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Downregulation of PTPRH (Sap-1) in colorectal tumors
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Abstract. Tyrosine phosphorylation is one of the basic mecha-
nisms for signal transduction in the cell. Receptors exhibiting
tyrosine kinase activity are widely involved in carcinogenesis
and are negatively regulated by receptor protein tyrosine
phosphatases (RPTP). Genes encoding different RPTPs are
affected by aberrant epigenetic regulation in cancer. PTPRH
(SAP-1) has been previously described to be overexpressed in
colorectal cancer (CRC) and classified as an oncogenic factor.
Previous microarray-based mRNA expression comparison
of colorectal adenomas (AD), CRC and normal mucosa
samples (NM) demonstrated that PTPRH tumor expression
is the most reduced of all RPTP genes. qRT-PCR validation
revealed gene downregulation for CRC (7.6-fold-change;
P<0.0001) and AD (3.4-fold-change; P<0.0001) compared to
NM. This was confirmed by immunohistochemical staining
of tumor and NM sections as pronounced decrease of protein
expression was observed in CRCs compared to the corre-
sponding normal tissue. DNA methylation of two PTPRH
promoter fragments was analyzed by pyrosequencing in a
group of CRC, and AD patients as well as NM samples and
CRC cell lines. The mean DNA methylation levels of these
two regions were significantly higher in CRC than in NM.
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Both regions were highly methylated in SW480 and HCT116
cell lines contrary to unmethylated HT29 and COLO205.
Cell lines with highly methylated promoters notably showed
lower PTPRH expression levels, lower RNA II polymerase
concentrations and higher levels of H3K27 trimethylation in
the promoter and gene body, measured by chromatin immu-
noprecipitation. Cells were cultured with 5-aza-deoxycitidine
and an increase in PTPRH expression was observed in SW480
and HCT116, whereas this was unchanged in the unmethylated
cell lines. The results indicate that PTPRH is downregulated in
colorectal tumors and its expression is epigenetically regulated
via DNA methylation and chromatin modifications.

Introduction

Phosphorylation of tyrosine is one of the most common post-
translational modifications of proteins. It plays a special role
in the modulation of the dynamics of protein function and
is essential for signal transduction in the cell (1). Receptor
tyrosine kinases (RTKs) are a large superfamily of proteins
including many of those involved in tumorigenesis, such as
EGFR or SRC (2). These receptors are targets for extracellular
ligand molecules that trigger receptor activation and down-
stream signal transduction. This class of receptors is negatively
regulated by protein phosphatases (3). They are large func-
tional class of approximately 140 human proteins that evolved
from distinct genes and differ in enzymatic mechanisms (3).
They are historically divided, based on substrate specificity
into two classes, protein Ser/Thr phosphatases and protein
tyrosine phosphatases (PTPs) (3). Receptor protein tyrosine
phosphatases (RPTPs) are the class of PTPs that besides the
tyrosine phosphatase domains possess CAM-like extracel-
lular regions anchoring these proteins at cell membrane.
Twenty-one RPTPs encoded by human genome play a role in
variable cellular processes (4).

In cancer cells, stimulation of oncogenic RTKs is a key
element for activating the variable cancer-related processes
involving cell proliferation or angiogenesis (2) and therefore
receptor PTPs have been considered by default as potential
tumor suppressors (5,6). Studies that have focused on colorectal
cancer (CRC) show the suppressive role of some RPTPs
including PTPRT (7) and PTPRIJ (6,8). In CRC, somatic
frameshift DNA mutations have been found in different genes
encoding this class of proteins: PTPRT, PTPRF, PTPRG (9)
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as well as in PTPRA, PTPRE and PTPRS (10), whereas dele-
tions were observed in PTPRJ (11). Genes encoding receptor
PTPs were also observed to be affected by aberrant epigenetic
regulation. CRC-related promoter DNA hypermethylation
was found in PTPRG (12) PTPRD (13) as well as in PTPRM,
PTPRT, PTPRR and PTPRZI (14).

