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The overexpression of proteins P-glycoprotein (P-gp), multidrug resistance-associated
protein (MRP1), mutant p53, and the enzyme glutathione-S-transferase (GSTpi) are rela-
ted to resistance to chemotherapy in neoplasms. This study evaluated the expression of
these markers by immunohistochemistry in two groups of canine TVT, without history of
prior chemotherapy (TVT1, n=9) and in TVTs presented unsatisfactory clinical response to
vincristine sulfate (TVT2, n=5). The percentage of specimens positively stained for P-gp,
MRP1, GSTpi and p53 were, respectively 88.8%, 0%, 44.5% and 22.2% in TVT1 and 80%,
0%, 80% and 0% in TVTZ2. In TVT1, one specimen presented positive expression for three
markers and four specimens for two markers. In TVTZ2, three specimens expressed P-gp
and GSTpi. In conclusion, the canine TVTs studied expressed the four markers evaluated,
but just P-gp and GSTpi were significantly expressed, mainly at cytoplasm and cytoplasm
and nuclei, respectively, either before chemotherapy as after vincristine sulfate exposure.
Future studies are needed to demonstrate the function of these two markers in conferring
multidrug resistance (MDR) or predict the response to chemotherapy in canine TVT.

INDEX TERMS: Transmissible venereal tumor, P-glycoprotein, multidrug resistance, immunohisto-

chemistry, neoplasm, dogs.

RESUMO.- [Expressao da glicoproteina-P, proteina as-
sociada a multiplas drogas, glutationa-S-transferase pi
e p53 no tumor venéreo transmissivel canino.] A supe-
rexpressao das proteinas glicoproteina-P (Gp-P), proteina
associada a resisténcia a multiplas drogas 1 (MRP1) e p53
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mutante e a enzima glutationa-S-transferase pi (GSTpi) esta
relacionada com resisténcia a quimioterapia em neoplasias
humanas e caninas. Este estudo avaliou a expressao, por
meio daimuno-histoquimica desses marcadores em espéci-
mes de TVT caninos sem historico de quimioterapia prévia
(TVT1, n=9) e em TVT caninos que apresentaram resposta
clinica insatisfatéria ao sulfato de vincristina (TVTZ2, n=5).
A porcentagem de espécimes positivos para Gp-P, MRP1,
GSTpi e p53 foram, respectivamente 88,8%, 0%, 44,5%
e 22,2% no grupo TVT1 e 80%, 0%, 80% e 0% no grupo
TVT2. No TVT1, um espécime apresentou expressdo posi-
tiva para trés marcadores e quatro para dois marcadores.
No TVT2, trés espécimes expressaram a Gp-P e GSTpi. Em
conclusio, os TVTs caninos estudados expressaram os qua-
tro marcadores avaliados, no entanto apenas a Gp-P e GS-
Tpi foram significativamente expressas, principalmente no
citoplasmas e no citoplasma e no nucleo, respectivamente,
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tanto antes da quimioterapia quanto apds a exposi¢do ao
sulfato de vincristina. Estudos futuros sdo necessarios para
demonstrar a funcdo desses dois marcadores em conferir
resisténcia a multiplas drogas (RMD) ou predizer a respos-
ta a quimioterapia no TVT canino.

TERMOS DE INDEXACAO: Tumor venéreo transmissivel, Glico-
proteina-P, Resisténcia a multiplas drogas, imuno-histoquimica,
neoplasias, caninos.

INTRODUCTION

Canine transmissible venereal tumor (TVT) is a contagious
tumor transmitted experimentally or naturally during coi-
tus. The TVT cells may spread on the mucosal surface of the
external genital organs of male and female dogs and other
anatomical spots contaminated by licking or by direct con-
tact to the tumor (Cohen 1985, Knapp et al. 2000, MacEwen
2001).

