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Abstract

Background: CD148 is a transmembrane protein tyrosine phosphatase that is expressed

in multiple cell types. Previous studies have shown that CD148 dephosphorylates growth

factor receptors and their signaling molecules, including EGFR and ERK1/2, and nega-

tively regulates cancer cell growth. Furthermore, research of clinical patients has shown

that highly linked CD148 gene polymorphisms, Gln276Pro (Q276P) and Arg326Gln

(R326Q), are associated with an increased risk of several types of cancer. However, the

biological effects of these missense mutations have not been studied.

Aim: We aimed to determine the biological effects of CD148 Q276P/R326Q mutations

in cancer cell proliferation and growth factor signaling, with emphasis on EGFR signaling.

Methods: CD148 forms, wild-type (WT) or Q276P/R326Q, were retrovirally intro-

duced into A431D epidermoid carcinoma cells that lacks CD148 expression. The sta-

ble cells that express comparable levels of CD148 were sorted by flow cytometry.

A431D cells infected with empty retrovirus was used as a control. CD148 localiza-

tion, cell proliferation rate, EGFR signaling, and the response to thrombospondin-1

(TSP1), a CD148 ligand, were assessed by immunostaining, cell proliferation assay,

enzyme-linked immunosorbent assay, and Western blotting.

Results: Both CD148 forms (WT, Q276P/R326Q) were distributed to cell surface

and all three cell lines expressed same level of EGFR. Compared to control cells, the

A431D cells that express CD148 forms showed significantly lower cell proliferation

rates. EGF-induced EGFR and ERK1/2 phosphorylation as well as cell proliferation

were also significantly reduced in these cells. Furthermore, TSP1 inhibited cell prolif-

eration in CD148 (WT, Q276P/R326Q)-expressing A431D cells, while it showed no
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effects in control cells. However, significant differences were not observed between

CD148 WT and Q276P/R326Q cells.

Conclusion: Our data demonstrates that Q276P/R326Q mutations do not have

major effects on TSP1-CD148 interaction as well as on CD148's cellular localization

and activity to inhibit EGFR signaling and cell proliferation.
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1 | INTRODUCTION

CD148 (also known as DEP-1, PTPη, or PTPRJ) is a receptor-type protein

tyrosine phosphatase (PTP) that is expressed in a variety of cell types,

including epithelial cells, endothelial cells, and hematopoietic cells.1–3 A

body of literature has demonstrated that CD148 has a tumor suppressing

activity. First, CD148 is down-regulated in cancer cells or neoplastic tissues,

including thyroid, breast, renal, cervical, gastric, and pancreatic cancers,4–9

while CD148 is upregulated on the differentiation of cancer cells5,10 or

with the cancer-protective nutrients.11 Second, introducing CD148 into

cancer cells strongly suppresses their cell proliferation and colony formation

in culture and tumor growth in vivo, including breast, thyroid, pancreatic,

renal, lung, gastric and colon cancer cells,4–7,9–12 while CD148 knockdown

promotes cancer cell proliferation and migration in culture and tumor

growth in vivo.7–9,11,13 Last, CD148 expression level is inversely correlated

with the survival rate in breast, renal, gastric, and lung cancers.5,7,9,12

In support of CD148's tumor suppressing activity, a body of litera-

ture has shown that CD148 dephosphorylates growth factor receptors

and their signaling molecules that play a major role in cancer cell

growth, including epidermal growth factor receptor (EGFR),9,14–17

hepatocyte growth factor receptor (HGFR),18 platelet-derived growth

factor receptor-β (PDGFRβ),19,20 vascular endothelial growth factor

receptor-2 (VEGFR-2),15,16,21 ERK1/2,22,23 PLCγ1,6,24 and p85 subunit

of PI3-kinase.25 It is of note that CD148 has been identified as a major

EGFR-targeting PTP.14,17 Recently, soluble thrombospondin-1 (TSP1)

or syndecan-2 (SDC2) was shown to serve as a ligand for CD148.15,26

The genetic evidence also supports the role of CD148 as a tumor

suppressor. PTPRJ (CD148) was identified as the unique candidate gene

for the mouse colon-cancer susceptibility locus Scc1.27 Somatic

inactivating PTPRJ mutations were identified in 19% cases of canine

malignant melanoma.28 In humans, loss of heterozygosity (LOH) of PTPRJ

is frequently observed in colon, lung, breast, and thyroid cancers and

Non-Hodgkin's lymphoma.27,29–31 Furthermore, several studies have

implicated the PTPRJ polymorphisms in susceptibility to human cancers,

which cause missense mutations in the extracellular domain of CD148.

The PTPRJ genotype homozygous for Gln276Pro (Q276P) or Asp872Glu

(D872E) allele are more frequently observed in thyroid carcinoma

patients than in healthy individuals.29,32 In a case–control study, one or

more of the combination genotypes of Q276P and R326Q were associ-

ated with the increased risks for various types of cancers, including lung,

head and neck, colorectal, and esophageal cancers.33 Recent pooled anal-

ysis also showed that R326Q genotype significantly increases the risk of

human cancers.34 Interestingly, Q276P and R326Q were shown to be in

perfect linkage disequilibrium.29,35 On the other hand, several studies

have shown that Q276P and/or R326Q genotype show no impacts on

human cancer risks, including colon, breast, and thyroid cancers.35–39

Thus, conflicting results were also reported with these polymorphisms. It

was recently shown that the haplotype impacts whether the polymor-

phism confers a cancer risk.40 Although these polymorphisms can be

found in various populations, the haplogroup-based analysis has not been

conducted. The conflicting results may be due to the haplotype of sub-

jects. To date, the biological effects of these highly-linked missense muta-

tions, Q276P and R326Q, have not been investigated.

In this study, we assessed the biological effects of Q276P/R326Q

polymorphisms on CD148's activity to suppress cancer cell prolifera-

tion and EGFR signaling by stably introducing wild-type (WT) or

mutated (Q276P/R326Q) CD148 to A431D epidermoid cancer cells

that lack endogenous CD148 expression. Furthermore, we also

assessed its effects on CD148 interaction with an extracellular ligand,

thrombospondin-1 (TSP1). Our data demonstrates the first evidence

that Q276P/R326Q missense mutations show no major effects on

cellular localization and activity of CD148 to inhibit cancer cell prolif-

eration and EGFR signaling as well as to interact with its ligand TSP1.

2 | METHODS

2.1 | Antibodies

Immunoblotting: Anti-CD148 goat polyclonal (AF1934) was from R&D

Systems (Minneapolis, MN). Anti-HA rat monoclonal was from Roche

(Indianapolis, IN). Anti-β actin mouse monoclonal (C4) was from Santa Cruz

Biotechnology (Dallas, TX). Anti-pERK1/2 (T202/Y204) monoclonal anti-

body (clone D13.14.4E), anti-total ERK1/2 monoclonal antibody (clone

137F5), anti p-EGFR (Y1068) rabbit polyclonal antibody and anti-EGFR

(D38B1) XP monoclonal antibody were from Cell Signaling Technology

(Danvers, MA). IRDye 680RD goat anti-mouse IgG, IRDye 680RD goat

anti-rat IgG, IRDye 800CW donkey anti-goat IgG, IRDye 680LT donkey

anti-rabbit IgG, and IRDye 800CW donkey anti-rabbit IgG were from

Li-COR Biosciences (Lincoln, NE). Immunofluorescence: Anti-CD148

mouse monoclonal (D-4) was Santa Cruz Biotechnology. Anti-HA epitope

mouse monoclonal (clone 16B12) was from BioLegend (San Diego, CA).

