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Thymidine phosphorylase induced by IFN-alpha2b enhances
5-fluorouracil antitumor activity in vitro and in vivo
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Abstract
Objective. To explore the effect of thymidine phosphorylase expression induced by interferon- alpha on

chemosensitivity of 5-fluorouracil(5-FU) in renal clear cell carcinoma. Methods. Renal clear cell carcinoma cell line
786-0 was treated by various concentration of interferon (IFN)-alpha2b in vitro, and semi-quantitative RT-PCR
was used to determine TP mRNA expression. Western blot was used to determine TP protein expression. 50 % in-
hibitory concentration of growth (1050) of 5-FU in different groups of treated 786-0 cell line was evaluated by MTT
assay. The athymic mouse model of xenograft renal clear cell carcinoma were established, and effect of chemotherapy
of IFN-alpha2b combined with 5-FU was examined on the growth of xenograft tumor. Results. IFN-alpha2b has
promoted TP mRNA expression in a dose dependent manner and increased TP protein expression(P<O. 01). 1050of
5-FU to 786-0 cell line was obviously decreased with IFN-alpha2b(P<O. 01). Effect of chemotherapy of 5-FU was
obviously enhanced in vivo after IFN-alpha2b combined with 5-FU(P<0. 05). Conclusion. Up-regulating expres-
sion of TP induced by IFN-alpha2b has involved in enhanced cytotoxicity of chemotherapy. [Life Science Journal.
2007;4(1): 17- 20] (lSSN: 1097- 8135).
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1 Introduction
by Schering-Plough (China) Ltd. 5-FU were purchased
from Sunrise(Shanghai, China). 786-0 cells, human re-
nal clear carcinoma cell line, were obtained from the cell
Bank of Chinese Academy of Science (Shanghai, China)
and the culture medium was RPMI1640 supplemented
with fetal serum (10%) and antibiotics. Female BALBI
c Mice 4-6 weeks old weighting approximate 20 g (In-
stitute of laboratory Animal Science, Chinese Academy
of Science, China) were housed in laminar flow cabinets
under specific pathogen-free conditions.
2.2 Detection of TP mRNA by RT-PCR

786-0 cells were plated on six-well plat~ with 1 X
106 in each well and cultured overnight before treated
with IFN-alpha2b. Cells were divided into five groups
numbered 1 to 5 and treated with 0, 1000, 3000, 6000
and 12000 IU/ml of IFN-alpha2b respectively for 72
hours . Total RNA of each group was extracted using the
Trizol according to the manufacturer's instructions (In-
vitrogen Corp, England). Complementary DNA (cD-
NA) was synthesized using AMV RT system (Sangon,
China) with 2 p.g of total RNA from each of group with
the final volume of 20 p.l. The expression of TP mRNA
was semi-quantitatively evaluated by PCR amplification
using primer: TP: forward 5'-CATCCAGAGCCCA-
GAGCAGA-3', reverse 5'-CCGAACTTAACGTC-
CACCACC-3'. glyceraldehyde-3-phosphate dehydroge-
nase ( GAPDH) was as an internal standard. GAPDH:
forward: 5' -GCACCGTCAAGGCTGAGAA-3' , reverse:
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Most renal carcinoma patients are insensitive to
chemotherapy. Several clinical studies proved certain cy-
tokines combined with chemotherapy can greatly in-
crease chemosensitivity to renal carcinoma cells[l]. At
present 5-fluorouracil (5- FU) and interferon-alpha
(lFN-alpha) have applied in clinical treatment. In some
cases combination of 5-FU and IFN-alpha have syner-
gized but the underlying mechanism is still unclear.
Thymidine phosphorylase (TP) is a nucleoside
metabolism enzyme. Compared with adjacent non-neo-
plastic tissues, higher TP expression is observed in a
wide variety of solid tumors including renal cell carcino-
ma. It is the rate-limiting enzyme of 5-FU activation in
tumor and associated with catabolism of 5-FU in vi-

vo[2]. In present study, renal clear cell line 786-0 was
treated by various concentrations of IFN-alpha2b to ex-
plore the mechanism of synergistic effect its through de-
tecting TP expression and its sensitivity to 5-FU.

2 Materials and Methods

2.1 Materials

IFN-alpha2b (1.8 X 107lUll. 5 ml) were provided
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5' -AGGTCCACCACTGACACGTTG-3'. PCR reactions
for two genes were carried oot together by TaKaRa
TaqTM(Takara, China). Each cycle consisted of denatu-
ration at 94 t for 40 seconds, annealing at 54 t for 45
seconds, and extension at 72 t for 50 seconds. Nega-
tive-control PCR was conducted using an aliquot from
control RT reaction (in the absence of reverse transcrip-
tase) as a template, and showed no PCR product. PCR
products were separated by electrophoresis on 1.5 % a-
garose gels and stained with ethidium bromide. Band in-
tensity was determined with SYN GENE Image picture
analyzing software. Expression of TP mRNA was nor-
malized to that of GAPDH.
2.3 Detection of TP protein expression by Western
blot

