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ABSTRACT

Background: Feline mammary carcinoma is the third most common cancer that affects
female cats.

Objectives: The purpose of this study was to screen differential serum proteins in feline and
clarify the relationship between them and the occurrence of feline mammary carcinoma.
Methods: Chinese pastoral cats were used as experimental animals. Six serum samples from
cats with mammary carcinoma (group T) and six serum samples from healthy cats (group C)
were selected. Differential protein analysis was performed using a Label-free technique, while
parallel reaction monitoring (PRM) was performed to verify the screened differential proteins.
Results: A total of 82 differential proteins were detected between group T and group C, of
which 55 proteins were down regulated and 27 proteins were up regulated. Apolipoprotein
A-I, Apolipoprotein A-1I (ApoA-II), Apolipoprotein B (ApoB), Apolipoprotein C-III (ApoC-
III), coagulation factor V, coagulation factor X, Clq, albumen (ALB) were all associated

with the occurrence of feline mammary carcinoma. Differential proteins were involved

in a total of 40 signaling pathways, among which the metabolic pathways associated with
feline mammary carcinoma were the complement and coagulation cascade and cholesterol
metabolism. According to the Label-free results, ApoB, ApoC-III, ApoA-II, FN1, an
uncharacterized protein, and ALB were selected for PRM target verification. The results were
consistent with the trend of the label-free.

Conclusions: This experimen is the first to confirm ApoA-II and ApoB maybe new feline
mammary carcinoma biomarkers and to analyze their mechanisms in the development of
such carcinoma in feline.

Keywords: Feline mammary carcinoma; label-free; PRM; proteomics

INTRODUCTION

Feline mammary carcinoma (FMC) is the third most common tumor in cats. Mammary
tumors are most common in cats between the ages of 10 and 12 years. The occurrence of feline
mammary carcinoma is closely related to age, breed, hormone level and neutering [1]. FMC is
highly invasive and histopathological observation after surgical resection of the tumor shows
that 27% of the cases have local lymph node metastasis [2]. Despite advances in surgery,
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radiation and chemotherapy, the survival rate for mammary tumors in cats remains low,
because tumors are already advanced when they are discovered, and therefore, are not suitable
for radical resection. In order to improve the survival rate of cats with malignant mammary
tumors, screening and identification of early biomarkers would be particularly important.

Proteomics have been widely used in tumor marker screening and other fields [3]. Compared
with the proteome quantitation based on labeling approaches, the label free quantitation
(LFQ) has the advantages of small sample sizes and the ability to detect an increasing
number of low abundant proteins [4]. At the same time, LFQ allow a simultaneous detection
of proteome without preparing experimental samples by introducing stable isotopes [5].
Moreover, LFQ is capable of a large number of samples from different sources [6,7]. These
advantages make it the most commonly employed proteome quantification technology [8].

PRM is a proteomic technology of quantification performed using high-resolution hybrid
mass spectrometers [9,10]. Compared with traditional validation methods such as western
blot and enzyme-linked immunosorbent assay, parallel reaction monitoring (PRM) can
detect multiple target proteins at the same time. It yields quantitative data over a wide
dynamic range [11]. It has both qualitative and quantitative advantages, and does not require
antibodies. PRM also has certain advantages compared with selected reaction monitoring
(SRM), such as it is relatively easier to build the data acquisition method and provides

high specificity. The results from PRM analysis showed at least 10-fold improvements in
specificity and sensitivity and consumed less volume of serum samples compared with SRM.
In addition, PRM acquired a full MS/MS spectra but in SRM, only three to five transitions are
monitored [12]. These advantages make it an ideal method for proteomics validation.

In this study, label-free technology combined with PRM target validation was used to conduct
proteomic analysis and research on serum samples from affected cats. This study also aimed
to lay a foundation for the screening of biomarkers for the early diagnosis and study of feline
mammary carcinoma.

MATERIALS AND METHODS

Ethics

The animal study was approved by the Institutional Animal Care and Use Committee
(IACUC). All experimental procedures were performed in accordance with the regulations
for the Administration of Affairs Concerning Experimental Animals approved by the school
Council of Heilongjiang Bayi Agricultural University of China Daqing. The study protocol
was approved by the Ethics Committee on the Use and Care of Animals of Heilongjiang Bayi
Agricultural University (Daqing, China).

Materials

The disease material came from the feline mammary carcinoma cases received in the
animal hospital of Heilongjiang Bayi Agricultural University. Six Chinese pastoral cats
with an average age of 6.33 years with mammary carcinoma confirmed by histopathology
were marked as the experimental group (group T). None of the cats had been treated
with chemotherapy or radiotherapy. Another six serum samples from healthy cats of the
same breed and an average age of 6.5 years were taken and labeled as the control group
(group C). This experimental group information is shown in Table 1. Before performing a
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Table 1. Experimental sample basic information

Sample Variety Age Gender Spaying status Tumor type Disease stage
T-1 Chinese pastoral cat 5 Female Unspayed Breast carcinoma Without metastasis
T-2 Chinese pastoral cat 8 Female Unspayed Breast carcinoma Without metastasis
T-3 Chinese pastoral cat 7 Female Unspayed Breast carcinoma Without metastasis
T-4 Chinese pastoral cat 5 Female Unspayed Breast carcinoma Without metastasis
T-5 Chinese pastoral cat 9 Female Unspayed Breast carcinoma Without metastasis
T-6 Chinese pastoral cat 4 Female Unspayed Breast carcinoma Without metastasis
C-1 Chinese pastoral cat 6 Female Unspayed - -

c-2 Chinese pastoral cat 7 Female Unspayed - -

C-3 Chinese pastoral cat 9 Female Unspayed - -

C-4 Chinese pastoral cat 5 Female Unspayed - -

C-5 Chinese pastoral cat 8 Female Unspayed - -

C-6 Chinese pastoral cat 4 Female Unspayed - -

https://vetsci.org

tumor resection, five to eight mL blood was collected from the jugular vein and placed in

a centrifugal tube without anticoagulant. The samples from the two groups were placed in
refrigeration at 4°C for two hours, centrifuged at 4°C and 3,000 rpm for 10 min and 100 pL/
tube of the serum was stored at -80°C.

