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Abstract
Transmissible venereal tumour (TVT) generally presents different degrees of aggressiveness, which

makes them unresponsive to conventional treatment protocols. This implies a progressive alteration

of their biological profile. This study aimed to evaluate the cytotoxicity, cell survival, apoptosis and

cell cycle alterations in TVT cell cultures subjected to treatment with vincristine. Similarly, it assessed

possible implications of MDR-1, TP53, BCL-2, and BAX gene expressions in eight TVT primary cultures

for both resistance to chemotherapy and biological behaviour. When comparing TVT cells receiving

vincristine to those untreated, a statistical difference related to increased cytotoxicity and decreased

survival rates, and alterations in G1 and S cell cycle phases were found but without detectable

differences in apoptosis. Increased MDR-1 gene expression was observed after treatment. The groups

did not differ statistically in relation to the TP53, BAX and BCL-2 genes. Although preliminary, the

findings suggest that such augmented expression is related to tumour malignancy and

chemotherapy resistance.
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Introduction

Despite its uncertain origin, transmissible vene-
real tumour (TVT) is a malignancy classified
morphologically as a round cell neoplasm with
plasmacytoid or lymphocytic aspect.1 The cells
with lymphocytic aspect are small and have a
regular shape with a round core, which has coarse
chromatin and one or two nucleoli. The cytoplasm
is sparse and finely granulated, with vacuoles in the
cell periphery. The cells with plasmacytoid aspect

are bulky and present an irregular contour, with
eccentric nucleus and abundant cytoplasm.1–3

According to this development, we may observe
a nodular and friable tissue with hemorrhagic areas,
often slightly marked and presenting ulcerations.
This tumour may present in solitary or multiple
form, presenting aspect of cauliflower or plates,
with the presence of a serosanguineous secretion
and possible secondary bacterial infection. Ani-
mals can also present itching and show behavioural
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changes, often becoming aggressive or apathetic,
lethargic and anorexic. In more advanced cases,
with perineal tumour progression, urinary reten-
tion may be observed.3,4

The transplantation occurs when intact host
tumour cells lose the ability to express molecules
of major histocompatibility complex (MHC) class
I and II, enabling tissue transposition to a healthy
animal by contact between skin and/or damaged
mucous membranes. The characteristics of canine
coitus allows prolonged contact abrasions on gen-
ital mucous membranes, making the coitus an
efficient transmission mode. Once a tumour is
established, its proliferation may occur by reaching
other locations, which eventually develops into
metastases.2–4

Spontaneous regression is documented in cases
of experimental TVT, but the same is not rou-
tinely reported in clinical care.3,5 The tumour spon-
taneously regresses in healthy animals, and such
regression is associated with the infiltration of lym-
phocytes and plasma cells as well as necrosis and
apoptosis. Despite Higgins reporting spontaneous
tumour regression, numerous clinical studies have
not registered this event. In addition, the chronic
presence of tumours for periods of 4 years opposes
to this theory.3,4

The therapeutic protocol established for TVT,
namely a weekly application of vincristine sulphate
as a single agent (four to eight intravenous shots),
is the most widely used for tumour regression.2–4

Despite a description that 90% of dogs responded
positively to this treatment, the presence of signs
and symptoms suggesting serious side effects leads
to a treatment interruption in a high number of
cases.5,6

One suitable drug against vincristine-resistant
tumours is doxorubicin.7 Vinblastine, prednisone
or their combination, is less often applied because
of greater side effects.8,9 Therefore, TVT therapy
is currently restricted to a small number of drugs,
which are sometimes insufficient because of specific
tumour resistances.5,6,10

The progressive increase of TVTs with high per-
centages of aggressiveness and variable response
to chemotherapy, including resistance, is partially
due to the high expression of p-glycoprotein (Pgp)
by tumour cells, which leads to the expulsion

of chemotherapeutic.11–13 Thus, treatment cost
increases, as do side effects such as anorexia,
nephrotoxicity and myelosuppression.

Similarly, other mechanisms related to ther-
apy resistance and variable biological behaviour of
tumours include changes in pro- and anti-apoptotic
genes from the family BCL-2, and DNA repair sys-
tems, which are associated with the family TP53.
However, this aspect has been scarcely studied
in TVT.