Alexa Fluor 546 goat anti-mouse IgG (A11030) was from Invitrogen

(Carlsbad, CA). Enzyme-linked immunosorbent assay (ELISA): Anti-total

ERK (clone 137F5) rabbit monoclonal was used as a capture antibody. Bio-

tinylated anti-pERK1/2 antibody and Streptavidin/HRP detection reagents
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were provided with the “Phospho-ERK1 (T202/Y204)/ERK2 (T185/Y187)

DuoSet IC ELISA” kit from R&D Systems (Minneapolis, MN). Anti-total

ERK1/2 (Human/Mouse) mouse monoclonal and goat anti-mouse

IgG/HRP detection reagents were provided with the “PathScan Phospho-

p44/42 MAPK Sandwich ELISA Antibody Pair” from Cell Signaling

Technology. Flow cytometry: Phycoerythrin (PE)-conjugated anti-human

CD148 mouse monoclonal (clone 143-41) was from R&D Systems.

PE-conjugated anti-human EGFR and PE-conjugated isotype control was

from BD Biosciences (San Jose, CA).

2.2 | Cells

A431D epidermoid carcinoma cells was provided by Dr. Albert Reynolds

(Vanderbilt University).41 A431D cells is known to be characterized by

the lack of cadherin expression as well as by the high level of EGFR

expression.42,43 These phenotypes were confirmed prior to the study.

The cells were cultured in DMEM (GIBCO Life Technologies, Grand

Island, NY) supplemented with 10% FBS (Sigma Aldrich, St. Louis, MO),

1% L-glutamine, and 100 U/ml penicillin and 100 mg/ml streptomycin

(GIBCO Life Technologies) as described previously.15 Phoenix (CRL-3213)

cells and HEK293 (CRL-1573) cells were purchased from American Type

Culture Collection (ATCC, Manassas, VA) and cultured in DMEM sup-

plemented with 10% FBS, 2 mM L-glutamine and 1% penicillin/strepto-

mycin, according to the ATCC protocol. Cells were cultured in a

humidified atmosphere of 5% CO2 at 37�C.

2.3 | Site-directed mutagenesis and retroviral
vector construction

The c-terminally hemagglutinin (HA) epitope-tagged CD148 cDNA1 was

subcloned into the XhoI/EcoRI sites in pBlueScript II SK (+) vector (Agilent

Technologies, La Jolla, CA). The Q5 Site-Directed Mutagenesis Kit (New

England BioLabs, Ipswich, MA) was used to introduce the Q276P and

R326Q mutations. The following PCR primers were designed to generate

each mutation: Q276P (Forward: TAT CTT CTA CCA TCA AAT AAG

ACA, Reverse: CGG GTT GAT GTT GTA TTG AAC CCC); R326Q

(Forward: CAG CAG TCC CAA GAC ACG GAA GTC, Reverse: GCC GGA

GGA TGG GTC CAC AGG TCC). The mutagenesis reactions were

performed sequentially to create Q276P/R326Q mutations. The correct

mutations were confirmed by DNA sequencing. There were no additional

mutations in CD148 cDNA sequence. The mutated CD148 cDNA was

then subcloned into the XhoI/EcoRI sites in the LZRS-IRES-Zeo retroviral

vector44 that contains a zeocin resistant cassette. The LZRS-IRES-Zeo

vector that expresses WT CD148 has been prepared previously.15

2.4 | Retroviral production and stable cell
preparation

Retrovirus was produced by transfecting the constructed retroviral

vectors (CD148 WT, Q276P/R326Q) into Phoenix packaging cells as

described previously.15 The empty vector was used to produce

control virus. In brief, Phonix cell transfection was performed using

the calcium phosphate-DNA coprecipitation method in the presence

of chloroquine. About 60 h post transfection, viral particles were col-

lected, passed through a 0.45 μM filter, then concentrated using

Retro-X™ Concentrator (Clontech, Mountain View, CA). The concen-

trated retroviruses were added to A431D cells, and stable cells

were selected with 400 μg/ml Zeocin (Invitrogen, Carlsbad, CA). The

Zeocin-resistant cells were stained with a PE-conjugated anti-CD148

antibody (R&D Systems), and the stable cells that express comparable

levels of CD148 were sorted using a BD FACSAria II flow cytometer

(BD Biosciences) as described.15 Control A431D cells were generated

by the infection of retrovirus that was produced with the empty retro-

viral vector.

2.5 | Flow cytometry

The cells were dissociated with 0.05%Trypsin, 0.53 mM EDTA

(Corning, Manassas, VA), washed with PBS containing 0.5% Bovine

Serum Albumin (BSA) (Sigma Aldrich), resuspended in cold 0.5% BSA-

PBS, and 2 � 105 cells were incubated with 5 μl of PE-conjugated

anti-human CD148 mouse monoclonal (clone 143-41, R&D Systems)

or 10 μl of PE-conjugated anti-human EGFR (BD Biosciences) for

45 min at 4�C. Cells were washed with 0.5% BSA-PBS and analyzed

using the three-laser BD LSRII flow cytometer (Becton Dickinson,

Franklin Lakes, NJ).

2.6 | Immunoblotting

Cells were plated in 100 mm dishes and nearly confluent cells were

lysed in RIPA buffer (50 mM Tris–HCl, pH 8.0, with 150 mM NaCl,

1.0% NP-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl)

(Sigma) containing a complete mixture of protease inhibitors

(Roche).16 Clarified protein cell lysates were quantitated by BCA Pro-

tein Assay (Thermo Fisher Scientific). 4� Laemmli sample buffer (Bio-

Rad, Hercules, CA) was added to the lysates with 100 mM DTT,

heated at 95�C for 10 min, and the equal amount of protein were sep-

arated by electrophoresis on a 7.5% Criterion™ TGX™ Precast Midi

Gel (BioRad). The proteins were blotted on Trans-Blot Turbo nitrocel-

lulose membranes using Trans-Blot TURBO Transfer System (Bio-Rad)

