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Abstract. Osteosarcoma is considered the most common 
bone cancer in cats and dogs, with cats having a much better 
prognosis than dogs, since the great majority of dogs with 
osteosarcoma develop distant metastases. In search of a factor 
possibly contributing to this disparity, the stem cell growth 
factor receptor KIT was targeted, and the messenger (m)RNA 
and protein expression levels of KIT were compared in canine 
vs. feline osteosarcomas, as well as in normal bone. The mRNA 
expression of KIT was quantified by reverse transcription‑ 
quantitative polymerase chain reaction, and was observed to 
be significantly higher in canine (n=14) than in feline (n=5) 
osteosarcoma samples (P<0.001). KIT protein expression was 
evaluated by immunohistochemistry, which revealed that 21% 
of canine osteosarcoma samples did not exhibit KIT staining 
in their neoplastic cells, while in 14% of samples, a score of 1 
(<10% positive tumour cells) was observed, and in 50% and 
14% of samples, a score of 2 (10‑50% positivity) and 3 (>50% 
positivity), respectively, was observed. By contrast, the cancer 
cells of all the feline bone tumour samples analysed were 
entirely negative for KIT. Notably, canine and feline osteo-
cytes of healthy bone tissue lacked any KIT expression. These 
results could be the first evidence that KIT may be involved in 
the higher aggressiveness of canine osteosarcoma compared 
with feline osteosarcoma.

Introduction

Osteosarcoma represents the most common malignant bone 
tumour in dogs and cats (1,2). To date, surgical removal of 
the afflicted bone, if possible, is still the first‑line treatment. 
Bitetto et al demonstrated that half of the cats with appen-
dicular osteosarcoma treated were still alive 5 years after the 
amputation of the affected limb (3). The median survival of 

the cats that succumbed to disease earlier was 4 years without 
any adjuvant treatment (3). In cats, metastasis due to osteo-
sarcoma appears to be rare, with an incidence of 5‑10% (2‑4). 
By contrast, the median survival times following the amputa-
tion of appendicular osteosarcomas in dogs were 3‑5 months, 
which are relatively low, since dogs rapidly develop metastasis, 
mainly to the lungs, but also to other bones (5‑7). By adding 
adjuvant chemotherapeutics such as carboplatin, cisplatin or 
doxorubicin subsequent to surgery, the median survival time 
of dogs was significantly prolonged to ~1 year (8‑11). However, 
long‑term survival rarely occurs, as nearly all dogs eventually 
succumb to their tumours due to distant metastasis (9).

At present, extensive research is being conducted aimed 
to identify more effective anti‑tumour therapeutics than 
non‑specific chemotherapy in hopes of better outcomes. One 
of the recent specifically designed therapeutic modalities 
are drugs targeting specific molecules, which are important 
for cell signaling processes in cancer cells. Lately, targeted 
therapy has also been included into veterinary medicine treat-
ment protocols. Masitinib and toceranib, two oral drugs used 
mainly in the treatment of canine mast cell tumours, inhibit 
multiple receptor tyrosine kinases, targeting therefore key 
factors involved in tumour cell growth and survival. Masitinib 
targets the platelet‑derived growth factor receptors (PDGFR)‑α 
and ‑β, while toceranib targets vascular endothelial growth 
factor receptor‑2 and PDGFR‑β. Both drugs are also able to 
inhibit the stem cell growth factor receptor KIT (12,13).

The proto‑oncogene KIT appears to play a role in 
physiological processes, including hematopoiesis, fertility, 
pigmentation and gut motility. In addition, it appears to be 
involved in pathological conditions such as allergic diseases 
and cancer  (14). KIT signaling has been discussed to be 
associated with human gastrointestinal stromal tumours, 
testicular neoplasias, lung cancer, acute myeloid leukemia and 
mastocytosis (15‑19). In veterinary medicine, the role of KIT 
in oncogenesis has been examined most thoroughly in canine 
mast cell tumours (20,21).