Pgp, also known as ABCB1, is produced by
the gene MDR-1. This protein has a molecular
mass of 170 kDa, 12 transmembrane domains
and 2 ATP bond sites, and belongs to the group
of ABC proteins (ATP-binding cassette). They
are energy-dependent channels involved in the
transfer of biological molecules through the mem-
brane against concentration gradient, with high
expression in tumour tissues previously exposed to
drugs.14,15

Pgp expresses in different tissues,16,17 and
defends cells from cytotoxic agents under normal
conditions.17,18 However, an overexpression of
Pgp not only induces to a multidrug resistance19

by reducing intracellular drug concentration to
non-lethal levels,15,20,21 but also seems to play a role
in preventing early apoptosis in tumour cells.22 The
TP53 gene is one that often mutates, including in
human cancer. Several reports indicate alteration
of TP53 in about the half of studied tumours.23

From a clinical point of view, TP53 inactivation or
mutation is a usual and severe molecular event for
most tumours. There are mutant TP53 forms dis-
playing longer half-life times, oncogenic potential
and negative effects on the unique types, leading to
chemoresistance.24

Substantial evidence supports the hypothesis that
the expression of MDR-1 (Pgp) is regulated by
some mutants of p53 protein, and suggests that the
response to chemotherapy or radiation may depend
in part on TP53 status before treatment.25

The TP53 gene is located on the short arm of
human chromosome 17 (17p13),24 that encodes
p53 formation a nuclear phosphoprotein of 53 kDa
consisting of 393 amino acids, which has implica-
tions for the cell cycle, DNA repair synthesis, cell
differentiation, genomic plasticity and cell death
programming.26,27
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A TP53 mutation has been described in dogs.28

In TVT, Choi and Kim described the first reports
about its mutation.29 Sánchez-Servín et al. sup-
ported further findings.30 Nonetheless, in spite of
the gene mutation evidence in the tumour, the abil-
ity of this feature to generate some changes in the
protein function remains unknown.31

According to Sánchez-Servín et al. determining
the role of TP53 polymorphisms in the pathogenesis
and response to chemotherapy is still necessary in
relation to TVT.30 In addition, Stockmann et al. and
others emphasise the need to assess the effects of
expression of the protein and its family members on
TVT cells, by relating the findings to prognosis and
possible treatment options.32

The genes BAX and BCL-2 belong to the same
family that comprises about 25 genes. They encode
proteins regulating permeability of the outer
membrane of mitochondria, and are subdi-
vided according to their domain and function
in apoptotic (Bax, Bad, Bak and Bok, etc.), and
anti-apoptotic (BCL-2 itself, BCL-XL and BCL-W)
processes.14,33,34 Because BCL-2 overexpression
was identified in B cell malignancies, it has been
observed in different types of tumours and cell
lines in both humans and other animals.35–37 Its
involvement in cancer has also been determined.14

However, reports on BCL-2 participation in car-
cinogenesis are heterogeneous. On the one hand,
overexpression confers resistance of many cell
types to drugs and radiation.34,37 On the other
hand, overexpression also relates to low and
favourable malignant phenotype prognoses.38

In TVT, Bcl-2 family protein expression has
been identified. According to Stockmann et al.
Bcl-2 overexpression is independent of the TVT
development stage.32 Previously, Frenzel et al. sug-
gested that overexpression of Bcl-2 may promote
the acquisition of functions associated with tumour
progression and survival.39 Similarly, Amaral
et al. emphasise that less aggressive TVT have a
high rate of apoptosis, which may lead to better
prognosis.40

Thus, culture studies have formidably increased
the understanding of the pathogenesis of certain
cancers, and provided a basis for developing new
methods of tumour diagnosis and treatment.41 As
to TVT, the success of culturing has been described

by other researchers,42–47 although few analyses
were made in their studies.

It is known that some TVTs have varying degrees
of aggressiveness and resistance to chemotherapy.
This demonstrates the need for a specific treatment
for each type of tumour, which would minimize
cost and side effects by avoiding excessive use of
chemotherapy.6,8,11

Finally, considering the importance of achiev-
ing further compression of TVT evolution and
pathogenicity, this study aimed to evaluate the
cytotoxicity, cell survival, apoptosis and cell cycle
alterations in TVT cell cultures subjected to treat-
ment with vincristine. Similarly, it assessed possible
implications of MDR-1, TP53, BCL-2 and BAX gene
expressions for both resistance to chemotherapy
and biological behaviour, in TVT primary cultures.

Results

Eight cell tumour cultures were isolated (Fig. 1).
After establishing subcultures, cells were character-
ized by immunocytochemistry, presenting positive
values for vimentin, lysozyme, alpha-antitrypsin
and negative for CD3 and CD79𝛼. Chromosome
analysis revealed numbers ranging from 56 to 70.
None of them exhibited the same number as dog
somatic cells (data being prepared for publication).

Cytotoxicity and survival in TVT cells

The cytotoxicity test showed greater cytotoxicity
and high significance in treated cells at 0.25, 0.5
and 1 μM (P < 0.01), when compared with control
samples. On the other hand, when comparing treat-
ments, there was greater cytotoxicity at 1 μM than
0.25 μM (P < 0.05) (Table 1, Fig. 2).

