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Abstract
Small intestinal neuroendocrine tumors (SI-NETs) are small, slow growing neoplasms Key Words
with loss of one copy of chromosome 18 as a common event. Frequently mutated genes DNA methylation

on chromosome 18 or elsewhere have not been found so far. The aim of this study neuroendocrine tumors

vV v.v.v Vv

was to investigate a possible tumor suppressor role of the transmembrane receptor epigenetic
type tyrosine phosphatase PTPu (PTPRM at 18p11) in SI-NETs. Immunohistochemistry, SI-NETs
quantitative RT-PCR, colony formation assay and quantitative CpG methylation analysis PTPRM

by pyrosequencing were performed. Undetectable/very low levels of PTPRM or aberrant
pattern of immunostaining, with both negative and positive areas, were detected in the
majority of tumors (33/40), and a significantly reduced mRNA expression in metastases
compared to primary tumors was observed. Both the DNA methylation inhibitor 5-aza-2'-
deoxycytidine and the S-adenosylhomocysteine hydrolase inhibitor 3-deazaneplanocin A
(DZNep) induced PTPRM expression in CNDT2.5 and KRJ-I SI-NET cells. CpG methylation of
upstream regulatory regions, the promoter region and the exon 1/intron 1 boundary was
detected by pyrosequencing analysis of the two cell lines and not in the analyzed SI-NETSs.
Overexpression of PTPRM in the SI-NET cell lines reduced cell growth and cell proliferation
and induced apoptosis. The tyrosine phosphatase activity of PTPRM was not involved in cell
growth inhibition. The results support a role for PTPRM as a dysregulated candidate tumor

suppressor gene in SI-NETs and further analyses of the involved mechanisms

are warranted.
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Introduction

Small intestinal neuroendocrine tumors (SI-NETs) arise
from enterochromaffin cells in the gastrointestinal tract,
which are small and slow-growing (Ki67 proliferation
index is often <2%) tumors with annual incidence of
1 per 100,000, but still the majority of patients are
asymptomatic and have tumor spread to regional lymph
nodes and liver at the time of diagnosis, with a 5-year
survival rate of 65%. These tumors can produce hormones
such as serotonin and tachykinins, which can give rise
to carcinoid syndrome as a major cause of morbidity and
mortality in approximately 20% of SI-NET patients.

To date, genetic and epigenetic alterations in SI-NETs
are poorly studied. Massive DNA sequencing analysis on

SI-NETs revealed that these tumors are quite stable with no
recurrent mutations (1). Loss of one copy of chromosome
18 is the most prevalent in SI-NETs (60-90%) (2, 3), and
pathogenic mutations at the CDKN1B locus on chromosome
12 encoding p27 have been found in 8% of tumors (4).
Promoter DNA methylation studies revealed increased
RASSF1A/CTNNBI1 methylation associated with metastatic
progression, and epigenetic repression of TCEB3C in SI-NETs
(5, 6). A comprehensive integrated molecular analysis of a
large cohort of SI-NETs revealed that these tumors are highly
epigenetically dysregulated (7, 8, 9).

Chromosomal loss is a frequent event in
malignant tumors that can lead to the identification of
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tumor suppressor genes, but sequencing analysis of genes
located on chromosome 18 failed to reveal recurrent
mutations in SI-NETs, which may have implications
for epigenetic silencing as driver mechanisms in this
region (2, 3). Transmembrane receptor type tyrosine
phosphatases have been found frequently mutated in
various types of cancers and may have important roles
in acting as tumor suppressor genes in tumorigenesis.
A candidate tumor suppressor gene on chromosome
18p11.2 is protein tyrosine phosphatase, receptor type M
(PTPRM or PTPyp) that regulates many processes, such as
cell differentiation and proliferation, apoptosis, adhesion
and motility, through dephosphorylation of multiple
proteins in signaling pathways. PTPRM is a homophilic
cell-adhesion molecule, involved in cell-cell adhesion
and mediates cell-cell aggregation through interaction
with other subfamily members. PTPRM has been shown to
be frequently hypermethylated at the promoter in acute
lymphoblastic leukemia (10), and downregulation of
PTPRM due to aberrant DNA promoter hypermethylation
and loss of heterozygosity, with a putative tumor-
suppressive role of PTPRM, was demonstrated in colorectal
cancer (11, 12). PTPRM has been shown to have a crucial
role in epidermal growth factor receptor signaling, and
downregulation of PTPRM increased cell migration in
human airway epithelia and gliomas (13, 14).

