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Abstract. Src homology-2 domain-containing protein tyrosine
phosphatase (SHP2)/PTP non-receptor type 11 (PTPN11) have
been reported to be expressed in a variety of solid tumors,
though its role in tumors remains controversial. The aim of
the present study was to explore the role of SHP2/PTPNI11 in
the occurrence and prognosis of cancer. Literature on the rela-
tionship between SHP2/PTPNI11 expression and tumor was
searched in PubMed, China National Knowledge Infrastructure
and Cochrane Library electronic database, following which
the Stata 12.0 software was used for meta-analysis. A total
of 23 articles were included in the present statistical analysis.
Higher expression levels of SHP2/PTPNI11 can significantly
increase the risk of non-small-cell lung cancer [NSCLC; odds
ratio (OR)=3.41, 95% confidence interval (CI)=1.07-10.80;
P=0.037] while reducing the overall survival (OS) time
of patients with NSCLC [hazards ratio (HR)=2.83, 95%
CI=1.97-4.07; P<0.001]. In addition, increased expression of
SHP2/PTPNI11 can significantly increase the risk of gastric
(OR=5.35, 95% CI=1.81-15.77; P=0.002) and cervical cancer
(OR=12.04, 95% CI1=3.45-42.01; P<0.001). However, no
significant difference could be found in the expression level of
SHP2/PTPNI1 in liver cancer (OR=1.47, 95% CI=0.37-5.84;
P=0.582) compared with that in the adjacent normal tissues.
Taken together, SHP2/PTPN11 was found to be expressed
highly in a number of tumors, which was in turn associated
with tumorigenesis and patient prognosis. In particular,
increased expression of SHP2/PTPNI1 can increase the risk
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of NSCLC, gastric cancer and cervical cancer, whereas higher
expression levels of SHP2/PTPN11 can reduce OS of NSCLC.

Introduction

Src homology-2 domain-containing protein tyrosine phospha-
tase (SHP2) is a member of the protein tyrosine phosphatase
(PTP) family (1). Among them, SHP2/PTP non-receptor type
11 (PTPN11) is currently the only proto-oncogene in the PTP
family to be confirmed and is expressed in a variety of human
tissues (2).

SHP2/PTPNI11 is expressed in numerous types of tissues,
where it serves a regulatory role in cell signaling events
important for an array of cellular processes, such as mitogenic
activation, metabolic control, transcription regulation and cell
migration (3). In a variety of types of cancer, aberrant activation
of SHP2/PTPNI1 has been previously documented to serve a
significant pathogenic role. Wei (4) found that SHP2 is highly
expressed in 60.78% (31/51) of gastric cancer tissues tested. In
another study, Tang et al (5) demonstrated that SHP2/PTPN11
is significantly overexpressed in non-small cell lung cancer
(NSCLC; 70%; 56/80) compared with that in adjacent normal
tissues. In addition, Han et al (6) reported that SHP2/PTPNI11
is significantly overexpressed in liver cancer tissues (78.36%;
105/134). However, Jiang et al (7) found that the expression
levels of SHP2 are reduced in 70.6% patients with liver cancer,
which were in turn associated with poorer prognosis.

Therefore, given the apparent close association between
SHP2/PTPNI11 and a number of human malignancies afore-
mentioned, in addition to its presence in these malignant
tissues (7,8), a comprehensive analysis of SHP2/PTPNI11
would be of clinical significance. Therefore, the present
study comprehensively explored the association between the
expression levels of SHP2/PTPNI1 and the risk of cancer.

Materials and methods

Article retrieval. In total, three major electronic databases,
namely PubMed, China National Knowledge Infrastructure
and Cochrane Library, were searched for the present study.
The search terms used include the following: ‘Src homology
2 domain containing protein tyrosine phosphatase’ or ‘SHP2’
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or ‘protein tyrosine phosphatase non-receptor type 11’ or
‘PTPNI1I’ and ‘Neoplasm*’ or ‘Cancer*’ or ‘tumor*’ or
‘carcinoma®’. The search deadline was May 2022.

