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ABSTRACT.  The purpose of this study was to evaluate the gene expression of growth factors and growth factor receptors of primary hepatic 
masses, including hepatocellular carcinoma (HCC) and nodular hyperplasia (NH), in dogs. Quantitative real-time reverse transcriptase-
polymerase chain reaction was performed to measure the expression of 18 genes in 18 HCCs, 10 NHs, 11 surrounding non-cancerous liver 
tissues and 4 healthy control liver tissues. Platelet-derived growth factor-B (PDGF-B), transforming growth factor-α, epidermal growth 
factor receptor, epidermal growth factor and hepatocyte growth factor were found to be differentially expressed in HCC compared with 
NH and the surrounding non-cancerous and healthy control liver tissues. PDGF-B is suggested to have the potential to become a valuable 
ancillary target for the treatment of canine HCC.
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Hepatocellular carcinoma (HCC) is the most common 
primary hepatic tumor in dogs. Canine HCC arises from the 
uncontrolled proliferation of hepatocytes. Viral infections 
have been associated with HCC in humans [3], but no causal 
link with canine HCC has yet been established. In humans, 
HCC pathogenesis is a multistep process involving sequen-
tial events, such as chronic inflammation, hyperplasia and 
dysplasia, and ultimately, malignant transformation [3]. Sev-
eral epigenetic and genetic alterations are involved in HCC, 
which ultimately lead to alterations of molecular pathways.

Recent discoveries in the complex networks involved in 
HCC proliferation, progression and survival have created 
many opportunities for the development of targeted drugs 
and new therapeutic approaches to this disease [5, 18].
These new targets include signal transduction pathways, 
oncogenes and growth factors and their receptors. The key 
signal transduction pathways that have been implicated in 
the pathogenesis of HCC include those mediated by vascular 
endothelial growth factor (VEGF)/VEGF receptor (VEG-
FR), platelet-derived growth factor (PDGF)/PDGF receptor 
(PDGFR), epidermal growth factor (EGF)/transforming 

growth factor-α (TGF-α)/heparin-binding EGF-like growth 
factor (HB-EGF)/EGF receptor (EGFR), insulin-like growth 
factor (IGF)/IGF receptor (IGFR), hepatocyte growth fac-
tor (HGF)/MET and angiopoietin (Ang)/tyrosine kinases 
with immunoglobulin and epidermal growth factor homol-
ogy domains 2 (Tie2) signaling [4, 24]. Activation of these 
pathways will eventually lead to resistance to apoptosis, cell 
proliferation, stimulation of angiogenesis, invasiveness and 
metastasis [4, 24].

It has been demonstrated that mutations in c-kit could lead 
to constitutive phosphorylation and activation of the recep-
tor in the absence of ligand binding and that such alterations 
could induce the growth factor-independent proliferation of 
canine mast cell tumor (MCT) [16]. In addition, imatinib 
(Gleevec®) and masitinib (Masivet®) are clinically used for 
the treatment of canine MCT [8, 12]. These drugs compete 
with adenosine triphosphate (ATP) for the ATP binding site 
of protein-tyrosine kinase and prevent downstream signal-
ing. For the prediction of the tumor response to these drugs, 
the detection of a mutation in c-kit is likely to be valuable; 
however, the expression of molecules in dogs with HCC is 
still unknown.

The identification of molecules that are overexpressed in 
dogs with HCC not only increases understanding of tumori-
genesis, but also helps to develop therapeutic targets for the 
treatment of affected dogs. The objectives of this study were 
to measure the expression of these molecules in dogs with 
primary hepatic masses and to evaluate the clinical utility of 
these molecules in the treatment of canine HCC.

