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Abstract

Background: Various types of oral tumors, either benign or malignant, are commonly found in dogs. Since saliva directly

contacts the tumors and saliva collection is non-invasive, easily accessible and cost effective, salivary biomarkers are

practical to be used for the diagnosis and/or prognosis of these diseases. However, there is limited knowledge of protein

expression in saliva for canine oral tumors. The present study aimed to investigate novel biomarkers from the salivary

proteome of dogs with early- and late-stage oral melanoma (EOM and LOM, respectively), oral squamous cell carcinoma

(OSCC), benign oral tumors (BN), and periodontitis and healthy controls (CP), using an in-gel digestion coupled with mass

spectrometry (GeLC-MS/MS). The relationships between protein candidates and chemotherapy drugs were explored and

the expression of potential biomarkers in saliva and tissues was verified by western blot analysis.

Results: For saliva samples, increased expression of protein tyrosine phosphatase non-receptor type 5 (PTPN5) was shown

in all tumor groups compared with the CP group. Marked expression of PTPN5 was also observed in LOM and OSCC

compared with that in BN and EOM. In addition, tumor protein p53 (p53), which appeared in the PTPN5–drug interactions,

was exhibited to be expressed in all tumor groups compared with that in the CP group. For tissue samples, increased

expression of p53 was shown in LOM compared with the control group.

Conclusion: PTPN5 and p53 were proposed to be potential salivary biomarkers of canine oral tumors.

Keywords: Dog, In-gel digestion coupled with mass spectrometry (GeLC-MS/MS), Oral tumors, Tumor protein p53 (p53),

Protein tyrosine phosphatase non-receptor type 5 (PTPN5)

Background
Head and neck tumors comprise approximately 7% of all tu-

mors in dogs. Among these, oral melanoma (OM) and oral

squamous cell carcinoma (OSCC) are most commonly found

[1]. The tumor, node and metastasis (TNM) classification of

tumors in the oral cavity are described. Stages I and II refer to

tumors with ≤2 cm and 2 to < 4 cm, respectively, defined as

early clinical stages with no metastasis, whereas stage III refers

to a tumor with ≥4 cm and/or lymph node metastasis and

stage IV refers to a tumor with distant metastasis. The latter

two are defined as late clinical stages and are most frequently

observed in the animal hospital owing to the difficulty in rou-

tinely examining tumors in dogs’ mouths [2–4]. After surgical

resection, patients with late clinical stage are normally treated

with chemotherapy drugs such as carboplatin, a derivative of

the anticancer drug cisplatin, doxorubicin (or Adriamycin®),

cyclophosphamide and piroxicam. With a high rate of
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metastasis and recurrence of oral cancer, novel biomarkers are

important for early clinical diagnosis, screening and prognosis

of the diseases [5]. Saliva proteins have high potential to be ap-

propriate biomarkers because saliva makes direct contact with

an oral mass, and saliva collection is non-invasive and not dif-

ficult to manipulate [6]. Novel salivary proteome biomarkers

have been discovered in human oral tumors [7–10]. However,

in dogs with oral diseases, the evidence of proteomics in saliva

is still limited [6]. The present study aimed to search for novel

suitable biomarkers in saliva of dogs with early- and late-stage

oral melanoma (EOM and LOM, respectively), oral squamous

cell carcinoma (OSCC), benign oral tumors (BN), periodon-

titis (P) and healthy controls (C) (CP group), using in-gel di-

gestion coupled with mass spectrometry (GeLC-MS/MS).

Associations of disease-related proteins with the

chemotherapy drugs cisplatin, cyclophosphamide, pir-

oxicam and doxorubicin were exhibited. The candi-

date protein expressions in saliva and tissues were

affirmed by western blot analysis.

