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Background: Diagnostic molecular marker studies are in vogue to have insight of most prevalent animal diseases including cancer.
Objectives: Gene expression proﬁling of pro and anti-apoptotic genes was conducted in dog Lymphoma, CTVT, SCC,
granuloma, perianal adenocarcinoma and mammary tumors.
Materials and Methods: Cancerous tissues of 21 aﬀected animals were obtained. Total RNA was extracted followed
by cDNA synthesis. Comparative Ct method via Taqman assay (RT-qPCR) was used to quantify corresponding mRNA
molecules, Tp53 and Hspb1, as normalized by GAPDH as the reference gene .
Results: Hspb1 showed ectopic expression in lymphoma, CTVT and mammary tumors; its down-regulation was observed
in granuloma and oral SCC with fold diﬀerence (FD) of ±35. Similarly, Tp53 as the tumor suppressor gene with proapoptotic properties, showed up-regulation in all tumor types, notably 80% of mammary tumors and 60% of CTVT. The FD
values were 33.31 and 2.27, respectively.
Conclusion: Altered transcriptomic response of Hspb1 and Tp53 was observed in all cancer types of Canis familiaris. The
resulting proﬁle depicts the involvement of the genes in cancer pathways. Thus, the data might be helpful for diagnosis,
prognosis, identiﬁcation and classiﬁcation of these widespread neoplasms in this species.
Keywords: Dog neoplasias, Hspb1, Livak method, RT-qPCR, TaqMan probes, Tp53

1. Background
Among the companion animals, dogs have played a
considerable role for the mental peace of households
and cancer is one of the major confronting diseases in
small pet species. Common types of cancer in Canis
familiaris are mammary gland adenocarcinoma,
transmissible venereal tumor (TVT), lymphocytic
lymphomas (nodal, mediastinal, multicentric, atypical
form), perianal adenocarcinoma and squamous cell
carcinoma (SCC) (1).
Cancer diagnosis is important especially at early
stages to opt the best immediate treatment modality.
Cancer-associated mutation may serve as diagnostic

markers in diﬀerent neoplasias in animals species
(2). However, diﬀerential expression proﬁling may
also serve as conﬁrmatory, supportive and tumor
classiﬁcation method for better diagnosis and prognosis
in conjunction to mutation markers (3).
Heat shock proteins (Hsps) are one of the key
indicators in presumed biotic (oxidative) and abiotic
stresses (heat, irradiation, chemotherapy) (4, 5).
Hsp expression proﬁling is informative and useful
biomarker for tumorigenesis in neoplastic tissues
(6). Furthermore, detection of Hsp and antibodies in
the blood circulation of cancer patients may also be
a helpful indicator to diagnose and to ﬁght against
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diﬀerent disease conditions (7). Among these proteins,
Hsp27 is an interesting biomarker in molecular
diagnostic oncology and renowned as chaperone with
anti-tumor suppression properties. This protein has
its role in cell diﬀerentiation, proliferation, invasion,
apoptosis, metastasis and recognition of tumorous
cells by the immune system (8). However, Hspb1 does
not fall under the major category of cancer associated
genes. It is hypothesized that diagnostic and prognostic
value of this gene has the same function as the Bcl-2,
which comes under the anti-apoptosis gene category.
So, ectopic expression of Hspb1 might be helpful
to predict the response to anticancer treatments viz.
chemotherapy (9).
Similarly, the role of Tp53 protein is to protect the
whole genome from external and internal stresses.
Cell cycle arrest is one of the signiﬁcant functions in
conjunction with other associated proteins e.g. P21. This
protein also acts as cell brakes at G1 stage, respond to
DNA/spindle ﬁber damage, hypoxic conditions (10,11)
and performs the cytoprotective role to maintains the
whole genome integrity (12). Gene expression proﬁling
of Tp53 may help to have an insight of its tumor
suppression characteristics in diﬀerent cancers.
Seven cancer types were analyzed in this study,
including mammary adenocarcinoma, sticker’s
sarcoma (sexually transmitting tumor of the genitalia)
(13-15), perianal adenocarcinoma (cancer of hairless
skin around the anus, circumaural and anal sack glands
on the 4 and 8 o’clock position of the anus may also
involve) (16), lymphosarcoma (lymphocytes and
lymphoid tissues e.g. spleen, bone marrow and lymph
nodes, especially in the head and neck region. one of
the inherited cancers in dogs and highly prone to certain
breeds e.g. Boxer, Bull Mastiﬀ, Saint Bernard, Scottish
Terrier and Airedales), squamous cell carcinomas,
melanoma and granulomas (17).