Twenty-two client-owned canine patients with primary 
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hepatic masses were used for this study. Each patient under-
went a hepatectomy at the Animal Medical Center of Nihon 
University between March 2010 and July 2012 (Table 1). The 
hepatic masses and surrounding tissues were histopathologi-
cally diagnosed and stored at −80°C until mRNA extraction. 
Control hepatic tissues were obtained from four sacrificed 
Beagles and stored at −80°C prior to mRNA extraction. The 
experimental protocol was performed in accordance with 
the “Guide for the Experiment of Animals” published by the 
College of Bioresource Sciences, Nihon University.

Liver tissue sections prepared from the surgically resected 
hepatic tumors and non-cancerous tissues were immediately 
frozen in liquid nitrogen. The frozen samples were stored at 
−80°C until use after the homogenization with Trizol reagent 
(Life Technologies Corporation, Tokyo, Japan). Total RNA 
was isolated from homogenized samples. In brief, frozen 
liver tissue (10 mg) was homogenized in an RNase-free 
homogenizer with 1.0 ml Trizol and then mixed with chlo-
roform. After the samples were centrifuged at 12,000 × g for 
15 min, an equal volume of isopropanol was added to the 
supernatant. After mixing, the RNA was pelleted by centrifu-
gation, washed with cold 75% ethanol and then resuspended 
in RNase-free water. RNA was isolated with Trizol and then 
purified with the RNeasy Plus Mini Kit (Qiagen, Tokyo, Ja-
pan), according to the RNA Cleanup Protocol. RNA integrity 
was checked using absorptiometer (NanoDrop 1000, LMS 
Co., Ltd., Tokyo, Japan).

The cDNA was synthesized from 500 µg of total RNA and 
oligo dT primer by using a PrimeScript RT reagent kit with 
gDNA Eraser (TaKaRa Bio Inc., Otsu, Japan), according to 

the manufacturer’s protocol. Quantitative reverse transcrip-
tase-polymerase chain reaction (qRT-PCR) was performed 
for each sample using a Thermal Cycler Dice Real Time 
System II device (TaKaRa).

Primers were designed using the Perfect Real Time Primer 
Support System (TaKaRa) for canines. Two reference genes, 
glucuronidase beta (GUSB) and TATA-box binding protein 
(TBP), were measured for normalization based on their 
stable expression in the liver. Primers for reference genes 
and genes of interest, including their optimum temperatures, 
are listed in Table 2.

The initial qRT-PCR reaction was carried out for 30 sec 
at 95°C in SYBR Premix Ex Taq (TaKaRa), followed by 
40 two-temperature cycles of 5 sec at 95°C and 30 sec at 
60°C. After 40 cycles, a dissociation curve was generated 
to verify the specificity of each primer. All reactions were 
performed in duplicate. The specificity of the amplifica-
tion of the expected DNA fragments was confirmed by 2% 
agarose gel electrophoresis. Expression was normalized to 
that of canine TBP. A sample of normal liver tissue was used 
for calibration, and the ΔΔCt method was used to determine 
relative gene expression levels. All data were integrated and 
analyzed using TaKaRa Multiplate RQ (TaKaRa).

Differences in quantitative values were analyzed using 
the Kruskal–Wallis test with the post-hoc Dunn’s procedure. 
A P-value of less than 0.05 was considered significant. All 
analyses were performed using StatMate IV software (ATMS 
Co., Ltd., Tokyo, Japan).

In this study, 18 HCC samples, 10 hepatic nodular hyper-
plasia (NH) samples and 11 samples of non-cancerous liver 

Table 1. Samples from Dogs with Hepatocellular Carcinoma and Hepatic Nodular Hyperplasia Used for qRT-PCR

Case Breed Sex Age 
 (year)

Body weight 
 (kg)

Histopathology Non-  
cancerous liverHCCa) NHb)

1 Chihuahua Castrated male 10 7.15 1 0 1
2 Mix Castrated male 11 24.2 1 0 1
3 Shiba Male 12 11.76 1 1 0
4 Siberian Husky Spayed female 13 19.45 1 0 1
5 Golden Retriever Spayed female 11 30.1 1 0 0
6 Beagle Spayed female 10 8.35 1 1 0
7 Shiba Male 13 13.7 1 0 1
8 Shiba Spayed female 11 8.0 1 1 0
9 Mix Spayed female 13 13.74 1 1 0

