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Abstract
Background: The global morbidity of cancer is rising rapidly. Despite advances in molecular biology, immunology, and cytotoxic
and immune-anticancer therapies, cancer remains a major cause of death worldwide. Protein tyrosine phosphatase non-receptor
type 12 (PTPN12) is a new member of the cytoplasmic protein tyrosine phosphatase family, isolated from a cDNA library of adult
colon tissue. Thus far, no studies have reviewed the correlation between PTPN12 gene expression and human tumors.

Methods: This article summarizes the latest domestic and international research developments on how the expression of PTPN12
relates to human tumors. The extensive search in Web of Science and PubMed with the keywords including PTPN12, tumor, renal
cell carcinoma, proto-oncogenes, tumor suppressor genes was undertaken.

Results: More and more studies have shown that a tumor is essentially a genetic disease, arising from a broken antagonistic
function between proto-oncogenes and tumor suppressor genes. When their antagonistic effect is out of balance, it may cause
uncontrolled growth of cells and lead to the occurrence of tumors. PTPN12 is a tumor suppressor gene, so inhibiting its activity will
lead directly or indirectly to the occurrence of tumors.

Conclusion: The etiology, prevention, and treatment of tumors have become the focus of research around the world. PTPN12 is a
tumor suppressor gene. In the future, PTPN12 might serve as a novel molecular marker to benefit patients, and even the
development of tumor suppressor gene activation agents can form a practical research direction.

Abbreviations: CRC = colorectal cancer, EGFR = epidermal growth factor receptor, HCC = hepatocellular carcinoma, IHC =
immunohistochemistry, NSCLC = non-small cell lung cancer cells, PTP = protein tyrosine phosphatase, PTPN12 = protein tyrosine
phosphatase non-receptor type 12, PTP-PEST = protein tyrosine phosphatase, STAT3 = signal transducer and activator of
transcription 3, VCP = valin-containing protein.

Keywords: proto-oncogenes, protein tyrosine phosphatase non-receptor type 12, renal cell carcinoma, tumor, tumor suppressor
genes
1. Introduction
In recent years, tumors have become 1 of the major causes of
human death.[1] With the rapid development of molecular
biology, tumor molecular epidemiology came into being.
Through the study of the etiology and pathogenesis of tumors,
researchers aim to prevent and treat human tumors more
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effectively. The etiology and pathogenesis of some tumors have
been gradually revealed. More and more studies have shown that
the essence of tumors are genetic diseases.[2,3] The growth and
proliferation of cells are mainly regulated by 2 types of signals.
One type of signal is designed to promote the proliferation and

growth of human cells and inhibit the differentiation of tissues.
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Most proto-oncogenes play an important role in this process of
malignant tumor growth. They can also be integrated with the
host cell genome through transcription, leading to the occurrence
of cancer.[4] The oncogenic effects of proto-oncogenes must be
activated to achieve this task.[5]

Another type of signal is mainly involved in inhibiting cell
proliferation, promoting tissue differentiation, maturation and
aging, or apoptosis. Tumor suppressor genes play an important
role in this process.[6–8] In the future, they may even become an
indispensable method for tumor treatment.[9] A lot of research
has been done on tumor suppressor genes.[10] These genes are
present in normal cells, but once the tumor suppressor function is
lost, it can lead to the occurrence of tumors.[11,12]

Environmental factors and genetic carcinogenic factors may
lead to gene mutation in cells, changing both apoptosis-
regulating genes and DNA repair genes. These mutations may
result in the inactivation of tumor suppressor genes and the
activation of proto-oncogenes, which may change the growth
pattern of cells. The mutation of proto-oncogenes is dominant;
however, the mutation of tumor suppressor genes is recessive.
The mutation of apoptosis-regulating genes can appear as either
dominant or recessive.[13] The mutated cells may first show
polyclonal hyperplasia and in the course of its evolution, there
may be relatively unlimited monoclonal hyperplasia. Through
additional mutation, subclonal proliferation of monoclonal
hyperplasia occurs, leading to infinite proliferation of cells with
different characteristics. These cells gradually gain the ability to
infiltrate and metastasize, transforming cells to malignant masses
and eventually leading to the occurrence of malignant tumors.[14]
2. Methods

This article summarizes the latest domestic and international
research developments on how the expression of protein tyrosine
phosphatase (PTP) non-receptor type 12 (PTPN12) relates to
human tumors. The extensive search in Web of Science and
PubMed with the keywords including PTPN12, tumor, renal cell
carcinoma, proto-oncogenes, tumor suppressor genes was
undertaken.
3. Results

