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Progression of head and neck cancer is always associated with changes of gene expression profile.
In this study, we characterized the expression of multidrug-resistance mdr1 gene, which may play a
role in tumorigenesis and multidrug resistance in head and neck cancer. A TaqMan one-step RT-
PCR with a linear range for quantification across at least a 5 log scale of concentration of mdr1
mRNA was designed to determine the level of mdr1 expression in 50 pairs of normal vs. malignant
head and neck tissues. Both the absolute level of mdr1 mRNA in tumor (T) and the relative mdr1
expression between tumor and its normal counterpart (T/N) were measured and their associations
with several clinical variables were analyzed. Among the clinical variables analyzed, only the clini-
cal stage of tumor was found to be associated with mdr1 expression. The distribution of clinical
stages differed significantly (P<<<<0.01) among the 27 specimens that had a T/N>>>>1, with 59.3%,
22.2%, 14.8% and 3.7% in stage IV, III, II, and I, respectively. In addition, 76% of stage IV and
75% of stage III tumors had a T/N>>>>1 compared to 25% of stage II and 20% of stage I tumors
(P====0.004). Multivariate logistic regression analysis also indicated a significant difference of mdr1
expression between the early (I and II) and advanced (III and IV) stages tumors. The adjusted
odds ratios (95% confidence intervals) were 1.477 (1.084–2.012) and 1.001 (1.000–1.002) for T/N
(P<<<<0.05) and T (P<<<<0.05) treated as continuous variables, and 15.521 (3.414–70.550) and 5.074
(1.154–22.311) for T/N (P<<<<0.001) and T (P<<<<0.05) treated as binary variables, respectively. Taken
together, the data presented here indicated that real-time RT-PCR provides a quantitative way to
monitor mdr1 gene expression. The differential expression of mdr1 between early and advanced
stages of head and neck cancer may shed light on the process of tumorigenicity and offer clues to
the planning of new treatments.

Key words:    Real-time RT-PCR — Multidrug resistant gene — Head and neck cancer

Head and neck cancer is the 6th most common cancer
globally and the 5th major cause of cancer death in Tai-
wan. The progression of head and neck cancer is usually
associated with changes of gene expression profile and
involves multiple steps of gene activation and inactivation.
In general, proto-oncogenes and protein kinases that par-
ticipate in the mitogenic pathways are up-regulated, while
tumor suppressors and differentiation-related molecules
are inactivated or down-regulated. For instance, C-MYC
and protein kinase ERK are expressed prominently in
advanced stages of head and neck cancer with mutation or
reduced expression of p53, p21, and p27.1–5) The differen-
tial gene expression profile may influence the intrinsic
characteristics of tumors, resulting in differences of clini-
cal responses such as drug resistance and disease-free sur-
vival. Understanding the gene expression patterns should

provide guidance on patient care and lead to better disease
surveillance.

Multidrug-resistance gene mdr1 encodes a 170 kDa
transmembrane protein that serves as an adenosine triphos-
phate (ATP)-dependent efflux pump.6) Physiologically,
MDR1 may be involved in lipid translocation across the
plasma membrane, and may interfere with caspase-depen-
dent apoptosis, indicating that MDR1 has multiple func-
tions in the control of cellular activities.7–9) In tumors,
overexpression of MDR1 reduces the accumulation of
cytotoxic drugs inside the cells and results in the multi-
drug-resistance phenotype.10–12) Studies have also indicated
that MDR1 may play a role in head and neck cancer
tumorigenesis. With quantitative flow-cytometric analysis
using the MRK-16 monoclonal antibody, Jain et al. ana-
lyzed the oral cancer population in India and revealed a
significant increase of MDR1 in untreated primary oral
tumors and in dysplastic lesions as compared with normal
oral tissues.13) Ralhan et al. further provided clinical evi-
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dence for a significant association between MDR1 and
p53 in head and neck cancer that may account for the
aggressive nature of the tumor and the poor prognosis.14)

Rabkin et al. also found an association between higher
MDR1 expression and decrease of survival rate.15) Due to
the lack of an appropriate and simple method for quantifi-
cation of gene expression, there have been few studies to
quantify mdr1 mRNA expression in head and neck cancer.
In addition, the distinct components of betel nuts con-
sumed by the residents in Taiwan may lead to a different
gene expression profile compared to those in other coun-
tries or regions. Thus, it is worthwhile to determine the
levels of mdr1 expression in head and neck cancer and to
attempt to correlate its expression with clinical variables.