10 Shetland Sheepdog Female 14 13.0 1 0 1
11 Miniature Dachshund Spayed female 10 5.94 1 0 1
12 Shih Tzu Female 13 4.62 1 0 1
13 Shih Tzu Spayed female 11 7.02 1 0 1
14 Yorkshire Terrier Spayed female 12 2.9 1 0 1
15 Welsh Corgi Female 10 12.0 1 1 0
16 Labrador Retriever Female 10 27.58 1 0 1
17 Beagle Male 9 17.05 1 1 0
18 Shih Tzu Castrated male 10 8.15 1 0 1
19 Toy Poodle Female 7 4.64 0 1 1
20 Mix Spayed female 13 12.4 0 1 1
21 Miniature Dachshund Castrated male 12 6.45 0 1 0
22 Mix Spayed female 13 6.45 0 1 0

a) Hepatocellular carcinoma, b) Nodular hyperplasia.
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tissue (normal) were obtained from 22 dogs with primary 
hepatic masses. The expression levels of 18 genes that were 
differentially expressed in dogs with NH and HCC were 
measured using qRT-PCR. For technical reasons, no qRT-
PCR data could be obtained for IGF2. Only 5 genes proved 
to be differentially expressed in HCC samples compared 
with the NH, normal and healthy control samples. The qRT-
PCR amplified products were analyzed by agarose gel elec-
trophoresis, and each one band was shown in the expected 
molecular length (Fig. 1).

PDGF-B was upregulated, and TGF-α and EGFR were 
downregulated in HCC compared with healthy controls 
(P<0.05). EGF was downregulated in HCC compared with 
NH (P<0.05). HGF was downregulated in HCC compared 
with normal samples (P<0.05; Fig. 2). The expression of 
Ang-2 in HCC was not significantly different from that in 

dogs with NH and normal samples, although it was consid-
ered to be upregulated in normal samples (Fig. 2).

This study showed that canine PDGF-B mRNA is signifi-
cantly increased in HCC, although levels varied widely in 
comparison to those measured in healthy controls. PDGFR-β 
signaling is critical for the recruitment of pericytes or peri-
vascular progenitor cells during developmental and tumor 
angiogenesis [27]. Endothelial cells-derived PDGF-BB, as 
the classical PDGFR-β ligand, is essential for embryonic 
pericytes recruitment [17], and a requisite role of local ex-
tracellular PDGF-BB concentration gradients for the proper 
integration of PDGFR-β-positive pericytes into the wall of 
tumor vessels has been demonstrated [1]. In humans, angio-
genesis and disruption of liver vascularity have been linked 
to progression to cirrhosis and HCC in chronic liver diseases 
[7]. Interference with angiogenesis may prevent or delay the 

Table 2. Primers Used for qRT-PCR

Gene Primer setID F/R Sequence Tm (°C) Amplicon Size 
(bp)

GUSB DA021273 F 5’-ACATCGACGACATCACCGTCA-3’ 76 90
R 5’-GGAAGTGTTCACTGCCCTGGA-3’

TBP DA049514 F 5’-ATGGTGTGTACGGGAGCCAAG-3’ 76 184
R 5’-ACTGTTGGTGGGTCAGCACAAG-3’

VEGF-A DA027420 F 5’-TCAGGACACTGCTGTACTTTGAGG-3’ 79.1 133
R 5’-GGCTTGTCAGGAGCAAGTGAA-3’

VEGFR-1 DA035194 F 5’-CACCTGGGCTGAGAGCAAAC-3’ 77.2 117
R 5’-CCACACCTGGAATGGCAGAA-3’

