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Abstract. PTPRA is reported to be involved in cancer 
development and progression through activating the Src 
family kinase (SFK) signaling pathways, however, the roles 
of PTPRA in the squamous cell lung cancer (SCC) develop-
ment are unclear. The purpose of this study was to clarify the 
clinical relevance and biological roles of PTPRA in SCC. We 
found that PTPRA was upregulated in squamous cell lung 
cancer compared to matched normal tissues at the mRNA 
(N=20, P=0.004) and protein expression levels (N=75, 
P<0.001). Notably, high mRNA level of PTPRA was signifi-
cantly correlated with poorer prognosis in 675 SCC patients 
from the Kaplan-Meier plotter database. With 75  cases, 
we found that PTPRA protein expression was significantly 
correlated with tumor size (P=0.002), lymph node metastasis 
(P=0.008), depth of tumor invasion (P<0.001) and clinical 
stage (P<0.001). The Kaplan-Meier plot suggested that high 
expression of PTPRA had poorer overall survival in SCC 
patients (P=0.009). Multivariate Cox regression analysis 
suggested that PTPRA expression was an independent prog-
nostic factor in SCC patients. In the cellular models, PTPRA 
promotes SCC cell proliferation through modulating Src acti-
vation as well as cell cycle progression. In conclusion, higher 
PTPRA level was associated with worse prognosis of SCC 
patients and PTPRA could promote the cell cycle progres-
sion through stimulating the c-Src signaling pathways.

Introduction

The elegant balance between protein tyrosine kinase (PTK) 
and protein tyrosine phosphatase (PTP) activities modulate 
the tumorigenic process through ‘switch’ diverse signaling 
pathways  (1). Since the prevalent hypothesis is that active 
PTKs are oncogenes, PTPs are intuitively supposed to have 
tumor suppression potentiality. Indeed, PTPN12  (2) and 
PTPN23 (3) were shown to be key tumor suppressor genes in 
triple-negative breast cancer. In addition, PTPN13 (4) was iden-
tified as a suppressor of HER2-positive breast cancers through 
counteracting the HER2 activation. Loss of PTPN13 (4) and 
PTPRO (5) has been observed in hepatocellular carcinoma 
tissues. PTPRK (6), PTPN7 (7), and PTPN13 (4) are either 
mutated or downregulated in lymphoma, and depletion of 
DUSP1 (8) has been detected in ovarian cancers. In contrast, 
some PTPs may activate oncogenic pathways in human cancer 
cells and act as proto-oncogenes (9-12). For example, PTP1B 
is frequently overexpressed in various cancers including 
breast cancer, colon cancer, prostate cancer and gastric cancer. 
PTP1B has been demonstrated to promote cancer cell growth, 
migration and invasion both in vitro and in vivo (13). In some 
cases, PTPs may play opposite roles at different stage of the 
diseases or distinct types of human cancers, suggesting the 
complexity roles of PTPs in the cancer development and 
progression (14-16).

The receptor protein-tyrosine phosphatase α (encoded by 
PTPRA), a 130-kDa transmembrane PTP, has shown to be a 
physiological regulator for PTK c-Src (17,18) and the kinases 
involved in integrin signaling pathway including FAK (19) and 
P130cas (20). The activation of PTPRA on Src Y530 dephos-
phorylation led to cellular transformation, which suggested 
that PTPRA might be an oncogenic gene. Overexpression of 
miR-218, a microRNA binds directly to the 3'-UTR of PTPRA 
decreased PTPRA protein leading to decreased dephos-
phorylation of c-Src and decreased tumor growth in vitro and 
in vivo (21).

Although cell line studies strongly support the role of 
PTPRA in cancer progression (11,22), translational studies 
on PTPRA expression in human cancer expression and 
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its correlation with activation and clinical parameters are 
surprisingly limited. On the contrary, there is abundant 
evidence showing that the levels of SFK or the activation states 
are elevated in various malignancies, such as the prostate, 
breast, colon and lung cancers  (23-27). In this study, we 
demonstrated that the expression of PTPRA was elevated in a 
cohort of SCC cancers, and there was an association between 
PTPRA overexpression and poor survival in SCC cancer 
patients. Functional studies showed that PTPRA promoted 
lung cancer cell growth by modulating Src activation and cell 
progression.

