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Cancer is unregulated growth of cells that can spread to other part of body via blood circulation and 
lymphatic system. Mutations in genetic material can alter cell physiology, ultimately resulting in tumor. 
Like human cancers, dogs have relatively high incidence of cancers, relatively large body size and responses 
to cytotoxic and other therapeutics. Small noncoding RNA having length of 22 base pair (bp) are called 
micro-RNA (miRNA), that are processed by Dicer from precursors with a characteristic hairpin secondary 
structure. miRNAs can regulate gene expression at the post-transcriptional level by binding to the 3′ 
untranslated region (UTR) of target mRNAs. In this study dog mammary tumor samples were collected to 
investigate the expression level of miRNAs hsa-222-3p, hsa-let-7b-5p and hsa-let-7f-5p and effect of their 
expression on the target genes (HMGA1 and CDKN1B) of these miRNAs. Qiagen miScript Primer Assay 
based expression analyses revealed the over-expression of all three miRNAs in most of the studied canine 
mammary tumor samples compared to normal mammary tissue. Furthermore, this over-expression of tested 
miRNAs, down regulated their target genes in tumor samples compared to normal samples.

INTRODUCTION

MicroRNA (miRNA) was first discovered in 
Caenorhabditis elegans in 1993. It is also found in 

most eukaryotes, chief among them are humans (Perron and 
Provost, 2008). miRNAs are around 22 nucleotides long 
and perform as regulatory non coding RNAs. Discovery 
of RNA interference (RNAi) drastically increased the 
number of studies on miRNAs which was further sped up 
by the search for small endogenous RNAs of a similar type 
in various species (Fire et al., 1998; Treiber et al., 2019). 
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miRNAs also play a major role in the regulation of post 
transcriptional gene expression via a mechanism of 
complimentary sequences and repression of target RNAs. 
These studies have established the importance of miRNAs 
in development, physiology and disease (Perron and 
Provost, 2008; Croce, 2009)

The miRNA let-7 (MIRLET7) is a family that controls 
growing effectiveness and diversity. Generally, the loss of 
let-7 is seen as a major contributor in oncogenesis through 
increase of target oncogenes and stemness factors, its 
targets include cell signaling pathways, the cell cycle and 
cell variation. It is characterized as a tumor suppressor. 
It was suggested that let-7 family take part in metastasis. 
Let-7a was seen to influence down regulation of CCR7 by 
targeting its 3’ UTR that resulted in the down regulation 
of breast cancer cells capacity for invasion and migration. 
Other studies confirmed similar results as let-7a acted 
as a tumor suppressor in zebrafish embryo models via 
regulating the expression of RAS and HMGA2 oncogenes. 
Furthermore, decreased let-7a levels were related to 
increased RAS levels in lung squamous Carcinoma 
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(Johnson et al., 2005; Cunningham et al., 2010).
However, in certain albeit rare cases the Let-7 are 

known to be oncogenic in nature showing increasing 
route, attack, chemoresistance and also increased genes 
expression that are related with the development and 
metastasis of cancer. This makes this family a major 
potential target as a diagnostic and prognostic marker 
and even a candidate for cancer therapy (Chirshev et 
al., 2019). hsa-let-7b-5p and hsa-let-7f-5p are two such 
miRNAs that are part of the let-7 family which are seen 
to be fatal for humans as they are major contributors in 
cancer pathogenesis. hsa-mir 222-3p was seen to be 
overexpressed in patients with carcinoid lung tumors like 
hsa-let-7b-5p (Di Fazio et al., 2017).

Over the decades, many similarities have been identified 
between human and canine mammary tumors at molecular 
level. These similarities include incidence of tumor, age 
of onset and course of disease. From a clinical perspective 
tumor size, stage and lymph node invasion are seen to be 
mostly identical (Queiroga et al., 2011). As is the case in 
human females, the most commonly occurring spontaneous 
malignancy in female canine is mammary neoplasia 
(Tavasoly et al., 2013), and premalignant lesions are prevalent 
in canine mammary glands (Antuofermo et al., 2007).