Protein quantification and enzyme digestion

The collected serum was centrifuged for 30 min at 14,000 rpm. The supernatant was
collected and quantified using 5 pL. The serum total protein concentration has been adjusted
to be consistent prior to sampling. The total protein concentration was 50 ug/mL. The rest
was stored at —80°C. The protein concentration was determined by the Bradford method.
Protein samples were used for SDS-PAGE analyses. Cut the strip and add the decolorizing
solution until the decolorization is completed. Next 200 uL of 75% acetonitrile (ACN) was
added to each tube for five min and repeated three times. Pure water (200 pL) was then added
for 5 min and repeated three times. Then, 200 pL 50 mM ammonium bicarbonate (ABC) was
added for five min and repeated three times. After adding 30 pL 50 mM ABC, trypsin was
added in the ratio of protein: trypsin of 50:1, and kept overnight at 37°C. The next day, add
100% ACN and oscillate for five min. Add 30 pL 0.1% formic acid to the precipitate. Add 200
uL 100% ACN, oscillate for five min, and take the supernatant to freeze dried.

Mass spectrometry detection
The products after enzymatic hydrolysis were analyzed by LC-MS/MS (Thermo Scientific,
USA). Separation was carried out using a nanoliter flow HPLC liquid phase system, EASY-
nLC1000 which was directly interfaced with the Thermo Orbitrap QE mass spectrometer. The
liquid phase A was 0.1% acetonitrile formate aqueous solution (2% acetonitrile). B solution
was 0.1% acetonitrile formate aqueous solution (84% acetonitrile). The chromatographic
column, Thermo EASY column SC200 150 um x 100 mm (RP-C18) (Thermo Scientific, USA)
was balanced with 100% liquid A. Samples were collected from the automatic sampler to
Thermo EASY column SCOO01 traps 150 pm x 20 mm (RP-C18) (Thermo Scientific, USA), then
separated by the chromatographic column. The flow rate was 300 nL/min. The correlated
liquid phase gradients were as follows:

+ 0 to 105 min, the linear gradient of liquid B was from 0% to 45%.

+ 105 to 110 min, the linear gradient of liquid B was from 45% to 100%.

» 110 to 120 min, Liquid B was maintained at 100%.

The enzymatic hydrolysate was separated by high performance liquid chromatography and
analyzed by mass spectrometry using a Q-Exactive mass spectrometer (Thermo Scientific,
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USA). The analysis duration was 90 min, the detection method was positive ion mode and the
scanning range of the parent ion was 300-2,500 m/z.

Protein identification and analysis

MaxQuant-software (Computational Systems Biochemistry under Prof. Jiirgen Cox,

DEU, Germany) was used for database identification and quantitative analysis of mass
spectrometry data. The RAW file was submitted to the MaxQuant server when searched, an
established database, UniProt Felinae.fasta (Table 2 for parameters) was selected, and the
database search was performed.

The strategy of match between runs was applied to serum protein samples from group T and
group C. Perseus software (Computational Systems Biochemistry under Prof. Jiirgen Cox,
DEU, Germany) was used to supplement the missing values according to the low values of the
normal distribution. After supplementation, the t-test was used to analyze the differential
proteins. Differential proteins were screened according to a p < 0.05 and a fold-change > 1.5.

Verification of experimental results using PRM target metabolomics

Proteins were extracted and digested using trypsin, and all samples in the group were mixed
in equal amounts to construct a protein mix, which was then built into a database. Each
sample was separated by SDS-PAGE and analyzed by mass spectrometry using a Q-Exactive
Fusion mass spectrometer (Thermo Scientific, USA).

Bioinformatics analysis

The Gene Ontology (GO) concept is intended to make possible, in a flexible and dynamic way,
the annotation of homologous gene and protein sequences in multiple organisms using a
common vocabulary that results in the ability to query and retrieve genes and proteins based on
their shared biology. Three independent ontologies accessible on the World-Wide Web (http://
www.geneontology.org) are being constructed: biological process, molecular function and
cellular component [13]. Another use for GO ontologies that is gaining rapid adherence is the
annotation of gene-expression data, especially after these have been clustered by similarities
in pattern of gene expression [14]. Both Kyoto Encyclopedia of Genes and Genomes (KEGG)
and GO parsing were performed using the UniProt annotation database of Felis catus. Protein
interactions were analyzed using a String database. Gene products may be annotated to one or
more GO nodes, and because of the structure of GO, a gene annotated to a given node is thus
also annotated to all ancestral nodes of that specific node [15].

Table 2. Search parameters

Item Values

Main search ppm 6

Missed cleavage 2

MS/MS tolerance ppm 20
De-isotopic True

Enzyme Trypsin
Database Felinae

Fixed modification Carbamidomethyl (C)
Variable modification Oxidation (M), Acetyl (Protein N-term)
Decoy database pattern Reverse

LFQ True

LFQ min ratio count 1

Match between runs 2 min

The results filtering parameter was a peptide FDR < 0.01.
LFQ, label-free quantification; FDR, false discovery rate.
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RESULTS

Determination of protein concentration

The protein concentration of each group of samples was measured after mixing. The protein
concentration of each sample was calculated using the Bradford standard curve. The sample
original concentration of group C was 22.27 mg/mL. The sample original concentration of
group T was 26.29 mg/mL.

Differential protein screening

A total of 82 differentially expressed proteins were detected in group T, compared to group C
(fold change >1.5, p < 0.05); of which 55 proteins were down regulated (including six unknown
proteins) and 27 proteins were up regulated (including 12 unknown proteins) (Table 3).