Results
GeLC-MS/MS results

A total of 3726 proteins were identified. The distribu-

tion of the individual and overlapped proteins in

EOM, LOM, OSCC, BN and CP groups was illus-

trated by a Venn diagram (Fig. 1). In addition, the

molecular function, biological process, cellular compo-

nent and the relative expression levels of the proteins

uniquely expressed in each group and commonly

expressed in all cancerous groups was analysed using

the PANTHER software tools (Tables 1 and 2 and

Supplementary Table S1). For the networks of pro-

tein–protein and protein–chemotherapy drug interac-

tions, analysed by the Stitch program, version 5.0,

edge confidence scores demonstrated the strength of

the interactions at the functional level. Pathways with

high edge confidence scores (> 0.700) were presented

as thick lines. The associations of protein tyrosine

phosphatase non-receptor type 5 (PTPN5) and tumor

protein p53 (p53) with cisplatin and doxorubicin

drugs were shown. Additionally, the correlation of

PTPN5 and cyclophosphamide was demonstrated

(Fig. 2). In the present study, increased expression of

another protein involved in the SUMOylation process,

RanBP2, was noted in a cancerous group (Table 2).

RanBP2 regulated translocation of p53, a well-known

target of SUMOylation, to the cytoplasm, leading to

poor prognosis and prostate cancer progression [11].

Western blot analysis results

Western blot analysis unveiled an enhanced expression

of PTPN5 and p53 in saliva of tumor groups compared

Fig. 1 Venn diagram of proteins differentially expressed in early-stage OM (EOM), late-stage OM (LOM), oral squamous cell carcinoma (OSCC),

benign oral tumors (BN) and normal and periodontitis (CP). Circles indicate overexpressed proteins uniquely found in each group and commonly

found in all cancerous groups
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with that in the CP group (Figs. 3 and 4). In addition,

the expression of PTPN5 in LOM and OSCC was aug-

mented compared with that in BN and EOM (Fig. 3).

For tissue samples, we did not detect PTPN5 antibody

binding to the tissue proteins (Data not shown). For the

p53 western blotting, increased expression of p53 was

observed in LOM compared with the control group

(Fig. 5). Peptide sequences of PTPN5 and p53 western

blot analysis were verified by LC-MS/MS (Fig. 6).

Discussion
In the present study, GeLC-MS/MS was used to identify

novel salivary biomarker candidates in canine oral tu-

mors. PTPN5 and p53 were plausibly shown to be candi-

dates in LOM and OSCC. PTP is a group of protein

tyrosine phosphatases that have divergent functions, ei-

ther promoting or suppressing cancer. Several oncogenic

PTPs have been reported to be highly expressed in hu-

man breast cancer [12]. In contrast to receptor-type

PTPs that localized to the plasma membranes, the non-

receptor type PTPs, PTPNs, are located in the cytosol.

PTPN5 is in the same non-receptor Cys-based classical

PTPs as PTPN1 and PTPN11, which promoted tumori-

genesis in ovarian cancer, gastric cancer, prostate cancer,

breast cancer, leukaemia, colorectal cancer and uveal

melanoma [13–19]. PTPN1 has been reported to be in-

creased in canine oral cancer tissues by MALDI-TOF

MS plus LC-MS/MS [20]. PTPN1 functioned via Src/

Ras/Erk and PI3K/Akt pathways, whereas PTPN11 func-

tioned via EGFR/Ras/MAPK pathways [15, 17, 21–23].

To the best of our knowledge, this study presented for

the first time the association of salivary PTPN5 expres-

sion and canine oral cancers, particularly LOM and

OSCC. Since most families of PTPs served as biomarker

targets of several anticancer drugs, including PTPN11,

PTPN6 and PTP1B, potential inhibitors of PTPN as can-

didate anticancer drugs for oral tumors should be inves-

tigated [24]. In the present study, we did not observe the

expression of PTPN5 in any tissue proteins by western

blotting. The plausible explanation included the expres-

sion of PTPN5 in saliva was not originated from the

tumor tissues while proteins in saliva can be produced

Fig. 2 Involvement of tyrosine-protein phosphatase non-receptor type 5 (PTPN5) and tumor protein p53 (TP53) in networks of protein

chemotherapy drug interactions, cisplatin and doxorubicin, analysed by Stitch, version 5.0; a Interactions of PTPN5 and TP53 with cisplatin; b

Interactions of PTPN5 and TP53 with doxorubicin; c Interactions of PTPN5 and TP53 with cyclophosphamide. Red circles: PTPN5 and TP53.

