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OPEN Multi-omic analyses reveal PTPNG6's

iImpact on tumor immunity across
various cancers

Yuchen Zhong!?3* Weiyuan Zhang'*, Chaojing Zheng'?, Hongyu Wu?, Jun Luo'?,
ZimingYuan?, Hao Zhang?, Chunlin Wang?, Haiyang Feng?, Meng Wang?, Qian Zhang?*,
Haixing Ju?* & Guiyu Wang"*

Protein Tyrosine Phosphatase Non-Receptor Type 6 (PTPN®6) plays a crucial regulatory role in cellular
processes and has been implicated in oncogenesis. This pan-cancer analysis aimed to elucidate PTPN6's
involvement across various cancer types, with a particular emphasis on its association with tumor
immunity. We analyzed PTPNG6 expression data from open access databases using various statistical
techniques, including survival analysis, genetic heterogeneity analysis, immune profiling, single-

cell analysis, drug sensitivity analysis, and protein interaction analysis. We also conducted in vitro
experiments utilizing colorectal cancer cell lines to validate PTPN6's functional role. PTPN6 exhibited
distinct expression patterns across cancers, and its prognostic significance was apparent in several
cancer types, particularly in glioblastoma, sarcoma, and melanoma. We observed correlations between
PTPN6 and immune genes/cell infiltration in these cancers, suggesting a potential role in modulating
the tumor immune microenvironment. Single-cell analysis revealed that PTPN6 is predominantly
localized in macrophages, B cells, and dendritic cells within the tumor microenvironment, implying

its involvement in regulating immune cell function. Enrichment analysis highlighted PTPN6’s role in
immune-related pathways. Drug sensitivity analysis identified specific drugs, including PAC-1, SNX-
2112, BELINOSTAT, VORINOSTAT, TPCA-1, and PHA-893,888, whose efficacy may be influenced

by PTPNG6 expression. Knocking down PTPNG6 expression inhibited the proliferation and migration

of colorectal cancer cells in vitro, confirming its oncogenic role in this cancer type. This pan-cancer
analysis establishes PTPN6’s multifaceted influence on tumor immunity and its potential as a
biomarker and therapeutic target.

Abbreviations

ACC Adrenocortical carcinoma

AEL Acute erythroidd leukemia

AML Acute myeloid leukemia

ALL Acute lymphoblastic leukemia

BCC Basal cell carcinoma

BLCA Bladder urothelial carcinoma

BRCA Breast invasive carcinoma

CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma
CHOL Cholangiocarcinoma

CLL Chronic lymphocytic leukemia

COAD Colon adenocarcinoma

COADREAD/COREAD  Colon adenocarcinoma/rectum adenocarcinoma esophageal carcinoma
CRC Colorectal cancer

DLBC Lymphoid neoplasm diffuse large B-cell lymphoma

ESCA Esophageal carcinoma
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GCTB Giant cell tumor of bone

GBM Glioblastoma multiforme

GBMLGG Glioma

GIST Gastrointestinal stromal tumor

HNSC Head and neck squamous cell carcinoma
KICH Kidney chromophobe

KIPAN Pan-kidney cohort (KICH + KIRC + KIRP)
KIRC Kidney renal clear cell carcinoma

KIRP Kidney renal papillary cell carcinoma
LAML Acute myeloid leukemia

LGG Brain lower grade glioma

LIHC Liver hepatocellular carcinoma

LUAD Lung adenocarcinoma

LUSC Lung squamous cell carcinoma

LsCC Laryngeal squamous cell carcinoma

MB Medulloblastoma

MCC Merkel cell carcinoma

MESO Mesothelioma

MF Mycosis fungoides

MM Multiple myeloma

MPNST Malignant peripheral nerve sheath tumor
NB Neuroblastoma

NHL Non-Hodgkin lymphoma

NPC Nasopharyngeal carcinoma

ov Ovarian serous cystadenocarcinoma

(0N Osteosarcoma

0OSCC Oral squamous cell carcinoma

PAAD Pancreatic adenocarcinoma

PBMC Peripheral blood mononuclear cell
PCFCL Primary cutaneous follicle center lymphoma
PCPG Pheochromocytoma and paraganglioma
PRAD Prostate adenocarcinoma