2. Objectives
The purpose of the current study is to ascertain the
involvement of Hspb1and Tp53 genes in cancerrelated pathways in Canis familiaris. Whether, the
ectopic expression of these target genes may convey
substantial information for the diagnosis, prognosis and
classiﬁcation of the subject cancer cases.

3. Materials and Methods
3.1. Sample Collection
Tumorous tissue samples (n=21) along with peripheral
blood from cancerous animals were collected from
the Pet Centre, University of Veterinary and Animal
Iran J Biotech. 2017;15(3):e1505

Sciences (UVAS), Lahore, Pakistan and other private
pet clinics through standard methods. Five CTVT
samples, four mammary adenocarcinoma, three
samples from each perianal adenocarcinoma and
SCC, two from each lymphocytic lymphoma (mostly
necropsy sample of the neck region lymph node) and
granuloma, one from each melanoma and pelvic-warts
were collected and analyzed. All collected samples were
excisional biopsies, resected tissues, which were stored
immediately at -86 ˚C for downstream considerations.
Five healthy tissues were also collected as control (Fig.
1).

Figure 1. (A) Granuloma (B) CTVT (C) SCC and (D)
Mammary tumor in dogs.

3.2. Histopathological Examination
Histopathological examination was performed on
formalin-ﬁxed paraﬃn embedded (FFPE) cancerous
tissues. Formalin-ﬁlled (10% ) sample collection
tubes were used to preserve the neoplastic tissues after
grossing and isolation of core tumorous masses. The
tissues were used for hematoxylin and eosin staining
to conﬁrm the malignancy, grading and staging (18)
(Fig. 2).
3.3. Total RNA Isolation and cDNA Synthesis
Total RNA was extracted from cancerous and
normal tissues using Thermo Scientiﬁc GeneJet
RNA puriﬁcation kit (19). For neoplastic tissues
with insuﬃcient tissues TriZol reagent (20, 21) was
used. RNA integrity was conﬁrmed by agarose gel
electrophoresis and concentrations were measured by
NanoDrop 2000 (Thermo Fisher Scientiﬁc, Pittsburg,
PA, USA).Total RNA was reverse transcribed using
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Figure 2. Mammary tumor A (400× 10 × 40), B (100× 10 ×10) and granuloma (C, D) in dogs

Revert Aid ﬁrst strand cDNA Synthesis Kit (Thermo
Fisher Scientiﬁc, Pittsburg, PA, USA) (22). Synthesis
of ﬁrst strand cDNA was performed with oligo (dT) 18
primer and random hexamer primers simultaneously.
Oligo (dT) 18 primers synthesize cDNA from the poly
(A) tail mRNA, while random primers initiate cDNA
synthesis from rest of the RNA population.

(FD) were calculated through ∆∆Ct method using the
following formulae (25).

3.4. TaqMan Detection Chemistry
TaqMan primer-probe hydrolysis based assays
detection chemistry was adopted by using Applied
Biosystems 7500 real-time qPCR system. Primer
Express software (Applied Biosystem, USA) (23) was
used to design the primer-probe of glyceraldehyde
3-phosphate dehydrogenase (GAPDH) reference gene
for normalization of target genes (24). Hspb1 and Tp53
primer-probe assays were selected and ordered from
Canis familiaris genome assembly. Both target assays
were designed with FAM, while GAPDH was designed
with VIC reporter dye on its 5' end and TAMRA dye
as quencher on its 3' end.Standard recipe (Applied
Biosystem, USA) was used in which 20 L reaction
volume contain 1 L 20× TaqMan gene expression
assay, 10 L of 2× TaqMan gene expression master
mixes, 4 L of cDNA template of 5 ng.L-1 and 5 L
of RNase-free DEPC treated water. Singleplex twostep qPCR with 40 cycles was performed in which
both targets and internal reference were ampliﬁed in
triplicate in all cases. Cycle threshold (Ct) values were
obtained at the end of the reaction and fold changes