Abbreviations: ataxia telangiectasia mutated (ATM), breast cancer 4721, early onset (BRCA1), cyclin-dependent kinase inhibitor 1A (p21, Cip1)

(CDKN1A), cyclin-. 34,473 dependent kinase inhibitor 2A (CDKN2A), CREB binding protein (CREBBP), E1A binding 474 protein p300 (EP300), K

(lysine) acetyltransferase 2B (KAT2B), mitogen-activated protein kinase 4758 (MAPK8), Mdm2 (MDM2) and sirtuin 1 (SIRT1).
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from salivary glands or can also be transferred from sys-

temic circulation [25].

In the present study, we also exhibited the enhanced

expression of p53, in tumor groups, particularly in saliva

of LOM and OSCC and in tissues of LOM group. Like-

wise, p53 was found in the interaction networks of

PTPN5 and the chemotherapy drugs cisplatin and doxo-

rubicin. p53 is a tumor suppressor protein; however,

mutant p53 protein has been shown to be a biomarker

in several cancers, such as human breast cancer, colorec-

tal cancer, ovarian cancer, oesophageal squamous cell

carcinoma, non-small cell lung cancer, and a prognostic

marker in breast cancer, oesophageal squamous cell car-

cinoma, colon cancer, non-small cell lung cancer and B

cell lymphoma [26–33]. In human head and neck squa-

mous cell carcinoma, p53 mutation played an important

role in tumorigenesis and progression. It has been used

not only as a risk and prognostic biomarker, but also as

a predictive biomarker in the clinical response to

chemotherapy treatments [34–38]. Several studies, aim-

ing to treat cancer in humans, have investigated the pro-

moting function of wild-type p53 and degradation of

mutant p53 [29, 39, 40]. Further investigation of p53 in

canine oral tumors for potential prognostic and thera-

peutic biomarkers should be performed.

In the present study, increased expression of another

protein involved in the SUMOylation process, RanBP2,

was noted in a cancerous group (Table 2). In our

previous study of salivary proteomics of canine oral tu-

mors using MALDI-TOF MS and LC-MS/MS, the ex-

pression of sentrin-specific protease 7 (SENP7) was

found to be increased in saliva of dogs with BN, EOM,

LOM and OSCC. And according to the western blot

analysis to validate MS results in individual samples, the

enhanced expression of SENP7 has been observed in

LOM and OSCC, compared with that in CP and BN [6].

SENP7 functions to edit the poly-small ubiquitin-related

modifier (SUMO) chains during SUMOylation, a post-

translational modification of target proteins involving in

several carcinogenic mechanisms [41]. In the present

study using the same samples with the previous one, we

found the expression of predicted SENP7 (Accession

number: XP_008265236.1) in CP, BN, EOM and LOM

groups but not in the OSCC group (Additional file 1).

And this is probably due to different MS techniques and

data analysis methods including different sample prepa-

rations, ionization approaches, and statistical analysis

[20]. For MALDI-TOF MS coupled with LC-MS/MS,

unique PMF peak spectra were previously selected by

ClinProTools program before being sequenced by LC-

MS/MS. For GeLC-MS/MS, all proteins were loaded

into the SDS-PAGE, trypsinized and applied to LC-MS/

MS. Proteins was quantitated using DeCyder MS Differ-

ential Analysis software, searched against the NCBI

mammal database using MASCOT software and

grouped by jvenn diagram. And that is the reason why

Fig. 3 Western blot analysis of salivary tyrosine-protein phosphatase non-receptor type 5 (PTPN5) of dogs with benign oral tumors (BN), early- and late-

stage oral melanoma (EOM and LOM, respectively), oral squamous cell carcinoma (OSCC) and periodontitis and normal controls (CP); a Representative

western blot for PTPN5 at 57–68 kDa; b bar graph of ratios of PTPN5 protein intensity to total blotted proteins in each lane in a membrane; a-b and c-d

denote a significant difference at P< 0.05; e-f denote a significant difference at P< 0.001; g-h denote a significant difference at P< 0.0001
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we require traditional protein detection methods such as

western blots to confirm the proteomic results.