3.1. Function of the PTPN12 gene

Using PCR products as probes, Takekawa et al cloned and
identified PTPN12, a newmember of the cytoplasmic PTP family,
from a cDNA library of adult colon tissue in 1992.[15] The
PTPN12 gene is located on chromosome 7q11.23. It encodes a
protein of about 60KD and contains 510 amino acids. The
phosphatase domain of the PTPN12 protein is located at the n-
terminal, while the hydrophilic c-terminal contains a potential
PEST sequence, which is rich in proline (P), glutamic acid (E),
serine (S), and threonine (T). The classical PTPs consist of 38
members and are divided into two families, including 21 receptor
PTPs (PTPR) and 17 non-receptor PTPs (PTPN). As an important
member of the non-receptor protein tyrosine phosphatase family,
PTPN12 phosphorylates target specific proteins, antagonize the
activity of protein tyrosine kinases, and play a crucial role in cell
growth, proliferation, and movement.[16] Studies have found that
PTPN12 negatively regulates the HERG channel current. The
mechanism is mainly related to the decrease of the phosphor-
ylation level of HERG tyrosine residues.[17] Subsequently,
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successive studies have found that the PTPN12 gene is down-
regulated in many cancers such as lung cancer, breast cancer, and
liver cancer.[18–20]
3.2. The critical pathway of PTPN12: Ras-Raf-MEK-ERK

Although PTPN12 has multiple downstream signaling pathways,
the Ras-Raf-MEK-ERK pathway is 1 of the most important and
well-known, as it plays a significant role in cell growth, cell
differentiation, the mitotic cycle, and carcinogenic transforma-
tion. Moreover, there is a tight correlation between PTPN12 and
the Ras-Raf-MEK-ERK signaling pathway. Studies have shown
that PTPN12 negatively regulates the Ras-Raf-MEK-ERK
signaling pathway through the SHC protein activated by
dephosphorylation.[16] When a gene mutation occurs in PTPN12
that makes the activity of PTPN12 decrease, the mutant PTPN12
cannot dephosphorylate and activate SHC, which weakens the
inhibitory regulation of the Ras-Raf-MEK-ERK pathway,
leading to the occurrence of tumors.
The Ras/Raf/MEK/ERK pathway is also known as the ERK

pathway. This pathway is mainly composed of a tertiary enzyme-
linked functional unit. Raf,MEK, and ERK kinase are phosphory-
lated and activated successively. The reaction is performed through
the guanylate exchange factor SOS, forming a SHC-Grb2-SOS
complex with a binding protein returned to the tyrosine
phosphorylation receptor.[21] Ras is activated by binding to
guanosine triphosphate in response to extracellular signal
stimulation, then activates Raf by phosphorylation. Next, MEK
is activated by Raf and MEK finally activates ERK through
phosphorylation. The phosphorylated ERK enters the nucleus and
initiates transcription of multiple transcription factors. Through
this signaling pathway, extracellular stimulation signals are
transmitted to the cell, causing a series of cell reactions, activating
a large number of transcription factors in the nucleus, and changing
the expression of the corresponding genes, thereby regulating cell
proliferation, differentiation, apoptosis, and metastasis, and
promoting excessive proliferation of tumor cells.[22]

The Ras-Raf-MEK-ERK protein signaling pathway is a
classical signaling pathway that regulates the growth and
proliferation of normal tissues and cells, which plays an
important role in maintaining its stability. This pathway is
composed of many signaling proteins. The abnormal expression
of any of these proteins would activate the pathway, causing
abnormal proliferation of cells and leading to malignant
transformation of cells and further formation of tumors.
Abnormal activation of this pathway has been found in tumors
such as colorectal cancer (CRC), liver cancer, and non-small cell
lung cancer.[23–25]

In conclusion, as a tumor suppressor gene, PTPN12 is closely
related to the occurrence of various tumors. Tumors are inhibited
via the negative regulation of the Ras-Raf-MEK-ERK signaling
pathway. On the contrary, the inactivation of the tumor
suppressor gene will lead to a weakened negative regulation of
the Ras-Raf-MEK-ERK signaling pathway, which causes the
occurrence of tumors.[26] Therefore, in the future, we can activate
the activity of the PTPN12 gene via certain methods, to control
the occurrence of tumors.
3.3. Regulatory mode of PTPN12 in cancer

PTPN12 is a tumor suppressor gene that inhibits malignant cell
proliferation, tumor formation, and metastasis.[27,28] The protein
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encoded by PTPN12 is a member of the PTP family, which is
involved in cell growth, differentiation, and the cell cycle.[29]

