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Background: Protein tyrosine phosphatase, receptor type F (PTPRF) is an important phos-
phatase playing roles in regulating cell growth, differentiation and oncogenic transformation.
Overexpression of PTPRF has been observed in non-small cell lung cancer, but its clinical
significance in other malignancies is still unknown.

Methods: We explored the expression pattern of PTPRF in gastric adenocarcinoma by using RT-
gqPCR and immunohistochemistry staining. The clinical significance of PTPRF was evaluated by
univariate and multivariate analyses. Furthermore, the signaling pathways downstream of PTPRF
was investigated by knockdown and overexpression assays combined with cellular studies.
Results: We found a remarkable down-regulation of PTPRF in gastric adenocarcinomas, which
was significantly associated with advanced tumor TNM stages. Survival analysis showed that
lower PTPRF level indicated a poorer overall survival of gastric adenocarcinoma patients.
By conducting knockdown and overexpression studies in gastric adenocarcinoma cells, we
revealed the role of PTPRF on inhibiting extracellular signal-regulated kinase-1/2 (ERK1/2)
phosphorylation and its downstream signaling. Consistent with clinical findings, cellular results
demonstrated that overexpressing PTPRF can significantly inhibit tumor migration and invasion,
while silencing PTPRF showed opposite effects.

Conclusion: In conclusion, patients with lower PTPRF expression in gastric adenocarcinoma
tissues were more predisposed to advanced tumor stage and unfavorable prognosis.
Keywords: gastric cancer, PTPRF, prognosis, invasion

Introduction

Gastric adenocarcinoma comprises 90% of the cancers that occur in the stomach, and
is recognized as the second-most common malignancy worldwide.! Despite the great
advances in treatment that have been achieved over the past few decades,” patients
with unresectable gastric cancer possess a very poor prognosis, and 5-year overall
survival (OS) ranges from 8% to 20%.3 As such, there is still much need to illuminate
the progression and metastasis mechanisms of gastric adenocarcinoma and identify
novel prognostic biomarkers for more effective therapeutic drugs.*

Besides protein-abundance alteration, more and more attention is focusing on the
effects of protein posttranslational modifications on tumor development, such as ubiq-
uitination and phosphorylation.>® The phosphorylation balance is regulated by various
kinases and phosphatases. PTPRF is a receptor-type protein-tyrosine phosphatase that
catalyzes the dephosphorylation of tyrosine residues.” PTPRF is also called leukocyte
common antigen-related receptor, due to its initially identified roles in leukemia.®
As with many other phosphatases, PTPRF has been reported to participate in cell
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proliferation and differentiation regulation by targeting its
downstream substrates.’

Of note, PTPRF has been considered to suppress the
carcinogenesis of liver cancer and its downregulation to
facilitate tumor development.'® However, the role of PTPRF
seems controversial in breast cancer. For example, PTPRF
has shown a positive correlation with tumor metastasis in a
mouse model of mammary adenocarcinoma.!' In contrast,
another study demonstrated the involvement of PTPRF in
suppressing breast-tumor-cell metastasis by deactivating
EGFR signaling.!? Additionally, although high PTPRF
expression was found to be prognostic for shorter OS, it is
also significantly predictive for an improved survival with
erlotinib treatment.'> Therefore, the tumor-related role of
PTPRF seems highly specific in distinct tumor types.

In the current study, we firstly examined mRNA and
protein levels of PTPRF in gastric adenocarcinoma tissue and
adjacent normal gastric tissue. Then, we identified a positive
correlation between lower PTPRF levels and TNM stages of
gastric adenocarcinoma patients. Furthermore, we found that
lower PTPRF expression indicated poorer clinical outcomes,
and thus identified PTPRF as an independent prognostic
factor for gastric adenocarcinoma patients. Finally, cellular
studies revealed the direct effects of PTPRF on regulating
tumor metastasis and corresponding signaling pathways.

Methods

Patients and samples

Formalin-fixed, paraffin-embedded gastric adenocarcinoma
tissue together with adjacent normal gastric tissue were
obtained from surgery in 115 randomly selected patients
during 2008-2014 in Linyi Central Hospital. All patients
were followed up for 9—72 months, and 61 had passed
away by the end of follow-up. Another 27 pairs of clinical
specimens from surgical resection were freshly frozen in
liquid nitrogen and stored for further use. All specimens
used in the present study were confirmed based on pathology
and histology examination. This study was approved by the
ethics committee of Linyi Central Hospital. Written informed
consent was obtained from all patients.