In this study, our aim was to study the expression 
pattern of three microRNAs, hsa-222-3p, hsa-let-7b-5p, 
hsa-let-7f-5p, in canine mammary tumors and further to 
investigate the effect of their expression on two of their 
putative target genes (HMGA1 and CDKN1B).

MATERIALS AND METHODS

Sample collection
Dog mammary tumor and normal tissues samples 

(10 each) were collected from University of Veterinary 
and Animal Sciences (UVAS) Pet Center, after informed 
consent of the pet owners, and were preserved in absolute 
ethanol and 10% formalin solution for expression and 
histopathological analyses, respectively.

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 (H and E) staining to 
confirm the malignancy, grading and staging as described 
earlier (Manzoor et al, 2017).

Total RNA isolation and quantification 
Total RNA was extracted from tumor and normal 

tissue samples by using RNeasy tissue mini kit (Qiagen, 
Hilden, Germany) as per manufacturer’s instructions. 
Quantification of RNA was conducted by Nano Drop 2000 
(Thermo Fisher Scientific, Pittsburg, PA, USA). 

RT-qPCR
Complementary DNA (cDNA) was amplified by 

using miScript Primer Assays (Qiagen, Hilden, Germany) 
and commercially available primers for miR-222-3p 
(MS00007609), hsa-let-7b-5p (MS00003122), hsa-let-7f-
5p (MS00006489). RNU6B was run as reference miRNA 
using miScript Primer Assays (Qiagen, Hilden, Germany) 
for RNU6B (MS00029204). miScript II RT Kit (Qiagen, 
Hilden, Germany) was used to reverse transcribed miRNA-
enriched RNA lysate. Primer 3 software was used to design 
primers for target genes (HMGA 1 and CDKN 1B) of these 
miRNAs. Sequences of these genes were taken from 
ENSEMBLE Genome Browser (https://asia.ensembl.org/
index.html) and GAPDH was used as a reference gene. 
All experiments were performed using RotorGene-Q 
(5-plex) instrument (Qiagen). For relative expression, 
RNU6B/ GAPDH normalized data of cancer (DMT) vs 
normal tissues (DNS) for each target miRNA/gene, was 
used to calculate ∆Ct [∆Ct (Cancer) = Ct (miRNAs/genes) 
– Ct (RNU 6B/GAPDH)]. For fold change calculations, 
data from three technically replicated measurements were 
averaged and normalized to the internal RNU 6B control. 
Log 2-fold change values were calculated using following 
statistics:

∆Ct (Test) = Ct (Target) – Ct (Reference)
∆Ct (Cancer) = Ct (miRNAs/genes) – Ct (RNU 6B/

GAPDH)
∆Ct (Calibrator) = Ct (Target) – Ct (Reference)
∆Ct (Normal) = Ct (miRNAs/genes) – Ct (RNU 6B/

GAPDH)
∆∆Ct = ∆Ct (Cancer) – ∆Ct (Normal)
Fold Change =2-∆∆Ct

Statistical analysis
Student t-test was applied on RNU6B-normalized 

relative expression data (cancer vs normal) on each of 
the target miRNAs and similarly on GAPDH-normalized 
relative expression data on both target genes as well. P 
value <0.05 was considered as significant.

GraphPad prism analysis
Expression data of hsa-mir-222-3p, hsa-let-7b-5p 

and hsa-let-7f-5p was analyzed by using GraphPad Prism 
software (https://www.graphpad.com/scientific-software/
prism/) for dog tumor and normal mammary tissue 
samples.
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RESULTS

Histopathological examination
Histopathological analyses of representative dog 

mammary tumors showed varied population of cells with 
enormous nucleus and prominent mitotic characteristic 
(Fig. 1a). Numerous key regions were marked by using 
different magnifications, indicating the presence of 
fibroblasts and collagen fibers as shown in Figure 1.

Fig. 1. Histopathological analysis of dog mammary tumor. 
(a) Representative dog mammary tumors showed varied 
population of cells with enormous nucleus and prominent 
mitotic characteristic. (b) Numerous key regions indicating 
the presence of fibroblasts and collagen fibers.