In relation to survival analysis, treated cells
displayed lower levels and higher significance
(P < 0.01). In addition, no difference among differ-
ent concentrations was found (P > 0.05) (Table 1,
Fig. 3).

Apoptosis

In this case, evaluated parameters were viable cells,
initial apoptosis, late apoptosis and necrosis. Differ-
ences among cells with and without treatment were
not observed (P > 0.05) (Table 2).

© 2016 John Wiley & Sons Ltd, Veterinary and Comparative Oncology, doi: 10.1111/vco.12220
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Figure 1. Isolation of TVT cells. (A) Cytology in TVT (×40 obj). Black arrow: lymphocytic standard (round cells, little
cytoplasm and high nucleus:cytoplasm ratio). White arrow: plasmacytoid standard (ovoid cells, broad cytoplasm and
eccentric nuclei). (B) TVT cell culture, third passage, form ranging from spindle to oval, bar 200 μm.

Table 1. Percent viability (cytotoxicity) and TVT cell survival after vincristine treatment

Test Negative control 0.25𝛍M 0.5𝛍M 1𝛍M

Percentage of viable cells (cytotoxicity) 100a 55.3± 14b 48.1± 18b,c 39.8± 17c

Percentage of survival 100a 40.7± 16b 35.8± 18b 33.5± 17b

Data expressed as average± of the standard deviation. Different letters indicate statistical differences a,b (P < 0.01); b,c (P < 0.05).
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Figure 2. Percentage of TVT cell viability after 24-h
vincristine treatment. A statistical difference between
controls and treatments can be noted *** (P < 0.01), between
0.25 and 0.5 μM ** (P< 0.05).

Cell cycle

In this analysis, the cell cycle phases G1, G2, S
and sub G1 were taken into account. Treated cell
analysis showed a significant decrease in G1, for
all treatments and in S phases, only in T3 (1 μM),
at respective significance levels of P< 0.01 and
P < 0.05. In the phase sub G1, a significant increase
(P < 0.01) was also found in treated cells. In addi-
tion, a difference between T3 compared with T1
(P < 0.05) was evident. Similarly, differences in
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Figure 3. Percentage of TVT cell survival 5 days after
vincristine treatment. A statistical difference between
control and treatments can be observed ***(P < 0.01).

G2 phase remained undetectable in any treatment
(P > 0.05) (Table 3).

Gene expression

In all samples, integrity of 18S and 28S riboso-
mal RNA, on agarose gel, was suitable. Analysis
of the gene MDR-1 disclosed variable expres-
sions ranging from high (RQ= 2.19 to 4.48)
to low (RQ= 0.006 to 0.1). A statistical differ-
ence (P < 0.05) was determined by comparing
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Table 2. Percentage of viable TVT cells in apoptosis and necrosis after vincristine treatment

Cell state Control 0.25𝛍M 0.5𝛍M 1𝛍M

Viable 80.96± 10.57 72.41± 15.41 73.80± 16.08 69.60± 22.17
Initial apoptosis 12.17± 10.02 19.10± 15.82 18.83± 17.11 18.53± 18.54
Late apoptosis 5.37± 3.46 6.56± 3.85 5.19± 2.46 8.26± 11.79
Necrosis 1.5± 2.32 1.92± 2.61 2.17± 3.12 3.56± 4.83

Data expressed as average± standard deviation. Statistical comparisons data showed no significant differences (P > 0.05).

Table 3. Kinetics of the cell cycle in TVT cells 48 h after vincristine treatment

Cell state Control 0.25𝛍M 0.5𝛍M 1𝛍M

G1 (%) 63.7± 15.17a 43.39± 15.8b 41.94± 16.74b 39.50± 14.69b

S(%) 2.9± 1.51a 2.15± 0.69ab 2.4± 1.07ab 1.67± 0.6b

G2 (%) 19.98± 12.08a 23.28± 11.94a 19.07± 7.74a 16.34± 7.59a

Sub G1 (%) 13.42± 7.91a 31.17± 13.52b 36.59± 15.17bc 42.49± 17.29c

Data expressed as average± standard deviation. Different letters indicate statistical differences a,b (P < 0.01); b,c (P < 0.05).
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Figure 4. mRNA relative expression of MDR-1 in TVT
cells after vincristine treatment. Endogenous control by
RPS5N and RPS19. Evidence of a statistical difference
between treated and control cells **P < 0.05.

treated and control cells (Fig. 4). As to TP53, BAX
and BCL-2 gene expressions, statistical analysis
revealed no significant differences in groups with
and without treatment (P> 0.05). Is important to
note that the QR value for TP53 expression was
> 2.00 in samples with and without treatment
(Fig. 5).