The recent advent of a real-time PCR technique has
offered advantages for quantitative analysis of gene expres-
sion.16, 17) Real-time PCR utilizes the 5′-nuclease activity
of Taq DNA polymerase to cleave a nonextendable, fluo-
rescence-labeled hybridization probe during the extension
phase of PCR. The fluorescence of the intact probe is
quenched by a second fluorescent dye, usually 6-carboxy-
tetramethylrhodamine (TAMRA). The nuclease cleavage
of the hybridization probe during PCR releases the effect
of quenching, resulting in an increase of fluorescence pro-
portional to the amount of PCR product. The fluorescence
signal can be monitored by a sequence detector, such as
the GenAmp 5700 Sequence Detection System (Applied
Biosystems, Foster City, CA). In this study, we designed
and performed a TaqMan probe-based, one-step real-time
RT-PCR to determine the expression level of mdr1
mRNA in 50 pairs of normal vs. malignant head and neck
tissues. Our results indicate that mdr1 is expressed differ-
entially in different stages of head and neck cancer.

MATERIALS AND METHODS

Materials  The T7MEGAshortscript in vitro transcription
kit was purchased from Ambion (Austin, TX). The one-
step TaqMan RT-PCR universal master mix reagent was
purchased from Applied Biosystems (Foster City, CA).
The Trizol reagent and the Superscript II reverse tran-
scriptase were purchased from Life Technologies (Gai-
thersburg, MD). The TOPO TA cloning kit was purchased
from Invitrogen (Groningen, The Netherlands).
Tissue specimens  Biopsies, including 48 primary and 2
recurrent tumors, from 50 consecutive patients seen at the
Otorhinolaryngology or Head and Neck Surgery Clinics at
Chang Gung Memorial Hospital (Taoyuan, Taiwan) were
obtained for study. Written informed consent was obtained
from all patients participating in the study. Paired cancer-
ous and normal mucosal tissue samples were obtained
from each subject. A portion of each tissue sample was
examined histopathologically, and the rest was stored in
liquid nitrogen until use. All cancers were histologically

graded as well differentiated, moderately differentiated, or
poorly differentiated/undifferentiated according to the
World Health Organization (WHO) classification.18) Tumor
stage and anatomic site were classified according to the
AJCC system.19) All patients received radical wide exci-
sion to remove the primary tumor with at least 1 cm mar-
gins and modified neck dissection depending on clinical
neck lymph node metastasis status. Adjuvant radiotherapy
was given to the patients with intermediate risk of recur-
rence. Adjuvant concomitant radiotherapy and chemother-
apy were given to high-risk patients, such as those with
multiple neck lymph node metastasis and/or extracapsular
spreading of cancer. The chemotherapy agents were cis-
platin combined with oral 5-fluorouracil and leucovorin.
Plasmid construction  The mdr1 cDNA fragment span-
ning nt 3384 to nt 3600 (GenBank Accession No.
AF016535) was generated by RT-PCR with the primer
set MDR1-F1 (5′-TTGGCAGGGAAAGTGCTGC-3′) and
MDR1-R1 (5′-GCAGTGACTCGATGAAGGCA-3′). The
PCR product was gel-purified and subcloned into the
pTOPO-PCRII TA cloning vector to obtain pTOPO-
MDR1. The orientation of the insert was confirmed by
restriction mapping and sequencing.
In vitro transcription  The pTOPO-MDR1 (500 ng) was
digested with HindIII and incubated at 37°C with 2 µl of
10× transcription buffer, 2 µl of ATP, 2 µl of CTP, 2 µl of
GTP, 2 µl of UTP, and 2 µl of T7MEGAshortscript
Enzyme Mix in a final volume of 20 µl. After reaction for
2 h, 1 µl of RNase-free DNase I mix was added to the
reaction mixtures and incubated for an additional 15 min
at 37°C. Then 15 µl of ammonium acetate precipitation
solution was added and the RNA was ethanol-precipitated.
The quality and quantity of cRNA were determined by
agarose gel electrophoresis and ultraviolet spectroscopy.
Preparation of total RNA  The total RNA was isolated
with Trizol reagents as described by the manufacturer
(Life Technologies). Briefly, the tissues were solubilized by
homogenization in the Trizol reagents. One-tenth volume
of chloroform was added to the sample. The tube was shaken
vigorously, and kept on ice for 5 min. Following centrif-
ugation (12 000g) at 4°C for 15 min, the RNA in the aque-
ous phase was transferred to a clean tube. The RNA was
then precipitated with an equal volume of isopropanol
and was redissolved in water with 1 µl of RNase inhibitor.
Real-time quantitative RT-PCR  One-step real-time
quantitative RT-PCR was performed with the GenAmp
5700 Sequence Detection System (Applied Biosystems).
Briefly, 200 ng of total RNA was added to a reaction mix-
ture containing 25 µl of 2× RT-PCR universal master mix,
2.5 µl of 40× reverse transcriptase mixture, 5 µl of for-
ward primer MDR1-F2 (5 µM, 5′-CGTGTCCCAGGAGC-
CCATCCTG-3′), 5 µl of reverse primer MDR1-R2 (5 µM,
5′-CCACCCGGCTGTTGTCTCCA-3′), and 5 µl of Taq-
Man probe (2 µM, 6FAM-TGACTGCAGCATTGCT-
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GAGAACATTGC-TAMRA) in a final volume of 50 µl.
The conditions for RT-PCR were 1 cycle of 48°C for 30
min; 1 cycle of 95°C for 10 min; 40 cycles of 95°C for 15
s and 60°C for 1 min. The cycle threshold value (CT) used
to assess the quantity of target gene was determined as the
point at which the fluorescence exceeded a preset limit.
The copy numbers of mdr1 mRNA in each sample were
calculated based on the standard curve generated with the
in vitro-transcribed mdr1 cRNA. The data were then nor-
malized by the expression of 18S RNA using TaqMan
PDAR 18S RNA Control Reagent (Applied Biosystems)
to control for the quality and quantity of the extracted
RNA. The absolute level of mdr1 mRNA in the tumor (T)
and the relative mdr1 expression between the tumor and
its normal counterpart (T/N) were determined for statisti-
cal analysis.
Statistical analysis  Statistical analysis was performed
through either the χ2 test or logistic regression analysis.

