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Abstract

AIM: To establish a model of drug-resistant neoplasms
using a nude mice model, orthotopic transplantation of liver
neoplasm and sporadic abdominal chemotherapy.

METHODS: Hepatocellular carcinoma cells HepG2 were
cultured and injected subdermally to form the tumor-
supplying mice. The orthotopic drug-resistant tumors were
formed by implanting the tumor bits under the envelope
of the mice liver and induced by abdominal chemotherapy
with Pharmorubicin. Physical examination, ultrasonography,
spiral CT and visual inspection were used to examine tumor
progression. RT-PCR and immunohistochemistry were
used to detect expression of mdr1 mRNA and its encoded
protein p-glycoprotein (p-gp). Tc-99m sestamibi scintigraphy
was performed by obtaining planar abdominal images at
20 min after injection, and the liver/heart ratios were
calculated.

RESULTS: Post-implantation mortality was 0% (0/25),
tumor implantation success was 90% (22/25), and the
rate of implanting successfully for the second time was
100% (3/3). Tumor induction using Pharmorubicin was
80% (16/20). The mdr1 mRNA expression of the induced
group was 23 times higher than that of the control group,
and p-gp protein expression was 13-fold higher compared
to the control group. The liver/heart ratio (as assessed in
vivo, using Tc-99m radiography) was decreased significantly
in the induced group as compared to the control group.

CONCLUSION: We have established an in vivo model of
mdr1 in nude mice by orthotopic transplantation of liver
neoplasm coupled to chemotherapy. We propose that
identification of drug resistance as characterized by
decreased 99mTc-ppm radiography due to enhanced
clearance by p-gp may be useful in detecting in vivo drug

resistance, as well as a useful tool in designing more
effective therapies.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The multidrug resistance (MDR), which develops in tumor cells,
is a major obstacle to the success of cancer chemotherapy[1,2].
P-glycoprotein (p-gp) is a transmembrane protein that acts
as an ATP-dependent efflux pump to remove drugs from
cells. It is encoded by the mdr1 gene and has been shown
to increase with the development of MDR[3]. Up to now,
there are at least six members of  mdr1, MRP, TopoII,
GSTp1, MGMT and LRP in MDR family[4-8].

MDR models used currently are basically induced ex
vivo and do not necessarily reflect living (in vivo) tumors
accurately[9,10]. In the present study, we aimed to set up a
nude mice mdr1 model of orthotopic transplantation of
liver neoplasm by abdominal chemical therapy at intervals.

Methods including immunohistochemistry, RT-PCR and
flow cytometry have been used in the diagnosis of drug
resistance[11-13]. They have a common characteristic, which
is that a specimen of target cancer tissue is essential. These
methods are not useful in identifying non-resective liver
neoplasms. A method that is convenient, rapid and overcoming
these limitations would be advantageous in clinical assessment.
Sestamibi is a cationic lipophilic agent, widely used for
myocardial perfusion imaging to detect various tumors[14-16].
Recent evidence has shown that sestamibi is a suitable
transport substrate for p-gp and could provide additional
information about the p-gp status of  tumor cells[17,18]. So
we detected the level of  p-gp protein by Tc-99m sestamibi
on the nude mice models to evaluate the feasibility of this
new way.

MATERIALS AND METHODS

Reagents and drugs
DMEM and TRIzol reagent (Gibco, USA), Pharmorubicin
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(Pharmacia, USA), M-MLV reverse transcriptase and oligo
(dT)15 primer (Promega, USA), Taq DNA polymerase
(Biostar, USA), 100-bp DNA ladder (SABC, China),
monoclonal antibody JSB-1 (Wuhan Boster Biological
Technology Co., Ltd, China) and HistostainTM-Plus kit
(Beijing Zhongshan Biotechnology Co., Ltd, China) were
obtained. Mdr1 primers and -actin primers were designed
by using GeneFisher1.3 and produced by TaKaRa (Japan).

Establishment of nude mice model
HepG2 cells were injected subcutaneously at the back of
each nude mouse at a concentration of 5×106 cells/0.1 mL
to establish a model of tumor-bearing mice. Then, the
orthotopic mdr1 model was established by implanting tumor
bits under the envelope of the mice liver and inducing with
abdominal chemotherapy using Pharmorubicin.