Eligibility criteria. Studies were eligible for inclusion if they
met the following criteria: i) The study having similar purposes
and statistical methods with complete data; ii) the eligible
study assessed the relationship between SHP2 or PTPN11 and
risk of cancer; iii) the study had clear experimental grouping
methods and SHP2 or PTPNI11 detection methods; and iv) the
nationality, race and age of all patients were not restricted. The
language of the literature was not restricted.

By contrast, the study would be excluded if it met the
following criteria: i) The study had incomplete information;
ii) abstracts only and case reports; iii) animal studies, cellular
studies, systematic reviews and other non-original studies;
iv) the study did not have clear grouping methods and SHP2 or
PTPN11 detection methods; and v) there was no control group.

Screening and data extraction. In total, two researchers inde-
pendently read and screened the retrieved studies. If there were
any dispute, then a third researcher would make a comprehen-
sive judgment. EndNote X7 (Thomson Corporation) software
was first used to automatically exclude any duplicate literature,
before the researchers browsed all the remaining literature to
manually remove further duplicated studies. Subsequently,
studies that did not meet the inclusion criteria were excluded
by reading their titles and abstracts. The remaining studies
that did not meet the inclusion criteria was then also excluded
by reading the full text, before relevant data were extracted
from the studies (Fig. 1). The information extracted were as
follows: i) The different detection methods may be used to
detect the expression level of SHP2/PTPNI11 in different
studies. Therefore, in order to have comparable results, this
meta-analysis used binary variables to extract data, and
extracted the number of occurrence and non-occurrence in the
experimental group and control group; ii) SHP2 or PTPNI11
detection method; iii) study grouping method, iv) the name of
the first author; v) the year of publication; vi) the geographical
location of the patient; and vii) patient age.

Statistical methods. The Newcastle-Ottawa Scale (NOS) was
used to independently evaluate the quality of articles that met
the inclusion criteria. Each article was then assigned a quality
score of <8 stars. Articles with a score of <5 represent low
quality, whereas articles with a score of >6 were classified as
high quality. Low-quality articles were subsequently excluded.
Statistical analysis was performed using the STATA 12.0 soft-
ware (StataCorp LLC). If there were =2 articles that examined
the relationship between the expression of SHP2/PTPNI11
and the risk of cancers, statistical analysis would then
be performed. Otherwise, descriptive analyses would be
performed instead. Heterogeneity among studies was assessed
using the Chi-square test and I? test. The random-effect model
was used to pool the data. Begg and Egger tests would be used
to assess any potential publication bias, with P<0.05 consid-
ered to indicate a statistically significant publication bias. In
this manuscript, since there are larger quantity of studies on
lung cancer, gastric cancer, cervical cancer and liver cancer,
the Egger's linear regression model and Begg's funnel plot

Records identified through database searching
PubMed=939; CNKI=260
Cochrane library=18 (n=1217)

Records after duplicates removed
(n=1061)

Excluded the articles after
reading the title and abstract
(n=933)
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l

Full-text articles assessed
for eligibility
(n=39)

l
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|
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(meta-analysis)
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Basic research (n=2)
Insufficient data (n=3)
No control data (n=8)

Figure 1. Flow diagram of study selection. CNKI, China National Knowledge
Infrastructure.

were used to test for publication bias. However, the number
of studies investigating breast cancer, ovarian cancer, thyroid
cancer, colorectal cancer, glioma, pancreatic cancer, nasopha-
ryngeal cancer and prostate cancer was <2, rendering them not
suitable for performing publication bias analysis. The pooled
results were presented as the odds ratio (OR) and 95% CI.
If OR >1 and P<0.05 were satisfied, this would indicate that
SHP2/PTPNI1 expression is statistically associated with the
risk of cancer. P<0.05 was considered to indicate a statistically
significant difference throughout.

