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Abstract

Sguamous cell carcinoma or SCC of horn in bovines (bovine horn core carcinoma) frequently observed in
Bos indicus affecting almost 1% of cattle population. Freshly isolated primary epithelial cells may be
closely related to the malignant epithelial cells of the tumor. Whole transcriptome sequencing of horn’s
SCC tissue derived early passage BHCC cells and late passage BHCC cells were done using lon Torrent
PGMR. Comparative expression and analysis of different genes and pathways were observed. Cancer
related TGF beta signalling pathway, PI13K/Akt signaling, Ubiquitin mediated proteolysis in early passage
BHCC cells and pentose phosphate pathway in late passage BHCC cells were discussed. The cells at later
passages could retain the transcriptomic signature of horn cancer.
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Introduction

Cell lines In vitro usually provide powerful tools for identification of potential molecular targets for
therapeutic intervention as well for initial pre-clinical evaluation of novel drug molecules (Feldmann et al.,
2009). The results of the research in horn core squamous cell carcinoma cell lines can usually be
extrapolated to in vivo tumors originated from squamous cells in bovines (Shil et al., 2017). Transcriptomic
profiling of the initial passage or low passage cells and Late Passage BHCC cells were attempted at present

to study the differences in transcriptome in these two in vitro conditions at molecular level. The differences
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will highlight whether in higher passages this cells could retain the transcriptomic profile of parental tumor

or not.

Review of Literature

Availability and use of In vitro cultures of SCC of horn (BHCC) in bovines have been limited. Most of the
cell lines are not representative of original squamous cell carcinoma (Cifola et al., 2011). Furthermore, it
is always of concern that how extensively alteration happens while in passage for a long term in biological
properties of cell lines than the earlier passages (Craven et al., 2006), which rather are enriched in tumour
cell component (Cifola et al., 2011) and retains phenotypic, transcriptomics profile of the corresponding
tissues from which they derive (Perego et al., 2005; Craven et al., 2006 and Bianchi et al., 2010). Cellular
activity within a tissue is evinced by the transcriptome at a specific time (Shil et al., 2017). Genome-wide
expression studies can be used to evaluate pathophysiology of complex diseases like cancer (Bianchi et al.,
2010). Eukaryotic transcriptome can be best understood by RNA Sequencing (RNA-Seq) by read mapping
on to the reference eukaryotic genome (Twine et al., 2011).

SCC of horn of bovines is a squamous cell carcinoma of horn core mucosa with least known genetic
landscape, reported only in Bos indicus (Shil et al., 2017). This causes heavy economic losses due to
subsequent metastasis and death of animal. Till date, the comparison of transcriptome profile between cell
culture of early passage and parental tissue of SCC of horn of bovines has been performed (Shil et al.,
2017). This study was designed to compare transcriptome profiles in between SCC affected horn tissue
derived early passage BHCC cells and late passage BHCC cells sub cultured from that early passage in

vitro for 45 cell doublings, using lon Torrent PGMR sequencing platform.

Materials and Methods

Ethical Approval

This research work was granted vide approval no. IAEC: 155/2011 of College of Veterinary Science and
animal Husbandry, Anand Agricultural University, Anand-388 001, Gujarat.

Tissue Collection

Carcinomatous and normal horn core mucosa were collected during corrective surgery in RNAlater®
(Thermo Fisher scientific, Massachusetts, USA) from clinically affected (left horn) and normal (right horn)
horn of a Kankrej breed of bullock (age 7 years) from Rajkot, Gujarat, India. Necrotic tissues were not
collected. Fresh tissues were cut into pea-sized segments and preserved in methods as described by Shil et
al. (2017).
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Histopathology
Horn SCC tissues were processed and observed for histopathological studies as described in Shil et al.
(2017). The tissues were stained with Haematoxylin and Eosin (H&E); Luna (1968).

Cell Culture

Tumour tissues (at 4°c) were mechanically minced in 1 mm?® fragments after removal of adipose tissue.
Then primary culture was established and this finite cell line was sub cultured at a split ratio of 1:3 up to
15" generation and 45 doublings. The sub culturing was done using methods as described in Shil et al.
(2017). Similarly tumour tissue explant culture was also performed by standard protocol (Freshney, 2005).
By inverted microscope (Leica, Germany), cell morphology was observed in contrast phase, at 40X
magnification. Differential trypsinization and dilution cloning were performed as described in Shil et al.

(2017). These isolated clones were used for RNA-Sequencing purposes for both the cell passages.

Cell Proliferation and Doubling Time Assay

Two counts were performed for each passage, in triplicate. For doubling time analysis plating and counting
of cells were done as per Shil et al. (2017). Software for analysing doubling time (in hour) was used as
described in a previous study (Roth, 2006).

RNA Isolation
TRIzoIR (Sigma-Aldrich, St. Louis, USA) method as per manufacturer’s instructions was used to isolate
RNA from early passage (pooled RNA of passage 2 & 3) and late passage (pooled RNA of passage 15, 45

doublings) cells.

Preparation of Sample and Transcriptome Procedure

All the protocols starting from mRNA isolation to library preparation were followed as per manufacturer’s
instructions and as described in Shil et al. (2017). The detailed protocol steps can be accessed from lon
Torrent’s ‘lon Total RNA-Seq Kit” (Part No.: 4467098) using 316 chip.

In Silico Gene Expression Analysis

Sequence reads were generated from cDNA libraries of Early Passage BHCC cells and Late Passage BHCC
cells using lon Torrent PGM chemistry using 316 chips (Koringa et al., 2013). Raw sequence reads (*fastq
files) were checked for quality control in Fast QC v0.10.1.The read alignments and calculation of

differential expression by Cuffdiff v 2.2.1 were done by methods as described in Shil et al. (2017).
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RNA-Seq Data Normalization
The raw RNA-Seq read counts for cufflinks transcripts were first log, transformed at fragments per kilo

base of exon per million reads mapped (FPKM) and then quantile normalized.

Functional Annotation

The genes differentially expressed in short term primary culture and the long term late passage was selected
for functional categorization. The comparisons between expressed genes which produced Cuffdiff output
with “‘Q value’’ less than 0.01 and ‘“OK’’ marked test status were considered to be differentially expressed.
Gene ontology (GO) and pathway analyses of up and down regulated genes by DAVID database (Huang et
al., 2008). The criteria set for genes to be used in gene set analyses were same as described in Shil et al.
(2017). Being practically impossible and economically non-feasible to validate all of the genes, we have
followed standard procedure to validate NGS data by selecting randomly selected sufficient set of
transcripts and concordance of expression pattern has been proved using quantitative real time PCR (Data

not shown).

Results

Histopathology of SCC tissue

The tumour cells were featured with moderately high to abundant eosinophilic cytoplasm, potentially
increased nucleus to cytoplasmic ratio, focal presence of intercellular bridges. Keratinized epithelial cells
(Fig. 1) and pleomorphism of epithelial cells were seen. Histopathology confirmed squamous cell

carcinoma of the horn core epithelium.

"‘\r: ALK N, ‘,1.\." % “..
Fig.1: Histopathology of BHCC Tumor tissue with H&E stain at 100X (Arrow indicating keratinization
of cells

Isolation of SCC Horn Epithelial Cells
Primary monolayer culture with finite mitotic lifespan (BHCC early passage cells) was established from
the Bullock affected with BHCC of horn (Fig. 2) following the enzymatic dis-aggregation methods as

Pagez 6 O

Hosted@www.ijlr.org DOI 10.5455/ij1r.20180318051329



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329

B Vol 8 (11) Now’18
R Jutewnational Jounal of Livestock Research eISSN : 2277-1964 NAAS Score -5.36 (1) New

described earlier in Shil et al. (2017). Multinucleated bizarre tumour cells and spindle to polygonal shaped

cells having vesicular nuclei and multiple small nucleoli were frequently seen at later passages of culture
(Fig. 3).

Fig. 2: Primary monolayer culture of BHCC early  Fig. 3: Monolayer culture of BHCC late passage
passage cells with phase contrast cells with phase contrast photomicrograph at 40X.
photomicrograph at 40X. (Arrow indicates multinucleated cells)

Growth Curve and Population Doubling Time Analysis

Population doubling time ascertained around 28.1 hour and 58.51 hour respectively for passage 2 (P2) and
passage 15(P15) of horn cancer cells (Fig. 4 and Fig. 5) and cell viability ranged from 85 to 94%. Marked
increase in the time required for cell doubling were observed and it showed an enlarged, flattened cellular
morphology at P15 and remained viable in culture.

PASSAGE 2 HCEP CELLS PASSAGE 15 HCLP CELLS
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Fig. 4: Growth curve of BHCC cells at P2 Fig. 5: Growth curve of BHCC cells at P15

Transcriptomic Comparison between Early Passage BHCC cells and Late Passage BHCC cells

Quality checking of reads of both the early passage BHCC cells (HCEP) and late passage BHCC cells
(HCLP) were done by FASTQC (Table 1). The total number of genes (having FPKM value more than five)
differentially over expressed in early passage BHCC cells was 308 no. and in HCLP, 340 no. genes were
differentially up-regulated over HCEP. In this comparison 12125 genes (~83.55% of total genes no. i.e.
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14512 no.) showed no expression at the terms of fragments per kilobase of transcript per million mapped

reads (FPKM) in both the samples.

Table 1: Quality checking of reads by FASTQC

Category HCEP HCLP
Total Sequences 1581227 1018138
Sequences flagged as poor quality 0 0
Sequence length 8-481 8-619
%GC 50 50

Genes over Expressed in Early Passage BHCC Cells and Late Passage BHCC Cells

Mapping statistics of sequenced reads by Gmap-Cufflinks were derived (Table 2).

Table 2: Mapping statistics of sequenced reads by Gmap-Cufflinks

HCEP HCLP

Mapping Percentage 59.5%. 62.5%.
Total Reads 1581227 974421.5
Mapped Reads 941601 608928

Results obtained from Cuff-Diff (*diff) from two Transcript assembly (By Cufflinks) obtained from two

consequent reads of HCEP and HCLP were visualized by ‘CummeRbund’ package in R environment (Goff

et al., 2013). Density plot & dispersion plot were derived for this comparison respectively (Fig. 6 & Fig.

7). Density plot assessed the distributions of FPKM scores across samples. Amongst the differentially

expressed genes maximum genes had FPKM value between Logio 1 and Logio 3. Dispersion plot showed

normal dispersion of genes across samples (Fig. 7).

Fig. 6: Density plot of genes of HCEP & HCLP based on transformed FPKM value
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Fig. 7: Dispersion plot of Genes of HCEP & HCLP

Gene ontology category of the genes (having FPKM value >5) differentially expressed above 2 log. fold
change in early passage BHCC cells compared to late passage BHCC cells found to be of extracellular
exosome, focal adhesion, proteinaceous extracellular matrix etc. as per DAVID database (Table 3).

