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Abstract. Squamous cell carcinoma of the uterine cervix (CSCC) is one of the leading causes of death in Indian women. Protein tyrosine
phosphatase receptor (PTPR) type J (also known as DEP1) is a recently reported tumour suppressor receptor phosphatase. Critical
molecular analysis of PTPRJ/DEP1 (11p11.2) has not performed in CSCC to date. Here, we observed frequent downregulation of cancer
samples (n=31) at the transcriptional level. Immunohistochemistry revealed concordant low expression of PTPRJ protein with a few
samples showing intermediate expression. To probe for the cause of such downregulation of the gene in CSCC (n=155), we analysed the
copy number and promoter methylation of PTPRJ. The genetic locus showed deletion (14.8%) and the promoter showed methylation
(33.5%) of PTPRJ. To the best of our knowledge, for the ﬁrst time we explored the molecular status of PTPRJ although we observed no
statistically signiﬁcant association with the prognosis of Indian CSCC patients (n=76). However, we observed enhanced expression of
PTPRJ protein levels that contributes to effective cisplatin chemotherapy in the SiHa cell line. Thus, the present study paves the way for
further research into the plausible mechanisms of downregulation of PTPRJ in cervical cancer.
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Introduction
The balance between phosphorylation by protein kinases and
dephosphorylation by phosphatases of cellular proteins leads
to the ﬁne regulation of signalling pathways in a normal cell.
Loss or disruption of such balance is implicated in several
human diseases including cancer (Bononi et al. 2011; Ardito
et al. 2017). Among the phosphatases, tyrosine-speciﬁc
phosphatases are termed as protein tyrosine phosphatases
(PTPs) (Tonks 2013; He et al. 2014). PTPs localized to the
plasma membrane are termed as receptor-type PTPs
(PTPRs), and to the cytosol are nonreceptor-type PTPs
(PTPNs). Several tumour suppressor phosphatases have
been identiﬁed till date (Bollu et al. 2017). PTP receptor
(PTPR) type J (also known as DEP1) is one such receptor

phosphatase. PTPRJ/DEP1 (11p11.2) protein consists of
nine ﬁbronectin type III (FNIII) domains on the C-terminal,
a transmembrane domain, and a phosphatase domain (Yao
et al. 2017).
Loss of PTPRJ is found to be associated with increased
growth factor receptor signalling and tumour proliferation
(Iuliano et al. 2004) (Balavenkatraman et al. 2006; Takahashi et al. 2006). PTPRJ has been shown to downregulate
the mitogen-activated protein kinase (MAPK) pathway by
dephosphorylating epidermal growth factor receptor (EGFR)
on Y1173 (Jeon and Zinn 2009; Tarcic et al. 2009).
Recently, PTPRJ acting as a mediator of an invasive cell
programme implicating Src activation and the promotion of
breast cancer progression has also emerged and a contrasting
role of PTPRJ in tumours as an essential driver of VEGF-
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dependent permeability, angiogenesis, and metastasis was
revealed (Spring et al. 2015). PTPRJ has been identiﬁed as a
candidate tumour suppressor gene (TSG) in several primary
carcinomas including colon, lung, breast, oesophageal and
thyroid (Ruivenkamp et al. 2002; Iuliano et al. 2010;
Omerovic et al. 2010). However, molecular proﬁles of
PTPRJ in cervical cancer (squamous cell carcinoma of the
uterine cervix (CSCC)) are yet to be studied.
CSCC is one of the most common cancers among
women worldwide and a leading cause of cancer-related
deaths especially in developing nations like India (Arbyn
et al. 2020). CSCC originating from the ectocervix is the
most frequent type. In the present study, we performed a
comprehensive analysis of the expression proﬁle of PTPRJ
and tried to understand its association with copy number
alteration and promoter methylation. Finally, how cisplatin, a common drug for CSCC, modulates the expression of the gene in the drug-tolerant population was also
evaluated.