Discussion

A high-level of Pgp (MDR-1) expression in tumours
is associated with a reduced susceptibility to ther-
apy in dogs,48–53 and humans.15,20,21 Therefore,
patients with this type of alteration require a greater
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Figure 5. mRNA relative expression of TP53 in TVT cells
after vincristine treatment. Endogenous control by RPS5 and
RPS19. No evidence of a statistical difference between
treated and control cells was found at P> 0.05.

number of doses or higher drug concentrations dur-
ing treatment.

In this investigation, cells subjected to vincristine
displayed a variable expression of the MDR-1 gene.
These results are important for two reasons. First,
this allows demonstration of variability in TVT cells
as a response to therapy. Second, results are an indi-
cation of an existing modulator effect of vincristine
on MDR-1 gene expression.

Utilizing this rationale, researchers reported on
the association between the use of vinca alkaloids
and an increased Pgp expression, which develops in
parallel drug resistance.53–56 Similarly, an outcome
from a previous research study conducted by the
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authors of this work indicates that TVTs with a sig-
nificantly greater immunoreactivity to the staining
with anti-glycoprotein-p antibody was also directly
related to a partial response to chemotherapy.11,12

Given these findings, in some TVT cultures,
MDR-1 expression may be modulated by vin-
cristine, besides being an important mechanism for
the regulation of drug resistance. Such a position
is based on the action mechanisms of MDR-1.
As stated, Pgp (MDR-1) carries cytotoxic agents
such as vincristine to the outside of cell,21 which
reduces its levels to non-lethal concentrations.17,18

Consequently, Pgp (MDR-1) overexpression is
associated with drug resistance.20 Furthermore,
under this condition, a significant influence on
the apoptosis mechanisms in the tumour cells can
be observed, namely preventing early apoptosis in
tumour cells.22

On the other hand, a lower MDR-1 expression
has been reported. However, this condition is still
controversial given its description as a leading fac-
tor for an increased exposure to toxic agents, which
eventually raises the risk of developing alterations in
the cell genome. This would cause different grades
of malignancy,22 a condition that was also observed
in cells through this study, specifically in those
untreated. For this reason, further studies are still
needed to identify the function of TVT cell condi-
tions.

TVT cells with low levels of Pgp expression
may require chemotherapy to increase its expres-
sion as in other tumours.55 Moreover, multiclonal-
ity in TVT cells is possible due to its primary origin,
including clonal selection when creating cultures.
However, further studies are necessary to clarify
these aspects because this is the first veterinary
oncological study to identify MDR-1 gene expres-
sion in TVT by means of real-time reverse tran-
scription (RT-qPCR) at the in vitro level.

The TP53 expression found in cells was generally
high, a condition associated with poor prognosis
in lymphomas,57 and breast cancer.58 Nevertheless,
in other tumours a variable behaviour is described
because of their functions. TP53 induces p53 acti-
vation that contributes to apoptosis or autophagy.59

Furthermore, this protein participates in different

phases of the cell cycle such as the G1 phase of trans-
activation by p21, and the G2/M by blocking cell
entry to mitosis.27

P53 produced by TP53 may present a dual mech-
anism in cells, that is, protector and inducer of
apoptosis.27 Given the results, the occurrence of
these mechanisms may also occur in TVT cells. In
the first case, this process can cause a longer cell
survival, and increase the possibility of malignant
transformation.

TP53 overexpression has been considered
a marker for the presence of mutations25; in
TVT, researchers have already described gene
mutations.29–31 Thus, the results of this research
regarding TP53 may be related to what has already
been disclosed. Therefore, further investigations
should be pursued.

Another apoptotic pathway stimulated by
TP53 is BAX gene expression.34,60 A high expres-
sion of this gene in all cells also exhibiting high
TP53 expression was expected during the present
investigation, because the latter promotes apop-
tosis through BAX upregulation and BCL-2
downregulation.61 However, this condition was
not observed. In this case, the presence of TP53
mutations in TVT cells is possible, because the loss
of TP53 activity in cancer cells has been associ-
ated with limited BAX production and apoptosis
activation by the mitochondrial pathway.62,63

Finally, in reference to gene expression of the
BCL-2 family, our results are unprecedented in
TVT; mRNA expression of BCL-2 and BAX did
not differ between groups. In this tumour, only
the expression of Bcl-2 protein has been shown
so far. With respect to Stockmann et al., the
high expression of Bcl-2 protein was revealed by
immunohistochemistry.38 Nonetheless, identify-
ing the implications of this condition within the
tumour is necessary.

