Overexpression of a p-Glycoprotein in Hepatocellular
Carcinomas From Woodchuck Hepatitis Virus—Infected
Woodchucks (Marmota monax)
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The leading cause of human hepatocellular carcino-
mas (HCCs) is hepatitis B virus (HBV) infection. Wood-
chucks infected with a closely related hepadnavirus,
woodchuck hepatitis virus (WHV), serve as a model for
HBV because woodchucks chronically infected with
WHYV also develop hepatocellular carcinomas. Increased
expression of p-glycoprotein (pgp) in human HCCs is
a common obstacle in successful cancer chemotherapy.
Pgps are encoded by a family of multidrug-resistance
(MDR) genes. Livers from uninfected and WHV-infected
woodchucks were examined to determine if pgp was ex-
pressed in HCCs and if there was a difference in expres-
sion between HCCs and nonneoplastic liver. A 170-kd
protein was identified by Western blot in HCCs,
whereas, constitutive pgp was not detected in normal
liver taken from the same animals in 3 of 3 cases. Immu-
nolocalization of the pgp with a panel of monoclonal
antibodies revealed intensification of staining in 7 of 20
foci and 12 of 22 HCCs from six animals. Using primers
for the human MDRI1 gene, a single product was detected
by reverse-transcribed polymerase chain reaction (RT-
PCR) from HCCs. We have shown an increase in pgp in
HCCs compared with normal liver from WHV-infected
woodchucks. This is the first example of the induction
of a pgp in a naturally hepadnavirus infected rodent
system. It suggests the woodchuck can be a useful model
for the study of the acquisition of resistance to chemo-
therapeutic agents in virally induced HCCs. (HEPATOL-
0GY 1996;23:662-668.)

Drug resistance is a frequent clinical problem in the
successful treatment of cancer.'® Pleotropic drug resis-
tance has been closely associated with the overex-
pression of multidrug-resistance (MDR) genes® and has
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been observed in hepatocellular carcinomas (HCCs),
making the prognosis for patients with HCC very poor.°
HCC is one of the most common cancers in the world’;
therefore, it is important to understand the mecha-
nisms of drug resistance in hopes of developing better
therapeutic modalities in the treatment of HCC.

The overexpression of MDR genes that code for a p-
glycoprotein (pgp) has been shown to correlate with
levels of drug resistance in both cell culture® and hu-
man liver biopsy samples.®!® In normal hepatocytes,
pgp functions as a secretory pump that provides a pro-
tective mechanism against cytotoxic plant alkaloids,
dietary xenobiotics,'* and chemical carcinogens such as
benzo(a)pyrene'> and possibly 2-amino-acetylfluo-
rene.” There is a second class of pgp found in human
liver that is encoded by MDR2, the function of which
has not been determined. The mouse homolog, mdr2,
has been shown to be involved in lipid trafficking.'* In
mice and rats, there are three MDR genes, mdrl, mdr2,
and mdr3, but only mdrl and mdr3 appear to partici-
pate in drug resistance.'>®

There are estimates of approximately 450,000 new
cases per year of human cancers overexpressing MDR1
gene,’ some of which are associated with a viral agent
such as hepatitis B virus (HBV).'” Chronic HBV infec-
tion is a major risk factor for HCC'® with a global distri-
bution of approximately 300 million HBV carriers."®
The woodchuck (Marmota monax) is a valuable rodent
model for studying hepatocarcinogenesis because
woodchucks are the natural host for an HBV-like virus,
the woodchuck hepatitis virus (WHV). WHV-infected
woodchucks serve as a useful model for studying viral
carcinogenesis because: (1) woodchucks, like humans,
develop HCC during chronic infection with a hepadna-
virus, (2) the WHYV is hepatotropic, hence tumors are
liver specific, and (3) HBV and WHYV viral DNA se-
quences are 70% homologous.'® In this study, we have
examined nonneoplastic, preneoplastic, and neoplastic
samples from WHV-infected woodchuck liver to deter-
mine if: (1) woodchuck liver expressed pgp, (2) pgp ex-
pression was increased during neoplastic transforma-
tion, and (3) a MDR1-like gene that codes for pgp could
be detected.