Expression of miRNAs
miRNAs hsa-mir-222-3p, hsa-let-7b-5p and hsa-

let-7f-5p were amplified to check their expression in 
dog mammary tumors. hsa-mir-222-3p miRNA showed 
up-regulation in five tumor samples (DMT01, DMT02, 
DMT04, DMT06 and DMT09) while remaining five 
(DMT03, DMT05, DMT07, DMT08 and DMT10) did not 
show statistically significant up-regulation (Fig. 2A) so a 
not-significant p-values of 0.059 was obtained (Fig. 2B), 
hsa-let-7b-5p miRNA showed eight samples (DMT02, 
DMT03, DMT04, DMT05, DMT06, DMT07, DMT09 
and DMT10) as up-regulated while remaining two 
(DMT01 and DMT08) were not significantly up-regulated 
(Fig. 2C) with a significant p-value of 0.039 (Fig. 2D), 
similarly, hsa-let-7f-5p miRNA showed up-regulation in 
six samples (DMT02, DMT04, DMT05, DMT06, DMT08 
and DMT09) whereas, remaining four samples (DMT01, 
DMT03, DMT07 and DMT10) were not significantly up-
regulated (Fig. 2E) with not-significant p-values of 0.06 
(Fig. 2F) which were calculated by student t-test applied 
on all. Figures 2A, 2C and 2E show the expression of 
miRNAs in terms of fold change in dog mammary tumor 
samples (DMT). 

Figure 3 shows comparison of miRNAs expression 
level, in terms of fold change, in tumor samples (DMT). 
Overall, all three types of miRNA show upregulation in 
most of the studied dog mammary tumor samples (Fig. 4).

Comparative expression analysis of subjected 
miRNAs in dog normal (DNS) and mammary tumor (DMT) 

Fig. 2. Expression level of hsa-mir-222-3p (A, B), hsa-
let-7b-5p (C, D) and hsa-let-7f-5p (E, F) miRNA in 
canine mammary tumor was measured using RT-qPCR. 
C, E data from three technically replicated measurements 
were averaged and normalized to the internal RNU6B 
control. Log 2-fold change values were calculated for 
10 dog mammary tumor samples (DMT). D, F, Relative 
expression of for all the three hsa-mir-222-3p miRNA 
using RNU6B normalized data of cancer (DMT) vs normal 
tissues (DNS) to calculate ∆Ct.

Fig. 3. Comparison of hsa-mir-222-3p, hsa-let-7b-5p and 
hsa-let-7f-5p expression (fold change) in dog mammary 
tumor samples (DMT) using RT-qPCR.

samples is shown in Figure 5. hsa-let-7b-5p has overall 
more expression in mammary tumor tissues as well 
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as supported by the statistical hypothesis testing with 
significant p-value but with caveat emptor of the small 
sampled populations and of not very strongly association 
p-value. 

Fig. 4. Expression data of miRNAs (fold change), in dog 
tumor (DMT) and normal mammary tissue (DNS) samples, 
was analyzed using GraphPad Prism software. (a) hsa-mir-
222-3p, (b) hsa-let-7b-5p and (c) hsa-let-7f-5p.

Similarly, Table I shows the expression (fold change) 
of different miRNAs in analyzed mammary tumor samples 
and their expression intensity. hsa-let-7b-5p has highest 
expression in canine mammary tumor (DMT) samples.

Expression of HMGA1 and CDKN 1B in dog mammary 
tumors

Expression of HMGA1 and CDKN1B genes was 
analyzed in dog normal (DNS) and mammary tumor 
(DMT) samples. The expression of HMGA1 gene was found 
down-regulated in all tumor samples (DMT) and strongly 
supported by the significant p-value of 0.000004 (Fig. 
6A). Similarly, CDKN1B gene expression was also down-

regulated in all tumor samples (DMT) and very strongly 
supported by significant p-value of 6.8×10-08 (Fig. 6B).

Fig. 5. Comparison of hsa-mir-222-3p, hsa-let-7b-5p and 
hsa-let-7f-5p expression in dog mammary tumor samples 
(DMT) using using GraphPad Prism software.