The most efficient treatment for TVT is chemotherapy
(Knapp et al. 2000, MacEwen 2001, Tinucci-Costa 2009).
Some of the chemotherapic agents most commonly used
are vincristine, cyclophosphamide, and doxorubicin (Ma-
cEwen 2001) though vincristine sulfate shows greater
effectiveness (Calvert et al. 1982). Although cure is expec-
ted in over 90% of treated animals, resistance to treatment
may be observed (Calvert, et al. 1982, Knapp et al. 2000,
Brandao et al. 2002). However, the mechanism involved in
chemoresistance to election drugs for the treatment of ca-
nine TVT is yet to be discovered.

In many human neoplasms and in some in veterinary
medicine, the failure of chemotherapy is attributed main-
ly to the mechanisms of multidrug resistance (MDR) (Di
Pietro et al. 1999, Bergman 2003). This phenomenon is
characterized by tumor cells selected to resist to a single
chemotherapy agent presenting cross resistance to seve-
ral other compounds unrelated structurally or functionally
(Thomas & Coley 2003). Drug resistance may be related to
intrinsic cell mechanisms, when cells are resistant prior to
the beginning of therapy, or may be acquired, evolving af-
ter exposure to chemotherapy (Bergman 2003, Thomas &
Coley 2003).

Cell mechanisms of MDR include activation of trans-
membrane proteins that reduce intracellular concentra-
tions of different chemical compounds; activation of the
glutathione/glutathione-S-transferase system; alterations
in drug target; mechanisms of repair; modifications in ge-
nes and proteins involved in apoptosis control (Bergman
2003, Munoz et al. 2007). Among the mechanisms of MDR,
the overexpression of glycoprotein-P (P-gp) is the most stu-
died and best characterized. P-gp acts as an ATP dependent
efflux pump, actively expelling drugs from the cytoplasm of
neoplastic cells, thereby limiting their cytotoxic effect (Di
Pietro et al. 1999).

A second type of protein of the same family of P-gp dis-
covered in 1992 was found to act as an efflux pump in cells
isolated from small cell lung carcinoma resistant to doxo-
rubicin. This protein denominated multidrug resistance-
-associated protein (MRP) is the second most frequent me-
chanism of MDR (Cole et al. 1992).
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Another protein that could be involved in drug resistan-
ce in neoplastic cells is glutathione-S-transferase pi (GST-
pi), a member of glutathione-S-transferases (GSTs) family,
which catalyzes highly reactive hydrofilic intermediates
into glutathione conjugates (GSH), less reactive and more
easily excreted from the cells. An increase in GSTpi expres-
sion has been reported in cell lineages resistant to alkyla-
ting agents, in particular cyclophosphamide (Townsend &
Tew 2003).

The gene p53 and the genes it regulates are critical ele-
ments in stress response, including antitumor drugs in-
fluenced reactions. The normal protein cascade triggered
by p53 in response to different cell lesions either results
in a blockage of the cell cycle or apoptosis. Thus, damaged
cell is either eliminated or has its DNA repaired. Muta-
tions in gene p53 are very frequent in tumors and these
alterations result in the prevention of its normal activity.
Cells become unable to die by apoptosis or to interrupt its
cell cycle and repair the DNA damage. Thus, alterations in
p53 function may result in changes in tumor cells sensiti-
vity to drugs, leading to resistance to antineoplastic drug,
therefore interfering with apoptosis (Konstantinidou et
al. 2002).

The aim of this study was to (1) verify whether canine
TVT cells expressed the proteins related to MDR, namely
the P-glycoprotein, the multidrug resistance-associated
protein 1, the glutathione-S-transferase isoenzyme pi and
the mutant p53; (2) define the immunostaining pattern of
these proteins in canine TVT cells; and (3) verify whether
differences existed between the number of canine TVT po-
sitives for the four markers prior to chemotherapy and TVT
that presented unsatisfactory clinical response to the che-
motherapy protocol with vincristine sulfate.