4. Results
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∆Ct (Test)
∆Ct (Calibrator)
∆ ∆Ct
Fold Change

= Ct (Target) – Ct (Reference)
= Ct (Target) – Ct (Reference)
= ∆Ct (Test) – ∆Ct (Calibrator)
= 2-∆∆Ct

Histopathological slides of mammary tumor showed
mixed population of cells with massive nucleus and
prominent mitotic ﬁgures (Fig. 2A). Multiple focal
areas were evident in diﬀerent magniﬁcation, where
deposition of ﬁbroblast and collagen ﬁber can be seen
(Fig. 2B). One of the granuloma cases showed small
ﬁbers of skeletal muscles scattered across the whole
tissue, while its larger cell population had clear nucleus
with cytoplasmic components displacing alongwith
mixed population of inﬂammatory cells including
lymphocytes and neutrophils (Fig. 2C). Maximum
populations of cells, including lymphocytes and
neutrophils, are larger with less basophilic nucleus
(Fig. 2D).
4.1. Diﬀerential Expression of Hspb1
Ct values of Hspb1 were obtained from RT-qPCR
experiment and fold diﬀerences were calculated through
comparative Ct method. Mean ∆Ct (0.72) of the normal
tissues (calibrator) was obtained by subtracting mean
Iran J Biotech. 2017;15(3):e1505
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Ct target (Hspb1) from the average Ct of endogenous
(GAPDH) from normal dog tissues. All tumor samples
showed altered expression as compared to normal
tissues (Supplementary Table 1, Fig. 3).
4.1.1. Lymphoma Cases
Hspb1 proved informative in dog’s cancer cases and
its up-regulation was observed in lymphoma sample
(Lymph-1) with FD of 3.70, and down-regulated in
(Lymph-2) with FD = 0.21. These opposite FD might
be due to diﬀerent mutational landscape and/or variant
cancer stage (Supplementary Table 1, Fig. 3).
4.1.2. Mammary Adenocarcinoma Cases
Similarly, three mammary tumor samples (MT-1, MT3, MT-5) showed down-regulation of Hspb1 with FD of
0.89, 0.03 and 0.18, respectively. In contrast, MT-2 and
MT-4 were up-regulated with FD of 10.23 and 5.54,
respectively. The up- and down-regulation of Hspb1
might be due to the diﬀerences in mutational landscape.
4.1.3. Granuloma and Squamous Cell Carcinoma
(SCC) Cases
Both granuloma samples (Granu-1, Granu-2) and
pelvic-wart sample (Pel rts) showed down-regulation,
while SCC (SCC-1, SCC-2) showed up-regulation for
Hspb1.
4.1.4. Canine Transmissible Venereal Tumor (CTVT)
Cases
As far as CTVT cases are concerned, up-regulation of

Hspb1 in three samples (CTVT-1, CTVT-2, CTVT-4)
was observed. The higher expression is supposed to
be associated with sequence variations and stage of
the cancer. Meanwhile, two other samples (CTVT-3,
CTVT-5) showed down-regulation (Fig. 3).
4.1.5. Perianal Adenocarcinoma Cases
Higher expression of Hspb1 was also observed in two
perianal adenocarcinoma cases (PAC-1, PAC-2), while
one sample (PAC-3) showed down-regulation. Up and
down-regulation within same type of cancer might be
due to diﬀerent types of mutations and/or variant stage
of the cancer.
Overall 57% (n=12) of cancer samples showed
down-regulations for Hspb1, while the remainder
(n=9; 43%) of samples showed up-regulation. This
down-regulation might be associated with loss of
function mutations in the genomic landscapes of the
gene. As for as single type of cancers are concerned,
40% of CTVT, 60% of mammary tumor, 50% of
lymphoma and 100% of granuloma samples showed
down-regulations, while 100% of SCC samples
showed up-regulation.
4.2. Diﬀerential Expression of Tp53
Two-step singleplex RT-qPCR experiment was
conducted on all cancer and normal samples with Tp53
target and fold diﬀerences were calculated from the
Ct values. Average ∆Ct of (1.3) was obtained using
the same approach with normal tissues (calibrator) by
subtracting mean Ct of target Tp53 from the average

