
www.wjgnet.com

P.O.Box 2345, Beijing 100023,China                                                                                                                                                                          World J Gastroenterol  2002;8(5):841-846
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology
E-mail: wcjd@public.bta.net.cn     www.wjgnet.com                                                                                                                                Copyright © 2002 by The WJG Press ISSN 1007-9327

• LARGE INTESTINAL CANCER •

Less cytotoxicity to combination therapy of 5-fluorouracil
and cisplatin than 5-fluorouracil alone in human colon
cancer cell lines

Xiu-Xu Chen, Mao-De Lai, Yong-Liang Zhang, Qiong Huang

Xiu-Xu Chen, Mao-De Lai, Qiong Huang, Department of
Pathology, School of Medicine, Zhe Jiang University, Hang Zhou,
310031, Zhejiang Province, China
Yong-Liang Zhang, Department of Basic Medicine, School of Medicine,
Zhe Jiang University, Hang Zhou, 310031, Zhejiang Province, China
Correspondence to: Mao-De Lai, M.D., Professor of Pathology,
Department of Pathology, School of Medicine, Zhe Jiang University,
Hang Zhou, 310031,Zhejiang Province,China.  lmd@sun.zju.edu.cn
Telephone: +86-0571-87217134
Received  2002-03-13    Accepted  2002-04-20

Abstract
AIM: Our previous studies showed increased sensitivity
to 5-FU in colon cancer cell lines with microsatellite
instability, and considered that mutations of TGFβ-R ,
IGF R, RIZ gene might enhance the potentials of cell
growth and proliferation, which increased the sensitivity
to 5-FU. Here we compared the distribution of cell cycle
and P53 status between two human colon cancer cell lines
with different sensitivity to 5-FU. Because mechanistic
differences exist between 5-FU and CDDP, we also
analyzed the efficacy of CDDP and combination therapy
on two human colon cancer cell lines.

METHODS: We compared the sensitivity to CDDP of these
two cell lines by MTT assay. Distribution of cell cycle under
treatment of 5-FU, CDDP alone or both was analyzed by
Flow Cytometry, and expression of P53 was detected by
immunocytochemical staining.

RESULTS: SW480 cells were more sensitive to CDDP than
LoVo cells at the concentrations above 16 µmol/l (Ratio of
absorption is 0.64 and 0.79 at 16 µmol/l, respectively;
P<0.01). Efficacy of combination therapy was conversely
lower than that of single-therapy of 5-FU (Ratio of absorption
in LoVo+5-FU, SW480+5-FU, LoVo+5-FU+CDDP and
SW480+5-FU+CDDP is 0.53, 0.54, 0.72, 0.78, respectively;
P<0.01). LoVo cells were negative whereas SW480 cells
positive in P53 expression. 5-FU induced G1-phase arrest
in both cell lines, but LoVo cells peaked 24 hours earlier
than SW480 cells, and 48 hours earlier for an apparent
hypodiploid DNA. However, CDDP showed the contrary,
inducing S-phase arrest, and SW480 cells peaking 36 hours
earlier. Both cell lines showed hypodipliod nuclei 48 hours
after CDDP treatment. Percentage of cells in G1-phase and
S-phase dominated alternatively under combination therapy
in both cell lines.

CONCLUSION: These results suggest that colon cancer
cells with microsatellite instability are more sensitive to 5-
FU, whereas more resistant to CDDP. Combination therapy
of 5-FU and CDDP shows fewer efficacies than 5-FU single-

therapy, although it can render a cell cycle arrest. P53 may be
involved in the shift of G1-phase to S-phase, but inessentially.
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INTRODUCTION
5-FU is currently the first-line agent for colorectal cancer after
surgical cytoreduction with an overall response rate of less
than 15 %[1,2], this has stimulated intensive effort in the
development of  novel  compounds with improved
pharmacological properties and new regimens for colorectal
cancer patients. Efforts have been made in combination of 5-
FU with several second-line agents, such as paclitaxel,
mitomycin, calcium folinate, INF-α, irinotecan, leucovorin,
suramin and tegafur, and so on, unfortunately, improvement
is far from satisfaction. Our studies previously demonstrated
that colorectal cancer cell lines with microsatellite instability
showed increased sensitivity to 5-FU, and that mutations were
found in 8 loci from different genes, among which 3 loci
harbored in the exon of TGF-R , IGF R, and RIZ,
respectively. All these three genes are closely associated with
cell growth and proliferation. On basis of these results, we
proposed that these mutations may enhance the proliferative
potentials of cancer cells and increase chemosensitivity to 5-FU.
      In this study, We explored the differences of cell cycle
arrest and apoptosis between two cell lines under 5-FU
treatment, and found that in G1-phase arrest and presence of
hypodiploid DNA in LoVo cells happened 48 hours earlier
than that in SW480 cells. Because the options available to
colorectal cancer patients for second-line therapy were limited,
and mechanistic differences existed between 5-FU and CDDP,
we analyzed the efficacies of CDDP and combination therapy
on these two cell lines. Results indicated that SW480 cells were
more sensitive to CDDP than LoVo cells, and that combination
therapy of 5-FU and CDDP showed less efficacy than single-
therapy of 5-FU in both cell lines, although it can render a cell
cycle arrest. P53 may be involved in the entry of G1-phase to
S-phase, but inessentially.