MATERIALS AND METHODS

Specimens. Fourteen specimens of TVT in paraffin blocks
were selected from the archives of the Laboratory of Immunobhis-
tochemistry of Sdo Paulo State University (UNESP). All the spe-
cimens belonged to dogs examined at the Veterinary Teaching
Hospital of the same institution, and were collected in biopsy
incisions, with diagnosis confirmed by histopathological exa-
mination. All the information, such as breed, age, gender, tumor
location, administered drugs, and treatment response have been
collected from the medical records of the patient.

The specimens were enrolled into two distinct groups: TVT1
(n =9), comprising specimens belonging to dogs with no history
of antineoplastic treatment or any other drugs; and TVT2 (n=5),
comprising specimens that presented unsatisfactory clinical res-
ponse to the chemotherapy protocol with vincristine sulfate ac-
cording to Lorimier and Fan (2007). This study has been appro-
ved by the Animal Research Ethics Committee of the Sdo Paulo
State University at Jaboticabal, Sdo Paulo, Brazil, under the proto-
col number 002140/11.

Immunohistochemistry. The method used was the Strepta-
vidin-Biotin-Complex. Four primary antibodies were employed to
evaluate the expression of proteins P-gp, MRP1, mutant p53, and
isoenzyme GSTpi in the two experimental groups (Table 1).

Three micrometers samples were arranged in histological
slides previously treated with poly-L-lisine (Code P4832 - Sigma
Chemical Co., St Louis, MO, USA). Peroxidase endogenous activity
was blocked immersing the slides in a 8% hydrogen peroxide me-
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Table 1. Antibodies specifications used in immunohistochemistry reactions

Primary Immunoglobulin Specificity Clone Dilution Code
antibodies (subclass)

P-gp IgG2a Mouse anti-human  Monoclonal

C494 1:200 8710-01a
MRP1 IgG2a Mouse anti-human  Monoclonal

33A6 1:25 NCL-MRP1b
GSTpi - Rabbit anti-human Polyclonal

Ab-1 1:50 RB-050-A0c
p53 - Rabbit anti-human Polyclonal

CM1 1:100 NCL-p53-CM1b

2 Signet Laboratories, Dedham, MA, USA; * Novocastra Laboratories Lts., Newcastle, UK; ¢ Labvision

Corporation, Fremont, CA, USA.

thanol solution for 20 minutes (except for the anti-MRP1 antibody
reactions). The antigen retrieval was conducted through heat and
the technique was chosen according to the primary antibody used
(Table 2). After cooling the slices for 20 minutes at room tempe-
rature, the non-specific background reactions were blocked. The
slices were then incubated overnight (12-18 hours) with the pri-
mary antibody at 4°C. The slices were incubated with a biotinila-
ted secondary antibody (Table 2), following incubation with the
Streptavidin-Biotin-peroxidase (Vectastain ABC Elite Kit, Vector
Laboratories, CA, EUA or Easypath kit, EP-USA, Erviegas instru-
mental cirtrgico, Sdo Paulo, Brazil). The reactions were revealed
by the chromogenic substrate 3.3 diaminobenzendine (DAB Vec-
tor Laboratories, Burlingame, CA, EUA) and counterstained with
Harris hematoxylin for one minute.

Table 2. Primary antibodies and their respective methods
and antigen retrieval solution, blockade of non-immune links
and secondary antibodies used in immunohistochemistry
reactions in this study, by ABC method

Primary Retrieval Method Blockade of non-
antibody solution immune links
P-gp Retrieve-all1® Double boiler Normal horse serum®
(30 minutes) 20 minutes
MRP1 Tris-EDTA Pressure cooker ~ Normal horse serum®
pH=9.0 (5 minutes) 20 minutes
GSTpi Retrieve-all1® Double boiler Normal goat serum*
(30 minutes) 20 minutes
p53 Citrate Pressure cooker  Bovine serum albumin®
pH=6.0 (5 minutes) overnight

Signet Laboratories, Dedham, MA, EUA code 1910; ®* VECTASTAIN ABC
Elite Kit, (Code PK 6102, Vector Laboratories, Burlingame, CA, EUA);
¢VECTASTAIN ABC Elite Kit, (Code PK 6101, Vector Laboratories, Burlin-
game, CA, EUA); ¢ 0,1g of bovine serum albumin (BSA) in 5mL of phos-
phate buffered saline (PBS), incubated together with primary antibody;
¢ Kit Easypath USA (code EP-USA, Erviegas, Sdo Paulo, Brazil).