At present, no data exist about the KIT status in canine 
or feline osteosarcomas. The aim of the present study was to 
identify differences in KIT expression between osteosarcoma 
tissue and normal healthy bone that could indicate that KIT 
potentially is a molecular target in this type of cancer. Addi-
tionally, the present study aimed to assess whether there was a 
different KIT expression pattern between the tumours of dogs 
and cats, as there is such a disparity in their clinical course.
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Materials and methods

Samples. Osteosarcoma tumour samples and normal bone tissues 
from dogs and cats were collected between January 2008 and 
February 2013 following limb amputation, or from euthanized 
patients according to the rules of the local ethics committee at 
the Clinic of Surgery for Small Animals of the University of 
Veterinary Medicine Vienna (Vienna, Austria). The study was 
performed in accordance with the requirements of the Austrian 
Act on Animal Experiments (Tierversuchsgesetz 2012 - TVG 
2012, BGBl. I Nr. 114/2012) and Good Scientific Practice adopted 
by the University of Veterinary Medicine Vienna. The samples 
were either fixed in 4% buffered formaldehyde and paraffin 
embedded, or preserved in RNAlater® (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), and stored in temperature‑controlled 
containers in the gas phase over liquid nitrogen (‑170˚C). For 
routine analysis, tumour diagnostic samples were stained with 
hematoxylin and eosin, sub‑classified (22) according to the 
World Health Organization criteria and graded (23).

RNA isolation. KIT messenger (m)RNA expression was anal-
ysed in 14 canine and 5 feline osteosarcoma samples. Cerebellar 
tissue of the respective species was used as positive control. A 
total of 20 mg of osteosarcoma or cerebellum was transferred to 
a 2‑ml screw‑cap microtube pre‑filled with 1.4 mm Precellys® 
ceramic beads (PEQLAB GmbH; VWR International, Radnor, 
PA, USA) and 300 µl lysis buffer RLT provided in the RNeasy® 
Fibrous Tissue Mini kit (Qiagen GmbH, Hilden, Germany) or 
300 µl QIAzol (miRNeasy® Mini kit; Qiagen GmbH). Samples 
were homogenised twice for 20 sec in a MagNA Lyser Instru-
ment (Roche Diagnostics, Basel, Switzerland) at 5,635 x g. RNA 
was isolated according to the respective protocol provided by 
the manufacturer, with the exception that the eluate of the first 
elution step was used for re‑elution of the RNA in order to maxi-
mize the RNA recovery. The concentration and integrity of the 
RNA were assessed on a 2100 Bioanalyzer (Agilent Technolo-
gies, Inc., Santa Clara, CA, USA) using the RNA 6000 Nano 
kit (Agilent Technologies, Inc.). RNA integrity number (RIN) 
values were calculated with the 2100 Expert Software (version 
B.02.03.SI307; Agilent Technologies, Inc.). A RIN of 6.5 was 
considered as the lower limit of RNA integrity.

Reverse transcription quantitative‑polymerase chain reaction 
(RT‑qPCR). Total cellular RNA was reverse transcribed into 
complementary (c)DNA using the Transcriptor First Strand 
cDNA Synthesis kit (Roche Diagnostics) or the High‑Capacity 
cDNA Reverse Transcription kit (Thermo Fisher Scientific, 
Inc.). In case of the former kit from Roche Diagnostics, 500 ng 
total RNA was mixed with 2  µl random hexamer primer 
(600 µM) to a final reaction volume of 13 µl and heated at 65˚C 
for 10 min. Next, the RT Master Mix, consisting of 4 µl 5X 
Transcriptor RT reaction buffer, 2 µl deoxynucleotide (dNTP) 
mix (containing 10 mM each dNTP), 0.5 µl Protector RNase 
Inhibitor (40 U/µl; Sigma-Aldrich; Merck Millipore, Darm-
stadt, Germany) and 0.5 µl Transcriptor Reverse Transcriptase 
(20 U/µl), was added. The reaction was incubated at 25˚C for 
10 min, followed by 55˚C for 55 min, and terminated at 85˚C for 
5 min. In case of the kit provided by Thermo Fisher Scientific, 
Inc., 500 ng RNA in 10 µl RNase‑free water was mixed with 2 µl 
10X RT Buffer, 0.8 µl 25X dNTP Mix (100 mM each dNTP), 

2 µl 10X RT Random Primers, 4.2 µl RNase‑free water and 
50 U MultiScribe Reverse Transcriptase. Upon pre‑annealing 
at 25˚C for 10 min, the RT reaction was performed for 2 h at 
37˚C and stopped by incubation at 85˚C for 5 sec. Experimental 
cDNAs were reverse transcribed in duplicate. Absence of DNA 
contamination was concluded from several controls lacking 
reverse transcriptase using pooled experimental RNAs.

For normalisation of the RT‑qPCR data of KIT, a normali-
sation factor (the geometric mean) was calculated from two 
reference genes, one of which was selected on the basis of 
stable gene dosage and expression in the context of canine 
osteosarcoma [canine chromosome 26 open reading frame, 
human C12orf43 (Canis lupus familiaris); C26H12orf43 and 
its feline orthologue chromosome D3 open reading frame, 
human C12orf43 (domestic cat); CD3H12orf43] and the other 
was a ‘universal’ reference gene (ornithine decarboxylase 
antizyme 1; OAZ1) (24‑26), which has been identified as being 
universally applicable for RT‑qPCR normalisation based on a 
previous meta‑analysis of human and murine expression data 
obtained from various biological conditions, including several 
cancer types (25).