MATERIALS AND METHODS

Animals. Woodchucks were trapped from southeastern
Pennsylvania and obtained from Northeastern Wildlife
(South Plymouth, NY). Animals were housed individually, or

662



HEPATOLOGY Vol. 23, No. 4, 1996

in group runs at the North Carolina State University College
of Veterinary Medicine laboratory animal facility. The age of
the animals could not be determined because they were wild
caught as adults. Animals were fed a primate leaf-eater diet
(Agway, Marion, KS) ad libitum, and maintained on a photo-
period that corresponded to natural light cycles. All animal
manipulations were approved by the North Carolina State
University, Raleigh, NC, Animal Care and Use Committee.

WHYV infection was naturally acquired, and the status of
infection was monitored by routine blood sampling. Serology
for markers of WHYV infection were performed by enzyme-
linked immunosorbent assay through a generous collabora-
tion with Dr. Paul Cote, Georgetown University, Washington,
D.C., according to published methods.?*?? Viral DNA was de-
tected by slot blot analysis using a probe consisting of the
complete WHV genome.*?

Woodchucks were chemically restrained with Innovar-Vet
(Pitman-Moore, Mundelein, IL) and killed by a lethal intrave-
nous injection of pentobarbital (Henry Schein, Melville, NY).
Livers were either frozen in liquid nitrogen and stored at
—70°C or fixed in neutral buffered formalin and paraffin em-
bedded for further investigation.

Western Blot. Two unrelated mouse monoclonal antibodies
(Mab) were used to identify the putative woodchuck pgp.
These Mab react with different, mutually exclusive cyto-
plasmic epitopes of pgp based upon reciprocal blocking exper-
iments.?? JSB-1 (Biogenics, San Ramon, CA) is a murine Mab,
subclass immunoglobulin G1 which binds a cytoplasmic epi-
tope of the Chinese hamster ovary cell line pgp.?* C219 (Sig-
net, Dedham, MA) is an immunoglobulin G2 murine Mab for
chinese hamster ovary pgp that also binds a highly conserved
cytoplasmic epitope.?* Canine kidney was used as a positive
control because it has been shown to cross-react with C219.2°
Fresh canine kidney is routinely stained positive with JSB-
1 and C219 (personal communication, Page R, College of Vet-
erinary Medicine, North Carolina State University, February
1995).

Crude membrane preparations were isolated according to
Bell et al.?® Protein concentrations were determined using
the BioRad Protein Assay (Biorad, Hercules, CA). Separation
of 50 g of proteins was performed on a 5.6% sodium dodecyl
sulfate polyacrylamide gel electrophoresis. Crude mem-
branes were screened for pgp using a Signet elite Avidin-
biotin pgp detection kit (Signet). Blots were blocked with 3%
bovine serum albumin, followed by incubation with JSB-1 or
C219 at a 1:1000 dilution. A goat anti-mouse alkaline phos-
phatase conjugated secondary antibody (Sigma Chemical Co,
St. Louis, MO) was incubated at 1:5,000 for 1 hour.