The positive controls for the reactions with the primary anti-
bodies anti-P-gp anti-MRP1 were canine intestine, whereas canine
testicles were used for the anti-GSTpi reaction. Canine mammary
carcinoma specimens previously tested and with known p53 ex-
pression were employed as positive control in the reactions with
the antibody anti-p53. As negative controls, the primary antibo-
dies were switched by phosphate-buffered saline.

The evaluation of the immunostaining was accomplished by
one or two examiners. Five fields per slice were randomly selec-
ted and in each 100 stained and non-stained neoplastic cells were
computed with a micrometric reticulum (Nikon, Inc., Japan) at
400x magnification. Percentages of stained neoplastic cells rela-
tive to the total number of cells were determined. The specimens

were considered positive for the P-gp, MRP1, GSTpi and p53 ex-
pression if they presented more than 10% of the cells stained, ac-
cording to previous investigations (Miyoshi et al. 2002, Sueiro et
al. 2004, Sokotowska et al. 2005, Yonemaru et al. 2007).

Statistical analysis. Fisher’s exact test and Spearman’s rank
correlation coefficient were employed in the analysis of the re-
sults, with P-value <0.05 attaining a significant difference (Pris-
ma 5.0 for Windows, GraphPad Software, San Diego California
USA).

RESULTS

P-gp expression

The P-gp expression in the neoplastic cells was cyto-
plasmic, showing granular and diffuse aspect (Fig.1A). Stai-
ning of the mononuclear cell infiltrate was also observed
(Fig.1B). The number and percentage of TVT1 and TVT2
positive specimens is given at Table 3. Minimum, maxi-
mum, interquartiles, and median of the percentage of stai-
ned neoplastic cells for the four immunohistochemistry
techniques used in both experimental groups of this study
are shown at Figure 2.

MRP1 expression

MRP1 expression was considered negative (less than
10% of cells stained) in all 14 TVT specimens analyzed
(Table 3). In four specimens of the TVT1 group and in two
specimens of the TVT2 group the granular and diffuse cyto-
plasmic expression of MRP1 was observed in less than 4%
of the cells. Staining of the mononuclear cell infiltrate was
observed in one specimen of the TVT1 group.

GSTpi expression

The isoenzyme GSTpi immunostaining pattern was
mainly cytoplasmic, granular, and diffuse; however, there
were some specimens that presented concurrent cytoplas-
mic and nuclear staining (Fig.3). Mononuclear cell infiltrate
was observed in one specimen. The number and percenta-
ge of positive specimens for GSTpi from TVT1 and TVT2 is
presented at Table 3.

Protein p53 expression

The expression of protein p53 in the immunoreacti-
ve TVT specimens was mainly nuclear (Fig.4) with little
cytoplasmic reaction. The number and percentage of po-
sitive specimens for p53 from TVT1 and TVT2 is shown
at Table 3.
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Fig.1.
pression. 1A - shows brown color, granular and diffuse cyto-
plasmic staining in the neoplastic cells (x400). 1B - brown
staining in the cytoplasm of the mononuclear inflammatory
infiltrate and absence of staining in neoplastic cells . Immu-
nohistochemical reaction (Streptavidin-biotin method), 400x.