In other studies, BCL-2 overexpression was
found by analysing expression of the same genes
in other types of tumours in humans and other
animals.14,35–37,63,64 This condition confers to
cells resistance to apoptotic stimuli,34 and pre-
vents cell death induced by drugs or radiation
therapy,37,65 besides accelerating tumour genesis by
MYC deregulation and other oncogenes. However,
this situation is also associated with phenotypes

© 2016 John Wiley & Sons Ltd, Veterinary and Comparative Oncology, doi: 10.1111/vco.12220
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that present poor malignancy and favourable
prognosis.34 On the basis of this results, such
implications are improbable in TVT.

At the end of this research, in vitro results in TVT
cells also differed from descriptions in the literature
of vincristine as an inducer of BAX expression in
the process of activating cell death mechanisms.66

Such a divergence should still be investigated to
determine whether these interactions have some
association with tumour biological behaviour.

The Cell Proliferation Kit II (XTT) test, per-
formed in the analysis, is one of the most com-
monly used colorimetric indicators of cell viability,
being able to assess the mitochondrial cell function
in accordance with the enzymatic reduction of the
tetrazolium salt by mitochondrial dehydrogenases
in viable cells.67 However, this test does not eas-
ily differentiate between cytocidal activity and the
cytostatic compound. In relation to the cited work,
vincristine used in the tests is a drug of proven cyto-
static effect68,69 that induces apoptosis or cell death
after a prolonged arrest of the cell cycle.69–71

Despite this evidence about vincristine during
the experimental apoptosis analysis, no differences
were observed between treated and control cells
after 48 h of treatment. However, a detailed cell cycle
analysis in samples receiving treatment showed a
decrease in the percentage of cells in G1 phase and a
significant increase in sub G1 phase, with the latter
being dependent on concentration. In other words,
an anti-proliferative effect was present. In any case,
differences in the number of cells with proliferative
capacity (G2 phase) were not found. All results
demonstrated the existence of a cell sensitivity to
the test compound.

By design, vincristine concentrations in this
work were close to the therapeutic dose in
vitro.72–75 Similarly, time was spent just for
allowing vincristine to develop its cytostatic
potential.66,74,76 Thus, results agreed in relation to
cell behaviour when facing antitumour agent.

Taking into account the above data, the descrip-
tion of vincristine antitumour potential varies
according to concentration, exposure time,71 and
the number of cells in the mitosis phase during the
exposure period.71,77 Researchers using the drug
for solid tumour treatment, and other cell lines
of different TVT, also described high percentages

of apoptosis.71,77,78 In addition, Shi et al., when
comparing various cancer cell lines observed that
death, as a response to antimitotic treatment, varies
widely.79

In TVT, variable responses to treatment are also
described. Hsiao et al. reported on TVT apoptosis,
both in neoplasias healing spontaneously and in
those receiving treatment.80 However, the two
cases associated this condition with the presence
of cytotoxic T cells. On the other hand, Stettner
et al. described the contrary, because apoptosis
was observed in tumours with scarce presence of
such cells.81 This raises questions about whether a
residual activity of cytotoxic T cells is also sufficient
to generate apoptosis.

Accordingly, apoptosis has not been confirmed
as the main mechanism of TVT cellular death
induced by vincristine. Similarly, new research
studies are needed, since the evidence in the
present work ties this drug to other death mech-
anisms. Researchers found that cells undergoing
prolonged arrest of mitosis by drugs can follow
generally two pathways: going into a typical process
of apoptosis from the beginning; or passing to a
dropout process of ‘slippage’, in which cells depart
from mitosis and return to G1 phase, maintaining
a tetraploid state.65,82

Nevertheless, researchers describing such a
mechanism differ as to the possible development
of these cells. For example, Jordan et al. reported
that cells undergoing this process die at the next
interphase, or after one or more cycles.74 Other
scientists such as Panvichian et al. indicate possible
death during mitosis.83 However, Chen and Hor-
witz disclose a continued and abnormal division of
these cells.84

Furthermore, Orth et al. in treating MCF7 cells
resistant to apoptosis, found that after the ‘slip-
page’ process cells showed DNA damage, which
induced p53 and p21, as well as other types of cycle
inhibitors, to deprive cells of a new mitosis.85 Based
on these results, it may be proposed that some types
of cells showing partial apoptosis depend on a com-
bination with DNA damage to induce their death.

Considering these different hypotheses, results
generated by this research in relation to apopto-
sis and the cell cycle may be attributable to some

© 2016 John Wiley & Sons Ltd, Veterinary and Comparative Oncology, doi: 10.1111/vco.12220
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of these mechanisms, which characterizes unprece-
dented outcomes. Thus, investigating the influence
of types of death other than apoptosis in TVT cells
may give rise to new therapeutic options.