Abnormal expression of PTPN12 has been reported in the
literature to be associated with a variety of malignancies, such as
breast cancer, ovarian cancer, hepatocellular carcinoma (HCC),
and prostate cancer.[20,30] These cancers resulted from various
regulation modes of PTPN12.
It has also been found that PTPN12 can inhibit the malignant

transformation of various tyrosine kinases, such as epidermal
growth factor receptor (EGFR) and platelet-derived growth
factor receptor-beta.[31] The H230Y mutation of the PTPN12
protein could enhance the phosphorylation of platelet-derived
growth factor receptor, leading to tumor development. In
addition, the expression of PTPN12 had an important effect
on the promoter methylation of cancer cell lines.[28] Moreover,
PTPN12 dephosphorylated paxillin, and ultimately played a key
role as an anticancer gene by inhibiting cell proliferation,
migration, invasion, and epithelial-mesenchymal transforma-
tion.[31] Cyclin Dependent Kinase 2 phosphorylates PTPN12 at
serine 19, thereby weakening the anticancer effect of
PTPN12.[32,33]

Reactive oxygen species induced oxidation, which inactivated
PTPN12 and reduced dephosphorylation, thereby promoting
tumor growth.[34] PTPN12 also regulates the growth and
invasion of tumor cells by mediating the phosphorylation of
Cas, to regulate the ATP-dependent ubiquitin separating
enzyme.[35] miR-194 negatively regulated PTPN12 to promote
the development of cancerous tissues and tumor metastasis.[36]
3.4. Advances in the study of PTPN12 in related tumors
3.4.1. PTPN12 and breast cancer. Sun et al studied triple
negative breast cancer and found that the PTPN12 protein
appears inactive.[20] When the activity of PTPN12 protein is
restored, the tumorigenicity and metastasis of breast cancer cells
can be effectively inhibited. This successfully locked the PTPN12
protein as a tumor suppressor of triple negative breast cancer and
identified PTPN12 as a candidate tumor suppressor gene for
breast cancer. Yuan et al found that the methylation of PTPN12
resulted in gene function silencing through experiments. This
showed that PTPN12 plays an important role in the occurrence of
breast cancer and may be an independent prognostic factor for
patients with invasive breast cancer.[37]

Subsequently, Li et al found experimentally that the expression
rate of PTPN12 protein deletion in triple negative breast cancer
was significantly higher than that in normal breast tissue. This
result also further proved that in its inactive state, PTPN12 leads
to the occurrence of tumors. Through animal experiments, Li et al
found that the deletion of PTPN12 gene activity promoted the
development of breast cancer cells in mouse models, which
supports the view that PTPN12 serves as a human tumor
suppressor.[31] At the same time, this experiment also showed
that the inhibition of tumor cell survival made by the PTPN12
gene is related to the inhibition of Cas, Pyk2 tyrosine
phosphorylation. Wang et al combined the clinical data and
found a significant correlation between PTPN12 expression and
cTNM classification.[38] They found that breast cancer patients
with higher PTPN12 expression in their cells had a better clinical
response to the CEX regimen, which may guide drug regimens in
clinical work. Since PTPN12 was first identified as a tumor
suppressor gene in breast cancer, a large number of studies have
been conducted on the relationship between PTPN12 and breast
3

cancer. The effect and mechanism of PTPN12 in controlling the
development of breast cancer have been gradually revealed.

3.4.2. Digestive system

3.4.2.1. CRC. Richarda et al found that the PTP PTP-PEST
encoded by PTPN12 is a regulator of cell movement, which is
helpful to reduce the incidence of heterogeneity in CRC.
Therefore, PTPN12 is used as a candidate for a new tumor
suppressor gene for CRC.[39] Shen et al found that PTPN12 can
increase the risk of CRC by modifying Ras-MEK-ERK signal
transduction, which will provide new insights into the role of
CRC pathogenesis.[16]

3.4.2.2. HCC. R-Z Luo et al found that decreased PTPN12
expression was closely related to the recurrence of liver cancer
(P=0.015).[19] Univariate analysis showed a significant correla-
tion between decreased PTPN12 expression and relapse-free
survival (P<0.001). Zhang et al used Kaplan-Meier univariate
and multivariate Cox proportional hazard models to assess the
risk factors of survival.[40] Using a quantitative real-time
polymerase chain reaction and immunohistochemistry (IHC)
to detect the expression level of PTP genes, they found that
PTPN12 is an independent prognostic factor for HCC.

3.4.2.3. Esophageal cancer. Using a Western blot, Cao et al
evaluated the expression of PTPN12 in 20 surgically resected
esophageal tissues.[41] The results showed that the expression level
of PTPN12 in normal esophageal tissues was higher than that in
esophageal squamous cell carcinoma tissues. After multivariate
analysis, it was found that the protein expression level of PTPN12
is an independent and significant predictor (P< .001). Thus, it was
concluded that the protein expression of PTPN12 is an important
biomarker for patients with esophageal cancer. High expression of
PTPN12 is associated with disease-free survival and overall
survival in patients with esophageal cancer.

3.4.3. Urinary system. Piao et al measured the expression of
PTPN12 gene in bladder transitional cell carcinoma by IHC and a
Western blot, then determined the mRNA expression of PTPN12
gene through a reverse transcription-quantitative polymerase
chain reaction.[42] They found that the expression level of
PTPN12 was inversely related to tumor size, pathological grade,
clinical stage, and tumor recurrence. When the expression level of
PTPN12 was decreased, the bladder transitional cell carcinoma
showed stronger adhesion, migration, and invasion.