according to the manufacture's instruction. The membranes were

blocked with Intercept Blocking Buffer (LI-COR Biosciences) and incu-

bated with anti-CD148, anti-HA, and anti-β actin antibodies for 1 h at

RT or overnight at 4�C. The membranes were washed and incubated

with secondary antibodies for 1 h at RT. Fluorescence signals were

detected and quantified using LI-COR Odyssey CLx System (LI-COR

Biosciences) or Adobe Photoshop (San Jose, CA). For anti-p-ERK or

p-EGFR immunoblotting, cells were plated in 100 mm dishes at 40%

confluency with growth medium, then serum was reduced to 0.5%

FBS overnight. Cells were then treated with 10 ng/ml of EGF

(PeproTech, Cranbury, NJ) for 5, 10, 15, and 30 min, immediately

HE ET AL. 3 of 12



washed with cold PBS, and lysed in RIPA buffer (Sigma) containing

protease and phosphatase inhibitor cocktails (Roche). Clarified protein

cell lysates (25 μg for EGFR, 10 μg for pERK) were separated by elec-

trophoresis on a 7.5% (EGFR) or 4%–15% (ERK1/2) Gradient Crite-

rion™ TGX™ Precast Midi Gel (BioRad), and immunoblotting was

carried out using anti-pERK T202/Y204 or anti-pEGFR Y1068 anti-

bodies as described above. The antibodies were then stripped with

1.5� NewBlot Nitro Stripping Buffer (LI-COR Biosciences) for 20 min

at RT, blocked, and immunoblotting was carried out again using anti-

total ERK or anti-total EGFR antibodies. The band intensity in West-

ern blotting was quantified by LI-COR Image Studio Software (LI-COR

Biosciences) and pEGFR/EGFR or pERK/ERK ratios were calculated.

2.7 | Immunofluorescence

Cells were plated onto glass coverslips (Fisher Scientific, Hampton,

NH) placed in a 12-well plate, fixed in 2% paraformaldehyde (Santa

Cruz Biotechnology) for 20 min at RT.16 For anti-HA staining, cells

were permeabilized with 0.2% saponin/PBS for 30 min at RT. Cells

were incubated with the following primary antibodies for 1 h at RT:

anti-HA mouse monoclonal (1:500); anti-CD148 mouse monoclonal

(1:500). Then, cells were incubated with Alexa Fluor 546 goat anti-

mouse IgG (1:500) for 30 min at RT. Nuclear staining was carried out

with 0.01 mM DRAQ5 (Thermo Fisher Scientific) according to the

manufacture's protocol. Coverslips were mounted on glass slides with

Fluoro-Gel II (Electron Microscopy Sciences, Hatfield, PA). Confocal

images were acquired using the Zeiss 510 confocal microscope (Carl

Zeiss, Jena, Germany).

2.8 | Enzyme-linked immunosorbent assay

Cells were plated in 12-well plates at 40% confluency with growth

medium, and serum was reduced to 0.5% FBS or 0.1% FBS (serum

starved condition) overnight. Then, 10 ng/ml of EGF was added to the

medium for 5, 10, 15, and 30 min, the wells were emptied as quickly

as possible, and lysed in ice-cold RIPA buffer (40 μl/well, Sigma) con-

taining protease and phosphatase inhibitor cocktails (Roche). An equal

amount of clarified lysates was added to each ELISA well. A sandwich

ELISA was used to assess ERK phosphorylation.45 A 384-well plate

was coated with anti-total ERK and incubated overnight at 4�C. Sma-

rtBlock buffer (Candor Bioscience, Wangen, Germany) was then

applied to the plate for 1 h before being discarded. An equal amount

of cell lysates was added in quadruplicate and allowed to incubate for

1 h, washed with PBS + 0.1% Tween, and phosphorylated ERK was

detected with biotinylated anti-pERK1/2 antibody, followed by

Streptavidin/HRP (DuoSet IC kit, R&D Systems). Simultaneously in

separate wells, total ERK was detected with anti-total ERK1/2

mouse monoclonal antibody and anti-mouse IgG/HRP goat antibody

(PathScan kit, Cell Signaling Technology). Amplex Red (Thermo Fisher

Scientific) was added at a final concentration of 5 μg/ml with 0.007%

H2O2, and fluorescence was measured via a plate reader (Ex: 560 nm,

Em: 583 nm, Biotek Synergy Neo2, Winooski, VT). Based on fluores-

cence intensities, ratios of phospho ERK to total ERK were calculated

to determine relative degrees of ERK activation within each lysate.

2.9 | Cell proliferation assay

Cell proliferation assay was carried out as described previously.15 In

brief, cells were plated in 96-well plates (1.0–1.2 � 103 cells per well)

with growth medium. When the cells were attached (14–16 h after

plating, day 0), serum was reduced to 0.1% FBS overnight (day 1).

Then, cells were cultured in medium supplemented with 2.5% FBS

(Figure 2), 0.3% FBS plus 60–240 ng/ml EGF (Figure 5), or 2.5% FBS

plus 1–20 nM human TSP1 (Athens Research & Technology Inc., Ath-

ens, GA) (Figure 6). Cell number was assessed at the indicated time

points using the Cy-QUANT NF cell proliferation assay kit (Thermo

Fisher Scientific). The medium was replaced every 2 days.

2.10 | Statistical analysis

Data are expressed as means ± SEM. Statistical analysis was per-

formed using Prism4 software (GraphPad Software Inc., La Jolla, CA).

One-way analysis of variance with post-hoc Tukey honestly signifi-

cant difference test was used to calculate the p value. p < .05 was

considered as statistically significant.

3 | RESULTS

3.1 | Generation of A431D cells stably expressing
CD148 (WT, Q276P/R326Q) forms

In order to assess the biological effects of Q276P/R326Q missense

mutations, we generated the A431D cells that stably express same

levels of CD148 forms (WT, Q276P/R326Q) using the retroviral

vector and cell sorting. The A431D epidermoid carcinoma cells were

used with the following reasons. First, A431D cells lack endogenous

CD148 expression.15 Second, A431D cells highly express EGFR,

a well-studied substrate of CD148.9,14–17 Last, we have shown that

CD148 inhibits cell proliferation and EGFR signaling in A431D

cells.15,16 The Q276P and R326Q mutations were introduced to

the CD148 cDNA15 using site-directed mutagenesis, which is

c-terminally epitope tagged with HA sequence, and successful muta-

tions were confirmed by DNA sequencing (Figure 1A). Shown in

Figure 1B, the generated A431D-CD148 WT or Q276P/R326Q cells

express same level of CD148 on cell surface, while control A431D

cells that was generated with empty retroviral vector (hereinafter

referred to A431D-Mock cells) showed no CD148 expression. The

expression level of CD148 in these stable cells were comparable to

the CD148 level in cultured human primary endothelial cells46 (data

not shown). The same level of CD148 expression in A431D-CD148

WT and Q276P/R326Q cells was also shown by Western blotting
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(A) (B)

(C) (D)