In this study, we investigated a possible role of
PTPRM in small intestinal neuroendocrine tumorigenesis,
and whether epigenetic mechanisms are involved in
regulation of its expression.

Materials and methods
Tissue specimens

In total 51 tumors and 3 small intestinal tissue
specimens were included in the study, from 24 patients
(Supplementary Table 1, see section on supplementary
data given at the end of this article) that were diagnosed
with SI-NET and operated upon in Uppsala University
Hospital. Twenty-three primary tumors, 21 mesenteric,
6 liver, and 1 extramesenteric lymph node metastases
and 3 ‘mormal’ small intestine tissue specimens were
analyzed. Informed consent and approval of the Uppsala
Local Ethical Committee were achieved. Two human
SI-NET cell lines, CNDT2.5 (adhesive cells) (15, 16)
and KRJ-I (suspension cells) (17, 18, 19) were used in
the experiments. Both SI-NET cell lines expressed the
neuroendocrine cell marker synaptophysin (20).

Immunostaining

Paraffin-embedded tumor sections were passed through
descending alcohol concentrations to distilled water and
background staining was blocked with 3% hydrogen
peroxide. Then, the sections were heated in citrate buffer
pH 6.0 and were treated with the proper normal serum
and the goat polyclonal anti-PTPRM antibody (ab111207,
Abcam), the rabbit polyclonal anti-PTPRM antibody
(raised against amino acids 791-870 mapping within an
internal region of PTPRM of human origin, sc-25433,
Santa Cruz Biotechnology) or the rabbit monoclonal
anti-synaptophysin antibody (ab32127, Abcam). After
incubation with proper secondary antibody and ABC
complex, DAB was used for visualization. Consecutive
tissue sections of intestinal mucosa were stained with
the anti-PTPRM antibody (ab111207, Abcam) or a
mouse monoclonal anti-chromogranin A antibody
(LK2ZH10, Thermo Fisher Scientific) as mentioned
above. Immunofluorescence: The sections were treated
and incubated with anti-chromogranin A antibody as
mentioned above, followed by incubation with the
proper fluorescence secondary antibody (Alexa 488,
Life Technologies). Sections were washed three times
with PBS (0.05% Tween20) and incubated with the anti-
PTPRM antibody (ab111207, Abcam). Then, sections
were incubated with the fluorescence secondary antibody
(Alexa 568, Life Technologies), washed again and mounted
with Vectashield with DAPI (Vector Laboratories).

RNA extraction and quantitative RT-PCR analysis

Total RNA was extracted from cryosections of fresh frozen
tumor tissues or cultured cells using RNeasy Plus Mini
kit (Qiagen) according to the manufacturer’s instruction.
Hematoxylin-eosin staining of the frozen sections was
used to select specimens with at least 80% tumor cells.
Extracted RNA was treated with DNase I using TURBO
DNA-free kit (Life Technologies). Successful treatment
of all RNA preparations was established by PCR analysis.
The ‘First strand c¢cDNA Synthesis kit’ (Thermo Fisher
Scientific) was applied for cDNA synthesis with random
hexamer primers, according to the manufacturer’s
instructions. qRT-PCR was performed on StepOnePlus
Real-Time PCR systems (Life Technologies Corporation)
using TagMan gene expression Master Mix and assays
for PTPRM (Hs00267809_m1), GAPDH (Hs02758991_g1)
and 18S rRNA (Hs03928990_gl) transcripts. All
samples were amplified in triplicates. Puromycin-N-
acetyltransferase gene (pac) expression analysis was
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performed on Stratagene Mx3005P real-time PCR system
(Agilent Technologies) using iQ SYBR Green Supermix
(Bio-Rad) and primers 5'-TGCAAGAACTCTTCCTCACG
and 5'-AGGCCTTCCATCTGTTGCT.