Real-time quantitative PCR

Total mRNA was isolated from 27 pairs of gastric adenocar-
cinoma tissue and adjacent gastric tissue using Trizol reagent
(Thermo Fisher Scientific, Waltham, MA, USA). The purity
and concentration of isolated mRNA was tested by NanoDrop
2000atOD, . Exactly 1 ug of totalmRNA from each specimen
was reverse-transcribed into cDNA using SuperScript cDNA
(Thermo Fisher Scientific) according to the manufacturer’s

instructions. Quantitative PCR was then conducted to
evaluate the mRNA level of PTPRF using SYBR green PCR
master mix (Thermo Fisher Scientific) with PTPRF primers
(forward primer 5’-ATGTCATCGCCTACGACCACTC-3’,
reverse primer 5’-GTGGCGATGTAGGCATTCTGCT-3).
Gene-expression levels were normalized by GAPDH
(forward primer 5-GTGAAGGTCGGAGTCAACGG-3’,
reverse primer 5’-TCAATGAAGGGGTCATTGATGG-3")
with the 224¢T method.!

Immunochemistry staining and evaluation
Immunochemistry (IHC) staining was performed as described
by others." Briefly, 4 um tissue sections were firstly incu-
bated with polyclonal anti-PTPRF antibody (1:300 dilution;
Santa Cruz Biotechnology, Dallas, TX, USA) overnight at
4°C, then incubated with horseradish peroxidase-conjugated
secondary antibody for 1 hour at 37°C. Instead of anti-
PTPRF antibody, PBS was used as a negative control for
IHC assays. After final staining with a DAB-substrate kit
(Beyotime Biotechnology, Beijing, China), IHC slides were
reviewed by two independent pathologists. IHC scores were
evaluated based on both the percentage of positively stained
cells and staining intensity. The percentage of positive
tumor cells was scored as 1 (0%—25% positive tumor cells),
2 (25%-50% positive tumor cells), 3 (50%—75% positive
tumor cells), and 4 (>75% positive tumor cells). Staining
intensity was scored as 1 (no staining), 2 (light yellow),
3 (dark yellow), and 4 (brown). The final IHC score was
calculated by multiplying the percentage score with inten-
sity score. Among all patients, four were scored 1, four
scored 2, 12 scored 3, 16 scored 4, 22 scored 6, 19 scored 8,
16 scored 9, 15 scored 12, and seven scored 16. According
to median score, all enrolled patients were classified into
two groups: high PTPRF expression (staining score =8) and
low PTPRF expression (staining score <8).

Cell culture and transfection

HEK?293 cells and the human originated gastric adeno-
carcinoma cell line MKN45 was purchased from ATCC
(Manassas, VA, USA). Normal human gastric epithelial cells
were purchased from KeyGen Biotech (Nanjing, Jiangsu,
China). All cells were cultured in DMEM supplemented
with 10% (Thermo Fisher Scientific), 100 U/mL penicillin,
and 100 mg/mL streptomycin. The human PTPRF-coding
region was amplified from HEK293 cells using two primers
(forward 5-CCCCGGTACCATGGCCCCTGAGCCAG
CC-3", reverse 5'-CCCCGCGGCCGCCCGTTGCATAGTG
GTCAAA-3’),"? then inserted into a pCDNA3.1 vector.
The PTPRF siRNA oligoduplex was synthesized with the
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sequence 5'-CAGCGCTATCTAGATAGGTAA-3".!¢ Trans-
fection of PTPRF plasmid or siRNA were carried out
with Lipofectamine 2000 according to the manufacturer’s
instructions.

Western blot

Immunoblotting assays were performed as described by
others to evaluate the expression or phosphorylation levels
of various proteins.!” Briefly, harvested cell pellets were
homogenized in NP40 lysis buffer to generate total cell
lysates. Total protein concentration was measured using
a BCA protein-assay kit (Thermo Fisher Scientific), and
20 ug total protein was subjected onto 10% SDS/PAGE
gels, transferred onto polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, USA), blocked with 5%
nonfat milk, and incubated with primary antibodies (Santa
Cruz Biotechnology). Horseradish peroxidase-conjugated
secondary antibodies were then incubated for 1 hour at room
temperature, followed by detection using chemiluminescence
solution and X-ray film.

Proliferation, migration, and invasion assays
Cell proliferation was examined using the MTT assay.'®
Briefly, 5x10° cells were added to 96-well plates and cul-
tured for different times. MTT solution was added to each
well and incubated for 4 hours at 37°C, followed by mea-
surement of OD,, absorbance using the automated plate
reader. Migration and invasion capacity was measured by
transwell assays.!> For the invasion assay, the transwell was
precoated with Matrigel as described by others." Briefly,
3x10* cells were added to the upper chamber and cultured for
48 hours. Migrated or invaded cells were fixed and stained.
Cell counting was carried out in five random visual fields.
All experiments were performed in triplicate and repeated
independently at least three times.