Table 3. P-gp, MRP1, GSTpi and p53 expression in experimental
groups by immunohistochemistry technique

Groups P-gp MRP1 GSTpi p53
TVT1 8/9 0/9 4/9 2/9
(88.8%) (0%) (44.5%) (22.2%)
TVT2 4/5 0/5 4/5 0/5
(80%) (0%) (80%) (0%)
TOTAL 12/14 0/14 8/14 2/14
(85.7%) (0%) (57.1%) (14.2%)

P-gp, MRP1, GSTpi and p53 expression

The concurrent expression of the four markers, P-gp,
MRP1, GSTpi, and p53, did not occur in any specimen. In
TVT1 group, one specimen was positive for three of the ma-
rkers (P-gp, GSTpi and p53); four were positive for two ma-
rkers, one specimen for P-gp and GSTpi, two for P-gp and
p53, and one for GSTpi and p53. Four specimens expressed
only P-gp and one specimen expressed only GSTpi (Table
4). In experimental TVT2 group, three specimens expres-
sed P-gp and GSTpi; one specimen expressed only P-gp, and
one expressed only GSTpi (Table 5).

Spearman’s rank correlation coefficient showed no cor-
relation between the mean percentage of stained neoplastic
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Fig.2. Graphical representation of the minimal and maximal per-
centages of neoplastic cells stained in groups TVT1 (A) and
TVT2 (B) with the anti-Gp-P, MRP1, GSTpi and p53 antibodies.
Continuous horizontal lines represent the median values. The
boxes represent the interquartiles intervals (25% to 75" per-
centile). The sticks represent the minimal and maximal values
of the percentage of stained neoplastic cells. The dashed hori-
zontal line represent the threshold to define the specimen as
positive for a given marker.

Fig.3. Canine TVT specimen from group TVT1 showing GSTpi
expression. Brown color granular cytoplasmic stainings are
shown. Immunohistochemical reaction (Streptavidin-biotin
method), 400x.



P-glycoprotein, multidrug resistance-associated protein, glutathione-S-transferase pi and p53 in canine transmissible venereal tumor 75

@ oa: 4 i€ :

9. 2 %

¥ SOy S0 SRNEY B !;" 0E e 2 T
Fig.4. TVT specimen from group TVT1 showing p53 expression.
Slight brown color nuclear staining in the neoplastic cells are
visible (x400). Immunohistochemical reaction (Streptavidin-
biotin method), 400x.

Table 4. P-gp, MRP1, GSTpi and p53 expression in specimens

of TVT1 group
P-gp MRP1 GSTpi p53 Number of
Specimens
+ + + 0
+ + 0
+ + + 1
+ + 0
+ 0
+ + - 1
+ + 2
+ - - 4
+ + 0
+ 0
+ + 0
+ - 0
+ + 1
+ - 1
+ 0
0

Table 5. P-gp, MRP1, GStpi and p53 expression in specimens

of TVT2 group
P-gp MRP1 GSTpi p53 Number of
specimens
+ + 0
+ 0
+ + 0
+ + 0
+ - 0
+ + - 3
+ + 0
+ 1
+ + 0
+ 0
+ + 0
+ - 0
+ 0
1
+ 0
0

cells for the several markers in either experimental group
(P>0.05).

DISCUSSION

Vincristine sulfate is the most effective drug to treat TVT
(Calvert et al. 1982) with expected remission in over 90%
of the cases. However, chemotherapy resistance is obser-
ved (Calvert et al. 1982, Rogers et al. 1998, Brandao et al.
2002) and resistance mechanisms are not completely un-
derstood. In humans, the multiple drug resistance is the
main obstacle to the success in chemotherapy (Munoz et al.
2007) and supposedly also in canine neoplasms (Bergman
et al. 1996, Lee et al. 1996, Mealey et al. 1998, Uozurmi et
al. 2005).

As far as the authors concern, this is the first investiga-
tion that evaluates concurrent expressions of multidrug re-
sistance P-gp, MRP1, p53 and enzyme GSTpi in canine TVT
using immunohistochemistry. Recent studies described
p53 (Santos et al. 2008, Moro et al. 2010) or P-gp (Gaspar
et al. 2009) alone in canine TVT.