Table 3: GO of up-regulated genes (>2 fold) in HCEP than HCLP

Term Count % P Value Official Gene Symbol '.:Old FDR
Enrichment
ACTB, EPDR1, EFEMP2, LUM, S100A11, GJAL,
G0:0070062~extracellular 21 42 0 NID2, CAPN2, TIMP3, HSPH1, PFN2, HSP90B1, 312 0
exosome APP, BGN, EZR, SERBP1, COL1A2, RHOA, :
COL6AL, RPL7A, LAMCL
G0:0005925~focal o 6 0 ACTB, HSP90BL, EZR, RHOA, CD99, GJAL 61 0.05
adhesion RPL7A, CAPN2 ' '
(G0:0005578~proteinaceous | o 12 0 BGN, LUM, COL3AL, FBN1, COL6A1, TIMP3 10.79 0.24
extracellular matrix
GO0:0005615~extracellular APP, EZR, LUM, COL3AL, FBNL, S100A11,
space 10 20 0 COL1A2, PTN, COL1AL, TIMP3 3.39 2.31
_ ~ ACTB, HSPHL, HSP90B1, EZR, MAP1B, RHOA,
GO0:0005829~cytosol 10 20 0 GIAL DPYD, CAPN2 PPPIROA 3.14 3.85
GO:OOOSE]Si;;]Z'r'age“ ype |, 4 0 COL1A2, COL1AL 322.1 6.97
G0:0005768~endosome 4 8 0 APP, EZR, SNX5, RHOA 9.13 10.15
G0:0005604~basement 3 6 0.01 NID2, LAMC1, TIMP3 18.94 11.76
membrane
GO:0005856~cytoskeleton 4 8 0.01 ACTB, PFN2, CALD1, RHOA 8.05 14.01
GO:OOO?g?nle;collagen 3 6 | oo1 COL3AL, COL1A2, COL1AL 1695 | 14.36
G0:0035253~ciliary rootlet 2 4 0.02 APP, KIF5B 80.52 25.11
G0:0005764~lysosome 3 6 0.06 EPDR1, GJA1, CAPN2 6.85 56.88
GO:0043209~myelin sheath | 3 6 0.06 ACTB, EZR, CLTC 6.85 56.88
GO:0005874~microtubule 3 6 0.07 HSPH1, KIF5B, MAP1B 6.31 62.25

The genes which were up-regulated in late passage BHCC cells compared to its early passage BHCC cells

showed membrane, endoplasmic reticulum exit site, catalytic step 2 spliceosome etc. (Table 4).
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Table 4: GO of genes up-regulated (>2 Fold) in HCLP than HCEP

P . Fold
Term Count % Value Official Gene Symbol Enrichment FDR
_ ~ ALDOA. EIF3D, CKAP5, KLCL,
G0:0016020~membrane 9 23.68 0 HNRNPF, ILK, RPS11, DDX5, HNRNPH1 4.05 1.14
G0:0070971~endoplasmic | 526 | 001 TMEDS, PDCD6 13562 | 13.86
retlculum exit site
G0:0071013~catalytic step | 4 789 | 001 HNRNPF, DDX5, HNRNPH1 14.36 16.79
2 spliceosome
_ ~ ALDOA., CYB5R3, ERP44, TALDOL,
GO:0070062~extracellular | 1 | 5531 | 006 | CDa44, RPSLL, DDX5, PDCDS, ITM2C, 1.88 49.95
exosome PCOLCE2

Table 5: KEGG pathway of genes up-regulated (>2 Fold) in SCC Early Passage BHCC cells significantly
over Late Passage cells

Term P Value Official Gene Symbol Fold change '.:Old FDR
Enrichment
ACTB -2.77
COL3Al1 -3.51
RHOA -2.44
. COL1A2 -3.07
bta04510:Focal adhesion 0 COLGAL 507 8.6 0.02
COL1A1 -2.21
LAMC1 -2.11
CAPN2 -2.09
SLC38A2 -2.02
. . . COL3A1 -3.51
ggasgz:g;é:rotem digestion and 0 COL1A2 207 133 0.48
COL6A1 -2.07
COL1Al -2.21
COL3Al -3.51
COL1Al -2.21
?g?;‘;i;ﬁfc'\"'rece'ow 0 COL1A2 3.07 12.8 0.55
COL6Al -2.07
LAMC1 -2.11
ACTB -2.77
COL1A2 -3.07
bta04611:Platelet activation 0 COL3Al -3.51 8.8 2.27
RHOA -2.44
COL1A1 -2.21
HSP90B1 -3.05
COL6Al -2.07
. . PPP2R2A -3.04
Ezg\z’lvlaf;l.PISK-Akt signalling 0 COL3AL 351 45 365
COL1A2 -3.07
COL1Al1 -2.21
LAMC1 -2.11 <H
ACTB -2.77 O
bta05205:Proteoglycans in cancer 0.01 TIMP3 -2.04 5.5 1146 O\
EZR -3.54 s
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LUM -3.23

RHOA -2.44

COL3Al -3.51

) - LAMC1 -2.11
bta05146:Amoebiasis 0.01 COLLAD 307 8 12.72

COL1Al -2.21

ACTB -2.77

bta04670:Leukocyte EZR -3.54
transendothelial migration 0.01 CD99 -2.21 5 14.81

RHOA 2.44

HSPH1 -2.23

bta04141:Protein processing in SEC61G -2.52
endoplasmic reticulum 0.04 HSP90B1 -3.05 53 33.24

CAPN2 -2.09

L . ACTB -2.77
pra0ol 00 Bacterial invesion o | .04 RHOA 244 8.7 38.68

P CLTC -2.03

ACTB -2.77

bta04810:Regulation  of actin PFN2 -2.983
cytoskeleton 0.06 EZR -3.54 4.2 51.56

RHOA 244

There were few pathways like focal adhesion, protein digestion & absorption, ECM receptor interaction etc
in 5 FDR limit for differentially up regulated genes (Official gene symbols) (having FPKM value >5) in
early passage BHCC cells compared to late passage BHCC cells in Kyoto Encyclopaedia of Genes and
Genomes (KEGG) pathways (Table 5). Surprisingly most of the genes which showed top fold change
(within first twenty) were detected by DAVID during pathway analysis. Pentose phosphate pathway was
the only pathway under 5 FDR value shown by the genes which were up-regulated in late passage BHCC

cells than early passage BHCC cells (Table 6).

Table 6: KEGG pathway of genes up-regulated (>2 Fold) in HCLP than HCEP

Term Count | P Value Genes Fold Change '.:Old FDR
Enrichment
bta00030:Pentose phosphate ALDOA 2.35444
pathway 2 0.05 TALDO1 2.54398 351 39.56
Discussion

Reliable prediction of a cancer’s grade and stage is very important as it can provide useful information for
cancer mechanism studies as well as for selection of the most appropriate treatment plans. In this study, we
compared gene expression profiles of the two conditions i.e. In vitro cancer cells at their early passages and
at their late passages to identify the changes in gene expression In vitro with time, so that it could be
extrapolated to that of In vivo changes during the course of the horn cancer progression. The early passage
BHCC cells grew & survived well for the first fifteen passages without difficulties. The cellular

compositions were homogeneous and were of morphological characteristics typical of squamous cell

IS
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epithelium. Maximum value of differential gene expression in early passage BHCC cells was 3.54 fold

changes (all genes >5 FPKM value) as compared to late passage cells. The genes which were differentially

up regulated in early passage BHCC cells were also found to be involved in other carcinomas as well (Table

7).

Table 7: Implications of genes mined from KEGG pathway & upregulated in SCC early passage BHCC
cells significantly over late passage cells

S. Official Gene Implications of the Genes in Cancer
No. Symbol
1 ACTB De-regulated in various cancers as in breast, prostate, ovarian cancers and its up-regulation is
associated with invasiveness and metastasis; Guo et al (2012).
2 CAPN2 Calpain 2 promotes tumour cell growth both in vitro and in vivo through the PI3K-Akt-FoxO-
p27¥PL signalling cascade; Ho et al (2012).
Highly up-regulated in colorectal cancer patient by deep sequencing; Wu et al (2012). Promotes
3 COL3A1 CRC cell proliferation by stimulating PI3K-AKT signalling; Wang X-Q et al (2016).COL3A1
might affect cell migration or invasion through MAPK signalling pathway; Yuan et al (2017).
4 RHOA RhoA is needed for cancer cell extravasation; in vitro, can stimulate transformation and plays a key
role in EMT; Parri and Chiarugi (2010).
Enhanced expression as metastasis-associated gene signature was observed in diffuse type gastric
5 COL1A2 cancers; Jinawath et al (2004).Higher COL1A1 and COL1A2 expression levels were related to
lower overall survival in gastric cancer patients; Li et al (2016). COL1A2, involved in epithelial to
mesenchymal transition and angiogenesis; Tamilzhalagan et al (2017).
COLG6AL upregulation indicates concurrence with inactivation of other tumour suppressors and
may represent a signal of poor prognosis; Wan et al (2015). Overexpression was associated with
6 COL6A1L accelerated cell proliferation via JAK-STATS pathway and elevated vitality in prostate cancer cells;
Zhu Y-P (2015).Knock-down of COL6AL suppresses the metastatic ability of cancer cells; Hou et
al (2016).
COL1AL1 usually upregulated in invasive HCC; Hayashi et al (2014). COL1ALl has also been
7 COL1A1 reported to regulate proliferation and migration in gastric cancer cells; Li et al (2016). Regulates
cell death of cervical cells via Caspase-3/PI3K/AKT pathways, abundant COL1A1 inhibit the cell
death; Liu et al (2017).
Silencing of LAMC1 significantly inhibited cell migration and invasion in cancer cells, and
8 LAMC1 LAMCI1 functions to promote metastasis; Nishikawa et al (2014). Overexpression of LAMC1 was
associated with tumour growth and invasion; Zhang et al (2017).
9 SLC38A2 It increases in cancer cells as a response to amino acid starved condition; Broer et al (2015).
Acts as molecular chaperones with roles in stabilizing and folding other proteins and in lung cancer
10 HSP90B1 adenocarcinoma tissues it has been shown to be upregulated than the non-malignant tissues; Wu et
al (2015).
11 PPP2R2A A potential tumour suppressor gene; Cheng et al (2011).
High levels are associated with a poor prognosis in some cancers and a better prognosis in others;
12 LUM I
Nikitovic et al (2014).
Loss of TIMP3 correlates with advanced-stage disease and poor prognosis in colorectal, breast,
13 TIMP3 brain, bladder and particularly head and neck squamous cell carcinoma (HNSCC); Jackson et al
(2016).
14 EZR High expression correlates with poor outcome in cancer patients; Li et al (2015).
15 PFN2 EMT contributes to tumour invasion and metastasis in various cancers; Cui et al (2016).
The invasive cervical squamous cell carcinoma showed significantly increased expressio
16 CD99 CD99; Zhou et al (2014). @
17 HSPH1 Upregulation is associated with poor outcome in many cancers; Yang et al (2015). ~
18 CLTC Associated oncogene to Breast cancer; Yao et al (2015). . §D
<
[a W)

Hosted@www.ijlr.org Lﬂ!ﬁ: DOI 10.5455/ijIr.20180318051329

Vol 8 (11) Now’18



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329

S Vol 8 (11) Now’18
R Jntewnational Journal of Livestock Research eJSSN : 2277-1964 NAAS Score -5.36 (11) New

The unique genes expressed in early passage BHCC cells showed TGF beta signalling, ubiquitin mediated
proteolysis, insulin signalling pathway etc. (Table 8). GO of unique genes showed these were involved in
focal adhesion, extracellular exosome, cytosol etc. (Table 9).