Inducing tumor
Ten days post-operatively, when the diameter of  the tumor
reached to 0.3-0.5 cm, the nude mice were grouped randomly
into an inducing group (n = 20) and a control group (n = 5).
Each mouse was injected with Pharmorubicin (10 µg/g ip,
twice per week, for 6 wk). Mice in the control group were
injected with saline.

Anatomy and pathology
Physical examination, ultrasonography, spiral CT, and visual
inspection were used to examine the progression of the tumor.
Tumor tissues were fixed with 10% neutral formaldehyde,
then paraffin-embedded and sections were made. Following
dissection of  the mice, the size, number, form, and metastasis
of  the tumor were carefully observed.

RT-PCR analysis of mdr1
Mdr1 primer (174 bp): 5’-CAT TGG TGT GGT GAG TCA
GG-3’ and 5’-CTC TCT CTC CAA CCA GGG TG-3’; -
actin primer (247 bp): 5’-CCC AGA GCA AGA GAG GCA
TC-3’ and 5’-AGC ACA GCC TGG ATA GCA AC-3’.

Total RNA was isolated using the TRIzol reagent
according to the manufacturer’s instructions and reverse
transcribed. cDNA was amplified in a 50 L reaction
containing 10× buffer (5.0 L), cDNA (2.0 g), primers
(each 1.0 L), 25 mmol/L MgCl2 (3.0 L), 10 mmol/L
dNTPs (1.0 L), and Taq polymerase (2.5 U). Each of  total
30 PCR amplification cycles consisted of denaturation at
94 ℃ for 1 min, primer annealing at 57 ℃ for 45 s, extension
at 72 ℃ for 45 s, for a total of 30 cycles. The PCR products
were separated by electrophoresis on 2% agarose gels.

Determination of p-gp protein expression level
Tumor tissues were fixed with 10% neutral formaldehyde,
then paraffin embedded and sections were made. The
sections were stained with the monoclonal antibody JSB-1
followed by Streptavidin-Peroxidase kit (SP kit).

Tc-99m sestamibi SPECT
After administration of  7 MBq Tc-99m sestamibi (prepared
according to the manufacturer’s instructions), images were
obtained at 20-min intervals. Planar abdominal images were
acquired on 256×256 matrices using a low-energy high-

resolution collimator. The liver/heart ratio was calculated
by ROI (regions of interest) technique.

Image and statistical analysis
Image analysis was performed by using ImageTool 2.0 and
statistical analysis by SAS 8.01. The Student’s t test was
performed to evaluate the significant differences between
groups. Significance was determined at P<0.01.

RESULTS

Establishment of nude mice model
The implantation operation took approximately 12 min to
complete. After 30 min, the mice became conscious and
returned to normal activity by 60 min with a mortality rate
of 0% (0/25). Successful tumor implantation rate was 90%
(22/25), and the success rate of a second time implantation
was 100% (3/3). Tumor induced successful rate was 80%
(16/20).

Anatomy and pathology
The tumors were multilobular, hard, limited in one lobe of
liver with an intact envelope. The tumors were clearly
delimited from adjacent liver tissue but also appeared with
abdominal metastasis (Figures 1A and B). Tumors of  a
diameter of approximately 0.5 cm could be detected by ultrasound
and CT examination. The tumor manifests as a low-density
echo by ultrasound and color Doppler flow imaging shows
a developed artery spectrum. CT identified the tumors as a
low-density lesion after reinforcement (Figures 1C and D).
The pathological section showed that the tumor cells were
heterogeneous in size and manifest karyomegaly. The
nucleus was deeply dyed and appeared heterogeneous.

Expression of mdr1
RT-PCR assay demonstrated that the mdr1 mRNA expression
was significantly stronger in the induced group than in the
control group. The relative density of each band was scanned
and expressed relative to -actin. Expression of mdr1 in
the induced group was 23-fold higher than that in the control
group (56.11±5.82% induced vs 2.44±0.18% control group,
t = 20.4, P<0.01) (Figure 2).

Figure 1  The specimen and images by Doppler and CT. A: Specimen of tumor
model after 15 d of implantation; B: specimen of tumor model after 25 d of
implantation; C: color Doppler image of tumor model after 25 d of implantation; D:
contrast-enhanced abdominal CT image of tumor model after 20 d of implantation.
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Immuohistochemistry
Immuohistochemical staining indicated that there was a
significant expression of  p-gp in the inducing group, with
thick and buffy particles in the cell membrane and cytoplasm
compared to the control group. The positive cells exhibited a
nest distribution. P-gp protein expression in the induced group
is 13-fold higher than that of the control group (t = 24.9,
P<0.01, Figure 3).