Treated cells were harvested and lysed in lysis
buffer. Protein concentrations were measured using the
Bradford method. 50 [-1.gprotein was loaded per lane and
separated by 10% SDS-PAGE gel and electroblotted on-
to nitrocellulose membranes. The membranes were
blocked in 5% skimmed milk powder diluted in TBST.
The membrane was then incubated with anti-TP anti-
body (Santa Cruz, American.) at 1 : 500 dilution
overnight. Subsequently, membranes were incubated
with a secondary horseradish peroxidase (HRP)-conju-
gated antibody in wash buffer (0. 2 % skimmed milk
powder diluted in TBST) at 1: 5000 dilution for 2
hours. Finally immunolabeled proteins were visualized
using DAB according to the manufacturer's instructions
(Zsbio, China). As a loading control, the blot was in-
cubated and reprobed with anti-~-actin antibody (Santa
Cruz, American).
2.4 Drug sensitivity in 'Vitro

Rapidly growing cells were seeded in 96-well plates
with density of 5 X 104 cells/well. After 24 hours, cells
were divided into 5-FV group, combination group and
control group. In 5-FV group and combination group, a
RPMI 1640 medium containing 5-FV from 1 to 105
[-1.mol/Lwas added to appropriate wells. Simultaneously
IFN-alpha2b was added into each well in combination
group at 6000 IV/ml concentration. 8 wells that were
added RPMI 1640 medium without any drugs were tak-
en as control group. The plates were incubated at 37°C
in a 5 % C(h incubator for 72 hours. 50 [-1.1MTT (5
mglL) were added into each well and after incubation
for another 4 hours, supernatant medium were replaced
by 150 [-1.1DMSO. The plates shaken for 10 minutes be-
fore absorbance at 492 nm were measured with a mi-
croplate reader. The inhibition rate was calculated with
the formula: % inhibition= [1 - (absorbance of experi-
mental wells/average absorbance of control wells) ] X
100%. Dose-response curves were plotted, and the
50 % inhibitory concentration (ICso) was determined
graphically.

2.5 Antitumor effect in vivo
The antitumor effect of 5-FV alone or combined

with IFN-alpha2b was investigated in 15 xenograft-
bearing BALB/c mice. Each animal was subcutaneously
transplanted with 2 X 106786-0 cells suspended in 200 [-1.1
PBS. 15 days after tumor graft, animals in 5-FV group
were received 5-FV (25 mglkg, q. o. d, i. p. ). Ani-
mals in combination group were received the same
dosage of 5-FV and IFN-alpha2b (3 X 105 IV/mouse,
daily, i. m. ). Animals in control group were received
saline ( i . p. ). Injections were performed for 4 weeks
and all animal were executed and tumor weights were
scaled with a digital balance.
2.6 Statistical analysis

The results were expressed as the mean 1 SD. Dif-
ferences between groups were analyzed using either one-
way ANOV A or one-way ANOV A on ranks with the
least significant difference(LSD) tests. P value of 0.05
was regarded as significant. All analysis were performed
using SPSSlO. 0 software.
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3 Results

3. 1 Effect of IFN-alpha2b on the expression of TP
mRNA

The results of RT-PCR were shown in Figure 1.
Expression quantification of group 1 to 5 were 0.51331
0.0152,0.566710.0115,0.573310.0231,0.8233
10.0404, 0.836610.0451, respectively. There were
significantly statistical differences between these groups
(F = 78. 493, P < O. 01). LSD analysis showed TP
mRNA expression increased significantly when treated
concentration of IFN-alpha2b is more than 6000 IV /ml.
The expression of TP mRNA was significantly increased
in a dose-dependent manner with the IFN-alpha2b con-
centration( r =0. 901, P<O. 05).
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Figure 1. Results of IFN-alpha2b on the expressionof TP mRNA
Concentrationof IFN-alpha2b (IU I m!): Lane 1: 0: Lane 2:
1,000; Lane 3:3,000: Lane 4:6,000: Lane 5: 12,000: Lane M:
Marker
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3.2 Effect of IFN-alpha2b on the expression of TP
protein

Expression levels of TP protein were shown in Fig-

J

j

)
I

J

. 18 .



!

Li, et al, Thymidine phosphorylase induced by IFN-alpha2b enhances 5-fluorouracil antituTIWr activity

l

I
I

l

t
f

t
I

\
~

I,\

ure 2 by Western blot. A band at approximate 45 kDa
was detected on the immunoblots, which corresponds to
TP protein. Compared with control group, group 2 with
3,000 IU /ml IFN-alpha2b and group 3 with 6,000 UII
ml IFN-alpha2b were indicated stronger expression of
TP protein. Quantification were O. 6167 :t O. 0611, O.
6347:t 0.0719, 0.8735:t O. 0640 in 1, 2 and 3 group
respectively with software Totallab 2. O. Increase of TP
protein expression in group 3 was significant comparied
with control group(F= 14. 232,P<0. 01).