Figure 3. Expression of Hspb1 gene diﬀerent dogs tumors. Graphical representation of Hspb1 expressions in
Canis familiaris. X-axis = diﬀerent types of cancer cases, Y-axis = diﬀerential expression (Fold change).
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Figure 4. Expression of Tp53 in diﬀerent dogs tumors. Graphical representation of Tp53 expression
in Canis familiaris. X-axis = diﬀerent types of cancer, Y-axis = diﬀerential expression (Fold change).

Ct of reference/endogenous GAPDH of normal dog
tissues. All tumor samples showed ectopic expression
of Tp53. This might be due to tumor growth stage or
mutational changes in the genomic structure of the gene
(Supplementary Table 2, Fig. 4).
4.2.1. Lymphoma Cases
Lymph-1 showed up-regulation, while Lymph-2 was
substantially down-regulated. This might be due to
diﬀerent cancer stage and/or mutational chaos in this
gene.
4.2.2. Mammary Adenocarcinoma Cases
Four mammary tumor samples (MT-2, MT-3, MT-4, MT-5)
showed over expression with FD of 3.07, 33.31, 2.10 and
31.68, respectively as compared to MT-1 with FD of 0.01.
4.2.3. Granuloma Cases
One granuloma sample (Granu-2) showed up-regulation
of TP53 with FD of 1.32, while Granu-1 showed downregulation with FD of 0.76.
4.2.4. Squamous Cell Carcinoma (SCC) Cases
Two SCC samples, (SCC-1) and H&N-SCC
demonstrated down-regulation with FD of 0.13 and
0.11, respectively. In contrast, SCC-2 showed upregulation of this gene with FD of 1.19.
4.2.5. Perianal Adenocarcinoma (PAC) Cases
Perianal adenocarcinoma samples (PAC-1, PAC-2)
showed up-regulation of TP53 expression with fold
change of 11.88 and 1.04, respectively. While PAC-3
sample was found down-regulated with a fold change
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of 0.48. Head and neck SCC (H&N-SCC) and pelvicwarts samples were observed with down-regulated
expression of TP53.
4.2.6. Canine Transmissible Venereal Tumor (CTVT)
Cases
As far as the CTVT samples are concerned, three samples
(CTVT-1, CTVT-4, CTVT-5) showed up-regulation of
this gene with fold diﬀerence of 6.39, 2.27, 1.98, while
CTVT-2, CTVT-3 showed down-regulation of this gene
with FD of 0.28, 0.02, respectively.
Overall, 43% of cancers cases (n=9) showed down
regulation of TP53, while 57% showed up-regulations
of this gene. Ectopic expression of Tp53 in all cancer
samples proved the involvement of TP53 gene in dog
cancers. (Supplementary Table 2, Fig. 4).
Generally, TP53 was up-regulated in 57% of the
cancers, possibly to suppress tumor formation. In
contrast, Hspb1 with anti-apoptotic properties was
down-regulated in 43% of the cancers.
5. Discussion
Cancer is a disease of adversity in tissue growth
regulation. Genes which regulate cell growth and
diﬀerentiation must be altered to transform a normal
cell into neoplastic tissue (26). Gene expression
proﬁles can be used to predict actively dividing
cells and how these cells are involved in diﬀerent
pathways. For instance, if breast cancer cells
express higher levels of mRNA associated with a
particular transmembrane receptor than normal cells
do, it may indicate this receptor may play a role in
breast cancer. A drug that interferes with this receptor
Iran J Biotech. 2017;15(3):e1505
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may prevent or treat breast cancer. Likewise in the
process of drug development, one may perform gene
expression proﬁling experiments, which may help
to assess the drug’s toxicity, perhaps by looking at
changing levels in the expression of cytochrome
P450 genes, which may be a biomarker of drug
metabolism (27). Gene expression proﬁling has
become an important diagnostic prediction in cancer
metastasis as well (28).
Expression of Hsp27 is considered to be reliable
predictive biomarkers of aggressive human cancers
(29-32). However, few reports are available regarding
their role in animal cancers. Here, Hspb1 and Tp53
genes were selected to test our hypothesis to assess
the putative functions of these genes as cancer
markers in dogs.
Hspb1 is one of the great chaperones that alters
its expression during many physiological and
diseased conditions. This gene was found up and
down-regulated in diﬀerent dog tumors in this study.
This protein has anti-apoptotic and tumorigenic
properties; its expression would be higher with
tumor progression, because it has to provide the
support to the newly dividing cancerous cells. It also
resists to the regression of the cancerous cells. Thus,
its expression may be higher at the regression stage
of the tumor as compared to the initial or exponential
phases, which augments its anti-apoptotic activity.
Moreover, if Hspb1 expression is high, it will sustain
the cancerous tissues. So, this protein may also be
used as the therapeutic target. On the other hand, if its
expression being ceased in cancers, that can regress
the tumor growth as well (33). A study was conducted
on Hspb1 to RP101 (Brivudine) showed an improved
eﬃcacy in chemotherapy of human pancreatic and rat
cancers (34). In this study, both lymphoma samples
(Lymph-1, Lymph-2) revealed altered expression
of Hspb1 (Fig. 3). Lymph-1 showed up-regulated
expression of both Hspb1 and TP53, while Lymph-2
showed down-regulation of both genes. Another
interesting phenomenon of expression-dependency
in both of these markers was observed that, Tp53
gene is pro-apoptotic, while Hspb1 gene harbors
reciprocal functions. Tp53 has the ability to repress
the expression of anti-apoptotic genes (40), if its
expression is being up-regulated due to any reason,
So, this phenomena of gene expression dependency
was observed in two of mammary tumor samples
(MT-3, MT-5), which showed down-regulation of
Hsbp1 (anti-apoptotic) and up-regulation of TP53.
Two of the CTVT samples (CTVT-2, CTVT-5) and
SCC-2 and Granu-2 also showed the same trend.
Iran J Biotech. 2017;15(3):e1505