Conclusion
The present study used GeLC-MS/MS and western blot-

ting to reveal the potential salivary biomarkers of canine

oral tumors, PTPN5 and p53. The network interactions

between the candidate proteins and chemotherapy drugs

were also demonstrated. For future work, signalling

pathways and potential inhibitors of the target proteins

should be investigated as potential anticancer drugs for

canine oral tumors.

Methods
Animals

Saliva samples were recruited from dogs with EOM (n =

5), LOM (n = 24), OSCC (n = 10) and BN (n = 11) (age

range 7–14 years) whereas tissue samples were taken

from 11 LOM, 9 OSCC and 9 BN dogs. Patient charac-

teristics were shown in Tables 3 and 4. Patients were

scheduled for surgical operations at the Small Animal

Teaching Hospital, Faculty of Veterinary Science, Chula-

longkorn University and private animal hospitals. They

were diagnosed with no prior history of treatments with

chemotherapy and/or radiotherapy. The TNM staging of

OM and OSCC were determined according to the

WHO, whereby EOM and LOM include stages 1–2 and

3–4, respectively [42, 43]. Regional lymph nodes were

examined cytologically for metastasis. Tumor spreading

to abdominal organs was checked by an ultrasound

examination. Skull-to-abdomen radiography was per-

formed by a Brivo DR-F digital X-ray system (GE

Healthcare, Chicago, IL, USA) or an Optima CT660 64-

slice CT scanner (GE Healthcare). Seven saliva samples

and 10 normal gingival tissue samples were obtained

from healthy dogs with no history or clinical signs of

oral cavity or cancers (age range 7–8 years). A chronic

periodontitis group contained 5 dogs showing gingivitis,

dental tartar and/or periodontal attachment loss (age

range 7–13 years). The sample collection protocol was

approved by the Chulalongkorn University Animal Care

and Use Committee (CU-ACUC), Thailand (Approval

number 1631042) and written informed consents were

obtained from all dog owners.

Sample collection and preparation

Saliva was collected on the day of surgery without stimula-

tion. Dogs were fasted for at least 1 h and their mouths

Fig. 4 Western blot analysis of salivary tumor protein p53 (p53) of dogs with benign oral tumors (BN), early- and late-stage oral melanoma (EOM

and LOM, respectively), oral squamous cell carcinoma (OSCC) and periodontitis and normal controls (CP); a representative western blot for P53 at

53 kDa; b bar graph of ratios of P53 protein intensity to total blotted proteins in each lane in a membrane; a-b denote a significant difference at

P < 0.05; a-c denote a significant difference at P < 0.01; a-d denote a significant difference at P < 0.001
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were rinsed with 0.9% sterile saline solution [9]. Whole

saliva (0.5–1.0 mL) was collected for 5–10min using a

sterile cotton swab. After centrifugation at 2600×g for 15

min at 4 °C [44], Halt protease inhibitor cocktail (Thermo

Fisher Scientific, Waltham, MA, USA) was added to

200 μL of supernatant and samples were kept at − 20 °C

until analysis. Total protein concentrations were de-

termined by the Lowry method, using bovine serum

albumin as a protein standard [45]. According to our

previous peptide profiles obtained from MALDI-TOF

MS data, showing the control and chronic periodon-

titis in the same cluster, control and chronic peri-

odontitis samples were consequently combined as a

CP group [6]. For the tissues, samples were kept in

RNALater solution at − 20 °C until use.