Due to the small case numbers of stages I and III tumors,
multivariate logistic regression analysis was performed
with stages I and II treated as early stage, and stages III
and IV as advanced stage. To estimate multivariate-
adjusted odds ratios and their 95% confidence intervals for
mdr1 expression in early and advanced stages of head and
neck cancer, risk factors for mdr1 expression including
age, sex, consumption of alcohol and betel, and smoking
habit were included in the multiple logistic regression
models. A P-value <0.05 was considered statistically
significant.

RESULTS

The primers and TaqMan probe for detection of mdr1
mRNA by one-step real-time RT-PCR were designed as
shown in Fig. 1. The positive control cRNA (1 pg) gener-
ated by in vitro transcription of a 217 bp mdr1 cDNA frag-
ment was used as a template for the establishment of this
technique (Fig. 2A). A typical amplification plot (change
in fluorescent signal vs. cycle number) with a CT of 18.12
was obtained (Fig. 2B). DNA sequence analysis of the
PCR product confirmed the specific amplification of mdr1
cRNA (data not shown).

The reproducibility and reliability of this assay were
accessed by repeating the real-time RT-PCR four times
under identical conditions (Table I). Each experiment was
performed in quadruplicate. In the four experiments, the
mean CTs were 18.33, 18.40, 18.57, and 18.64 and the
intra-assay coefficients of variation (CVs) within each
experiment (i.e. variations among the four sets of quadru-

Fig. 1. Design of real-time RT-PCR for detection of mdr1
mRNA. The relative positions of TaqMan probe and primers
(MDR1-F2 and MDR1-R2) for real-time RT-PCR and for gener-
ation of mdr1 cDNA (MDR1-F1 and MDR1-R1) are shown.

1 2
A B

Fig. 2. Real-time RT-PCR for detection of mdr1 mRNA. (A)
The 217 bp mdr1 cDNA fragment was subjected to in vitro tran-
scription to produce the short transcript. The RNA product was
fractionated on a 2% agarose gel followed by visualization with
ethidium bromide staining. Lane 1, 100 bp markers; lane 2, in
vitro-transcribed cRNA. (B) Typical amplification plot of real-
time RT-PCR with 1 pg of in vitro-transcribed mdr1 RNA as the
template and the no template control (NTC). Rn, fluorescence
signal.

Table I. Inter- and Intra-assay Variations of mdr1 Real-time
RT-PCRa)

Exp. CT Mean SD CV (%)

1 18.12 18.33 0.32 1.7
18.78
18.34
18.06

2 17.94 18.40 0.51 2.7
17.99
18.84
18.86

3 18.66 18.57 0.10 0.5
18.63
18.44
18.53

4 18.30 18.64 0.25 1.3
18.75
18.87
18.64

Mean — 18.94 0.14 0.7

a) SD=standard deviation, CV=coefficient of variation.
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plicates) were 1.7%, 2.7%, 0.5%, and 1.3%, respectively.
Accordingly, the mean CT was 18.49 [(18.33+
18.40+18.57+18.64)/4], and the mean inter-assay CV
was 0.7% [(1.7%+2.7%+0.5%+1.3%)/4].