Table 8: KEGG Pathway of all genes uniquely expressed (FPKM >5) in HCEP

Term Count P Value Fold Enrichment FDR
bta04350: TGF-beta signalling pathway 14 0 2.79 1.69
bta05161:Hepatitis B 20 0 2.23 1.82
bta04120:Ubiquitin mediated proteolysis 18 0 2.19 4.19
bta04910:Insulin signhaling pathway 18 0 2.19 4.19
bta00640:Propanoate metabolism 7 0 4.45 4.9
bta03040:Spliceosome 17 0 2.18 5.85
bta04921:0xytocin signaling pathway 19 0 2.05 6.14
bta05205:Proteoglycans in cancer 23 0 1.87 6.76
bta04022:cGMP-PKG signaling pathway 20 0 1.98 7.02
bta00020:Citrate cycle (TCA cycle) 7 0 3.85 10.04
bta05016:Huntington's disease 22 0 1.83 10.72
bta04390:Hippo signaling pathway 18 0 1.97 11.58
bta04152: AMPK signaling pathway 15 0 2.07 15.8
bta04141:Protein processing in endoplasmic reticulum 19 0 1.86 15.95
bta01200:Carbon metabolism 14 0 2.12 16.66
bta04510:Focal adhesion 22 0 1.75 16.71
bta05211:Renal cell carcinoma 10 0 2.5 20.06
bta04114:00cyte meiosis 14 0 2.07 20.18
bta03015:mRNA surveillance pathway 12 0 2.23 20.83
bta03008:Ribosome biogenesis in eukaryotes 11 0 2.3 23.1
bta00670:0ne carbon pool by folate 5 0 4.59 23.65
bta05012:Parkinson's disease 17 0 1.85 24.03
bta05010:Alzheimer's disease 19 0 1.76 24.67
bta01130:Biosynthesis of antibiotics 21 0 1.68 26.86
bta01100:Metabolic pathways 92 0 1.22 29.23
bta04261:Adrenergic signalling in cardiomyocytes 16 0 1.84 29.96
bta05220:Chronic myeloid leukaemia 10 0 2.26 33.57
bta04666:Fc gamma R-mediated phagocytosis 11 0 2.14 34.11
bta05230:Central carbon metabolism in cancer 9 0 2.4 34.6
bta04110:Cell cycle 14 0 1.85 39.82
bta00240:Pyrimidine metabolism 12 0 1.96 41.8
bta04144:Endocytosis 24 0 1.52 42.68
bta00190:Oxidative phosphorylation 15 0 1.77 43.55
bta04068:FoxO signalling pathway 14 0.1 1.75 52.27
bta04810:Regulation of actin cytoskeleton 20 0.1 1.55 52.95
bta03050:Proteasome 7 0.1 2.51 53.42
bta00562:Inositol phosphate metabolism 9 0.1 2.09 57.39
bta04150:mTOR signalling pathway 8 0.1 2.24 57.56
bta04070:Phosphatidylinositol signalling system 11 0.1 1.85 61.75
bta04915:Estrogen signalling pathway 11 0.1 1.85 61.75
bta05215:Prostate cancer 10 0.1 1.92 63.41
bta04722:Neurotrophin signalling pathway 13 0.1 1.72 63.46
bta04550:Signaling pathways regulating pluripotency of stem cells 14 0.1 1.66 64.62
bta04919:Thyroid hormone signalling pathway 12 0.1 1.75 65.69
bta04611:Platelet activation 13 0.1 1.69 67.02
bta05222:Small cell lung cancer 10 0.1 1.88 6775 I
bta05166:HTLV-I infection 23 0.1 141 70.89 O
bta05212:Pancreatic cancer 8 0.1 2.03 73.15 e\
bta04720:Long-term potentiation 8 0.1 2.03 73.15 )
bta03013:RNA transport 15 0.1 1.56 74.52 :C:P
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Table 9: GO of all genes uniquely expressed (FPKM >5) in HCEP

Term Count P Value Fold Enrichment | FDR
G0:0070062~extracellular exosome 209 0 1.57 0
G0:0005925~focal adhesion 54 0 2.77 0
G0:0005730~nucleolus 75 0 2.02 0
G0:0005737~cytoplasm 258 0 1.35 0
G0:0043209~myelin sheath 26 0 3 0
G0:0016020~membrane 92 0 1.66 0
G0:0005654~nucleoplasm 120 0 1.49 0.01
G0:0005829~cytosol 95 0 1.51 0.07
G0:0005634~nucleus 218 0 1.24 0.51
G0:0016607~nuclear speck 19 0 2.56 0.6
G0:0005794~Golgi apparatus 53 0 1.64 0.71
G0:0005913~cell-cell adherens junction 15 0 2.66 2.01
G0:0010494~cytoplasmic stress granule 8 0 4.34 2.71
G0:0005769~early endosome 19 0 2.21 3.29
G0:0000932~cytoplasmic mRNA processing body 11 0 2.99 4.73
G0:0030027~lamellipodium 16 0 2.33 4.95
G0:0005813~centrosome 32 0.01 1.62 11.54
G0:0005815~microtubule organizing centre 12 0.01 247 11.87
G0:0000139~Golgi membrane 23 0.01 1.73 18.86
G0:0036513~Derlin-1 retrotranslocation complex 4 0.01 7.24 19.47
G0:0008250~oligosaccharyltransferase complex 4 0.01 7.24 19.47
G0:0005802~trans-Golgi network 14 0.01 211 19.7
G0:0005789~endoplasmic reticulum membrane 34 0.02 1.52 21.62
G0:0005739~mitochondrion 71 0.02 1.3 22.62
G0:0030904~retromer complex 5 0.02 4.79 22.99
G0:0005681~spliceosomal complex 9 0.02 2.67 23.69
G0:0015630~microtubule cytoskeleton 11 0.02 2.33 24.39
G0:0005844~polysome 6 0.02 3.76 24.84
G0:0016281~eukaryotic translation initiation factor 4F
complex 3 0.02 12.22 26.55
G0:0005759~mitochondrial matrix 16 0.02 1.88 29.39
G0:0016363~nuclear matrix 9 0.02 2.53 30.5
G0:0031012~extracellular matrix 14 0.03 1.97 31.46
GO0:0005774~vacuolar membrane 4 0.03 5.92 32.32
G0:0005764~lysosome 16 0.03 1.85 32.33
G0:0042470~melanosome 10 0.03 2.29 35.06
G0:0055038~recycling endosome membrane 6 0.03 3.37 35.97
G0:0031965~nuclear membrane 15 0.03 1.84 39.44
G0:0030529~intracellular ribonucleoprotein complex 9 0.03 2.36 40.66
G0:0005743~mitochondrial inner membrane 27 0.04 1.51 42.09
G0:0005938~cell cortex 10 0.04 2.2 42.16
G0:0005791~rough endoplasmic reticulum 5 0.04 3.7 47.2
G0:0031902~late endosome membrane 7 0.05 2.65 49.91
GO_.0005786~S|_gnaI recognition particle, endoplasmic 3 0.05 8.15 5134
reticulum targeting

The unique genes expressed in later passage (HCLP) cells showed to be involved in metabolic pathways,

lysosome and oxidative phosphorylation up to 5 FDR limit in KEGG pathway (Table 10).
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Table 10: KEGG Pathway of all genes uniquely expressed (FPKM >5) in HCLP

intermediate compartment

Term Count P Value | Fold Enrichment | FDR
bta01100:Metabolic pathways 63 0 1.49 0.95
bta00190:Oxidative phosphorylation 14 0 2.95 1.1
bta04142:Lysosome 13 0 3.04 1.38
bta00983:Drug metabolism - other enzymes 6 0.01 4.92 8.37
bta03013:RNA transport 13 0.01 241 9.15
bta05134:Legionellosis 7 0.01 3.62 14.41
bta05164:Influenza A 13 0.01 2.22 16.59
bta05016:Huntington's disease 14 0.02 2.08 19.71
bta05010:Alzheimer's disease 13 0.02 2.15 20.01
bta00020:Citrate cycle (TCA cycle) 5 0.02 4.92 20.29
bta05162:Measles 11 0.02 2.32 22.76
bta01130:Biosynthesis of antibiotics 14 0.02 2.01 24.78
bta03040:Spliceosome 10 0.03 2.29 32.62
bta01200:Carbon metabolism 9 0.03 2.44 33.1
bta05152:Tuberculosis 12 0.04 1.96 42.82
bta05200:Pathways in cancer 21 0.05 1.55 48.39
bta05168:Herpes simplex infection 12 0.06 1.86 52.43
bta04966:Collecting duct acid secretion 4 0.06 4.37 55.77
bta04620:Toll-like receptor signalling pathway 8 0.06 2.25 57.45
bta05202: Transcriptional misregulation in cancer 11 0.07 1.87 60.66
bta05012:Parkinson's disease 10 0.07 1.94 61.6
bta03020:RNA polymerase 4 0.08 3.93 65.45
bta05160:Hepatitis C 9 0.08 2 66.09
bta00330:Arginine and proline metabolism 5 0.09 2.95 69.25

Table 11: GO of all genes uniquely expressed (FPKM >5) in HCLP

Term Count P Value | Fold Enrichment | FDR
G0:0070062~extracellular exosome 113 0 1.52 0
G0:0043209~myelin sheath 16 0 3.31 0.14
G0:0005913~cell-cell adherens junction 10 0 3.17 5.74
G0:0005829~cytosol 52 0 1.48 6.12
G0:0005925~focal adhesion 21 0.01 1.93 9.08
G0:0005875~microtubule associated complex 4 0.01 9.72 9.33
G0:0048471~perinuclear region of cytoplasm 23 0.01 1.82 11.26
G0:0044615~nuclear pore nuclear basket 3 0.01 17.5 14.26
G0:0005794~Golgi apparatus 29 0.01 1.6 18.86
G0:0055038~recycling endosome membrane 5 0.02 5.03 20.62
G0:0005730~nucleolus 32 0.02 1.54 20.9
G0:0005737~cytoplasm 127 0.02 1.19 23.23
G0:0016607~nuclear speck 10 0.02 241 27.95
G0:0030136~clathrin-coated vesicle 5 0.03 4.17 35.41
G0:0005783~endoplasmic reticulum 26 0.04 1.53 39.66
GO:0000276~m|toch0nd_r|aI proton-transporting ATP 3 0.04 9.72 40.09
synthase complex, coupling factor F(0)
G0:0030027~lamellipodium 9 0.04 2.34 42.2
G0:0031965~nuclear membrane 10 0.04 2.19 42.84
G0:0044297~cell body 5 0.04 3.84 43.56
G0:0072546~ER membrane protein complex 3 0.04 8.75 46.67
G0:0005793~endoplasmic reticulum-Golgi 5 0.05 365 4904
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G0:0016363~nuclear matrix 6 0.05 3.02 49.71
G0:0042405~nuclear inclusion body 3 0.05 7.96 52.99
G0:0016020~membrane 41 0.06 1.33 54.84
GO0:0005639~integral component of nuclear inner 3 0.06 799 58.93
membrane

