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Abstract
AIM: To investigate whether silencing Fas-associated 
phosphatase 1 (FAP-1) expression enhances the efficiency 
of chemotherapy for colon carcinoma with oxaliplatin.

METHODS: Expression of FAP-1 in mRNA and protein 
was detected by reverse transcription polymerase 
chain reaction (RT-PCR) and flow cytometry. Small 
interfering RNA (siRNA) was designed according to the 
FAP-1 mRNA sequence. Cell proliferation was evaluated 
by methyl thiazolyl tetrazolium (MTT) assay. Anenxin 
V- and propidine iodine (PI) were assayed by flow 
cytometry for the detection of apoptosis. 

RESULTS: The expression of FAP-1 was increased 
in SW480 cells after chemotherapy with oxaliplatin. 
Transfection of FAP-1 siRNA into SW480 cells silenced 
the expression of FAP-1 and consequently abolished 
the inhibitory function of Fas/FasL-mediated apoptosis 
pathway, thus increasing the efficacy of chemotherapy 
for colon carcinoma with oxaliplatin. 

CONCLUSION: RNA interference combined with 
conventional chemotherapy is more effective against 
colon cancer.
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INTRODUCTION
The incidence of  colon carcinoma is increasing world­
wide[1]. Although great achievements have been made in 
surgery, chemotherapy and even some novel molecule-
targeted drugs, such as bevacizumab (Avastin) used 
in treatment of  colon carcinoma, their efficacy is still 
limited[2]. Since tumorigenesis is a multiple step event 
involving multiple genes, a single treatment modality just 
targets a part of  the pathogenesis of  colon carcinoma. 
The mechanism underlying the limited efficacy of  the 
above treatment modalities still needs to be further 
explored in order to prolong the survival time of  such 
patients. 

Fas/FasL system is the essential pathway of  cytotoxic 
T lymphocytes (CTLs) and natural killer (NK) cells 
to induce cell apoptosis[3]. Fas, an apoptotic message 
receptor, is belonged to the tumor necrosis factor family 
and expressed in many normal tissues and malignancies. 
Its expression pattern is mainly located in activated T 
lymphocytes and NK cells. By binding to Fas antibody 
or FasL, Fas-induced apoptotic pathway can be activated, 
initiating tumor cell apoptosis[4-6]. However, it has been 
reported that Fas receptors are highly expressed in 
colon carcinoma cells at both mRNA and protein levels, 
and FasL levels are high in blood and tissues of  colon 
carcinoma patients[7,8], suggesting that colon carcinoma 
cells can escape from the immune clearance, resist to the 
cytotoxic activity of  host immunocytes, and are, thus, 
insensitive to FasR- mediated apoptosis. Although the 
mechanism underlying the failure of  immune system 
to protect humans against colon malignancies remains 
unclear, it has been recently shown that Fas-associated 
phosphatase 1 (FAP-1) may play an important role in 
the pathogenesis of  colon malignancies[9]. FAP-1, a 
tyrosine phosphatase, inhibits FasR-mediated apoptosis. 
By interacting with the cytoplasmic death domain of  
Fas receptors, FAP-1 acts as a negative switch in the Fas 
pathway[10]. Transfection of  FAP-1 into Fas-sensitive cells 
can block FasL-induced apoptosis[11]. Fas and FAP-1 are 
expressed in colon cancer tissue and the expression of  
FAP-1 is associated with resistance against Fas-mediated 
apoptosis and interrupting the correspondence between 
FAP-1 and Fas can reverse the anti-Fas inducing apoptosis 
function of  FAP-1[12]. Down-regulating the expression 
of  FAP-1 by interleukin 2 can promote the sensitivity 
of  colon cancer cells to Fas-induced apoptosis[13] and 
interrupting FAP-1 also increases chemosensitivity to 
certain kinds of  cancer[14], suggesting that FAP-1 can be 
used as a target for treatment of  malignancies. These 
findings lead to a question of  whether interrupting FAP-1 
sensitizes chemotherapy for colon carcinoma.

It has been recently shown that RNA interference 
(RNAi) plays an important role in the treatment of  
malignancies, virus infection, and other diseases[15-19]. 
Small interfering RNA (siRNA) is small in size, and can 
easily infiltrate cell membranes and other structures. 
Its efficiency and specificity are higher than those of  
anti-sense oligonucleotide[20-23]. RNAi may be used as 

a novel gene therapeutic procedure combining with 
chemotherapy for colon carcinoma.