Results

Characteristics of included literature. A total of 1,217 articles
were retrieved. After excluding duplicated studies and filtering
the studies using the aforementioned criteria, 128 studies
remained. A total of 23 articles were found to explore the
relationship between the expression levels of SHP2/PTPNI11
and 12 types of cancer (Fig. 1; Table I).

Higher expression levels of SHP2/PTPNII can increase
the risk of NSCLC and reduce the overall survival (OS) of
patients. The relationship between the expression level of
SHP2/PTPNI11 and the risk of lung cancer was analyzed in
six datasets (5,8-11). After statistical analysis, it was found
that the risk of lung cancer in patients with higher expression
levels of SHP2/PTPNI11 was 2.95-fold higher compared with
that in the normal control group (OR=2.95, 95% CI=1.39-6.26;
Fig. 2), with the difference of which being statistically signifi-
cant (P=0.005). Following further stratified analysis, it was
found that higher expression levels of SHP2/PTPN11 mainly
increased the risk of NSCLC (OR=3.41, 95% CI=1.07-10.80;
P=0.037; Fig. 2) but not small cell lung cancer (SCLC).
However, this may also be due to the relatively few studies on
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Table I. Basic characteristics of included literature.

Experience Control
group group
First author, year Country + - + - Age Method Cancer (Refs.)
Xiaolin et al, 2016 China 117 218 130 205 10-79 IHC Liver cancer 21
Han et al, 2015 China 105 29 29 105 - Q-PCR Liver cancer (6)
Han et al, 2015 China 25 16 16 25 - WB Liver cancer (6)
Han et al, 2015 China 395 203 203 395 - IHC Liver cancer 6)
Jiang et al, 2012 China 220 113 322 11 51.8+10.5 IHC Liver cancer @)
Zhan et al, 2010 China 41 7 12 - IHC NSCLC ©)
Zhan et al, 2010 China 5 0 12 - IHC SCLC ®
Tang et al, 2013 China 56 24 0 10 - IHC NSCLC 5)
Sansan, 2011 China 7 8 4 11 - WB Lung cancer (10)
He et al, 2019 China 14 7 13 33-76 WB NSCLC ®)
Sun et al, 2017 China 5 18 3 20 - IHC NSCLC (11
Meng et al, 2012 China 40 5 9 11 30-70 IHC Cervical cancer (18)
Zhang et al, 2015 China 45 24 9 15 - IHC Cervical cancer (19)
Cao et al, 2019 China 82 3 8 14 15-76 IHC Cervical cancer 3)
Tao et al, 2008 China 18 2 6 14 32-61 IHC Cervical cancer (20)
Jiang et al, 2013 China 62 21 27 56 32-87 IHC Gastric cancer (15)
Wei, 2016 China 31 20 0 51 36-78 WB Gastric cancer @
Dong et al, 2012 China 29 11 7 25 - IHC Gastric cancer (16)
Zhou et al, 2016 China 255 175 455 505 62.75+11.40 Q-PCR Gastric cancer 17
Sansan, 2011 China 10 5 7 8 - WB Gastric cancer (10)
Lei, 2010 China 28 2 2 28 - WB Breast cancer (22)
Sansan, 2011 China 14 15 1 28 - WB Breast cancer (10)
Hu et al, 2017 China 49 11 0 60 23-70 WB Ovarian cancer (23)
Yajuan et al, 2014 China 35 10 0 10 - IHC Ovarian cancer 24)
Hu et al, 2018 China 62 3 6 34 - IHC Thyroid Cancer 27
Cao et al,2018 China 6 24 180 133 - IHC Thyroid Cancer (26)
Sansan, 2011 China 9 5 6 - WB Colorectal cancer (10)
Sansan, 2011 China 4 3 - WB Glioma (10)
Sansan, 2011 China 5 5 - WB Nasopharyngeal (10)
cancer
Zhang et al, 2016 China 10 4 8 - WB Prostate cancer (28)
Zheng et al, 2016 China 44 35 8 71 - IHC Pancreatic cancer (25)

As some references contain several datasets, they are cited several times in the table. IHC, immunohistochemistry; Q-PCR, quantitative PCR;
WB, western blotting; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; -, not mentioned.

the role of SHP2/PTPN11 in SCLC, resulting in false negative
results. Therefore, further scientific and clinical research are
required to investigate the relationship between SHP2/PTPN11
and SCLC.

