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Ability of a Specific ERK Signal-Pathway Inhibitor to
Reverse P-Glycoprotein— Mediated Vincristine
Resistance in Colon Cancer Cell Lines

Feng Jin'

Hua Fan?

Bo Chen'

Ping LU’

Fan Yao'
Huimian Xu'
Shubao Wang'

' Department of Surgical Oncology, the
First Affiliated Hospital, China Medical
University, Shenyang 110001, China.

? Department of Internal Medicine and
Hematology, the First Affiliated Hospital,
China Medical University, Shenyang
110001, China.

Correspondence to: Feng Jin

Tel: 86-24-8163-5662 (PHS)
86-13066609098 (Mobil)

Fax:86-24-8856-7050

E-mail: Jinfeng66cn@hotmail.com

Received February 19, 2004; accepted
August 19, 2004.

Chinese Joumal of Clinical Oncoigy
Email: COCR@eyou.com Tel{Fax): 86-22-2352-2919

OBJECTIVE To investigate the effect of a specific inhibitor PD098059 of the
extracellular —signal regulated protein kinase (ERK) pathway on the P -
glycoprotein (P-gp)—mediated resistance of colon cancer cell lines SW480/
VCR and Col.o205/VCR.

METHODS SW480/VCR and ColLo205/VCR cells were generated by
exposuring SW480 and ColLo205 cells to vincristine (VCR) (30 ng/ml) for 72
h, which resulted in a comparatively higher level of P —gp expression.
Western blotting was used to analyze P-gp, MRP, LRP, GST-1 and TOPOI|
expression after exposuring the SW480 and ColLo205 celis to VCR (30 ng/ml)
for 72 hrs. P-gp and pERK1/2 expressions was analyzed in SW480/VCR and
Colo205/VCR cells treated with or without the specific inhibitor of MEK,
PD098059. The MTT assay was used to determine the susceptibility of
SWA480/VCR and Colo205/VCR cells to VCR, treated with or without
PD098059.

RESULTS The results showed that VCR induced a comparatively higher level
of P—gp expression in the cell lines, but not that of MRP, LRP, GST - or
TOPOQII. P —gp expression levels were depressed significantly in SW480/
VCR and COLO205/VCR cells by the specific inhibitor of MEK, PD098059.
The ICsx (248 +19.6 and 215 +10.7 ng/ml) to VCR of SW480/VCR and
CoLo205/VCR cells exhibited a 2.16 and 2.03 —fold higher resistance
compared to the negative control group (SW480 and ColL0205 cells)(115+
156.6 and 106 +11.9 ng/ml), but a 1.35 and 1.21 -fold higher resistance than
the group treated with VCR (30 ng/ml)+ PD098059 (184 + 21.8and 177+
19.4 ng/mi) .

CONCLUSION This study shows that the expression of P —gp can be
induced by exposuring cells to VCR, and that this induction can be reversed
by inhibiting the ERK signaling pathway at the point of MEK by its specific
inhibitor, PD098059. The ERK signal -transduction pathway may play a role
in modulating mdr1 expression in colon cancer.
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ultidrug resistance (MDR) is a major factor in the failure of

M

mechanisms are activated in MDR cells. The mechanisms most

many forms of chemotherapy, and several different molecular

investigated with known clinical significance are: (1) activation of
transmembrane proteins, such as P-gp and MRP, effluxing different
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chemical substances from the cells; (2) activation of the
enzymes of the glutathione detoxification system, such
as GST-1r; (3) alteration of genes and proteins which
control apoptosis (especially p53 and Bcl-2).11 MDR
associated genes are expressed in a large proportion of
human tumors, and in several different forms of tumors
MDR was shown to be associated with a lack of
response to combination chemotherapy. P-glycoprotein
(P-gp) expression is usually low or undetectable prior to
treatment, but it is frequently increased during the
progression of the disease and, most noticeably, after
chemotherapy. ®* An increase in expression of mdrl
mRNA can be found in some drug-sensitive cancer cells
by transient exposure to different chemotherapeutic
drugs .57

The signal-transduction mitogen-activated protein
kinase (MAPK) pathway plays a critical role in cell
proliferation, differentiation and apoptosis. The
ERK1/2 (Ras / Raf-1 / MEK1/2 / ERK1/2) signal
transduction pathway is a subfamily of MAPK.® The
expression of the mdr! gene and the activation of the
MAPK pathway often are up-regulated in cancer cells
after treatment with various therapeutic drugs. ™ The
specific inhibitor of MEK1/2, PD098058, has been
shown to significantly reverse drug resistance in
drug-resistant cell lines,!'™" but the specific mechanism
needs to be elucidated. Of particular interest is whether
MAPK plays a role in MDR, and whether ERK can
regulate expression of MDR associated genes in colon
cancer.