For low level detection of pgp, chemiluminescent detection
was performed using a Amersham ECL method (Amersham
Life Sciences, Amersham, England). This application was
employed to detect small amounts of pgp in the analysis of
tumor and normal WHV-infected liver. Proteins (10 ug) were
separated by a 7.5% sodium dodecyl sulfate polyacrylamide
gel electrophoresis, and transferred to nitrocellulose. The ni-
trocellulose was incubated overnight at 4°C in 10% nonfat
dried milk dissolved in phosphate-buffered saline (PBS). This
step was done as a blocking step to minimize nonspecific
binding. JSB-1 was diluted 1:5,000 and incubated for 1 hour.
The blot was incubated with a rabbit anti-mouse horseradish
peroxidase conjugated antibody (Sigma Chemical Company)
at a dilution of 1:10,000 for 1 hour. The amount of protein
used in the Western blot assay was determined to be in the
linear range of detection by protein titration (data not shown)
which was quantitated by laser densitometry using a Sil-
verscanner II (LeCie Ltd., Beaverton, OR).
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Immunohistochemistry. Samples from nine WHV-infected
nonneoplastic liver biopsies, two uninfected liver samples, or
six HCC from WHV-infected liver were serially sectioned.
Duplicate sections were either stained with hematoxylin-
eosin or subjected to immunohistochemical staining. A panel
of Mab (JSB-1, C219, and C494) was used to investigate the
expression of pgp. C494 (Signet), a Mab to the chinese ham-
ster ovary pgp, was included in the panel because it binds
specifically to human MDR1 gene products.?” Sections of for-
malin-fixed, paraffin-embedded liver were blocked with 5%
normal goat serum in PBS for 30 minutes. Mabs were incu-
bated with the liver sections (1:100 in PBS) overnight at room
temperature, and the sections were coverslipped to prevent
dehydration. Before treatment with the secondary antibody,
the sections were rinsed three times in PBS. Goat anti-mouse
immunoglobulin alkaline phosphatase conjugated antibody
(Sigma) was applied to the sections at a 1:50 dilution in PBS
and incubated for 30 minutes. Slides were then rinsed three
times in PBS for 30 minutes. BCIP/NTB (5-bromo-4-chloro-
3-indolyl phosphate nitro blue tetrazolium), a substrate for
alkaline phosphatase, was used as a chromagen. Sections
were counter-stained with nuclear fast red, dehydrated,
cleared, and mounted. Nonimmune serum and nontumorous
tissues were used as negative controls.

Semiquantitative Reverse-Transcribed Polymerase Chain
Reaction. Total RNA was isolated from liver using a Promega
RNagents kit (Promega, Madison, WI) according to Chom-
czynski.?® RNA was subjected to guanine isothiocyanide
treatment followed by a phenol/chloroform extraction. RNA
was precipitated in the presence of isoamyl alcohol, centri-
fuged at 10,000g and the resulting pellet was washed in etha-
nol. RNA was resuspended in a Tris-ethylenediaminetetra-
acetic acid pH 7.4 buffer and stored at —135°C. Samples were
subjected to reverse-transcribed polymerase chain reaction
(RT-PCR) according to a modified protocol from Noonan et
al.? All reagents for RT-PCR were purchased from Promega
unless otherwise stated. RNA was serially diluted to 2.0, 1.0,
0.5, 0.25, 0.125 ug/RT reaction. Before reverse transcription,
RNA was treated with 25 pmol oligo dT at 72°C for 10 minutes
then placed immediately on ice. Reverse transcription of total
RNA was performed in a 20-yL master mix (1X RT buffer
[Gibco BRL, Gaithersburg, MD], 12.5 mmol/L. DTT, 2.5 mmol/
L each dNTP, 14 U RNAsin, 100 U Superscript reverse tran-
scriptase [Gibco BRL]). The samples were reverse transcribed
42°C for 15 minutes, 99°C for 5 minutes, and 5°C for 5 min-
utes. The resulting complementary DNA (cDNA) was diluted
4% and 10 uL was taken for PCR. A 40-uL PCR master mix
(1x PCR buffer, 200 mmol/L each dNTP, 1.8 mmol/LL MgCl,,
1.25 units Taq DNA polymerase, 250 ng of each MDR primer)
was prepared for each sample. The cDNA was amplified by
PCR 94°C for 30 seconds, 55°C for 1 minute, and 72°C for 2
minutes using the following primers synthesized by DNA-
gency (Ashton, PA). MDR sense-CCCATCATTGCAATA-
GCAGG and MDR antisense-GTTCAAACTTCTGCTCCTGA
were derived from the human MDR1 gene.*® Assuming that
the PCR was more than 90% efficient, 25, 12.5, 6.25, 3.125,
1.563 ng cDNA was generated per PCR reaction. PCR prod-
ucts (10 uL.) were electrophoresed on a 4% agarose gel, yield-
ing a single 167-bp fragment. Ethidium bromide stained gels
were photographed and the band intensities were quanti-
tated on a Silverscann II laser densitometer. RNA from a
HepG2 cell line was used as a positive control. Reagent con-
trols were run as negative controls (data not shown). There
was a decrease in band intensity with decreasing amounts
of template cDNA; therefore, the reactions were below satu-
ration. Samples were normalized to the amount of RNA
loaded using band intensity of the 28 S RNA.
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Fic. 1. A colorimetric Western blot analysis using JSB-1 (blot
A) and C219 (blot B) to probe crude membrane isolates, which were
separated on a 5.6% polyacrylamide gel. Canine kidney was used as
a positive control in lane 1. Lanes 2 through 4 were HCC from three
woodchucks, HC019, HC018, and HC032. To each lane, 50 ug of total
protein was loaded. The molecular weight of the woodchuck pgp was
estimated to be ~170 kd based on migration of known standards.