Table 3. List of differential protein

Accession Gene name Ratio (T/C) p value Sig (T/C)
M5AXY1 RBP4 0.340154831 0.005468144 -1
P19707 SAAT 0.054343484 0.000288975 -1
M3VUNS8 0.484964825 0.001937821 -1
Q6SA95 F9 0.508561675 0.011208751 -1
M3VV12 CPN1 0.433581397 0.000846272 -1
M3VYX8 CKM 0.054318521 0.002185755 -1
M3W922 F5 0.039875786 0.00162386 -1
M3W9MO CTSC 0.623818382 0.000846481 -1
M3WAT6 PLA2G7 0.244947483 0.000547107 -1
M3WCX6 SERPINA3 0.472553687 0.006494813 =
M3WFT4 HSPAS 0.254585428 0.003848397 -1
M3WG98 FETUB 0.338539837 0.000413087 ol
M3WKC7 F10 0.589201352 0.001317432 -1
M3WYZ8 PGAM2 0.444775417 0.022068764 -1
M3WN61 ITIH4 0.598273187 0.002881156 -1
M3WN87 APOA2 0.154237646 1.31441E-05 =l
M3WNX1 APOC2 0.265080498 0.001790853 -1
M3WzC2 0.119091719 0.000846624 -1
M3X116 MAN2BI1 0.294465392 0.008850929 -1
M3X6U7 0.563686709 0.000238362 =
M3XAB5 QSOX1 0.47045168 0.003733989 -1
M3W955 APOA4 0.645298212 0.000358232 -1
M3VWC6 CD14 0.584999947 0.007776608 -1
M3VWV2 F11 0.506921572 0.046079809 -1
M3Vvz45 PYGL 0.30524973 0.022085741 -1
M3W9l5 VTN 0.655991477 0.020887897 -1
M3WAY1 CPB2 0.319637263 0.041152642 -1
M3WB06 FN1 0.360201549 5.61189E-05 -1
M3WCW9 PPP4R4 0.00420552 3.88075E-08 -1
M3WCX4 SERPINA4 0.645490262 0.007234816 -1
M3WEG4 GPLD1 0.629841982 0.000223236 -1
M3WEJ3 LOC101097240 0.52457714 0.015276461 -1
M3WFU5 HABP2 0.633298239 0.027278073 -1
M3WHB2 HGFAC 0.544596167 0.025876344 =
M3WJK3 C4BPA 0.60350631 0.01046831 -1
M3XC93 ACTAT 0.597941906 0.009007362 -1
M3WKJ1 TGFBI 0.53966298 0.043554677 -1
M3WMF1 CPN2 0.583225783 0.017732428 =i
M3WNF1 PON1 0.614679704 0.000325913 -1
M3WNL1 LCAT 0.390329187 0.000912172 =
M3WSC8 APOC3 0.045088855 0.042092242 -1
M3Wz75 CRP 0.618899644 0.000233478 -1

(continued to the next page)
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Table 3. (Continued) List of differential protein

Accession Gene name Ratio (T/C) p value Sig (T/C)
M3X096 CEL 0.550054256 0.018068838 -1
M3X8P7 APOD 0.18635496 0.002091716 -1
M3X9R6 APOB 0.469251471 0.002458933 -1
M3XAVO PROST 0.589338131 0.01171963 -1
P0O7405 HBA 0.503946462 0.003003589 -1
P0O7412 HBB 0.119153625 0.012125021 -1
M3W3J4 CA2 0.304828166 0.002103913 -1
M3W949 TIMPT 0.445288076 0.020020294 -1
M3WF45 THBS1 0.252986799 0.038081664 -1
M3WGM9 DNASET 0.229665329 0.007372795 -1
M3WND9 LOC101091307 0.478588155 0.000121836 -1
M3WT57 PPBP 0.12729283 0.000135858 -1
M3XFW7 CLEC3B 0.55652626 0.000805583 -1
M3WN28 FGG 8.446550951 5.44584E-05 1
P14450 FGA 24.00986865 8.8154E-06 1
AOAOAOMQ10 B2M 3.006122799 0.018135641 1
M3W022 FGA 52.60613479 2.79305E-06 1
M3W285 IGFBP2 1.805260304 0.000675015 1
M3W3E7 PZP 1.637796598 0.001506633 1
M3W3L1 CDRT1 45.511574 0.001091684 1
M3WCL4 CD5L 1.626557922 0.012816445 1
M3WFO7 AVPR2 2.198814542 0.005486296 1
M3WsS14 CHID1 16.90172405 0.000362214 1
M3WS63 CIQA 1.792088653 0.003957038 1
M3WUF8 1.683414605 0.02320278 1
M3X1D8 POLM 2.019029718 0.040168563 1
M3X2G1 1.657819485 0.002520486 1
M3X4B4 1.608082992 0.025560436 1
M3X4U4 1.71662824 0.035243888 1
M3X8D0O LOC101098092 2120704462 0.003983756 1
M3XAZ9 3.66814103 0.003153746 1
M3XBL5 JCHAIN 1.718928362 0.002066203 1
M3XBM6 IGHM 1.559017816 0.03476085 1
M3XG21 1.791676147 0.00174948 1
M3XG22 2.983686145 0.001869249 1
M3VUY9 C1QB 1.662661959 0.005309183 1
M3WFB3 TAFIC 1.582380649 0.010907316 1
M3WII3 FGB 128.4162109 2.11552E-07 1
M3XES3 1.572430224 0.017941538 1
M3X833 1.629792726 0.003791816 1

Sig (T/C) =1 means this protein was up-regulated in group T compared with group C; Sig (T/C) = -1 means this
protein was reduce in group T compared with group C.

The differential proteins between the two sets of samples can be seen in Fig. 1, where each
dot represents a protein. Green dots represent down-regulated proteins, and red dots
represent up-regulated proteins. The ordinate is the negative logarithm of the p value and
the abscissa is the logarithm of the ratio of the two groups. The larger the value, the more
significant the difference in protein obtained and the greater the differential expression
multiple of the protein between the two groups.

GO analysis

GO annotation results were divided into three categories: cellular component, molecular function
and biological process annotations. The results of GO analysis are shown in Table 4. The results of
cellular component annotation are shown in Fig. 2A. The results of molecular function annotation
are shown in Fig. 2B. The results of biological process annotation are shown in Fig. 2C. The main
proteins involved were ApoA-1, ApoA-II, ApoB, ApoC-III and blood coagulation factor V.
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Table 4. GO analysis

—logio (p value)

log, ratio

Fig. 1. Differential protein volcano map.