In contrast to most RPTPs, PTPRH, which is also known
as stomach cancer-associated protein tyrosine phosphatase-1
(SAP-1), is found to be overexpressed in CRC (15) and is
suggested to act as an oncogenic factor (5). This observa-
tion is somewhat inconsistent with the fact that this PTP is
closely similar to the structure of PTPRJ, which is a well-
documented tumor suppressor that binds to EGFR, and plays a
role in MAPK regulation as well as PKB/AKT signaling (6,8).
Functional experiments on PTPRH activity also suggest that
its role is rather suppressive than oncogenic (16,17).

Our study was provoked because in previous mRNA
expression genome-wide profiling of colorectal normal mucosa
samples, adenomas and CRCs, PTPRH was found among
genes notably downregulated in tumor tissue, contrary to
previously reported overexpression (18). We measured mRNA
and protein expression levels in normal mucosa, adenoma and
cancer samples as well as in CRC cell lines by qRT-PCR and
immunohistochemistry (IHC) and sought for a role of aberrant
epigenetic regulation in PTPRH downregulation.

Materials and methods

Patients and tissue samples. Gene expression analysis by
quantitative qRT-PCR was performed on fresh frozen tissue
samples obtained from 26 CRC patients, 24 samples of corre-
sponding normal mucosa sections and 42 colorectal adenoma
samples. Cryostat sections were prepared from each specimen
using a Microm HM 505E (Zeiss) and upper and lower sections
from each cryosection set were evaluated by a pathologist for
relative cell type content.

Formalin-fixed and paraffin-embedded tissue from 24 CRC
and 12 AD samples was used for DNA isolation and DNA
methylation assessment, whereas 14 of the CRC samples with
matched normal colonic mucosa sections, along with 10 AD
samples, were used for immunohistochemical evaluation.

Ten additional samples of non-neoplastic colonic epithelia
obtained from normal tissue areas on the margins of resected
colorectal tumors were collected from 10 anonymous patients
by scraping the colonic epithelial layers with plastic swab
sticks. The samples were used for DNA isolation and served as
controls in DNA methylation analysis.

Clinical tissue specimens were collected at the Maria
Sklodowska-Curie Memorial Cancer Center and Institute
of Oncology in Warsaw in accordance with local ethics
committee approval and individual patients' informed consent.
Patient characteristics are presented in Table 1.

Cell lines culture and 5-aza-2'-deoxycytidine (5-aza-dC)
treatment. HCT 116 and HT29 cell lines were cultured in
McCoy's SA medium (Sigma-Aldrich Inc., St. Louis, MO,
USA) supplemented with 10% fetal bovine serum. SW480 and
COLO-205 cell lines were cultured in RPMI-1640 medium
(Sigma-Aldrich Inc.) supplemented with 5% and 10% fetal
bovine serum, respectively. The Caco-2 cell line was cultured
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Table I. Patient characteristics.

Expression Expression DNA methylation

Characteristics qRT-PCR IHC pyrosequencing
Cancer patients
Number of patients 26 14 24
Sex (no. of patients)
Male 1 6 10
Female 15 8 14
Age (years)
Range 38-82 38-78 38-82
Median 64 67 63.5
Astler-Coller's stage (no. of patients)
Bl 4 3 4
B2 15 8 13
B3 7 3 7
Adenoma patients
Number of patients 42 12 12
Sex (no. of patients)
Male 25 6 6
Female 17 6 6
Age (years)
Range 41-83 42-80 42-80
Median 60 61.5 61.5
Size (mm)
Range 9-50 10-50 10-50
Median 15 16 16
Histopathology (no. of patients)
Tubular AD 29 5 5
Tubulo-villous AD 13 7 7
Normal mucosa
Number of samples 24 14 10
Sex (no. of patients)
Male 11 6 6
Female 13 8 4
Age (years)
Range 38-82* 38-78 43-80
Median 62° 67 59

“Data for 7 persons not available.

in MEM medium (Sigma-Aldrich Inc.) supplemented with
20% fetal bovine serum (Gibco). All culture media contained
1% antibiotics (PenStrep, Gibco). Cell culture was performed
at 37°C in a humidified 5% CO, atmosphere. The cells were
grown in culture medium until 50% confluence and subse-
quently treated with 0,2.5, 5 and 10 uM 5-aza-2'-deoxycytidine
(Abcam, Cambridge, MA, USA) for 3 days. The medium
containing 5-aza-dC was refreshed daily.