F IGURE 1 Generation of A431D cells that stably express CD148 forms (WT, Q276P/R326Q). (A) DNA sequence of mutated CD148 cDNA,
confirming Q276P and R326Q mutations. (B) CD148 surface expression were examined in A431D-CD148 (WT, Q276P/R326Q) cells and the
control A431D cells that was generated by the infection of empty retrovirus (Mock) by flow cytometry using a PE-conjugated anti-CD148
antibody. Representative results of four independent experiments are shown. Mean fluorescence intensity is also shown. The fluorescence
intensity of CD148 WT cells is expressed as 1.0. A431D-CD148 WT and Q276P/R326Q cells express comparable levels of CD148.
A431D-Mock cells show no CD148 expression. (C) Expression of CD148 in A431D-CD148 (WT, Q276P/R326Q) cells was also examined by
Western blotting using anti-CD148 or anti-HA antibodies. Fifty micrograms of protein cell lysates were loaded into each well. The loading of
proteins was assessed by anti-β actin Western blot. The ratios of CD148 or HA to β actin are also shown. The ratios in A431D-CD148 WT cells
are expressed as 1.0. Representative results of four independent experiments are shown. (D) Immunolocalization of CD148 or HA epitope (both
red) were examined in A431D-Mock and A431D-CD148 (WT, Q276P/R326Q) cells. The antibody against CD148 extracellular domain was used.
Representative results of four independent experiments are shown. Scale bar = 25 μm. CD148 WT and Q276P/R326Q are similarly localized to
the cell membrane (arrowheads). In anti-HA immunostaining, there is perinuclear CD148 presence that is generally observed in stable cells

HE ET AL. 5 of 12



(Figure 1C). Furthermore, the immunostaining of these cells with

anti-CD148 antibody (against ectodomain sequence) or anti-HA anti-

body showed that both CD148 forms are similarly distributed to the

cell membrane (Figure 1D). Since CD148 is c-terminally epitope

tagged with HA-sequence, permeabilization of the cells was required

for anti-HA stain; therefore, immunoreactivity was also observed in

cytoplasm. No immunoreactivities were observed in A431D-Mock

cells.

3.2 | Cell proliferation rate in A431D-CD148
(WT, Q276P/R326Q) cells

A body of literature demonstrated that CD148 expression inhibits cell

proliferation in various type of cancer cells in culture.4–7,9–12 In order

to evaluate the biological effect of Q276P/R326Q polymorphisms,

first we examined the cell proliferation rate of A431D-CD148 WT or

Q276P/R326Q cells as compared with A431D-Mock cells. Shown in

Figure 2, both A431D-CD148 WT and Q276P/R326Q cells showed

significantly lower cell proliferation rates than A431D-Mock cells.

However, there was no significant difference between the effects of

CD148 WT and Q276P/R326Q on the extent to which they decrease

the cell proliferation rate. The finding demonstrates that Q276P/

R326Q polymorphisms do not alter the CD148 activity to inhibit

A431D cancer cell proliferation.

3.3 | EGFR signaling in A431D-CD148 (WT,
Q276P/R326Q) cells

A body of literature has shown that CD148 dephosphorylates EGFR and

suppress EGF signaling, especially ERK1/2 phosphorylation.9,14–17,22 We

therefore examined the effect of the Q276P/R326Q polymorphisms on

CD148 activity to suppress EGFR signaling. First, we assessed the EGFR

expression in A431D-CD148 (WT, Q276P/R326Q) and A431D-Mock

cells by flow cytometry. Shown in Figure 3A, flow cytometric examina-

tion showed that cell surface expression of EGFR in A431D-CD148 WT

or Q276P/R326Q cells are comparable to that in A431D-Mock cells,

and there is no difference in surface EGFR levels between these two

CD148 stable cells. Isotype control antibody and HEK293 cells that do

not express EGFR47 were used as negative controls. These results were

also confirmed by Western blotting (Figure 4A), which shows compara-

ble levels of EGFR expression in A431D-Mock, CD148WT, and Q276P/

R326Q cells.

To investigate EGFR signaling in A431D-CD148 WT or Q276P/

R326Q cells, next we stimulated these cells along with A431D-Mock

cells with 10 ng/ml of EGF, and assessed the phosphorylation of ERK,

a major downstream target in EGFR signaling,48 by ELISA. The dosage

of EGF was determined by a preliminary dose–response experiment

where EGF treatment induced ERK phosphorylation in all three cell

lines in a dose-dependent manner, which peaked at 5 min and

decreased after 10 min of stimulation (Figure S1). Shown in Figure 3B,

A431D-CD148 cells, either WT or Q276P/R326Q, showed lowered

EGF-induced ERK phosphorylation compared to A431D-mock cells.

There was no significant difference in the activity between two

CD148 forms, indicating that Q276P/R326Q does not alter the

CD148 activity to suppress EGFR signaling. We also examined EGFR

(Y1068) and ERK (T202/Y204) phosphorylation in these cells by

Western blotting. The Y1068 is a key autophosphorylation tyrosine

residue that reflects EGFR activation and serves as a Grb2 binding site

inducing ERK1/2 activation.49,50 Shown in Figure 4A,B, Western blot-

ting data further confirmed the ELISA data of ERK phosphorylation

and also showed that A431D-Mock cells have more robust EGFR

phosphorylation compared to A431D-CD148 (WT, Q276P/R326Q)

cells. However, evident difference was not observed in the levels of

EGFR phosphorylation between A431D-CD148 WT and Q276P/

R326Q cells. CD148 expression exhibited a stronger effect on EGFR

phosphorylation than ERK phosphorylation. This would be because

CD148 more directly targets activated EGFR, while ERK phosphoryla-

tion is induced not only by EGF but also by other signaling events.

Collectively, our data suggest Q276P/R326Q polymorphisms do not

have major effects on CD148's activity to suppress EGFR signaling in

A431D cells.

3.4 | EGF-induced cell proliferation
in A431D-CD148 (WT, Q276P/R326Q) cells

We further examined the effect of CD148 Q276P/R326Q polymor-

phisms on EGF-induced cell proliferation in A431D cells. Shown in

F IGURE 2 Cell proliferation rate in A431D-CD148 (WT, Q276P/
R326Q) cells. Cells (1.0 � 103) were plated in 96-well plates and
serum starved (0.1% FBS) for overnight (day 1). Cells were then

cultured in growth medium supplemented with 2.5% FBS. Cell
number was assessed at day 1, 2, 3 and 4. Data are means ± SEM of
quadruplicate determinations. Representative data of four
independent experiments is shown. **p < .01. A431D-CD148 (WT,
Q276P/R326Q) cells showed lower cell proliferation rates than
A431D-Mock cells. No significant difference was observed between
A431D-CD148 WT and Q276P/R326Q cells
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(A)

(B)