The relationship between the expression levels of
SHP2/PTPNI11 and the OS of patients with NSCLC was
analyzed in four datasets (8,12-14). It was found that the OS of
patients with higher expression levels of SHP2/PTPNI11 was

significantly lower compared with that of the normal control
group [hazards ratio (HR)=2.83, 95% CI=1.97-4.07; P<0.001;
Fig. 3].

High expression levels of SHP2/PTPNI1 increase the risk of
gastric cancer and cervical cancer. The relationship between
the expression levels of SHP2/PTPNI11 and the risk of gastric
cancer was analyzed in five datasets (4,10,15-17). The results
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Figure 2. The relationship between the expression level of SHP2/PTPN11 gene and the risk of lung cancer. SHP2, Src homology-2 domain-containing protein
tyrosine phosphatase; PTPN11, PTP non-receptor type 11; OR, odds ratio; CI confidence interval.
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Figure 3. The relationship between the expression level of SHP2/PTPNI11 gene and the overall survival of lung cancer patients. SHP2, Src homology-2
domain-containing protein tyrosine phosphatase; PTPN11, PTP non-receptor type 11; ES, effect size; CI confidence interval.

showed that the risk of gastric cancer in patients with higher
expression levels of SHP2/PTPNI11 was 5.35-fold higher
compared with that in the normal control group (OR=5.35,
95% CI=1.81-15.77), with the difference being statistically
significant (P=0.002; Fig. 4).

Subsequently, the relationship between the expression
levels of SHP2/PTPNI11 and the risk of cervical cancer was

analyzed in four datasets (3,18-20). The risk of cervical cancer
in patients with high SHP2/PTPN11 expression was 12.04-fold
higher compared with that in the normal control group
(OR=12.04, 95% CI=3.45-42.01), with the difference found to
be statistically significant (P<0.001; Fig. 5).

The relationship between the expression level of
SHP2/PTPN11 and the risk of liver cancer was next analyzed
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Figure 4. The relationship between the expression level of SHP2/PTPNI11 gene and the risk of gastric cancer. SHP2, Src homology-2 domain-containing
protein tyrosine phosphatase; PTPN11, PTP non-receptor type 11; OR, odds ratio; CI confidence interval.
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Figure 5. The relationship between the expression level of SHP2/PTPNI11 gene and the risk of cervical cancer. SHP2, Src homology-2 domain-containing
protein tyrosine phosphatase; PTPN11, PTP non-receptor type 11; OR, odds ratio; CI confidence interval.

in five datasets (6,7,21). The results revealed that the risk
of liver cancer in patients with higher SHP2/PTPNI11
expression levels was 1.47-fold higher compared with that
in the normal control group (OR=1.47, 95% CI=0.37-5.84).
However, the difference was not statistically significant
(P=0.582; Fig. 6).

Relationship between SHP2/PTPNI1 expression level and
other types of cancer. In addition, it was also found that
the higher expression levels of SHP2/PTPNI1 in breast
cancer (10,22), ovarian cancer (23,24) and pancreatic
cancer (25) can promote the occurrence of tumors compared
with that in normal tissues. By contrast, the expression
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Figure 6. The relationship between the expression level of SHP2/PTPNI11 gene and the risk of liver cancer. SHP2, Src homology-2 domain-containing protein
tyrosine phosphatase; PTPN11, PTP non-receptor type 11; OR, odds ratio; CI confidence interval.

levels of SHP2/PTPNI1 in thyroid cancer (26,27), colorectal
cancer (10), glioma (5), nasopharyngeal cancer (10) and prostate
cancer (28) did not exhibit any statistically significant associa-
tions (Table II). However, for these malignancies, the quantity
of relevant clinical information on the role of SHP2/PTPN11
remain insufficient. Therefore, additional research is required
to explore the role of SHP2/PTPNI11 in these types of cancer.