Real-time PCR expression assessment. Relative PTPRH
expression was assessed with qRT-PCR with respect to MIQE
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guidelines (19). Total RNA from tissue samples and cell lines
was isolated using RNeasy Mini (Qiagen) and quantified
with NanoDrop 2000 Spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). RNA samples were checked
for quality on the Agilent 2100 Bioanalyzer and samples
with RIN >7 were included. Each RNA sample (1 ug) was
subjected to reverse transcription with SuperScript IT Reverse
Transcriptase (Invitrogen) using both random hexamer and
oligo dT, according to manufacturer's protocol. qRT-PCR
was carried out using a 384-well format and an Applied
Biosystems 7900HT Fast Real-time PCR System (Applied
Biosystems) with Sensimix SYBR kit (Bioline), according to
manufacturers' instructions in a volume of 5 ul. RT-qPCR
was performed using the following cycling conditions: 95°C
for 10 min followed by 40 cycles of 95°C for 15 sec and
60°C for 45 with subsequent dissociation curve protocol.
ACTB (B-actin) was selected as a reference gene after a
previous evaluation of 4 potential reference genes: ACTB,
UBC, RPLPO, GAPDH with GeNorm software (20). The
standard curves based on amplifying known cDNA template
concentrations were used for assessment of PCR efficiency
and linear dynamic range. Normalized PTPRH expression
was calculated using Q-gene software (21). Primer sequences
are listed in Table II.

Immunohistochemistry. Immunohistochemical staining
was performed on 4-ym formalin-fixed, paraffin-embedded
tissue sections of CRCs and matched normal mucosa from
14 patients as well as 14 colorectal adenomas using the
Envision Detection System (Dako). Sections were deparaf-
finized with xylene and rehydrated in a series ethanol solutions
of decreasing concentration. Heat-induced epitope retrieval
was carried out in a Target Retrieval Solution pH 9.0 (Dako)
in a 96°C water bath, for 20 min. After cooling the retrieval
solutions for 25 min at room temperature, the slides were
treated for 5 min with a Blocker of Endogenous Peroxidase
(Dako). Slides were incubated with polyclonal antibody (Ab)
against PTPRH (PA5-31340, dilution 1:200) (Thermo Fisher
Scientific) for 30 min at room temperature and subsequently
labelled with the Envision Detection System (Dako). The
color reaction product was developed with 3,3'-diaminoben-
zidine, tetrahydrochloride (Dako) as a substrate, and nuclear
contrast was achieved with hematoxylin counterstaining.
Staining intensity was assessed by a four-grade scale: 0, lack
of expression; 1, weak expression; 2, moderate expression; and
3, strong expression. The stained tissue slides were examined
by the pathologist who was blinded to the qRT-PCR results.