KEGG pathways of differentially expressed proteins
KEGG analysis showed that differential proteins were involved in 40 signaling pathways, with
the up-regulated proteins concentrated in the proteasome. The down-regulated proteins

were concentrated in complement and coagulation cascades, cholesterol metabolism,
Staphylococcus aureus infection and the biosynthesis of antibiotics (Fig. 3A and B). The
signaling pathways involved in additional differential proteins were complement and

coagulation cascades and cholesterol metabolism. The main different proteins involved in
these pathways were ApoA-1V, ApoA-II, ApoC-III, ApoB and C1q. Down regulated proteins

included ApoA-1V, ApoA-II, ApoC-III and ApoB (Table 5).

Regulation analysis of protein interaction network

Compared with group C, the group T PPI network (https://string-db.org/) contained 45
proteins by cytoscape (Cytoscape Consortium, USA). There were nine up-regulated proteins
and 36 down-regulated proteins (Fig. 4). Sixteen different protein annotations were obtained
after removing unknown proteins. They were ApoA-II, HBB, ApoB, blood coagulation factor

V, TIMP1, ApoC-III, CKM, SERPINA3, THBS1, HBA, FETUB, FGB, FGG, DNASEI, blood
coagulation factor X and PPBP. Of those, ApoA-II, ApoB, and ApoC-III were differential
proteins with high expression levels.

Gene ontology GO term GO term ID Proteins
Cellular component Extracellular region G0:0005576 ApOoA-IV, ApoM, ApoH, ApoA-Il, ApoC-Il, ApoA-I, ApoC-Iil, ApoD, ApoB
Nucleus G0:0005634 CLEC3B, DNASET, SERPINB10, MGA, PSMB4
Cytoplasm G0:0005737 ApOA-1, ApoD, ApoB, HBA, blood coagulation factor V
Membrane G0:0016020 CPN1, CD14
Plasma membrane G0:0005886 ACTA1
Molecular function Receptor binding G0:0005102 ApoA-II, ApoA-I, ApoB, ApoC-liI
Metal ion binding Categories G0:0046872 HBB, HBA, blood coagulation factor V, TIMP1
Biological process Immune system process G0:0002376 IGHE, IGLV2 33
Membrane organization G0:0061024 THBST, IGHE
Signal transduction G0:0007165 APOA-1, ApoC-II
Vesicle-mediated transport G0:0016192 CD14, THBST1, VTN
GO, gene ontology.
https://vetsci.org https://doi.org/10.4142/jvs.2020.21.e45 7/15
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line is the enrichment degree of each cell component. (A) cellular component, (B) Molecular function, (C) Biological process.
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Use the PRM target proteomics technique to verify the experimental results
Table 6 shows the quantitative results of PRM protein verification, including six in each of
the T and C groups. The concentration was determined after mixing in the sample group.
The results showed that the concentration of samples in group T and C met the experimental
conditions and could be further tested.

Skyline software (MacCoss Lab, USA) was used to build a database, extract and analyze

the mass spectrometry data and to calculate the ratio of each protein to each sample.
Thirteen target proteins were selected for PRM validation. Because of the characteristics and
abundances of some target proteins, six target proteins were quantified after the experiment
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Complement and coagulation cascades { ™ UP
Pathways in cancer -

Prion diseases -

Proteasome -

Cholesterol metabolism -
Staphylococcus aureus infection -
Neuroactive ligand-receptor interaction -
PI3K-Akt signaling pathway -
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Fig. 3. KEGG analysis. (A) Analysis of KEGG pathways for differentially expressed proteins. (B) The number of
up-regulated and down-regulated proteins. The abscissa represents KEGG entries, the ordinate histogram is the
number of proteins, and the red line is the enrichment of each KEGG entry.

KEGG, Kyoto Encyclopedia of Genes and Genomes.

Table 5. List of differential proteins

Gene name Description Ratio (T/C)
APOA-II Apolipoprotein A-1l 0.15
ApoC-lil Apolipoprotein C-IlI 0.045
ApoB Apolipoprotein B 0.50
ApOA-IV Apolipoprotein A-IV 0.65

was repeated three times. The relative expression was calculated and as can be seen from
Table 7, the PRM results were consistent with the trend from the label-free results.
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Fig. 4. Screening of protein-protein interaction network for differentially expressed proteins.

Table 6. Parallel reaction monitoring protein concentration

Sample No Sample concentration Sample volume Total protein Whether it meets
(ng/uL) (uL) (ug) the experimental requirements

C 24.27 1,000 24,268.92 Meet

T 26.29 1,000 26,291.47 Meet

Table 7. Parallel reaction monitoring and label-free protein expression

Protein name PRM protein expression ratio (T/C) Label free protein expression ratio (T/C)
ApoB 0.384125116 0.502469215

ApocC Il 0.389446911 0.045088854

ApoA Il 0.351008361 0.154237646

FNT 0.041418351 0.360201549
Uncharacterized protein 0.720178648 0.635512035

ALB 0.886057883 0.851275633
DISCUSSION

The protein is early indicators or sensitive biomarkers for various diseases, but, there are
few reports on the screening and identification of differential proteins in feline mammary
carcinoma. The results showed that ApoA-I, ApoA-II, ApoC-III, ApoB, blood coagulation
factor V, blood coagulation factor X, Clq and albumen (ALB) were the differential proteins
related to the occurrence of feline mammary carcinoma.