Publication bias assessment. Since there was a large quantity
of studies on lung cancer, gastric cancer, cervical cancer and
liver cancer, Egger's linear regression model and Begg's funnel
plot were used to assess publication bias. However, the number
of studies that assessed the association between SHP2/PTPN11
and breast cancer, ovarian cancer, thyroid cancer, colorectal
cancer, glioma, pancreatic cancer, nasopharyngeal cancer
and prostate cancer were <2, rendering them not suitable for
performing publication bias analysis. The results revealed that
there was no publication bias among the studies of lung cancer,
gastric cancer, cervical cancer and liver cancer (P>0.05;
Table III).

Discussion

PTP catalyzes the dephosphorylation of phosphotyrosine
and is a key control mechanism in mammalian signal
transduction (11). Aberrant expression levels of SHP2/PTPN11
have been reported to promote a number of diseases, including
types of cancer, diabetes and autoimmune diseases (29).
SHP2/PTPNI11 is involved in the regulation of various
signaling pathways, such as Ras/ERK, Janus kinase/STAT,
PI3K/AKT and NF-«xB. As a result, they can regulate a variety
of physiological processes, such as cell proliferation, differen-
tiation, cell cycle progression and migration (30-32).

SHP2/PTPN11 mutations or their altered expression levels
has been demonstrated to lead to the development of leukemia
and a number of solid tumors, such as lung adenocarcinoma,
colon cancer, breast cancer, neuroblastoma and melanoma (33).
For example, cBioPortal was used to analyze the rate of
SHP2/PTPNI11 mutations in lung cancer. The results showed that
SHP2/PTPNI1 had the highest mutation rate in lung adenocar-
cinoma (7%) (Fig. S1A) and lung squamous cell carcinoma (6%)
(Fig. S1B), while the mutation rate in small cell lung cancer was
lower, only 1.7% (Fig. S1C). Mutations in lung adenocarcinoma
and squamous cell carcinoma are mainly high expression of
mRNA (Fig. S1). At present, commonly mutated genes that have
been used in clinical practice for lung cancer include EGFR,
KRAS, BRAF, HER2, MET, ALK, ROSI, RET and NTRK.
Mutations in EGFR, KRAS, BRAF, HER2, MET mainly occur
in lung adenocarcinoma, whereas mutations in ALK, ROSI and
RET mainly occur in non-small cell lung cancer, and mutations
in NTRK can occur across various pathological types of lung
cancer (34,35). These observations suggested that SHP2/PTPNI11
also can serve as an ideal target for cancer intervention (36).

In solid tumors, excessive activation of SHP2/PTPN11 has
beenreportedtoserveavital pathogenicrole. SHP2/PTPN11 was
found to be highly expressed in 70% of NSCLC tissue samples
compared with that in their corresponding normal lung tissue
samples. In addition, the expression levels of SHP2/PTPNI11
and HOOK1 in NSCLC are significantly positively corre-
lated, such that the higher expression levels of SHP2/PTPNI11
can significantly reduce the OS of patients with NSCLC (8).
Previous reports also showed that SHP2/PTPNI1 can regulate
KRAS®"€ signaling and the tumor microenvironment (35,36).
Indeed, KRAS®'"* inhibitors and programmed death-ligand 1
(PD-L1)/programmed cell death protein 1 (PD-1) blocking is
main treatment method against lung cancer (37,38). In addition.
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Table II. The relationship between SHP2/PTPN11 expression level and tumorigenesis risk.