Western blotting. Cell pellets were resuspended in ice-cold
RIPA buffer, incubated for 30 min in 4°C and centrifuged at
12500 rpm for 20 min at 4°C. Samples were resolved using
SDS-PAGE and electrotransferred to polyvinylidene fluoride
membranes (EMD Millipore). PTPRH was detected with
polyclonal anti-PTPRH Ab (Pierce PA5-31340 PTPRH
Rabbit polyclonal Ab, Pierce; Thermo Fisher Scientific),
and a secondary Ab conjugated to HRP (#31460, Pierce;
Thermo Fisher Scientific). Detection of B-actin with mouse
HRP conjugated mAb (8H10D10) (Cell Signalling, #12262)
served as control. Detection was performed by the enhanced
chemiluminescence method (Pierce; Thermo Fisher Scientific).
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DNA methylation analysis. DNA methylation levels of
two 5' PTPRH regions [-190 to -253 upstream and +57 to
+147 downstream from transcription start site (TSS)] were
measured in CRC cell lines as well as in 14 CRC, 14 AD and
10 normal mucosa samples (obtained from swabs of normal
colon epithelium) using the pyrosequencing assay according
to the published protocol (22). DNA was isolated with the
QIAamp DNA Mini kit (Qiagen) and bisulfite converted using
the EpiTect kit (Qiagen), according to manufacturer's instruc-
tions. The PCR reaction was performed in a 30 yl mixture
containing 1X PCR buffer, 2 mM MgCl,, 0.25 mM dNTPs,
0.2 uM of each primer, 0.5 units of FastStart DNA Polymerase
(Roche Applied Science) under the following conditions: 94°C
for 3 min, with subsequent 40 cycles of 30 sec at 94°C, 30 sec
at the annealing 52°C temperature and 30 sec at 72°C and final
elongation for 7 min at 72°C. The primer sequences are listed
in Table II.

The PCR products were purified and analyzed using the
PyroMark Q24 System (Biotage AB, Uppsala, Sweden),
according to manufacturer's instructions. For every particular
sample the average methylation level of all CpGs within each
analyzed region was calculated and used for comparing the
sample groups.

Chromatin immunoprecipitation (ChIP) assay. The cells were
cross-linked for 10 min at room temperature by adding form-
aldehyde directly to culture medium (final concentration 1%),
then formaldehyde was quenched at room temperature for
5 min with glycine at 125 mM concentration. Fixed cells
were suspended in 100 ul of hypotonic buffer A with NP-40
detergent (10 mM HEPES pH 7.9, 2 mM MgCl,, 2 mM KClI,
NP-40 0.5%) supplemented with protease and phosphatase
inhibitors (Thermo Fisher Scientific; 78441) and incubated
on ice for 5 min followed by centrifugation at 2000 rpm
for 5 min in 4°C. Next, nuclei pellets were resuspended in
lysis buffer (12.5 mM Tris-HCI, pH 8.0; 2.5 mM EDTA;
0.25% SDS) containing protease and phosphatase inhibitors
(Thermo Fisher Scientific; 78441). Chromatin was sheared in
a Bioruptor Plus (Diagenode) using the following protocol:
30 sec on-off cycles for 10 min at high intensity. ChIP assays
were done using the Matrix-ChIP on polypropylene plates (23).
ChIP DNA data were expressed as percent of input DNA, or
as the ratio of modified histone to total histone H3 (24). The
following antibodies were used in ChIP assay: non-specific
rabbit IgG (I-1000, Vector Laboratories), Pol2 (4H8) (Santa
Cruz; sc-47701), Histone H3 (Abcam, ab1791), H3K4me3
(Diagenode; pAb-003-050), H3K27me3 (Millipore, 07-449).
PCR primers for PTPRH promoter and 3' regions (exon 20)
were used as well as primers for two control promoter regions
of transcriptionally active (ACTB) and inactive (HBB) genes.
Primer sequences are listed in Table II.