Fig. 6. Expression data of target genes, in dog tumor 
(DMT) and normal mammary tissue (DNS) samples, was 
analyzed using GraphPad Prism software. (A) Fold change 
of HMGA1 gene in dog mammary tumor. (B) Fold change 
of CDKN18 gene in dog mammary tumor. (C) Comparison 
of HGMA 1 and CDKN 1B genes expression in dog 
mammary tumor samples (DMT) using using GraphPad 
Prism software.

H.M.F. Yaqub et al.
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Table I. Overview of three miRNAs and their fold 
changes in canine mammary tumor samples.

Tested
samples

Fold
change*

Up-regulation
intensity

hsa-mir-222-3p
DMT 01 29.13 Moderately
DMT 02 11.66 Moderately
DMT 03 0.37 slightly
DMT 04 41.45 Highly
DMT 05 0.84 slightly
DMT 06 436.55 Highly
DMT 07 0.35 slightly
DMT 08 2.76 Moderately
DMT 09 399.86 Highly
DMT 10 0.30 slightly
hsa-let-7b-5p
DMT 01 0.03 slightly
DMT 02 224.41 Highly
DMT 03 13.83 Moderately
DMT 04 66.41 Highly
DMT 05 110.41 Highly
DMT 06 162.39 Highly
DMT 07 16.60 Moderately
DMT 08 0.03 slightly
DMT 09 55749.32 Highly
DMT 10 37.88 Moderately
hsa-let-7f-5p
DMT 01 0.87 slightly
DMT 02 929.30 Highly
DMT 03 0.19 slightly
DMT 04 1742.17 Highly
DMT 05 2.35 slightly
DMT 06 41.16 Highly
DMT 07 0.31 slightly
DMT 08 5.71 slightly
DMT 09 272.48 Highly
DMT 10 0.52 slightly

Highly up-regulated: FC >40, Moderately up-regulated: FC >10 and 
<40, slightly up-regulated: FC >0 and <10. * Data from three technically 
replicated measurements were averaged and normalized to the internal 
RNU6B control. Log 2-fold change values were calculated for ten dog 
mammary tumor samples (DMT).

GraphPad Prism software was used for combined 
representation of dog normal (DNS) and mammary tumor 
tissue (DMT) samples for better understanding of data 
displayed in Figure 6C. 

Table II represent the down-regulation values and 
intensity of down-regulation in miRNA target genes. 

Table II. Comparison of expression down-regulation 
HGMA 1 and CDKN 1B genes in dog mammary tumors.

Samples Fold change* Down-regulation 
intensity

HGMA1
DMT01 0.00224 Slightly
DMT02 0.01706 Slightly
DMT03 0.00022 Slightly
DMT04 0.00017 Slightly
DMT05 0.00001 Slightly

DMT06 0.00029 Slightly
DMT02 0.00769 Slightly
DMT08 0.00040 Slightly
DMT09 0.00044 Slightly
DMT10 0.00756 Slightly
CDKN1B
DMT01 0.00058 Slightly
DMT02 0.00129 Slightly
DMT3 0.00027 Slightly
DMT04 0.00024 Slightly
DMT05 0.00277 Slightly
DMT06 0.00013 Slightly
DMT07 0.00331 Slightly
DMT08 0.00205 Slightly
DMT09 0.00128 Slightly
DMT10 0.01075 Slightly

Highly down-regulated: FC >40, Moderately down-regulated: FC >10 
and <40, Slightly down-regulated: FC >0 and <10. *Data from three 
technically replicated measurements were averaged and normalized to 
the internal GAPDH control. Log 2-fold change values were calculated 
for ten dog mammary tumor samples (DMT).