B-actin
- 42KDa

TP - 45KDa

2 3

Figure 2. Results of IFN-alpha2b on the expressionof TP protein
Concentration of IFN-alpha2b (IU Im!). Lane 1: 0; Lane 2:
3,000; Lane 3: 6,000

3.3 ICso of 5-FU in different treated group
In both 5-FU group and combination group, inhibi-

tion rate of treated 786-0 was calculated and is directly
related with the concentration of 5-FU (Table 1). ICso
in 5-FU group is remarkably higher than that in combi-
nation group. The sensitivity of 786-0 cells to 5-FU was
significantly enhanced in combination group ( P < 0.05) .(
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Table 1. Inhibition rate and ICsoin 5-FU and combinationgroup

5-FU 5-FU IFN + 5-FU
([lmo! IL) OD Value ICso([lM) OD Value ICso(flM)

0.1748::1: 0.1580::1:
0.0056 0.0014

0.2523::1: 0.1898::1:
0.0182 0.0046

O.3203::1: 13. 9467 ::I: 0.2283::1: 5. 3200 ::I:
0.0221 3.7140 0.2165 0.1039

0.5000::1: 0.3708::1:
0.0248 0.0118

1.1158::1: 0.9930::1:
0.0400 0.4429

1. 2623::1: 1. 1878::1:
0.0405 0.4461

1 X 105

1 X 104

1 X 103

lX1O2
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3.4 Antitumor effect of different group in vivo
The weight of tumor were 1. 1820 :t O. 4874 g in

control group, 0.6900:t 0.1517 g in 5-FU group and
0.2500:t 0.1490 g in combination group. Treatment
with 5-FU or 5-FU combined with IFN-alpha2b induced
significant shrinkage of tumors compared with control
group (F = 11. 533, P<O. 01). Furthermore, combi-
nation treatment showed more effective than mere 5-FU
treatment (P < O. 05). These results indicated that
combination with IFN- alpha2b enhanced the sensitivity

t

to 5-FU in vivo.

4 Discussion

5-FU is widely used in the treatment of cancers.
However the response rate is only 5% - 20% in the
treatment of renal cell carcinoma. Strategies have been
explored to modulate the anticancer activity of 5-FU.

5-FU can be metabolized by two ways. One is

DNA pathway, and the other is RNA pathway. Com-
pared with RNA pathway, DNA pathway is more effi-
cient in synthesizing fluorodeoxyuridine monophosphate
(FdUMP) which is one of active metabolites. FdUMP,
a critical metabolite of 5-FU, binds to the nucleotide-

binding site of thymidylate synthase (TS). The combi-
nation inhibits TS, subsequently blocks forming thymine
which tumors need to build their nucleic acids and leads

to tumor cells apoptosis. TP proved to be the rate-limit-
ing step of the straight activation of 5-FU to FdUMP.
Increasing TP expression appeared to be the appropriate

way to trigger the DNA pathway[3]. In our research it
was observed that chemosensitivity of 786-0 cells to 5-
FU was dramatically increased by combination IFN-al-
pha2b. The value of ICso of 5-FU is 13.9467 fl-mol/L in
sole use, while in combination the value decreased to

5.3200 fl-mol/L. In xenograft models better antitumor
results were shown in combination group. Weight of tu-
mor was merely O. 25 g in average under the treatment
of combination, and under sole 5cFU treatment weight
of tumor had reached O. 69 g. Those results proved com-
bination can achieve better therapy effect. To clarify this
result, our research detected the expression of TP and
found expression of both TP mRNA and rp protein
were up-regulated in 786-0 cells treated by IFN-al-
pha2b, which showed a dose-dependent manner with
the IFN-alpha2b concentration. This finding indicated
TP involved in enhanced chemosensitivity which was

caused by combination use of 5-FU and IFN-alpha2b.
Although some pathological studies indicate TP had

involved in angiogenic and antiapoptotic activities and

correlated with unfavorable pr~gnosis[4,S], it was high-
lighted that those studies had not accompanied with flu-
oropyrimidine drugs. In our study, no matter in vitro
or in vivo, enhanced sensitivity to 5-FU was observed
in 786-0 cells by upregulating TP which induced
through combination therapy. Several studies discovered
that other cytokines such as TNF- alpha or interleukin-l
increased TP expression in tumor cells and increased
sensitivity to 5-FU. In xenograft models fluoropyrimi-
dine drugs can be more efficient in inhibiting tumor
growth by transfecting tumor cells with TP gene. Those
experiments suggested fluoropyrimidine drugs can be
particularly activated by TP and TP is an important
molecular marker for reference when chemotherapy was

adopted with fluoropyrimidine drugs[1,6]. In renal carci-
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noma therapy, TP could be a candidate index to
chemotherapy with fluoropyrimidine.
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