Immunoprecipitation and Western
blotting analysis

Protein extracts from cultured cells prepared using radio
immunoprecipitation assay buffer (RIPA buffer) (sc-24948,
Santa Cruz Biotechnology) according to the manufacturer’s
instructions. The total protein extracts were incubated with
2pg mouse monoclonal anti-PTPRM antibody (ab30321,
Abcam) and incubated overnight at 4°C with rotation.
20yl of protein A/G PLUS-Agarose immunoprecipitation
reagent (sc-2003, Santa Cruz Biotechnology) was added
to each sample and incubated 3h at 4°C with rotation.
Beads were collected by centrifugation at 1000g for 5 min
at 4°C, and washed three times with 1.0ml ice cold RIPA
buffer. Proteins were eluted from the beads with 30uL of
2x Laemmli buffer (Bio-Rad), heated for 5min at 95°C and
subjected to Western blotting analysis. The anti-PTPRM
antibody (ab30321, Abcam) and goat polyclonal anti-
Actin (sc-1616, Santa Cruz Biotechnology) were used. After
incubation with the proper secondary antibody, bands
were visualized using the enhanced chemiluminescence
system (GE Healthcare).

Bisulfite treatment and pyrosequencing

Genomic DNA was extracted from frozen tissue using
DNeasy Blood and tissue kit (Qiagen), and bisulfite
treated using EpiTect bisulfite kit (Qiagen) according to
the manufacturer’s instructions. Methylation status for
13 CpGs in the PTPRM promoter region, 25 CpGs in the
exon 1/intronl region and 6 out of the 8 CpGs located
at the CGI shores upstream of the PTPRM transcription
start site (TSS700-1600) were measured by quantitative
pyrosequencing. PCR and sequencing primers are listed
in Supplementary Table 2. The PCR included MyTaq
HS Mix (Bioline USA, Taunton, MA, USA), 10pmol of
each primer and bisulfite-treated DNA as template.
Pyrosequencing was performed using 10puL PCR product
with the PyroMark Q24 system (Qiagen) according to the
manufacturer’s instructions.

Cell transfection and drug treatment

CNDT2.5 cells (2x10°%) were distributed onto six-well
plates and transfected in triplicates with 4ug PTPRM

expression vector (ViGene) or empty vector (pEnter),
using 8pL Lipofectamin 2000 transfection reagent
(Life Technologies), according to the manufacturer’s
instructions. After 6h, fresh medium, complemented
with 0.5pg/mL puromycin (Invivogene) was added.
KRJ-T cells (1x10%) were seeded onto 12-well plates prior
to transfection and were transfected in triplicates with
0.41ug PTPRM expression vector (ViGene) or empty vector
(pEnter) using 1.5ul Attractene transfection reagent
(Qiagen) according to the manufacturer’s instructions.
Successful transfections were monitored with quantitative
RT-PCR after 72h. CNDT2.5 cells were transfected with
PTPRM wild type (wt) and mutant (mut) expression
vectors (11) or empty vector (pcDNA3.1) as mentioned
above, and fresh medium complemented with 0.2mg/ml
G418 (Sigma Aldrich) was added after 6h.

CNDT2.5 (2x10%) and KRJ-I (1 x 10%) cells were treated
with 10uM and 5 uM of the global hypomethylating agent,
5-aza-2'-deoxycytidine (Sigma Aldrich), respectively, or
with 10pM of the S-adenosylhomocysteine hydrolase
inhibitor 3-deazaneplanocin A (DZNep, Merck) for 72h.
Fresh medium with additions was added every 24 h.

Colony formation assay

CNDT2.5 cells (2x10°% were seeded onto six-well plates
and transfected in triplicates with PTPRM expression
vector or empty vector (pEnter) as described above. 24h
after transfection, 2000 cells were distributed onto six-well
plates, and fresh medium with 0.5ug/mL puromycin was
added every 72h. After 10 days in puromycin selection,
the cells were fixed with 10% acetic acid/10% methanol
and stained with 0.4% crystal violet, and the visible
colonies were counted. Colony formation assay was
also performed with PTPRM - (wt) and (mut) expression
vectors (11) or empty vector (pcDNA3.1) as described
earlier, and fresh medium with 0.2mg/mL G418 was added
every 72h. The two mutations in PTPRM-mut, Cys'*Ser
and Cys'*#Ser, were confirmed by DNA sequencing
using primers 5-GACCTAACTTGGGAAGCAGGC and
5'-TAGAAGGCACAGTCGAGG (data not shown).