The 15‑µl ‘upstream’ qPCR assay targeting exons 3‑4 of KIT 
consisted of 1X HOT FIREPol® EvaGreen® qPCR Supermix 
(Solis BioDyne, Tartu, Estonia), 200 nM each primer and 5 ng 
cDNA. The 15‑µl qPCR assay for the universal reference gene 
OAZ1 consisted of 1X HOT FIREPol® Probe qPCR Mix Plus 
(Solis BioDyne), 200 nM each primer, 200 nM hydrolysis 
probe and 5 ng cDNA. These two assays were performed on 
a ViiA™ 7 Real‑Time PCR System (Thermo Fisher Scientific, 
Inc.) operated by version 1.1 software. Following denaturation 
and activation of hot‑start polymerase at 95˚C for 12 min, 
samples were amplified for 50 cycles of 95˚C for 10 sec and 
60˚C for 50  sec. Amplicon dissociation was assessed by 
increasing the temperature from 60 to 95˚C with a ramp rate 
of 0.05˚C/sec.

The 10‑µl ‘downstream’ qPCR assay targeting exons 19‑20 
of KIT consisted of 1X reaction buffer B2 (Solis BioDyne), 
3 mM MgCl2 (Solis BioDyne), 0.2 mM each dNTP (Solis 
BioDyne), 200 nM each primer, 0.4X EvaGreen® dye (Biotium, 
Inc., Hayward, CA, USA), 0.1 U/µl hot‑start Taq DNA poly-
merase (HOT FIREPol® DNA polymerase; Solis BioDyne) 
and 5 ng cDNA. Following denaturation and activation of the 
hot‑start polymerase at 95˚C for 15 min, samples were ampli-
fied for 50 cycles (95˚C for 15 sec, 60˚C for 40 sec and 72˚C for 
20 sec). Amplicon dissociation was assessed by increasing the 
temperature from 60 to 95˚C with a ramp rate of 0.03˚C/sec.

The 20‑µl qPCR assays for the context‑specific reference 
gene C12orf43 consisted of 1X Premix Ex Taq (Probe qPCR; 
Takara Bio, Inc., Otsu, Japan), 200 nM each primer, 200 nM 
probe and 5 ng cDNA. Following denaturation at 95˚C for 
30 sec, amplification was performed over 45 cycles consisting 
of 95˚C for 5 sec and 60˚C for 20 sec.

The 10‑µl qPCR for the ‘universal’ reference gene OAZ1 
included 1X reaction buffer A2 (Solis BioDyne), 2.5 mM 
MgCl2 (Solis BioDyne), 0.2 mM each dNTP (Solis BioDyne), 
200  nM each primer, 150  nM hydrolysis probe, 0.1  U/µl 
hot‑start Taq DNA polymerase (HOT FIREPol® DNA Poly-
merase; Solis BioDyne) and 5 ng cDNA. Thermocyling was 
performed using the same thermal profile as aforementioned 
for the KIT assay, with the exception of the melting curve.
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The oligonucleotides sequences were designed using the 
Primer Express Software v2.0 (Thermo Fisher Scientific, 
Inc.) and synthesised at Sigma‑Aldrich (Merck Millipore). 
Their sequences are provided in Table  I. The nucleotide 
collection of the National Center for Biotechnology Infor-
mation tool Primer‑Basic Local Alignment Search Tool 
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) limited to 
Canis lupus or Felis catus was used to exclude mutations in their 
binding sites. For the context‑specific reference gene, the hydro-
lysis probe was modified with locked nucleic acid (LNA) bases 
to reach a melting temperature of ≥70˚C in the LNA™ Oligo 
Tm Prediction tool provided by Exiqon (Vedbaek, Denmark; 
www.exiqon.com/ls/pages/exiqontmpredictiontool.aspx). LNA 
bases were inserted manually every 3 bases along the probe, 
avoiding the 5' and 3' ends, as well as the highly folded regions.