To determine the detection limit of this method and to
establish a standard curve that could be used for quantifi-
cation, serial dilutions of mdr1 control cRNA with a final
concentration from 10 pg to 0.1 fg were subjected to real-
time RT-PCR analysis (Fig. 3A). An amount as small as
0.1 fg of control RNA (CT=33.14) in a 50 µl reaction vol-
ume could be detected (Fig. 3B). The standard curve was
linear across at least a 5 log range of RNA concentration
with a correlation coefficient of 0.9975 (Fig. 3A). Electro-
phoretic analysis of the real-time RT-PCR product on a
2% agarose gel showed the expected 217 bp band with
decreasing intensity when the initial amount of the tem-
plate decreased (data not shown).

Fifty pairs of malignant specimens and their normal
counterparts from 48 males and 2 females with a mean age
of 51.24 years were analyzed by mdr1 real-time RT-PCR
(Table II). The values for T and T/N, which represented
the mdr1 expression level as defined in “Materials and
Methods,” were determined for analysis of their associa-
tion with clinical variables. The 50 tumor specimens indi-
cated a trend of increase for mdr1 expression in advanced
stages (III and IV) of cancer (Fig. 4). Using T/N as the
parameter (Table III), 54% of the patients (27/50) had a

T/N>1. Among these 27 specimens, the distribution of
the clinical stages differed significantly (P<0.01), with
59.3% (n=16), 22.2% (n=6), 14.8% (n=4) and 3.7%
(n=1) in stages IV, III, II, and I, respectively. In addition,
76% (16/21) of the stage IV and 75% (6/8) of the stage
III tumors overexpressed mdr1 (i.e. T/N>1), which was
significantly higher than 25% (4/16) of the stage II and
20% (1/5) of stage I tumors (P=0.004, Table III). With T/
N and T as continuous or binary variables, the mdr1
expression was significantly different between advanced
stages (III and IV) and early stages (I and II) in multivari-
ate logistic regression analyses (Table IV). All the other
independent variables, including age, sex, and consump-
tion habits for betel nut, alcohol, and tobacco, had no sig-
nificant association with the expression of mdr1 gene (data
not shown).

A

B

Fig. 3. Establishment of the standard curve for quantification of
mdr1 mRNA. Ten-fold serial dilutions of in vitro-transcribed
mdr1 RNA, ranging from 10 pg to 0.1 fg, were used as the tem-
plate for real-time RT-PCR assays. (A) CT values were plotted
against log [amount of RNA concentration]. (B) CT values for
all data points. Similar results were obtained in two independent
experiments.

Table II. Characteristics of the Head and Neck Cancer Patients
Enrolled in This Study

Sex Male: 48 (96%)a)

Female: 2 (4%)
Age 29–73 years old

Mean: 51.24
Tumor 
sites

Oral cavity: 48 (96%) Tongue: 17 (35.4%)
Mouth floor: 3 (6.3%)
Lip: 1 (2.1%)
Buccal mucosa: 20 (41.6%)
Alveolus: 6 (12.5%)
Hard palate: 1 (2.1%)

Oropharynx: 2 (4%)

a) Except for age, the values represent the case numbers and
the percentage in the respective category.

Fig. 4. Expression of mdr1 mRNA in head and neck cancer.
The absolute levels of mdr1 mRNA in tumors (T) for 50 head
and neck cancer specimens were plotted against the correspond-
ing clinical stages.
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DISCUSSION

Taking advantage of its powerful quantification ability,
a TaqMan one-step real-time RT-PCR was developed for
specific and quantitative detection of mdr1 mRNA. The
mdr1 real-time RT-PCR is extremely sensitive (0.1 fg of
control RNA/reaction) and highly reproducible (mean
inter-assay CV of 0.7%). With the ability to quantify the
level of gene expression and its linear response over at
least a 5 log range of RNA concentration (Fig. 3), this
technique provides a new avenue for understanding the
mdr1 gene expression profile in head and neck cancer.