ApoA-1is a primary structural and functional portion of high-density lipoprotein (HDL)

and plays an indispensable role in cholesterol transportation and metabolism homeostasis.
ApoA-IIis a component of HDL where it has an important role in directing the fate of the
metabolism of the lipid in the HDL. HDLs have been implicated in cholesterol delivery in
breast cancer [16]. Cancer cells require cholesterol and other membrane components to
optimize growth. Feline mammary carcinoma cells are also likely to consume a large amount
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of HDLs, which may have contributed to the significant decrease of ApoA-I and ApoA-II in our
study. Also, there are reports that reduced serum ApoA-I levels correlate with the progression
of human breast cancer and associated with the appearance of metastases [17,18]. In addition,
relatively reduced serum HDL/ApoA-I levels have been found in patients with breast cancer [*].
In the clinic, the diagnostic value of APOA-I as a potential tumor biomarker was also reported
in multiple malignancies, such as breast cancer, bladder cancer, ovarian cancer, lung cancer and
cholangiocarcinoma [20]. Studies have shown the level of ApoA-II in serum was dramatically
reduced in patients with gastric cancer and multiple myeloma [21,22]. Furthermore, the
combination of ApoA-1I and lipid significantly promoted the growth of pancreatic cancer cell
lines and cell lines from lung, breast and prostate cancers [23]. At the same time, another study
suggest that the expression of ApoA-II was significantly reduced in pancreatic cancer and ApoA-
II might be used as an early diagnostic marker and risk factor for it [24]. In this experiment,
ApoA-II was decrease most significantly in group T compared with group C, suggesting that
Apo A-II could be used as a candidate biomarker for feline mammary carcinoma. However,
further research is required to confirm this conclusion.

ApoB is the main apolipoprotein component of chyle particles and low density lipoprotein
cholesterol (LDL-C). Research showed that lower levels of ApoB was associated with a 20%
to 30% higher risk of developing estrogen receptor—positive breast cancer [25]. But another
study showed that low expression of ApoB can reduce the risk of mammary and ovarian
cancer [26]. In another syudy, ApoB was positively associated with cancer risk among men,
female breast cancer risk was inversely associated with ApoB [27]. At the same time, another
report examined the relationship of ApoA-I and ApoB with breast cancer risk and found no
association [26]. So the relationship between ApoB and breast cancer is not well established.
However, the observed lipid profile (higher HDL-C and ApoA-I, and lower non-HDL-C and
ApoB) could reflect higher levels of, or greater response to, endogenous estrogens, which
are associated with an increased risk of breast cancer, particularly estrogen receptor—positive
disease [28]. In this experiment, the decreased expression of ApoB in group T may be related
to the occurrence of feline mammary carcinoma. However, the mechanism of ApoB in feline
mammary carcinoma still needs further study.

ApoC-III is a small soluble protein residing on the surface of ApoA and ApoB, and it can be
found in HDL, very-low-density lipoprotein and chylomicron. Many studies have confirmed
that ApoC-III can be used as a biomarker of cancer. ApoC-III gene polymorphisms are
associated with cancer risk and studies have shown that ApoC-III expression levels in gastric
cancer patients are reduced, making it a potential biomarker for gastric cancer [29]. At the
same time, some studies showed that plasma ApoC-III is significantly decreased in patients
with pancreatic cancer, ApoC-III may also be a biomarker of pancreatic cancer [30,31]. In
another study, ApoC-III expression was significantly reduced in small cell lung cancer (SCLC)
tissues, compared to non-small cell lung cancer and normal lung samples and indicating
that ApoC-III could be used as a differentiating marker for SCLC [32]. The results of serum
samples from patients with papillary thyroid carcinoma (PTC) identified that ApoC-III can
be used as a biomarker for PTC and an indicator for PTC staging [33]. However, there are

few reports on the relationship between ApoC-III and feline mammary carcinoma. In this
experiment found that ApoC-III was reduced in group T compared to group C, but the role of
ApoC-III in the occurrence of feline mammary carcinoma needs to be further studied.

Blood coagulation factor is an important part of the blood coagulation process and its
physiological function is to repair the damaged blood vessels with platelets. The coagulation
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process includes three stages, where activated blood coagulation factor X forms a complex
with Ca*, phospholipid and blood coagulation factor V. Plasminogen is an inactive substance
that needs to be converted into plasmase to initiate the next stage of coagulation. Blood
coagulation factor V eventually activates thrombinogen to thrombin. In this experiment, due
to the needs of the coagulation pathway, several blood coagulation factors participated in the
coagulation process. Blood coagulation factor X and blood coagulation factor V are the key
factors to activate thrombin, resulting in a decrease in blood coagulation factor X and blood
coagulation factor V levels in group T.

Complement consists of nine components, and C1 has three subunits, C1q, Clr and Cl1s.
Complement protein C1q is the first recognition subcomponent of the complement classical
pathway that plays a vital role in the clearance of immune complexes, pathogens, and
apoptotic cells [34,35]. In this experiment C1q was down regulated in group T. The reduced
presence of this protein may have promoted immune evasion of the malignant cells, which
leads to the development of malignant tumors. The role of Clq in the occurrence of feline
mammary carcinoma needs to be further studied.

Albumina is the most important protein in plasma. It is synthesized in the liver and
participates in many life activities such as pH regulation, transport function, and osmotic
pressure maintenance. The CRP/ALB ratio has proved to be an important prognostic marker
in patients with pancreatic and rectal cancers [36,37]. Some studies have shown that the
combination of ANLR and ALB can improve the diagnostic accuracy of pancreatic cancer
[38]. In addition, studies have shown that ALB is associated with a systemic inflammatory
response and poor prognosis in patients with esophageal cancer after surgery [39]. In this
experiment, the up-regulation of ALB may be due to the rapid proliferation of cancer cells,
which accelerates energy exchange and material transport.

In conclusion, this study confirmed for the first time that ApoA-II and ApoB may be new
biomarkers for feline mammary carcinoma. The mechanism of their action in the occurrence
of feline mammary carcinoma was analyzed and provided a theoretical basis for further
revealing the pathogenesis of feline mammary carcinoma.

ACKNOWLEDGMENTS

Mass spectrometric data analysis was performed by Beijing Qinglian Biotech Co., Ltd.