Southern Blot. RT-PCR was performed as above with the
following modifications, PCR products were electrophoresed
on a 4% agarose gel, yielding a single 167-bp fragment. The
c¢DNA products were transferred to a nylon membrane and
baked at 80°C for 1 hour. The blot was prehybridized for 1
hour at 65°C (5X Denharts reagent, 5X SSPE, 0.2% SDS,
and 500 pg/mL ssDNA). A 24mer ¢cDNA probe was generated
(DNAgency) based upon human sequence internal to the
primers used for PCR.?® The probe was 3?P-labeled with a
random primer kit (Gibco BRL). Hybridization was initiated
by the addition of the probe directly into the prehybridization
solution. The blot was hybridized overnight at 65°C. Unhy-
bridized radioactivity was washed from the blot using 5
mmol/L sodium phosphate, 1 mmol/L ethylenediaminetetra-
acetic acid, and 0.2% sodium dodecyl sulfate at room temper-
ature three times at 30-minute intervals. The membrane was
placed on film for 24 hours at —70°C.

RESULTS

To determine if pgp was expressed in woodchuck
liver tumors, HCC from WHV-infected animals were
screened by Western blot analysis using JSB-1 and
C219 (Fig. 1). Both antibodies recognized a 170-kd pro-
tein in three HCC taken from three woodchucks
HC019, HC018, and HC032, respectively. The putative
woodchuck pgp comigrated with pgp from canine kid-
ney. Both antibodies bound to a protein of the predicted
molecular weight, and the degree of binding was simi-
lar for both Mab, as observed in the liver of other ro-
dents.*

A low detection level Western blot technique was
used to increase the sensitivity of the experiment and
to compare pgp expression in WHV-infected nonneo-
plastic liver compared with HCC (Fig. 2). In all three
animals, there was an increase in pgp expression in
the tumor compared with normal, nonneoplastic tissue
from the same animal, corresponding to HCO019,
HCO037, and HCO017, respectively. Pgp expression was
not detectable in samples of nonneoplastic liver ob-
tained from the same animal as the HCC sample. The
degree of staining intensity did vary from animal to
animal using the chemiluminescent detection system,
which is probably because of variation between ani-
mals. A summary of the animals used in the experi-
ments is presented in Table 1. Note that the use of
quantitative Western blot analysis confirmed previous
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FiGg. 2. Chemiluminescent Western blot analysis of crude mem-
brane isolates from HCC and nonneoplastic liver separated on a 7.5%
polyacrylamide gel and probed with JSB-1. Prestained molecular-
weight standards of 205 and 117 kd were run in lane 1. Lanes 2 and
3, 4 and 5, and 6 and 7 represent HCC and nonneoplastic, WHV-
infected liver from HC019, HC037, and HC017, respectively. A total
protein concentration of 10 ug was loaded to each lane, which was
determined to be in the linear range by titrating 2.5 to 20 ug of total
protein and analyzing by Western blot analysis (data not shown).

identification by the colorimetric analysis of a pgp in
HCO019 (Fig. 1, lane 2 compared with Fig. 2, lane 2).
In rats treated with the Solt Farber protocol for
chemical carcinogenesis, pgp is increased in preneo-
plastic and neoplastic lesions of the liver.?’ To test
whether or not a similar pattern might be observed in