Statistics

All statistical analyses were performed using SPSS 24.0.
Correlations between expression levels of PTPRF and patient
characteristics were tested with y* or Fisher’s exact tests.
Survival analyses were conducted by the Kaplan—Meier
method and compared with log-rank tests. Multivariate
Cox regression analysis was used to identify independent
prognostic factors using a forward stepwise approach. For
cellular experiments, data are presented as means = SEM
from three independent experiments and compared using
Student’s t-test. P<<0.05 by two-tail criteria was considered
statistically significant.

Results

Patient information

The entire cohort contained 75 males and 40 females, with
a median age of 53 years. A total of 48 patients had larger
tumors (diameter >5.0 cm), while tumor diameter for the
other 67 patients was <5 cm (Table 1). Ten patients were
diagnosed with good pathological differentiation, 53 mod-
erate differentiation, and the other 52 poor differentiation.
Additionally, we retrieved the tumor locations of gastric
adenocarcinomas: 22 patients had tumors at upper gastric
level, while the other 93 had tumors at the lower gastric level.
In general, 47 patients were classified as TNM stage I/II and
the other 68 TNM stage I1I/TV.

PTPRF is downregulated in gastric

adenocarcinoma tissue

We firstly tested mRNA abundance in both gastric adeno-
carcinoma tissue and adjacent normal tissue, which revealed
decreased PTPRF mRNA levels in tumor tissue (Figure 1A,
P=0.011). Secondly, we compared protein levels of PTPRF
in normal GES1 gastric epithelial cells with MKN45 cells.
As expected, PTPRF showed lower protein levels in MKN45
cells (Figure 1B). We also searched the Cancer Genome Atlas
database and found that lower PTPRF mRNA levels indicated
poorer OS of gastric adenocarcinoma patients (Figure 1C,
P=0.003). We next tested the protein expression of PTPRF
in clinical specimens. IHC results showed membrane and

Table | Correlations between PTPRF expression and patient
features

OncoTargets and Therapy 2018:1 |

Factors Cases PTPRF level P-value
(n=115) | Low High
(n=58) (n=57)
Age 0.790
=50 years 45 22 23
>50 years 70 36 34
Sex 0.395
Female 40 18 22
Male 75 40 35
Tumor size 0.070
=5cm 67 29 38
>5cm 48 29 19
Differentiation 0.299
Good/moderate 63 29 34
Poor 52 29 23
Localization 0.096*
Upper gastric 22 15 7
Lower gastric 93 43 50
TNM stage 0.001*
i 47 15 32
v 68 43 25
Notes: Fisher’s exact test, due to limited cases; *P<<0.05 (?).
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Figure | PTPRF is downregulated in gastric adenocarcinoma tissue.

Notes: (A) Real-time PCR quantification of PTPRF mRNA levels in gastric adenocarcinoma tissue and matched adjacent nontumoral tissue (n=27). The mRNA expression of
PTPRF in gastric adenocarcinoma tissue was significantly lower than in nontumoral tissue. (B) PTPRF showed a lower protein level in MKN45 tumor cells than normal GES|
epithelial cells. (C) Effect of PTPRF mRNA level on the overall survival of gastric adenocarcinoma patients (data generated from Cancer Genome Atlas database), showing its
possible antitumor roles. Representative immunohistochemistry (IHC) results of PTPRF protein expression in adjacent nontumoral tissue (D) and gastric adenocarcinoma
tissue (E), showing positive staining in both nucleus and cytoplasm. (F) Representative high expression of PTPRF in gastric adenocarcinoma tissue (IHC score 12). *P<<0.05
(paired Student’s t-test); bar 100 um.
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cytoplasm localization of PTPRF in normal gastric tissue
(Figure 1D), with much lower or negative expression in
gastric adenocarcinoma tissue (Figure 1E). Representative
high expression of PTPRF protein in tumor tissue is shown
in Figure 1F.