REFERENCES

1. Zappulli V, Rasotto R, Caliari D, Mainenti M, Pefia L, Goldschmidt MH, Kiupel M. Prognostic evaluation
of feline mammary carcinomas: a review of the literature. Vet Pathol. 2015;52(1):46-60.
PUBMED | CROSSREF

2. Weijer K, Hart A A M. Prognostic factors in feline mammary carcinoma. J Natl Cancer Inst 1983;70(4):709-716.
PUBMED | CROSSREF

3. Eckert MA, Coscia F, Chryplewicz A, Chang JW, Hernandez KM, Pan S, Tienda SM, Nahotko DA, Li G,
Blazenovi¢ I, Lastra RR, Curtis M, Yamada SD, Perets R, McGregor SM, Andrade J, Fiehn O, Moellering
RE, Mann M, Lengyel E. Proteomics reveals NNMT as a master metabolic regulator of cancer-associated
fibroblasts. Nature. 2019;569(7758):723-728.
PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.2020.21.e45 12/15


http://www.ncbi.nlm.nih.gov/pubmed/24741029
https://doi.org/10.1177/0300985814528221
http://www.ncbi.nlm.nih.gov/pubmed/6572759
https://doi.org/10.1093/jnci/70.4.709
http://www.ncbi.nlm.nih.gov/pubmed/31043742
https://doi.org/10.1038/s41586-019-1173-8
https://vetsci.org

Journal of (

Proteomics feline mammary carcinoma label-free and PRM techniques Veterinary Science V)

10.

11.

12.

13.

14.

15.

16.

17.

18.

Marx H, Minogue CE, Jayaraman D, Richards AL, Kwiecien NW, Siahpirani AF, Rajasekar S, Maeda J,
Garcia K, Del Valle-Echevarria AR, Volkening JD, Westphall MS, Roy S, Sussman MR, Ané JM, Coon JJ.
A proteomic atlas of the legume Medicago truncatula and its nitrogen-fixing endosymbiont Sinorhizobium
meliloti. Nat Biotechnol. 2016;34(11):1198-1205.

PUBMED | CROSSREF

Cretu D, Prassas I, Saraon P, Batruch I, Gandhi R, Diamandis EP, Chandran V. Identification of psoriatic
arthritis mediators in synovial fluid by quantitative mass spectrometry. Clin Proteomics. 2014;11(1):27.
PUBMED | CROSSREF

Navarro P, Kuharev J, Gillet LC, Bernhardt OM, MacLean B, Rost HL, Tate SA, Tsou CC, Reiter L,

Distler U, Rosenberger G, Perez-Riverol Y, Nesvizhskii Al, Aebersold R, Tenzer S. A multicenter study
benchmarks software tools for label-free proteome quantification. Nat Biotechnol. 2016;34(11):1130-1136.
PUBMED | CROSSREF

FuJ, Tang J, Wang Y, Cui X, Yang Q, Hong]J, Li X, Li S, Chen Y, Xue W, Zhu F. Discovery of the consistently
well-performed analysis chain for SWATH-MS based pharmacoproteomic quantification. Front
Pharmacol. 2018;9:681.

PUBMED | CROSSREF

Tang]J, Zhang Y, FuJ, Wang Y, Li Y, Yang Q, Yao L, Xue W, Zhu F. Computational advances in the label-free
quantification of cancer proteomics data. Curr Pharm Des. 2018;24(32):3842-3858.

PUBMED | CROSSREF

Gallien S, Duriez E, Crone C, Kellmann M, Moehring T, Domon B. Targeted proteomic quantification on
quadrupole-orbitrap mass spectrometer. Mol Cell Proteomics. 2012;11(12):1709-1723.
PUBMED | CROSSREF

Kim HJ, Lin D, Lee HJ, Li M, Liebler DC. Quantitative profiling of protein tyrosine kinases in human cancer
cell lines by multiplexed parallel reaction monitoring assays. Mol Cell Proteomics. 2016;15(2):682-691.
PUBMED | CROSSREF

Peterson AC, Russell JD, Bailey DJ, Westphall MS, Coon JJ. Parallel reaction monitoring for high
resolution and high mass accuracy quantitative, targeted proteomics. Mol Cell Proteomics.
2012;11(11):1475-1488.

PUBMED | CROSSREF

Rauniyar N. Parallel reaction monitoring: a targeted experiment performed using high resolution and
high mass accuracy mass spectrometry. Int ] Mol Sci. 2015;16(12):28566-28581.

PUBMED | CROSSREF

Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP, Dolinski K, Dwight SS, Eppig
JT, Harris MA, Hill DP, Issel-Tarver L, Kasarskis A, Lewis S, Matese JC, Richardson JE, Ringwald M, Rubin
GM, Sherlock GThe Gene Ontology Consortium. Gene ontology: tool for the unification of biology. Nat
Genet. 2000;25(1):25-29.

PUBMED | CROSSREF

Eisen MB, Spellman PT, Brown PO, Botstein D. Cluster analysis and display of genome-wide expression
patterns. Proc Natl Acad Sci U S A. 1998;95(25):14863-14368.

PUBMED | CROSSREF

Boyle EI, Weng S, Gollub J, Jin H, Botstein D, Cherry JM, Sherlock G. GO:TermFinder--open source
software for accessing Gene Ontology information and finding significantly enriched Gene Ontology
terms associated with a list of genes. Bioinformatics. 2004;20(18):3710-3715.

PUBMED | CROSSREF

Pussinen PJ, Karten B, Wintersperger A, Reicher H, McLean M, Malle E, Sattler W. The human breast
carcinoma cell line HBL-100 acquires exogenous cholesterol from high-density lipoprotein via CLA-1
(CD-36 and LIMPII analogous 1)-mediated selective cholesteryl ester uptake. Biochem J. 2000;349(Pt
2):559-566.

PUBMED | CROSSREF

Gongalves A, Esterni B, Bertucci F, Sauvan R, Chabannon C, Cubizolles M, Bardou VJ, Houvenaegel G,
Jacquemier J, Granjeaud S, Meng XY, Fung ET, Birnbaum D, Maraninchi D, Viens P, Borg JP. Postoperative
serum proteomic profiles may predict metastatic relapse in high-risk primary breast cancer patients
receiving adjuvant chemotherapy. Oncogene. 2006;25(7):981-989.

PUBMED | CROSSREF

Li X, Liu ZL, Wu YT, Wu H, Dai W, Arshad B, Xu Z, Li H, Wu KN, Kong LQ. Status of lipid and lipoprotein
in female breast cancer patients at initial diagnosis and during chemotherapy. Lipids Health Dis.
2018;17(1):91.

PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.2020.21.e45 13/15


http://www.ncbi.nlm.nih.gov/pubmed/27748755
https://doi.org/10.1038/nbt.3681
http://www.ncbi.nlm.nih.gov/pubmed/25097465
https://doi.org/10.1186/1559-0275-11-27
http://www.ncbi.nlm.nih.gov/pubmed/27701404
https://doi.org/10.1038/nbt.3685
http://www.ncbi.nlm.nih.gov/pubmed/29997509
https://doi.org/10.3389/fphar.2018.00681
http://www.ncbi.nlm.nih.gov/pubmed/30387388
https://doi.org/10.2174/1381612824666181102125638
http://www.ncbi.nlm.nih.gov/pubmed/22962056
https://doi.org/10.1074/mcp.O112.019802
http://www.ncbi.nlm.nih.gov/pubmed/26631510
https://doi.org/10.1074/mcp.O115.056713
http://www.ncbi.nlm.nih.gov/pubmed/22865924
https://doi.org/10.1074/mcp.O112.020131
http://www.ncbi.nlm.nih.gov/pubmed/26633379
https://doi.org/10.3390/ijms161226120
http://www.ncbi.nlm.nih.gov/pubmed/10802651
https://doi.org/10.1038/75556
http://www.ncbi.nlm.nih.gov/pubmed/9843981
https://doi.org/10.1073/pnas.95.25.14863
http://www.ncbi.nlm.nih.gov/pubmed/15297299
https://doi.org/10.1093/bioinformatics/bth456
http://www.ncbi.nlm.nih.gov/pubmed/10880355
https://doi.org/10.1042/bj3490559
http://www.ncbi.nlm.nih.gov/pubmed/16186794
https://doi.org/10.1038/sj.onc.1209131
http://www.ncbi.nlm.nih.gov/pubmed/29678178
https://doi.org/10.1186/s12944-018-0745-1
https://vetsci.org

Journal of (

Proteomics feline mammary carcinoma label-free and PRM techniques Veterinary Science V)

https://vetsci.org

19.

Chung L, Moore K, Phillips L, Boyle FM, Marsh DJ, Baxter RC. Novel serum protein biomarker
panel revealed by mass spectrometry and its prognostic value in breast cancer. Breast Cancer Res.
2014;16(3):R63.

PUBMED | CROSSREF

20. Mangaraj M, Nanda R, Panda S. Apolipoprotein A-I: a molecule of diverse function. Indian J Clin
Biochem. 2016;31(3):253-259.
PUBMED | CROSSREF

21. Hachem H, Favre G, Ghalim N, Puchois P, Fruchart JC, Soula G. Quantitative abnormalities of lipoprotein
particles in multiple myeloma. J Clin Chem Clin Biochem. 1987;25(10):675-679.
PUBMED | CROSSREF

22. Humpbhries JM, Penno MA, Weiland F, Klingler-Hoffmann M, Zuber A, Boussioutas A, Ernst M,
Hoffmann P. Identification and validation of novel candidate protein biomarkers for the detection of
human gastric cancer. Biochim Biophys Acta. 2014;1844(5):1051-1058.
PUBMED | CROSSREF

23. Julovi SM, Xue A, Thanh LE TN, Gill AJ, Bulanadi JC, Patel M, Waddington L], Rye KA, Moghaddam M]J,
Smith RC. Apolipoprotein A-II plus lipid emulsion enhance cell growth via SR-B1 and target pancreatic
cancer in vitro and in vivo. PLoS One. 2016;11(3):e0151475.
PUBMED | CROSSREF

24. Honda K, Kobayashi M, Okusaka T, Rinaudo JA, Huang Y, Marsh T, Sanada M, Sasajima Y, Nakamori S,
Shimahara M, Ueno T, Tsuchida A, Sata N, Ioka T, Yasunami Y, Kosuge T, Miura N, Kamita M, Sakamoto
T, Shoji H, Jung G, Srivastava S, Yamada T. Plasma biomarker for detection of early stage pancreatic
cancer and risk factors for pancreatic malignancy using antibodies for apolipoprotein-All isoforms. Sci
Rep. 2015;5(1):15921.
PUBMED | CROSSREF

25. Martin L], Melnichouk O, Huszti E, Connelly PW, Greenberg CV, Minkin S, Boyd NF. Serum lipids,
lipoproteins, and risk of breast cancer: a nested case-control study using multiple time points. ] Natl
Cancer Inst. 2015;107(5):djv032.
PUBMED | CROSSREF

26. Melvin JC, Seth D, Holmberg L, Garmo H, Hammar N, Jungner I, Walldius G, Lambe M, Wigertz A, Van
Hemelrijck M. Lipid profiles and risk of breast and ovarian cancer in the Swedish AMORIS study. Cancer
Epidemiol Biomarkers Prev. 2012;21(8):1381-1384.
PUBMED | CROSSREF

27. Borgquist S, Butt T, Almgren P, Shiffman D, Stocks T, Orho-Melander M, Manjer J, Melander O.
Apolipoproteins, lipids and risk of cancer. Int J Cancer. 2016;138(11):2648-2656.
PUBMED | CROSSREF

28. TamimiRM, Byrne C, Colditz GA, Hankinson SE. Endogenous hormone levels, mammographic density,
and subsequent risk of breast cancer in postmenopausal women. J Natl Cancer Inst. 2007;99(15):1178-1187.
PUBMED | CROSSREF

29. Cohen M, Yossef R, Erez T, Kugel A, Welt M, Karpasas MM, Bones J, Rudd PM, Taieb J, Boissin H, Harats
D, Noy K, Tekoah Y, Lichtenstein RG, Rubin E, Porgador A. Serum apolipoproteins C-I and C-III are
reduced in stomach cancer patients: results from MALDI-based peptidome and immuno-based clinical
assays. PLoS One. 2011;6(1):e14540.
PUBMED | CROSSREF

30. ChenJ, Anderson M, Misek DE, Simeone DM, Lubman DM. Characterization of apolipoprotein
and apolipoprotein precursors in pancreatic cancer serum samples via two-dimensional liquid
chromatography and mass spectrometry. ] Chromatogr A. 2007;1162(2):117125.
PUBMED | CROSSREF