Materials and methods

Immunohistochemical staining of PTPRA. Tissue microarray 
(TMA) assays were from Superchip (Shanghai, China). It 
consisted of 75 cases of the tissues for lung squamous cell 
carcinoma and its adjacent normal tissue (array ID: HLug-
Squ150Sur-01). The clinical information including tumor 
type, age, sex, tumor size, tumor location, TNM stage and 
the clinical stage were collected from the patients' medical 
records. Clinical staging was categorized according to the 
latest revision of American Joint Committee on Cancer. The 
follow-up time was calculated from the date of surgery to the 
date of death, or the last known follow-up date.

For the immuohistochemical (IHC) staining of the tissues, 
the 6-µm sections were deparaffined with the dimethylben-
zene and rehydrated with the gradient ethanol. The sections 
were treated with 3% H2O2 to inactivate the internal catalase 
prior to antigen retrieval. The TMAs were incubated at 4˚C 
overnight after antigen retrieval with monoclonal anti‑PTPRA 
antibodies (Millipore, USA; 1:300), non‑phosphate/Src 
(Tyr527) (Cell Signaling Technology, USA; 1:2,000) or 
phosphate/Src (Tyr527) (Cell Signaling Technology; 1:200) 
antibodies. After the incubation, the protein expression level 
was visualized using a biotinylated secondary antibody with 
avidine-conjugated peroxidase (Novocastra Laboratories 
Ltd., Newcastle, UK) and its substrate DAB (H&E counter-
staining).

Aperio digital IHC analysis and guantification. Immunohisto
chemical staining was scored by Aperio ImageScope 
software with Aperio's Positive Pixel Count Algorithm 
(Aperio Technologies, Vista, CA, USA). TMA and the 
slides were scanned using the AperioScanScope System at 
x40 magnification to provide a high-resolution digital image. 
The ImageScope software was used to analyse and quantify 
the expression level of the biomarkers. ROI for individual 
tumor cores was detected and analysed using the positive pixel 
count algorithm according to the manufacturer's guidelines. 
For each case, two representative cores were screened and 
the averaged score was measured to provide a pixel count for 
any individual. In order to confirm the accuracy of the digital 
quantification, the TMAs were also evaluated with two inde-
pendent pathologists according to the intensity and percentage 
of positive cells. The final score was designated as low or high 
expression group using the median ROI values of the TMA.

Besides TMAs, the routing paraffin sections were evalu-
ated by two independent pathologists according to the intensity 
and percentage of positive cells, simultaneously. Staining 

intensity was scored as follows: 0, negative; 1, weak staining; 
2, moderate staining; 3, strong staining, and the percentage 
of positive cells was also scored according to 4 categories, in 
which 1 was given for 0-25%, 2 for 26-50%, 3 for 51-75%, and 
4 for 76-100%. Also, the final score was designated as low or 
high expression group using the percent of positive cell score 
multiply the staining intensity score as follows: low expression 
was defined as a total score <4 and high expression with a total 
score ≥4.

mRNA expression in lung cancer tissues. Freshly frozen lung 
cancer and the adjacent normal tissue samples were prospec-
tively collected from patients who received surgery in the 
Ruijin North Hospital in the year 2015. Lung tissue samples 
were stored at -80˚C until use. Informed consent was obtained 
from each participating patient. Twenty paired freshly frozen 
primary lung cancer tissues and corresponding adjacent 
non‑cancerous tissues were chosen to perform real-time PCR 
(RT-PCR). The gene-specific qPCR primers for detection of 
PTPRA (NM_002836.3) were forward, 5'-CAACAATGCT 
ACCACAGT-3', reverse, 5'-AAGAGAAGTTAGTGAAGAA 
GTT-3'. To verify the percentage of tumor cells, the frozen 
samples were embedded in Tissue-Tek OCT Compound 
(Sakura Finetek, Torrance, CA, USA) and 6-µm frozen 
ice‑sections were prepared and stained using hematoxylin. 
Histology of lung cancer specimens was evaluated by an 
experienced pathologist.