TABLE 1. Woodchuck Liver Examined to Detect
pgp Expression

Animal Western
No. Tissue WHV  Sex Blot IHC RT-PCR
HCO019 HCC* + F ¥ i i
HC019 Nontumor* + F ¥ i I
HC018  HCC* + F % t i
HC032 HCC* + F i ¥ ¥
HC037  HCC* + F % ¥ i
HCO037 Nontumor* + F ¥ k3 I
HC017  HCC* + M % ¥ k>
HCO017 Nontumor* + M b k3 I
HC075  HCC* + M % ¥ k>
HCO028 HCC* + F i ¥ i
HC015  HCCt + F % ¥ %
HCO025 Nontumort + F i k3 I
HC060 Nontumorf + F i kS kS
HCO070 Nontumort + M i k3 ¥
HC064 Nontumorf + M i i k3
HC042 Nontumort + F o i ¥
HC071 Nontumorf + F ¥ kS o
HCO066 Nontumort + M i k3 ¥
HC075 Nontumorf + M ¥ i i
HCO072 Nontumorf + M i kS b
HC086 Nontumorf - M i i i
CW1021 Nontumorf - M i i i
Total 8 19 6

NOTE. Composite of data collected for woodchuck pgp and MDR
characterization. Biopsy samples were surgically obtained, therefore,
the woodchucks were not sacrificed at the time of those experiments.

Abbreviation: IHC, immunohistochemistry.

* Samples taken from necropsy.

T Samples taken from biopsy.

I Test performed.
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Fic. 3.

(A) A hematoxylin and eosin—stained section of wood-
chuck liver with a preneoplastic basophilic focus, (B) serial section
of the basophilic focus stained with JSB-1. There was focal intensifi-
cation of staining for pgp in the center of the lesion as indicated by
the arrows. Some centrilobular hepatocytes stained for pgp; other-
wise, the nonneoplastic area of the liver did not stain for pgp. (Origi-
nal magnification X200.)

a virally transformed rodent model for hepatocarcino-
genesis, woodchuck liver samples were stained immu-
nohistochemically to compare nonneoplastic liver, pre-
neoplastic, and neoplastic lesions on the basis of pgp
content and distribution. Multiple sections from differ-
ent parts of the same liver were obtained for compari-
son. A total of six animals were used for these studies.
Sections of liver that contained basophilic foci, based
on review of hematoxylin-eosin—stained sections, were
serially sectioned and stained immunohistochemically
for pgp. These experiments were performed to deter-
mine whether or not pgp could be detected in preneo-
plastic lesions. A panel of three monoclonal antibodies
(JSB-1, C219, and C494) were used. Immunolocaliza-
tion of pgp was identical for all antibodies. Stained foci
(preneoplastic lesions) were observed in three of six
animals. From the six animals, 20 basophilic foci were
observed, and seven were positive for pgp. Figure 3A
is a hematoxylin-eosin—stained basophilic focus and
Fig. 3B is a serial section of the same tissue block
stained with JSB-1. This particular focus was stained
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Fic. 4.

Immunohistochemistry of woodchuck HCC using JSB-1.
A ridge of compression demarked the interface between the HCC
and nonneoplastic liver. (Original magnification X200.)

with all three antibodies. Staining of the cytoplasm
of centrilobular hepatocytes was occasionally observed
(Fig. 3B). These areas were histologically normal and
not part of a HCC. Staining was not typically observed
in WHV-infected or WHV-uninfected liver (data not
shown), although in one animal pgp was consistently
observed in tissue adjacent to the HCC (Fig. 4, right of
arrows).

In most HCC, there was a marked increase in pgp
expression (Fig. 4). Several tissue sections were ana-

TABLE 2. pgp Expression in Normal Liver, Preneoplastic
Foci, and HCC

Animal Normal
No. Source Liver Foci HCC
WHV-—
HCO086 Biopsy — NA NA
CW1021 Biopsy — NA NA
WHV+

HC018 Necropsy — 2/2 4/4
HCO037 Necropsy — 3/6 2/5
HC075 Necropsy — 0/5 2/4
HCO017 Necropsy — 2/3 2/3
HC019 Necropsy — 0/2 1/3
HC032 Necropsy — 0/2 1/3
HC025 Biopsy — — —
HCO060 Biopsy — — —
HC070 Biopsy — — —
HC064 Biopsy — — —
HC042 Biopsy — — —
HCo071 Biopsy — — —
HC066 Biopsy — — —
HCO075 Biopsy — — —
HC072 Biopsy — — —
Total 7/20 12/22

NOTE. Surgical biopsy specimens and HCC (obtained at necropsy)
were stained for pgp expression using JSB-1.