In this study, the expression of mdr1 was analyzed by
real-time RT-PCR with 50 tumor specimens in different
clinical stages of head and neck cancer. The analysis
focused on the mRNA, but not the protein, level, and thus
eliminates the concern of the cross-reactivity of commonly
used anti-MDR1 antibodies with several MDR1-related or
non-related proteins such as MDR3 and tubulin.20–23) The
data presented here suggest a significant association
between mdr1 and clinical stages of tumors, with up-regu-
lation of mdr1 mRNA in advanced stages (III and IV)
head and neck cancer. These results are consistent with

reports by others.13–15) The transactivation of mdr1 seems
not to be limited to head and neck cancer. Increased
expression of the mdr1 gene has been shown in experi-
mental hepatocarcinogenesis and regenerating rat liver.24)

Overexpression of P-glycoprotein has also been shown in
adenomatous hyperplasia of human liver with cirrhosis25)

and adenomas and adenocarcinomas of patients with
familial adenomatous polyposis.26) In a variety of tumors
such as colon and liver cancer, overexpression of mdr1
gene results in multidrug resistance during the course of
chemotherapy and may serve as a molecular marker for
diagnosis of chemoresistance in clinical specimens.10–12)

The increase of mdr1 in advanced stages of head and neck
cancer suggests that these tumors are likely to exhibit
intrinsic drug resistance and may explain the limited usage
of chemotherapy as the primary treatment in the manage-
ment of head and neck cancer, particularly those arising in
the oral cavity.

For untreated primary head and neck tumors that are the
major subjects in this study, induction of mdr1 could also
be an inherent part of tumorigenesis. Multistep carcino-
genesis involving multiple genetic events has been pro-
posed for the development of head and neck cancer.27)

These events can lead to increased cell proliferation, loss
of cell adhesion, and the ability to invade local tissue and
metastasize to distant sites.28) Previous studies indicated
that the up-regulation of mdr1 may, in addition to confirm-
ing the multidrug-resistance phenotype of malignant tis-
sues, be involved in tumor progression from early stage to
advanced stage or even to lymph node metastasis. Analy-
sis of 95 primary colon adenocarcinomas by monoclonal
antibody immunohistochemistry indicated that there was a
significantly greater incidence of vessel invasion and
lymph node metastasis in the subpopulation of invasive
carcinoma cells that expressed P-glycoprotein.29) It was
proposed that MDR1 may suppress cell death and lead to
tumor progression by secreting endogenous or xenobiotic
toxic substances or by mediating antiapoptotic effects
through inhibition of the caspase-dependent cell death
pathway.9, 30) A number of studies have also shown that
increased P-glycoprotein expression is associated with
changes of expression of a family of surface glycopro-
teins.31–33) Particularly, a progressive down-regulation of
intercellular adhesion molecule-1 (ICAM-1), CD44, very
late activation antigen (VLA)-5 and VLA-2 occurred in
parallel with an increasing level of P-glycoprotein expres-
sion in melanoma cell line M14Dx.34) Based on these expe-
rimental findings, the association of mdr1 overexpression
in advanced stages of head and neck cancer is believed
to play a role in the tumor aggressiveness and progression
of the malignant tissues. Assessment of the disease-free
survival in patients with different levels of mdr1 will be
essential to define the biological significance of mdr1 over-
expression in head and neck cancer.

Table III. Association of mdr1 Expression and Clinical Stages
of Tumors in Head and Neck Cancera)

Tumor stages
mdr1 expression (T/N)

P-value
≤1 >1

I (n=5) 4 (80%)b) 1 (20%)
II (n=16) 12 (75%) 4 (25%)
III (n=8) 2 (25%) 6 (75%) 0.004
IV (n=21) 5 (24%) 16 (76%)
Total (n=50) 23 (46%) 27 (54%)

a) χ2 test; P-value <0.05 was considered to be significant.
b) The values represented the case numbers and the percentage
in the indicated stage of tumor.

Table IV. Adjusted Odds Ratios for T/N and T Treated Either
as Continuous or Binary Variables in Logistic Regression Analy-
ses

Independent 
variables

Adjusted odds ratio 
(95% confidence interval) P-value

Continuous
T/N 1.477 (1.084–2.012) <0.05
T 1.001 (1.000–1.002) <0.05

Binarya)