Cells and plasmid transfections. Human lung squamous cell 
carcinoma cell line NCI‑H520 and human kidney cell line 293T 
were obtained from ATCC (Rockville, MD, USA). All cells 
were maintained in DMEM+10% fetal bovine serum (FBS). 
Full length human PTPRA cDNA was cloned and inserted 
between the NheI and NotI sites of PCDH-513B-Puro lentiviral 
vector (System Biosciences, Canada). 293T cells were trans-
fected with PCDH-513B/PTPRA or with PCDH-513B (control) 
using calcium phosphate, and retroviruses were collected after 
48 h. NCI‑H520 cells were infected with PTPRA-expressing 
or control retroviruses and selected with 1 µg/ml puromycin.

Immunoblot analysis. Proteins were isolated using general 
procedures. Specimens were homogenized and lysed for 30 min 
on ice in RIPA (50 mM Tris pH 7.4, 150 mM NaCl, 1% Triton 
X-100, 1% Na deoxycholate, 0.1% SDS, 1 mM Na3VO4, 1 mM 
PMSF, 10 mg/ml leupeptin, 10 mg/ml aprotinin). Whole‑cell 
lysates containing 50  µg of proteins, were separated by 
SDS-PAGE and immunoblotted with the following specific 
antibodies. Antibodies for Src, non‑phosphate/Src (Tyr527), 
phosphate/Src (Tyr527) and phosphate/Src (Tyr419) were 
purchased from Cell Signaling Technology (USA). Antibody 
for the total PTPRA was purchased from Millipore. Antibodies 
for p21, cyclin D1, cyclin D3, p27 and p18 were detected with 
the Cell Cycle Sampler  kit (Cell Signaling Technology). 
Antibodies were used at 1:1,000 dilutions according to the 
manufacturer's instructions. Western blotting was performed 
according to standard protocols.

Cell proliferation and cell cycle assays. Cell proliferation was 
determined by the MTT assay. In brief, cells infected with 
PTPRA-expressing or control retroviruses were seeded and 
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cultured in 96-well plates for 1, 3, 5 and 7 days. At the indi-
cated times, 20 ml of 0.5 mg/ml MTT (Sigma, St. Louis, MO, 
USA) was added into the medium and incubated for another 
4 h. The medium was removed and the 150 µl DMSO was 
added. The plates were then tested with a microplate reader 
using the wavelength of 570 nm and a reference wavelength 
of 670 nm. For cell cycle assay, stable cells infected with 
PTPRA‑expressing or control vector were harvested at 24 h 
when the confluence reached >80%, and washed twice with 
PBS. Cells were then fixed with ice-cold 70% ethanol for 
30 min, and stained with propidium iodide solution (50 mg/ml 
propidium iodide, 50 mg/ml RNase A, 0.1% Triton-X, 0.1 mM 
EDTA). Cell cycle distributions were determined with a 
flow cytometer (BD Biosciences, NJ, USA).

Statistical analyses. Statistical analyses were performed by 
SPSS (version 19.0, USA). Continuous variables were analysed 
with the Student's t-test. Category variables were analysed 
with the Chi-square test. The survival rate was evaluated by 
Kaplan-Meier plot and differences between curves were tested 
with the log-rank test. For all tests, the significance level for 
statistical analysis was set at P<0.05 for two-sided tests.