F IGURE 3 Expression of epidermal growth factor receptor (EGFR) and EGF-induced ERK phosphorylation in A431D-CD148 (WT, Q276P/
R326Q) cells. (A) Cell surface expression of EGFR in A431D-CD148 (WT and Q276P/R326Q) and A431D-Mock (control) cells were examined by
flow cytometry using a PE-conjugated anti-human EGFR antibody. HEK293 cells that do not express EGFR were used as a negative control.
Mean fluorescence intensity is also shown (bottom right). The fluorescence intensity of A431D-Mock cells is expressed as 1.0. Representative
results of three independent experiments are shown. All three A431D cells showed comparable level of EGFR expression. (B) EGF-induced
ERK1/2 phosphorylation was examined in A431D-CD148 (WT and Q276P/R326Q) and A431D-Mock cells by ELISA as described in Section 2.
Cells were treated with 10 ng/ml EGF for 5, 10, 15, and 30 min. The cells cultured in serum starved (SS) condition (0.1% FBS medium) for 30 min

were used as a control. The p-ERK/ERK ratios were normalized to serum-starved (30 min) A431D-Mock cells. Representative results of five
independent experiments are shown. Data are means ± SEM of quadruplicate measurements. ***p < .001
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Figure 5, EGF treatment increased cell proliferation in all three cell

lines in a dose-dependent manner. The larger effects were observed

in A431D-Mock cells than in A431D-CD148 WT or Q276P/R326Q

cells, indicating that both forms reduce EGF-induced cell proliferation

in A431D cells. There was no significant difference in cell proliferation

on EGF stimulation between A431D-CD148 WT and Q276P/R326Q

cells. The finding demonstrates that Q276P/R326Q polymorphisms

do not alter CD148 activity to suppress EGF-induced cell proliferation

in A431D cells. It is of note that much higher dose of EGF was

required to induce cell proliferation in A431D cells, while 10 ng/ml of

EGF was sufficient to induce EGFR and ERK phosphorylation. EGFR

is activated in A431D cells when they are cultured in growth

medium, perhaps due to very high level of EGFR expression (ligand-

independent activation)15; therefore, the cells may be tolerant against

EGF stimulation. Indeed, several reports have shown that high dose

(10–20 nM; 60–120 ng/ml) EGF is required to induce cell prolifera-

tion in A431 cells.51–53

3.5 | The responses of A431D-CD148 (WT,
Q276P/R326Q) cells to thrombospondin-1

CD148 is composed of an extracellular segment of fibronectin type III

(FN3) repeats, a transmembrane domain, and a single intracellular PTP

domain.54 The Q276P/R326Q missense mutations are in the third

FN3 repeat (UniProtKB-Q12913); therefore, it may serve as an inter-

face between the extracellular ligand and CD148. We have recently

shown that soluble thrombospondin-1 (TSP1) binds to the CD148

ectodomain, and its binding increases the CD148 catalytic activity and

inhibits cell proliferation of A431D-CD148 WT cells.15,16 Therefore,

next we asked if Q276P/R326Q mutations alter TSP1-CD148 inhibi-

tion of A431D cell proliferation. Shown in Figure 6, TSP1 dose-

dependently inhibited cell proliferation in A431D-CD148 WT cells,

while it showed no effects in A431D-Mock cells as described previ-

ously.15,16 Interestingly, similar effects were observed in A431D-

CD148 Q276P/R326Q cells. There was no significant difference in

(A)

(B)

F IGURE 4 Immunoblotting to assess EGF-induced epidermal growth factor receptor (EGFR) and ERK1/2 phosphorylation in A431D-CD148
(WT, Q276P/R326Q) cells. (A) and (B) EGF-induced EGFR and ERK1/2 phosphorylation was examined in A431D-CD148 (WT, Q276P/R326Q)
and A431D-Mock cells by Western blotting as described in Section 2. Cells were plated in 100 mm dishes, serum was reduced (0.5% FBS), then
cells were treated with 10 ng/ml EGF for 5, 10, 15, 30 min. The cells cultured in serum starved (SS) condition (0.1% FBS medium) for 30 min were
used as a negative control. The p-EGFR/EGFR ratios were normalized to A431D-Mock cells treated with EGF for 5 min as EGFR phosphorylation
was undetectable in serum starved (0.1% FBS) cells. The p-ERK/ERK ratios were normalized to serum-starved A431D-Mock cells. Representative
results of five independent experiments are shown
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F IGURE 5 EGF-induced cell proliferation in A431D-CD148 (WT, Q276P/R326Q) cells. Cells (1.2 � 103) were plated in 96-well plates (day 0),
then serum starved (0.1% FBS) for overnight (day 1). Cells were then treated with 60 ng/ml, 120 ng/ml, and 240 ng/ml EGF in growth medium
supplemented with 0.3% FBS. Cell number was assessed at day 1 (before EGF stimulation) and day 3. Representative results of four independent
experiments are shown. Data are means ± SEM of quadruplicate determinations. **p < .01, *p < .05

F IGURE 6 Effects of TSP1 on cell proliferation in A431D-CD148 (WT, Q276P/R326Q) cells. Cells (1.0 � 103) were plated in 96-well plates
(day 0), then serum starved (0.1% FBS) for overnight (day 1). Cells were then treated with 1, 10, 20 nM of TSP1 in growth medium supplemented
with 2.5% FBS. Cell number was assessed at day 1 (before TSP1 stimulation) and day 4. Representative results of four independent experiments
are shown. Data are means ± SEM of quadruplicate determinations. **p < .01
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TSP1 inhibition of cell proliferation between A431D-CD148 WT and

Q276P/R326Q cells, indicating that Q276P/R326Q mutations have

no major effects on TSP1-CD148 interaction.

Recent reports have shown that ectodomain of syndecan-2

(SDC2) also binds to CD148 and triggers its catalytic activity.55,56

According to the literature,56 we also examined the effects of Q276P/

R326Q mutations on SDC2-CD148 interaction using A431D cell pro-

liferation assay. However, recombinant protein of SDC2 ectodomain

(R&D Systems) showed no effects in all three cell lines (data not

shown), even with 10.0 μg/ml dose, yet 0.5 μg/ml of SDC2 was

shown to inhibit lung fibroblast activation and proliferation via

CD148.56

4 | DISCUSSION

The present study investigated the effects of CD148 Q276P/R326Q

polymorphisms in cancer cell proliferation, growth factor signaling (with

emphasis on EGFR signaling), and the CD148 ligand-induced cancer cell

growth inhibition by stably expressing same level of WT or Q276P/

R326Q forms of CD148 in A431D epidermoid carcinoma cells that lack

CD148 expression. Although Q276P and R326Q are predicted to cause

torsional stress and loss of positive charge respectively,27 our data dem-

onstrates that Q276P/R326Q mutations do not have major effects on

CD148 interaction with its ligand TSP1 as well as on CD148's cellular

localization and activity to inhibit cell proliferation and EGFR signaling in

A431D cells.

Previous studies have shown that CD148 activity is regulated in

two ways. Tarcic et al. have shown that CD148 interacts with EGFR

when it is activated with its ligand EGF, dephosphorylates multiple

tyrosine residues in activated EGFR, including Y1068, and suppresses

the EGFR signaling (the ligand-independent mechanism).14 On the

other hand, we and others have demonstrated that CD148 catalytic

activity is increased by the extracellular ligands such as TSP1 or

SDC2.15,16,26,55,56 EGFR is highly expressed in A431D cells as well as

in its parent A431 cells.15,16,47 In this cancer cells, EGFR is activated

without EGF stimulation when they are cultured in growth medium,

perhaps due to high level of EGFR expression, and we have shown

that TSP1-CD148 interaction suppresses this EGFR activity.15,16 Fur-

thermore, CD148 was shown to interact with- and dephosphorylate

ERK1/2 that promotes cell proliferation.22 These would be a mecha-

nism by which TSP1 inhibits cell proliferation in A431D-CD148 WT

or Q276P/R326Q cells. Although the CD148 regions that are respon-

sible for CD148 interaction with EGFR or TSP1 are currently

unknown, our data demonstrates that Q276P/R326Q polymorphisms

do not alter the interactions of CD148 with activated EGFR or its

ligand TSP1.