The amplification efficiency was analysed by standard 
curves generated from 3‑7 points of 8‑fold dilution series 
measured in duplicate or quadruplicate in cases of low numbers 
of target copies. Experimental samples (KIT and OAZ1) and 
amplicon control (C12orf43) were purified with the Hi Yield® 
Gel/PCR DNA Fragment Extraction kit (Süd‑Laborbedarf 
GmbH, Gauting, Germany), and were used as a template for 
the dilution series. Dilutions (4‑ and 8‑fold) of each experi-
mental sample were tested in the C12orf43 assay to preclude 
inhibition of the assays by individual samples.

Assays were performed with the liquid handling system 
epMotion® 5075 TMX (Eppendorf, Hamburg, Germany), 
while standard curves were pipetted manually. RT‑qPCR 
was performed in a 384‑well microtiter plate on the LightCy-
cler® 480 Real‑Time PCR System, with operating software 
version 1.5.0 (Roche Diagnostics).

For quantification cycle (Cq) values generated at an ampli-
fication efficiency (E) of <1, the following equation: 

)2(log
)1(log

10

10
1




ECqCqE

where CqE is the uncorrected Cq value, was used to calculate a 
putative Cq at E=1. Corrected Cq values were used to calculate 
the relative expression difference with the 2−ΔΔCq method (27).

The significance of the difference in relative transcript 
expression was assessed using the Pair Wise Fixed Real-
location Randomisation Test© implemented in the Relative 
Expression Software Tool (28). The experimental details were 
compliant with the Minimum Information for Publication of 
Quantitative Real‑Time PCR Experiments guidelines (29).

Western blot analysis. Western blot analyses were performed 
to test the specificity of two different anti‑KIT antibodies. As 
established positive controls, canine and feline cerebellum tissue 
was homogenised in Tris‑Triton X extraction buffer [10 mM 
Tris‑HCl (pH 7.5), 100 mM NaCl, 1 mM ethylenediaminetet-
raacetic acid (EDTA), 1 mM ethylene glycol-bis(β-aminoethyl 
ether)-N,N,N',N'-tetraacetic acid, 1% Triton X‑100, 10% glyc-
erol, 0.1% sodium dodecyl sulfate (SDS) and 0.5% sodium 
deoxycholate] supplemented with Protease Inhibitor Cocktail 
(Sigma‑Aldrich; Merck Millipore). The protein content in the 
cell lysates was determined with the DC Protein Assay (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) as recommended by 
the manufacturer. Equal amounts of protein (30 µg/lane) were 
subjected to SDS‑polyacrylamide gel electrophoresis (PAGE) 
under reducing conditions on 7.5% polyacrylamide gels. 
SDS‑PAGE was performed according to Laemmli (30) using 
a Hoefer™ Mighty Small™ II Mini Vertical Electrophoresis 
System (Hoefer, Inc., Holliston, MA, USA). Precision Plus 
Protein™ Kaleidoscope™ Prestained Protein Standards 
(Bio‑Rad Laboratories, Inc.) and MagicMark™ XP Western 
Protein Standard (Invitrogen; Thermo Fisher Scientific, Inc.) 
were used for molecular weight calibration, and gels were 
stained with Coomassie Brilliant Blue. Upon separation by 
SDS‑PAGE, the proteins were transferred onto a polyvinylidene 
fluoride membrane (GE Healthcare Life Sciences, Chalfont, 
UK) in a semi‑dry blotting device (Semiphor Electrophoresis 

Table I. Primer sequence of genes analysed by reverse transcription‑quantitative polymerase chain reaction of canine and feline 
osteosarcoma RNA.

Gene	 Accession number	 5'‑3' sequence and modification of oligonucleotide	 Exons targeted

KIT 	 Dog: NM_001003181	 F: AGAAACGTGAAGCGCGAGTA	 3‑4
		  R: ACACAACTGGTACAGCTCTGATGG	
KIT 	 Dog: AF099030.1	 F: GATAGCACCAATCATATTTATTCCAAC	 19‑20
	 Cat: GU270865.1	 R: CACGGAATTGATCCGCAC	
		  R: CCACAGAATTGATCCGCAC	
OAZ1	 Dog: NM_001127234.1	 F: CGGCTGCCTCTACATCGAGA	 2‑4
	 Cat: XM_003981669.1	 R: AAGCTGAAGGTCCGGAGCAA	
		  P: 6FAM‑CGCCGCCCACGTCTTCATTTGC‑BHQ1	
C26H12orf43	 Dog: XM_849238	 F: AATTCCGAGCCCACGTAGC	 3‑4
CD3H12orf43	 Cat: XM_006938527	 R: GCTCCTTCACTACTTCTGAGATGGTA	
 		  P: 6FAM‑CTG+CTG+GAC+AGC+TCA+ATT‑BHQ1	