Materials and methods
Patients, tumour tissues and cell lines

Collection of primary cervical lesions (n=155) and corresponding peripheral blood cell (PBL) were done in
hospital of Chittaranjan National Cancer Institute, Kolkata, after appropriate approval was taken from the Institutional Ethical Committee, Chittaranjan National Cancer
Institute, Kolkata, India in accordance with the 1964
Helsinki declaration and its later amendments or comparable ethical standards. Written informed consent was
obtained from patients who participated in the study.
Normal tissues (n=11) other than adjacent normal were
obtained from patients who underwent hysterectomy for
benign reasons. Adenocarcinoma and previously treated
CSCC patients were excluded, and treatment-naive CSCC
were all included. Collected samples were graded and
staged according to FIGO classiﬁcation. For genomic
DNA isolation, samples were frozen at –80°C immediately after collection. For RNA isolation, a portion of the
tissue was directly collected in TRIzol reagent (Invitrogen, San Diego, USA) and for immunohistochemical
analyses, a part of the collected tissue was parafﬁn-embedded after formalin-ﬁxation. The 155 primary lesions
included 27 premalignant cervical intraepithelial neoplasia (CIN) lesions, 60 stage I/II CSCC tumours, and 68
stages III/IV CSCC tumours (table 1 in electronic supplementary material at http//www.ias.ac.in/jgenet/).
Human papilloma virus (HPV) detection and subtype
determination were performed as described previously
(Roychowdhury et al. 2017b). The CSCC cell line and
SiHa was purchased from National Centre for Cell Sciences, Pune, India and was grown according to the supplier’s recommendations.

Microdissection and DNA extraction

Cryosections (5 lm) of the samples were microdissected
under a dissecting microscope (Leica MZ 16, Germany)
using surgical knives to remove contaminant cells.
Microdissected samples which were then enriched with
[70% dysplastic epithelium / tumour cells were taken for
DNA isolation by standard phenol/chloroform method
(Roychowdhury et al. 2017a).

Copy number analysis

The microsatellite marker (D11S1350) based copy number
analysis (fwd: 50 - CATTCTGGGGTCTTTGAT-30 and rev:
50 -CGTGTGTGTGTATGTGGG-30 ) was done (Iuliano et al.
2004) by labelling the forward primer with the radioisotope
[cP32] ATP (speciﬁc activity 3000 ci/mmol), using T4polynucleotide kinase (Sibenzyme, Russia), followed by
ampliﬁcation of the genomic DNA with the radiolabelled
primer (ﬁgure 1 in electronic supplementary material). The
ampliﬁed product (1 lL) was mixed with 4 lL of stop
solution containing 98% formamide, 10 mM EDTA, 0.05%
bromophenol blue and 0.05% xylene cyanol and the mixture
was heated at 95°C for 5 min and then chilled in ice, followed by electrophoresis (3 lL) on 7% denaturing polyacrylamide gel containing 8 M urea followed by
autoradiography by exposing the gels to X-ray ﬁlm (Kodak,
USA) at –80°C for 12–20 h (Roychowdhury et al. 2020).
The loss of heterozygosity (LOH) representing deletion
was detected by densitometric scanning (Bio-Rad GS800,
USA). LOH was scored if there was a complete loss of one
allele or, 50% reduction in band intensities of one allele in
the tumour compared to the same allele is normal. The value
was calculated as the ratio of band intensities of the larger to
the smaller alleles in the tumour divided by the same ratio in
the normal counterpart. The LOH index[1.5 depicts the loss
of the smaller allele while an index \0.67 signiﬁes loss of
the larger allele (Roychowdhury et al. 2020). The homozygous or noninformative samples were excluded from the
calculation. The frequency of the LOH in the total number of
CSCC samples were represented as a percentage of deletion.