T/N 15.521 (3.414–70.550) <0.001
T 5.074 (1.154–22.311) <0.05

a) The categories were >1 vs. ≤1 for T/N, and >500 vs. ≤500
for T.
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At the molecular level, the tumor suppressor gene p53
has been suggested to be involved in the up-regulation of
mdr1. Recent work using PCR-single strand conformation
polymorphism and DNA sequencing revealed that 48.66%
of oral squamous cell carcinoma showed p53 mutations
at conserved regions of the p53 gene.3) The study by
Sampath et al. indicates that mutant p53 interacts and coop-
erates with ETS transcription factor in the up-regulation
of human mdr1 promoter.35) Notably, immunohistochemical
analysis of p53 and mdr1 gene product P-gp demonstrated
a significant association between P-gp and mutant p53
protein expression in head and neck cancer.14) The epide-
miological factors that cause the mutation of p53 and pos-
sibly the induction of mdr1 are not clear. It has been
speculated that consumption of tobacco, alcohol, and betel
nuts may play a role in the high incidence in several popu-
lations such as those of India and Taiwan.36, 37) Patients
with alcohol use, but not cigarette smoking or betel nut
chewing, have been shown recently to have a significantly
higher incidence of p53 mutations in oral squamous cell
carcinomas.3) The data from the present study do not sup-
port a role of any of these three factors in the induction of
mdr1. This may due to either the small cases numbers
used in the study, or the involvement of other epidemio-

logical and molecular factors, in addition to p53 muta-
tions, in the up-regulation of mdr1. A recent study
revealed that, in addition to p53, the T-cell factor 4
(TCF4)/β-catenin complex is a transactivator of the mdr1
gene in colorectal carcinogenesis.26) These results, taken
together, imply that multiple factors are involved in the
induction of mdr1 during the progression of malignant tis-
sues, and may explain the late induction of mdr1 in
advanced stages of head and neck cancer.

In summary, the TaqMan real-time RT-PCR method
described in this study provides a rapid, sensitive, and
quantitative method for detection of mdr1 mRNA in clini-
cal specimens. The differential expression of mdr1
between early and advanced stages of head and neck can-
cer may provide insight for understanding the process of
tumorigenicity and for planning new treatment strategies.

ACKNOWLEDGMENTS

This work was supported in part by grants NSC 91-2314-B-
182-036, from National Science Council, and CMRP1206 from
Chang Gung Memorial Hospital to C. P. T.

(Received June 12, 2002/Revised August 19, 2002/Accepted
August 27, 2002)

REFERENCES

1) Baral, R., Patnaik, S. and Das, B. R.  Co-overexpression of
p53 and c-myc proteins linked with advanced stages of
betel- and tobacco-related oral squamous cell carcinomas
from eastern India.  Eur. J. Oral. Sci., 106, 907–913
(1998).

2) Mishima, K., Yamada, E., Masui, K., Shimokawara, T.,
Takayama, K., Sugimura, M. and Ichijima, K.  Overexpres-
sion of the ERK/MAP kinases in oral squamous cell carci-
noma.  Mod. Pathol., 11, 886–891 (1998).

3) Hsieh, L. L., Wang, P. F., Chen, I. H., Liao, C. T., Wang,
H. M., Chen, M. C., Chang, J. T. and Cheng, A. J.  Charac-
teristics of mutations in the p53 gene in oral squamous cell
carcinoma associated with betel quid chewing and cigarette
smoking in Taiwanese.  Carcinogenesis, 22, 1497–1503
(2001).

4) Kapranos, N., Stathopoulos, G. P., Manolopoulos, L.,
Kokka, E., Papadimitriou, C., Bibas, A., Yiotakis, J. and
Adamopoulos, G.  p53, p21 and p27 protein expression in
head and neck cancer and their prognostic value.  Antican-
cer Res., 21, 521–528 (2001).

5) Mineta, H., Miura, K., Suzuki, I., Takebayashi, S., Amano,
H., Araki, K., Harada, H., Ichimura, K., Wennerberg, J. P.
and Dictor, M. R.  Low p27 expression correlates with poor
prognosis for patients with oral tongue squamous cell carci-
noma.  Cancer, 85, 1011–1017 (1999).

6) Higgins, C. F., Callaghan, R., Linton, K. J., Rosenberg, M.
F. and Ford, R. C.  Structure of the multidrug resistance P-
glycoprotein.  Semin. Cancer Biol., 8, 135–142 (1997).

7) van Helvoort, A., Smith, A. J., Sprong, H., Fritzsche, I.,
Schinkel, A. H., Borst, P. and van Meer, G.  MDR1 P-gly-
coprotein is a lipid translocase of broad specificity, while
MDR3 P-glycoprotein specifically translocates phosphati-
dylcholine.  Cell, 87, 507–517 (1996).

8) Robinson, L. J., Roberts, W. K., Ling, T. T., Lamming, D.,
Sternberg, S. S. and Roepe, P. D.  Human MDR1 protein
overexpression delays the apoptotic cascade in Chinese
hamster ovary fibroblasts.  Biochemistry, 36, 11169–11178
(1997).

