data were reliable for further analysis. 
KRAS, SOS2 and HBEGF were validated to be 
decreased, while NGR4, MYC, MET and CASP1 
were validated to be increased in Gem-resistant 
SGC-996 cells.

Western blotting showed that AKT/ERK signal-
ing were inactivated in Gem-resistant cell line

And then the protein samples from GBC-SD and 
SGC-996 cells were collected for immunoblot-
ting. The phosphorylation of AKT and ERK was 
dramatically decreased in Gem- resistant SGC-

decreased by 155-fold in SGC-
996 compared to GBC-SD, 
respectively. Interestingly, the 
expression of SOS2, KRAS, 
PIK3R1 and AKT3 was decre- 
ased by 4.2-, 5.0-, 13.4- and 
26.3-fold, respectively, in Gem- 
resistant SGC-996 compared 
to Gem-sensitive GBC-SD cells.

And then, the differentially 
expressed 633 genes (expres-
sion difference was higher 
than 4-fold) were applied to 
Ingenuity Pathway Analysis 
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996 cells compared to that in Gem-sensitive 
GBC-SD cells (Figure 5), suggesting that AKT/
ERK signaling was inactivated in SGC-996 cells, 
just like the results predicted by IPA. 

Discussion

Gem-based chemotherapies are the main ther-
apeutic regimens for patients with unresect-
able advanced or metastatic GBC. However, 
the modest ORR and mild benefit on survival 
demonstrates the need for finding biomarkers 
for sensitivity to Gem and hence improving the 
therapy. In present work, two GBC cell lines 
with vast difference in sensitivity to Gem were 
subjected to DNA microarray analysis. Dramatic 

difference in basal expression of two GBC cell 
lines was found, expression difference of 633 
genes was higher than 4-fold between Gem-
sensitive and Gem-resistant GBC cell lines. It is 
a challenge to find out biomarkers for sensitivi-
ty to Gem from so many genes. However, it is 
proposed that oncogenic pathway signatures in 
various cancers can serve as biomarkers for 
sensitivity prediction [20-23]. Therefore, the 
differentially expressed genes were applied to 
IPA. 

IPA results showed that AKT and ERK signaling 
was probably to be suppressed in Gem-
resistant GBC cells (Figure 3A and 3B), mainly 

Figure 2. The most significant canonical pathways in which the differentially expressed genes were enriched. 633 
differentially expressed genes (expression difference>4-fold) were applied to Ingenuity Pathway analysis (IPA) soft-
ware, and the most significant canonical pathways were shown.
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based on the lower expression of PIK3R1, 
KRAS and AKT3. The subsequent immunoblot-
ting validated this prediction (Figure 5). AKT/
ERK signaling is well known signaling crucial for 
cell growth and survival, how do SGC-996 cells 
grow and survive in this case? One possibility is 
in that AKT/RAF downstream or branch signal-
ing is activated. As shown in Figure 3A, 
p38MAPK and JNK, as branch downstream sig-
naling of RAF, were predicted to be activated. 
Meanwhile, p70S6K signaling, as one of down-
stream signaling of AKT, was probably upregu-
lated. The activation of these signaling may pro-
mote the proliferation and survival of SGC-996, 
which warrants further validation in more Gem-
resistant GBC cell lines. The other possibility is 
in that expression change of some other genes 
regulating cell growth and survival contribute to 
sustaining the normal growth and survival in 
SGC-996. IPA results showed that 19 upregu-
lated genes (WNT5A, BMP2, CASP1, CD33, 
CDH5, FOS, L1CAM, TIMP3, and et al.) and 2 
downregulated genes (TUSC3, UCHL1) make 
SGC-996 cells tend to proliferate (Supplemen- 
tary Figure 1). For instance, CASP1 is proposed 
to promote tumor growth via production of 
interleukin-1β [24]. In our qPCR data, CASP1 
was increased by 121-fold in SGC-996, com-

Figure 3. The predicted EGFR signaling and p70S6K signaling in Gem-resistant GBC cell line were shown. The 
prediction was based on the expression of associated genes in DNA microarray data. The orange circle and arrow 
represent “induce”, while the blue circle and arrow represent “inhibit”. A: EGFR signaling in Gem-resistant GBC cell 
line. B: p70S6K signaling in Gem-resistant GBC cell line.

Figure 4. qPCR validation for microarray data. The fold change of expression in Gem-resistant GBC cell line (SGC-
996) was calculated relative to Gem-sensitive cell line (GBC-SD), the error bar represents the standard deviation 
(SD). The fold change was log2 transformed, so the gene whose value of log2 (fold change) was higher than zero, 
was highly expressed in Gem-resistant GBC cell line.