Results

Frequent elevation of PTPRA expression in human lung squa-
mous cell carcinoma. As the roles of PTPRA in lung cancer 
development and progression were not clearly elucidated, we 
determined mRNA expression level of PTPRA in 20 pairs of 
SCC cancer and matched adjacent (≥5 cm distant) tissues with 
the quantitative RT-PCR (qRT-PCR) assays. We found that 
80% (16 out of 20) of SCC tumors showed a >2-fold increment 
of the mRNA levels compared to the normal tissues (Fig. 1A). 
With the public database KMplot  (28), which consisted of 
2,436 lung patients, we found that patients with higher PTPRA 
expression were significantly associated with poorer overall 
survival (log-rank test, P=0.029) and progression-free survival 
(log-rank test, P=0.008; Fig. 1B). When we divided patient 
groups into squamous cell carcinoma and adenocarcinoma 
according to the lung pathology subtypes, it shows that the 
elevated PTPRA expression leads to a shorter progression‑free 
survival in patients of squamous cell carcinoma (P=0.046) 
but not in the adenocarcinoma (Fig. 1C and D). These results 
suggested that PTPRA might play important roles in the 
progression of lung SCC.

Association of PTPRA high expression with poor prognosis 
of SCC patients. We further determined the associations of 
PTPRA expression and pathological characteristics with a 
tissue microarray that consisted of 75-paired SCC specimens 
and the corresponding normal samples. Compared to the 
normal adjacent tissue, the SCC tissues showed a significant 
increased expression of PTPRA (P<0.001; Fig. 2A-C). As 
shown in Table I, high expression of PTPRA was significantly 
correlated with tumor size (P=0.002), lymph node metastasis 
(P=0.008), depth of tumor invasion (P<0.001) and clinical 
stage (P<0.001).

The Kaplan-Meier plot suggested that patients with higher 
PTPRA expression were associated with poorer overall survival 
of SCC patients (log-rank test, P=0.009;  Fig.  2D  and  E). 
Univariate analyses suggested that PTPRA level, age, lymph 
node metastasis and clinical stage were significantly associated 
with the OS of the SCC patients (Table II). The multivariate 
Cox regression analysis suggested that PTPRA expression 
(HR, 2.306; 95% CI, 1.189-4.469) and age (HR, 2.895; 95% 
CI, 1.430-5.859) were correlated with the OS for SCC patients. 
These results suggested that PTPRA was an independent prog-
nostic factor for SCC patients.

PTPRA is correlated with c-Src activation in SCC samples. 
To investigate whether the overexpressed PTPRA protein 
plays a role on oncogene c-Src activation in vivo, we checked 
30 cases of primary SCC, both stained with PTPRA antiserum, 
Src Tyr527 non‑phosphorylation anti-serum and Src Tyr527 
phosphorylation anti-serum by method of immunohisto-
chemically staining. A typical sample is shown in Fig. 3A-F. 
The level of agreement between PTPRA expression and 
non‑phosphate/Src (Tyr527) was evaluated using PABAK 
(prevalence‑adjusted bias-adjusted kappa), the result of 0.61 
indicates a substantial agreement (Fig. 3G). The correlation 
between PTPRA expression and c-Src activation was also 
checked in fresh frozen tissues. Analysis of a total of 20 matched 
normal neighbouring tissue samples, PTPRA expression was 

Table I. Relationship between PTPRA expression and clinico-
pathological characteristics in 75 lung SCC patients.

	 PTPRA
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 High (47)	 Low (23)	 P-value