Statistical analysis. Gene expression values and DNA
methylation levels were compared using the two-sided Mann-
Whitney U test. A significance threshold level of a=0.05 was
adopted. Data were analyzed and visualized by GraphPad
Prism (GraphPad Software). Microarray data stored in the
Gene Expression Omnibus (GEO) were analyzed using
GEO2R, being an interactive web tool integrated into the
GEO service (25).
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Table II. Sequences of PCR primers.
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Amplicon Chromosome region coverage/
Gene symbol PCR primer sequence 5'-3' length transcription variant specificity®
qRT-PCR
PTPRH F: ATGAAGGTCGTGTCTCACTC 117 bp NM_002842 .4
NM_001161440.2
R: CAGGAAGAAAATCAGCAGGC
ACTB F: AGAGCTACGAGCTGCCTGAC 124 bp NM_001101.3
R: AAGGTAGTTTCGTGGATGCC
Pyrosequencing
PTPRH 1Ist F: TTGGTAAAGGGGAAATTTTTGAGTGTAA 187 bp chr19:55720703-55720889
exon/5' UTR
R: biot-CCTAAAAATCCCTACCTTAAAAAC
S: TGGGATTTTTGGGTT
PTPRH F: biot-AGTTTTAGGTTGTTTTTGATGTGTGATTAT 215 bp chr19:55721009-55721223
5' promoter R: CTAAAAATACCTCCCATCCTTTCT
S: AACCCACTCCACTTT
Chip assay
PTPRH F: CTTCCACCTGCTGGACTT TA 99 bp chr19:55720845-55720943
promoter R: GTTCCACTTCCTCCTCCT C
PTPRH F: CCAGACCCAAATTCCTTC CT 76 bp chr19:55692800-55692875
exon 20 R: TCCCTAGGTCTTTCCAGG AT
ACTB F: ACGCCTCCGACCAGTGTT 73bp chr7:5569393-5569465
promoter R: GCCCAGATTGGGGACAAA
HBB promoter F: GCAATAGATGGCTCTGCCCT 132 bp hr11:5248304-5248435

R: GACAGGTACGGCTGTCATCA

*Chromosome regions according to GRCh37/hg19 human genome assemble, the Reference Sequence (RefSeq) database accession numbers for
particular transcription variants are provided. F, forward; R, reverse; S, sequencing.

Results

PTPRH Expression in tissue samples. We searched for tumor
specific expression changes of all genes encoding different
RPTPs in our previously reported microarray transcriptome
data for normal and neoplastic colorectal tissues (18). We
found that PTPRH mRNA had the most reduced expression in
CRC of all genes encoding RPTPs with a fold change (FC) of
expression at -5.32 (Table I1I).

Consistent with this are the comparisons of PTPRH
expression in normal colonic samples and CRC in 5 different
datasets from the GEO database (26-29) that uniformly
showed a significant decrease of PTPRH expression in cancer
sections (GSE40967 logFC= -2.18; GSE25070: logFC= -1.4;
GSE44076 logFC= -2.79; GSE21510 logFC=-2.97; GSE32323
logFC=-2.4).

Validating PTPRH expression by qRT-PCR on 24 normal
colonic mucosa samples, 46 AD and 26 sections of CRC
confirmed a stepwise decrease in mRNA expression through
the adenoma-carcinoma sequence (Fig. 1). A significant
(P<0.0001) downregulation with a FC= -3.4 and FC= -7.6 was
observed when normal samples were compared to adenoma
and cancer samples, respectively (Fig. 1A).

A subsequent analysis of PTPRH protein expression was
performed by immunohistochemical staining of 14 paired
CRC/normal mucosa samples and 10 adenomas. Generally, the
highest protein expression was observed in the normal mucosa
of the colon. The protein was observed in the cytoplasm and
membrane of colonic epithelial layer and was clearly polar-
ized. Strong immunoreactivity was observed in cells of the
apical epithelium layer and those of the crypt lumen, while
in epithelial cells located at the site of lamina muscularis the
expression was visibly lower (Fig. 1B). PTPRH expression
was lower in each CRC section as compared to corresponding
normal mucosa (Fig. 1B). Immunoreactivity was to some extent
deceased in adenomas compared to normal tissue, however,
this was not so pronounced when CRCs were compared with
normal samples (Fig. 1B). In 7 sections of normal mucosa,
PTPRH expression was assessed as strong and in 7 sections
as moderate, whereas it was scored as moderate, low and
undetected in 5, 8 and 1 of CRC samples, respectively. In
adenomas, PTPRH expression was high, moderate and low in
1,7 and 4 samples, respectively.

Promoter DNA methylation analysis. DNA methylation was
assessed in two PTPRH 5' regions, including the upstream
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Figure 1. PTPRH expression in colorectal tumors and normal tissue. (A) qRT-PCR analysis of expression levels of PTPRH, mean values and SD are shown as
horizontal lines. (B) Examples of immunohistochemical staining of matched normal/CRC samples and adenomas with antibody against PTPRH, magnifica-

tion, x100.