F, forward primer; R, reverse primer; P, probe; FAM, fluorescein amidite; BHQ1, black hole quencher 1; +A,+G,+C,+T, locked nucleic acid  
monomers; OAZ1, ornithine decarboxylase antizyme 1; C26H12orf43, chromosome 26 open reading frame, human C12orf43 (Canis lupus 
familiaris); CD3H12orf43, chromosome D3 open reading frame, human C12orf43 (domestic cat).
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Blotter TE-70; Hoefer, Inc.). Western Blocking Reagent, Solution 
(Roche Diagnostics) was used as a blocking solution to minimise 
non‑specific binding of the primary antibody. The membranes 
were incubated with antibodies against KIT [polyclonal rabbit 
antibody (A4502; Dako, Glostrup, Denmark; dilution 1:400) or 
polyclonal goat antibody (C‑19; sc‑168‑G; Santa Cruz Biotech-
nology, Inc., Dallas, TX, USA; dilution 1:200, 1:600 or 1:1,000)] 
overnight at 4˚C. Enhanced chemiluminescence (ECL) donkey 
anti-rabbit IgG peroxidase-linked species‑specific whole anti-
body (catalog no. NA934; dilution 1:5,000; GE Healthcare Life 
Sciences) or the rabbit anti-goat IgG (H&L) F(ab)́ 2 fragment, 
cross-adsorbed, horseradish peroxidase (HRP)‑conjugated anti-
body (catalog no. A24452; dilution 1:10,000; Novex; Thermo 
Fisher Scientific Inc.) were used as the secondary antibodies. 
Incubation was performed for 30 min at room temperature. The 
ECLTM Western Blotting Analysis system (GE Healthcare Life 
Sciences) was used for the detection of signals. For the negative 
controls, the primary antibodies were omitted.

Immunohistochemistry. Using immunohistochemistry, KIT 
protein expression was analysed in 14 canine and 5  feline 
osteosarcomas, as well as in 4 normal bone tissue samples. 
Upon formalin fixation and routine paraffin‑wax embedding, 
4‑µm sections were dewaxed and treated with 0.6% H2O2 in 
methanol for 15 min to block endogenous peroxidase activity. 
Antigen retrieval was achieved using microwave heating 
in 0.01 M Tris‑EDTA buffer (pH 9.0) three times for 5 min 
each, and proteins were then blocked with 1.5% normal goat 
serum (Dako) in phosphate-buffered saline (PBS) for 30 min. 
A primary polyclonal rabbit anti‑KIT antibody (A4502; 
Dako) was used at 1:400 dilution in PBS and applied over-
night at 4˚C. An anti‑rabbit secondary system (BrightVision 
Poly‑HRP‑Anti‑Ms/Rb/Rt IgG; Immunologic, Duiven, The 
Netherlands) was employed for antibody detection, and for 
visualisation, 3,3'‑diaminobenzidine (Sigma‑Aldrich; Merck 
Millipore) in a 0.03% H2O2 solution in Tris‑HCl (pH 7.4) was 
used. Sections were counterstained with haemalumn (Carl Roth, 
Karlsruhe, Germany) for 2‑3 min, dehydrated and mounted 
with DPX Mountant (Sigma‑Aldrich; Merck Millipore). The 
primary antibody was omitted for the negative controls, while 
canine and feline cerebellar tissue served as positive controls.

The slides were blindly evaluated by two observers (B.W. 
and I.W.). KIT receptor expression was scored as 0 for absent 
positive cells, 1 for <10% positive cells, 2 for 10‑50% positive 
cells and 3 for >50% positive cells, at x400 magnification.

Results

RT‑qPCR. Sufficient integrity of experimental RNAs was 
demonstrated by RIN values ranging from 6.6 to 10.0. Both 
positive controls, canine and feline cerebellum, exhibited 
expression of KIT mRNA. In canine osteosarcoma, KIT 
mRNA was 27‑fold higher expressed compared with feline 
osteosarcoma, according to the RT‑qPCR results, using a 
normalisation factor for normalising the transcript of interest 
(P<0.001; ΔCq=22.50±0.95 and  28.06±1.47, respectively; 
Fig. 1).

The significance of the expression difference was confirmed 
by targeting an upstream part of KIT mRNA and using the 
universal reference gene OAZ1 for normalisation. Normalising 

the expression data to the quantity of cDNA template yielded 
similar results (data not shown).