Decreased PTPRF is correlated with

advanced tumor stage

According to the defined scoring and classification criteria,
we divided enrolled gastric adenocarcinoma patients into
a PTPRF low-expression group (n=58) and PTPRF high-
expression group (n=57) based on immunoreactivity.
Then, we evaluated correlations of PTPRF expression
with clinicopathological features in gastric adenocarci-
noma patients (Table 1). We found that the lower levels
of PTPRF expression were significantly correlated with
advanced TNM stages (P=0.001). Additionally, patients
with larger tumors also exhibited lower PTPRF levels,
though this did not reach statistical significance (P=0.070).
No associations were observed between PTPRF expres-
sion and age, sex, tumor differentiation, or tumor location
(P>0.05). Statistical associations between PTPRF with

tumor stages revealed its possible antitumor effects in
gastric adenocarcinoma.

Lower PTPRF protein level indicates

poorer clinical outcomes

The 5-year OS rate of our entire cohort was 60.09%
(Figure 2A). The effect of each clinicopathological charac-
teristic was also evaluated by Kaplan—Meier survival curves
(Figure 2B and H). With univariate regression analysis,
we identified that lower PTPRF protein expression was
an unfavorable parameter affecting patient survival (mean
survival 52.242.8 vs 66.4£1.8 months, P<<0.001; Table 2),
further confirming the association between PTPRF and
tumor progression. Consistently with conventional concepts,
tumor TNM stage was also significantly predictive for OS
(P=0.001).

To explore the clinical significance of PTPRF further,
we put all factors with P<<0.01 by univariate analysis into a
multivariate Cox regression model (Table 3). Among these,
advanced TNM stages led to significantly worse prognosis
(HR 2.447,95% CI11.163-5.151; P=0.018). Of note, PTPRF
also acted as an independent prognostic factor in our cohort
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Figure 2 Analysis of overall survival in gastric adenocarcinoma patients.
Notes: The overall survival curve was assessed by the Kaplan—Meier method (A). The effect of each variable was also evaluate: PTPRF level (B), patient age (C), sex (D),
tumor size (E), tumor differentiation (F), tumor location (G), and TNM stage (H). *P<<0.05 (log-rank test).

Table 2 Kaplan—Meier OS analyses

Factors OS, months 5-year P-value
(mean = SD) OS (%)

Age 0.453
=50 years 61.7£3.0 69.0

>50 years 59.2+2.3 59.7

Sex 0.889
Female 60.4+3.2 61.6

Male 60.0+2.3 64.7

Tumor size 0.065
=5cm 62.8+2.1 68.5

>5cm 56.3£3.3 57.1
Differentiation 0.415
Good/moderate 61.9+2.4 66.3

Poor 57.8+2.8 61.0

Localization 0.088
Upper gastric 52.7+4.4 46.2

Lower gastric 61.4£2.0 66.9

TNM stage 0.001°
i 66.8+2.3 783

nnv 54.6+2.4 53.6

PTPREF level <0.001°
Low 52.2+2.8 52.1

High 66.4+1.8 75.6

Note: :P<<0.05 (log-rank test).

Survival time (months)

(HR 0.492, 95% CI 0.252-0.959; P=0.037), indicating that
PTPREF exerted antitumor effects in gastric adenocarcinoma.
Tumor size or location showed no statistical significance in
terms of multivariate analysis.

PTPRF suppresses gastric adenocarcinoma
progress by inhibiting ERK signaling

To determine the underlying mechanisms of PTPRF in sup-
pressing tumor progression, we tested the signaling effects of
overexpressing or silencing PTPRF in MKN45 cells. Western
blotting results showed that ERK phosphorylation was nega-
tively regulated by PTPRF level (Figure 3A). Consistently,
phosphorylation levels of ERK downstream substrates,

Table 3 Multivariate analysis

Factors HR 95% CI P-value
Tumor size (>5 vs =5 cm) 1.525 | 0.830-2.801 0.174
Localization (lower vs upper) 0.477 | 0.222-1.024 0.058
TNM stage (II/IV vs /1) 2.447 | 1.163-5.151 0.018
PTPRF (high vs low) 0.492 | 0.252-0.959 0.037:

Abbreviation: OS, overall survival.

Note: P<<0.05 (Cox regression test).
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Figure 3 PTPRF suppresses gastric adenocarcinoma progression by downregulating ERK activation.
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Notes: (A) Western blot results showed that overexpressing PTPRF downregulated ERK-phosphorylation level. The activity of ERK downstream effectors, such as Mnk| and
Myc, was also inhibited by PTPRF. Silencing PTPRF exhibited opposite effects. (B) The proliferation of gastric adenocarcinoma cells was not affected by PTPRF, as revealed
by MTT experiments (P>0.05). (C) The migration process of gastric adenocarcinoma cells was tested by transwell assays, revealing a negative correlation between PTPRF
level and cell-migration capacity. (D) Matrigel-coated transwell chambers were used to evaluate the invasion process of gastric adenocarcinoma cells, which demonstrated
that PTPRF knockdown promoted cell invasion whereas PTPRF overexpression inhibited cell invasion. Similarly, the migration (E) and invasion (F) capacities of MKN45 cells

were both inhibited by U0126, a specific ERK inhibitor. *P<<0.05 (Student’s t-test).