G0:0005776~autophagosome 5 0.06 3.31 59.72
G0:0005739~mitochondrion 40 0.07 1.32 61.85
G0:0000139~Golgi membrane 13 0.07 1.75 64.3
G0:0030426~growth cone 5 0.07 3.17 64.73
G0:0005789~endoplasmic reticulum membrane 19 0.08 1.52 67.87
G0:0045121~membrane raft 8 0.08 2.12 70.44
G0:0005765~lysosomal membrane 11 0.09 1.78 73.52
G0:0030017~sarcomere 3 0.09 5.83 73.97
G0:0042470~melanosome 6 0.1 247 75.57
G0:0000346~transcription export complex 2 0.1 19.45 76.9
G0:0005787~signal peptidase complex 2 0.1 19.45 76.9

Table 12: Top 20 genes (FPKM>5) Up-regulated in HCEP (left side of table) and up-regulated in HCLP
(right side of table) by Cuffdiff (EP1, LP1 denotes FPKM value of HCEP and HCLP respectively)

Upin HCEP | EP1 LP1 log2(fold |, i eLp | EPL LP1 log2(fold

change) change)
EZR 512.3 43.75 354 ATP13A3 7.66 151.92 43
COL3AL 965.7 84.38 351 NFE2L2 7.99 147.82 42
COX7A2L | 224.76 2147 338 DDX5 20.38 200.08 3.29
LUM 239.23 25.35 323 SEC63 9.45 91.4 3.27
COL1A2 | 283052 | 33557 -3.07 TIMM17B | 17826 | 1622.23 3.18
HSP9OB1 | 190.33 22.88 -3.05 PLS3 9.04 81.42 3.17
PPP2R2A | 150.82 19.32 -3.04 GANAB 452 40.71 3.16
PFN2 115.06 1455 -2.98 CXCL6 1411 121.23 3.1
CNEPIRI | 16853 2254 2.9 EIF4G2 20.62 174.26 3.07
CALDL | 333275 | 476.36 228 PRKARIA 49.8 397.73 2.99
SNX5 300417 | 442691 228 GRIPAPL 40.77 300.14 2.2
ACTB 1780.91 | 260.94 277 TMED5 31.97 24154 201
SCAP 312.25 46.4 275 RALYL 252727 | 187060 2.88
SERBP1 4062 625.36 -2.69 BICD2 10.27 70.53 2.77
KIF5B 99.38 15.42 -2.68 SLC25A6 182.7 | 123047 2.75
XPO1 56.29 8.81 2.67 ADNP 9.52 63.65 2.74
SS18 78.34 12.58 2.63 CKAP5 33129 | 201671 2.6
EFEMP2 | 535.81 87.88 26 TALDOL 10257 | 598.23 254
GJAL 3153 5.24 258 HNRNPH1 10.98 61.09 2.47
DPYD 483115 | 83200 253 ADAMTS2 | 28.85 159.31 2.46

For all the genes, ‘Official Gene Symbols’ were used in this article during discussion

Oxidative phosphorylation pathway might be activated in response to DNA damage (Yadav et al., 2015).
Lysosome pathway was activated might be through LAMP2 (FPKM=58.07) in later passages indicating
cells might not be apoptotic resistant; Halaby (2015). Genes found to be upregulated in early passage BHCC
cells, were involved in PI3BK-AKT signalling pathway, indicating enhanced glycolysis and cell growth and
survival (Liu et al., 2009).
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Table 13: Top 20 genes (FPKM>5) Up-regulated in HCEP (left side of table) and up-regulated in HCLP (right side of table) and their implications in various cancers

Up in HCEP Implications Upin Implications
HCLP
EZR Promotes tumor metastasis; Konstantinovsky et al (2012) ATP13A3 | Polyamine transport in human pancreatic cancers; Madan et al (2016).
COL3Al Up-regulated in colorectal cancer; Wu et al (2012) NFE2L2 Protect cells from oxidative damage; Chen et al (2009).
COXT7A2L Up regulated in a breast cancer cell line; Pathiraja et al (2010) DDX5 DDX5 and ErbB2 upregulates miR-21 and promotes cell invasion; Wang
et al (2011).
LUM Altered the expression and activity of MMP-14; Pietraszek et al (2013) SEC63 Overexpressed in short survivors of canine OS; Selvarajah et al (2009).
COL1A2 Reported in Cis- and one of Dox-resistant ovarian cancer cell line; Januchowski et TIMM17B | Expressed in all cancer tissues.
al (2014).
HSP90B1 It has been shown to be upregulated in lung cancer adenocarcinoma tissues; Wu et PLS3 Aberrantly expressed in invasive front of the CRC tumor (Battle et al
al (2013). (2012).
PPP2R2A Therapeutic target in NSCLC therapy; Shen et al (2014). GANAB Plays negative roles, in the regulation of cell growth, cell migration and
invasion; Chiu et al (2011).
PFN2 Might regulate the N-WASP/Arp2/3 signalling pathway; MA et al (2011). CXCL6 Responsible for vasculogenesis; Yuzhalin and Kutikhin (2014).
CNEP1R1 No known association. EIFAG2 Associated with decreased metastatic progression; Silvera et al (2010).
UTRN Found to be up-regulated in various types of dystrophies as breast cancer, PRKAR1A | Bone tumor suppressor gene; Molyneux et al (2010).
CALD1 Commonly deregulated in cancer; Zheng et al (2004). GRIPAP1 | Increased in hepatocellular carcinoma aberrantly; Hodo et al (2010).
SNX5 Tumorigenesis of the thyroid gland was tightly associated with the abundance of TMEDS5 Significantly upregulated in superficial bladder cancer; Scaravilli et al
SNX5/Snx5; Ara et al (2012). (2014).
ACTB Up-regulation with invasiveness and metastasis in different cancers; Guo et al RALYL More expressed in invasive colon cancer cell line than non-invasive colon
(2013). cancer cell line; Zhang et al (2013).
SCAP Avoid lipotoxicity in fastest growing tumor cells; Williams et al (2013). BICD2 Overexpression of it is responsible for cellular proliferation; Raaijmakers
et al. (2012).
SERBP1 Avre essential for cancer cell growth and tumorigenesis; Williams et al (2013). SLC25A6 | Expressed profoundly in prostate cancer cells than benign epithelium;
Tomlins et al (2007).
KIF5B Acts as a driver mutation of lung adenocarcinoma; Ju et al (2012). ADNP Up regulation increases cell viability; Castorina et al (2012)
XPO1 Overexpressed in hematologic and nonhematologic tumors; Walker et al (2013) CKAP5 Predicted for chromosomal instability when found in aberrant expression;
Fukasawa (2007).
TALDO1 | Up regulated in late-stage human colon-cancer tissue; Kocevar et al
SS18 Promotes cell proliferation through MiR-17; Minami et al (2014). (2012).
Promotes oncogenic potential of gliomas cancer cell growth and metastasis; Wang Strong HNRNPH1 levels were significantly associated with poorer tumor
EFEMP2 et al (2015). HNRNPH1 | differentiation; Sun et al (2016).
Maintains cell differentiation & prevents transformation into cancer cells; Falck and
GJAL Livan (2013). ADAMTS2 | It has anti-angiogenic properties; Dubail et al (2010).

N.B. - for all the genes, ‘Official Gene Symbols’ were used in this article during discussion.
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Table 14: Expression of Genes that are usually altered in cancer and involved in cancer pathways

Official Gene BHCC BHCC Late Log: (fold Official BHCC early BHCC Late Log: (fold Official Gene | BHCC early BHCC Late Log: (fold
Symbol early passage cells change) Gene passage cells passage cells change) Symbol passage cells passage cells change)
passage FPKM Symbol FPKM FPKM FPKM FPKM
cells
FPKM
Genes involved in TGF beta Pathway;Vogelstein et al Tumour suppressor Genes ;Vogelstein et al (2004) Apoptosis ;VVogelstein et al (2004)
(2004)
TGFB2 26.42 0 ) PTCH1 49.82 0 o0 CDK2AP1 171.38 0 00
TGFBR1 77.12 207.73 1.42 ZFHX4 7.63 0 o0 CDK14 48.07 0 )
TGFBI 122.84 0 0 SDHB 135.43 0 0 CDKN1A 30.71 0 o
TGFB1I1 97.08 0 00 TP53INP1 3.077 0 o0 RPS7 913.697 1824.83 0.997975
CTGF 439.80 195.46 -1.17 TP53BP1 21.22 0 0 TNFRSF1B 79.91 0 o
PTCH1 49.24 0 0 WTIP 55.65 0 e TNFRSF19 93.69 0 0
TERT 261.68 0 o0 STK25 162.89 0 o0 WDR44 28.03 37.77 0.43
CDKs;Vogelstein et al (2004) GSTK1 66.07 0 0 WDR45L 129.75 0 o
CDKN1A 30.71 0 0 CTSC 30.84 36.30 0.23 WDR48 6.85 0 ©
CDK16 42.31 0 0 RB1 3.68 0 0 APAF1 5.58 0 0
CDK2AP1 171.38 0 o0 RNF130 56.15 0 o0 TNFAIPSL1 33.49 0 o0
CDK14 48.07 0 00 ZNF189 11.22 0 o0 TNFRSF1B 79.91 0 )
Highly Expressed in cell, tumour ;VVogelstein et al (2004) RNF11 11.36 0 0 TNFRSF19 93.69 0 0
SPARC | 83444 | 24084 | 179 RNF13 26.45 0 o0 C1QTNF3 34.34 0 o
Expressed in immortal cell lines ;VVogelstein et al (2004) CDKN1A 30.71 0 o0 TNFAIP8SL1 33.49 0 0
TOP1 17.69 0 0 SMAD4 32.09 0 0 APC pathway ;Vogelstein et al (2004)

PCNA 6.50 0 0 Stability Genes ;Vogelstein et al (2004) LRP12 12.40 0 0
CDC26 98.80 0 0 ATM 1.31 0 0 LRP4 37.38 0 0
CDC2L1 30.33 0 00 ATMIN 1.60 0 e APC 2.29 6.21 1.43
CDC27 3.10 0 0 BRCAl 7.38 0 0 MYC 39.53 0 0
Tumour suppressor Genes ;Vogelstein et al (2004) Oncogenes ;Vogelstein et al (2004) CCND1 268.12 0 0

APC 2.29 6.21 1.43 MET 8.41 0 0 Hh pathway ;Vogelstein et al (2004)
EXT1 47.40 43.48 -0.12 METTL13 3.47 0 o0 ARNTL 19.92 0 00
EXT2 153.62 117.74 -0.38 PDGFRA 5.03 22.69 2.17
Official Gene BHCC BHCC Late Log: (fold Official BHCC early BHCC Late Log: (fold Official Gene | BHCC early BHCC Late I_Gohi(fold
Symbol early passage cells change) Gene passage cells passage cells change) Symbol passage cells passage cells ge)
passage FPKM Symbol FPKM FPKM FPKM FPKM O~
cells N
FPKM o
&

(-) Logz (fold) change means the FPKM value in the SCC early passage is more than SCC late passage cells
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GLi pathway ;Vogelstein et al (2004) List of genes that are usually altered in cancer; Dawany et al (2011) List of genes that are usually altered in cancer ; Dawany et al
(2011)

EXT1 47.40 43.48 -0.12 KLF10 27.51 0 0 AOX1 21.11 0 0
EXT2 153.62 117.74 -0.38 KLF5 43.57 0 00 BUB1 10.40 0 0
PTCH1 49.82 0 0 KLF6 252.19 0 0 NME1 165.79 227.82 0.45
CCND1 268.12 0 0 TPX2 22.71 19.58 -0.21 PCDH18 22.56 0 0