31. Honda K, Okusaka T, Felix K, Nakamori S, Sata N, Nagai H, Ioka T, Tsuchida A, Shimahara T, Shimahara
M, Yasunami Y, Kuwabara H, Sakuma T, Otsuka Y, Ota N, Shitashige M, Kosuge T, Biichler MW,
Yamada T. Altered plasma apolipoprotein modifications in patients with pancreatic cancer: protein
characterization and multi-institutional validation. PLoS One. 2012;7(10):e46908.
PUBMED | CROSSREF

32. ShiJ, Yang H, Duan X, Li L, Sun L, Li Q, ZhangJ. Apolipoproteins as differentiating and predictive
markers for assessing clinical outcomes in patients with small cell lung cancer. Yonsei Med J.
2016;57(3):549-556.
PUBMED | CROSSREF

33. FanY, ShiL, Liu Q, Dong R, Zhang Q, Yang S, Fan Y, Yang H, Wu P, Yu J, Zheng S, Yang F, Wang J.
Discovery and identification of potential biomarkers of papillary thyroid carcinoma. Mol Cancer.
2009;8(1):79.
PUBMED | CROSSREF

https://doi.org/10.4142/jvs.2020.21.e45 14/15


http://www.ncbi.nlm.nih.gov/pubmed/24935269
https://doi.org/10.1186/bcr3676
http://www.ncbi.nlm.nih.gov/pubmed/27382195
https://doi.org/10.1007/s12291-015-0513-1
http://www.ncbi.nlm.nih.gov/pubmed/3121778
https://doi.org/10.1515/cclm.1987.25.10.675
http://www.ncbi.nlm.nih.gov/pubmed/24512919
https://doi.org/10.1016/j.bbapap.2014.01.018
http://www.ncbi.nlm.nih.gov/pubmed/27002321
https://doi.org/10.1371/journal.pone.0151475
http://www.ncbi.nlm.nih.gov/pubmed/26549697
https://doi.org/10.1038/srep15921
http://www.ncbi.nlm.nih.gov/pubmed/25817193
https://doi.org/10.1093/jnci/djv032
http://www.ncbi.nlm.nih.gov/pubmed/22593241
https://doi.org/10.1158/1055-9965.EPI-12-0188
http://www.ncbi.nlm.nih.gov/pubmed/26804063
https://doi.org/10.1002/ijc.30013
http://www.ncbi.nlm.nih.gov/pubmed/17652278
https://doi.org/10.1093/jnci/djm062
http://www.ncbi.nlm.nih.gov/pubmed/21267442
https://doi.org/10.1371/journal.pone.0014540
http://www.ncbi.nlm.nih.gov/pubmed/17434173
https://doi.org/10.1016/j.chroma.2007.03.096
http://www.ncbi.nlm.nih.gov/pubmed/23056525
https://doi.org/10.1371/journal.pone.0046908
http://www.ncbi.nlm.nih.gov/pubmed/26996551
https://doi.org/10.3349/ymj.2016.57.3.549
http://www.ncbi.nlm.nih.gov/pubmed/19785722
https://doi.org/10.1186/1476-4598-8-79
https://vetsci.org

Journal of (

Proteomics feline mammary carcinoma label-free and PRM techniques Veterinary Science V)

34.

35.

36.

37.

38.

39.

Kaur A, Sultan SH, Murugaiah V, Pathan AA, Alhamlan FS, Karteris E, Kishore U. Human Clq induces
apoptosis in an ovarian cancer cell line via tumor necrosis factor pathway. Front Immunol. 2016;7:599.
PUBMED | CROSSREF

Kishore U, Gaboriaud C, Waters P, Shrive AK, Greenhough TJ, Reid KB, Sim RB, Arlaud GJ. C1q and
tumor necrosis factor superfamily: modularity and versatility. Trends Immunol. 2004;25(10):551-561.
PUBMED | CROSSREF

Haruki K, Shiba H, Shirai Y, Horiuchi T, Iwase R, Fujiwara Y, Furukawa K, Misawa T, Yanaga K. The
C-reactive protein to albumin ratio predicts long-term outcomes in patients with pancreatic cancer after
pancreatic resection. World J Surg. 2016;40(9):2254-2260.

PUBMED | CROSSREF

LiuZ,Jin K, Guo M, LongJ, Liu L, Liu C, XuJ, Ni Q, Luo G, Yu X. Prognostic value of the CRP/Alb ratio, a
novel inflammation-based score in pancreatic cancer. Ann Surg Oncol. 2017;24(2):561-568.

PUBMED | CROSSREF

LiuJX, Li A, Zhou LY, Liu XF, Wei ZH, Wang XZ, Ying HQ. Significance of combined preoperative serum
Alb and dNLR for diagnosis of pancreatic cancer. Future Oncol. 2018;14(3):229-239.

PUBMED | CROSSREF

Matsuda S, Niihara M, Tsubosa Y, Sato H, Takebayashi K, Kawamorita K, Mori K, Tsushima T,

Yasui H, Takeuchi H, Kitagawa Y. Clinical significance of postoperative recovery of serum albumin
levels in patients with esophageal cancer who underwent transthoracic esophagectomy. Surg Today.
2016;46(10):1138-1145.

PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.2020.21.e45 15/15


http://www.ncbi.nlm.nih.gov/pubmed/28066412
https://doi.org/10.3389/fimmu.2016.00599
http://www.ncbi.nlm.nih.gov/pubmed/15364058
https://doi.org/10.1016/j.it.2004.08.006
http://www.ncbi.nlm.nih.gov/pubmed/26956901
https://doi.org/10.1007/s00268-016-3491-4
http://www.ncbi.nlm.nih.gov/pubmed/27650825
https://doi.org/10.1245/s10434-016-5579-3
http://www.ncbi.nlm.nih.gov/pubmed/29338337
https://doi.org/10.2217/fon-2017-0339
http://www.ncbi.nlm.nih.gov/pubmed/26818192
https://doi.org/10.1007/s00595-015-1300-6
https://vetsci.org