Figure 3  Expression of p-gp by using immunohistochemistry (SABC ×200).

Tc-99m sestamibi SPECT
The MIBI SPECT of the induced group showed a radioactivity
deficiency in the tumor which contrasted with a radiographic
dense area in the control group. The liver/heart ratio was
significantly decreased in the induced group as compared
to the control group. The average liver/heart ratio was
0.68±0.10 in the induced group and 1.86±0.32 in the control
group (P<0.01, Figures 4A and B).

DISCUSSION

MDR of tumor cells is a major obstacle to the success of
cancer chemotherapy[1,2]. A recent focus has been the recognition
of  the phenomenon of  increased expression of  p-gp protein
encoded by the mdr1 gene, which is increased in liver
neoplasms[19,20]. P-gp is a 170-ku membrane glycoprotein,
which acts as an energy-dependent efflux pump exporting
a variety of structurally and functionally unrelated compounds,
including cytotoxic drugs, calcium channel blockers,
calmodulin inhibitors, and peptides[21,22]. The importance of
p-gp as a mechanism of  drug resistance in cancer cells has
been well characterized. However, many other associated
genes have also been identified, such as MRP, TopoII,
GSTp1, MGMT, LRP among others. The mechanisms of
MDR induced by these other proteins is reportedly different

from p-gp[4-8]. It has been reported previously that p-gp is
increased significantly in liver neoplasms[23-25].

Methods including immunohistochemistry, molecular
biology (RT-PCR) and flow cytometry have been used in
the diagnosis of drug resistance[11-13]. They have a common
characteristic, which is that a specimen of target cancer
tissue is essential. These methods are not useful in identifying
non-resective liver neoplasms. A method that is convenient,
rapid and overcoming these limitations would be advantageous
in clinical assessment.

Previously, we used SMMC7721 MDR cells to assess
drug resistance. The limitations were the length of time
required for testing, and the trial-and-error methodology,
which is problematic. Most of all, the cells are induced ex
vivo, which is clearly different from the situation in clinical
cancers. Establishment of a nude mice model of orthotopic
liver neoplasm using abdominal chemotherapy would ideally
represent the in vivo development of MDR of liver cancers.
In the present study, we demonstrated that such a model is
possible, with an inducing successful rate of 80% (16/20).
The mdr1 mRNA expression of the induced group was 23
times that of  the control group and p-gp protein expression
was 13-fold the control group.

Tc-99m sestamibi is a cationic lipophilic agent developed
for myocardial perfusion imaging. It is also used for diagnostic
imaging of  various tumors. Tc-99m sestamibi has been
shown to be a substrate for p-gp, and accumulation of  Tc-
99m sestamibi in MDR cells is decreased or null. The
washout rate of  Tc-99m in tumor cells is determined by
the quality of sestamibi in cells[26]. It has been reported that
the MIBI SPECT in breast tumors could be useful in evaluating
the level of  p-gp expression[27-31]. Our present study
demonstrates that, in the nude mice model of orthotopic liver
neoplasm, the density of the sestamibi image in the tumors
of the induced group is sparse (liver/heart: 0.68±0.10),
while the sestamibi density in tumors of the control group
was much higher (liver/heart: 1.86±0.32). This observation
indicates the potential use of  Tc-99m sestamibi as a p-gp
probe for in vivo determination of  p-gp transport function.

In conclusion, we have successfully established the nude
mice mdr1 model of orthotopic liver neoplasm, and
demonstrated the usefulness of  SPECT by Tc-99m sestamibi
for diagnosis of expression of p-gp. This model is representative
of the clinical situations and could be of potential importance
in the researches about the diagnosis and reversal of MDR.

Figure 4  SPECT images of the nude mice model. A: SPECT of control group showing
dense radioactivity; B: SPECT of control group showing deficiency radioactivity.

Figure 2  Mdr1 mRNA expression. lane A: Control group; lane B: induced
group; lane C: 100-bp marker.

A BA         B          C

500
300
200
100

bp



REFERENCES
1 Gottesman MM. Multidrug resistance during chemical

carcinogenesis: a mechanism revealed? J Natl Cancer Inst 1988;

80 : 1352-1353
2 McGrath MS, Rosenblum MG, Philips MR, Scheinberg DA.