As the results of G2 phase, investigators, such as
Mujagic et al. treated sarcomas with vincristine, and
described a transient accumulation of cells related
to this phase, peaking 4 and 8 h after treatment.73

After this period, levels decreased, including drug
presence. It is reported that even cells are more
susceptible to the lethal effects of vincristine as they
progress from S phase to G2.68,73,86 Taking into
account the findings of this work, even in the case
of another type of tumour, similar events may occur
in TVT cells.

Moreover, evaluations of cytotoxicity and sur-
vival are essential for providing information about
cellular damage.87 In this study, vincristine was
employed to demonstrate how TVT cells behave
in an environment devoid of immune system and
extracellular matrix. In this case, cells decreased
metabolism, and exhibited high cytotoxicity and
low survival. To the best of our knowledge, the
literature has no reference to in vitro results sim-
ilar to TVT culture. Nonetheless, findings for
other cancers concluded that such a situation is
related to the action mechanism of vinca alkaloids,
which inhibits cell proliferation and causes mitosis
blockage and cell metabolism.71,88 Therefore, it
is believed that similar mechanisms must occur
in TVT cells, because vincristine is a universal
chemotherapy drug.

Authors describe response rates ranging from 8
to 100% when vincristine is used for the treatment
of tumours in vitro, corroborating this work.89,90

Divergences found in this study include a vari-
able cytotoxicity level at concentrations of 0.25
and 1 μM, in which treatment with the highest
drug concentration produced the highest cyto-
toxicity levels, thus establishing an association
with antitumour potential of vincristine. In this
case, vincristine acts according to its concentration
and exposure time.71,73 Nevertheless, vincristine
at a high concentration completely abolishes
microtube depolymerization.66,71,73 Moreover, a
high-vincristine concentration provokes lethal
cytotoxicity.71 Thus, in this work, higher doses

resulted in lower cell metabolism, a finding that
can account for the observed outcomes.

Conclusions

Given the conditions under which this research was
carried out, the following conclusion can be estab-
lished: MDR-1 gene expression (Pgp) was higher in
TVT cells with lower cytotoxicity and higher sur-
vival levels after chemotherapy with vincristine.

However, these cells present high expression of
the TP53 gene. In this case, the presence of TP53
mutations in TVT cells is possible. The BAX genes
and BCL-2 showed no significant changes in expres-
sion after the treatment. This fact must be clarified
in order to identify the association with chemother-
apy resistance and tumour malignancy. Cell death
in TVT cultures, after treatment with vincristine,
may be linked to other mechanisms of cell death
such as mitotic catastrophe, beyond the possibility
that these cells may possess a mechanism favouring
the escape from mitosis.

Finally, the identification of higher expression
of MDR-1 in TVT cells could help to improve the
therapy in animals presenting this type of tumours,
which would minimize cost and side effects by
avoiding excessive use of vincristine and/or other
treatments.

Methods

Tumour collection

This study was submitted to the Ethics Com-
mittee on Animal Use (CEUA), Faculty of
Veterinary Medicine and Animal Science, Botu-
catu – UNESP, obtaining a favourable opinion
(Protocol 223/2011). The experimental protocol
included epidemiological study based on informa-
tion from owners on the animals’ medical history,
behavioural habits, reproductive history, contact
with other dogs, population density in the living
area, and previous treatments.

Cytological preparations of tumours were fixed,
and then stained using the Giemsa technique (May
Grünwald Giemsa 2%). A minimum of 100 cells
per slide (2) were analysed using a light microscopy
at ×400 magnification for tumour diagnosis and
classification, according to the characteristics of

© 2016 John Wiley & Sons Ltd, Veterinary and Comparative Oncology, doi: 10.1111/vco.12220
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the predominant cell type, namely plasmacytoid,
lymphocytoid or mixed, as described by Amaral
et al.1

Once TVT diagnosis had been confirmed, the
animals were anaesthetized for total cleansing of
the tumour site, where sample collection was car-
ried out by incisional biopsy, obtaining fragments
of approximately 1 cm3. All samples were taken
from patients before undergoing chemotherapy.
The samples were stored in saline and phosphate
solution (PBS) pH 7.4 in RNA Later (Qiagen®,
Venlo, Limburg, the Netherlands), until processing
of the material.

TVT primary culture and compound test
concentration

Insulations of TVT cultures were made according
to the protocol described by Bassani-Silva et al. and
Hsiao et al.46,91 Thus, aseptic fragments of TVT,
placed in saline PBS pH 7.4 (Invitrogen, Life Tech-
nology, Waltham, MA, USA), were transported to
the Laboratory for in vitro Fertilization and Cellular
Cultures in the Department of Animal Reproduc-
tion and Veterinary Radiology FMVZ – UNESP,
Botucatu Campus.