3.4.4. Respiratory system. Cao et al used IHC and a Western
blot to analyze the expression of PTPN12 in non-small cell lung
cancer cells (NSCLC).[18] Both IHC and theWestern blot showed
that the expression level of PTPN12 in normal lung cancer tissues
was higher than that in NSCLC tissues. At the same time, it was
concluded that high PTPN12 expression level is beneficial to the
5-year survival rate of lung cancer, especially in non-NSCLC
patients. Therefore, the expression of PTPN12 can be used as a
marker to evaluate the prognosis of NSCLC. In addition, another
study has found that the low expression of PTPN12 is closely
related to radiosensitivity in NSCLC patients and the down-
regulation of PTPN12 gene can significantly increase the
radiosensitivity of H1299 cells.

3.4.5. Nasopharyngeal carcinoma. Through semi-quantitative
immunohistochemical staining, Zhang et al found that decreased
expression of PTPN12 was more frequently observed in
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nasopharyngeal carcinoma tissues compared with normal
nasopharyngeal mucosa.[43] Further correlation analysis showed
that the decreased expression of PTPN12 was significantly
associated with tumor size, lymph node metastasis, distant
metastasis, and clinical stage of nasopharyngeal carcinoma
(P< .05). Univariate analysis showed a significant correlation
between decreased expression of PTPN12 and overall survival
(P< .05). More importantly, the multivariate analysis identified
the expression of PTPN12 as an independent prognostic factor in
nasopharyngeal carcinoma. The decreased expression of
PTPN12 may play an important role in making nasopharyngeal
carcinoma more invasive. Therefore, the expression of PTPN12
can be used as a novel independent prognostic biomarker for
patients with nasopharyngeal carcinoma. Lin et al cultured the
nasopharyngeal carcinoma cell line CNE2 in vitro, then made a
PTPN12 plasmid transfection. This can increase PTPN12mRNA
and protein expression, inhibit cell proliferation and migration,
and reduce the EGFR level. So, PTPN12 can be used as a
molecular target for diagnosis and prognosis analysis of
nasopharyngeal carcinoma.[44]

3.4.6. Oral squamous cell carcinoma. Su et al found that the
expression of PTPN12 in oral squamous cell carcinoma tissues is
reduced through an experiment.[45] The decreased expression of
PTPN12 was significantly associated with the clinical stage of the
disease (P< .01). In addition, reduction of PTPN12 is associated
with over-activation of signal transducers and activator of
transcription 3 (STAT3). PTP receptor type D is negatively
correlated with the phosphorylation of STAT3 (R=�0.535). The
low expression of PTPN12 and the high phosphorylation of
STAT3 are related to a poor prognosis. Overexpression of
PTPN12 inhibits the proliferation and migration of oral
squamous cell carcinoma cells. PTPN12 is associated with
STAT3 and induces STAT3 dephosphorylation. Therefore, we
can conclude that PTPN12 may play a role through STAT3
binding and dephosphorylation. So, PTPN12 is a potential
marker for prognostication of oral squamous cell carcinoma.

3.4.7. Gynecological oncology. Villa-Moruzzi et al found that
PTPN12 directly acts on focal adhesion kinase in a her2-dependent
manner, causing a negative regulation of the migration of ovarian
cancer cells.[30] Liang et al found that mir-194 is overexpressed in
ovarian cancer cells through real-time polymerase chain reaction
(RT-PCR).[36] Overexpression of mir-194 promotes cell prolifera-
tion, migration, and invasion. A luciferase assay showed that mir-
194 directly bound to the non-coding region of PTPN12. In the
meanwhile, through a Western blot and quantitative real-time
polymerase chain reaction, researchers showed a negative correla-
tionbetweenPTPN12expressionandmir-194expression inovarian
cancer tissues. Therefore, it was concluded that miR-194 directly
acts on the PTPN12 gene and inhibits its activity, which leads to the
occurrence of ovarian cancer. This also indirectly confirms the
assertion that the PTPN12 gene is a tumor suppressor gene.