Figure 5. Immunoblotting of AKT/ERK for two GBC 
cell lines. Total proteins from GBC-SD and SGC-996 
cells were subjected to SDS-PAGE and blotted onto 
PVDF membrane. And then the protein expression of 
AKT, p-AKT, ERK and p-ERK in the two cell lines was 
examined.
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pared to that in GBC-SD (Figure 4). Meanwhile, 
interleukin-1β was increased by 1.7-fold in 
SGC-996 in our microarray data. Therefore, the 
highly expression of CASP1 may contribute to 
the normal growth of SGC-996 cells. In the 
other hand, regarding KRAS and AKT/ERK sig-
naling are so critical oncogenic gene (path-
ways), the low expression of KRAS and inactiva-
tion of AKT/ERK signaling in SGC-996 might be 
partial reasons that SGC-996 is less aggres-
sive than GBC-SD cells, which is demonstrated 
previously [25]. 

Recent studies suggest that NF-κB signaling 
can be induced by Gem treatment in GBC cells 
and hence confer cancer cells resistance to 
Gem [14-16]. This is an acquired resistance to 
Gem. Is there some possibility that some GBC 
cell lines have de novo resistance due to aber-
rant activation of growth signaling, such as 
NF-κB signaling? Actually, IPA results showed 
that NF-κB signaling was predicted to be acti-
vated in SGC-996 cells by p38MAPK and IKK 
signaling (data not shown), which is another 
point deserving further investigation in more 
GBC cell lines and tissues. Furthermore, the 
predicted activation of p70S6K and p38MAPK 
may also contribute to the resistance of SGC-
996 cells to Gem. On the other hand, the 
expression of RRM2, a biomarker proposed 
previously for Gem sensitivity, was approxi-
mately at the same level in GBC-SD and SGC-
996 cells (Figure 4), which was not in line with 
the Gem sensitivities of these two cell lines. So, 
RRM2 seems unsuitable to be a biomarker of 
Gem sensitivity, at least in partial GBC patients. 
In summary, Gem sensitivity of cancer cells is 
mainly determined by two aspects: the capabil-
ity to repair DNA damage and the status of 
growth signaling. For SGC-996 cells, the aber-
rant activation of growth signaling is possibly 
the major reason for Gem resistance.

Taken together, gene expression profiles of two 
GBC cell lines with dramatically different activi-
ties to Gem showed that p70S6K, p38MAPK 
and NF-κB signaling was probably activated in 
Gem-resistant GBC cell line, although AKT/ERK 
signaling in this cell line was suppressed. Our 
work provides potential pathway signatures for 
Gem sensitivity of GBC patients.
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Supplementary Figure 1. The expression changes of genes regulating cell growth were predicted to sustain the 
normal proliferation of Gem-resistant GBC cell line.

Supplementary Table 1. Primers for qPCR validation
Gene Forward Reverse
Actb CACCATGTACCCTGGCATT GTACTTGCGCTCAGGAGGAG
NRG4 CGAAGTCACATTGGTTCAACATG GAACATTTGCCTCTGGTTGCTT
CASP1 CCAGATGGTAGAGCGCAGATG TTTTAATGTCCTGGGAAGAGGTAGA
CASP9 AGGAAGAGGGACAGATGAATGC CAGGGATCATGGGACACAAGT
CASP3 GCCTACAGCCCATTTCTCCAT GCGCCCTGGCAGCAT
MYC GGCGAACACACAACGTCTTG TGGTCACGCAGGGCAAA
CCND3 GCGTCTGTTCCCCCTTCAC GAGCTTGACTAGCCACCGAAA
MET AGCGTCAACAGAGGGACCT GCAGTGAACCTCCGACTGTATG
ERCC3 GAGGCCGAGCGAGTCATG GCACCCTTCGGAACATCTTG
RRM2 AAGCGATGGCATAGTAAATGAAAAC GCGGGCTTCTGTAATCTGAACT
TP53 CAGCACATGACGGAGGTTGT TCATCCAAATACTCCACACGC
CCNE2 TTTGGCTATGCTGGAGGAAGTAA GCTCTTCGGTGGTGTCATAATG
CCNB3 GCTCCAAACCTGTGCCTAAGAA CTCCCCCGTCTTTTCAGATG
POLE2 GGTTGCGAACTGTAAGGTCTGAGT GTGGCGCTAAACCCTGTTAAGA
SOS2 CCGCAGCCTTACGAGTTCTTC GGATGCACTTGTTCCTGAACC
KRAS ATGCCAGTCACCGCACAA AGGACCGGGATTATGTCTCTTG
HBEGF CTGGCCCTCCACTCCTCAT GGGTCACAGAACCATCCTAGCT
RRM1 TGCTGGAGGAATTGGTGTTG CGGTACAAGGCCATTGGAA