The four antibodies employed in this work were com-
mercially developed against human antigens. Among them,
the polyclonal anti-p53 antibody, clone CM1 (Novocastra
Laboratories Ltd, Newcastle, UK) have already been suc-
cessfully tested in canine neoplastic tissues (Sueiro et al.
2004, Keller et al. 2007; Moro et al. 2010). Similarly, the
monoclonal anti-P-gp antibody, clone C494 (Signet Labora-
tories, Dedham, MA, USA) have been successfully employed
in different canine neoplastic tissues (Ginn 1996, Petterino
et al. 2006) and TVT (Gaspar et al. 2009). Until now, there
were no known studies demonstrating cross-reactivity of
the clones anti-MRP1 (Novocastra Laboratories Ltd, New-
castle, UK) and anti-GSTpi (Labvision Corporation, Fremont
CA, USA) used in this research with canine tissues. Previous
studies have used different commercial clones of the des-
cribed antibodies and have shown successful staining of
the corresponding proteins (Miyoshi et al. 2002) and enzy-
mes (Rocha et al. 2000) in canine neoplastic tissues.

The diffuse cytoplasmic immunostaining pattern ob-
served for the anti-P-gp antibody was consistent to what
have been observed in other investigations with neoplastic
tissues (Miyoshi et al. 2002, Petterino et al. 2006) and TVT
(Gaspar et al. 2009). Nonetheless, the staining patterns
seem to vary according to both the clone used and neoplas-
tic tissue, being possible the staining of the plasma mem-
brane and cytoplasm altogether (Ginn 1996).

In this study, a high percentage of positive specimens
for P-gp has been observed. However, due to no significant
difference observed between the number of positive speci-
mens in TVT1 and TVT2 groups, this study cannot support
that vincristine sulfate might induce P-gp expression.

In human tumors, the MRP1 expression is associated to
multidrug resistance when P-gp was notinvolved, or it could
be co-expressed with P-gp (Filipits etal. 2005; Ohsawa et al.
2005). In contrast to what is described for human tumors,
it was not observed a significant expression of MRP1 in any
of the groups evaluated herein. This protein is probably not
associated to resistance prior to chemotherapy, as well as
vincristine sulfate does not induce it in dogs with TVT.
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76 Daniel G. Gerardi et al.

The observed cytoplasmic and nuclear GSTpi staining
followed the same pattern described for human neoplas-
tic tissues (Howells et al. 2004, Soh et al. 2005). In human
beings this staining pattern has been related to prognosis
(Howells et al. 2004, Soh et al. 2005) although controver-
sy exists. While two studies relate the concurrent nuclear
and cytoplasmic GSTpi expression to a decreased survival
time and chemotherapy resistance (Soh et al. 2005), ano-
ther study (Howells et al. 2004) has associated the same
staining pattern to a more favorable fruition. In this study it
was observed the concurrent staining of nucleus and cyto-
plasm although more data is necessary to correlate the GS-
Tpi location to TVT and the prognosis of other neoplasms
in dogs.

Regardless of the controversy on the GSTpi staining pat-
tern, its expression in human tumors is related to a reduced
survival time and to chemotherapy resistance (Ribrag et al.
2003, Arai et al. 2008). In dogs, though the GST concentra-
tions seem to be higher in neoplastic tissues as compared
to normal tissues (Kumaraguruparan et al. 2006), such as-
sociation was not find in a study by Rocha et al. (2000). Ho-
wever, one must consider the small number of neoplasms
studied and the limited attention given to the expression of
GSTpi in canine neoplasm.

In this investigation, a higher number of GSTpi posi-
tive cases was found in group TVT2 (80%) than in group
TVT1 (44.5%). Although not statistically significant due to
the sample size, one could assume that vincristine sulfate
could induce the expression of GSTpi in TVT.