DISCUSSION

One of the most common disease in dogs is cancer 
although some breeds of dogs have high risk of cancer 
types and one of them is mammary tumor (Manzoor 
et al., 2019). In dog and human population mammary 
tumor occurs spontaneously (Egenvall et al., 2005). As 
both human and dog share similar environment hence 
epidemiology and progression of cancer is similar in 
both of them. Human and dog mammary tumor initiate 
from epithelial tissue and in both species are hormone-
dependent (Misdorp, 1999). To understand the human 
breast cancer naturally-occurring canine mammary tumor 
plays central role because both species have same etiology, 
histopathologic division and disease pathogenesis (Gray 
et al., 2020). Fish et al. (2020) reported that circulating 
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miRNAs could be used as a biomarker for the detection 
of canine mammary tumor (CMT). The findings of Kim 
et al. (2020) explain how the cross-species oncogenic 
similarities help to comprehend pathogenesis mechanisms 
of breast cancer progression as well as give an insight 
for exact diagnostics and therapeutics of breast cancer in 
domestic dogs. 

Aim of the present study was to understand the role of 
hsa-miR-222-3p, hsa-let-7b-5p and hsa-let-7f-5p miRNAs 
in canine mammary tumor and to discover it as potential 
biomarkers for the early diagnosis of mammary tumor in 
future by confirming it with next generation sequencing 
(NGS) and many other advanced techniques. To this end, 
expression of hsa-mir-222-3p, hsa-let-7b-5p and hsa-let-
7f-5p miRNAs and their targeted genes (HMGA 1 and 
CDKN 1B) were analyzed for tumor positive samples 
which was confirmed by histopathological studied, all 
miRNAs showed up-regulation and their target genes 
were down-regulate in tumorous samples. These results 
are in comparison with a human lungs cancer study which 
reported the significant overexpression of hsa-mir-222-3p, 
and hsa-let-7f-5p and downregulation of hsa-let-7b-5p in 
majority of studied tumor samples, resulting in significant 
overexpression or stable level of CDKN 1B in majority of 
the samples and stable level or downregulation of HMGA2 
gene (Di Fazio et al., 2017). Similarly, another study by 
Wang and Zhai (2020) validate our results describing the 
mir-222-3p/p27kip1 axis. They found that high intensity 
focused ultrasound (HIFU) treatment downregulated 
the mir-222-3p resulting in overexpression of p27kip1 
and consequently apoptosis was activated. Whereas, 
overexpression of mir-222-3p restored cell proliferation 
and deactivated apoptosis, which was overturned by 
overexpression of p27kip1 in breast cancer cells. 

The results of the study are correlated to our 
unpublished results in which expression of same miRNAs 
as well as their target genes were analyzed in humans 
(manuscript in preparation). In this study, all these miRNAs 
were found up regulated and their target genes were found 
downregulated in breast tumor samples compared to 
normal tissue samples. 

hsa-let-7b-5p and hsa-let-7f-5p miRNAs have higher 
expression in mammary tumor which was calculated 
by comparing it with its reference gene RNU 6B and 
found fold change. Up-regulation of miRNAs have been 
observed in both subjected miRNAs in dog mammary 
tumor. We also checked its target gene response in both 
tumorous and normal tissues samples; in case of tumorous 
samples HMGA 1 gene was down-regulate in all positive 
samples as mentioned in Figure 6, whereas in case of 
normal tissues the expression of these subjected miRNAs 
suppressed and their target gene is upregulating and 

perform its functioning.
We also studied expression of hsa-miR-222-3p 

miRNA in dog mammary tumor, expression of this miRNA 
is also up-regulated in tumorous samples like Let-7 family 
and its target gene CDKN 1B is suppressed in all cases 
whereas in normal samples expression of this miRNA is 
suppressed and its targeted gene is up-regulated.

CONCLUSIONS

In this study, dog mammary tumor samples were 
collected to investigate the expression level of hsa-222-
3p, hsa-let-7b-5p and hsa-let-7f-5p miRNAs and effect 
of their expression on the target genes (HMGA1 and 
CDKN1B) of these miRNAs. Qiagen miScript Primer 
Assay based expression analyses revealed the over-
expression of all three miRNAs in canine mammary tumor 
samples compared to normal mammary tissue samples. 
Furthermore, this over-expression of tested miRNAs, 
down regulated their target genes in in most of the studied 
tumor tumor samples compared to normal samples. This 
study might be helpful to develop biomarkers for diagnosis 
of dog mammary tumor by using different advance 
techniques including NGS.