Promoter methylation analysis

The methylation status of PTPRJ promoter was done by
PCR-based methylation-sensitive restriction analysis
(MSRA) (Loginov et al. 2004) using HhaI (GCGC) and
HpaII (CCGG), the methylation-sensitive restriction
enzymes (Promega, USA), and speciﬁc primer (Fwd: 50 -TC
CAAGTCCCAGGAATGTG-30 and Rev: 50 -CTCTGAAT
ATTCATCGCTTCC-30 ]. Region containing 5-methylcytosines was not cleaved by HhaI (GCGC) and HpaII
(CCGG) allowing PCR ampliﬁcation (ﬁgure 1 in electronic
supplementary material). However, MspI, an isoschizomer of
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HpaII, was insensitive to methylation and cleaved the sites,
generating no PCR products (189 bp). About 100 ng of
genomic DNA samples were digested overnight at 378C in a
30 lL reaction volume with the enzymes separately; the
digested DNA was heat-inactivated at 658C for 10 min,
followed by DNA precipitation using chilled ethanol, drying
and dissolution in 20 lL of TE buffer (10 mM Tris-HCL (pH
7.4) and 1 mM EDTA). Mock digestion was done for each
sample devoid of the enzyme. The digested DNA was taken
for PCR ampliﬁcation. The 445-bp fragment of b-3A adaptin
gene (K1) and the 229-bp fragment of RARb2 exon-1 (K2)
was used as digestion and integrity controls, respectively
(Loginov et al. 2004). K1 contained sites for HhaI and
HpaII, whereas K2 contained no sites for the aforesaid
enzymes. K2 was run on a separate gel to prevent overlapping with the 189 bp gene-speciﬁc band. The number of
methylated samples was represented as the frequency of
methylation.
mRNA expression analysis

Expression of the PTPRJ transcript was analysed in normal
tissues (n=9), cervical lesions (n= 31) and CSCC cell line,
SiHa (Roychowdhury et al. 2020). Total RNA was isolated
using TRIzol reagent according to the manufacturer’s protocol (Invitrogen, USA). Power SYBR-green assay (Applied
Biosystems, USA) was performed for real-time quantiﬁcation with primers fwd: 50 -TGAGAACACCGTGGATGTGT30 and rev: 50 - TCCTTTGGAATTAGGCGATG-30 (amplicon size: 242 bp) (ﬁgure 1 in electronic supplementary
material). b2-microglobulin (B2M) gene was used as
endogenous control and fwd: GTGCTCGCGCTACT
CTCTCT and rev: TCAATGTCGGATGGATGAAA primers
(amplicon size: 153 bp) were used. The comparative
threshold cycle (ddCt) method was employed to determine
the relative level of gene expression (Livak and Schmittgen
2001).
Validation of methylation experiment by 5-aza-dC

To determine the effect of promoter methylation on the
expression of PTPRJ, about 19106 cells were plated and
allowed to grow for 24 h before the addition of 5, 10 and 20
lM 5-aza-dC freshly prepared in DMSO and ﬁlter sterilized.
Sub-conﬂuent cultures of the cell lines were exposed to the
desired concentration of 5-aza-dC for 5 days without
changing media. Controls without 5-aza-dC were cultured
concomitantly in the same manner (Maiti et al. 2013). RNA
was prepared using TRIzol reagent according to the manufacturer’s protocol and real-time quantiﬁcation of the gene
expression was performed as stated above. The b2-microglobulin gene (B2M) was used as a control locus. In
addition, the protein was extracted and Western blot analysis
was done with alpha-tubulin as control (Maiti et al. 2013).
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Protein expression

Immunohistochemical analysis of PTPRJ protein was done
in normal (n=7) and cervical lesions (n=21) (Roychowdhury
et al. 2019). Brieﬂy, formalin-ﬁxed, parafﬁn-embedded
(FFPE) tissue sections of 3–5 lm thickness were deparafﬁnized and then a 45-min antigen retrieval step in boiling 10
mM sodium citrate buffer (pH 6.0) followed by blocking
with bovine serum albumin (BSA). Subsequently, the primary antibody was reacted overnight with PTPRJ (sc22749,
Santa Cruz, USA) at a dilution of 1:50 at 4°C. The next day,
after washing with 19 phosphate buffered saline (PBS), goat
anti-rabbit IgG horseradish peroxidase conjugate (ab205718, Abcam) was added at 1:500 dilutions. The slides
were developed using 3-30 diaminobenzidine (DAB 0430,
Amresco) as the chromogen and 0.5% H2O2 (1072090250,
Merck) as substrate, followed by counter-staining with
haematoxylin (517-28-2, Merck). Broadly, normal ectocervix can be represented as three layers. The lowest is the
basal layer (least differentiated) then the parabasal layer
followed by the spinous layer (most differentiated). The
staining intensity (1, weak; 2, moderate; 3, strong) and the
percentage of positive cells (\1, 0; 1–20, 1; 20–50, 2;
50–80, 3; [80, 4) were detected and the ﬁnal evaluation of
expression was done (0–2, low; 3–5, intermediate; 6–7,
high) for each layer of the ectocervix and each tumour
samples across clinical stages (Perrone et al. 2006). The
frequency of expression was represented as a percentage of
samples.
Western blot analysis upon cisplatin treatment