Where both genes were upregulated in a sole
sample, it may indicate cancer regression. However,
its down-regulation may happen due to initial or
exponential phase of the tumor which is quite
rationale. Altered expression of Hspb1 was also
reported in neurodegenerative diseases, myopathies,
asthma, cataracts and cancers (35).
As far as p53 protein expression is concerned,
exclusion of this protein and loss of function was
observed in all observed melanoma cell lines and
almost 72% of canine melanoma tumors (38).
Similarly, up-regulation of Tp53 product was observed
in the canine mammary tumor (39). Similarly in our
study, four out of total ﬁve mammary tumor samples
showed up-regulation for Tp53.
In case of other cancer samples where downregulation of TP53 gene was observed, loss of
function and down-regulation coupled phenomenon
can be speculated . To date, more than 15,000 tumorassociated Tp53 alleles exist in human tumor cell
genomes (40). Similarly, mutations in the errorcorrecting machinery of a cell might also cause that
cell and its progenitor to pile errors up more rapidly.
Furthermore, a mutation in signaling machinery
of the cell might send error-causing signals to
proliferate cells rather than to suppress cancerous
cells and may be one of the reasons to lowering down
the gene expression (41). Tp53 and Hspb1 combined
ectopic gene expression might be useful as potential
diagnostic and prognostic markers in the subject of
cancers.
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