Analysis of salivary peptides by GeLC-MS/MS

Salivary peptides were analysed by GeLC-MS/MS as pre-

viously described with some modifications [20]. Briefly,

50 μg of pooled samples in each group (CP, BN, EOM,

LOM and OSCC) were mixed with loading buffer [0.5 M

dithiothreitol (DTT), 10% w/v SDS, 0.4M Tris-HCl pH

6.8, 50% v/v glycerol, 0.1 mg/ml Bromophenol Blue] and

boiled at 90 °C for 5 min prior to separating on 12.5%

SDS-PAGE (Atto, Tokyo, Japan). Gels were fixed using

50% methanol, acetic acid and 37% formaldehyde and

stained with silver nitrate solution, before being scanned

using a GS-710 scanner (Bio-Rad Laboratories, Benicia,

CA, USA) and stored in 0.1% acetic acid. After that in-

gel tryptic digestion was performed where protein bands

in each lane were divided into 17 segments and chopped

into 1 mm3 pieces. Gel pieces were dehydrated using

100% acetonitrile (ACN) and dried. Cysteines were re-

duced and alkylated by 10mM DTT in 10 mM ammo-

nium bicarbonate and 100mM iodoacetamide in 10mM

ammonium bicarbonate, respectively, prior to dehydrat-

ing twice in 100% ACN. After trypsin digestion in 50

mM NH4HCO3 (pH 7.8) overnight at 37 °C, peptides

were extracted from the gels using 50% ACN in 0.1%

formic acid (FA). Pooled samples were submitted to a

reversed-phase high performance liquid chromatography

(HPLC). The gradient-eluted peptides were analysed

using an Ultimate 3000 LC System coupled to an

HCTUltra PTM Discovery System (Bruker Daltonics,

Bremen, Germany). Peptides were separated on a PepS-

wift monolithic column (100 μm internal diameter × 50

mm) (Thermo Fisher Scientific). Peptide separation was

achieved with a linear gradient at a flow rate of 1000 nL/

min from 4% ACN, 0.1% FA to 70% ACN, 0.1% FA for

7.5 min with a regeneration step at 90% ACN, 0.1% FA

and an equilibration step at 4% ACN, 0.1% FA. The en-

tire process took 20min. Peptide fragment mass spectra

Fig. 5 Western blot analysis of tumor protein p53 (p53) in tissues of dogs with benign oral tumors (BN), late-stage oral melanoma (LOM), oral

squamous cell carcinoma (OSCC) and normal controls (C); a representative western blot for P53 at 53 kDa; b bar graph of ratios of P53 protein

intensity to total blotted proteins in each lane in a membrane; a-b denote a significant difference at P < 0.05
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were acquired in a data-dependent Auto MS mode with

a scan range 400–1500 m/z. However, in the case of hav-

ing more than 5 precursor fragments, peptides would be

selected from the MS scan at 200–2800m/z. CompassX-

port software (Bruker Daltonics) was used to convert

data from LC-MS/MS into the mzXML format. Protein

quantitation was performed using DeCyder MS Differen-

tial Analysis software (DeCyderMS, GE Healthcare) [46,

47]. The peptide sequences were searched against the

NCBI mammal database for protein identification using

MASCOT software, version 2.2 (Matrix Science,

London, UK) [48]. Database query included taxonomy

(mammals), enzyme (trypsin), variable modifications

(oxidation of methionine residues), mass values (mono-

isotopic), protein mass (unrestricted), peptide mass tol-

erance (1.2 Da), fragment mass tolerance (±0.6 Da),

peptide charge state (1+, 2+ and 3+) and maximum

number of missed cleavages. Proteins were identified

from one or more peptides with an individual MASCOT

score corresponding to P < 0.05. Proteins were annotated

by UniProtKB/Swiss-Prot entries (http://www.uniprot.

org/) and classified according to their molecular func-

tion, biological process and cellular component using

the PANTHER classification system, version 8.1 (www.

pantherdb.org/) [49]. Protein list comparison among dif-

ferent sample groups was displayed using jvenn diagram

(http://bioinfo.genotoul.fr/jvenn/example.html) [50]. The

interaction network of candidate proteins and chemo-

therapy drugs was explored using the Stitch program,

version 5.0 (http://stitch.embl.de/) [51].