The viability of the SiHa cells after treatment with cisplatin
(Sigma-Aldrich Co.15663-27-1) was determined using the
sulphorhodamine B (SRB) assay at 510 nM (Koraneekit
et al. 2018). The Western blot analysis was performed at
inhibitory concentrations (IC), IC30 (10 lM), IC50 (13 lM),
and IC70 (16 lM) doses. Brieﬂy, protein was extracted from
SiHa cells using extraction buffer (25 mM Tris-HCl (pH
7.6), 150 mM NaCl, 1 mM ethylenediaminetetraacetic acid,
0.1% Triton-X100, 1 lg/mL aprotinin, 1 lg/mL leupeptin, 1
mM phenylmethylsulphonyl ﬂuoride, 10 mM NaF and 1
mM sodium orthovanadate) followed by quantiﬁcation
according to Bradford assay. Equal amounts of proteins were
solubilized in Laemmli buffer (65.8 mM Tris-HCl, pH 6.8,
2.1% SDS, 26.3% (w/v) glycerol, 0.01% bromophenol blue),
boiled for 5 min and separated by 8% SDS-PAGE, and then
transferred to polyvinylidene diﬂuoride membrane (PVDF:
Millipore, USA). The membranes were incubated with 1%
bovine serum albumin (BSA) for 1 h at room temperature for
blocking, followed by overnight incubation at 4°C with
primary PTPRJ (sc-22749) antibody with a dilution of 1:500
and then with the corresponding HRP-conjugated secondary
antibody, ab205718 (1:5000). The band intensities were
quantiﬁed using Image J (NIH, USA). Peak densities of the
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proteins of interest were normalized using peak density of
loading control alpha-tubulin (sc5286) (Maiti et al. 2013).
Publicly available expression datasets

Two publicly available expression datasets were used,
namely ‘Biewenga cervix’ (ﬁve normal and 40 CSCC
samples) obtained using OncomineÒ Research Edition
(https://www.oncomine.org), (Rhodes et al. 2004) and
TCGA (three normal and 252 CSCC samples) using UALCAN database (http://ualcan.path.uab.edu) (Chandrashekar
et al. 2017) to check the expression proﬁle of PTPRJ. To
evaluate the role of PTPRJ in cisplatin associated
chemoresistance, we evaluated three publically available
datasets (GSE72905, GSE45553 and GSE58470) using
NCBI-GEO.

Statistical analysis

Chi-square analysis was used to determine the association
between tumours genetic proﬁle and expression. Survival
analysis was performed by Kaplan–Meier method in 76
CSCC samples. Cox-proportional hazards regression model
predicted patient’s survival in relation to several prognostic
factors like clinical stage, tumour grade, HPV infection,
lymph node involvement, parity and alterations of the candidate gene. Probability value (P-value) B 0.05 was considered statistically signiﬁcant. All the statistical analyses
were performed using statistical programs Epi Info 6.04 and
SPSS 10.0 (SPSS, Chicago, IL). Histograms were done
using Microsoft Excel 2007 and GraphPad Prism 7.01
softwares (Roychowdhury et al. 2017a).