In this study, the expression of  FAP-1 was up-
regulated after treatment with oxaliplatin. Silencing FAP-1 
by siRNA effectively reversed the apoptotic resistance 
and increased the efficacy of  chemotherapy for colon 
carcinoma with oxaliplatin. 

MATERIALS AND METHODS
Colon cancer cell line and culture
Human colon adenocarcinoma cell line SW480, obtained 
from Chinese Type Culture Collection Committee Cell 
Bank (Shanghai, China), was maintained in RPMI-1640 
medium (GIBCO, Grand Island, NY, USA), supplemented 
with 10% heat-inactivated fetal calf  serum (FCS) at 37℃ 
in a humidified atmosphere containing 5% CO2.

FAP-1 siRNA design
Three different sequences of  FAP-1 specific siRNA, 
including positive control glyceraldehyde phosphate 
dehydrogenase (GAPDH) siRNA and negative control 
siRNA, were designed and synthesized by Genepharma 
(Shanghai, China). The sequence of  each siRNA is 
shown in Table 1.

siRNA transfection
siRNA was transfected with a siPORT™ NeoFX™ 
transfection agent (AMBION) following its manufacturer’s  
instructions.

Detection of FAP-1 by reverse transcription polymerase 
chain reaction (RT-PCR)
RNA was harvested from colon cancer cells by extract­
ing Trizol (Invitrogen) following its manufacture’s in­
structions. cDNA was synthesized from 2 μg of  total 
RNA in a 20 μL reaction system containing 0.5 μL of  
PrimeScript™ RTase, 4 μL of  5 × PrimeScript™ buffer, 
0.5 μL of  RNase inhibitor, 1 μL of  Oligo dT, 2 μL of  
dNTP, 11 μL of  RNase free H2O. The mixture was incu­
bated for 60 min at 42℃ and then for an additional 30 min  
at 53℃. The unhybridized RNA was digested with 10 
units of  RNase H at 37℃ for 10 min.

PCR was performed on cDNA using the sense and 
anti-sense primers to amplify FAP-1 and a house keep­
ing gene, GAPDH. All primers were designed accord­
ing to the published sequences: FAP-1: (sense) 5'-AG­
GTCTGCAGAGAAGCAAGAATAC-3' and (anti-sense) 
5'-GAATACGAGTGTCAGACATGG-3'; GAPDH: 
(sense) 5'-AACGGATTTGGTCGTATTG-3' and (anti-
sense) 5'-GGAAGATGGTGATGGGATT-3'.

The PCR conditions were as follows: denaturation at 
95℃ for 5 min, followed by 30 cycles at 94℃ for 30 s, at 
50℃ for 45 s, at 72℃ for 1 min, and a final extension at 
72℃ for 7 min for FAP-1, and denaturation at 95℃ for  
5 min, followed by 30 cycles at 94℃ for 30 s, at 58℃ for 
45 s, at 72℃ for 1 min, and a final extension at 72℃ for 
7 min for GAPDH. Primers were used at a final con­
centration of  0.1 μmol/L each, dNTPs at 50 μmol/L, 
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MgCl2 at 1.5 mmol/L, Taq DNA polymerase at 1.0 μg  
per 50 μL reaction mixture. The 607 bp and 208 bp 
PCR products were the predicted FAP-1 and GAPDH, 
respectively, separated by electrophoresis on 2% agarose 
gel and stained with colloidal gold. The target bands 
were analyzed by densitometry. FAP-1 cDNA was semi-
quantitated by densitometric comparison with GAPDH 
from the same sample.

Immunofluorescence analysis for FAP-1
Approximately 106 cells were incubated with 10 g/mL 
rabbit anti-human FAP-1 polyclone antibody (Santa Cruz) 
for 30 min at 4℃ and washed with PBS containing 2% 
FCS. PE-conjugated secondary goat anti-rabbit antibody 
(Boster, Wuhan, China) was added to the cells for 30 min 
at 4℃. The cells were washed again with PBS containing 
2% FCS and then the intensity of  fluorescence was 
analyzed. Isotype-matched control antibody was used 
to determine the nonspecific binding. A total of  10 000 
cells were examined for each determination. Data were 
expressed as relative fluorescence intensity (RFI = mean 
fluorescence intensity of  cells stained with anti-FAP-1 
pAb/mean fluorescence intensity of  cells stained with 
control pAb).