3.4.8. Glioblastoma.Glioblastoma is an invasive brain cancer in
which tumor cells are often scattered from the primary mass to
escape surgical removal, leading to a fatal recurrence. A
cytoplasmic PTP (PTP-PEST) was reported to control the
invasion of glioblastoma cells by physically bridging the plaque,
binding the Crk-related substrate to the valin-containing protein
(VCP).[35] Based on previous screening and recent research
results, it was found that the levels of VCP and PTP-PESTmRNA
in different glioblastoma regions were negatively correlated,
4

suggesting that the expression of PTPN12 and VCP in
glioblastoma regions may be related to gene regulatory events.[46]

The data showed that PTPN12 had a specific role in the
differential regulation of growth survival and migration. In
glioblastoma cells with low expression of PTPN12, the
association between the receptor tyrosine kinase and beta 8
integrin might be changed, resulting in reduced growth but
increased invasiveness. Thirty-five copy number variants of the
germ line were predicted in 107 available paired blood samples
from glioblastoma patients. Many predictions of copy number
variants of somatic cells in glioblastoma involved PTPN12,
suggesting that PTPN12 was very common in glioblastoma
through various rearrangements and regulation.[47] PTPN12 was
known to dephosphorylate the oncogenes c-abl and Src, and
PTPN12 may contribute to tumor survival.[48] Given the number
of rearrangement candidates for PTPN12, the most important
factor for glioblastoma might be the regulation of PTPN12, not
necessarily any single rearrangement.

3.4.9. Melanoma. The main driver of melanoma progression is
cytogenetic heterogeneity due to chromosomal instability. One
study examined chromosomal changes in a group of melanoma
cell lines based on the aCGH atlas, showing that chromosome
loss in the 7q region seems to be associated with aggressive
behavior. MRNA expression analysis provided the first evidence
that structural and functional changes in PTPN12 genes play an
important role in melanoma invasion.[49] When the 12q
chromosomal regions was increased or the 7q was absent in
the PTPN12 genes, the mutation frequency of melanoma cells
would be enhanced, and the invasiveness was exasperated.
Koroknai identified that the mRNA level of PTPN12 was related
significantly to copy number changes.[50] There are few studies on
the correlation between melanoma cell invasiveness and the
PTPN12 gene. Further functional research is necessary.
4. Discussion

In 2011, Sun found that PTPN12 protein was inactivated in a
study of triple negative breast cancer. When PTPN12 restored its
activity, it could effectively inhibit tumorigenicity and metastasis
of breast cancer cells. Therefore, the PTPN12 protein was
successfully identified as a tumor suppressor of triple negative
breast cancer, and the PTPN12 gene was identified as a candidate
tumor suppressor of breast cancer.[20] Since then, the prognosis
and treatment of PTPN12 and related tumors have been studied
extensively. Luo[19] found that the decreased expression of
PTPN12 was not only closely related to the occurrence of liver
cancer, but also significantly correlated with the recurrence rate
and survival rate of liver cancer. By using real-time quantitative
PCR and a Western blot to detect the expression of PTPN12 at
the mRNA and protein levels, Cao found that high expression of
PTPN12 was related to the overall survival of patients with non-
small cell lung cancer, and suggested that PTPN12 was a better
biomarker.[18] This is a good attempt to transition PTPN12 gene
from the experimental level to clinical treatment. However, little
is known about the study of PTPN12 and kidney cancer, and the
effect of PTPN12 on the occurrence and prognosis of kidney
cancer needs to be further confirmed.
Existing studies have confirmed that PTPN12 has a regulatory

effect on tumor cell migration.[51] PTPN12 is often absent in cell
lines and tumor tissues of triple-negative breast cancer. It can
block the signaling pathways of carcinogenic receptors such as



Huo et al. Medicine (2020) 99:24 www.md-journal.com
EGFR and HER2, and thus inhibit the malignant proliferation of
breast cells.[28] Similar effects are also reflected in the occurrence
and development of other tumors, such as renal cell carcinoma[34]

and nasopharyngeal carcinoma.[44] Moreover, the combination
of Czotinib and Sonitinib showed a strong drug interaction in the
PTPN12-sensitive triple-negative breast cancer model, but it did
not inhibit the growth of PTPN12-resistant triple-negative breast
cancer cells. The research results showed that PTPN12 could be
used as a negative feedback regulator for carcinogenic receptor
tyrosine kinases.[28]

In addition, CD148 has been identified as part of the R3 subtype
in other PTPs such as vascular endothelial PTP, glomerular
epithelial protein-1, gastric cancer related PTP-1, and receptor
tyrosine phosphatase Q.[52] Takahashi developed a monoclonal
antibody against the CD148 extracellular domain and studied the
effect of this antibody on endothelial cell growth. In the
measurement of corneal angiogenesis in vivo inmice, this antibody
inhibited the growth of endothelial cell lines and blocked
angiogenesis.[53] Two CD148 ligands, platelet reactive protein 1
and syndecan-2, have also been reported in existing studies.[54,55]

Both ligands have similar effects on tumor cell growth. Tsp-1 can
increase the catalytic activity of CD148, lead to the dephosphory-
lation of substrate proteins, and inhibit the growth of endothelial
cells. The interaction of CD148 with syndecan-2 stimulates cell
adhesion and adhesion plaque formation, which may lead to the
downregulation of cell proliferation and growth.[56]