In this study, we normalized the expression levels of CD148 in

the stable cells by cell sorting to assess the biological effects of

Q276P/R326Q mutations. Therefore, the present data does not

exclude the possibility that Q276P/R326Q mutations alter the

expression level of CD148. However, this would be less likely. First,

Q276P/R326Q mutations are in the extracellular domain, but not

promoter region. Second, a recent study has shown that the surface

expression level of CD148 is comparable in the platelets that carry

WT or Q276P/R326Q alleles.57 In addition, we could not see obvious

difference in CD148 levels (assessed by flow cytometry and Western

blotting) between the A431D-CD148 WT and Q276P/R326Q cells

before sorting.

Given the facts that CD148 has a prominent activity in

suppressing EGFR signaling9,14–17,22 and that A431D cells express

EGFR at high level, the present study has examined the effects of

Q276P/R326Q mutations in EGFR signaling. However, CD148 was

shown to dephosphorylate multiple growth factor receptors, including

vascular endothelial growth factor receptor-2 (VEGFR-2),15,16,21 hepa-

tocyte growth factor receptor (HGFR, c-Met),18 platelet-derived

growth factor receptor-β (PDGFRβ),19,20 and GDNF receptor (RET).58

Furthermore, CD148 was shown to suppress cancel cell migration or

angiogenesis.13,16 It is possible that these mutations affect other cancer

promoting events such as cancer cell migration, metastasis, and angio-

genesis rather than cancer cell proliferation through targeting other mol-

ecules. In addition, we have shown that CD148 interacts with

E-cadherin and strengthens cell–cell adhesion by dephosphorylating

p120 and β catenins.46 Last, there may be other extracellular ligands for

CD148. In this context, it would be interesting to transplant these

A431D cells into the immunodeficient mice and assess how Q276P/

R326Q mutations alters A431D cancer cell growth in vivo, yet Q276

and R326 are not preserved in mouse CD148. Further studies would be

required to investigate the effects of Q276P/R326Q mutations on

these CD148 activities.

Given the fact that Q276P and R326Q polymorphisms are highly

linked,27,29,35 the present study assessed the effects of Q276P/

R326Q mutations. Mita et al. have shown that the subjects that have

only one mutation, either Q276P or R326Q, exhibit high risks for cer-

tain cancers, yet these are rare types.33 Therefore, further investiga-

tion would also be required to assess the effects of each mutation.

The frequency of Q276P or R326Q allele is �17% (ALFRED database,

Yale Center for Medical Informatics, New Haven, CT), and 36% of

healthy subjects have Q276P/R326Q mutations and 3% of them has

either Q276P or R326Q mutation.33 These mutations are more fre-

quently observed in cancer patients. It would be important to deter-

mine its biological effects to better understand and treat the cancer

patients.

5 | CONCLUSION

This study has investigated for the first time the biological effects of

CD148 Q276P/R326Q polymorphisms in cancer cell proliferation,

growth factor (EGF) signaling, and the CD148 ligand-induced cancer

cell growth inhibition by introducing WT and mutated (Q276P/

R326Q) CD148 into A431D epidermoid cancer cells. Our data dem-

onstrates that Q276P/R326Q mutations show no major effects on

functional interaction of CD148 with its ligand TSP1 as well as on

CD148's cellular localization and activity to inhibit cell proliferation

and EGFR signaling in A431D epidermoid cancer cells.

10 of 12 HE ET AL.



ACKNOWLEDGMENTS

We thank Dr Maulik Patel for invaluable suggestions and comments,

Mr Sean Schaffer for assisting confocal imaging and data analysis, and

Dr Joshua Bauer, Dr Tadashi Otsuka and Mr Raymar Turangan for

technical support. Confocal imaging and data analysis were performed

in part through the use of the Vanderbilt Cell Imaging Shared

Resource. Cell proliferation and p-ERK ELISA assays were performed

in part through Vanderbilt High Throughput Screening Facility. This

work was carried out through Biological Science Laboratory Research

Program at Vanderbilt University and in part through Bayer/

Vanderbilt Collaboration.

CONFLICT OF INTEREST

Philipp Ellinger and Manuel Grundmann are full-time employees at

Bayer AG. Other authors have stated explicitly that there are no

conflicts of interest in connection with this article.

AUTHOR CONTRIBUTIONS

Lilly He: Formal analysis (equal); investigation (lead); methodology

(equal); validation (equal); visualization (equal); writing – original draft

(lead); writing – review and editing (equal). Keiko Takahashi: Formal

analysis (equal); investigation (equal); methodology (equal); validation

(equal); visualization (equal); writing – original draft (equal); writing –

review and editing (equal). Lejla Pasic: Formal analysis (equal); investi-

gation (equal); methodology (equal); validation (equal); visualization

(equal); writing – original draft (equal); writing – review and editing

(equal). Chikage Narui: Investigation (equal). Philipp Ellinger:

Methodology (equal); writing – review and editing (equal). Manuel

Grundmann: Methodology (equal); writing – review and editing (equal).

Takamune Takahashi: Conceptualization (lead); formal analysis (equal);

funding acquisition (lead); supervision (lead); validation (equal); visuali-

zation (equal); writing – original draft (equal); writing – review and

editing (equal).

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ETHICS STATEMENT

This study was conducted with the institutional approval and guide-

lines of biosafety.

ORCID

Takamune Takahashi https://orcid.org/0000-0002-4841-2499

REFERENCES

1. Takahashi T, Takahashi K, Mernaugh R, et al. Endothelial localization

of receptor tyrosine phosphatase, ECRTP/DEP-1, in developing and

mature renal vasculature. J Am Soc Nephrol. 1999;10(10):2135-2145.

2. Autschbach F, Palou E, Mechtersheimer G, et al. Expression of the

membrane protein tyrosine phosphatase CD148 in human tissues.

Tissue Antigens. 1999;54(5):485-498.

3. de la Fuente-Garcia MA, Nicolas JM, Freed JH, et al. CD148 is a

membrane protein tyrosine phosphatase present in all hematopoietic

lineages and is involved in signal transduction on lymphocytes. Blood.

1998;91(8):2800-2809.

4. Trapasso F, Iuliano R, Boccia A, et al. Rat protein tyrosine phospha-

tase eta suppresses the neoplastic phenotype of retrovirally trans-

formed thyroid cells through the stabilization of p27(Kip1). Mol Cell

Biol. 2000;20(24):9236-9246.

5. Smart CE, Askarian Amiri ME, Wronski A, et al. Expression and func-

tion of the protein tyrosine phosphatase receptor J (PTPRJ) in normal

mammary epithelial cells and breast tumors. PLoS One. 2012;7(7):

e40742.

6. Trapasso F, Yendamuri S, Dumon KR, et al. Restoration of receptor-

type protein tyrosine phosphatase eta function inhibits human pan-

creatic carcinoma cell growth in vitro and in vivo. Carcinogenesis.

2004;25(11):2107-2114.