Validation of MS results by western blot analysis

Protein concentrations of pooled saliva and tissue sam-

ples were determined by Lowry assay, SDS-PAGE and

western blotting as described previously [6, 52]. Briefly,

samples (10 μg) were mixed with loading dye, heated

and applied to a pre-cast NuPAGE 4–12% (w/v) Bis-

Tris gel (Thermo Fisher Scientific) using RunBlue

MES Run Buffer (Expedeon, Heidelberg, Germany) at

200 V for 90 min. Protein standard marker was

Fig. 6 Verification of expressed protein sequences by LC-MS/MS; a MS/MS fragmentations of LRVISLR found in salivary tyrosine-protein

phosphatase non-receptor type 5 (PTPN5); b ALPPSTSSSPPQK found in salivary tumor protein p53 (p53)
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Table 3 Patient characteristics of the saliva of canine samples

Sample no. Groupsa Histological examination Age (y) Sexb Breed

1 Control Normal gingiva 8 F Beagle

2 Control Normal gingiva 8 F Beagle

3 Control Normal gingiva 8 F Beagle

4 Control Normal gingiva 8 F Beagle

5 Control Normal gingiva 8 F Beagle

6 Control Normal gingiva 8 F Beagle

7 Control Normal gingiva 8 F Beagle

8 Periodontitis Gingival hyperplasia 10 Mc Mixed

9 Periodontitis Gingival hyperplasia 12 Fs Golden Retriever

10 Periodontitis Gingival hyperplasia 10 M Mixed

11 Periodontitis Gingival hyperplasia 9 M Pomeranian

12 Periodontitis Gingival hyperplasia 14 Fs Shi-tsu

13 Benigh oral tumor Peripheral odontogenic fibroma 7 Fs Poodle

14 Benigh oral tumor Acanthomatous ameloblastoma 10 F Shi-tsu

15 Benigh oral tumor Acanthomatous ameloblastoma 11 F Labrador retriever

16 Benigh oral tumor Peripheral odontogenic fibroma 10 Mc Mixed

17 Benigh oral tumor Peripheral odontogenic fibroma 10 M Poodle

18 Benigh oral tumor Peripheral odontogenic fibroma 8 Mc Siberian husky

19 Benigh oral tumor Peripheral odontogenic fibroma 10 Fs Siberian husky

20 Benigh oral tumor Peripheral odontogenic fibroma 9 Y M Shi-Tzu

21 Benigh oral tumor Peripheral odontogenic fibroma 14 Y M Golden Retriever

22 Benigh oral tumor Peripheral odontogenic fibroma 2 Y F Golden Retriever

23 Benigh oral tumor Acanthomatous ameloblastoma 11 Fs Golden Retriever

24 OSCC well differentiated 11 M Mixed

25 OSCC well differentiated 13 Fs Cocker spaniel

26 OSCC poorly differentiated 9 M Shi-tsu

27 OSCC well differentiated 14 Fs Pug

28 OSCC poorly differentiated 15 Mc Poodle

29 OSCC well differentiated 11 Fs Poodle

30 OSCC well differentiated 11 M Mixed

31 OSCC poorly differentiated 12 F Bangkeaw

32 OSCC well differentiated 12 F Mixed

33 OSCC poorly differentiated 11 M Mixed

34 Early-stage OM (I) Melanotic melanoma 10 M Poodle

35 Early-stage OM (I) Amelanotic melanoma 14 M Mixed

36 Early-stage OM (II) Melanotic melanoma 10 Fs Mixed

37 Early-stage OM (II) Melanotic melanoma 11 M chihuahua

38 Early-stage OM (II) Amelanotic melanoma 12 M Poodle