Therefore, the PTP family mainly regulates the development
and progression of malignant tumors, such as angiogenesis and
malignant cell proliferation, by regulating the signaling pathways
of various growth factor receptors. The difference is that the high
expression of PTPN12 in the treatment of malignant tumors can
regulate the occurrence and development of tumors and enhance
the sensitivity of malignant tumors to targeted drugs. In contrast,
inhibition of other members of the PTP family, such as vascular
endothelial PTP, glomerular epithelial protein-1, and gastric
cancer-related PTP-1, can also play a role in tumor development
and progression during the treatment of malignant tumors.
5. Conclusion

To sum up, the essence of tumors is genetic diseases. To put it
simply, the balance between oncogenes and tumor suppressor
genes is broken. Inhibiting the activity of PTPN12, a tumor
suppressor gene, will lead directly or indirectly to the occurrence
of tumors. Renal cell carcinoma, the most common malignant
tumor of the urinary system, is urgent to diagnose early and treat
early. Renal cancer genetic testing and tumor marker testing are
still immature. In the development of research, PTPN12 may
serve as a new molecular marker to benefit patients, and even the
development of tumor suppressor gene activation agents can
form a practical research direction.
Acknowledgments

We wish to thank Qing-qing Wang for providing suggestions
during the submission process. We did not receive any writing
assistance.
Author contributions

Bin Liu and Yu-hu Huo performed the investigation and were
major contributors towards manuscript writing and submission.
5

Ling-bing Meng made substantial contributions towards con-
ceptualizing the research. He also designed a draft of the research
process. Ya-ni Wang were involved in developing the interven-
tion and study protocol. Ai-li Zhang critically revised the
manuscript for important intellectual content. He modified the
manuscript format, discussed reviewer opinions, and clarified
the professional terms. All authors read and approved the final
manuscript.
References

[1] Xu C, Wu S, Schook LB, et al. Translating human cancer sequences into
personalized porcine cancer models. Front Oncol 2019;9:105.

[2] Zeng C,Matsuda K, JiaWH, et al. Identification of susceptibility loci and
genes for colorectal cancer risk. Gastroenterology 2016;150:1633–45.

[3] Blandin Knight S, Crosbie PA, Balata H, et al. Progress and prospects of
early detection in lung cancer. Open Biol 2017;7:170070.

[4] Moore PS, Chang Y. Why do viruses cause cancer? Highlights of the first
century of human tumour virology. Nat Rev Cancer 2010;10:878–89.

[5] Hnisz D, Weintraub AS, Day DS, et al. Activation of proto-oncogenes by
disruption of chromosome neighborhoods. Science 2016;351:1454–8.

[6] Liu R, KainM,Wang L. Inactivation of X-linked tumor suppressor genes
in human cancer. Future Oncol 2012;8:463–81.

[7] Lee EY,MullerWJ. Oncogenes and tumor suppressor genes. Cold Spring
Harb Perspect Biol 2010;2:a003236.

[8] Kavianpour M, Ahmadzadeh A, Shahrabi S, et al. Significance of
oncogenes and tumor suppressor genes in AML prognosis. Tumour Biol
2016;37:10041–52.

[9] Liu Y, Hu X, Han C, et al. Targeting tumor suppressor genes for cancer
therapy. Bioessays 2015;37:1277–86.

[10] Macleod K. Tumor suppressor genes. Curr Opin Genet Dev 2000;10:81–
93.

[11] Wang J, Abate-Shen C. Analyses of tumor-suppressor genes in germline
mouse models of cancer. Cold Spring Harb Protoc 2014;2014:
807–12.

[12] Khadem H, Kebriaei H, Veisi Z. Inactivation of tumor suppressor genes
and cancer therapy: an evolutionary game theory approach. Math Biosci
2017;288:84–93.

[13] Croce CM. Oncogenes and cancer. N Engl J Med 2008;358:502–11.
[14] Trigos AS, Pearson RB, Papenfuss AT, et al. Somatic mutations in early

metazoan genes disrupt regulatory links between unicellular and
multicellular genes in cancer. Elife 2019;8.

[15] Rhee I, Zhong MC, Reizis B, et al. Control of dendritic cell migration, T
cell-dependent immunity, and autoimmunity by protein tyrosine
phosphatase PTPN12 expressed in dendritic cells. Mol Cell Biol
2014;34:888–99.

[16] Shen N, Li L, XuW, et al. A missense variant in PTPN12 associated with
the risk of colorectal cancer by modifying Ras/MEK/ERK signaling.
Cancer Epidemiol 2019;59:109–14.

[17] Lin J, Liu S, Zheng F, et al. Protein tyrosine phosphatase non-receptor
type 12 negatively regulates cardiac HERG channel currents. Nan Fang
Yi Ke Da Xue Xue Bao 2013;33:1718–22.