Cancer OR 95%CI P-value Cancer OR 95%CI P-value
Breast cancer 73.34 9.78-550.15 <0.001 Glioma 2.00 0.19-20.61 0.560
Ovarian cancer 196.53 25.51-1513.92 <0.001 Pancreatic cancer 11.16 4.74-26 .24 <0.001
Thyroid cancer 4.54 0.001-2672.41 0.642 Nasopharyngeal cancer 1.00 0.20-5.07 1.000
Colorectal cancer 2.40 0.52-10.99 0.259 Prostate cancer 3.33 0.69-16.02 0.133

OR, odds ratio; CI confidence interval.

Table II1. Published bias analysis of lung cancer, gastric cancer,
cervical cancer and liver cancer.

P-value of Publication bias

Cancer Begg's test Egger's test
Lung cancer 0.707 0.286
Gastric cancer 0.806 0.067
Cervical cancer 0.308 0.140
Liver cancer 0.462 0.663

these studies reveal that the expression level of SHP2/PTPNI11
is increased in different KRAS mutant subtypes (37,38).
Treatment with immune checkpoint inhibitors (ICI) tends to be
more beneficial in patients with NSCLC with high expression
levels of SHP2/PTPNI11 (37,38). Therefore, high expression of
SHP2/PTPNI11 may increase the therapeutic effects of ICI in
patients with NSCLC with certain KRAS genotypes, including
KRAS®"¢ (37,38). SHP2/PTPNI11 expression in NSCLC is also
positively correlated with that of PD-L1. PD-1 blockade by ICI
may reduce the immunoreceptor tyrosine-based inhibitory motif
(ITIM)/immunoreceptor tyrosine-based switch motif (ITSM)
phosphorylation, downregulating SHP2 signaling. This may in
turn alleviate the inhibitory effects of PD-1 on T cell activa-
tion, thereby promoting anti-tumor immune responses (37,38).
Jiang et al (15) reveal that there is a significantly increased
rate of SHP2/PTPNI11-positive expression (74.6%) in gastric
cancer compared with that in the normal mucosa, but find
no correlation between Helicobacter pylori infection and the
positive staining rate of SHP2/PTPNI11 expression. By contrast,
the role of SHP2/PTPNII in liver cancer remains controver-
sial. Jiang et al (7) proposed that SHP2/PTPNI11 is a tumor
suppressor in liver cancer. Compared with that in normal
tissues (96.7%), the positive expression rate of SHP2/PTPN11
is significantly lower in liver cancer tissues (66.1%). In addition,
lower expression levels of SHP2/PTPN11 were found to asso-
ciate with longer OS time in patients. The present meta-analysis
revealed that higher expression levels of SHP2/PTPNI11 could
increase the risk of NSCLC, gastric cancer and cervical cancer,
whilst reducing the OS time of patients with NSCLC. Howeyver,
there was no significant association between the expression of
SHP2/PTPNI11 and the risk of liver cancer. Therefore, further
clinical studies are required to verify the role of SHP2/PTPNI11
in liver cancer.

The present meta-analysis comprehensively analyzed
the role of SHP2/PTPNI11 in tumors. However, a number of
limitations remain. In several malignancies, the quantity of
studies for SHP2/PTPN11 is insufficient, resulting in the lack
of conclusive evidence to explain the role of SHP2/PTPN11
in these particular tumors. In lung cancer, there remains
a lack of clinical evidence on the association between the
expression level of SHP2/PTPNI11 and tumor prognosis. In
addition, for all types of cancer assessed in the present study,
<10 studies were included, rendering it difficult to conduct
stratified analyses to explore the source of heterogeneity.

In conclusion, the present meta-analysis revealed that
SHP2/PTPNI1 is highly expressed in a number of tumors,
including NSCLC, gastric cancer,cervical cancer, breast cancer,
ovarian cancer and pancreatic cancer, where SHP2/PTPN11
is associated with tumorigenesis and prognosis. Furthermore,
increased expression of SHP2/PTPNI11 was found to increase
the risk of lung cancer, gastric cancer and cervical cancer,
where increased expression of SHP2/PTPNI11 can reduce OS
of patients with lung cancer.
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