Cell proliferation assay and apoptosis

CNDT2.5 (2x10°) and KRJ-I (1x10% cells
transfected with PTPRM expression vector (ViGene)
or empty vector (pEnter) as described earlier, and after
72h, the same number of cells for all the samples were
distributed in a 96-well plate and cell proliferation
was followed for 24h. Then, cell proliferation was

were
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measured by the CyQUANT cell proliferation assay kit
(Invitrogen, Thermo Fisher Scientific) according to the
manufacturer’s instruction. The cells were stained with
CyQuant GR dye solution and fluorescence intensity
was measured at 480/520nm using Infinite 200 PRO
(TECAN) plate reader. The Cell Death Detection
ELISA kit (Roche Molecular Biochemicals) was used
to measure apoptosis, as determined by quantifying
cytoplasmic histone-associated-DNA-fragments, 72h
after transfection according to the manufacturer’s
protocol. As a positive control, CNDT2.5 and KRJ-I
cells were incubated with 0.1pg/mL camptothecin
(Sigma Aldrich) for 48h and the reported values
were calculated as a ratio of value/positive control
(camptothecin) x 100.

CNDT2.5 (2x10%) and KRJ-I (1 x 10%) cells were treated
with the 5-aza-2’-deoxycytidine or the 3-deazaneplanocin
A (DZNep, Merck) as described earlier. After 72h,
cell proliferation and apoptosis were measured as
mentioned above.

Statistical analysis

Wilcoxon-Mann-Whitney U test was used to calculate
differences in PTPRM mRNA expression between
primary tumors and metastases. Differences in real-
time quantitative RT-PCR, CpG methylation, colony
formation assay, proliferation and apoptosis were
evaluated using unpaired t test. ANOVA test was used
to calculate differences between three biological groups,
and Bonferroni test was used to adjust the P values. Data
are presented as meants.n. and P<0.05 was considered
significant. Statistical analysis was performed using R
version 3.2.3 (2015-12-10).

P

Results
PTPRM is frequently downregulated in SI-NETs

Immunohistochemical analysis was performed in 19
primary tumors and 21 paired metastases (Fig. 1 and
Supplementary Table 3). PTPRM protein expression
was undetectable or very low in 15 tumors out of
40 (4 primary and 11 metastases), and variable
heterogeneous pattern of staining (VH), with both
negative and positive areas, was observed in 18 tumors
(12 primary and 6 metastases). Seven tumors, 3 primary
and 4 metastases, displayed overall positive staining
regardless of strength. The staining for PTPRM in both
primary tumors and metastases was cytoplasmic or
cytoplasmic/nuclear (Supplementary Table 3). Out of
25 tumors with either VH or positive pattern of staining,
10 tumors showed only cytoplasmic staining. In the
remaining 15 tumors, cytoplasmic/nuclear staining was
observed. All tumors were stained with an additional
anti-PTPRM antibody, and overall, the same pattern of
staining was observed (Supplementary Fig. 1A). Tumors
with negative PTPRM staining, stained positive for
synaptophysin (Supplementary Fig. 1B). No staining
was observed in the absence of the primary antibody,
and chromogranin A-positive cells in the normal small
intestine stained positive for PTPRM (Fig. 2A and B).
These cells likely represent the enterochromaffin cell of
origin of SI-NETs.