Our study was designed to investigate the expression
of MDR-associated genes in colon cancer cells SW480
and CoL0205, by exposuring cells to vincristine (VCR)
MDR, and to MDR by
down-regulating P-gp expression with a specific MEK
inhibitor, PD098059.

to induce reverse

MATERIALS AND METHODS

Materials

Colon cancer cells SW480 and CoLo205 and a P-gp
positive control cell line K562/DOX were obtained
from Kyushu University, Japan. A pERK1/2 positive
control cell line Soas-2 was obtained from Tokyo

Medical and Dental University, Japan. LRP, MRP,
GST- m and TOPOII positive clinical samples were
from the China Medical University. Standard control of
amount of protein loading was marked by
non-phosph-ERK2. RPMI 1640 medium was a product
of GIBCO (USA). Vincristine (VCR) and PD098059, a
specific MEK inhibitor, were purchased from Sigma
(St. Louis, MO). Anti P-gp [Mdr (H-241): sc-8313],
MRP [MRP1 (C-20): sc-7773], LRP [L RPI (N20):
sc-16166], ERK2 [(D-2): sc-1647], GST- =«
(glutathione-S-transferase) [GST (Z-5): sc-459] and
TOPOII (topoisonerase II, TOPOII) [Topo II(N-16):
sc-5349] antibodies were purchased from Santa Cruz
Biotechnology  (Santa Cruz, CA, USA) and
anti-phospho-ERK1/2 (Thr 202/Tyr 204) antibodies
were from New England Biolab, MA, USA.

Induction and reversal of MDR

Colon cancer cells SW480 and CoL0205 were grown in
RPMI 1640 essential medium supplemented with 10%
fetal bovine serum (FBS; Sigma), 1% penicillin
G/streptomycin sulfate (Sigma). Vincristine (30 ng/ml)
was added directly to the medium with the SW 480 and
CoLo0205 cells. After 72 h, the SW480/VCR and CoLo
205/VCR cells were harvested. Then the SW480/VCR
and CoLo 205/VCR cells were divided into 2 groups,
namely VCR (30 ng/ml) or VCR (30 ng/ml) +
PD098059 (15 nmol/ml). The cells were then harvested
after 48 h.

Gel electrophoresis and immunoblotting

The cells (2 x 107) were lysed in 200 wl RB buffer (20
mM Tris-HCI, pH 7.6, 150 mM NaCl, 0.5% NP-40, 50
mM NaF, 1 mM -glycerophosphate, 1 mM Na;VO,, 5
mM Na,P,0,, S mM EDTA, 10 ug/ml each of leupeptin
and aprotinin), containing a Protease-Inhibitor-Cocktail
(Roche, Diagnostics, Tokyo, Japan). Samples were
sonicated on ice, held for 40 min at 4°C , then
centrifuged (15,000 rpm, 30 min) at 4°C . The
supernatant was transferred to a new tube on ice and the
protein concentration was determined, using a Bio-Rad
DC Protein Assay Kit (Bio-Rad Laboratory, CA, USA).
Protein samples (100 ug) were separated by sodium
dodecyl sulfate polyacrylmide gel electrophoresis



(SDS/PAGE), then transferred to a PVDF membrane
(Nihon Millipore, Tokyo, Japan). The filter was
blocked with 1 x TTBS (20 mM Tris-HCl pH7.6, 137
mM NaCl and 0.1% Tween-20) containing 5% skim
milk, incubated at 4°C overnight with either of the
following first antibodies: P-gp (1:2,000), MRP (1:
2,000), LRP (1:1,500), GST-r (1:1,000), TOPO II (1:
1,500), phospho-ERK1/2 (Thr202/ Tyr204, 1:1,000)
and ERK2 (1:2,000). Then the filter was incubated with
alkaline phosphatase-conjugated second antibody for 1
h. Proteins were detected with the ECL detecting
system (Amersham, Tokyo, Japan). The intensity for
each protein band after Western blotting was measured
by an image analyzer using imaging software of
Image-Pro PLUSTM Media Cybenetics Silver Spring,
MD, USA.