Age
  ≤65 years	 23 (48.94)	 13 (56.52)	   0.5509
  >65 years	 24 (51.06)	 10 (43.48)
Sex
  Male	 43 (91.49)	 22 (95.65)	   0.5253
  Female	   4   (8.51)	   1   (4.35)
Tumor site
  Upper lung	 32 (68.09)	 12 (52.17)	   0.1956
  Lower lung	 15 (31.91)	 11 (47.83)
Tumor size
  ≤5 cm	 20 (42.55)	 19 (82.61)	   0.0015
  >5 cm	 27 (57.45)	   4 (17.39)
Lymph node
metastasis
  Absent	 21 (44.68)	 18 (78.26)	   0.0079
  Present	 26 (55.32)	   5 (21.74)
Depth of tumor
invasion
  T1	   2   (4.26)	 11 (47.83)	 <0.0001
  T2	 29 (61.70)	   9 (39.13)
  T3 and T4	 16 (34.04)	   3 (13.04)
Clinical stage
  I	   8 (17.02)	 16 (69.57)
  II	 23 (48.94)	   5 (21.74)	 <0.0001
  III	 16 (34.04)	   2   (8.69)
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Figure 2. Survival risk prediction by expression profiles. (A and B) Profile of PTPRA immunostaining in lung SCC. Tissue stained with PTPRA antibody 
(1:800; Millipore). (C) Statistics of PTPRA expression in 75 paired lung SCC and adjacent normal tissues. (D and E) Representative images of high/low 
expression of PTPRA, shown respectively at x200 magnification. (F) Kaplan-Meier survival curves show high expression level of PTPRA was significantly 
correlated to poor survival of SCC in our data set. Log-rank test P=0.009.

Figure 1. High PTPRA expression is correlated with poor prognosis in lung cancer patients at mRNA level. (A) Increased PTPRA mRNA expression in 
20 matched SCC tumor (carcinomas) and non‑tumor tissue (pericarcinomas) was detected by real-time quantitative PCR. P-value was calculated by paired 
t-test. (B) Kaplan-Meier plots showed high expression level of PTPRA was correlated with short PFS in lung cancer from KMplot database (log-rank P=0.008). 
(C and D) The correlation between of PTPRA expression and PFS in SCC or lung adenocarcinomas calculated from KMplot database.
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Table II. The prognostic influence of PTPRA in SCC.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑   
Prognostic parameter	 HR	 95% CI	 P-value	 HR	 95% CI	 P-value

PTPRA (high vs. low)	 2.271	 1.284-4.018	 0.005	 2.306	 1.189-4.469	 0.014
Age (>65 vs. ≤65)	 2.648	 1.344-5.216	 0.005	 2.895	 1.430-5.859	 0.003
Sex (female vs. male)	 0.578	 0.204-1.644	 0.305
Tumor size, cm (>5 vs. ≤5)	 1.209	 0.633-2.309	 0.566
Tumor location (upper vs. lower)	 0.746	 0.393-1.416	 0.370
TNM stage (T1 vs. T2 vs. T3)	 1.411	 0.889-2.238	 0.143
Lymph node metastasis (present vs. absent)	 1.941	 1.008-3.737	 0.048	 1.229	 0.516-2.921	 0.6412
Clinical stage	 1.804	 1.175-2.768	 0.007	 1.239	 0.451-3.406	 0.6778

HR, hazard ratio; CI, confidence interval. The bold number represents the P-value with significant differences.

Figure 3. PTPRA protein expression accompanied with Src activation in SCC cancer. Tissue stained with PTPRA antibody (1:800; Millipore), non‑phosphate/
Src (Tyr527) (1:2,000; Cell Signaling Technology), Src Tyr527p antibody (1:200; Cell Signaling Technology). Representative images are shown at x400 mag-
nification.
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substantially increased in 14 out of the 20  tumor samples 
analyzed (70%), whereas it was only marginally detectable in 
the matched normal neighbouring tissue. Three representative 
pairs of tumor (T) and neighbouring normal tissue (N) from 
the same-patient are shown in Fig. 4. PTPRA expression was 
elevated in SCC tissues, and its high expression levels accom-
panied with Src Tyr527 dephosphorylation, an indication of 
c-Src activation.

PTPRA overexpression promotes lung cancer cell growth 
through G1/S progression in vitro. To elucidate the consequences 
of PTPRA overexpression in the cellular proliferation, we over-
expressed PTPRA in the H520 cells with the retroviral systems. 
As shown in Fig.  5A, overexpression of PTPRA led to the 

Figure 4. The expression of PTPRA protein in human SCC fresh frozen tis-
sues. Total protein lysates from tumor or adjacent normal tissue from the same 
patient were subjected to anti-PTPRA immunoblotting, using an antiserum 
raised against the intracellular domain of PTPRA. Three representative pairs 
of tumor (T) and neighboring normal tissue (N) from the same patient are 
shown.