PTPRM mRNA expression analysis revealed overall
very low but significantly reduced expression of PTPRM
in metastatic tumors (n=27) compared to the paired
primary tumors (n=23), as determined by quantitative
RT-PCR (Fig. 3). Thus, the results demonstrated frequent
downregulation of PTPRM in the analyzed SI-NETs.
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Representative results from immunohistochemical analysis of PTPRM (anti-PTPRM antibody ab111207) in 19 primary tumors and 21 paired metastases.
Scale bar, 50 pm. (A) Negative staining of a metastatic tumor, (B) variable heterogeneous pattern of staining, with both negative and positive areas, in a

primary tumor and (C) positive staining of a metastatic tumor are shown.
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Chromogranin A-positive cells are positively stained for PTPRM in normal small intestinal tissue. (A) Two consecutive tissue sections of the normal small
intestine were used for immunohistochemical analysis of Chromogranin A and PTPRM. PTPRM staining was observed only in the presence of the primary
antibody (No primary antibody). Scale bar, 50 um. (B) Immunofluorescent double staining for chromogranin A and PTPRM. Scale bar, 50 pm.

Epigenetic inactivation of PTPRM in SI-NETs

In order to investigate whether PTPRM expression was
epigenetically suppressed in SI-NET cells, the SI-NET
cell lines CNDT2.5 and KRJ-I were treated with the
DNA methylation inhibitor 5-aza-2’-deoxycytidine
(Aza). This resulted in more than a 100-fold increased
expression of PTPRM in CNDT2.5 cells and a less
prominent effect in KRJ-I cells (Fig. 4A). Also treatment
with the S-adenosylhomocysteine hydrolase inhibitor
3-deazaneplanocin A  (DZNep) induced mRNA
expression of PTPRM approximately 10-fold in CNDT2.5
cells and 5-fold in KRJ-I cells (Fig. 4B). Both Aza and
DZNep treatment of the cells reduced cell proliferation
and induced apoptosis in CNDT2.5- and KRJ-I-treated
cells compared to the control cells (Supplementary
Fig. 2A and B).

Next, we examined the methylation profile of the
PTPRM upstream regulatory region which contains a CpG
island (CGI) spanning the promoter, exon 1 and part
of intron 1 (Fig. 5A). The PTPRM gene has been shown
to be methylated at the exon 1/intron 1 boundary in
colon cancer (11). Therefore, by performing quantitative
bisulfite pyrosequencing, 13 CpG sites at the promoter
region and 25 CpG sites at the exon 1/intron 1 region
were analyzed for methylation in primary tumors, paired
metastases and both SI-NET cell lines. All tumors showed

very low levels of methylation (<10%), while CpG sites
in CNDT2.5 cells were highly methylated (90%), and
KRJ-I cells demonstrated moderate levels of methylation
(30-40%) (Fig. 5B, C and Supplementary Table 4).
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Figure 3

Expression level of PTPRM in primary tumors and metastases (logarithmic
scale). Real-time RT-PCR analysis of PTPRM shows significantly reduced
expression in metastases (n =27) compared to paired primary tumors

(n =23). Wilcoxon-Mann-Whitney U test result displayed in box plot
(P=0.001). Whiskers show minimum and maximum values, boxes
represent 25-75% data ranges and horizontal lines within boxes are
medians. (Primary tumors: lower quartile = —1.1, median =0, upper
quartile = 0.69), (Metastases: lower quartile = -2, median = —1.2, upper
quartile = —0.35). (Wilcoxon-Mann-Whitney U test without outliers;
Primary tumors (n = 20) and metastases (n = 26), P =0.002).
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Figure 4

Expression of PTPRM, as determined by quantitative real-time RT-PCR, in
CNDT2.5 and KRJ-I cells. (A) After inhibition of DNA methylation by
5-aza-2'-deoxycytidine (Aza) for 72 h. (B) After treatment with
3-deazaneplanocin (DZNep) for 72 h. Data shown are means +s.o. of
triplicates.

In a recent study of DNA methylation analysis in
SI-NETs using HumanMethylation450 BeadChip, a CpG
residue located in a presumed CGI shore approximately
700 nucleotides upstream the transcription start site of the
PTPRM gene (Fig. SA, shore 2, CpG # 3) was demonstrated
as differentially methylated between tumors and
normal small intestine (7). We therefore determined the
methylation level of 3 out of 4 CpG sites (# 1-3) of shore 2
and also of 3 out of 4 CpG sites (# 1-3) of shore 1 located
approximately 700 and 1600 base pairs upstream the
transcription start site of the PTPRM gene, respectively,

A role for PTPRM in SI-NETs
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Figure 5

Quantitative bisulfite pyrosequencing analysis of the PTPRM gene.