There, samples were ground using a stainless steel
scalpel. Subsequently the material was transferred
to a trypsin solution (TrypLE Select; Invitrogen,
Life Technology) at 37.5 ∘C, and kept for 40 min
with a magnetic homogenizer, after which the solu-
tion was passed through a filter of 70 μm (70 μm
Falcon® cell strainers, Corning, NY, USA). Cells
resulting from this process were placed in a falcon
tube over a Percoll gradient to 42% (Amersham
Pharmacia Biotech, Piscataway, NJ, USA), and cen-
trifuged (820× g, 4 ∘C, 25 min). TVT cells located
in the air–liquid interphase were collected, and
then the pellet was resuspended and conditioned in
25 cm two flasks (Sarstedt, Germany) with 5 mL of
DMEM high glucose culture (Dulbecco’s modified
essential medium – Gibco). This material was
supplemented with 10% foetal calf serum (FCS)
(Gibco, Life Technologies), and with the combi-
nation of 100 U mL−1 penicillin and 100 mg mL−1

streptomycin (Life Technologies, Gibco) and
3μg mL−1 amphotericin B (Life Technologies,
Gibco). The initial isolation purity was confirmed

using Hemacolor (Merck, Whitehouse Station,
NJ, USA).

Following, samples were maintained in a CO2

incubator at 5%, moisture 95% and a temperature
of 37.5 ∘C. Cell viability and concentration were
assessed by an exclusion test using trypan blue, and
cells resuspended in DMEM high glucose culture
(DMEM – Gibco, Life Technologies).

It is important to highlight that, in order to ver-
ify that cells coming from cultures as pertaining
to TVT, samples were subjected to immunocyto-
chemistry as well as analyses of chromosome num-
bers in the Animal Genetics Laboratory of the Insti-
tute of Biosciences UNESP – Botucatu (data not yet
published).

Vincristine (Sigma-Aldrich, St. Louis, MO,
USA), at different concentrations (0.25, 0.5 and 1.0
μM L−1), was utilized for crop treatment. Taking
into account the molecular weight of the drug
(923.04 μmol L−1), compound test concentrations
were 0.023, 0.046 and 0.092 μmol L−1.

Cytotoxicity and cell survival tests

For evaluation of cytotoxicity and cell survival,
XTT (Roche Diagnostics, Mannheim, Germany)
was used. First, cells were seeded in 96-well plates at
respective cell concentrations of 5× 103 to 1.5× 103

for the cytotoxicity and survival tests. After 24 h,
cells were treated with 0.25, 0.5 and 1.0 μM L−1 vin-
cristine (Sigma-Aldrich) for 24 h. Untreated cells
were used as control.

For the cytotoxicity test, immediately after treat-
ment with test compound, cells were washed with
1× Hanks solution (0.4 g KCl, 0.06 g KH2PO4, 0.04
g Na2HPO4, 0.35 g NaHCO3, 1 g glucose and 8
g NaCl in 1 L·H2O). Next, 180 μL of DEM with-
out phenol red (Invitrogen, Life Technologies), and
20 μL of XTT (XTT labelling solution 1 mL/20 μL of
electron-coupling reagent) were added to the cells,
being further incubated for 2 h at 370 ∘C in 5% CO2.
Subsequently, the medium was removed with XTT,
and taken for reading.

For testing cell survival after treatment, speci-
mens were washed with 1× Hanks solution, cul-
ture medium changed and again incubated at 37 ∘C
for 5 days. After this period, the incubation was
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performed using the XTT kit in the same manner
already described for the cytotoxicity assay.

Dye absorption was read by enzyme-linked
immunosorbent assay (ELISA) system, Spectra
Count, at 450 and 690 nm wavelength, with the
result being proportional to the number of viable
cells in the test sample. All tests were performed in
triplicate.

Cell cycle kinetics and apoptosis detection

For both tests, 2× 105 cells were seeded in 6-well
plates. After 24 h cells were treated with 0.25,
0.5 and 1.0 μM L−1 of vincristine (Sigma-Aldrich).
After 48 h, they were washed with Hanks solution
(0.4 g KCl, 0.06 g KH2PO4, 0.04 g Na2HPO4, 0.35
g NaHCO3, 1 g glucose and 8 g NaCl in 1 L·H2O),
detached with trypsin (TrypLE Select – Invitrogen,
Life Technologies) and then resuspended in fresh
medium.

To assess the cell cycle, samples were centrifuged
at 600-g for 10 min. The pellet was resuspended in
200 of HSF (50 mcg propidium iodide, 0.1% sodium
citrate, 0.1% Triton X-100), stored on ice, and pro-
tected from light for 30 min. The percentages of cells
in G0/G1, S and G2/M were measured using the
software GUAVA Cytosoft, version 4.2.1.