[18] Cao X, Chen YZ, Luo RZ, et al. Tyrosine-protein phosphatase non-
receptor type 12 expression is a good prognostic factor in resectable non-
small cell lung cancer. Oncotarget 2015;6:11704–13.

[19] Luo RZ, Cai PQ, Li M, et al. Decreased expression of PTPN12 correlates
with tumor recurrence and poor survival of patients with hepatocellular
carcinoma. PLoS One 2014;9:e85592.

[20] Sun T, Aceto N, Meerbrey KL, et al. Activation of multiple proto-
oncogenic tyrosine kinases in breast cancer via loss of the PTPN12
phosphatase. Cell 2011;144:703–18.

[21] Yang S, Liu G. Targeting the Ras/Raf/MEK/ERK pathway in
hepatocellular carcinoma. Oncol Lett 2017;13:1041–7.

[22] Asati V,Mahapatra DK, Bharti SK. PI3K/Akt/mTOR andRas/Raf/MEK/
ERK signaling pathways inhibitors as anticancer agents: Structural and
pharmacological perspectives. Eur J Med Chem 2016;109:314–41.

[23] Wan XB, Wang AQ, Cao J, et al. Relationships among KRAS mutation
status, expression of RAS pathway signaling molecules, and clinico-
pathological features and prognosis of patients with colorectal cancer.
World J Gastroenterol 2019;25:808–23.

[24] Köhler M, Ehrenfeld S, Halbach S, et al. B-Raf deficiency impairs tumor
initiation and progression in a murine breast cancer model. Oncogene
2019;38:1324–39.

http://www.md-journal.com


Huo et al. Medicine (2020) 99:24 Medicine
[25] Dong P, Xiong Y, Yue J, et al. Exploring lncRNA-mediated regulatory
networks in endometrial cancer cells and the tumor microenvironment:
advances and challenges. Cancers (Basel) 2019;11:234.

[26] McCubrey JA, Steelman LS, Chappell WH, et al. Roles of the Raf/MEK/
ERK pathway in cell growth, malignant transformation and drug
resistance. Biochim Biophys Acta 2007;1773:1263–84.

[27] Lee C, Rhee I. Important roles of protein tyrosine phosphatase PTPN12
in tumor progression. Pharmacol Res 2019;144:73–8.

[28] Nair A, Chung HC, Sun T, et al. Combinatorial inhibition of PTPN12-
regulated receptors leads to a broadly effective therapeutic strategy in
triple-negative breast cancer. Nat Med 2018;24:505–11.

[29] Tonks NK. Protein tyrosine phosphatases: from genes, to function, to
disease. Nat Rev Mol Cell Biol 2006;7:833–46.

[30] Villa-Moruzzi E. PTPN12 controls PTEN and the AKT signalling to FAK
and HER2 in migrating ovarian cancer cells. Mol Cell Biochem
2013;375:151–7.

[31] Li J, Davidson D, Martins Souza C, et al. Loss of PTPN12 stimulates
progression of ErbB2-dependent breast cancer by enhancing cell survival,
migration, and epithelial-to-mesenchymal transition. Mol Cell Biol
2015;35:4069–82.

[32] Li H, Yang F, Liu C, et al. Crystal structure and substrate specificity of
ptpn12. Cell Rep 2016;15:1345–58.

[33] Li H, Yang D, Ning S, et al. Switching of the substrate specificity of
protein tyrosine phosphatase N12 by cyclin-dependent kinase 2
phosphorylation orchestrating 2 oncogenic pathways. FASEB J
2018;32:73–82.

[34] Xu Y, Taylor P, Andrade J, et al. Pathologic oxidation of ptpn12
underlies abl1 phosphorylation in hereditary leiomyomatosis and renal
cell carcinoma. Cancer Res 2018;78:6539–48.

[35] Chen Z, Morales JE, Guerrero PA, et al. PTPN12/PTP-PEST regulates
phosphorylation-dependent ubiquitination and stability of focal adhe-
sion substrates in invasive glioblastoma cells. Cancer Res 2018;78:
3809–22.

[36] Liang T, Li L, Cheng Y, et al. MicroRNA-194 promotes the growth,
migration, and invasion of ovarian carcinoma cells by targeting protein
tyrosine phosphatase nonreceptor type 12. Onco Targets Ther
2016;9:4307–15.

[37] Xunyi Y, Zhentao Y, Dandan J, et al. Clinicopathological significance of
PTPN12 expression in human breast cancer. Braz J Med Biol Res
2012;45:1334–40.

[38] Wang YY, Liu H, Mao XY, et al. Identifying the role of PTPN12
expression in predicting the efficacy of capecitabine to neoadjuvant
chemotherapy in breast cancer treatment. Eur Rev Med Pharmacol Sci
2016;20:3400–9.

[39] de Voer RM, Hahn MM, Weren RD, et al. Identification of novel
candidate genes for early-onset colorectal cancer susceptibility. PLoS
Genet 2016;12:e1005880.