Table III. The comparison of expression levels of genes
encoding PTPRs in colorectal cancer, adenoma and normal
colonic mucosa based on previous microarray transcriptome
profiling (14).

Probset NMvs.CRC NMvs.AD
Gene (Affymetrix U133) (fold change) (fold change)
PTPRH 208300_at -5.32 -3.83
PTPRF 200635_s_at -3.11 -1,69
PTPRR 206084 _at -2.57 -9.75
PTPRO 211600 _at -2.28 No difference
PTPRCAP 204960 _at -1.82 -1.99
PTPRJ 227396_at -1.8 No difference
PTRF 1557938 _s_at 1.92 No difference
PTPRG 204944 _at 2.98 3.07
PTPRS 229465_a_at No difference -1.67
PTPRD 205712_at No difference 2.07

NM, normal mucosa; CRC, colorectal cancer; AD, adenoma.

promoter and 5' UTR/1 exon sequence with pyrosequencing
in normal mucosa, AD and CRC samples. Cancer samples
demonstrated significantly higher DNA methylation levels
for both analyzed 5' gene regions when compared to normal
tissue samples (mean 35.21% and 31% vs. 15.62% and
25.35%; P=0.0007 and P=0.00148, respectively). Adenomas
and normal samples showed comparable DNA methylation
levels (Fig. 2).

PTPRH DNA methylation as well as gene and protein
expression were assessed in four colorectal cancer cell lines:
SWwW480, HCT116, COLO205 and HT29. qRT-PCR analysis
showed variable expression level of PTPRH in these cell lines,
with the highest expression in HT29, moderate in COLO205,
low in HCT116 and very low in SW480. The mRNA levels

closely correspond to PTPRH protein levels in four cell lines
as detected by western blot analysis (Fig. 3A).

Analyzing DNA methylation patterns with pyrosequencing
showed that gene/protein expression levels were related to
methylation levels. The highest and almost complete DNA
methylation was observed in both cell lines with low PTPRH
levels; SW480 and HCT116. In contrast, COLO205 and HT29
cells demonstrating higher gene expression presented low
DNA methylation (Fig. 3B).

These four cell lines were cultured in the presence of DNA
methyltrasferases' inhibitor 5-aza-dC. A stepwise gradient of
four concentrations 0, 2.5, 5 or 10 uM of 5-aza-dC was used
in culture. The increased PTPRH expression was observed in
SW480 and HCT116, but not in the cell lines that lack DNA
methylation at the PTPRH (Fig. 3C). The increased expression
after 5-aza-dC treatment was also observed at protein level
(Fig. 3D). However, the expression in treated SW480 was
still low and required long exposure time when detected with
western blotting.

Chromatin modifications at PTPRH promoter. Using chro-
matin immunoprecipitation, we measured the concentration
of RNA II polymerase (Pol2) as well as trimethylation levels
of both K4 of histone H3 (H3K4m3, the established marker
of transcriptionally active chromatin) and K27 of histone H3
(H3K27m3, the marker of inactive chromatin) at the PTPRH
promoter and 3' region of this gene (exon 20) in 4 CRC cell
lines. For comparison, the level of immunoprecipitation was
also assessed for the ACTB promoter (transcriptionally active,
B-actin gene) and HBB promoter (transcriptionally inactive,
hemoglobin gene).