PI3K Pathway ;VVogelstein et al (2004) ACAT1 30.08 120.84 2.00 PCDH17 30.15 0 0
SCAMP3 154.18 57.93 -1.41 CDC27 3.10 0 0 PCDH7 9.71 0 0
NAMPT 9.89 0 0 CDC2L1 30.33 0 0 ABCA3 72.12 0 0

AKTIP 11.27 0 0 CDC26 98.80 0 0 NMT1 32.95 0 0
CTSC 30.84 36.30 0.23 MCM3AP 30.32 0 0 PRC1 12.68 0 0
LAMTOR5S 106.87 0 0 SERBP1 147.84 580.47 1.97 PTTG1IP 61.87 55.06 -0.16
LAMTOR4 288.78 0 00 NRBP1 124.95 0 0 SHMT1 37.85 0 0
AEBP1 185.28 70.39 -1.39 CIRBP 36.85 34.13 -0.11 RRM2 12.32 0 o0
RPS6KA4 78.77 0 0 CDH13 31.31 107.92 1.78 TOP1 17.69 0 0
RPS6KB1 50.64 0 0 COL4A1 115.36 0 0 SCFD1 64.60 0 0
RPS6KC1 6.87 0 0 ENO1 1078.51 875.52 -0.30 NAP1L4 44.80 34.43 -0.38
BCL2L13 230.30 0 00 RBFOX2 14.73 0 0 SPP1 406.17 241.48 -0.75
Deregulated Genes FOXN3 747 0 0 CCNE2 30.64 0 o
VEGFA 0 455.899 0 FOXJ2 14.37 0 0 CCNY 40.99 0 0
CDH13 31.316 107.92 1.785 PRKARIA 49.80 397.73 2.99 TRMT10A 14.48 0 0
HIF1A 8.69781 10.0303 0.205644 PRKAR2A 57.27 0 0 ARHGAP24 61.85 0 0
TGFBI 122.84 0 0 New cancer genes ; Dawany et al (2011)
TGFBR1 77.12 207.73 1.42 ITM2B 275.07 89.05 -1.62
THBS2 60.03 29.90 -1.00 NUP205 22.91 0 0
CKAP2 28.03 30.93 0.14 FAT1 88.43 45.18 -0.96
UBE2C 111.56 0 0 ITM2C 46.47 228.24 2.29
o
O~
N
&b
&
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Table 15: Genes commonly deregulated in cancer

Official Gene BHCC early BHCC Late Log: (fold Official Gene BHCC early BHCC Late Log: (fold
Symbol passage cells passage cells change) Symbol passage passage cells change)
FPKM FPKM cells FPKM
FPKM
Genes Up Regulated In Most Cancers; Lu et al (2007) 1QGAP3 19.53 0 )
ZBTB11 48.75 217.82 2.15
IPO7 22.23 22.12 -0.007 RPN2 567.59 0 0
FKBP10 46.24 0 0 IPO4 56.71 0 0
PRC1 12.68 0 0 FARP1 61.25 28.34 -1.11
FNDC3B 8.64 21.79 1.33 TMEM41B 1241 0 0
ILF3 30.55 0 0 TTLL4 53.34 0 0
ACLY 20.25 0 0 GEMING 72.15 0 0
ADAM12 51.21 0 0 CALU 223.52 144.92 -0.62
PSMB2 88.15 0 0 SNX10 9.03 0 0
EIF2AK1 22.07 0 0 RBAK 91.86 0 0
NME1 165.79 227.82 0.45 EPRS 16.74 20.49 0.29
ADAM10 17.86 45.27 1.34 PGK1 131.69 178.24 0.43
ANP32E 28.43 0 0 WISP2 50.45 109.36 1.11
HNRPLL 11.07 0 0 Commonly Down regulated Genes in most Cancers ; Lu et al (2007)&
Koringa et al (2013)
FAM49B 45.34 0 0 ERBB2IP 12.58 0 0
EIF2S2 184.77 71.12 -1.37 DHRS4 75.15 197.00 1.39
KDELR3 156.46 91.10 -0.78 SERPINE1 1619 836 -0.95
SPP1 406.17 241.48 -0.75 SERPINF1 0 138.66 0
UTP18 17.13 0 0 SERPINH1 579.00 0 0
ZBTB1 48.75 217.82 2.15 SERPINE2 56 14 -1.94
Other Deregulated Genes
LAMC1 29.2673 6.75588 -2.11508 CCDC69 400 121 -1.71
LAMB1 69.2363 21.6097 -1.67985 MMP2 308.657 270.341 -0.191228
FAM83D 41.0108 140.937 1.78097 PKM 52.2968 93.4699 0.837778
STAT3 14.3005 20.507 0.520055 QSOX1 0 144.507 0
VIM 2646.27 4117.63 0.637854 CD44 24.2322 133.35 2.46022

(-) Log (fold change) means the FPKM value in the SCC early passage is more than SCC late passage cells
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Enhanced expression of CDH13 (Table 14) in association with AKT3 in late passages BHCC cells denotes
decreased cell motility & increased ROS production (Takeuchi et al., 2002).

Increased TGFBRL1 expression denotes less cellular proliferation in later passages (HCLP) (Pasche et al.,
2014). Down regulation of HSP90B1 (Table 12) in HCLP might indicate overexpression of miR-223,
subsequent decrease in cell viability, cell cycle & increase in apoptosis In-vitro (Li et al., 2012). In contrast
to the above finding FAMS83D (Table 15) expression was found to be increased in late passage cells
(HCLP), which would indicate an increased cell proliferation and cell motility, similarly expression of
another mesenchymal marker VIM (Vimentin) (Table 15) was found to be increased in later passages
(HCLP), but the expression of FBXW?7 (a tumour suppressor) was not found in both the cell passages
(Wang et al., 2013). CCDC69 (Table 15) was down regulated in late passages (HCLP) along with RHOA
(Table 5) may indicate dysregulation of integrity in central spindles in cells thereby in cell proliferation
(Pal et al., 2010). Increase in VEGFA (Table 14) and HIF1A (Table 14) in later passages (HCLP) found in
our study also indicate production of endogenous ROS and chances of increased angiogenesis but MMP2
(Table 15) expression was found to be decreased. Decrease in expression of SERPINEL (Table 15) in later
passages also indicate towards less migratory/invasive behavior (Klein et al., 2012). This suggests us that
horn cancer at advanced stages also being controlled by Leptin molecule in terms of invasiveness &
metastasis as in breast cancer (Strong et al., 2015). Increased ROS can lead to “non-specific” damage of
macromolecules such as DNA, proteins and lipids; Liou and Storz (2010).

In later passage (HCLP) cells, NDUFA4 (FPKM 289.36), might acted as a saviour to reduce ROS
production by shifting mitochondrial respiration to anaerobic glycolysis due to hypoxia condition via
induction of HIF1A in cell culture, it also probably helped in colony formation of cells preventing
autophagy. NDUFA4 has a role in mediating the Warburg effect, though aerobic glycolysis is a less efficient
method for producing ATP but reprogrammed metabolism might support the synthesis of macromolecules
required for rapid proliferation (Minton et al., 2016). Down-regulation of LAMC1 & LAMBL1 (Table 15)
are usually associated with decreased invasiveness in GBM as described by Haas (2010), Koringa et al.
(2013) also found LAM as signature molecule in horn cancer tissue in bovines. COL1Al and COL1A2
(Table 5) was also identified by Koringa et al. (2013) in horn cancer tissue as in our study in both stages of
cell passages it was found to be expressed and COL1A2 was associated with tumour size and depth of

invasion (Li et al., 2016). These two genes can be thought of as prognostic markers after further study.

Tumour cells at later stages usually have high energy demand and oxidative stress to cope up with
uncontrolled growth, Pentose Phosphate Pathway (PPP); a glucose metabolic pathway helps by providing

both antioxidant defence and reductive biosynthesis. Certain mutations in tumour suppressors & oncogenes
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also help in Warburg effect or oxidative phosphorylation i.e. not detrimental to cancer cells (Jiang et al.,
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2014). During oxidative stress, cancer cells will shut down the glycolytic pathway and thus increase glucose
flux through the PPP to produce more NADPH for antioxidant defence and to reduce ROS while
simultaneously generating high levels of nucleotides for DNA synthesis and repair (Patra & Hay, 2014).
PKM (Table 15) expression was increased in later passages (HCLP) along with STAT3 (Table 15)
expression, which is most important molecular signature for promoting cancer progression. PKM dependent
histone modifications were absent in later passages (HCLP) unlike STAT3. Based on gene expression
profile it was evident that the cells were getting energy regeneration through enhanced PKM activity (Dong
etal., 2016). QSOX-1 gene (Table 15) was enhanced in later passages (HCLP) and which in turn enhanced
ROS activation and this in turn might drive EMT (Lake and Faigel, 2014). The late passage (HCLP) also
expressed CD44 (Table 15) which was almost two fold than the early passage (HCEP) might indicate early
stemness in these cells (Sacks & Barbolina, 2015). From the pathway analysis it is eminent that there is a
reprogramming shift in the glucose utilization, in early passage BHCC cells it was regulated by PI3K-AKT
pathway but by PPP in later passages (HCLP). That may be due the facts that to increase NADPH
production, cells can acquire the ability to increase PPP flux by suppressing glycolysis and redirecting
glycolytic intermediates into the PPP. Increased expression of ALDOA in late passages (HCLP) may also
indicate TGFB induced metastasis and stress response (Ji et al., 2016).

The above discussion denotes a no. of key players controlling the growth pattern and properties of the

cancer cells in these two passages.

Conclusion

The signalling pathway investigation in this culture based approach revealed many of the cancer-related
pathways that could be operative while in diseased condition, at the onset & at the advanced stages of horn
cancer malignancy as well. The cells at later passages became more advanced towards EMT like
phenomenon and might have acquired stemness. These genes or signalling pathways can easily be targeted
for chemotherapy, vaccine production in future to reduce the risk of horn cancer or use of certain panel of
genes as prognostic marker for horn cancer in bovines. This finite cell line represents a unique and relevant
model which mimics stages in horn core intra-epithelial neoplasia and progression to invasive cancer.
Future work for validation of these data in a larger series and in a prospective cohort may determine the
clinical applicability of this approach in future biomarker discovery and disease stratification in SCC of

horn.

Acknowledgements

The authors sincerely acknowledge the helps provided by Dr. Amrutlal k Patel (Hester Biosciences,
Ahmedabad), Ravi K Shah ( SRF, AAU, Anand) for their overall involvement, Dr. M.G. Mardiya (Rajkot),
Dr. P.G. Koringa (AAU, Anand), and Dr. Uday Koringa (Rajkot) during sample collection and Dr. J.V.

Hosted@www.ijlr.org Lﬂ!ﬁ: DOI 10.5455/ijIr.20180318051329

Pagez 7 6



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329

S Vol 8 (11) Now’18
R Jntewnational Journal of Livestock Research eJSSN : 2277-1964 NAAS Score -5.36 (11) New

Solanki (Anand) for valuable insights into the experiment. The authors thankfully acknowledge the funding

provided by Anand Agricultural University Fund.

Conflict of Interests
Authors have no conflicts of interest.