Immunotoxin resistance in multidrug resistant cells. Cancer Res

2003; 63 : 72-79
3 Molinari A, Calcabrini A, Meschini S, Stringaro A, Crateri P,

Toccacieli L, Marra M, Colone M, Cianfriglia M, Arancia G.

Subcellular detection and localization of the drug transporter
P-glycoprotein in cultured tumor cells. Curr Protein Pept Sci

2002; 3: 653-670

4 Loe DW, Deeley RG, Cole SP. Biology of the multidrug re-
sistance-associated protein, MRP. Eur J Cancer 1996; 32A:

945-957

5 van Zanden JJ, Geraets L, Wortelboer HM, van Bladeren PJ,
Rietjens IM, Cnubben NH. Structural requirements for the

flavonoid-mediated modulation of glutathione S-transferase

P1-1 and GS-X pump activity in MCF7 breast cancer cells.
Biochem Pharmacol 2004; 67: 1607-1617

6 Zhu Y, Kong C, Zeng Y, Sun Z, Gao H. Expression of lung

resistance-related protein in transitional cell carcinoma of
bladder. Urology 2004; 63: 694-698

7 Kitange GJ, Smith JS, Jenkins RB. Genetic alterations and

chemotherapeutic response in human diffuse gliomas. Expert
Rev Anticancer Ther 2001; 1: 595-605

8 Kunishio K, Okada M, Miyake K, Matsumoto Y, Nagao S,

Nishiyama Y, Ohkawa M. Report of two cases with germi-
noma treated by individual adjuvant chemotherapy based

on the mRNA expression of drug-resistance gene. No Shinkei

Geka 2004; 32 : 19-26
9 Ishikawa H, Nakata K, Mawatari F, Ueki T, Tsuruta S, Ido

A, Nakao K, Kato Y, Ishii N, Eguchi K. Retrovirus-mediated

gene therapy for hepatocellular carcinoma with reversely ori-
ented therapeutic gene expression regulated by alpha-feto-

protein enhancer/promoter. Biochem Biophys Res Commun

2001; 287 : 1034-1040
1 0 Bonn V, Cheung RC, Chen B, Taghibiglou C, Van Iderstine

SC, Adeli K. Simvastatin, an HMG-CoA reductase inhibitor,

induces the synthesis and secretion of apolipoprotein AI in
HepG2 cells and primary hamster hepatocytes. Atherosclerosis

2002; 163: 59-68

1 1 Rybarova S, Boor A, Jurkovic I, Kocan P. Expression of LRP-
-lung resistance-related protein in the normal colorectal mu-

cosa and in colorectal carcinoma. Bratisl Lek Listy. 2003; 104:

179-183
1 2 Hirano T, Onda K, Toma T, Miyaoka M, Moriyasu F, Oka K.

MDR1 mRNA expressions in peripheral blood mononuclear

cells of patients with ulcerative colitis in relation to glucocor-
ticoid administration. J Clin Pharmacol 2004; 44: 481-486

1 3 Piwnica-Worms D, Chiu ML, Budding M, Kronauge JF,

Kramer RA, Croop JM. Functional imaging of multidrug-
resistant P-glycoprotein with an organotechnetium complex.

Cancer Res 1993; 53: 977-984

1 4 Zhou J, Higashi K, Ueda Y, Kodama Y, Guo D, Jisaki F,
Sakurai A, Takegami T, Katsuda S, Yamamoto I. Expression

of multidrug resistance protein and messenger RNA correlate

with (99m)Tc-MIBI imaging in patients with lung cancer. J Nucl
Med 2001; 42: 1476-1483

1 5 Vergote J, Moretti JL, Kouyoumdjian JC, Garnier-Suillerot A.

MRP1 modulation by PAK-104P: detection with technetium-
99m-MIBI in cultured lung tumor cells. Anticancer Res 2002;

22 : 251-256

1 6 Cayre A, Cachin F, Maublant J, Mestas D, Feillel V, Ferriere JP,
Kwiaktowski F, Chevillard S, Finat-Duclos F, Verrelle P, Penault-

L l o r c a  F .  S i n g l e  s t a t i c  v i e w  9 9 m T c - s e s t a m i b i

scintimammography predicts response to neoadjuvant che-

motherapy and is related to MDR expression. Int J Oncol 2002;

20: 1049-1055

1 7 Ramachandran C, Khatib Z, Escalon E, Fonseca HB, Jhabvala

P, Medina LS, D’Souza B, Ragheb J, Morrison G, Melnick SJ.