The pattern of Pol2 and selected histone posttranslational
modifications at the gene promoter corresponded to expression
and methylation status. A relatively high Pol2 concentration
was observed in the PTPRH promoter region for HT29 and
COLO205, i.e. in both cell lines lacking DNA methylation
and characterized by high expression. A low Pol2 level was
detected at the PTPRH promoter in HCT116 and SW480 that
corresponds to the low gene expression (Fig. 4A).
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The level of H3K4m3 at the PTPRH promoter, but not
3' region, also clearly corresponded to expression and methyla-
tion status. High levels of this modification were observed in
HT29 and COLO205, whereas low levels and no enrichment
were seen in HCT116 and SW480 (both with the methylated
gene promoter) (Fig. 4B). In contrast, the level of H3K27m3
at the PTPRH promoter showed no enrichment in HT29 and
COLO205 and somewhat higher levels in HCT116 and SW480.
H3K?27m3 levels were high at 3' gene regions in all the cell
lines (Fig. 4C).

Discussion

The balance between protein tyrosine kinase (PTK) activities
and that of protein tyrosine phosphatases (PTPs) is the basis
for regulation of intercellular signaling pathways. A lack of
this balance affects basic cellular functions: proliferation,
adhesion and migration and it plays a role in the pathogenesis
of cancer. As a general mechanism, receptor phosphorylation

triggers the signaling pathway and results in phosphorylation
of the downstream proteins. In turn, protein phosphatases
remove phosphate groups and mute signaling. Most proteins of
this family are downregulated in cancer by genetic/epigenetic
mechanisms (5,10,14,30). However, an oncogenic role of PTPs
has also been documented (5).

Of note, PTPRH was previously observed to be expressed
in certain CRC derived cell lines and upregulated in CRC tissue
from patients, as detected by immunohistochemical staining.
In contrast to previous results, we found this gene to be one
of the significantly downregulated ones in colorectal tumor
compared to normal colonic mucosa. PTPRH downregulation
was uniformly observed in five independent datasets of the
acquired microarray data. qRT-PCR results confirmed a step-
wise decrease of PTPRH expression in AD and CRC sections.
Using IHC, we observed that PTPRH is expressed in normal
colonic epithelium and the expression pattern has a certain
asymmetry in the epithelium cross-section, as previously
described (31). Protein expression is low at the lateral border
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but highest at the apical surface of the epithelial layer in the
enterocytes that form the brush border. Contrary to that previ-
ously reported, our immunohistochemical staining confirmed
decreased PTPRH expression in cancer sections compared to
matched normal colonic samples.

Epigenetic mechanisms and DNA methylation may
contribute to tumor-specific gene downregulation and were
previously found to be involved in silencing different RPTPs
encoding genes in CRC (32). We assessed DNA methylation
levels at the 5' region of PTPRH in a series of CRC, AD and
normal mucosa samples and found increased DNA methylation
levels in tumor samples that corresponded with a decrease in
gene expression. The effect of DNA methylation at the PTPRH
promoter on gene expression was further investigated in CRC
cell lines. When two CRC cell lines SW480 and HCT116,
characterized by low PTPRH expression and high methyla-
tion of the gene 5' region, were treated with DNA methylation
inhibitor (5-aza-dC), we observed increased gene expression
levels. Such an effect was not observed in two cell lines with
higher PTPRH expression and an unmethylated promoter.
Such results confirm that, similarly to other genes from the
PTP family, aberrant epigenetic regulation indeed plays a role
in PTPRH downregulation. However, we have to note that

some tumor samples showed methylation levels within the
range of the normal samples. Probably another mechanism
may also be involved as in the case of PTPRJ silencing, where
gene downregulation is mediated by both aberrant promoter
methylation, genetic deletion and mRNA degradation by
upregulated oncogenic miRNA (33).

The finding of PTPRH downregulation in colorectal
tumors is consistent with the results from hepatocellular
carcinoma where also a decreased expression was found (34).
This suggests a suppressive rather than an oncogenic role as
was previously proposed (35). The tumor suppressor nature
of this phosphatase is also supported by some functional
data. PTPRH was found to play a role in contact inhibition
of cell growth and motility by dephosphorylating p130*,
focal adhesion kinase and p62dok (17). Activating FAK-src
and p130Cas-JNK signaling cascades promotes cancer
progression and invasion (36,37). Cell-cell adhesion induced
PTPRH expression and upregulated its activity (17). PTPRH
was also found to be involved in MAPK pathway regulation
via inhibiting ERK activation in response to LPA and also,
to some extent, to EGF substrates (17). Accordingly, PTPRH
negatively affected proliferation and inhibited colony forma-
tion in culture (17). Recently, large-scale analyses of the
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and inactive, respectively.