7. Casagrande S, Ruf M, Rechsteiner M, et al. The protein tyrosine phos-

phatase receptor type J is regulated by the pVHL-HIF axis in clear cell

renal cell carcinoma. J Pathol. 2013;229(4):525-534.

8. Yan CM, Zhao YL, Cai HY, Miao GY, Ma W. Blockage of PTPRJ pro-

motes cell growth and resistance to 5-FU through activation of

JAK1/STAT3 in the cervical carcinoma cell line C33A. Oncol Rep.

2015;33(4):1737-1744.

9. Sun Y, Li S, Yu W, et al. CD148 serves as a prognostic marker of gas-

tric cancer and hinders tumor progression by dephosphorylating

EGFR. J Cancer. 2020;11(9):2667-2678.

10. Keane MM, Lowrey GA, Ettenberg SA, Dayton MA, Lipkowitz S. The

protein tyrosine phosphatase DEP-1 is induced during differentiation

and inhibits growth of breast cancer cells. Cancer Res. 1996;56(18):

4236-4243.

11. Balavenkatraman KK, Jandt E, Friedrich K, et al. DEP-1 protein

tyrosine phosphatase inhibits proliferation and migration of colon car-

cinoma cells and is upregulated by protective nutrients. Oncogene.

2006;25(47):6319-6324.

12. D'Agostino S, Lanzillotta D, Varano M, et al. The receptor protein tyro-

sine phosphatase PTPRJ negatively modulates the CD98hc oncoprotein

in lung cancer cells. Oncotarget. 2018;9(34):23334-23348.

13. Petermann A, Haase D, Wetzel A, et al. Loss of the protein-tyrosine

phosphatase DEP-1/PTPRJ drives meningioma cell motility. Brain

Pathol. 2011;21(4):405-418.

14. Tarcic G, Boguslavsky SK, Wakim J, et al. An unbiased screen iden-

tifies DEP-1 tumor suppressor as a phosphatase controlling EGFR

endocytosis. Curr Biol. 2009;19(21):1788-1798.

15. Takahashi K, Mernaugh RL, Friedman DB, et al. Thrombospondin-1

acts as a ligand for CD148 tyrosine phosphatase. Proc Natl Acad Sci

USA. 2012;109(6):1985-1990.

16. Takahashi K, Sumarriva K, Kim R, et al. Determination of the

CD148-interacting region in thrombospondin-1. PLoS One. 2016;

11(5):e0154916.

17. Stanoev A, Mhamane A, Schuermann KC, et al. Interdependence

between EGFR and phosphatases spatially established by vesicular

dynamics generates a growth factor sensing and responding network.

Cell Syst. 2018;7(3):295-309. e11.

18. Palka HL, Park M, Tonks NK. Hepatocyte growth factor receptor

tyrosine kinase met is a substrate of the receptor protein-tyrosine

phosphatase DEP-1. J Biol Chem. 2003;278(8):5728-5735.

19. Jandt E, Denner K, Kovalenko M, Ostman A, Bohmer FD. The

protein-tyrosine phosphatase DEP-1 modulates growth factor-

stimulated cell migration and cell-matrix adhesion. Oncogene. 2003;

22(27):4175-4185.

20. Kovalenko M, Denner K, Sandstrom J, et al. Site-selective dephos-

phorylation of the platelet-derived growth factor beta-receptor by

the receptor-like protein-tyrosine phosphatase DEP-1. J Biol Chem.

2000;275(21):16219-16226.

21. Chabot C, Spring K, Gratton JP, Elchebly M, Royal I. New role for the

protein tyrosine phosphatase DEP-1 in Akt activation and endothelial

cell survival. Mol Cell Biol. 2009;29(1):241-253.

HE ET AL. 11 of 12

https://orcid.org/0000-0002-4841-2499
https://orcid.org/0000-0002-4841-2499


22. Sacco F, Tinti M, Palma A, et al. Tumor suppressor density-enhanced

phosphatase-1 (DEP-1) inhibits the RAS pathway by direct dephosphor-

ylation of ERK1/2 kinases. J Biol Chem. 2009;284(33):22048-22058.

23. Massa A, Barbieri F, Aiello C, et al. The phosphotyrosine phosphatase

eta mediates somatostatin inhibition of glioma proliferation via the

dephosphorylation of ERK1/2. Ann N Y Acad Sci. 2004;1030:264-274.

24. Baker JE, Majeti R, Tangye SG, Weiss A. Protein tyrosine phosphatase

CD148-mediated inhibition of T-cell receptor signal transduction is

associated with reduced LAT and phospholipase Cgamma1 phosphor-

ylation. Mol Cell Biol. 2001;21(7):2393-2403.

25. Tsuboi N, Utsunomiya T, Roberts RL, et al. The tyrosine phosphatase

CD148 interacts with the p85 regulatory subunit of phosphoinositide

3-kinase. Biochem J. 2008;413(1):193-200.

26. Whiteford JR, Xian X, Chaussade C, Vanhaesebroeck B, Nourshargh S,

Couchman JR. Syndecan-2 is a novel ligand for the protein tyrosine

phosphatase receptor CD148.Mol Biol Cell. 2011;22(19):3609-3624.

27. Ruivenkamp CA, van Wezel T, Zanon C, et al. Ptprj is a candidate for

the mouse colon-cancer susceptibility locus Scc1 and is frequently

deleted in human cancers. Nat Genet. 2002;31(3):295-300.

28. Hendricks WPD, Zismann V, Sivaprakasam K, et al. Somatic

inactivating PTPRJ mutations and dysregulated pathways identified in

canine malignant melanoma by integrated comparative genomic anal-

ysis. PLoS Genet. 2018;14(9):e1007589.

29. Iuliano R, Le Pera I, Cristofaro C, et al. The tyrosine phosphatase

PTPRJ/DEP-1 genotype affects thyroid carcinogenesis. Oncogene.

2004;23(52):8432-8438.

30. Ruivenkamp C, Hermsen M, Postma C, et al. LOH of PTPRJ occurs

early in colorectal cancer and is associated with chromosomal loss of

18q12-21. Oncogene. 2003;22(22):3472-3474.

31. Aya-Bonilla C, Green MR, Camilleri E, et al. High-resolution loss of

heterozygosity screening implicates PTPRJ as a potential tumor sup-

pressor gene that affects susceptibility to non-Hodgkin's lymphoma.

Genes Chromosomes Cancer. 2013;52(5):467-479.

32. Iuliano R, Palmieri D, He H, et al. Role of PTPRJ genotype in papillary

thyroid carcinoma risk. Endocr Relat Cancer. 2010;17(4):1001-1006.

33. Mita Y, Yasuda Y, Sakai A, et al. Missense polymorphisms of PTPRJ

and PTPN13 genes affect susceptibility to a variety of human can-

cers. J Cancer Res Clin Oncol. 2010;136(2):249-259.

34. Gholami M, Amoli MM. Comments on: meta-analysis of association

between Arg326Gln (rs1503185) and Gln276Pro (rs1566734) poly-

morphisms of PTPRJ gene and cancer risk. J Appl Genet. 2019;60

(3-4):431-433.