Cell proliferation assay
Cell proliferation was evaluated by methyl thiazolyl tet­
razolium (MTT) assay. SW480 cells were seeded into a 
96-well plate at the concentration of  3000 cells per well. 
Oxaliplatin (Henrui Co, LTD, Jiangsu Province, China) 
was administrated at a concentration of  5 μg/mL 24 h 
after the cells were plated. The proliferation status of  
SW480 cells was observed at 24, 48, 72, and 96 h, re­
spectively, after treatment with oxaliplatin. Each group 
was quadruplicates and its mean OD value was used to 
represent the proliferation status of  the group. MTT 
(Merck) was dissolved in RPMI 1640 and prepared at 
1 mg/L for use. The medium was removed, the cells 
were washed three times with PBS, and 100 μL MTT 
solution was added into each well and incubated in dark 
at 37℃. Then, the MTT solution was removed and  
100 μL DMSO (Sigma) was added into each well to dis­
solve the remaining formazan by gently shaking the plate 

for 15 min. Finally, a 495 absorption value of  each well 
was obtained with a spectrophotometer (Labsystems  
Dragon).

Detection of apoptosis by flow cytometry
Anenxin V-FITC kit (Bender Medsystems) and propi­
dine iodine (PI) were used to calculate the cells undergo­
ing apoptosis with a flow cytometer (Facscalibur, Becton 
Dickinson). Anenxin V (+) PI (-) represents apoptotic 
cells, whereas Anenxin V (+) PI (+) represents dead 
cells. The procedure was carried out according to the 
manufacturer’s instructions for the Anenxin V-FITC kit.

Statistical analysis
All experiments were performed in triplicate. The results 
were expressed as mean ± SE. Statistical analysis was 
performed by one-way analysis of  variance (ANOVA) 
and comparisons among groups were performed by 
Bonferroni’s multiple-comparison t-test. P < 0.05 was 
considered statistically significant.

RESULTS
Oxaliplatin promoted FAP-1 expression in SW480 cells
To investigate whether FAP-1 is resistant to chemo­
therapy for colon carcinoma with oxaliplatin, RT-PCR 
and flow cytometry were carried out to detect the FAP-1 
expression in SW480 colon carcinoma cells at 0, 24, 48 
and 72 h after chemotherapy for colon carcinoma with 
oxaliplatin. The FAP-1 expression was increased at both 
mRNA (Figure 1A) and protein levels (P < 0.01), and 
reached its peak at 48 h (Figure 1B). 

siRNA silenced FAP-1 expression
siRNA was transfected into SW480 cells with a transfec­
tion agent, siPORT(AMBION). Three sequences of  
FAP-1 siRNA (1709, 6267 and 3264) were designed. 
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Figure 1  Expression of Fas-associated phosphatase 1 (FAP-1) mRNA (A) 
and protein (B) after oxaliplation administration. Oxaliplatin promotes FAP-1 
expression of SW480 cells at 0, 24, 48 and 72 h after chemotherapy. bP < 0.01 
vs 0 h group.

Table 1  siRNA sequence

siRNA From 5' to 3'

FAP-1 siRNA 1709 Sense: CGAAGGAAAGUAAACAUAATT
Anti-sense: UUAUGUUUACUUUCCUUCGGT

FAP-1 siRNA 6267 Sense: CAGGUACAUUAAAGAUGAATT
Anti-sense: UUCAUCUUUAAUGUACCUGGA

FAP-1 siRNA 3264 Sense: GGGAGAUCACCUUAGUGAATT
Anti-sense: UUCACUAAGGUGAUCUCCCTT

GAPDH positive 
control 

Sense: GUAUGACAACAGCCUCAAGTT
Anti-sense: CUUGAGGCUGUUGUCAUACTT

Negative control Sense: UUCUCCGAACGUGUCACGUTT
Anti-sense: ACGUGACACGUUCGGAGAATT

siRNA: Small interfering RNA; FAP-1: Fas-associated phosphatase 1; 
GAPDH: Glyceraldehyde phosphate dehydrogenase.
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Forty-eight hours after transfection of  siRNAs into 
SW480 cells, the FAP-1 expression at mRNA and pro­
tein levels was detected by RT-PCR and flow cytometry. 
The FAP-1 protein was expressed in siRNA 1709 group  
(Figure 2A and C) and at the concentration of  60 nmol/L  
(Figure 2B and D), respectively (P < 0.01). 