VEGFR-2 DA022900 F 5’-CTTGGACAGCATCACCAGTAGTCAG-3’ 75 131
R 5’-TGAGATGCTCCAAGGTCAGGAA-3’

VEGFR-3 DA049880 F 5’-GGATGGAGTTCCTGGCCTCA-3’ 77.9 142
R 5’-TTTCGCACATAGTCAGGGTCTTTG-3’

PDGF-B DA006888 F 5’-TACGAGATGCTGAGCGACCAC-3’ 79.1 112
R 5’-ATCGGGTCAAATTCAGGTCCAA-3’

PDGFR-β DA076806 F 5’-TGAGGGCAAGCTGGTCAAGA-3’ 77.7 155
R 5’-ACACGTCGCTCAGGGTGGTA-3’

EGF DA074730 F 5’-CTATGGCCCTCAAGGATGGTG-3’ 75.1 125
R 5’-GCAGCCTTGCTCTGTGTCCTTA-3’

TGF-α DA057929 F 5’-GTGGTGTCCCACTTCAACGACT-3’ 77 85
R 5’-TGTCCTCCTGCACCAGAAACC-3’

HB-EGF DA044315 F 5’-GCTCTGGCCACACCCAGTAA-3’ 75.3 113
R 5’-CCATGGATGCAGAAGTCCTTGTA-3’

EGFR DA000951 F 5’-TGCATTTGCCAAGCCCTACA-3’ 75.1 90
R 5’-GGTACTCGTCAGCATCCACAACA-3’

HGF DA071494 F 5’-GGCTACTGCTCCCAAATTCCA-3’ 71.9 124
R 5’-CCCACATTGAACATGTTAGTCCAGA-3’

MET DA075812 F 5’-ACCAGTGAAGTGGATGGCTTTAGAA-3’ 75.5 135
R 5’-AAGGTGTTGACGTCAGGATAAGGTG-3’

IGF1 DA020266 F 5’-GATAGAGCCTGCGCAATGGAA-3’ 71.3 120
R 5’-CTGGAAATGAATTGGTTAGCAGGAA-3’

IGF1R DA026006 F 5’-ATGGTGGCCGAAGATTTCACA-3’ 75.1 120
R 5’-AGGTGACATCCAGCGCACAG-3’

IGF2R DA044849 F 5’-CACAGTGCGTGACTTACGGAAAC-3’ 76.2 84
R 5’-CCAGAGCAGGAATCCCAAGTG-3’

Ang-2 DA059135 F 5’-TGGGTGGACGGTCATTCAG-3’ 74.7 106
R 5’-CAGCCAGTGTTCGCCAGAAG-3’

Tie2 DA084660 F 5’-GCGGGAATGACTTGCCTGA-3’ 76.9 146
R 5’-AGGGCCAGAGTTCCTGAGTTGA-3’
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development of HCC, considering that angiogenesis plays 
a key role in the growth of tumors. Therefore, we expected 
to find increased PDGF-B mRNA expression in dogs with 
HCC. PDGF-B represents a molecule of potential value in 

tumor angiogenesis in dogs as well as humans.
In this study, the median expression level of canine Ang-

2 mRNA in normal samples was higher than that in HCC 
samples, but the expression level of canine Ang-2 mRNA 

Fig. 1. Analysis by agarose gel electrophoresis of 18 genes real-time PCR amplification.