MATERIALS AND METHODS

Cell lines
LoVo, a human colon adenocarcinoma cell line, was purchased
from the Shanghai Institute of Cell Biology, Chinese Academy
of Sciences, Shanghai, China; SW480, a human colon
adenocarcinoma cell lines, was donated by the Cancer Institute,
Zhe Jiang University. They were maintained in RPMI1640
supplemented with 10 % fetal bovine serum in a humidified
5 % CO2 atmosphere at 37 .
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Drugs and agents
5-fluorouracil (5-FU), [cis-diamminedichloroplatinum ( )]
(cisplatin/CDDP),  3-[4-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT), dimethylsulfoxide
(DMSO) and propidium iodide (PI), were all purchased from
the Sigma Chemical Co. The primary mouse antibody of P53
(DO-7), biotinylated anti-mouse immunoglobulin, horseradish
peroxidase-conjugated streptavidin, and the chromogenic
substrate solution 3,3-diaminobenzidine were bought from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).

MTT assay
MTT assay was performed as described by Lu et al[3]. Briefly,
logarithmically growing cells were seeded in the 96-well plate
at a concentration of 1 104 per well and incubated for 12
hours. Then medium with various concentrations of drugs was
added in quadruplicate and exposed for 72 hours. The culture
medium was then removed and about 300 µl fresh medium
containing 0.5 mg/ml MTT was added to each well. 4 hours
later, the medium was replaced with 100 µl DMSO and
vortexed for 10 minutes. Absorbance (A) was then recorded
at 570nm using an Enzyme-linked Immunosorbent Assay
device DG3022A. Cell viability was assessed as follows:
Viability [%]=Atreat/Acontrol 100 %.

Immunocytochemical staining
Immunocytochemical staining was performed using DO-7 anti-
P53 on logarithmically growing cell lines, LoVo and SW480,
on coverslip. Firstly, cells were plated onto coverslips, adhered
overnight. Then, rinsed three times with PBS, cells were fixed
in cold acetone for 8-10 min. Endogenous peroxidase was
blocked with 1 % hydrogen peroxide in absolute methanol for
30 min. The primary antibodies were applied for 2 hours at 37 
at 1:300 dilution in a humidified chamber. Then the typical
SP strategy followed.

Flow Cytometric analysis
Cells were incubated in medium containing 4 µmol/L 5-FU,
10 µmol/L CDDP alone or both (4 µmol/L 5-FU+10 µmol/L
CDDP) continuously, and then were fixed in ice-cold 70 %
ethanol at 0, 12, 24, 48, 72 and 96 h after initial treatment.
Then approximately 10 000 cells each specimen stained by 10
µg/ml PI were analyzed by Flow Cytometry (FACS®), as
described by Bunz et al[4].

Statistical analysis
Data of MTT assay were mean values of at least three different
experiments and expressed as mean SD, analyzed by two-
tailed Student’s t-test and General Linear Model, P value of
less than 0.05 was considered as statistically significant.

RESULTS

Response to CDDP in LoVo cells and SW480 cells
We compared the sensitivity and responsiveness of LoVo cells
and SW480 cells to CDDP and the combination of CDDP+5-
FU in cytotoxicity assays. As shown by the dose-effect curve,
both cell lines are sensitive to CDDP, but more for SW480
cells (Figure 1A). Neither of the cell lines examined showed
significantly synergetic response when the two drugs were
combined simultaneously, when compared with single-therapy
of 5-FU, indicating that CDDP, to some degree, may block
the effects of 5-FU (Figure 1B).