39 Late-stage OM (III) Melanotic melanoma 12 M Pug

40 Late-stage OM (III) Melanotic melanoma 12 M Labrador retriever

41 Late-stage OM (IV) Melanotic melanoma 14 M Cocker spaniel

42 Late-stage OM (III) Melanotic melanoma 8 M Schnauzer

43 Late-stage OM
(III)

Amelanotic melanoma 11 M Poodle

Ploypetch et al. BMC Veterinary Research          (2020) 16:335 Page 12 of 17



PageRuler prestained protein ladder (molecular weight

range 10–180 kDa) (Thermo Fisher Scientific). After

that, the proteins were transferred to TranBlot Turbo

nitrocellulose membranes (Bio-Rad Laboratories) at

25 V for 14 min using Trans-Blot Turbo 5× transfer

buffer (Bio-Rad Laboratories). Detection of total pro-

tein band intensities in each lane was performed by a

Pierce Reversible Protein Stain Kit for Nitrocellulose

Membranes (Thermo Fisher Scientific) according to

the manufacturer’s instructions. Blocking non-specific

protein binding was achieved by 5% bovine serum al-

bumin (BSA) (GoldBio, St Louis, MO, USA) in Tris-

buffered saline containing 0.1% Tween 20 (TBST) at

25 °C overnight. After washing with TBST, primary

antibodies diluted at 1:1000 were incubated with a

membrane at 4 °C overnight, including mouse mono-

clonal anti-human PTPN5 or STEP (F-9) (Cat. No.

sc-514,678, Santa Cruz Biotechnology, Dallas, TX,

USA) and mouse monoclonal anti-human p53 (DO-1)

(Cat. No. sc-126, Santa Cruz Biotechnology, Dallas,

TX, USA). Membranes were washed with TBST and

then incubated with 1:10000 horseradish peroxidase

conjugated-rabbit anti-mouse IgG secondary antibody

(Abcam, Cambridge, UK) for 1 h at 25 °C. The pro-

teins of interest were visualized with ECL western

blotting detection reagents (GE Healthcare). Western

blot imaging was performed using a ChemiDoc Touch

Imaging System (Bio-Rad Laboratories). Protein bands

intensities were analysed by Image Lab 6.0.1 software

(Bio-Rad Laboratories). Total protein normalization

was performed with the modification of Aldridge

et al. (2008) [6, 53]. The ratios of target band inten-

sities to the total proteins in each lane were calcu-

lated as previously described [6]. The western blotting

was performed in triplicate.

Verification of expressed protein sequences by LC-MS/MS

LC-MS/MS was utilized to confirm PTPN5 and p53 (or

TP53) protein identities as described previously [6].

Briefly, blotting membranes were incubated with Restore

Plus Western Blot Stripping Buffer (Thermo Fisher Sci-

entific) for 15 min and washed 4 times with TBST. Pro-

tein bands were excised and stored in 10 mM DTT in

10mM ammonium bicarbonate overnight. Samples were

then trypsinized at 37 °C for 3 h and applied to the LC-

MS/MS as mentioned above.

Statistical analysis

ANOVA statistical analysis, incorporated into the DeCy-

der MS differential analysis software, and MASCOT

Table 3 Patient characteristics of the saliva of canine samples (Continued)