References

1. Ara, S, Kikuchi, T., Matsumiya, H., Kojima, T., Kubo, T., Ye, R.C., Sato, A., Kon, S., Honma, T.,
Asakura, K., Hasegawa, T., Himi, T., Sato, N., and Ichimiya, S. (2012). Sorting nexin 5 of a new
diagnostic marker of papillary thyroid carcinoma regulates Caspase-2. Cancer Sci, 103(7): 1356-
1362.

2. Battle, M.D. (2012). PLS3 promoter methylation and plastin expression in colorectal cancer (Thesis,
Ph.D). Durham University.

3. Bianchi, C., Bombelli, S., Raimondo, F., Torsello, B., Angeloni, V., Ferrero, S., Di Stefano, V.,
Chinello, C., Cifola, I., Invernizzi, L., Brambilla, P., Magni, F., Pitto, M., Zanetti, G., Mocarelli, P.,
and Perego, R.A. (2010). Primary cell cultures from human renal cortex and renal-cell carcinoma
evidence a differential expression of two spliced isoforms of Annexin A3. Am. J. Pathol. 176(4): 1660-
1670.

4. Broer, S. (2014). The SLC38 family of sodium—amino acid co-transporters. Pflugers Arch - Eur J
Physiol, 466: 155. Retrieved from https://doi.org/10.1007/s00424-013-1393-y.

5. Castorina, A., Giunta, S, Scuderi, S., and D’Agata, V. (2012). Involvement of PACAP/ADNP signaling
in the resistance to cell death in malignant peripheral nerve sheath tumour (MPNST) cells. J Mol
Neurosci., 48: 674-683. doi 10.1007/s12031-012-9755-z.

6. Chen, W., Sun, Z., Wang, X.J., Jiang, T., Huang, Z., Fang, D., and Zhang, D.D. (2009). Direct
interaction between Nrf2 and p21Cipl/WAF1 up regulates the Nrf2-mediated antioxidant response.
Mol Cell, 34(6): 663-673. doi:10.1016/j.molcel.2009.04.029.

7. Cheng, Y., Liu, W., Kim, S.T., Sun, J., Lu, L., Sun, J., Zheng, S.L., William, B.l., and Xu, J.(2011).
Evaluation of PPP2R2A as a prostate cancer susceptibility gene: comprehensive germline and somatic
study. Cancer Genetics, 204(7): 375-381. http://doi.org/10.1016/j.cancergen.2011.05.002.

8. Chiu, C.C, Lin, C.Y,, Lee, L.Y., Chen, Y.J,, Lu, Y.C., Wang, H.M., Liao, C.T., Chang, J.T.C., and
Cheng, A.J. (2011). Molecular chaperones as a common set of proteins that regulate the invasion
phenotype of head and neck cancer. Clin Cancer Res, 17 (14): 4629-4641. doi: 10.1158/1078-
0432.CCR-10-2107.

9. Cifola, I., Bianchi, C., Mangano, E., Bombelli, S., Frascati, F., Fasoli, E., Ferrero, S., Di, S.V., Zipeto,
M.A., Magni, F., Signorini, S., Battaglia, C., and Perego, R.A. (2011). Renal cell carcinoma primary
cultures maintain genomic and phenotypic profile of parental tumour tissues. BMC Cancer, 11(1):
244.

10. Craven, R.A,, Stanley, A.J., Hanrahan, S., Dods, J., Unwin, R., Totty, N., Harnden, P., Eardley, 1.,
Selby, P.J., and Banks, R.E. (2006). Proteomic analysis of primary cell lines identifies protein changes
present in renal cell carcinoma. Proteomics, 6(9): 2853-2864.

11. Cui, X., Zhang, S., Xu, Y., Dang, H., Liu, C., Wang, L., Yang, L., Hu, J., Liang, W., Jiang, J., Na, Li.,
Yong, Li., Chen, Y., and Li, F. (2016). PFN2, a novel marker of unfavorable prognosis, is a potential
therapeutic target involved in esophageal squamous cell carcinoma. Journal of Translational
Medicine, 14: 137. Retrieved from http://doi.org/10.1186/s12967-016-0884-y.

12. Dawany, N.B., Dampier, W.N., and Tozeren, A. (2011). Large-scale integration of microarray data
reveals genes and pathways common to multiple cancer types. Int. J. Cancer, 128(12): 2881-2891.

Hosted@www.ijlr.org Lﬂ!ﬁ: DOI 10.5455/ijIr.20180318051329

Pagez 7 7



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329
https://doi.org/10.1007/s00424-013-1393-y
http://doi.org/10.1016/j.cancergen.2011.05.002
http://doi.org/10.1186/s12967-016-0884-y

S Vol 8 (11) Now’18
R Jntewnational Journal of Livestock Research eJSSN : 2277-1964 NAAS Score -5.36 (11) New

13. Dong, G., Mao, Q., Xia, W., Xu, Y., Wang, J., Xu, L., and Jiang, F. (2016). PKM2 and cancer: The
function of PKM2 Dbeyond glycolysis. Oncology Letters, 11(3):  1980-1986.
http://doi.org/10.3892/01.2016.4168.

14. Dubail, J., Kesteloot, F., Deroanne, C., Motte, P., Lambert, V., Rakic, J.M., Lapiere, C., Nusgens, B.,
and Colige. (2010). ADAMTS-2 functions as anti-angiogenic and anti-tumoral molecule
independently of its catalytic activity. Cell Mol Life Sci., 67: 4213-4232.

15. Falck, E., and Klinga-Levan, K. (2013). Expression patterns of Phf5a/PHF5A and Gjal/GJAL in rat
and human endometrial cancer. Cancer Cell International, 13: 43. http://doi.org/10.1186/1475-2867-
13-43.

16. Feldmann, G., Rauenzahn, S., and Maitra, A. (2009). In vitro models of pancreatic cancer for
translational oncology research. Expert Opinion on Drug Discovery, 4(4): 429-443.
http://doi.org/10.1517/17460440902821657.

17. Freshney, R.1. (2005). Basic Principles of Cell Culture, in Culture of Cells for Tissue Engineering (eds
G. Vunjak-Novakovic and R. I. Freshney), John Wiley & Sons, Inc., Hoboken, NJ, USA. doi:
10.1002/0471741817.chl.

18. Fukasawa, K. (2007). Oncogenes and tumour suppressors take on centrosomes. Nature Reviews
Cancer, 7: 911-924. Doi: 10.1038/nrc2249.

19. Goff, L., Trapnell, C., and Kelley, D. (2013). Cumme R bund: Analysis, exploration, manipulation,
and visualization of Cufflinks high-throughput sequencing data. R package version 2.20.0.

20. Guo, C,, Liu, S., Wang, J., Sun, M., and Greenaway, F.T. (2013). ACTB in cancer. Clinica Chimica
Acta., 417: 39-44. doi:10.1016/j.cca.2012.12.012.

21. Haas, M.J. (2010). LAM basting brain cancer. SciBX. 3(43): doi:10.1038/scibx.2010.1282.

22. Halaby, R. (2015). Role of lysosomes in cancer therapy. Research and Reports in Biology, 6: 147—
155. DOI https://doi.org/10.2147/RRB.S83999.

23. Ho, D.W.Y., Yang, Z.F., Yi, K, Lam, C.T., Ng, M.N.P., Yu, W.C,, Lau, J., Wan, T., Wang, X., Yan,
Z., Liu, H., Zhang. Y., and Fan, S.T. (2012). Gene expression profiling of liver cancer stem cells by
RNA sequencing. PLoS ONE, 7(5): e37159. doi:10.1371/journal.pone.0037159.

24. Hodo, Y., Hashimoto, S., Honda, M., Yamashita, T., Suzuki, Y., Sugano, S., and Matsushima, K.
(2010). Comprehensive gene expression analysis of 5’ end of mRNA identified novel intronic
transcripts  associated  with  hepatocellular  carcinoma.  Genomics, 95(4): 217-223.
DOI:10.1016/j.ygen0.2010.01.004.

25. Hou, T., Tong, C., Kazobinka, G., Zhang, W., Huang, X., Huang, Y., and Zhang, Y. (2016).
Expression of COLG6A1 predicts prognosis in cervical cancer patients. American Journal of
Translational Research, 8(6): 2838-2844.

26. Huang, D.W., Sherman, B.T., and Lempicki, R.A. (2008). Systematic and integrative analysis of large
gene lists using DAVID bioinformatics resources. Nat. Prot., 4(1): 44-57.

27. Jackson, H.W., Defamie, V., Waterhouse, P., and Khokha, R. (2017). TIMPs: versatile extracellular
regulators in cancer. Nature Reviews Cancer, 17: 38-53. do0i:10.1038/nrc.2016.115.

28. Januchowski, R., Zawierucha, P., Rucinski, M., and Zabel, M. (2014). Microarray-based detection and
expression analysis of extracellular matrix proteins in drug-resistant ovarian cancer cell lines.
Oncology Reports, 32: 1981-1990. https://doi.org/10.3892/0r.2014.3468.

29. Ji, S., Zhang, B., Liu, J., Qin, Y., Liang, C., Shi, S., Jin, K., Liang, D., Xu, W., Xu, H., Wang, W., Wu,
C., Liu, L., Liu, C., Xu, J.,, Ni, Q., and Yu, X. (2016). Cancer letters, 374(1): 127-135.
DOI:10.1016/j.canlet.2016.01.054.

30. Jiang, P., Du, W., and Wu, M. (2014). Regulation of the pentose phosphate pathway in cancer. Protein
& Cell, 5(8): 592-602. Retrieved from http://doi.org/10.1007/s13238-014-0082-8.

31. Jinawath, N., Furukawa, Y., Hasegawa, S., Li, M., Tsunoda, T., Satoh, S., Yamaguchi, T., Imamura,
H., Inoue, M., Shiozaki, H., and Nakamura, Y. (2004). Comparison of gene-expression profiles
between diffuse- and intestinal-type gastric cancers using a genome-wide cDNA microarray.
Oncogene, 23(40):6830-44.

Hosted@www.ijlr.org Lﬂ!ﬁ: DOI 10.5455/ijIr.20180318051329

Pagez 78



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329
http://doi.org/10.3892/ol.2016.4168
http://doi.org/10.1186/1475-2867-13-43
http://doi.org/10.1186/1475-2867-13-43
http://doi.org/10.1517/17460440902821657
https://www.dovepress.com/research-and-reports-in-biology-archive94-v960
https://doi.org/10.2147/RRB.S83999
https://doi.org/10.3892/or.2014.3468
http://doi.org/10.1007/s13238-014-0082-8

S Vol 8 (11) Now’18
R Jntewnational Journal of Livestock Research eJSSN : 2277-1964 NAAS Score -5.36 (11) New

32. Ju, Y.S, Lee, W.C,, Shin, J.Y, Lee, S., Bleazard, T., Won, J.K,, Kim, Y.T., Kim, J.I., Kang, J.H., and
Seo, J.S.A. (2012). Transforming KIF5B and RET gene fusion in lung adenocarcinoma revealed from
whole genome and transcriptome sequencing. Genome Res., 22(3): 436-445. DOI:
10.1101/gr.133645.111.