The p53 staining pattern is nuclear since this is a very
important cell cycle regulatory protein. However, staining
patterns either nuclear, nuclear and cytoplasmatic, or only
cytoplasmic have been observed with this antibody in ca-
nine TVT. Some reasons could be suggested, including a
complex formation between the mutant p53 and the heat
shock protein hsp72/73 (Purdie et al. 1991), the binding
of the wild p53 to mdm2 (Tominaga et al. 1993), p53 inac-
tivation through nuclear exclusion (Bosari et al. 1994), or
the C-terminal portion of the protein is present in the cyto-
plasm (Haga et al. 2001). Although these arguments are
supported by literature, in this study only nuclear stained
cells were considered positives.

Mutations in p53 are frequently observed in human ne-
oplasms and some are associated to MDR (Lugmani 2005).
The role of the mutated p53 is not yet elucidated in canine
neoplasms. The p53 expression is related to a poor respon-
se to chemotherapy in lymphomas (Veldhoen et al. 1998),
or to a worse prognosis in mammary neoplasms (Lee et
al. 2004). In this work, a higher percentage of positive ca-
ses was expected for TVT2 group in comparison to TVT1,
which did not occur. In fact, none of the specimens were
considered positive in group TVT2, whereas only two were
positive in TVT1. Interestingly, a higher p53 expression was
observed in transplanted TVTs in regression stage than in
progression and latency of the TVTs transplanted to dogs
(Moro et al. 2010), in agreement to what was found by
Santos et al. (2008). These authors described a direct re-
lationship between p53 expression and apoptotic index in
the TVT in regression stage. Also, they suggest that the p53
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expression in the canine TVT may correspond to the wild
type protein.

The MDR, either innate or acquired, interfere with the
efficacy of many antineoplastic drugs. It is established
through multiple mechanisms acting in either isolated or
synergistically fashion (Gillet & Gottesman 2010). In this
study the expression of the four markers, P-gp, MRP1, GS-
Tpi and p53, did not occur in all TVT specimens. Only one
specimen in group TVT1 was positive for three markers.
Still in this group, the expressions of P-gp and p53 in two
specimens, P-gp and GSTpi in one specimen and GSTpi and
p53 in one specimen were observed. However, in group
TVT2 there were three specimens expressing P-gp and GS-
Tpi exclusively. Researchers have observed that the identi-
fication of MRP1, as an important glutathione conjugates
efflux pump, increases the possibility that MRP1 and GST
might act synergistically in some chemotherapy cell resis-
tance (Townsend & Tew 2003). However, in this study, po-
sitive specimens for GSTpi and MRP1 were not observed.

Besides the staining of the neoplastic cells, inflamma-
tory infiltrate cells were also stained with the anti-P-gp,
MRP1 and GSTpi antibodies in some specimens, accor-
ding to what is described by Yang et al. (1999) in human
mammary tumors. Additionally, Johnstone et al. (2000)
reported that blood cells with cytolytic activity present a
higher P-gp expression, suggesting that this glycoprotein
is involved with immunological functions, i. e., relative
to cytotoxicity mediated by CD8* and Natural Killer (NK)
cells. For some researchers evidence exists that P-gp plays
an important role in CD4*, CD8*, antigen-presenting cells
and NK and, therefore participates in the immune modu-
lation response (Pendse et al. 2003). It is also known that
MRP1 presents a relevant function during the activation
of Th1 murine cells (Prechtl et al. 2000). Specific assays
to determine the subpopulations of cells and the proteins
functions in inflammatory cells have not been conducted in
this investigation.

CONCLUSION

The studied canine TVT expressed the four markers evalu-
ated, although only P-gp and GSTpi were expressed in an
intense way, mainly in cytoplasm and cytoplasm and nuclei,
respectively. This occurred before chemotherapy as well as
after the exposure to vincristine sulfate. Future studies are
needed to demonstrate the function of these two markers
in the development of MDR in canine TVT.
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