MTT assay

SW480/VCR and CoL0205/VCR cells (1 x 10% ml)
were plated into a 96-well plate and cultured in 100!
RPMI medium supplemented with 10% fetal bovine
serum (FBS; Sigma) and 1% penicillin G/streptomycin
sulfate. After incubation for 4 h, the cells were divided
into 2 groups: one group was treated with increasing
concentrations of VCR (1 ng/ml, 10 ng/ml, 100 ng/ml,
1000 ng/ml); the other group was treated with identical
concentration of VCR plus a fixed level of PD098059
(15 nmol/ml); SW480 and CoL0205 cells treated with
the same concentrations of VCR served as negative
controls. After 72 h, 20 pl of 5 mg/ml MTT [3-(4,4-
dimeththiazol-2-y1)2,5-diphenylterazolium bromide] in
PBS was added to each well, and the mixtures were
incubated for 4 hrs at 37 'C . The formazan crystals
formed were dissolved in 100 pl of DMSO (Sigma).
The above procedure was repeated in triplicate. The
optical density was recorded at 570 nm on a microplate
reader( BIORAD). Sensitivity to VCR was expressed as
ICs, for cells, which was the concentration of VCR that
caused a 50% reduction in the absorbance at 570 nm
relative to untreated cells (controls) .

RESULTS

VCR mainly induced P-gp overexpression, but not
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MRP, LRP, GST—7 or TOPOII in colon cancer cell lines
Overexpression of MDR associated genes can be
induced or stimulated by different anti-tumor drugs.
Afier 72 h of vincristine treatment of the colon cancer
cell lines, SW 480 and CoL0205, a 3.53 and 3.06 fold
higher P-gp expression compared to non-induced
SW480 and CoL0205 cells was seen. However, MRP,
LRP, GST-m and TOPOII showed only a slightly higher
or equal level of expression after 72 h of vincristine
induction, compared to the non-induced SW480 and
CoLo205 cells (Fig.1). These results indicated that

VCR can predominantly induce mdrl gene
over-expression in colon cancer,
J SW480 CoL0205
Time (h) 0 72 0 72
PED  — e— e

TOPO-11
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Fig.1. P-gp, MRP, LRP, GST-1r and TOPOII expression before and
after VCR induction in colon cancer cell lines SW 480 and Colo 205. P:
positive control; SW 480,0; SW 480 cells before exposure to vincristine;
SW 480,72: SW 480 cells exposed to vincristine for 72 h; CoLo 205, 0:
Colo 205 cells before exposure to vincristine; CoLo 205,72: CoLo 205
cells exposed to vincristine for 72 h.

Down-regulated mdr1-gene expression by specific
ERK -signal pathway inhibition in colon cancer cell
lines

P-gp expression levels were depressed significantly in
SW480/VCR and CoL0205/VCR Cells after 48 h of
treatment with VCR (30 ng/ml) + PD098059 (15
nmol/ml), compared to treatment with only VCR (30
ng/ml) (Fig.2). With PD098059, P-gp expression was at
a similar level or slightly lower level compared to the
onset of the assay. In contrast, MRP, LRP, GST-1 and
TOPOII expression showed no significant difference
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within 48 h, after treatment with either VCR (30 ng/ml)
+ PD098059 (15 nmol/ml)or with VCR (30 ng/ml)
alone. These results suggested that mdrl gene
expression could be inhibited by modulating MAPK

pathway in colon cancer.
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Fig.2. Down-regulated mdr1 gene expression by specific ERK signal
pathway inhibition, PD098059, in SW480/VCR and CoLo205/VCR cells.
SWA480/VCR/48h: SW4B0/VCR cells exposed to vincristine for 48 h;
SW480/VCR; SW4B0/VCR cells before exposure to vincristing;
SW480/VCR+PD/48 h: SW480/VCR cells exposed to vincristine and
PD098059 for 48 h; CoLo205/VCR/48h; CoLo205/VCR cells exposed to
vincristine for 48 h; CoL0205/VCR: CoLo205/VCR cells before exposure
to vincristine; ColLo205/VCR+PD/48h; CoLo205/VCR celis exposed to
vincristine and PD098059 for 48 h.