33. Klein, R.M., Bernstein, D., Higgins, S.P., Higgins, C.E., and Higgins, P.J.(2012). SERPINE1
Expression Discriminates Site-Specific Metastasis in Human Melanoma. Experimental Dermatology,
21(7):551-554. http://doi.org/10.1111/j.1600-0625.2012.01523.x.

34. Kocevar, N., Odreman, F., Vindigni, A., Grazio, S.F., and Komel, R. (2012). Proteomic analysis of
gastric cancer and immunoblot validation of potential biomarkers. World J Gastroenterol, 18(11):
1216-1228. DOI: http://dx.doi.org/10.3748/wjg.v18.i11.1216.

35. Konstantinovsky, S., Davidson, B., and Reich, R. (2012). Ezrin and BCAR1/p130Cas mediate breast
cancer growth as 3-D spheroids. Clin Exp Metastasis, 29: 527-540. DOI 10.1007/s10585-012-9468-
2.

36. Koringa, P.G., Jakhesara, S.J., Bhatt, V.D., Meshram, C.P., Patel, A.K., Fefar, D.T., and Joshi, C.G.
(2013). Comprehensive transcriptome profiling of squamous cell carcinoma of horn in Bos indicus.
Vet. Comp. Oncol. DOI: 10.1111/vc0.12079.

37. Lake, D.F., and Faigel, D.O. (2014). The Emerging Role of QSOX1 in Cancer. Antioxidants & Redox
Signaling, 21(3):485-496. http://doi.org/10.1089/ars.2013.5572.

38. Li, G, Cai, M., Fu, D., Chen, K., Sun, M., Cai, Z., and Cheng, B. (2012).Heat Shock Protein 90B1
Plays an Oncogenic Role and is a Target of microRNA-223 in Human Osteosarcoma. Cell Physiol
Biochem, 30:1481-1490.

39. Li,J., Ding, Y., and Li, A. (2016). Identification of COL1A1 and COL1A2 as candidate prognostic
factors in gastric cancer. World Journal of Surgical Oncology, 14:297. http://doi.org/10.1186/s12957-
016-1056-5.

40. Li, J.,, Wei, K., Yu, H., Jin, D., Wang, G., and Yu, B. (2015). Prognostic Value of Ezrin in Various
Cancers: A Systematic Review and Updated Meta-analysis. Scientific Reports, 5:17903.
http://doi.org/10.1038/srep17903.

41. Liou, G.Y. and Storz, P. (2010). Reactive oxygen species in cancer. Free Radical
Research,44(5):10.3109/10715761003667554.http://doi.org/10.3109/10715761003667554.

42. Liu, P, Cheng, H., Roberts, T.M., and Zhao, J.J. (2009). Targeting the phosphoinositide 3-kinase
(PI3K)  pathway in cancer. Nature Reviews. Drug Discovery, 8(8):627-644.
http://doi.org/10.1038/nrd2926.

43. Liu, S., Liao, G., and Li, G. (2017). Regulatory effects of COL1AL on apoptosis induced by radiation
in cervical cancer cells. Cancer Cell International, 17:73. http://doi.org/10.1186/512935-017-0443-5.

44. Lu, Y., Yi, Y., Liu, P., Wen, W., James, M., Wang, D., and You, M. (2007). Common human cancer
genes discovered by integrated gene-expression analysis. PL0oS One, 2(11): e1149.

45. Luna, L.G. (1968). Manual of Histologic Staining Methods; of the Armed Forces Institute of
Pathology. Pathology AFlo. Blakiston Division, McGraw-Hill, New York.

46. Ma, C.Y., Zhang, C.P., Zhong, L.P., Pan, H.Y., and Chen, W.T. (2011). Decreased expression of
profilin 2 in oral squamous cell carcinoma and its clinicopathological implications. Oncology Reports,
26: 813-823.D0I:10.3892/0r.2011.1365.

47. Madan, M., Patel, A., Skruber, K., Geerts, D., Altomare, D.A., and IV, O.P. (2016). ATP13A3 and
caveolin-1 as potential biomarkers for difluoromethylornithine-based therapies in pancreatic cancers.
American Journal of Cancer Research, 6(6): 1231-1252.

48. Hayash, M., Nomo, S., Hishida, M., Inokawa, Y., Kanda, M., Okamura, Y., Nishikawa, Y., Tanaka,
C., Kobayashi, D., Yamada, S., Nakayama, G., Fujii, T., Sugimoto, H., Koike, M., Fujiwara, M.,
Takeda, S., and Kodera, Y. (2014). Identification of the collagen type 1 alpha 1 gene (COL1A1) as a
candidate survival-related factor associated with hepatocellular carcinoma. BMC Cancer, 14:108.
https://doi.org/10.1186/1471-2407-14-108.

Hosted@www.ijlr.org Lﬂ!ﬁ: DOI 10.5455/ijIr.20180318051329

Pagez 79



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329
http://doi.org/10.1111/j.1600-0625.2012.01523.x
http://dx.doi.org/10.3748/wjg.v18.i11.1216
http://doi.org/10.1089/ars.2013.5572
http://doi.org/10.1186/s12957-016-1056-5
http://doi.org/10.1186/s12957-016-1056-5
http://doi.org/10.1038/srep17903
http://doi.org/10.3109/10715761003667554
http://doi.org/10.1038/nrd2926
http://doi.org/10.1186/s12935-017-0443-5
https://doi.org/10.1186/1471-2407-14-108

S Vol 8 (11) Now’18
R Jntewnational Journal of Livestock Research eJSSN : 2277-1964 NAAS Score -5.36 (11) New

49. Parri, M., and Chiarugi, P. (2010). Rac and Rho GTPases in cancer cell maotility control. Cell
Communication and Signaling, 8:23. https://doi.org/10.1186/1478-811X-8-23.

50. Minami, Y., Kohsaka, S., Tsuda, M., Yachi, K., Hatori, N., Tanino, M., Kimura, T., Nishihara, H.,
Minami, A., lwasaki, N., and Tanaka, S. (2014). SS18-SSX-regulated miR-17 promotes tumor growth
of synovial sarcoma by inhibiting p21WAF1/CIP1. Cancer Science, 105(9): 1152-1159.
http://doi.org/10.1111/cas.12479.

51. Minton, D.R., Fu, L., Mongan, N.P., Shevchuk, M.M., Nanus, D.M., and Gudas, L.J. (2016). Role of
NADH Dehydrogenase (Ubiquinone) 1 alpha subcomplex 4-like 2 in clear cell renal cell carcinoma.
Clinical Cancer Research : An Official Journal of the American Association for Cancer Research,
22(11): 2791-2801. http://doi.org/10.1158/1078-0432.CCR-15-1511.

52. Molyneux, S.D., Di, G.M.A., Beristain, A.G., McKee, T.D., Wai, D.H., Paderova, J., Kashyap, M.,
Hu, P., Maiuri, T., Narala, S.R., Stambolic, V., Squire, J., Penninger, J., Sanchez, O., Triche, T.J.,
Wood, G.A., Kirschner, L.S., and Khokha, R. (2010). Prkarla is an osteosarcoma tumor suppressor
that defines a molecular subclass in mice. J Clin Invest, 120(9): 3310-3325. DOI: 10.1172/JCI142391.

53. Nikitovica, D., Papoutsidakisa, A., Karamanos, N.K., and Tzanakakisa, G.N. (2014). Lumican affects
tumor cell functions, tumor—-ECM interactions, angiogenesis and inflammatory response. Matrix
Biology, 35: 206-214.

54. Nishikawa, R., Goto, Y., Kojima, S., Enokida, H., Chiyomaru, T., Kinoshita, T., Sakamoto, S., Fuse,
M., Nakagawa, M., Naya, Y., Ichikawa, T., and Seki, N. (2014). Tumor-suppressive microRNA-29s
inhibit cancer cell migration and invasion via targeting LAMCL in prostate cancer. International
Journal of Oncology, 45: 401-410. https://doi.org/10.3892/ij0.2014.2437.

55. Pal, D., Wu, D., Haruta, A., Matsumura, F., and Wei, Q. (2010). Role of a novel coiled-coil domain-
containing protein CCDCG69 in regulating central spindle assembly. Cell Cycle, 9(20): 4117-4129.

56. Pasche, B., Pennison, M.J., Jimenez, H., and Wang, M. (2014). TGFBR1 and Cancer Susceptibility.
Transactions of the American Clinical and Climatological Association, 125: 300-312.

57. Pathiraja, T.N., Stearns, V., and Oesterreic, S. (2010). Epigenetic regulation in estrogen receptor
positive breast cancer—role in treatment response. Journal of Mammary Gland Biology and
Neoplasia, 15(1): 35-47. http://doi.org/10.1007/s10911-010-9166-0.

58. Patra, K.C., and Hay, N. (2014). The pentose phosphate pathway and cancer. Trends in Biochemical
Sciences, 39(8): 347-354. http://doi.org/10.1016/j.tibs.2014.06.005.

59. Perego, R.A., Bianchi, C., Corizzato, M., Eroini, B., Torsello, B., Valsecchi, C., Di Fonzo, A.,
Cordani, N., Favini, P., Ferrero, S., Pitto, M., Sarto, C., Magni, F., Rocco, F., and Mocarelli, P. (2005).
Primary cell cultures arising from normal kidney and renal cell carcinoma retain the proteomic profile
of corresponding tissues. J. Proteome Res., 4(5): 1503-1510.

60. Pietraszek, K., Brézillon, S., Perreau, C., Malicka-btaszkiewicz, M., Maquart, X., and Wegrowski, Y.
(2013). Lumican derived peptides inhibit melanoma cell growth and migration. PLoS ONE, 8(10): 1-
11. DOI:10.1371/journal.pone.0076232.

61. Zheng, P.P., Sieuwerts, A.M., Luider, T.M., Weiden, M.V.D., Sillevis-Smitt, P.A.E., and Kros, J.M.
(2004). Differential Expression of Splicing Variants of the Human Caldesmon Gene (CALD1) in
Glioma Neovascularization versus Normal Brain Microvasculature. American Journal of Pathology,
164 (6):2217-2228.

62. Raaijmakers, J.A., Van, R.G.H.P., Meaders, J.L., Geers, E.F., Fernandez-Garcia, B., Medema, H., and
Tanenbaum, M.E. (2012). Nuclear envelope associated dynein drives prophase centrosome separation
and enables Eg5 independent bipolar spindle formation. The EMBO Journal, 31: 4179-4190.
DOI:10.1038/emb0j.2012.272.

63. Roth, V. (2006). Available from: http://www.doubling-time.com/compute.php. Accessed on 18-12-
2016.

64. Sacks, J.D., and Barbolina, M.V. (2015). Expression and function of CD44 in epithelial ovarian
carcinoma. Biomolecules, 5(4): 3051-3066.

Hosted@www.ijlr.org Lﬂ!ﬁ: DOI 10.5455/ijIr.20180318051329

Pagez 8 O



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329
https://doi.org/10.1186/1478-811X-8-23
http://doi.org/10.1111/cas.12479
http://doi.org/10.1158/1078-0432.CCR-15-1511
https://doi.org/10.3892/ijo.2014.2437
http://doi.org/10.1007/s10911-010-9166-0
http://doi.org/10.1016/j.tibs.2014.06.005
http://www.doubling-time.com/compute.php

S Vol 8 (11) Now’18
R Jntewnational Journal of Livestock Research eJSSN : 2277-1964 NAAS Score -5.36 (11) New

65. Scaravilli, M., Asero, P., Tammela, T.L.J., Visakorpi, T., and Saramaki, O.R. (2014). Mapping of the
chromosomal amplification 1p21-22 in bladder cancer. BMC Research Notes, 7: 547.
https://doi.org/10.1186/1756-0500-7-547.