Abbreviations:— no staining detected; NA, not applicable, be-
cause neither foci or HCC were observed in WHV— (uninfected)
woodchucks.
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Fic. 5. High-power magnification of pgp staining within a HCC
stained with JSB-1 as the primary antibody. Note both the intense
staining at the bile canaliculi (arrow) and the diffuse cytoplasmic
staining in some hepatocytes. (Original magnification X400.)

lyzed from each animal. At least one HCC from each
of the six animals tested had increased pgp expression;
however, not all HCC were positive when different
HCC samples were obtained from each animal. As sum-
marized in Table 2, 12 of 22 HCC were positive for pgp.
Whether the tumors were metastasis from one tumor
or were independent tumors could not be determined.
Neoplastic hepatocytes were characterized by diffuse
cytoplasmic staining as well as prominent canalicular
staining of pgp (Fig. 5).

Because this was the first report of pgp expression
in woodchuck HCC, messenger RNA (mRNA) expres-
sion of the MDR gene was investigated to further char-
acterize pgp expression. Three categories of samples
were evaluated: HCC,WHV+ (which represented vi-
rus-infected liver from nontumor-bearing woodchucks),
and WHV— (liver samples obtained from animals that
were not virus carriers). Virus-infected and uninfected
animals did not have HCC and were considered nontu-
morous samples. All of the samples analyzed by semi-
quantitative RT-PCR (HCC, WHV+, and WHV-)

1 2 3 45 6 7 8 9 1011 12
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yielded an appropriately sized product, predicted on
the basis of the sequence for human MDR1 (Fig. 6).
The detection of a single PCR product, identical in mi-
gration to the HepG2 RNA, suggests that the wood-
chuck codes for mRNA from a MDR1-like gene, because
the primers were chosen based on their MDR1 specific-
ity in humans. When the data was pooled, there was
no clear difference in levels of mRNA when HCC,
WHV+, and WHV— expression levels were compared
(Fig. 7A-C). On the contrary, HC018 (tumor) compared
with HC060 (normal) illustrated a modest increase in
tumor mRNA (Fig. 7B). These samples were run in at
the same time, and prepared from the same master
mix, therefore all of the reagents were the same; the
only variable was the sample RNA.

It is possible that the primers used coincidently pro-
duced a PCR fragment that was not MDR, therefore
an oligonucleotide internal to the PCR primers was
used for hybridization to further define the MDR1 se-
quence homology. Selection of the oligonucleotide based
upon a conserved region of the human MDR1 gene. The
PCR products were transferred to nitrocellulose and
hybridized. Hybridization was observed in the four
HCC and four WHV+ nonneoplastic livers tested
(Fig. 8).

DISCUSSION

The overexpression of MDR genes and their gene
products is common during hepatocarcinogenesis.
Mdrl/mdr3 overexpression has been reported in tu-
mors spontaneously arising in C3H/HeN mice®! and in
transgenic mice containing the hepatitis B virus enve-
lope gene.* In addition, C57BL/6N and B6C3F1 mice
treated by two different chemical carcinogenic regi-
mens overexpress mdr3 during hepatic tumor develop-
ment.?! In a multistep model of carcinogenesis, mice
treated which chemical carcinogens overexpress pgp as
a late event relative to other markers of progression
such as y-glutamyl transpeptidase and glutathione-S-
transferase 7.3 Taken together, the overexpression of
MDR may be an example of common molecular pro-
cesses that occur during hepatocarcinogenesis, irre-

Fic. 6. Semiquantitative RT-
PCR for MDR expression in non-
neoplastic WHV+ liver com-
pared to HCC. Serial dilutions of
RNA represent 25 ng, 12.5 ng,
6.25 ng, 3.125 ng, and 1.56 ng in
lanes 1-5 (WHV+, HC060) and
lanes 6-10 (HCC, HCO018).
HepG2 cells (25 ng) were run as
a positive control (lane 11). The
PCR products migrated between
100 and 200 base pairs according
to their migration compared
with molecular-weight stan-
dards (lane 12).