MTT assay to drug sensitivity

The ICs, (248 £ 19.6 and 215 + 10.7 ng/ml) to VCR of
SW480/VCR and CoLo205/VCR cells exhibited a 2.16
and 2.03-fold higher resistance than the negative
control group (115 + 15.6and 106 £ 11.9 ng/ml) and a
1.35 and 1.21-fold higher resistance than the group
(184 + 21.8 and 177 £ 19.4 ng/ml) treated with VCR
(30 ng/ml) + PD098059 (Table 1). These results also
indicate that PD098059, a specific ERK signal pathway

inhibitor, can partially reverse drug resistance induced

by VCR.
DISCUSSION

Different tumors display different sensitivity to
chemotherapeutic drugs, and drug resistance can be
induced by anti-tumor chemical substances. The failure
of different regimens of combination chemotherapy for
different malignant tumors is mainly due to the
overexpression of MDR associated genes. Various
cancer cell lines show a MDR phenotype after
long-term exposure to gradient concentrations of
chemical drugs. Also, a MDR phenotype can be
induced by transient exposure to chemotherapeutic
drugs. Chaudhary, et al. found that the expression of
mdrl mRNA in the drug-sensitive leukemia cell line
K562 had been upregulated by short-term exposure to
different chemotherapeutic drugs. © Tomida, et al.
Reported mdrl gene overexpression in drug-sensitive
human colon carcinoma cell line HT-29 after transient
exposure to adriamycin. ¥ P-gp expression also was
upregulated in gastric cancer cell after transient
exposure them to VCR.™ Our results showed that a
comparatively higher level of P-gp expression was
found after exposuring colon cancer cells SW480 or
CoL0205 to VCR for 72 h, but the expression levels of
MRP, LRP, GST-7 and TOPOII were not increased.
Mitogen—activafed protein kinases (MAPKSs), found
in all eukaryotes, are common participants in
signal-transduction pathways from the membrane to the
nucleus, and play an important role in cell proliferation,
differentiation and apoptosis. " Signal-transduction
pathways play critical roles in pathogenesis and
progression of tumors. Good correlations among H-Ras
expression levels and those of the upstream and
downstream signaling proteins of EGFR, MEK and
ERK were found in cases of malignancy with distant

Table 1. Drug sensitivity to VCR under the treatment of VCR/48 h or VCR+PD/48 h in SW 480/VCR and CoLo 205/VCR cells

Group SW480 SW480/VCR/48h SW 480/VCR+PD/48h  Colo 205 CoLo0205/VCR/48h  CoLo 205/VCR+PD/48h
ICs (ng/ml) 115+ 156 248+ 19.6 184 + 21.8 106 £ 11.9 215+ 107 177+ 194
Fold 1 2.16 1.60 1 2.03 1.67




metastasis in colorectal cancers, suggesting that
Ras/Raf/MEK/ERK signaling pathways may play
significant roles in carcinogenesis and progression of
colorectal cancer.!'”

The activation of MAPK and expression of
MDR-associated genes can be induced by anti-cancer
drugs,"” but the mechanism of their relationship is not
understood. Kisucka et al. ' found that PD098059
significantly reduced the survival of murine
vincristine-resistant L1210/VCR cells with a decrease
of LCs to vincristine from 2.65 mmol/L to 0.67
mmol/L. Those results demonstrate that a MEK1/2
inhibitor can function as a reversal agent of VCR
resistance in L1210/VCR cells, but the precise
mechanism by which PD098059 modulates MDR has
not as yet been resolved. In this regard, the role of
ERK-mediated phosphorylation cascade should be
considered. S Ding, et al. reported that PD(098059
re-sensitised the Taxol- resistant human ovarian cancer
cell line A1847/TX at least 20-fold. But when mdrl
cDNA was inserted into the wild-type cell line to
generate a highly Taxol-resistant sub-line 1847/MDRS,
MAPK kinases again became acti‘vated, which
demonstrated that the increased activity of the signaling
pathway in taxol-resistance lines was directly
attributable to mdrl overexpression and was not due to
the effects of taxol itself. MAPK may regulate mdrl
expression, but the mechanism of action between
MAPK and mdrl needs further study. ™ Our studies
show that PD098059 can reduce drug resistance and
enhance the cytotoxic action of VCR in colon cancer
cells.

Our study also shows that the specific MEK inhibitor,
PD098059, can partially reverse drug resistance by
reducing the ICy, of SW480/VCR and CoL0205/VCR
cells, while at the same time P-gp expression was
down-regulated. Chen, et al. (in press) showed, that
when the gastric cancer cell line MGC803 was treated
with VCR, the induction might be transduced from
activation of the MAPK signaling pathway to the mdrl
gene, and the expression of mdrl. The results were
directly associated with the fact that VCR was pumped
out of the cells and multidrug resistance developed.