FAP-1 siRNA combined with oxaliplatin inhibited 
proliferation of SW480 cells 
To investigate whether FAP-1 siRNA enhances the 
sensitivity of  SW480 cells to oxaliplatin, cell proliferation 
was assayed in 6 groups including negative control group, 
negative siRNA group, siRNA 1709 group, oxaliplatin 
group, oxaliplatin+negative siRNA group, and oxaliplatin 
+ siRNA 1709 group. Transfection was performed when 

the cells were seeded. After 24 h, the culture medium 
was removed and washed three times with PBS and 
oxaliplatin dissolved in the culture medium (5 μg/mL) 
was added. The culture medium was replaced daily to 
keep the consistent concentration of  oxaliplatin. Cell 
growth was observed daily for five days. Transfection 
of  negative siRNA and siRNA into SW480 cells did 
not inhibit cell proliferation. Transfection of  oxaliplatin 
combined with transfection of  negative siRNA reduced 
cell proliferation. The greatest proliferation inhibition 
was found after treatment with oxaliplatin combined with 
transfection of  siRNA 1709 (Figure 3). 

FAP-1 siRNA combined with oxaliplatin increased 
apoptosis of SW480 cells
To investigate whether transfection of  FAP-1 siRNA 
into SW480 cells combined with oxaliplatin increases 
apoptosis of  colon carcinoma cells, the apoptotic rate of  
colon carcinoma cells was detected by flow cytometery 
and Anenxin V and PI immunofluorescence. Transfection 
was performed when the cells were seeded. After 24 h,  
the culture medium was removed and washed three times 
with PBS and oxaliplatin dissolved in culture medium at 
the concentration 5 μg/mL was added and the cells were 
harvested. The apoptotic rate of  the negative control was 
9.56% ± 2.38%, and similar in both siRNA transfection 
groups (P = 0.416). The apoptotic rate of  oxaliplatin com­
bined with siRNA 1709 transfection group was 26.7% ± 
3.67%, which was higher than that of  the oxaliplatin treat­
ment group (P < 0.01, Figure 4), suggesting that oxalipla­
tin promotes FAP-1 expression in SW480 cells. 
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Figure 2  Small interfering RNA (siRNA) silencing FAP-1 expression in siRNA 1709 group (A and C) and at the concentration of 60 nmol/L (B and D). bP < 0.01 
vs 0 h group.
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DISCUSSION
Colon cancer represents a major public health problem, 
resulting in more than 1 million new cases diagnosed 
each year and approximately a half  million deaths 
worldwide. Colectomy is the only procedure that may 
cure colon carcinoma, but the 5-year survival rate mainly 
depends on the stage of  tumor at the time of  diagnosis. 
The majority of  patients with colon carcinoma are at an 
advanced stage beyond surgical treatment when they visit 
a doctor[1]. For patients who cannot be cured by surgery, 
chemotherapy is another important and complementary 
treatment[24]. Among the chemotherapeutic drugs, 
oxaliplatin is commonly used in treatment of  colon 
carcinoma. However, its efficacy, especially in patients at 
advanced stage, is still limited[2].

The main mechanism of  action of  oxaliplatin is 
mediated through the formation of  DNA adducts[25-27]. 
When the platinum compound enters the cells, one 
chloride ligand is dissociated to form a reactive monoa­
quamonochloro complex, which reacts rapidly with 
the guanines on DNA to form monoadducts. The 
subsequent dissociation of  the second chloro ligand 
allows conversion of  the transiently formed monoadducts 
to a variety of  stable diadducts[28,29]. The majority are 
intrastrand diadducts binding to a guanine residue[30,31]. 
Since intrastrand adducts are the most abundant adducts 
and capable of  blocking both DNA replication and 
transcription, they are considered the major cytotoxic 
lesions. As a final result, oxaliplatin induces primary and 
secondary DNA lesions leading to apoptosis of  human 
cancer cells[32].

It has been shown that DNA lesion repair mechanism, 
over-expression of  copper transporters, and enhanced 
drug detoxification result in an increased chemo-
resistance to oxaliplatin[33,34]. However, the mechanism 
may be more complicated. Some researchers hold that the 
major process leading to chemotherapy resistance is the 
ability of  cancer cells to evade cell death signals[35]. In our 
study, the expression of  FAP-1, a negative switch in Fas- 
mediated apoptosis, was elevated in SW480 colon cancer 

cells after treatment with oxaliplatin. We quantified the 
transcription level only by densitometry rather than by 
RT-qPCR. The role of  MMP7 (matrix metallopeptidase 7) 
and its cross-talk with the FAS/FASL system during the 
acquisition of  chemo-resistance to oxaliplatin have been 
reported[36]. Raymond D[37] also showed that oxaliplatin 
can activate the Notch-1 signaling pathway in colon cancer 
cells and enhance its chemo-resistance to SW480 colon 
cancer cells, indicating that the functional disorder of  the 
Fas apoptosis pathway mediated by FAP-1 elevation may 
protect SW480 cells against apoptosis and is involved in 
chemo-resistance effect.