Results
Expression proﬁle of PTPRJ

The expression of PTPRJ was visualized across in The
Cancer Genome Atlas (TCGA) (ﬁgure 2 in electronic supplementary material). The heterogeneity of expression of
PTPRJ was apparent indicating a diverse role in carcinogenesis. The expression of PTPRJ was not statistically signiﬁcant when it comes to cervical cancer. The expression in
CSCC tumours (n = 252) was enhanced compared to normal
(n = 3) samples (ﬁgure 1a). On the other hand, signiﬁcant
(PB0.05) downregulation of PTPRJ was observed in the
microarray dataset consisting of normal (n = 5) and CSCC
(n = 40) as obtained from OncomineÒ (ﬁgure 1b). After
analysis of the gene from publicly available datasets, we
performed expression analysis of PTPRJ in the Indian CSCC
patients. The mRNA expression of PTPRJ showed frequent
(median –0.70) downregulation in Indian patients (n=31)
across clinical stages with no differential change in

premalignant CIN samples. CSCC cell line SiHa showed
low expression of PTPRJ transcript (ﬁgure 1c). There is a
signiﬁcant increase in the downregulation of PTPRJ in the
advanced clinical stages of CSCC (ﬁgure 1d).
Subsequent analysis of PTPRJ protein expression was
done in CSCC samples (n = 21) in comparison with normal
ectocervix. It showed high membranous/cytoplasmic staining of PTPRJ protein mostly in the cells of the differentiated
spinous layers and low staining in proliferative basal/parabasal layers of normal ectocervix (ﬁgure 1e). Frequently
low with inconsistent intermediate expression (n = 5) was
observed in tumour samples suggestive of concordance
between mRNA and protein data of PTPRJ (ﬁgure 1f).
Copy number variation (CNV) and promoter methylation
analysis of PTPRJ

To seek out the cause for frequent downregulation of the
putative TSG, we performed CNV analysis and promoter
methylation analysis of PTPRJ by polymorphic microsatellite D11S1350 marker and PCR-based MSRA, respectively
(ﬁgure 2a). Analysis showed low frequency of copy number
loss for PTPRJ locus with frequency of 0% in CIN samples,
11.6% in stage I/II samples, and 18% in stage III/IV CSCC
samples (ﬁgure 2, b&c). The results indicated that infrequent
deletion may not be the cause for the under-expression of the
gene.
Promoter methylation analysis was performed for CIN
and CSCC samples. PTPRJ showed no methylation of its
promoter region in CIN samples and low methylation frequency of 24% in stage I/II and 25.8% in stage III/IV CSCC
samples (ﬁgure 2, d&e). For further conﬁrmation, expression
of the gene was analysed after treatment of SiHa cells with
different doses (5 lM, 10 lM, and 20 lM) of 5-aza-dC.
Nearly 4-fold increase in expression of PTPRJ was seen at 5
lM 5-aza-dC followed by gradual increase at 10 lM, and 20
lM concentrations albeit not statistically (PB0.05) signiﬁcant (ﬁgure 2f). The data indicates promoter methylation of
PTPRJ gene in the SiHa cell line. The overall alterations
(either deletion or methylation) of PTPRJ were found to be
low with 0% in CIN followed by 32% in stage I/II and 35%
in stage III/IV CSCC samples (ﬁgure 2g). Alteration by both
deletion and promoter methylation was observed in two
samples. Collectively, both deletion and methylation frequencies were observed to be low for PTPRJ in CSCC cases.