9) Smyth, M. J., Krasovskis, E., Sutton, V. R. and Johnstone,
R. W.  The drug efflux protein, P-glycoprotein, additionally
protects drug-resistant tumor cells from multiple forms of
caspase-dependent apoptosis.  Proc. Natl. Acad. Sci. USA,
95, 7024–7029 (1998).

10) Meschini, S., Calcabrini, A., Monti, E., Del Bufalo, D.,
Stringaro, A., Dolfini, E. and Arancia, G.  Intracellular P-
glycoprotein expression is associated with the intrinsic mul-
tidrug resistance phenotype in human colon adenocarci-
noma cells.  Int. J. Cancer, 87, 615–628 (2000).

11) Hinoshita, E., Uchiumi, T., Taguchi, K., Kinukawa, N.,
Tsuneyoshi, M., Maehara, Y., Sugimachi, K. and Kuwano,
M.  Increased expression of an ATP-binding cassette super-
family transporter, multidrug resistance protein 2, in human
colorectal carcinomas.  Clin. Cancer Res., 6, 2401–2407
(2000).

12) Hirata, S., Katoh, O., Oguri, T., Watanabe, H. and Yajin, K.
Expression of drug resistance-related genes in head and



Jpn. J. Cancer Res. 93, November 2002

1236

neck squamous cell carcinomas and normal mucosa.  Jpn. J.
Cancer Res., 91, 84–90 (2000).

13) Jain, V., Das, S. N., Luthra, K., Shukla, N. K. and Ralhan,
R.  Differential expression of multidrug resistance gene
product, P-glycoprotein, in normal, dysplastic and malig-
nant oral mucosa in India.  Int. J. Cancer, 74, 128–133
(1997).

14) Ralhan, R., Swain, R. K., Agarwal, S., Kaur, J., Nath, N.,
Sarkar, G., Mathur, M. and Shukla, N. K.  P-Glycoprotein
is positively correlated with p53 in human oral pre-malig-
nant and malignant lesions and is associated with poor
prognosis.  Int. J. Cancer, 84, 80–85 (1999).

15) Rabkin, D., Chieng, D. C., Miller, M. B., Jennings, T.,
Feustel, P., Steiniger, J. and Parnes, S. M.  P-Glycoprotein
expression in the squamous cell carcinoma of the tongue
base.  Laryngoscope, 105, 1294–1299 (1995).

16) Lin, M.-H., Chen, T.-C., Kuo, T.-T., Tseng, C.-C. and
Tseng, C.-P.  Real-time PCR for quantitative detection of
Toxoplasma gondii.  J. Clin. Microbiol., 38, 4121–4125
(2000).

17) Tseng, C.-P., Huang, C.-H., Tseng, C.-C., Lin, M.-H.,
Hsieh, J. T. and Tseng, C.-H.  Induction of disabled-2 gene
during megakaryocyte differentiation of K562 cells.  Bio-
chem. Biophys. Res. Commun., 285, 129–135 (2001).

18) Shanmugaratnam, K. “Histological Typing of Tumours of
the Upper Respiratory Tract and Ear (International Histo-
logical Classification of Tumours),” 2nd Ed. (1991).
Springer-Verlag Press, New York.

19) Fleming, I. D., Cooper, J. S., Henson, D. E., Hutter, R. V.
P., Kennedy, B. J., Murphy, G. P., O’Sullivan, B., Sobin, L.
H. and Yarbro, J. W. “AJCC Cancer Staging Manual,” 5th
Ed. (1998). Lippincott Williams & Wilkins, Philadelphia.

20) Rao, V. V., Anthony, D. C. and Piwnica-Worms, D.  Multi-
drug resistance P-glycoprotein monoclonal antibody JSB-1
crossreacts with pyruvate carboxylase.  J. Histochem.
Cytochem., 43, 1187–1192 (1995).

21) Pavelic, Z. P., Reising, J., Pavelic, L., Kelley, D. J.,
Stambrook, P. J. and Gluckman, J. L.  Detection of P-glyco-
protein with four monoclonal antibodies in normal and
tumor tissues.  Arch. Otolaryngol. Head Neck Surg., 119,
753–757 (1993).

22) Schinkel, A. H., Roelofs, E. M. and Borst, P.  Characteriza-
tion of the human MDR3 P-glycoprotein and its recognition
by P-glycoprotein-specific monoclonal antibodies.  Cancer
Res., 51, 2628–2635 (1991).