Sample no. Groupsa Histological examination Age (y) Sexb Breed

44 Late-stage OM
(III)

Melanotic melanoma 15 M Shi-tsu

45 Late-stage OM (III) Melanotic melanoma 13 Fs Golden Retriever

46 Late-stage OM (III) Melanotic melanoma 14 M Mixed

47 Late-stage OM (III) Melanotic melanoma 13 F Poodle

48 Late-stage OM (III) Melanotic melanoma 12 M Pomeranian

49 Late-stage OM (IV) Melanotic melanoma 15 M Golden Retriever

50 Late-stage OM (III) Amelanotic melanoma 13 M Cocker spaniel

51 Late-stage OM (III) Melanotic melanoma 14 M Golden Retriever

52 Late-stage OM (III) Melanotic melanoma 12 M Mixed

53 Late-stage OM (III) Amelanotic melanoma 10 M Mixed

54 Late-stage OM (III) Melanotic melanoma 14 M Mixed

55 Late-stage OM (III) Melanotic melanoma 15 M Poodle

56 Late-stage OM (III) Melanotic melanoma 8 M Golden Retriever

57 Late-stage OM (III) Melanotic melanoma 10 Fs Beagle

58 Late-stage OM (III) Amelanotic melanoma 10 M Mixed

59 Late-stage OM (III) Amelanotic melanoma 8 M Mixed

60 Late-stage OM (III) Amelanotic melanoma 12 Fs Dachshund

61 Late-stage OM (IV) Melanotic melanoma 14 M Poodle

62 Late-stage OM (III) Melanotic melanoma 12 F Golden Retriever

Clinical stages are in parentheses
aOM Oral melanoma, OSCC Oral squamous cell carcinoma
bM Male, Mc Male castration, F Female, Fs Female spray
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Table 4 Patient characteristics of the canine gingival tissues

Sample no. Groupsb Histological examination Age (year) Sexb Breed

1 Control Normal gingiva 8 F mixed

2 Control Normal gingiva 6 M mixed

3 Control Normal gingiva 7 M mixed

4 Control Normal gingiva 4 Mc Beagle

5 Control Normal gingiva 1 F mixed

6 Control Normal gingiva 8 F Beagle

7 Control Normal gingiva 8 F Beagle

8 Control Normal gingiva 8 F Beagle

9 Control Normal gingiva 8 F Beagle

10 Control Normal gingiva 8 F Beagle

11 benign oral tumor Acanthomatous ameloblastoma 8 Fs Rottweiler

12 benign oral tumor Acanthomatous ameloblastoma 9 Mc mixed

13 benign oral tumor Peripheral odontogenic fibroma 6 Mc Shi-Tzu

14 benign oral tumor Acanthomatous ameloblastoma 7 F Beagle

15 benign oral tumor Acanthomatous ameloblastoma 8 Fs Chi hua hua

16 benign oral tumor Peripheral odontogenic fibroma 9 M Shi-Tzu

17 benign oral tumor Peripheral odontogenic fibroma 14 M Golden Retriever

18 benign oral tumor Peripheral odontogenic fibroma 2 F Golden Retriever

19 benign oral tumor Acanthomatous ameloblastoma 6 M Mixed

20 OSCC poorly differentiated 10 F Mixed

21 OSCC well differentiated 17 Fs Shi-Tzu

22 OSCC poorly differentiated 10 M Mixed

23 OSCC well differentiated 3 M Shi-Tzu

24 OSCC well differentiated 11 M Schnauzer

25 OSCC well differentiated 10 M mixed

26 OSCC well differentiated 15 Fs Miniature pinscher

27 OSCC well differentiated 10 Mc mixed

28 OSCC well differentiated 10 M Shi-Tzu

29 Late-stage OM
(IV)

Amelanotic melanoma 12 Fs Mixed

30 Late-stage OM
(IV)

Melanotic melanoma 13 F English cocker spaniel

31 Late-stage OM
(III)

Melanotic melanoma 10 Fs Mixed

32 Late-stage OM
(III)

Amelanotic melanoma 10 M Labrador Retriever

33 Late-stage OM
(III)

Melanotic melanoma 14 M Golden Retriever

34 Late-stage OM
(III)

Amelanotic melanoma 11 M Mixed

35 Late-stage OM
(III)

Melanotic melanoma 10 Fs Poodle

36 Late-stage OM
(III)

Melanotic melanoma 9 Fs Rottweiler

37 Late-stage OM
(III)

Melanotic melanoma 12 M Mixed

38 Late-stage OM
(III)

Amelanotic melanoma 10 F Shi-Tzu

Ploypetch et al. BMC Veterinary Research          (2020) 16:335 Page 14 of 17



software, version 2.2 were used to analyse significantly

different peptide peak intensities and MASCOT LC-MS/

MS scores, respectively. Western blot analysis was per-

formed by ordinary one-way ANOVA with Tukey’s mul-

tiple comparisons for PTPN5 and p53. Statistical

analyses of protein expression data were conducted

using GraphPad Prism, version 8.0.1 (GraphPad Soft-

ware, La Jolla, CA, USA). Significance was accepted at

the P < 0.05 level.
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