[40] Zhangyuan G, Yin Y, Zhang W, et al. Prognostic value of
phosphotyrosine phosphatases in hepatocellular carcinoma. Cell Physiol
Biochem 2018;46:2335–46.
6

[41] Cao X, Li Y, Luo RZ, et al. Tyrosine-protein phosphatase nonreceptor
type 12 is a novel prognostic biomarker for esophageal squamous cell
carcinoma. Ann Thorac Surg 2012;93:1674–80.

[42] Piao Y, Liu X, Lin Z, et al. Decreased expression of protein tyrosine
phosphatase non-receptor type 12 is involved in the proliferation and
recurrence of bladder transitional cell carcinoma. Oncol Lett 2015;
10:1620–6.

[43] Zhang XK, Xu M, Chen JW, et al. The prognostic significance of
tyrosine-protein phosphatase nonreceptor type 12 expression in
nasopharyngeal carcinoma. Tumour Biol 2015;36:5201–8.

[44] Lin Q, Wang H, Lin X, et al. PTPN12 affects nasopharyngeal carcinoma
cell proliferation and migration through regulating EGFR. Cancer
Biother Radiopharm 2018;33:60–4.

[45] Su Z, Tian H, Song HQ, et al. PTPN12 inhibits oral squamous epithelial
carcinoma cell proliferation and invasion and can be used as a prognostic
marker. Med Oncol 2013;30:618.

[46] Cote JF, Charest A, Wagner J, et al. Combination of gene targeting
and substrate trapping to identify substrates of protein tyrosine
phosphatases using PTP-PEST as a model. Biochemistry 1998;37:
13128–37.

[47] Ritz A, Paris PL, Ittmann MM, et al. Detection of recurrent
rearrangement breakpoints from copy number data. BMC Bioinformat-
ics 2011;12:114.

[48] Meng F, Henson R, Lang M, et al. Involvement of human micro-RNA in
growth and response to chemotherapy in human cholangiocarcinoma
cell lines. Gastroenterology 2006;130:2113–29.

[49] Villa-Moruzzi E. Tyrosine phosphatases in theHER2-directedmotility of
ovarian cancer cells: involvement of PTPN12, ERK5 and FAK. Anal Cell
Pathol (Amst) 2011;34:101–12.

[50] Koroknai V, Ecsedi S, Vizkeleti L, et al. Genomic profiling of invasive
melanoma cell lines by array comparative genomic hybridization.
Melanoma Res 2016;26:100–7.

[51] Zheng Y, Lu Z. Regulation of tumor cell migration by protein tyrosine
phosphatase (PTP)-proline-, glutamate-, serine-,and threonine-rich
sequence (PEST). Chin J Cancer 2013;32:75–83.

[52] Ostman A, Yang Q, Tonks NK. Expression of DEP-1, a receptor-like
protein-tyrosine-phosphatase, is enhanced with increasing cell density.
Proc Natl Acad Sci U S A 1994;91:9680–4.

[53] Takahashi T, Takahashi K, Mernaugh RL, et al. A monoclonal antibody
against CD148, a receptor-like tyrosine phosphatase, inhibits endotheli-
al-cell growth and angiogenesis. Blood 2006;108:1234–42.

[54] Takahashi K, Mernaugh RL, Friedman DB, et al. Thrombospondin-1
acts as a ligand for CD148 tyrosine phosphatase. Proc Natl Acad Sci U S
A 2012;109:1985–90.

[55] Whiteford JR, Xian X, Chaussade C, et al. Syndecan-2 is a novel ligand
for the protein tyrosine phosphatase receptor CD148. Mol Biol Cell
2011;22:3609–24.

[56] Senis YA, Barr AJ. Targeting receptor-type protein tyrosine phosphatases
with biotherapeutics: is outside-in better than inside-out. Molecules
2018;23:569.


	Progress in the correlation between PTPN12 gene expression and human tumors
	1 Introduction
	2 Methods
	3 Results
	3.1 Function of the PTPN12 gene
	3.2 The critical pathway of PTPN12: Ras-Raf-MEK-ERK
	3.3 Regulatory mode of PTPN12 in cancer
	3.4 Advances in the study of PTPN12 in related tumors
	3.4.1 PTPN12 and breast cancer
	3.4.2 Digestive system
	3.4.2.1 CRC
	3.4.2.2 HCC
	3.4.2.3 Esophageal cancer

	3.4.3 Urinary system
	3.4.4 Respiratory system
	3.4.5 Nasopharyngeal carcinoma
	3.4.6 Oral squamous cell carcinoma
	3.4.7 Gynecological oncology
	3.4.8 Glioblastoma
	3.4.9 Melanoma


	4 Discussion
	5 Conclusion
	Acknowledgments
	Author contributions
	References