Figure 1  Comparison of sensitivity to 5-FU, CDDP or combi-
nation therapy in LoVo cells and SW480 cells.  (A)  SW480 cells
show increased sensitivity to CDDP than LoVo cells at the
concentrations above 16 µmol/l (Ratio of absorption is 0.64
and 0.79 at 16 µmol/l, respectively;P<0.01).  (B) The dose-ef-
fect curve tells that the cytotoxicity diminishes in combination
therapy of 5-FU and CDDP in both cell lines when compared
with 5-FU single-therapy (Ratio of absorption in LoVo+5-FU,
SW480+5-FU, LoVo+5-FU+CDDP and SW480+5-FU+CDDP is
0.53, 0.54, 0.72, 0.78, respectively; P<0.01).

Figure 2  DNA content distribution of LoVo and SW480 cells
after 48 hours exposure to 5-FU and/or CDDP. 5-FU causes a
more apparent increase of the proportion of hypo diploid DNA
cells in LoVo than in SW480. CDDP renders an apparent in-
crease of the hypodiploid DNA cells in both cell lines, but
SW480 has more than LoVo cells. Few hypodiploid DNA cells
are observed in combination of 5-FU and CDDP treatment.

Distribution of cell cycle by FCM analysis
LoVo cells demonstrated an apparent peak of cells with
hypodiploid DNA 48 hours after 5-FU exposure, 48 hours
earlier than SW480 cells, which indicated that LoVo cells are
more sensitive to 5-FU (Figure 2, 3A). When treated with
CDDP for 48 hours, SW480 cells showed more cells with
hypodiploid DNA than LoVo cells, about 2-fold increase at
96 hours (55.1 % and 28.5 %, respectively) (Figure 2, 3B).
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However, when the two lines were exposed to 5-FU in
combination with CDDP, this cytotoxicity significantly
diminished. SW480 cells showed an 18 % cells with
hypodiploid DNA, but not in LoVo cells in 96 hours (Figure
2, 3C). Both cell lines exposed to 5-FU showed an accumulation

in G1-phase and a significantly decreased proportion of S-
phase. On the contrary, CDDP arrests both lines mainly in S-
phase instead of G1-phase. Percentage of cells in G1-phase
and S-phase dominates alternatively in both lines treated with
combination of 5-FU and CDDP (Figure 4).

Figure 3  Hypodiploid DNA induced by 5-FU, CDDP or a combination therapy in LoVo cells and SW480 cells.  LoVo cells treated with
5-FU show an earlier presence and higher percentage of cells with hypodiploid DNA.  B When exposed to CDDP, SW480 cells showed
a more dramatic increase in presence of hypodiploid DNA than LoVo cells after 48 hours.  C When the two cell lines were exposed to 5-
FU in combination with CDDP, SW480 cells have an 18% hypodiploid DNA, but not in LoVo cells in 96 hours after treatment.

Figure 4  Effects on cell cycle distribution of LoVo cells & SW480 cells treated with5-FU, CDDP or combination therapy. Both cell
lines show an accumulation of G1-phase exposed to5-FU. On the contrary, CDDP mainly renders an accumulation of S-phase.
Percentage of G1-and S-phase dominates alternatively in both lines treated with combination of 5-FU and CDDP.
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P53 expression by immunocytochemical staining
P53 staining scattered nestedly in LoVo cells, predominantly
in nuclei, and the proportion of positive cells only accounts
for less than 1 %, which was thus considered as wtP53.
However, SW480 cells showed extensively and strongly P53
expression, and more than 98 % cells were labeled in nuclei,
so it suggested a mutated P53 in this cell line (Figure 5).

Figure 5  P53 staining with the anti-P53 mAb Do-7 in LoVo
and SW480 cells.(a,b 100; A,B 200)

DISCUSSION
Our previous studies showed increased sensitivity to 5-FU in
colon cancer cell lines with microsatellite instability, and
considered that mutations of TGF-R , IGF R and RIZ gene
maybe enhance the potentials of cell growth and proliferation,
which increases the sensitivity to 5-FU. This assumption is
supported greatly by findings that the generation time of LoVo