Figure 5. PTPRA overexpression promotes cell growth due to cell cycle arrest in lung cancer cells. (A) Immunoblot analysis of PTPRA expression in stably 
transfected H520 clones. Total protein lysates from an empty vector transfected clone (NC) and from one PTPRA cDNA transfected clone were immune 
blotted with anti-PTPRA. Activation of c-Src kinase activity, used as a result of PTPRA expression. Proteins were blotted with Src phosphorylation and 
dephosphorylation antisera. (B) Effect of PTPRA expression on the growth rate. The proliferation of stable H520 cell lines was examined using a Cell 
Counting kit. (C and D) Cell cycle distribution in an empty vector transfected clone (NC) and stable PTPRA expressing line. Exponentially growing cells were 
trypsinized, fixed, and stained with propidium iodide, and fluorescence measured by flow cytometry. (E) Cell cycle G1/S checkpoint signaling pathways were 
checked. Cells from an empty vector transfected clone (NC) and from one PTPRA cDNA transfected clones were lysed, and lysates were subjected to protein 
gel blot assays. The antibodies against p21, cyclin D1, cyclin D3, p27 and p18 were used to determine the effect of PTPRA upregulation on the activities of the 
cell cycle pathways.
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dephosphorylation of c-Src at Tyr527 but increased phosphory-
lation of c-Src at Tyr419, and the results were consistent with 
previous reports performed in other cell lines (29). The PTPRA 
stimulated the proliferation of the H520 cells as suggested by 
the MTT assays (Fig. 5B). In the cell cycle analyses, we found 
that the proportion of cells in S phase was significantly higher in 
the PTPRA overexpressed cell lines and the cells in the G0/G1 
phase were significantly reduced (Fig. 5C and D), suggesting 
that PTPRA stimulated the G1/S transition in the SCC cells. 
To further clarify the underlying mechanisms of PTPRA in the 
regulating of cell cycle, we determined the influences of PTPRA 
in the cell cycle checkpoint signaling. As shown in Fig. 5E, 
increased PTPRA expression led to an increase of CDK4 and 
cyclin D3, which was suggested to be involved in the G1/S transi-
tion of the cells. No significant change in the expression of P27, 
P21, and P15 was found.

Discussion

In the present study, we analysed the clinical relevance of 
PTPRA with SCC patients, and found that PTPRA was 
significantly correlated with an aggressive phenotype of lung 
squamous cell carcinoma, including larger tumor size, later 
clinical stage, and a shorter overall survival time. We found 
that PTPRA overexpression can activate the c-Src signaling 
pathways and stimulate the G1/S transition in the cellular 
models. These results suggested that PTPRA acts as an onco-
gene in the development and progression of lung SCC.

To date, the roles of PTPRA in SCC carcinogenesis and 
tumor progression have not been fully elucidated. Most PTPs 
reported in lung cancer have revealed that they act as tumor 
suppressor genes, as they counteract the PTKs. PTPRB (30) 
was found to be downregulated in NSCLC, and knockdown 
of PTPRB increased Src phosphorylation and cell invasion. 
PTPN13 (31) was found to be a tumor suppressor candidate 
gene and it was frequently inactivated in NSCLC tissues 
through the loss of mRNA or protein expression level or 
the somatic mutation of the gene. Sequencing analysis of 
the PTPRD (32) gene revealed that it may act as a tumor 
suppressor that is frequently inactivated and mutated in lung 
cancer. In contrast with the other PTPs, PTPRA was increased 
in the SCC and higher expression was associated with poorer 
prognosis possibly due to its activities in c-Src. In  vitro 
studies demonstrated that PTPRA plays important roles in 
the development of breast (11,33-35), gastric (36) and colon 
cancer (17,37) through regulating the integrin signaling, cell 
adhesion, and Src family kinase tyrosine kinases signaling 
pathways. In the present study, we determined the relationship 
between PTPRA expression and activation state of c-Src in 
SCC samples and the cell line H520, which provided evidence 
that PTPRA expression has a potential to dephosphorylate the 
site of Tyr527 in PTK c-Src and activates the c-Src in SCC 
cells. These results provide evidence that high expression of 
PTPRA may dephosphorylate and activate c-Src, and might 
exert an oncogenic effect in the development of SCC.