(A) Schematic structure of the PTPRM gene upstream regulatory region
and exon 1. Location of CGI, CGI shores and DNA methylation assays
are shown. (B) Methylation analysis of 13 CpG residues in the
promoter region. (C) Methylation analysis of 25 CpG residues at the
exonl/intron 1 region.

in 20 primary tumors and metastases, and 3 small
intestinal tissue specimens. Our result showed
(Supplementary Fig. 3A, B and Supplementary Table 4) that
these CpG sites were methylated in all tissue specimens
analyzed, and in the two SI-NET cell lines. The CpG site #
3in shore 2 was found to be significantly more methylated
in the SI-NETs compared to small intestine tissues
(P=0.000) (Supplementary Fig. 3A and Supplementary
Table 4). Taken together, these results suggest that CpG
methylations at the investigated regions of PTPRM could
be involved in repressing PTPRM expression in the two
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SI-NET cell lines. However, in the analyzed tumors,
other epigenetic mechanisms rather than promoter
hypermethylation could be involved. The global histone
methyltransferase inhibitor DZNep induced expression
of PTPRM in the SI-NET cell lines suggesting a possible
involvement of histone methyltransferases.

A growth regulatory role of PTPRM in SI-NET cells

To establish whether PTPRM located on chromosome 18
could be involved in the regulation of cellular growth
control and then potentially could play a role in small
intestinal neuroendocrine tumorigenesis, a cell colony
formation assay was performed. An expression vector
encoding PTPRM was transfected to the SI-NET cell line
CNDT2.5 followed by puromycin selection of express-
ing cells. As shown in Fig. 6A, overexpression of PTPRM
resulted in reduced number of cell colonies compared
to control transfected cells. In line with these results,
cell proliferation was also reduced in PTPRM-expressing
cells compared to empty vector transfected cells, as
observed in both CNDT2.5 and KRJ-I cells (Fig. 6B). Under
these conditions, apoptosis, as determined by quanti-
fying cytoplasmic histone-associated-DNA-fragments,

E Barazeghi et al. A role for PTPRM in SI-NETs 8:8 1132

was detected (Fig. 6B). Successful expression of PTPRM
after transfection was monitored by quantitative RT-PCR
and immunoprecipitation followed by Western blotting
analysis (Supplementary Fig. 4A and B). We also deter-
mined the expression of the puromycin-N-acetyltrans-
ferase gene (pac) from the empty expression vector
(pEnter) and the PTPRM expression vector. No significant
difference in expression of the pac gene was observed
(P=0.1) supporting similar transfection efficiencies for
the two different plasmids (Supplementary Fig. 4C).
These results supported a cell growth regulatory role for
PTPRM in SI-NET cells.

The phosphatase activity of PTPRM is not involved
in cell growth inhibition

In order to investigate whether the phosphatase activity of
PTPRM was necessary for cell growth inhibition, a double
mutant of PTPRM in which the Cys!'%®® and Cys!3% residues
were changed to serine to disrupt phosphatase activity
(11), was analyzed by the cell colony formation assay.
Both PTPRM-wt and PTPRM-mut showed the same growth
inhibiting activity (Fig. 7A), suggesting that the phosphatase
activity was not involved in cell growth inhibition.
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Figure 7

Expression of both PTPRM-wt and PTPRM-mut suppresses colony
formation in SI-NET cells. (A) CNDT2.5 cells transfected with empty vector,
PTPRM-wt or PTPRM-mut were selected for G418 resistance and colonies
were counted after 10 days. PTPRM-mut consisted of a double mutant of
PTPRM in which the Cys'%* and Cys'*® residues were changed to serine
in order to disrupt tyrosine phosphatase activity (11). (B) Expression of
PTPRM after transfection as determined by quantitative real-time RT-PCR
(ANOVA and Bonferroni test were applied). Data shown are means +s.p.
of triplicates. Note that the expression plasmid PTPRM-wt was different
from the one used in the experiment of Fig. 6.

Successful expression of PTPRM WT and mutant were
monitored by RT-PCR (Fig. 7B).