cells is significantly shorter than that of SW480 cells[4], and by
our results here, we found that both cell lines demonstrated an
accumulation of G1-phase after 12 hours 5-FU exposure, but
apoptosis occurred earlier in LoVo cells.
      Many researches have been done to reveal biochemical
factors associated with 5-FU response, meanwhile, efforts are
made to improve the efficacy of chemotherapy by combining
5-FU with other second-line drugs, such as paclitaxel,
oxaliplatin, mitomycin, calcium folinate, INF-α, irinotecan,
leucovorin, suramin, tegafur, and so on[5-10]. Considering
mechanistic differences exist between 5-FU and CDDP, we
supposed the possibility of their synergism and analyzed the
efficacy of combination therapy of these two drugs.
      However, our data didn’t agree with this supposition. We
know that after administration 5-FU is rapidly taken up by
cells and metabolized by enzymes by several pathways to
produce two active metabolites, i.e. 5-FUTP, which may be
incorporated directly into RNA, and 5-FdUMP. 5-FdUMP in
the presence of reduced folates inhibits thymidylate synthase
(TS) activity and depletes dTTP, a necessary precursor of DNA
synthesis. Alternatively, it may be phosphorylated to the
triphosphate and 5-FdUTP incorporated directly into DNA,
inhibiting chain elongation and altering DNA stability, resulting
in the production of single-strand breaks and DNA
fragmentation[11-13]. Thus, 5-FU belongs to the phase-specific
anticancer drug that means improved cytotoxicity to cells in
S-phase. However, CDDP acts differently, it binds to DNA
base pairs, creating adducts, crosslinks, and strand breaks that
inhibit DNA replication.
      As pointed above, the two cell lines both arrest in G1-phase,
and LoVo cells precede SW480 cells in presence of
hypodiploid nuclei with treatment of 5-FU. But CDDP rendered
an apparent peak of cells with hypodiploid DNA after 48 hour,
and LoVo cells showed less percentage of hypodiploid DNA
cells, which suggested that, from view of population, SW480
cells are more sensitive to CDDP than LoVo cells. This result
is consistent with most reports, i.e. colorectal cancer cells with
microsatellite instability are more resistant to CDDP, and
several assumptions have been made to explain this
phenomenon: firstly, an assumption so-called “Recognition,
Excision, Futility of repairing”[14,15]. The DNA-CDDP adducts
are recognized and then excised by the mismatch repair system
(MMR), the underlying molecular mechanism responsible for
correction of mismatch base pairs or some sorts of DNA
damages, but incapable to be repaired because of certain
reasons. This failure may then lead to permanent single- or
double-strand breaks which are now considered to be the
initiation of cell death or apoptosis. Secondly, “Protection
mechanism” [16]. DNA-CDDP adducts are recognized by MMR
system or other nuclear factors, then the following binding
functions a shelter which protects the damage from repairing
by other mechanisms independent of MMR system, which
renders cells to death or apoptosis. Thirdly, “Cell cycle
pathway”. It is supposed that response of cancer cells to CDDP
depends on the ability of G2/M arresting. Some workers
considered that P53 is responsible for the shift of G1/S phases,
whereas MMR system can inactivate CDK1-CylinB complex
by phosphorylation of two amino acid residues, Thr14 and
Thr15, of CDK1, and blocks cells in G2/M phase for repair,
unrepairable DNA damage often results in activation of the
apoptotic pathway (Hawn et al, 1995). This assumption is
supported by many data[17-19]. Here, the first explanation
disclaims itself because of the homogenous loss of hMSH2,
one of most important members responsible for DNA-CDDP
adducts recognition in MMR system. We also failed to detect
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the G2/M phase arrest which is emphasized in the third
assumption. As for the second supposition, further evidences
are required to confirm it.
      Combination therapy of 5-FU and CDDP showed less
efficacy than single-therapy of 5-FU. Here we found that there
was less cells with hypodiploid DNA in both cell lines treated
with a combination of 5-FU and CDDP, which suggested that
the 5-FU-induced cytotoxicity may, at least partially, diminish
by the concomitant presence of CDDP. There are at least two
mechanisms may explain the observed dominance of CDDP
over 5-FU. One may simply involve a CDDP-induced cell cycle
blockade, we called it “cell cycle disturbance”, analogous to
that recently described by Judson et al in paclitaxel[20]. By
arresting cells in S-phase of cell cycle, CDDP inhibited both
cell lines undergoing apoptosis after exposure to 5-FU. Both
cell lines firstly showed a G1-phase increase, a “5-FU-like
response”, and then followed by S-phase increase, a “CDDP-
like response”. In SW480 cells, particularly in SW480 cells,
the percentage of G1-phase and S-phase dominates
alternatively. These results demonstrate clearly that disturbance
of cell cycle arrest and apoptosis occurred in the combination
therapy. An alternative mechanism by which CDDP may exert
dominance over 5-FU centers on the ability of each drug to
modulate level of many biochemical molecules, we called it
“molecular antagonism”. CDDP intercalates into DNA,
forming adducts, and has been shown to both activate and block
a variety of biochemical molecules, including transcription
factors, such as c-myc, AP-1/AP-2, Oct-1, E2F1, P53 and P73;
or molecules involved in cell signal transduction, such as Ras,
PKA, EGF4, PKC-α/-ε/-θ; or factors associated with
proliferation, DNA replication and cell cycle regulation, such
as PCNA,TS,DNA pol-α/β,Topo , Cyclin E/D, P16, P21,
P27; or Bax and Bcl-2, and so on. We have recently shown
that there is a direct correlation between cytotoxicity and 5-
FU induced transcriptional activation, i.e. some of these factors
are also downstream elements induced by 5-FU and, in turn,
affects sensitivity to 5-FU[21-24], leading us to postulate that at
least part of the mechanism involves the antagonism of factors
induced by each drug. In fact, these two possibilities are
compatible with each other, the latter might just be the
underlying biochemical explanation of the former.
      Many evidences have shown that sensitivity of cancer cells
to 5-FU is associated with a variety of mechanisms, including
the key enzyme required for its activation and catabolism, folate
substrate and the TS activity, and so on. The concept that P53
is involved in chemotherapy-induced cell cycle arrest and
apoptosis is accepted by most scientists[5,12,25-32]. Yoshikawa
et al[1]  found there was no relationship between the sensitivity
to 5-FU and P53 in colorectal cancer chemotherapy according
to evidences from clinical trials, combining with these findings,
they proposed that that 5-FU might act via two different
pathways, depending on dose: (a) G1/S-phase cell cycle arrest
and apoptosis at 1 000 ng/ml, and (b) G2/M-phase cell cycle
arrest and mitotic catastrophe at 100 ng/ml in SW480. Our
results accord with the higher concentration group they
reported, i.e. cells undergo G1-phase or S-phase arrest and
apoptosis. Controversies exist in the role of P53 in CDDP
chemosensitivity, evidences from malignancies of lung,
esophagus, cervix and bladder showed that wtP53 is a favorable
prognostic predictor in chemotherapy, and that mutation of
P53 will lead cells to chemoresistance[33-36]. However, in
agreement with the findings of Pestell et al[37] in ovarian cancer,
colon cancer cell line with mutant P53 exhibited more
sensitivity to CDDP. We think this discrepancy may result from
the different type of tissue. Up-regulation of P53 in response