Clinicopathological correlation with alterations of PTPRJ

To understand the association of molecular alterations
(deletion/methylation) with the expression (mRNA/protein)
of the gene, a sample-wise view was provided (ﬁgure 3a).
Chi-square analysis showed no signiﬁcant (P B0.05) association with the alteration and expression of PTPRJ (ﬁgure 3
in electronic supplementary material). The clinical outcome
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Figure 1. Expression proﬁle of PTPRJ. (a) PTPRJ is differentially upregulated IN CSCC samples in The Cancer Genome Atlas (TCGA)
dataset without statistical signiﬁcance (P= 0.431). (b) In a microarray dataset obtained from OncomineÒ database, PTPRJ is observed to be
signiﬁcantly (P= 0.037) downregulated. (c) Expression of PTPRJ in Indian CSCC patients across clinical stages. (d) Representative plot
showed higher downregulation of the PTPRJ expression in the advanced clinical stages of CSCC. The difference is statistically signiﬁcant
(PB0.05). (e) The protein expression of PTPRJ is found to be higher in spinous cells than the basal/parabasal layer of the normal (1133N)
sample while the corresponding tumour sample (1133T) showed low expression. (f) Representative histogram showed frequency of
expression in different layers of the ectocervix (n=7) and tumour (n=21) samples. The frequency of expression was represented as
percentage of samples. The change between normal and tumour is not statistically signiﬁcant (P B0.05).

of the patients was investigated for a period up to 60 months.
Log rank test uncovered PTPRJ showed no signiﬁcant

association with survival of Indian CSCC (n = 76) patients
(ﬁgure 3b) and other clinico-pathological factors.
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Figure 2. Molecular alterations of PTPRJ. (a) The representative ﬁgure shows the utilization of the CSCC samples across clinical stages.
(b) Copy number analysis of PTPRJ using polymorphic microsatellite marker D11S1350 showed retention of heterozygosity in sample
2702, noninformative (NI) in sample 854 and LOH in sample 2122. (c) Histogram represents the frequency of deletion in PTPRJ locus.
(d) Representative agarose gel showed promoter hypermethylation of PTPRJ gene in tumour lesion 3662T and no methylation in normal
tissue 3662N. (e) Histogram represents of stage-wise frequency in promoter methylation of PTPRJ gene. (f) Expression (mRNA) of PTPRJ
in SiHa cell lines in presence of 5, 10 and 20 lM 5-aza-dC. (g) Histogram represents frequency of either alteration (deletion/promoter
methylation) of PTPRJ in CSCC patients.
Enhanced PTPRJ expression in cisplatin tolerant SiHa cells

Finally, we tried to understand the expression of PTPRJ in
drug-tolerant population. Upon treatment with cisplatin at

different IC we observed a dose-dependent increased
expression of PTPRJ protein levels in the SiHa cell line
(ﬁgure 3c). Moreover, transcript expression of PTPRJ was
evaluated in multiple publicly available microarray datasets
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Figure 3. Association of molecular alterations with expression of PTPRJ. (a) Representative heat-map showed sample-wise molecular
alteration together with expression of PTPRJ in CSCC cases. (b) Representative curve showing cumulative survival of CSCC patients by
overall molecular alteration status in PTPRJ. (c) Enhanced expression of PTPRJ upon treatment at IC of cisplatin in SiHa cell line. The
densitometry values were normalized to the protein levels of endogenous control (alpha-tubulin).

where cancer cell lines were treated with cisplatin. Comparable transcript expression of PTPRJ was observed in the
GSE72905 dataset between control and 24 h cisplatin treated
HeLa cells. On the other hand, two ovarian cancer cell lines
OVCAR and IGROV showed opposite expression proﬁles in
the datasets GSE45553 and GSE58470. It was observed that
cisplatin inﬂuences the expression of PTPRJ (ﬁgure 4 in
electronic supplementary material). Overall, this indicates
that PTPRJ may be associated with the cisplatin tolerant
CSCC.

Discussion
The present study focusses to understand the molecular
status of PTPRJ in Indian CSCC patients. PTPRJ is located
at chromosomal 11p11.2 locus and chromosome 11 is frequently altered during CSCC development (Narayan and
Murty 2010). Moreover, PTPRJ is reported to play a
prominent tumour suppressor role with dephosphorylation of
EGFR and ERK1/2 (Tarcic et al. 2009) although there are
recent reports of contradictory growth promoting functions
of PTPRJ (Spring et al. 2015). But reports on CSCC primary
tumours are not available.