Molecular studies in pediatric medulloblastomas. Brain Tu-

mor Pathol 2002; 19: 15-22

1 8 Capella LS, Gefe MR, Silva EF, Affonso-Mitidieri O, Lopes

AG, Rumjanek VM, Capella MA. Mechanisms of vanadate-

induced cellular toxicity: role of cellular glutathione and

NADPH. Arch Biochem Biophys 2002; 406: 65-72

1 9 Huang CC, Wu MC, Xu GW, Li DZ, Cheng H, Tu ZX, Jiang

HQ, Gu JR. Overexpression of the MDR1 gene and P-glyco-

protein in human hepatocellular carcinoma. J Natl Cancer Inst

1992; 84 : 262-264

2 0 Warmann S, Gohring G, Teichmann B, Geerlings H, Pietsch

T, Fuchs J. P-glycoprotein modulation improves in vitro

chemosensitivity in malignant pediatric liver tumors. Anti-

cancer Res 2003; 23: 4607-4611

2 1 Chen CJ, Chin JE, Ueda K, Clark DP, Pastan I, Gottesman

MM, Roninson IB. Internal duplication and homology with

bacterial transport proteins in the mdr1 (P-glycoprotein) gene

from multidrug-resistant human cells. Cell 1986; 47: 381-389

2 2 Azzaria M, Schurr E, Gros P. Discrete mutations introduced

in the predicted nucleotide-binding sites of the mdr1 gene

abolish its ability to confer multidrug resistance. Mol Cell Biol

1989; 9 : 5289-5297

2 3 Itsubo M, Ishikawa T, Toda G, Tanaka M. Immunohistochemi-

cal study of expression and cellular localization of the multidrug

resistance gene product P-glycoprotein in primary liver

carcinoma. Cancer 1994; 73: 298-303

2 4 Nagasue N, Dhar DK, Makino Y, Yoshimura H, Nakamura
T. Overexpression of P-glycoprotein in adenomatous hy-

perplasia of human liver with cirrhosis. J Hepatol 1995;

22 :197-201
2 5 Soini Y, Virkajarvi N, Raunio H, Paakko P. Expression of P-

glycoprotein in hepatocellular carcinoma: a potential marker

of prognosis. J Clin Pathol 1996; 49: 470-473
2 6 Marques-Santos LF, Oliveira JG, Maia RC, Rumjanek VM.

Mitotracker green is a P-glycoprotein substrate. Biosci Rep

2003; 23 : 199-212
2 7 Yoon JH, Bom HS, Song HC, Lee JH, Jaegal YJ. Double-phase

Tc-99m sestamibi scintimammography to assess angiogen-

esis and P-glycoprotein expression in patients with untreated
breast cancer. Clin Nucl Med 1999; 24: 314-318

2 8 Yeh JJ, Hsu WH, Huang WT, Wang JJ,  Ho ST, Kao A.

Technetium-99m tetrofosmin SPECT predicts chemotherapy
response in small cell lung cancer. Tumour Biol 2003; 24 :

151-155

2 9 Dirlik A, Burak Z, Goksel T, Erinc R, Karakus H, Ozcan Z,
Veral A, Ozhan M. The role of Tc-99m sestamibi imaging in

predicting clinical response to chemotherapy in lung cancer.

Ann Nucl Med 2002; 16: 103-108
3 0 Kunishio K, Morisaki K, Matsumoto Y, Nagao S, Nishiyama

Y. Technetium-99m sestamibi single photon emission com-

puted tomography findings correlated with P-glycoprotein
expression, encoded by the multidrug resistance gene-1 mes-

senger ribonucleic acid, in intracranial meningiomas. Neurol

Med Chir (Tokyo) 2003; 43: 573-580; discussion 581
3 1 Liu Z, Stevenson GD, Barrett HH, Kastis GA, Bettan M,

Furenlid LR, Wilson DW, Woolfenden JM. Imaging recogni-

tion of multidrug resistance in human breast tumors using
99mTc-labeled monocationic agents and a high-resolution

stationary SPECT system. Nucl Med Biol 2004; 31: 53-65

Science Editor Kumar M and Guo SY  Language Editor Elsevier HK

3338           ISSN 1007-9327     CN 14-1219/ R     World J Gastroenterol     June 14, 2005   Volume 11   Number 22