In our research, we showed that the inhibitor of
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MEK1/2, PD098059, could reduce mdr! expression in
the SW480 and CoLo0205 cells exposed to VCR by
blocking the ERK1/2 signal-transduction pathway in
colon cancer, but the precise mechanism between mdrl
and the MAPK signal transduction pathway needs
further study.

REFERENCES

I Stavrovskaya AA. Cellular mechanisms of multidrug
resistance of tumor cells. Biochemistry (Mosc). 2000; 1:95—
106.

2 Goldstein LI, Galski H, Fojo A, et al. Expression of a
multidnig resistance gene in human cancers. J Natl Cancer
Inst. 1989; 2:116-124.

3 Holzmayer TA, Hilsenbeck s, Von Hoff DD, et al. Clinical
correlates of MDR1 (P —glycoprotein) gene expression in
ovarian and small—cell lung carcinomas. J Natl Cancer Inst.
1992; 19:1486-1491.

1 Fojo T, Bates S. Strategies for reversing drug resistance.
Oncogene. 2003; 47:7512-7523.

5> Chan HS , Haddad G, Thorner PS, et al. P —glycoprotein
expression as a predictor of the outcome of therapy for
neuroblastoma. N Engl J Med. 1991; 23:1608-1641.

6 Chaudhary PM, Roninson IB. Induction of multidrug

resistance in human cells by transient exposure to different

chemotherapeutic drugs. J Natl Cancer Inst. 1993; 8:632 -

639.

Takara K, Tsujimoto M, Kokufu M, et al. Up—regulation of

MDR1 function and expression by cisplatin in LLC -PK1
cells. Biol Pharm Bull. 2003; 2:205-209.

8 SegerR, Krebs EG. The MAPK signaling cascade. FASEB J.
1995; 9:726-735.

9 Persons DL, Yazlovitskaya EM, Cui W, et al. Cisplatin —
induced activation of mitogen —activated protein kinases in
ovarian carcinoma cells: inhibition of extracellular signal —
regulated kinase activity increases sensitivity to cisplatin.
Clin Cancer Res. 1999; 5:1007-1014.

10 Kisucka J, Barancik M, Bohacova V, et al. Reversal effect of
specific inhibitors of extracellular —signal regulated protein
kinase pathway on P —glycoprotein mediated vincristine
resistance of L1210 cells. Gen Physiol Biophys. 2001; 4:
439-444.

11 Mandic A, Viktorsson K, Heiden T. The MEK1 inhibitor
PD98059 sensitizes C8161 melanoma cells to cisplatin —
induced apoptosis. Melanoma Res. 2001; 1:11-19.

12 Sebolt ~Leopold JS. Development of anticancer drugs
targeting the MAP kinase pathway. Oncogene. 2000; 56:
6594-6599.



300 Chinese Journal of Clinical Oncology 2004/ Volume 1/ Number 4

13

Tomida A, Naito M, Tsuruo T. Acute induction of
adriamycin —resistance in human colon carcinoma HT -29
cells exposed to a sublethal dose of adriamycin. Jpn J Cancer
Res. 1995; 2:224-232.

Chen B, Yang J, Jin F, et al. The effect of PD098059 on
apoptosis of human gastric cancer cells MGC803 induced by
VCR.J Chin Med Univ. 2003; 2:140-142.

Lewis TS, Shapiro PS, Ahn NG. Signal transduction through
MAP kinase cascades. Adv Cancer Res. 1998; 1:149-159.
Jin F, Fan H, Ren S, et al. Upregulation of non—mutated H-

ras and its upstream and downstream signaling proteins in
colorectal cancer. Oncol Rep. 2001; 6:1409-1413.

17 Dent P, Jarvis WD, Birrer MJ, et al. The roles of signaling by

(MAP) kinase

pathway; a potential route to radio— and chemo—sensitization

the p42/p44 mitogen —activated protein

of tumor cells resulting in the induction of apoptosis and loss
of clonogenicity. Leukemia. 1998; 12:1843-1850.
Ding S, Chamberlain M, McLaren A, et al. Cross —talk
between signalling pathways and the multidrug resistant
protein MDR~1. BrJ Cancer. 2001; 8:1175-1184.