Discussion

Previous studies demonstrated SI-NETs as stable tumors
with no highly recurrent mutations, but epigenetically
dysregulated. Loss of one copy of chromosome 18 is
the most frequent aberration in primary and metastatic
SI-NETs; however, genetic and genomic approaches
failed to identify a mutated tumor suppressor gene on
chromosome 18. Examining epigenetic mechanisms in
this region may allow identification of candidate genes
responsible for initiation and progression of SI-NETs. In
this study, we investigated expression level and function
of PTPRM located on 18p11.2 in SI-NETs followed by
methylation profile evaluation to identify a possible role
of PTPRM in SI-NETs tumorigenesis.

Protein tyrosine phosphatases (PTPs) are important
regulators of signaling pathways in cell
proliferation, adhesion and migration, and perturbation
of PTPs activity is associated with tumorigenesis of
various types of human cancer (21, 22). In human
prostate carcinoma cells, lack of PTPRM expression was
associated with loss of PTPRM- or E-cadherin-dependent
cell adhesion, and in breast cancer cells, was associated
with poor prognosis and increased cell proliferation and
invasion, suggesting a role of PTPRM as a tumor suppressor
(23, 24). Our analysis by immunohistochemistry
demonstrated undetectable/very low level of PTPRM
or aberrant pattern of staining, with both negative and
positive areas, in the majority of analyzed tumors (33/40).
Cytoplasmic or localization of
PTPRM was observed in tumors with either VH or positive
pattern of staining. Nuclear localization of PTPRM
has been previously reported in glioma cells, where
proteolysis of PTPRM resulted in several extracellular and
intracellular fragments, and the intracellular fragment
produced by gamma secretase was capable of translocating
to the nucleus (25, 26, 27). Whether this occurs in SI-NETs
awaits further studies. Significantly reduced mRNA level
of PTPRM in metastases compared to primary tumors
further supported a role as tumor suppressor gene in
SI-NETs. Furthermore, gene expression profiles of SI-NETs
by RNA-seq analysis revealed reduced PTPRM mRNA
expression in tumors with one copy of chromosome 18
compared to tumors with two gene copies (S. Backman,
personal communication).

Both CNDT2.5 and KRJ-I cells used in this study express
very low levels of endogenous PTPRM and our data that
PTPRM overexpression in vitro reduced cell proliferation
and induced apoptosis suggest a tumor-suppressive role
of PTPRM in SI-NET cells. We found that expression of
both WT and mutant form of PTPRM decreased number
of colonies and suppressed cell growth, suggesting that
perturbation of the phosphatase activity did not alter
PTPRM-mediated growth regulation, as also demonstrated
in previous studies of other tumor types (11, 23).

Previous studies have reported PTPRM inactivation
through exon 1/intron 1 DNA methylation and loss of
heterozygosity in colorectal cancer (11, 28). However,
bisulfite pyrosequencing showed no methylation in
SI-NETs in the promoter or in the exon 1/intron 1 region,
although methylation was clearly detected in both SI-NET
cell lines. We further investigated DNA methylation levels
in the presumed CGI shores upstream of the PTPRM
gene. In this part of the gene, all investigated tissue
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specimens and the two SI-NET cell lines showed high and
variable methylation levels. Interestingly and in line with
a published report (7), the CpG site # 3 in shore 2 was
found to be significantly more methylated in the SI-NETs
compared to the small intestine tissues. It should be noted
that ‘small intestine tissues’ have been used arbitrary as
‘normal tissue’ instead of the difficult to enrich and purify
enterochromaffin cells of the small intestine. Both the
DNA methylation inhibitor 5-aza-2’-deoxycytidine and
the global histone methyltransferase inhibitor DZNep
induced expression of PTPRM in CNDT2.5 and KRJ-I cells,
suggesting that PTPRM expression can be controlled by
epigenetic mechanisms in SI-NET cells and that it will
be of future interest to investigate the effect of histone
methyltransferases on PTPRM expression. Taken together,
the results support a role for PTPRM as a dysregulated
candidate tumor suppressor gene in SI-NETs. The effects
of inactivated PTPRM on cell-cell adhesion and signaling
pathways also warrant further investigation.

Supplementary data
This is linked to the online version of the paper at https://doi.org/10.1530/
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