The roles of PTPRA in SCC prognosis might be partially 
through regulating cellular proliferation. In the SCC cell line 
H520, the PTPRA overexpression led to the G1/S transition, 
which might result in the increased cellular proliferation. In 
cell cycle progression, increasing accumulations of cyclin 

Cdk4/6 and cyclin A/E-Cdk2 complexes regulate the transi-
tion through G1 and synthetic phases (38). V-Src is capable 
of inducing cyclin  D1 in MCF-7 cells  (39,40), c-Src was 
shown to have ability to regulate cell cycle via PI3K/Akt 
signaling‑dependent and -independent mechanisms (41) and 
it was also reported to regulate cell cycle protein expression 
through extracellular signal-regulated kinases (42). However, 
it was still unclear to what extent c-Src activation by PTPRA 
is comparable to v-Src expression for inducing cyclin proteins. 
Also, the arrest-inducing effect of PTPRA expression may 
partly or not be mediated through Src family kinases. We 
found that increased PTPRA expression induced cyclin D3 
and CDK4 accumulation, and the underlying molecular 
mechanism needs further study.

High expression of PTPRA mRNA or protein levels 
have been found in oral squamous cell carcinoma (43), colon 
cancer (37,44), breast cancer (45) and gastric cancer (46,47). In 
CRC cancer: Tabiti et al (44) observed a 2-10-fold increase of 
PTPRA mRNA levels in advanced colorectal carcinoma. They 
suggested the elevated PTPRA expression is unlikely to be a 
simple consequence of the hyperproliferative activity of the 
tumor cells, and high PTPRA expression level may be involved 
in the neoplastic transformation of colonic epithelial cells. At 
protein level, Krndija et al (37) found a negative expression 
level of PTPRA in the normal colorectal tissues, while >70% 
of the colon cancer samples showed an increment of PTPRA 
expression. In gastric cancer: a genome-wide gene copy 
number and expression analysis of primary gastric tumors 
revealed PTPRA gene copy number increment in cancerous 
samples than non‑malignant tissues  (46). At protein level, 
Wu et al (47) demonstrated that higher PTPRA expression in 
gastric tumor was correlated with lympho-vascular invasion 
and liver/peritoneal dissemination. In breast cancer, the role of 
PTPRA was complex. Ardini et al (45) found higher PTPRA 
expression was correlated with lower tumor grade and positive 
ER status. The growth inhibition seen as a result of PTPRA 
expression is related to cell cycle arrest in G1. The authors 
reconciled the apparent conflict between the Src-activation 
and reduced growth in experimental tumor cells, with the 
reasons that high PTPRA expression in a subset of tumors is a 
remnant of an earlier disease stage, where it may have contrib-
uted to initiation, or early progression, but is lost at later stages 
in favour of more aggressive progression events. Consistent 
with a specific role of PTPRA in early stages of progression 
only, Meyer et al (35) demonstrated that PTPRA functions 
as a positive mediator of tumor initiation and maintenance in 
HER2/Neu-positive breast tumors.

In conclusion, this study demonstrated that PTPRA overex-
pression can serve as an independent predictor of poor clinical 
prognosis and decreased survival through c-Src activation. 
Therefore, PTPRA could be used as an important clinical 
marker and target for the treatment of lung SCC, however, 
more studies are warranted to fully elucidate the biological 
roles of PTPRA in lung SCC.
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