Fig. 2. Distribution of the mRNA relative expression/TBP expression in control, normal, NH and HCC 
samples. Each bar represents the median value. The PDGF-B gene was upregulated, and TGF-α and 
EGFR genes were downregulated in HCC compared with controls (*P<0.05). EGF was downregu-
lated in HCC compared with NH (*P<0.05). HGF was downregulated in HCC compared with the 
normal samples (*P<0.05). Ang-2 in HCC was not significantly different between dogs with NH and 
normal samples, although its expression was considered to be upregulated in normal samples.
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had no significant difference between normal and HCC 
samples. The generally accepted view is that Ang-1 is the 
major agonist for Tie2, whereas Ang-2 may act as an an-
tagonist or a partial agonist [19]. Although Ang-1 functions 
in stabilizing the vasculature, Ang-2 destabilizes vessel 
formation. Recent evidence indicates that, unexpectedly, 
Ang-2 plays a positive role, at least in tumor angiogenesis 
[22]. Taken together, these studies suggest that Ang2 plays 
critical physiological and pathological roles in clinical HCC 
in vivo in murine tumor models [30]. Administration of 
Ang-2 inhibitors to tumor-bearing mice has been reported 
to result in delayed tumor growth accompanied by reduced 
endothelial cell proliferation, which is consistent with an 
antiangiogenic mechanism. Therefore, Ang-2 may be an at-
tractive candidate target for the antiangiogenic treatment of 
HCC [22]; however, this study didn’t demonstrate that the 
mRNA expression of canine Ang-2 in normal liver tissues 
was significantly different from that in HCC tissues. Then, 
further investigations on the angiogenesis mechanism of 
canine HCC including not only Ang-2 but also Ang-1 are 
needed for the promising targeted therapy.

In contrast, canine TGF-α and EGFR mRNA expressions 
were significantly reduced in HCC compared to healthy 
controls. In addition, EGF mRNA expression was signifi-
cantly lower in HCC than in NH. TGF-α is a member of the 
EGF superfamily of polypeptide mitogens and binds to the 
EGFR [6, 20]. TGF-α is generally thought to be involved 
in hepatocarcinogenesis [10, 14]. Expression of TGF-α has 
been reported to be associated with hepatocyte proliferation 
and hepatocarcinogenesis in humans [10] and mice [13, 23]. 
In addition, EGFR/ErbB1 is the EGFR that has been most 
widely studied in HCC. EGFR is frequently overexpressed 
in HCC [10], suggesting that the EGFR signaling pathway 
plays a role in hepatocarcinogenesis. Therefore, the EGFR 
signaling pathway represents a good potential molecular 
target for biological therapy of HCC. However, the clinico-
pathological significance of the expressions of EGFR and 
human epidermal growth factor receptor 2 in HCC remains 
controversial [2, 9, 11]. Activating mutations of EGFR, the 
signature markers for the sensitivity of non-small cell lung 
cancer to small-molecule EGFR inhibitors, were not found 
in HCC tissues [28]. In addition, increased expressions of 
TGF-α and EGFR were shown to occur as part of regenera-
tive processes in adjacent non-tumorous liver tissues [13]. 
An immunohistochemical analysis revealed that TGF-α was 
overexpressed, equally expressed and downregulated in 17, 
21 and 62% of HCC tissues, respectively, compared to the 
surrounding hepatic tissue [15]. Therefore, our results sug-
gest that TGF-α, EGF and EGFR mRNAs do not reflect the 
progression of HCC in dogs. In addition, TGF-α and EGFR 
expressions may be associated with an increased level of 
proliferation of normal hepatocytes.

HGF is the most potent mitogen for mature hepatocytes. 
HGF is scarcely expressed in the normal liver, its expres-
sion is dramatically increased after liver injury [21] and it 
stimulates albumin secretion in primary cultures of rat he-
patocytes [29]. In addition, HGF inhibits the growth of HCC 
cells [26] and decreased the incidence of HCC caused by 

TGF-α in double transgenic mice [25]. In our study, HGF 
was synthesized in the surrounding non-cancerous liver tis-
sue. Therefore, the reduction of its gene expression might be 
involved in HCC in dogs.

In conclusion, higher levels of PDGF-B expression were 
observed in canine HCC, suggesting that PDGF-B has the 
potential to become a valuable ancillary target for the medi-
cal treatment. Further investigations on the association be-
tween the molecular changes and the proliferation of canine 
HCC are needed for the establishment of targeted therapy in 
dogs with HCC.
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