such as Mnk1 and Myc, were also significantly inhibited
by PTPRF. Since Mnk1 and Myc are well-known tumor-
related proteins,?*?! we next tested whether PTPRF could
modulate the phenotypes of MKN45 cells. Cell-proliferation

assays identified little effect of PTPRF on cell growth
(Figure 3B), which is consistent with clinical data. However,

cell-migration and -invasion capacity was significantly pro-

moted by silencing PTPRF, while PTPRF overexpression

OncoTargets and Therapy 2018:1 |
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inhibited cell migration and invasion (Figure 3C and D).
Consistently with the effect of PTPRF, the ERK inhibitor
U0126 also significantly impaired the migration and invasion
capacity of MKN45 cells (Figure 3E and F).

Discussion

Gastric adenocarcinoma is the most common type of gastric
cancer, and our data showed an antitumor effect of PTPRF
on gastric adenocarcinoma for the first time. The role of
PTPRF in gastric adenocarcinoma is consistent with previous
findings about its effects on breast cancer progression.'? The
authors demonstrated that PTPRF can downregulate the
phosphorylation level of EGFR, which is a tumor-promoting
membrane receptor in many tumor types. However, they
did not provide the exact phosphorylation sites on EGFR.
Additionally, their findings showed consistent alterations of
EGEFR downstream effectors, including MMP2, MMP11, and
ERK. In contrast, another study showed completely opposite
effects of PTPRF in a mouse model of breast cancer, showing
that PTPRF promoted tumor metastasis.!! Their data also
showed cross talk between PTPRF and estrogen receptors.
Besides the controversial effects on breast cancer, PTPRF
also plays complicated roles in non-small-cell lung cancer.
On one hand, high PTPRF protein expression in tumor tissue
indicates poorer OS. On the other hand, high PTPRF is posi-
tively correlated with better chemotherapy response for the
non-small-cell lung cancer patients.'* Therefore, more studies
are needed to dig further into the mechanisms of PTPRF in
different tumor types.

Here, we reported the antitumor effects of PTPRF in
gastric adenocarcinoma, which can inhibit tumor-cell migra-
tion and invasion by downregulating the ERK-signaling
pathway. Inhibition of ERK activation, such as by using the
chemical inhibitor U0126, has been reported to downregu-
late the migration and invasion processes of multiple cell
types.?>** Here, we also confirmed its similar anti-invasion
role on MKN45 cells, which is consistent with the effect
induced by PTPRF. Since MKN45 exhibits positive expres-
sion of EGFR and PDGFR proteins,?*? it is possible that
PTPREF inhibits gastric adenocarcinoma progression by
attenuating growth-factor effects. In addition, the role of
PTPREF in inhibiting ERK phosphorylation has been reported
in HepG?2 liver cancer cells; however, the authors believed
that was an indirect effect of regulating ERK-upstream
Src and PP2A proteins.?*?” Whether PTPRF can directly
modulate the phosphorylation status of ERK and Mnk 1 needs
further experimental evidence.

The major limitation of our study is that all the patients
were enrolled from a single medical center, and thus there

may have been regional or racial bias. Another limitation is
that all the data were obtained from in vitro studies. More
evidence on animal models would better complement our
findings. However, we at least revealed the protective and
predictive effects of PTPRF on gastric adenocarcinoma.

Malignant phenotypes of tumor cells are largely charac-
terized by their migration and invasion capacity.”® One tumor-
treatment strategy is inhibition of metastasis activity.?**
Therefore, our findings on the effect of PTPRF in gastric
adenocarcinoma suggest its potential role as a therapeutic
target. Taking into consideration the role of PTPRF in sen-
sitizing chemotherapy toward lung cancer, whether PTPRF
can help treat gastric adenocarcinoma also deserves further
investigation.

Conclusion

In summary, our data provide the first evidence that PTPRF
expression is downregulated in gastric adenocarcinoma.
We also explored the clinical value of PTPRF in gastric
adenocarcinoma patients, such as in predicting OS. In addi-
tion, this study showed that PTPRF can suppress gastric
cancer-cell migration and invasion, perhaps by inhibit-
ing ERK signaling, revealing its potential in therapeutic
development.
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