For apoptosis, cells were resuspended in 100 μL
of Guava nexin reagent kit (Millipore Merck®,
Darmstadt, Germany), protected from light for
20 min, and immediately analysed in easyCyte
Guava flow cytometer (Millipore). Annexin V was
utilized to identify the externalization of phos-
phatidylserine on the cell membrane, as well as
7-ADD as an indicator of cell membrane integrity.
The analysis was performed using the software
Guava System. Five thousands cells per sample
were analysed.

Cell status was defined as follows: unstained
cells – viable; cells stained only with Annexin –
initial apoptosis; cells stained with 7-AAD and

annexin – late apoptotic; and cells stained with
only 7-AAD – necrosis. All analyses were per-
formed in triplicate.

MDR-1, TP53, BCL-2 and BAX expression
by qPCR

Total RNA from cultures was extracted using the
kit RNeasy Mini (Qiagen) according to the man-
ufacturer’s instructions. After being purified, RNA
was treated with RQ1 RNase-free DNase (Promega,
Madison, WI, USA) for 30 min at 37 ∘C to avoid
false positive results arising from the genomic DNA
amplification. The quality of the extracted RNA was
evaluated on 2% agarose gel stained with ethid-
ium bromide, and analysed using the equipment
NanoVue (GE Healthcare). The samples were stored
in a freezer at −80 ∘C.

The complementary DNA (cDNA) synthesis was
performed to 1 μg of RNA using the kit High Capac-
ity (Applied Biosystems®). The reaction was per-
formed with 6 μL of Random Primer (10×), 6 μL of
RT buffer (10×), 2.5 μL dNTPs (25×), 3 μL of Multi-
Scribe (50 μm mL−1) and RNase-free H2O, accord-
ing to the manufacturer’s protocol. The reaction was
incubated at 25 ∘C for 10 min, then at 37 ∘C for 120
min, and finally stored at 4 ∘C. Samples were kept at
a temperature of −20 ∘C.

The qPCR steps were performed in an automatic
thermocycler (ABI Prism 7500 Sequence Detec-
tion System FAST, Applied Biosystems). A sequence
amplification of primers is detailed in Table 4. The
qPCR reaction consisted of 4 μL of sample cDNA,
200 nM of each primer, 10 μL GoTaq qPCR Mas-
ter Mix (Promega), and nuclease-free water, giving
a final volume of 20 μL.

The reaction conditions for all genes were: initial
denaturation of 95 ∘C for 2 min, followed by 40
cycles of amplification (95 ∘C for 15 s for denatu-
ration, 60 ∘C for 1 m for annealing and extension),
and the dissociation curve (95 ∘C for 15 s, 60 ∘C
for 30 s, and 95 ∘C for 15 s). As a negative control,
nuclease-free water was used in place of the sample.
The relative standard curve for each gene was gen-
erated using serial dilutions of cDNA, which was
considered a reference sample. The lowest dilution
of the standard was considered in relation to a rela-
tive value of 100. Following serial dilutions of 1/10,
the three points were 10, 1 and 0.1. The relative
concentration of the studied genes were normal-
ized according to Larionov et al., through the most
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Table 4. Sense and antisense genes used in RT-qPCR

Gene Sense Antisense

BAXa GGTTGTTGCCCTCCT
CTACT

GTAAGCACTCCAGCC
ACAAA

BCL-2b TGGATGACTGAGTAGC
TGAA

GGCCTACTGACTTCAC
TTAT

TP53c CGCAAAAGAAGAAGCC
ACTA

TCCACTCTGGGCATC
CTT

MDR-1c CAGTGGTTCAGGTGGC
CCT

CGAACTGTAGACAAA
CGATGAGCT

RPS5d GAGGCGTCAGGCTGTC
GAT

AGCCAAATGGCCTGA
TTCAC

RPS19d GGGTCCTCCAAGCCC
TAGAG

CGGCCCCCATCTTGGT

ACTBd GGCATCCTGACCCTCA
AGTA

CTTCTCCATGTCGTCC
CAGT

aSano et al. 2005.93

bKlopfleisch et al. 2009.94

cCulmsee et al. 2004.95

dBrinkhof et al. 2006.96

stable endogenous control from the three endoge-
nous genes tested (RPS5, RPS19 and ACTB).92

All reactions were performed in duplicate. A QR
value <0.5 was defined as decreased expression,
whereas QR > 2.00 was considered increased
expression.

Statistical analysis

Descriptive statistics were performed to analyse the
results. Data from in vitro assays were expressed as
an average percentage± of the standard deviation,
and compared by Kruskal–Wallis test, followed by
multiple comparisons with Dunn’s test. ANOVA
test was conducted for the gene expression analysis,
followed by the Tukey multiple comparisons test,97

using the programme GraphPad Prism 5.0. Values
of P < 0.05 were considered significant.
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