200

100
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F1G. 7. Summary of results from semiquantitative RT-PCR for
HCC, WHV+, and WHV - liver amplified with MDR1 primers. Two
different sets of HCC and WHV+ samples were run in parallel (A
and B), and two individual samples were also analyzed from WHV—
woodchucks (C). HCC-1, HCC-2, WHV+1, WHV + 2, WHV — 1,
and WHV — 2 corresponded to woodchucks HC0109, HC018, HC025,
HC060, HC086, and CW1021, respectively.

spective of cause.®® Our data support this hypothesis,
because we have now shown that the woodchuck, like
other rodent models for hepatocarcinogenesis, overex-
press pgp in some preneoplastic and neoplastic lesions.
We contend that the protein identified in these lesions
is a member of the pgp family based upon Western
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blot specificity, known cross-reactivity of the antibodies
used with other rodent pgps, and the highly conserved
nature of these proteins phylogenetically.

The authenticity of the pgp was further substanti-
ated by identification of a MDR1-like gene in the wood-
chuck (Figs. 6 and 7). This sequence similarity was
anticipated because human MDR1 probes have been
used to measure MDR expression in other rodent
cells.*” Levels of mRNA for MDR have been shown to
increase during liver regeneration following partial
hepatectomy®® and in tumors induced with chemical
carcinogens.?” In the semiquantitative RT-PCR tech-
nique used to evaluate mRNA levels in the woodchuck,
there appeared to be a trend toward more mRNA in
the HCC compared with WHV + liver in one sample set
(tumor vs. normal). Overall, there was no measurable
difference in mRNA expression when the data was
evaluated collectively. This may be because a limited
number of samples were analyzed, or it may be because
of a difference in the sensitivity of the techniques em-
ployed. Regulation of woodchuck MDR may also be dif-
ferent from rats and mice.

Whether or not the woodchuck pgp functions like
MDR1 or MDR2 remains to be determined. Although
the Mab cross-reacted with the woodchuck protein by
Western blot and immunohistochemistry analyses, the
selectivity of these antibodies in the woodchuck is un-
known at this time. In mice, it is believed that JSB-1
binds only to the gene product of MDR1, which is acti-
vated during drug resistance, but we cannot extrapo-
late this information to conclude that the protein de-
tected in the woodchuck functions in drug resistance
with certainty.

Nonspecific binding was a problem when JSB-1 was
used in combination with the enhanced chemilumines-
cent detection system. Using the colorimetric procedure
for pgp detection, nonspecific binding was not as great
as when the chemiluminescent detection method was
used. We believe that it is likely because of differences
in the sensitivity of the assays. It could also be a result
of nonspecific binding of the secondary antibody to
woodchuck proteins. Several different blocking proce-
dures were used to minimize nonspecific binding, the
best one was an overnight blocking step in 10% nonfat
dried milk dissolved in PBS. To our dissatisfaction, as

FiG. 8. Southern blot analysis of PCR products hybridized with
a MDRI1 specific probe internal to the primers used to amplify the
cDNA. Each lane represents cDNA from 1 ug of reverse-transcribed
total RNA. The MDR probe hybridized to HCC from HC019, HCO018,
HCO032, and HC037, run in lanes 1-4, respectively, and WHV+ from
HC025, HC060, HC070, and HC064, run in lanes 5-8, respectively.
Canine kidney (1 pg) was run as a positive control (lane 9).
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many as six proteins were nonspecifically detected in
woodchuck HCC. The use of antibodies across species
can commonly result in such a dilemma.

The highly conserved nature of MDR and its gene
products, pgp, enabled us to investigate the expression
of this drug resistance marker in the woodchuck using
mouse and human probes. We have shown an increased
expression of pgp in woodchuck HCC, and detected
MDR1-like mRNA in HCC, WHV+, and WHV - liver
samples. Efforts are currently underway to elucidate
the functional role of the woodchuck pgp identified by
these studies. If the pgp identified does function to
transport anticancer drugs, the woodchuck model will
clearly be a useful tool for studying the acquisition re-
sistance during viral carcinogenesis. This may open
new avenues of inquiry into the role of virus-MDR in-
teractions and the development of innovative therapeu-
tic modalities.
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