In the beginning, we tried to fathom the expression of
PTPRJ across publicly available datasets. In TCGA, the
gene showed enhanced differential expression in CSCC
albeit not statistically signiﬁcant. On the other hand,
microarray dataset obtained from OncomineÒ showed a
statistically signiﬁcant under-expression of PTPRJ in CSCC
patients. The difference in expression of PTPRJ may be
attributed to the fact that TCGA data is based on RNAseq
and OncomineÒ dataset is obtained from probe-based
microarray technology. Moreover, the sample size and the
study population may also contribute to such differences. We
observed frequent downregulation of PTPRJ in Indian
CSCC patients. Premalignant CIN samples showed no differential change in expression suggesting that the deregulation occurs in the invasive carcinoma. Such underexpression was common in malignancies of lung, colon,
breast, oesophagus and thyroid (Ruivenkamp et al.et al.
2002; Iuliano et al. 2010; Omerovic et al. 2010). Frequent
low expression was observed in CSCC at the protein level as
well, but 23.8% (5/21) samples showed intermediate
expression. On the other hand, PTPRJ showed a typical
expression proﬁle of a TSG in normal ectocervix with
low expression in the proliferative basal/parabasal cells
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and intermediate expression in the differentiated spinous
layers. To the best of our knowledge, for the ﬁrst time we
report the under-expression of PTPRJ in Indian CSCC
patients. Multifaceted regulations of a candidate gene are
being disrupted during carcinogenesis but generally CNV
and promoter DNA methylation status predominantly inﬂuence the expression (Moarii et al. 2015). Until now, majority
of the studies across different cancer types have shown
tumour suppressor role (although a few studies have reported
otherwise) based on the expression proﬁle of PTPRJ and the
modulation of the downstream signalling cascades (Yan
et al. 2015). Interestingly, no singular study has focussed on
the cause of the low expression of this TSG. Therefore, to
understand the cause of frequent downregulation of PTPRJ
in CSCC, we performed copy number and promoter
methylation analysis in a large cohort of pre-malignant and
invasive Indian CSCC patients (n = 155).
Overall deletion and promoter methylation of PTPRJ is
low in Indian CSCC cases. To the best of our knowledge, for
the ﬁrst time a comprehensive analysis of molecular alterations (deletion/methylation) of PTPRJ was performed in
any cancer type. Remarkably, no signiﬁcant association of
downregulation of PTPRJ with expression of the gene was
observed. It indicates that the other mechanisms of deregulation may contribute to the frequent under-expression of the
gene. Supporting our hypothesis is a recent report which
showed PTPRJ is modulated by von-Hippel Lindau tumour
suppressor (pVHL)-hypoxia-inducible factor (HIF) axis.
Downregulation of pVHL reduces PTPRJ expression
through a HIF-dependent mechanism in clear cell renal cell
carcinoma (Casagrande et al. 2013). The study detailed that
PTPRJ promoter contains three putative reverse HREs and
HIF may downregulate PTPRJ by directly binding to reverse
hypoxia response elements (HREs) (Casagrande et al. 2013).
Fascinatingly, low protein expression of VHL was found to
be associated with high expression of HIF1a in CSCC as
reported previously from our laboratory (Chakraborty et al.
2018).
Thus, the present study explored the expression proﬁle of
PTPRJ in CSCC tumours and cell line together with copy
number and promoter methylation analysis of PTPRJ.
Overall, it was observed that downregulation of PTPRJ is
not signiﬁcantly associated with the molecular alterations
(deletion/methylation) of the gene. Previous report showed
that downregulation of PTPRJ enhances 5-ﬂuorouracil (5FU) based chemotherapy in HPV-negative C33A cell line
(Yan et al. 2015). This prompted us to probe into the
expression of PTPRJ in drug-tolerant cells. In silico analysis
revealed that cisplatin may inﬂuence the transcript expression of the gene. We observed that PTPRJ protein expression
is becoming enhanced in cisplatin-tolerant cells. Cisplatin is
the front-line drug for the CSCC management. Interestingly,
enhanced expression of this putative TSG indicates that
PTPRJ might contribute to efﬁcacy of the chemotherapy.
This also paves the way for further in-depth understanding
of the regulation of this plausible TSG in cervical carcinoma.
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