Western blot analysis. Of the two tested antibodies, only 
the polyclonal rabbit antibody A4502 (Dako) displayed 
specificity against KIT in canine and feline cerebellar tissue, 
since a distinct band was observed at 145 kDa by western 
blotting (Fig. 2). Although the C‑19 antibody (Santa Cruz 
Biotechnology, Inc.) was also recommended by the supplier 
for detection of KIT p145 in additional species beside humans 
including canine, no protein expression was observed in the 
cerebellum of the dog or cat.

Figure 2. Evidence of KIT protein expression by western blotting. A clear 
band at 145 kDa was observed. Lane 1, marker; lane 2, canine cerebellum; 
lane 3, feline cerebellum.

Figure 1. KIT messenger RNA expression in osteosarcomas of dogs com-
pared with cats. The expression level of KIT was significantly higher in 
canine than in feline samples. Similar data were obtained from amplicons 
targeting the upstream region and the end of the coding region of the gene 
when normalisation was performed with the universal reference gene OAZ1 
or with a normalisation factor calculated from the geometric mean of the 
context‑specific reference gene canine chromosome 26 open reading frame, 
human C12orf43 (Canis lupus familiaris) [whose feline orthologue is chro-
mosome D3 open reading frame, human C12orf43 (domestic cat)] and OAZ1. 
**P<0.001. OAZ1, ornithine decarboxylase antizyme 1.
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Histopathology and immunohistochemistry. Table II pres-
ents the various subtypes, localisation, grade and score of 
the immunohistochemical staining of KIT in 14 canine and 
5 feline osteosarcomas. To compare tumour tissue vs. physi-
ological tissue, 4 samples of normal bone of dogs and cats 
were also examined for KIT staining.

The osteosarcomas of dogs included grade II and grade III 
tumours, but no grade I tumours, whereas cats were diagnosed 
only with grade I or grade II bone cancer, but not with grade III. 
Of the canine osteosarcomas, 14% exhibited a score of 3 
(>50% positive tumour cells for KIT staining), 50% displayed 
a score of 2 (10‑50% positivity), 14% exhibited a score of 1 
(<10% positivity) and 21% had a score of 0 (no KIT staining). 
In all positive slides, the staining pattern was diffuse cyto-
plasmic. Neoplastic cells of all feline osteosarcoma samples 
were negative for KIT expression. Physiological bone cells 
of cats and dogs did not exhibit KIT expression. In normal 
bone and in tumour tissue, a number of endothelial cells and 
bone marrow cells demonstrated KIT immunoreactivity. As 
positive controls, both canine and feline cerebellum exhibited 
strong KIT staining (Fig. 3).

Discussion

In normal cells, including mast cells, germ cells, Cajal cells, 
melanocytes and several hematopoietic stem cells, the stem 
cell growth factor receptor KIT is activated upon binding its 
ligand, stem cell factor (31). This results in a cell‑signaling 
cascade that leads eventually to the activation of different 
transcription factors, which influence cell differentiation, cell 
adhesion, chemotaxis, apoptosis and proliferation. Dysregula-
tion of KIT can therefore lead to abnormal cell proliferation 
as observed in cancer (31). To date, KIT expression has been 
detected in numerous human tumours and in certain malig-
nancies in small animals (15‑19,32‑38). KIT protein expression 
has been demonstrated predominately in canine melanomas, 
canine renal cell carcinomas, canine interstitial cell tumours, 
canine seminomas, and in gastrointestinal stromal tumours 
and mast cell tumours (32‑38) of dogs and cats.

The results of the present study indicate that canine 
osteosarcoma should be added to the list of KIT‑positive 
malignancies, as the majority of the bone tumour samples 
of dogs stained positive for KIT protein in the neoplastic 

Table II. Subtypes, localisation, grade and score of immunohistochemical staining of KIT in tumour and normal bone tissue of 
dogs and cats.