66. Selvarajah, G.T., Kirpensteijn, J., Wolferen, M.E., Rao, N.A.S., Fieten, H., and Mol, J.A. (2009). Gene
expression profiling of canine osteosarcoma reveals genes associated with short and long survival
times. Molecular Cancer, 8: 72. DOI: 10.1186/1476-4598-8-72.

67. Sembulingam, T., Rathinam, D., and Ganesan, K. (2017). Amplified 7921-22 gene MCM7 and its
intronic miR-25 suppress COL1A2 associated genes to sustain intestinal gastric cancer features.
Molecular Carcinogenesis, 56: 1590-1602. https://doi.org/10.1002/mc.22614.

68. Shen, S., Yue, H., Li, Y., Qin, J,, and Li, K. (2014). Up regulation of miR 136 in human non-small
cell lung cancer cells promotes Erkl / 2 activation by targeting PPP2R2A. Tumor Biol., 35: 631-640.
DOI 10.1007/s13277-013-1087-2.

69. Shil, S., Joshi, R.S., Joshi, C.G., Patel, A.K,, Shah, R.K., Patel, N., Jakhesara, S.J., Kundu, S., Reddy,
B., Koringa, P.G., and Rank, D.N. (2017). Transcriptomic comparison of primary bovine horn core
carcinoma culture and parental tissue at early stage. Veterinary World, 10(1): 38-55.
doi:10.14202/vetworld.2017.38-55.

70. Silvera, D., Formenti, S.C., and Schneider, R.J. (2010). Translational control in cancer. Nature
Publishing Group, 10(4): 254-266. DOI: 10.1038/nrc2824.

71. Strong, A.L., Ohlstein, J.F., Biagas, B.A., Rhodes, L.V., Pei, D.T., Tucker, H.A., Llamas, C., Bowles,
A.C., Dutreil, M.F., Zhang, S., Gimble, J.M., Burow, M.E., and Bunnell, B.A.(2015). Leptin produced
by obese adipose stromal/stem cells enhances proliferation and metastasis of estrogen receptor positive
breast cancers. Breast Cancer Research : BCR, 17(1): 112. http://doi.org/10.1186/513058-015-0622-
z.

72. Sun, Y.L., Liu, F., Liu, F., and Zhao, X.H. (2016). Protein and gene expression characteristics of
heterogeneous nuclear ribonucleoprotein H1 in esophageal squamous cell carcinoma. World Journal
of Gastroenterology, 22(32): 7322—7331. http://doi.org/10.3748/wjg.v22.i32.7322.

73. Takeuchi, T., Liang, S.B., Matsuyoshi, N., Zhou, S., Miyachi, Y., Sonobe, H., and Ohtsuki, Y. (2002).
Loss of T-Cadherin (CDH13, H-Cadherin) expression in cutaneous squamous cell carcinoma.
Laboratory Investigation, 82(8): 1023-1029. DOI: 10.1097/01.LAB.0000025391.35798.F1.

74. Tomlins, S.A., Mehra, R., Rhodes, D.R., Cao, X., Wang, L., Dhanasekaran, S.M., Kalyana-Sundaram,
S., Wei, J.T., Rubin, M.A., Pienta, K.J., Shah, R.B. and Chinnaiyan, A.M. (2007). Integrative
molecular concept modeling of prostate cancer progression. Nature genetics, 39(1): 41-51.

75. Twine, N.A., Janitz, K., Wilkins, M.R., and Janitz, M. (2011). Whole transcriptome sequencing
reveals gene expression and splicing differences in brain regions affected by Alzheimer's disease.
PLoS One, 6(1): €16266.

76. Vogelstein, B., and Kinzler, K.W. (2004). Cancer genes and the pathways they control. Nat. Med.,
10(8): 789-799.

77. Walker, C.J., Oaks, J.J., Santhanam, R., Neviani, P., Harb, J.G., Ferenchak, G., and Perrotti, D. (2013).
Karyopherin inhibitor KPT 330 in Ph+ leukemias preclinical and clinical efficacy of XPO1 / CRM1
inhibition by the karyopherin inhibitor KPT-330 in Phl leukemias. Blood, 122(17): 3034-3044.

78. Wan, F., Wang, H., Shen, Y., Zhang, H., Shi, G., Zhu, Y., Dai, Bo., and Ye, D. (2015). Upregulation
of COL6AL1 is predictive of poor prognosis in clear cell renal cell carcinoma patients. Oncotarget,
6(29): 27378-27387.

79. Wang, D., Huang, J., and Hu, Z. (2011). RNA helicase DDX5 regulates microRNA expression and
contributes to cytoskeletal reorganization in basal breast cancer cells. Mol Cell Proteomics, 11(2):
M111.011932. DOI: 10.1074/mcp.M111.011932.

80. Wang, L., Chen, Q., Chen, Z., Tian, D., Xu, H., Cai, Q., Liu, B, and Deng, G. (2015). EFEMP2 is
upregulated in gliomas and promotes glioma cell proliferation and invasion. International Journal of
Clinical and Experimental Pathology, 8(9): 10385-10393.

Hosted@www.ijlr.org Lﬂ!ﬁ: DOI 10.5455/ijIr.20180318051329

Pagez 8 1



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329
https://doi.org/10.1186/1756-0500-7-547
https://doi.org/10.1002/mc.22614
http://doi.org/10.1186/s13058-015-0622-z
http://doi.org/10.1186/s13058-015-0622-z
http://doi.org/10.3748/wjg.v22.i32.7322

S Vol 8 (11) Now’18
R Jntewnational Journal of Livestock Research eJSSN : 2277-1964 NAAS Score -5.36 (11) New

81. Wang, X.Q., Tang, Z.X., Yu, D., Cui, S.J., Jiang, Y.H., Zhang, Q., and Liu, F. (2016). Epithelial but
not stromal expression of collagen alpha-1(l11) is a diagnostic and prognostic indicator of colorectal
carcinoma. Oncotarget, 7(8): 8823-8838. http://doi.org/10.18632/oncotarget.6815.

82. Wang, Z., Liu, Y., Zhang, P., Zhang, W., Wang, W., Curr, K., Wei, G., and Mao, J.H. (2013).
FAMB83D promotes cell proliferation and motility by downregulating tumor suppressor gene FBXW?7.
Oncotarget, 4(12): 2476-2486.

83. Williams, K.J., Argus, J.P., Zhu, Y., Wilks, Q.M., Marbois, B.N., York, A.G., Kidani, Y., Pourzia,
A.L., Akhavan, D., Lisiero, D.N., Komisopoulou, E., Henkin, A.H., Soto, H., Chamberlain, B.T.,
Vergnes, L., Jung, M.E., Torres, J.Z., Liau, L.M., Christofk, H.R., Prins, R.M., Mischel, P.S., Reue,
K., Graeber, T.G., and Bensinger, S.J. An essential requirement for the SCAP/SREBP signaling axis
to protect cancer cells from lipotoxicity. (2013).Cancer Research, 73(9): 2850-2862.
http://doi.org/10.1158/0008-5472.CAN-13-0382-T.

84. Wu, Y., Huang, B., Liu, Q., and Liu, Y. (2015). Heat shock protein 90-f3 over-expression is associated
with poor survival in stage | lung adenocarcinoma patients. International Journal of Clinical and
Experimental Pathology, 8(7): 8252—8259.

85. Wu, Y., Wang, X., Wu, F., Huang, R., Xue, F., Liang, G., Tao, M., Cai, P., and Huang, Y. (2012).
Transcriptome Profiling of the Cancer, Adjacent Non-Tumor and Distant Normal Tissues from a
Colorectal Cancer Patient by Deep Sequencing. PLoS ONE, 7(8): e41001.
https://doi.org/10.1371/journal.pone.0041001.

86. Yadav, N., Kumar, S., Marlowe, T., Chaudhary, A.K., Kumar, R., Wang, J., O'Malley, J., Boland,
P.M., Jayanthi, S., Kumar, T.K.S., Yadava, N., and Chandra, D. (2015). Oxidative phosphorylation-
dependent regulation of cancer cell apoptosis in response to anticancer agents. Cell Death & Disease,
6: €1969.doi:10.1038/cddis.2015.305.

87. Yang, Z., Zhuang, L., Szatmary, P., Wen. L., Sun, H., Lu, Y., Xu, Q., and Chen, X. (2015).
Upregulation of Heat Shock Proteins (HSPA12A, HSP90B1, HSPA4, HSPAS5 and HSPAG) in tumour
tissues is associated with poor outcomes from HBV-related early-stage hepatocellular carcinoma.
International Journal of Medical Sciences. 12(3): 256-263. http://doi.org/10.7150/ijms.10735.

88. Yao, F., Zhang, C., Du, W, Liu, C., and Xu, Y. (2015). Identification of gene-expression signatures
and protein markers for breast cancer grading and staging. PLoS ONE, 10(9): e0138213.
doi:10.1371/journal.pone.0138213.

89. Yuan, L., Shu, B., Chen, L., Qian, K., Wang, Y., Qian, G., and Wang, X. (2017). Overexpression of
COL3AL confers a poor prognosis in human bladder cancer identified by co-expression analysis.
Oncotarget, 8(41): 70508-70520. http://doi.org/10.18632/oncotarget.19733.

90. Zhang, Y. (2013). The role of host-tumor interactions in liver metastasis of colorectal cancer. (Doctoral
dissertation). Retrieved from https://scholarcommons.sc.edu/etd/2363.

91. Zhang, Y., Xi, S., Chen,J., Zhou, D., Gao, H., Zhou, Z., Xu, Li., and Chen, M. (2017). Overexpression
of LAMC1 predicts poor prognosis and enhances tumor cell invasion and migration in hepatocellular
carcinoma. Journal of Cancer, 8(15): 2992-3000. http://doi.org/10.7150/jca.21038.

92. Zhou, Q., Xu, J., Zhao, J., Zhang, S., and Pan, W. (2014). Downregulation of CD99 and upregulation
of human leukocyte antigen class Il promote tumor aggravation and poor survival in patients with
osteosarcomas. Onco Targets and Therapy, 7: 477-484. http://doi.org/10.2147/0OTT.S54765.

93. Zhu, Y.P., Wan, F.N., Shen, Y .J., Wang, H.K., Zhang, G.M., and Ye, D.W. (2015). Reactive stroma
component COL6AL is upregulated in castration-resistant prostate cancer and promotes tumor growth.
Oncotarget, 6(16): 14488-14496.

Pagez 8 2

Hosted@www.ijlr.org Lﬂ!ﬁ: DOI 10.5455/ijIr.20180318051329



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20180318051329
http://doi.org/10.18632/oncotarget.6815
http://doi.org/10.1158/0008-5472.CAN-13-0382-T
https://doi.org/10.1371/journal.pone.0041001
http://doi.org/10.7150/ijms.10735
http://doi.org/10.18632/oncotarget.19733
http://doi.org/10.7150/jca.21038
http://doi.org/10.2147/OTT.S54765