35. Lesueur F, Pharoah PD, Laing S, et al. Allelic association of the human

homologue of the mouse modifier Ptprj with breast cancer. Hum Mol

Genet. 2005;14(16):2349-2356.

36. Toland AE, Rozek LS, Presswala S, Rennert G, Gruber SB. PTPRJ hap-

lotypes and colorectal cancer risk. Cancer Epidemiol Biomarkers Prev.

2008;17(10):2782-2785.

37. Wei W, Jiang M, Luo L, Li Z, Wang P, Dong WQ. Colorectal cancer

susceptibility variants alter risk of breast cancer in a Chinese Han

population. Genet Mol Res. 2013;12(4):6268-6274.

38. Powell N, Dudley E, Morishita M, Bogdanova T, Tronko M, Thomas G.

Single nucleotide polymorphism analysis in the human phosphatase PTPrj

gene using matrix-assisted laser desorption/ionisation time-of-flight mass

spectrometry. Rapid Commun Mass Spectrom. 2004;18(19):2249-2254.

39. Balabanski L, Serbezov D, Nikolova D, et al. Centenarian exomes as a

tool for evaluating the clinical relevance of germline tumor suppressor

mutations. Technol Cancer Res Treat. 2020;19:1533033820911082.

40. Zhuo Z, Miao L, Hua W, et al. Genetic variations in nucleotide

excision repair pathway genes and hepatoblastoma susceptibility. Int

J Cancer. 2021;149:1649-1658.

41. Thoreson MA, Anastasiadis PZ, Daniel JM, et al. Selective uncoupling

of p120(ctn) from E-cadherin disrupts strong adhesion. J Cell Biol.

2000;148(1):189-202.

42. Lewis JE, Wahl JK 3rd, Sass KM, Jensen PJ, Johnson KR,

Wheelock MJ. Cross-talk between adherens junctions and

desmosomes depends on plakoglobin. J Cell Biol. 1997;136(4):

919-934.

43. Ortega FE, Rengarajan M, Chavez N, et al. Adhesion to the host cell

surface is sufficient to mediate Listeria monocytogenes entry into

epithelial cells. Mol Biol Cell. 2017;28(22):2945-2957.

44. Ireton RC, Davis MA, van Hengel J, et al. A novel role for p120

catenin in E-cadherin function. J Cell Biol. 2002;159(3):465-476.

45. Stone GP, Mernaugh R, Haselton FR. Virus detection using filament-

coupled antibodies. Biotechnol Bioeng. 2005;91(6):699-706.

46. Takahashi K, Matafonov A, Sumarriva K, et al. CD148 tyrosine phospha-

tase promotes cadherin cell adhesion. PLoS One. 2014;9(11):e112753.

47. Derer S, Bauer P, Lohse S, et al. Impact of epidermal growth factor

receptor (EGFR) cell surface expression levels on effector mecha-

nisms of EGFR antibodies. J Immunol. 2012;189(11):5230-5239.

48. Pines G, Kostler WJ, Yarden Y. Oncogenic mutant forms of EGFR:

lessons in signal transduction and targets for cancer therapy. FEBS

Lett. 2010;584(12):2699-2706.

49. Yamaoka T, Frey MR, Dise RS, Bernard JK, Polk DB. Specific epider-

mal growth factor receptor autophosphorylation sites promote mouse

colon epithelial cell chemotaxis and restitution. Am J Physiol

Gastrointest Liver Physiol. 2011;301(2):G368-G376.

50. Capuani F, Conte A, Argenzio E, et al. Quantitative analysis reveals

how EGFR activation and downregulation are coupled in normal but

not in cancer cells. Nat Commun. 2015;6:7999.

51. Huang YT, Hwang JJ, Lee LT, et al. Inhibitory effects of a luteinizing

hormone-releasing hormone agonist on basal and epidermal growth

factor-induced cell proliferation and metastasis-associated properties

in human epidermoid carcinoma A431 cells. Int J Cancer. 2002;99(4):

505-513.

52. Cordero JB, Cozzolino M, Lu Y, et al. 1,25-Dihydroxyvitamin D down-

regulates cell membrane growth- and nuclear growth-promoting sig-

nals by the epidermal growth factor receptor. J Biol Chem. 2002;

277(41):38965-38971.

53. Masui H, Castro L, Mendelsohn J. Consumption of EGF by A431 cells:

evidence for receptor recycling. J Cell Biol. 1993;120(1):85-93.

54. Ostman A, Yang Q, Tonks NK. Expression of DEP-1, a receptor-like

protein-tyrosine-phosphatase, is enhanced with increasing cell den-

sity. Proc Natl Acad Sci USA. 1994;91(21):9680-9684.

55. De Rossi G, Evans AR, Kay E, et al. Shed syndecan-2 inhibits angio-

genesis. J Cell Sci. 2014;127(21):4788-4799.

56. Tsoyi K, Chu SG, Patino-Jaramillo NG, et al. Syndecan-2 attenuates

radiation-induced pulmonary fibrosis and inhibits fibroblast activation

by regulating PI3K/Akt/ROCK pathway via CD148. Am J Respir Cell

Mol Biol. 2017;58:208-215.

57. Rollin J, Pouplard C, Gratacap MP, et al. Polymorphisms of protein

tyrosine phosphatase CD148 influence FcγRIIA-dependent platelet

activation and the risk of heparin-induced thrombocytopenia. Blood.

2012;120(6):1309-1316.

58. Iervolino A, Iuliano R, Trapasso F, et al. The receptor-type protein tyro-

sine phosphatase J antagonizes the biochemical and biological effects

of RET-derived oncoproteins. Cancer Res. 2006;66(12):6280-6287.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: He L, Takahashi K, Pasic L, et al. The

effects of CD148 Q276P/R326Q polymorphisms in A431D

epidermoid cancer cell proliferation and epidermal growth

factor receptor signaling. Cancer Reports. 2022;5(9):e1566.

doi:10.1002/cnr2.1566

12 of 12 HE ET AL.

info:doi/10.1002/cnr2.1566

	The effects of CD148 Q276P/R326Q polymorphisms in A431D epidermoid cancer cell proliferation and epidermal growth factor re...
	1  INTRODUCTION
	2  METHODS
	2.1  Antibodies
	2.2  Cells
	2.3  Site-directed mutagenesis and retroviral vector construction
	2.4  Retroviral production and stable cell preparation
	2.5  Flow cytometry
	2.6  Immunoblotting
	2.7  Immunofluorescence
	2.8  Enzyme-linked immunosorbent assay
	2.9  Cell proliferation assay
	2.10  Statistical analysis

	3  RESULTS
	3.1  Generation of A431D cells stably expressing CD148 (WT, Q276P/R326Q) forms
	3.2  Cell proliferation rate in A431D-CD148 (WT, Q276P/R326Q) cells
	3.3  EGFR signaling in A431D-CD148 (WT, Q276P/R326Q) cells
	3.4  EGF-induced cell proliferation in A431D-CD148 (WT, Q276P/R326Q) cells
	3.5  The responses of A431D-CD148 (WT, Q276P/R326Q) cells to thrombospondin-1

	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