No.	 Species	 Subtype/tissue	 Localisation	 Histological grade	 KIT score

  1	 Dog	 Fibroblastic OS	 Humerus	 III	 0
  2	 Dog	 Chondroblastic OS	 Femur	 II	 3
  3	 Dog	 Osteoblastic OS	 Radius	 II	 3
  4	 Dog	 Mixed OS	 Ulna 	 II	 2
  5	 Dog	 Osteoblastic OS	 Tibia	 III	 2
  6	 Dog	 Osteoblastic OS	 Humerus	 II	 1
  7	 Dog	 Telangiectatic OS	 Lung	 III	 2
  8	 Dog	 Osteoblastic OS	 Mandibula	 III	 0
  9	 Dog	 Osteoblastic OS	 Tibia	 II	 2
10	 Dog	 Osteoblastic OS	 Scapula	 II	 0
11	 Dog	 Poorly differentiated OS	 Humerus	 III	 1
12	 Dog	 Fibroblastic OS	 Radius	 III	 2
13	 Dog	 Osteoblastic OS	 Femur	 II	 2
14	 Dog	 Osteoblastic OS	 Ulna	 II	 2
15	 Dog	 Normal bone	 Humerus		  0
16	 Dog	 Normal bone	 Radius		  0
17	 Dog	 Normal bone	 Rib		  0
18	 Dog	 Normal bone	 Femur		  0
  1	 Cat	 Osteoblastic OS	 Humerus	 II	 0
  2	 Cat	 Fibroblastic OS	 Rib	 I	 0
  3	 Cat	 Osteoblastic OS	 Tibia	 II	 0
  4	 Cat	 Mixed OS	 Humerus	 II	 0
  5	 Cat	 Fibroblastic OS	 Humerus	 II	 0
  6	 Cat	 Normal bone	 Femur		  0
  7	 Cat	 Normal bone	 Radius		  0
  8	 Cat	 Normal bone	 Radius		  0
  9	 Cat	 Normal bone	 Femur		  0

OS, osteosarcoma; I, well differentiated; II, moderately differentiated; III poorly differentiated.
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cells. By contrast, none of the examined feline osteosarcoma 
samples exhibited any KIT immunostaining in the tumour 
cells. KIT‑negative neoplasias have also been described in 
non‑Hodgkin lymphoma, thyroid gland carcinoma, leiomyo-
sarcoma and adrenal cortical carcinoma, but these tumour 
entities were negative in both dogs and cats (35).

The finding that the majority of canine osteosarcomas 
featured KIT expression, whereas the feline samples did not, 
could be based on the low numbers of feline bone tumours 
available for examination. However, considering the much 
worse prognosis of osteosarcomas in dogs compared with cats, 
it could indeed be possible that the expression of KIT contrib-
utes to the greater malignancy of canine osteosarcomas. This 
hypothesis is substantiated by the fact that no KIT expression 
was detected in normal bone cells of dogs or cats. Thus, it is 
conceivable that, in dogs, the expression of KIT may develop 
in the course of tumourigenesis or tumour progression.

Using a cut‑off value of 10% KIT‑positive tumour cells, 
64% of canine osteosarcoma samples were observed to be 
positive for KIT, which is comparable with previous results 
from human patients. In human osteosarcoma samples, KIT 
positivity ranged from 46 to 63% (39‑41). In a previous study, 
there was a significant correlation between the expression of 
KIT and poor response to chemotherapy, but there was no 
correlation between KIT staining and metastasis at the time 
of diagnosis, disease‑free survival or overall survival. Thus, 
the authors concluded that the KIT gene is not involved in 

tumour progression (41). By contrast, patients with high KIT 
expression had a significant shorter median survival time than 
patients with low KIT expression in the study by Wei et al (40); 
therefore, KIT could be a negative prognostic marker. Thus, 
the clinical significance of the immunohistochemical staining 
of KIT in human osteosarcoma samples is still unclear, and no 
data exist for small animals at present.

In all the present KIT‑positive canine osteosarcoma samples, 
the immunohistochemical staining pattern of KIT protein 
was always cytoplasmic, as it has been described in 100% of 
previously investigated human osteosarcoma samples (39‑40). 
Upon evaluation of positive cases in children, 80% of them had 
cytoplasmic staining, 13% displayed membranous staining, 
and 7% exhibited both a cytoplasmic and membranous 
pattern (42). KIT is a transmembrane tyrosine kinase receptor, 
and the functional meaning behind the protein localisation 
in the cytoplasm is unknown (42). In canine cutaneous mast 
cell tumours, three different staining patterns of KIT have 
been immunohistochemically described (37). Pattern I was 
characterised by staining predominately of the cytoplasmic 
membranes; pattern  II exhibited focally clustered staining 
or staining that was stippling throughout the cytoplasm; and 
pattern III displayed diffuse cytoplasmic staining. Dogs whose 
tumours had KIT staining pattern II or III had a higher risk 
of cancer recurrence and a shorter overall survival than dogs 
with pattern I. The authors assumed that a more aggressive 
behaviour was associated with an increased cytoplasmic KIT 

Figure 3. KIT immunohistochemical staining in healthy and tumour tissue. (A) Canine and (B) feline cerebellum served as positive controls. Strong expression 
of KIT was observed in the ‘pinceau’, which is formed by a cluster of basket cell axon terminals around the Purkinje cell body and axonal initial segment.  
(C) KIT protein expression score 3 (>50% positive tumour cells) in a canine osteosarcoma sample. (D) Prominent KIT staining of giant cells in canine lung 
metastasis was detected. (E) No KIT expression was observed in feline osteosarcoma. (F) No KIT staining was present in the osteocytes of normal bone tissue 
of a cat, while numerous KIT‑positive bone marrow cells were detected. Bar size, 50 µm.
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staining (37). This may also apply to other cancers, including 
osteosarcomas.