ACKNOWLEDGEMENTS

Authors are thankful to the whole staff of Molecular 
Biology and Genomics Lab, IBBt, UVAS. Team of Pet 
Center-UVAS is also appreciated for their support for 
sample collection.

Funding
The study received no external funds.

IRB approval
The study was approved by Advanced Studies and 

Research Board (ASRB), UVAS (DAS/575-06.03.2019).

Ethical statement
During the samples collection, animals were handled 

according to the approved guidelines provided by Ethical 
Institutional Review Board of University of Veterinary and 
Animal Sciences, Lahore. 

Data availability
There is no data submitted to any database and no 

supplementary files available. All figures and tables are 
available in the manuscript. 

Statement of conflict of interest
The authors have declared no conflict of interest.



7                                                                                        

Onlin
e F

irs
t A

rtic
le

Expression of miRNAs and their Target Genes in Canine Mammary Tumor 7

REFERENCES

Antuofermo, E., Miller, M.A., Pirino, S., Xie, J., Badve, 
S. and Mohammed, S.I., 2007. Spontaneous 
mammary intraepithelial lesions in dogs a model of 
breast cancer. Cancer Epidemiol. Prevent. Biomark., 
16: 2247-2256. https://doi.org/10.1158/1055-9965.
EPI-06-0932

Chirshev, E., Oberg, K.C., Ioffe, Y.J. and Unternaehrer, 
J.J., 2019. Let-7 as biomarker, prognostic indicator, 
and therapy for precision medicine in cancer. Clin. 
Transl. Med., 8: 1-14. https://doi.org/10.1186/
s40169-019-0240-y

Croce, C.M., 2009. Causes and consequences of 
microrna dysregulation in cancer. Nat. Rev. Genet., 
10: 704-714. https://doi.org/10.1038/nrg2634

Cunningham, H.D., Shannon, L.A., Calloway, P.A., 
Fassold, B.C., Dunwiddie, I., Vielhauer, G., Zhang, 
M. and Vines, C.M., 2010. Expression of the cc 
chemokine receptor 7 mediates metastasis of breast 
cancer to the lymph nodes in mice. Transl. Oncol., 
3: 354-361. https://doi.org/10.1593/tlo.10178

Di Fazio, P., Maass, M., Roth, S., Meyer, C., Grups, J., 
Rexin, P., Bartsch, D.K. and Kirschbaum, A., 2017. 
Expression of hsa-let-7b-5p, hsa-let-7f-5p, and hsa-
mir-222-3p and their putative targets hmga2 and 
cdkn1b in typical and atypical carcinoid tumors 
of the lung. Tumor Biol., 39: 1010428317728417. 
https://doi.org/10.1177/1010428317728417

Egenvall, A., Bonnett, B.N., Öhagen, P., Olson, 
P., Hedhammar, Å. and von Euler, H., 2005. 
Incidence of and survival after mammary tumors 
in a population of over 80,000 insured female 
dogs in sweden from 1995 to 2002. Prev. Vet. 
Med., 69: 109-127. https://doi.org/10.1016/j.
prevetmed.2005.01.014

Fire, A., Xu, S., Montgomery, M.K., Kostas, S.A., 
Driver, S.E. and Mello, C.C., 1998. Potent and 
specific genetic interference by double-stranded 
rna in caenorhabditis elegans. Nat. Rev. Genet., 
391: 806-811. https://doi.org/10.1038/35888

Fish, E.J., Martinez-Romero, E.G., DeInnocentes, P., 
Koehler, J.W., Prasad, N., Smith, A.N. and Bird, 
R.C., 2020. Circulating microrna as biomarkers of 
canine mammary carcinoma in dogs. J. Vet. Intern. 
Med., 34: 1282-1290. https://doi.org/10.1111/
jvim.15764

Gray, M., Meehan, J., Martínez-Pérez, C., Kay, C., 
Turnbull, A.K., Morrison, L.R., Pang, L.Y. and 
Argyle, D., 2020. Naturally-occurring canine 

mammary tumors as a translational model for 
human breast cancer. Front. Oncol., 10: 617. 
https://doi.org/10.3389/fonc.2020.00617