RTK-phosphatase interactome was published. One of the
important hits of screening was the interaction between
PTPRH and EGFR that was clearly confirmed by coimmuno-
precipitation (16). In a functional experiment, where PTPRH
expression in HEK293 cells was induced by tetracycline,
EGFR dephosphorylation levels were closely related to anti-
biotic doses. Accordingly, a knockout of this gene in OV-90
cells that express relatively low PTPRH levels increased the
basal ERK activation that was also further enhanced upon
EGF stimulation (16). The role of PTPRH in regulating apop-
tosis was also reported. Induced apoptosis was observed in
fibroblast cells with PTPRH overexpression as a consequence
of modulating PI3K signaling by inactivation of ALK kinase
and integrin-linked kinase (ILK) (38). In turn, in activated T
cells PTPRH was identified as negative regulator that interact
with Lck receptor tyrosine kinase (39).

The previous suggestion that PTPRH may act as an onco-
gene was based on the observation of protein expression in
CRC tissue slides (15) and also on the results from an in vivo
model. In mice small intestine with APC mutation, Ptprh

deficiency resulted in lower rates of large adenomas (>2 mm)
developing spontaneously in comparison to mice with normal
gene expression. However, no such difference was found in the
large intestine from mice. No difference in the general number
of adenomas and no difference in the proliferation and apop-
tosis in size-matched tumors from the two groups of animals
were observed (31).

Because of the epigenetically-mediated decrease in PTPRH
expression in tumor tissue and its involvement in key cancer-
related pathways, this phosphatase could be considered as
important for tumorigenesis. However, highly tissue-specific
expression of this PTPR have also been observed. In mouse
tissue, Ptprh expression was detected in the gastrointes-
tinal tract, especially in the small intestine, but not in other
tissues (31). A search of Genotype-Tissue Expression (GTEx)
project data (40) that combines RNA-Seq Expression Data from
different human tissues, confirms the highest expression of this
gene in the small intestine, but shows that it is also expressed
at high levels in the spleen, stomach, colon and adrenal gland.
These data reveal a striking difference of PTPRH expression
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in different parts of large intestine, being high in the trans-
verse colon and low in the sigmoid part. This may suggest a
somewhat different role of this phosphatase in the proximal
and distal colon. Irrespectively, PTPRH expression is clearly
downregulated in all CRCs, regardless of tumor location.
In our qRT-PCR analysis we did not observe a difference in
PTPRH levels in CRC from the proximal and distal colon
(data not shown). No such difference in PTPRH mRNA levels
between differentially located cancers was also found in the
deposited GSE18088 dataset (containing samples with clearly
prescribed tumor location data).

Contrary to previously reported results, our study shows
that PTPRH is downregulated in colorectal tumors. The
reduced gene expression in CRC is related to increased
promoter methylation and PTPRH expression seem to be
epigenetically regulated via DNA methylation and chromatin
modifications. Considering the previous studies regarding
its role in cell signaling it appears that, similarly to other
genes from RPTPs family, PTPRH is a tumor suppressor.
The fact that PTPRH directly inhibits EGFR activity upon
ligand-mediated stimulation, means that the silencing of this
phosphatase represents the almost unexplored mechanism of
MAPK pathway activation in colorectal tumors. The clinical
relevance of the downregulation of PTPRH as well as inac-
tivation of other genes encoding PTPRs requires further
investigation. Loss of PTEN phosphatase, that interacts with
EGFR downstream proteins, was documented as prognostic
factor for anti-EGFR monoclonal antibody-based therapy in
CRC patients (41). In theory, the expression status of EGFR-
interacting phosphatases could provide some prognostic value
for the outcome of the patients treated with targeted therapy,
however this requires further well-designed clinical analysis.
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