23) Lo Muzio, L., Staibano, S., Pannone, G., Mignogna, M. D.,
Serpico, R., Rubini, C., Fioroni, M., Fanali, S. and Piattelli,
A.  The human multidrug resistance gene (MDR-1): immu-
nocytochemical detection of its expression in oral SCC.
Anticancer Res., 20, 2891–2897 (2000).

24) Thorgeirsson, S. S., Huber, B. E., Sorrell, S., Fojo, A.,
Pastan, I. and Gottesman, M. M.  Expression of the multi-
drug-resistant gene in hepatocarcinogenesis and regenerat-
ing rat liver.  Science, 236, 1120–1122 (1987).

25) Nagasue, N., Dhar, D. K., Makino, Y., Yoshimura, H. and

Nakamura, T.  Overexpression of P-glycoprotein in ade-
nomatous hyperplasia of human liver with cirrhosis.  J.
Hepatol., 22, 197–201 (1995).

26) Yamada, T., Takaoka, A. S., Naishiro, Y., Hayashi, R.,
Maruyama, K., Maesawa, C., Ochiai, A. and Hirohashi, S.
Transactivation of the multidrug resistance gene by T-cell
factor 4/β-catenin complex in early colorectal carcinogene-
sis.  Cancer Res., 60, 4761–4766 (2002).

27) Sifransky, D.  Cancer of the head and neck. In “Cancer:
Principles and Practice of Oncology,” 6th Ed., ed. V. T.
DeVita, S. Hellman and S. A. Rosenberg, pp. 789–916
(2001). Lippincott Williams & Wilkins, Philadelphia.

28) Williams, H. K.  Molecular pathogenesis of oral squamous
carcinoma.  Mol. Pathol., 53, 165–172 (2000).

29) Weinstein, R. S., Jakate, S. M., Dominguez, J. M.,
Lebovitz, M. D., Koukoulis, G. K., Kuszak, J. R., Klusens,
L. F., Grogan, T. M., Saclarides, T. J., Roninson, I. B. and
Coon, J. S.  Relationship of the expression of the multidrug
resistance gene product (P-glycoprotein) in human colon
carcinoma to local tumor aggressiveness and lymph node
metastasis.  Cancer Res., 51, 2720–2726 (1991).

30) Johnstone, R. W., Cretney, E. and Smyth, M. J.  P-Glyco-
protein protects leukemia cells against caspase-dependent,
but not caspase-independent, cell death.  Blood, 93, 1075–
1085 (1999).

31) Meyer, N., Duensing, S., Anastassiou, G., Brevis Nunez, F.,
Grosse, J., Ganser, A. and Atzpodien, J.  Altered expression
of beta 1 integrins in renal carcinoma cell lines exposed to
vinblastine.  Anticancer Res., 19, 1509–1512 (1999).

32) de la Torre, M., Heldin, P. and Bergh, J.  Expression of the
CD44 glycoprotein (lymphocyte-homing receptor) in
untreated human breast cancer and its relationship to prog-
nostic markers.  Anticancer Res., 15, 2791–2795 (1995).

33) Charpin, C., Garcia, S., Bergeret, D., Andrac, L.,
Horschowski, N., Choux, R. and Lavaut, M. N.  VLA2 inte-
grin expression in breast carcinomas evaluated by auto-
mated and quantitative immunohistochemistry.  Br. J.
Cancer, 77, 2274–2280 (1998).

34) Molinari, A., Calcabrini, A., Meschini, S., Marra, M.,
Stringaro, A., Toccacieli, L., Cianfriglia, M. and Arancia,
G.  What is the relationship between P-glycoprotein and
adhesion molecule expression in melanoma cells?  Mela-
noma Res., 12, 109–114 (2002).

35) Sampath, J., Sun, D., Kidd, V. J., Grenet, J., Gandhi, A.,
Shapiro, L. H., Wang, Q., Zambetti, G. P. and Schuetz, J.
D.  Mutant p53 cooperates with ETS and selectively up-reg-
ulates human MDR1 not MRP1.  J. Biol. Chem., 276,
39359–39367 (2001).

36) Shiu, M. N., Chen, T. H., Chang, S. H. and Hahn, L. J.
Risk factors for leukoplakia and malignant transformation
to oral carcinoma: a leukoplakia cohort in Taiwan.  Br. J.
Cancer, 82, 1871–1874 (2000).

37) Jussawala, D. and Deshpande, V.  Evaluation of cancer risk
in tobacco chewers and smokers: an epidemiologic assess-
ment.  Cancer, 28, 244–252 (1971).