Antibodies used in immunohistochemistry must be tested 
for their specificity, and therefore, western blotting should be 
performed to determine their specificity (43). In the present 
study, two different antibodies against KIT (a polyclonal rabbit 
antibody termed A4502 from Dako and a polyclonal goat anti-
body termed C‑19/sc‑168‑G from Santa Cruz Biotechnology, 
Inc.) were tested via western blotting. Although the antibody 
from Santa Cruz Biotechnology, Inc. was recommended by 
the supplier for the detection of KIT in canines, no bands were 
observed in western blots of cerebellar tissue of dogs or cats, 
and therefore, this antibody does not appear to be suitable for 
immunohistochemical studies in these species. By contrast, 
the aforementioned antibody from Dako has already been 
successfully used for immunohistochemical KIT staining 
in human (39,41), canine (34,44) and feline (45) tissue. The 
present results obtained using the anti‑KIT antibody from Dako 
confirmed its usability for dogs and cats, since a distinct band at 
the predicted size of KIT was observed in western blot analyses, 
and strong KIT immunohistochemical staining in canine and 
feline cerebellar tissue was detected. The cerebellum of dogs 
and cats is routinely used as a positive control in immunohisto-
chemical KIT studies (35,38). However, it is often described that 
the Purkinje cells of the cerebellum are positively stained (35), 
which is not entirely correct. In the cerebellum of adult mice, 
KIT protein has been described as very prominently expressed 
in the so called ‘pinceau’, which is a cluster of basket cell termi-
nals that embrace the initial segment of the Purkinje cells (46). 
Such KIT‑positive ‘pinceau’ structures were also observed in 
the present canine and feline cerebellum samples.

Other normal cells that exhibited KIT activity were adult 
bone marrow cells, which are important for hematopoiesis, and 
mature endothelial cells, which are able to stimulate survival, 
migration and tube formation (47,48). In the present study, 
KIT immunoreactivity was observed in several endothelial 
cells and in bone marrow cells in normal bone, as well as in 
osteosarcomas of dogs and cats. These positive normal cells 
could explain the fact that KIT mRNA was present in all feline 
osteosarcoma samples, although there was no positive KIT 
immunostaining in feline neoplastic cells. Additionally, it is a 
general problem in mRNA studies that one cannot anticipate 
if and how much protein will be eventually produced (49). 
For example, short non‑coding RNAs (called microRNAs) 
have been reported to influence gene expression by binding 
to mRNA transcripts, and in consequence suppressing their 
translation into proteins (50). However, the mean KIT mRNA 
content in canine osteosarcoma samples was significantly 
higher than in feline osteosarcomas. Thus, KIT could play a 
role in the greater aggressiveness of bone tumours in dogs.

Novel drugs targeting the products of oncogenes such as 
KIT are already on the market for veterinary medicine (51), 
but experience in osteosarcoma is still very limited. In vitro, 
the tyrosine kinase inhibitors masitinib (52) and sorafenib (53) 
decreased cell growth in canine osteosarcoma cell lines. 
An initial assessment of toceranib therapy for selected solid 
tumours in dogs resulted in partial remission in 4% of dogs, 
and in stable disease in 44% of dogs with metastatic osteosar-
comas (51). Although these drugs exist, the molecules that are 
mostly responsible for the malignancy of canine osteosarcoma 

have not been identified yet. In the present study, 14% of canine 
osteosarcoma samples exhibited only limited immunoreactivity, 
with <10% KIT‑positive cancer cells being detected, and 21% 
demonstrated no KIT immunostaining at all in neoplastic cells. 
Provided that KIT plays a role in canine osteosarcoma, it is 
predictable that not every dog would respond to KIT‑targeted 
therapy. In the long‑term, targeted therapy will improve the fate 
of dogs with osteosarcoma only if the right therapeutic is used 
for the appropriate animal, in which specific cancer targets have 
been optimally verified. In consequence, it will be crucial that, 
in larger prospective studies, the investigation of KIT status and 
other possible targets in canine and feline osteosarcoma samples 
is implemented. The present results must be compared between 
these two species on a large scale, and interpreted in connection 
with the clinical outcome of the corresponding dogs and cats.
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