Johnson, S.M., Grosshans, H., Shingara, J., Byrom, M., 
Jarvis, R., Cheng, A., Labourier, E., Reinert, K.L., 
Brown, D. and Slack, F.J., 2005. Ras is regulated 
by the let-7 microrna family. Cell, 120: 635-647. 
https://doi.org/10.1016/j.cell.2005.01.014

Kim, T.M., Yang, I.S., Seung, B.J., Lee, S., Kim, D., Ha, 
Y.J., Seo, M.K., Kim, K.K., Kim, H.S. and Cheong, 
J.H., 2020. Cross-species oncogenic signatures 
of breast cancer in canine mammary tumors. 
Nat. Commun., 11: 1-13. https://doi.org/10.1038/
s41467-020-17458-0

Manzoor, S., Awan, A.R., Wajid, A., Firyal, S., Tayyab, 
M., Mansha, M., Mahmood, A.K., Hashmi, A.S. 
and Wasim, M., 2017. c-Myc has altered expression 
in canine and feline tumors. Pakistan J. Zool., 49: 
2147-2152. https://doi.org/10.17582/journal.
pjz/2017.49.6.2147.2152

Manzoor, S., Saif, R., Sadia, H., Firyal, S., Tayyab, M., 
Mansha, M., Mahmood, A., Hashmi, A., Awan, 
A.R. and Wasim, M., 2019. Molecular expression 
of cyclin dependent kinase inhibitor (p21) in canine 
tumors. J. Anim. Pl. Sci., 29: 1127-1134.

Misdorp, W., 1999. Histological classification of 
mammary tumors of the dog and the cat. World 
Hlth. Organ. Int. Hist. Class. Tumors Domest. 
Anim., 7: 1-59.

Perron, M.P. and Provost, P., 2008. Protein interactions 
and complexes in human microrna biogenesis and 
function. Front. Biosci. J. Virtual Lib., 13: 2537. 
https://doi.org/10.2741/2865

Queiroga, F.L., Raposo, T., Carvalho, M.I., Prada, J. 
and Pires, I., 2011. Canine mammary tumours as 
a model to study human breast cancer: Most recent 
findings. In Vivo, 25: 455-465.

Tavasoly, A., Golshahi, H., Rezaie, A. and Farhadi, 
M., 2013. Classification and grading of canine 
malignant mammary tumors. Vet. Res. Forum Int. 
Quart. J., 4: 25.

Treiber, T., Treiber, N. and Meister, G., 2019. Regulation 
of microrna biogenesis and its crosstalk with other 
cellular pathways. Nat. Rev. mol. cell Biol., 20: 
5-20. https://doi.org/10.1038/s41580-018-0059-1

Wang, Y. and Zhai, D., 2020. High intensity focused 
ultrasound inhibits breast cancer cell proliferation 
and promotes cell apoptosis via miR-222-3p/
p27Kip1 axis. Int. J. clin. exp. Med., 13: 2205-
2215.

https://doi.org/10.1158/1055-9965.EPI-06-0932
https://doi.org/10.1158/1055-9965.EPI-06-0932
https://doi.org/10.1186/s40169-019-0240-y
https://doi.org/10.1186/s40169-019-0240-y
https://doi.org/10.1038/nrg2634
https://doi.org/10.1593/tlo.10178
https://doi.org/10.1177/1010428317728417
https://doi.org/10.1016/j.prevetmed.2005.01.014
https://doi.org/10.1016/j.prevetmed.2005.01.014
https://doi.org/10.1038/35888
https://doi.org/10.1111/jvim.15764
https://doi.org/10.1111/jvim.15764
https://doi.org/10.3389/fonc.2020.00617
https://doi.org/10.1016/j.cell.2005.01.014
https://doi.org/10.1038/s41467-020-17458-0
https://doi.org/10.1038/s41467-020-17458-0
https://doi.org/10.17582/journal.pjz/2017.49.6.2147.2152
https://doi.org/10.17582/journal.pjz/2017.49.6.2147.2152
https://doi.org/10.2741/2865
https://doi.org/10.1038/s41580-018-0059-1