In our study, since FAP-1 was elevated after treatment 
with oxaliplatin and might account for chemo-resistance, 
the FAP-1 expression was inhibited by RNA interference 
to make clear whether it sensitizes chemotherapy. The 
apoptotic rate of  oxaliplatin combined with siRNA 
transfection was higher than that of  oxaliplatin only. 
The greatest proliferation inhibition was found in the 
group of  oxaliplatin combined with siRNA transfection, 
suggesting that the elevated FAP-1 expression is 
involved in the mechanism enabling SW480 cells to be 
insensitive to oxaliplatin treatment. Based on the fact 
that siRNA used to silence the expression of  FAP-1 
and treatment with oxaliplatin increased the apoptosis 
of  SW480 cells and reduced their proliferation, we can 
develop a novel therapeutic measure to enhance the 
efficacy of  chemotherapy. The similar phenomenon was 
also observed in other malignances. Etodolac, a selective 
cyclo-oxygenase-2, can enhance carboplatin-induced 
apoptosis of  human tongue carcinoma cells by down-
regulating FAP-1 expression[38] and sphingosine kinase 
isoforms can regulate oxaliplatin sensitivity to human 
colon cancer cells through ceramide accumulation and 
Akt activation[39]. Secretase inhibitors have been recently 
used to abrogate oxaliplatin-induced activation of  the 
Notch-1 signaling pathway in colon cancer cells, which 
can enhance chemo-sensitivity[37]. In the present study, 
FAP-1 siRNA combined with oxaliplatin reduced the 
proliferation of  colon carcinoma SW480 cells compared 
with oxaliplatin alone. No study is available so far on 
the Fas/FasL system and FAP-1 interacting to influence 
cell proliferation. We hold that the higher reduction of  
proliferation is due to the enhanced apoptotic rate of  
FAP-1 siRNA combined with oxaliplatin treatment, 
decreasing the number of  cells.

Since the pathogenesis of  colon carcinoma remains 
largely unclear, a variety of  chemotherapies have been 
designed to inhibit tumor growth. So far, no single 
strategy can solve all the complicated problems in the 
treatment of  colon carcinoma. Our study is an attempt to 
integrate gene therapy targeting FAP-1 and conventional 
chemotherapy for colon cancer. 

In conclusion, oxaliplatin increases the expression 
of  FAP-1. RNAi can knockdown FAP-1 and sensitize 
chemosensitivity, and RNA interference combined with 
conventional chemotherapy is more effective against colon 
cancer.
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COMMENTS
Background
Colon cancer represents a major public health problem, resulting in more than 
one million new cases diagnosed each year and approximately a half million 
deaths worldwide. Chemotherapy is an important and complementary treatment 
modality for colon carcinoma. Among the chemotherapeutic drugs, oxaliplatin is 
a commonly used in treatment of colon carcinoma, but its efficacy, especially in 
patients at advanced stage, is still limited.
Research frontiers
The mechanism underlying oxaliplatin chemo-resistance is complicated. 
DNA lesion repair mechanism, over-expression of copper transporters, and 
enhanced drug detoxification cannot fully explain its mechanism. In this study, 
Fas-associated phosphatase-1 (FAP-1) was elevated in colon carcinoma cells 
after oxaliplatin treatment, implicating that the functional disorder of the Fas 
apoptosis pathway mediated by FAP-1 elevation may protect colon carcinoma 
cells against apoptosis and is involved in the chemo-resistance effect. 
Chemotherapy can be sensitized by inhibiting FAP-1 expression with RNA 
interference.
Innovations and breakthroughs
Since the pathogenesis of colon carcinoma remains largely unclear, a variety 
of chemotherapeutic treatment modalities available have been designed. So 
far, no single treatment modality can solve all the complicated problems. This 
study is an attempt to integrate gene therapy targeting FAP-1 and conventional 
chemotherapy for colon cancer.
Applications
Oxaliplatin can increase the expression of FAP-1. RNAi can knockdown FAP-1 
and sensitize chemosensitivity. This in vitro study showed RNA interference 
combined with conventional chemotherapy is more effective against colon cancer.
Terminology
FAP-1 is a tyrosine phosphatase, which inhibits FasR-mediated apoptosis. By 
interacting with the cytoplasmic death domain of Fas receptors, FAP-1 acts as a 
negative switch in the Fas pathway. Transfection of FAP-1 into Fas-sensitive cells 
can block FasL-induced apoptosis.
Peer review
This study investigated the important factors that inhibit the apoptotic effect of 
oxaliplatin on colorectal cancer cells, which is of significance in the treatment of 
colon carcinoma.
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