to 5-FU/CDDP-induced DNA damage may activates P21 and
wee1/mik1, which inhibits the CDK activity,  and
consequentially, E2F1 failed to release itself from E2F1:RB
complex due to down-regulation of RB phosphorylation, as a
result, cells arrest in G1/S-phase. Alternatively, it is recently
reported that P53-induced increase of P21 activity may also
be mediated by the PI3K-AKT1/AKT2 signal transduction
pathway[38]. Lin et al[39] found that activation of ATM induced
by DNA damage can directly phosphorylate specific residues
at the NH2-terminal of E2F1 and can increase P53 expression.
Nagashima et al described that P53 can also be acetylated and
activated by DNA damage-induced P33ING2 in CDDP and
paclitaxel exposure[40]. All these evidences proved that P53
plays an important role in chemotherapy-induced cell cycle
arrest and apoptosis. We’ve known that P21 and P53 are both
mutant in SW480 cells, So blockage of cell cycle in G1/S-
phase in this cell line may be P53-independent, compared with
LoVo cells, apoptosis of SW480 cells treated with 5-FU or
CDDP delayed, which may imply that apoptosis induced by
P53 pathway is more effective than others. Huang once reported
that a few or even one double-strand break of DNA would be
enough to increase expression of P53, and led cells to cycle
arrest for repairing, if failed, undergoing apoptosis[21,41,42]. So
P53, cell cycle status, damage repair system and apoptotic
pathway together determine cells to survive or not.
      In conclusion, we have demonstrated that colon cancer cell
lines with microsatellite instability are more sensitive to 5-FU,
but CDDP goes conversely. Combination therapy of 5-FU and
CDDP can lead cells to cycle arrest, but it shows less
cytotoxicity than single-therapy of 5-FU. P53 may be involved
in cell cycle shift of G1-phase to S-phase, but inessentially.
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