READ Rectum adenocarcinoma

SARC Sarcoma

STAD Stomach adenocarcinoma

SKCM Skin cutaneous melanoma

SCC Squamous cell carcinoma

SCLC Small cell lung cancer

STES Stomach and esophageal carcinoma

SS Synovial sarcoma

TGCT Testicular germ cell tumors

THCA Thyroid carcinoma

THYM Thymoma

UCEC Uterine corpus endometrial carcinoma
UcCs Uterine carcinosarcoma

UVM Uveal melanoma

WT High-risk wilms tumor

Protein Tyrosine Phosphatase Non-Receptor Type 6 (PTPNG6) is a member of the protein tyrosine phosphatase
(PTP) family, which regulates cellular signaling pathways involved in various processes such as cell growth,
differentiation, mitotic cycle, and oncogenic transformation. These enzymes are critical signaling molecules
in cellular communication. PTPN6 plays a pivotal regulatory role in the inflammatory process'. In PTPN6
knockout mice, inflammatory cytokine levels in leukocytes are significantly elevated, accompanied by a systemic
increase in inflammation®. Mechanistically, PTPN6 enhances the regulatory function of receptor-interacting
protein kinases, suppresses receptor-interacting serine/threonine-protein kinase 3 (RIPK3)- and mixed
lineage kinase domain-like protein (MLKL)-dependent necroptosis, inhibits caspase-8-dependent apoptosis,
and downregulates the activation of the p38/mitogen-activated protein kinase (MAPK) signaling pathway®-°.
PTPNG6 regulates protein-tyrosine phosphorylation/dephosphorylation and is involved in cellular processes
such as proliferation, differentiation, survival, migration, and invasion’. PTPN6, encoding SHP1, consists of 17
exons and features two SH2 domains essential for binding phosphorylated tyrosine residues on target proteins®.
SHP1I, a non-receptor tyrosine phosphatase, is involved in numerous signaling pathways and can be inhibited
by protein kinase C alpha-mediated phosphorylation at Ser591 in its C-terminal region’. It dephosphorylates
substrates in signaling cascades mediated by Src-family kinases (SFKs) and spleen tyrosine kinase (SYK)'°.
Current study concluded that PTPNG is closely associated with the prognosis of neuroblastoma!!. PTPN6
may also play a regulatory role in hematological cancers, and PTPN6 may be involved in the progression of
chronic myeloid leukaemia with DNA methylation, in diffuse large B-cell lymphoma, mutated PTPN6 reduced
tyrosine phosphatase activity and exhibited enhanced STAT3 transactivation activity'>!%. In human epithelial
ovarian cancer, the aberrant expression of PTPN6 has been demonstrated!. In colorectal cancer, previous
studies have indicated that PTPN6 can form a complex with EGFR and promote colorectal carcinogenesis and
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metastasis, while other study have found that PTPN6 interacts with the MAPK signaling pathway and affects
the sensitivity of chemotherapy'>!°. A recent study using single-cell sequencing revealed that PTPNG is closely
associated with immune suppression in glioblastoma'”.

In breast cancer, PTPNG6 acts as a tumor suppressor by binding to EGFR and dephosphorylating SATA318:1°,
In hepatocellular carcinoma, PTPN6 plays a role in inhibiting epithelial-mesenchymal transition (EMT)
primarily by suppressing TGF-B1, thereby reducing p-SATA3 levels and attenuating the process of epithelial-
mesenchymal transition®*2!.

In lung cancer, PTPN6 may also exhibit anticancer effects by inactivating the PI3K/AKT signaling pathway
to suppress the development of lung cancer??. Additionally, the outcome of radiation therapy in lung cancer has
been associated with PTPN62. In summary, PTPNG plays varying roles in different cancer types but primarily
functions as a tumor suppressor, exerting anticancer effects.

PTPNG is closely associated with tumor immunity, and in the context of lung cancer, the PTPN6 axis
counteracts adaptive immune evasion?!. PTPNG6 itself serves as a dendritic cells (DC) intrinsic checkpoint
and plays a crucial role in tumor immunity. PTPN6 can facilitate tumor-associated DCs to uptake immune
complexes, thereby inducing tumor immune responses?>. PTPNG6 also plays a critical role in the functioning of
NK cells, contributing to NK cell tolerance and education?®.

In summary, PTPN6 plays important roles in multiple pathways and exhibits a dual function in cancer,
particularly in relation to tumor immunity. Despite its significant roles, research on PTPN6 across various
cancer types remains sparse. Currently, comprehensive pan-cancer analysis articles on PTPN6 are lacking.
By leveraging publicly available databases such as TCGA, it is hoped that a systematic pan-cancer analysis of
PTPNG6 can be conducted. Such studies would significantly enhance our understanding of its involvement and
functions in different cancer types.

Result

Aberrant expression of PTPN6 in cancer

Aberrant expression of PTPN6 in cancer has been observed, where its expression levels can be either upregulated
or downregulated depending on the cancer type. Such dysregulated expression can have significant implications
for cancer development and progression. We initially compared the expression levels of PTPN6 between cancer
and normal tissues using TCGA data. The results revealed that PTPN6 exhibited significantly higher expressions
in LGG, LIHC, GBM, PRAD, HNSC, ESCA, STAD, KIRC, BRCA, CHOL, UCEC, KIRP, and BLCA, while
showing significantly lower expression in KICH, LUAD, and LUSC (Fig. 1A). However, considering the limited
sample size of normal tissues in TCGA, we performed a comparison after integrating TCGA with GTEx data.
As shown in Fig. 1B, aberrantly high expression of PTPN6 was observed in LGG, UCS, LIHC, GBM, HNSC,
ESCA, STAD, COADREAD, OV, KIRC, BRCA, THCA, CHOL, UCEC, PRAD, KIRP, CESC, BLCA, TGCT, and
LAML. Conversely, abnormal low expression was observed in WT, LUSC, LUAD, and ALL. No statistically
significant differences were found in ACC, KICH, PCPG, and PRAD. In Fig. 1C, the expression levels of PTPN6
across various cell lines are shown. We found that PTPN6 is most highly expressed in leukemia, myeloma, and
lymphoma cell lines, while it is almost undetectable in liposarcoma.

The expression of PTPNG is associated with cancer prognosis

We performed survival analysis using the TCGA database, categorizing patients with various types of cancer
into two groups based on the median expression level of PTPN6. As shown in Fig. 2A, we observed that high
expression of PTPN6 was associated with poorer prognosis in COADREAD, KIRC, LAML, LGG, and UVM.
Conversely, in BLCA, SKCM, LUAD, CESC, BRCA, SARC, MESO, PAAD, and STAD, high expression of PTPN6
was associated with longer overall survival. Moreover, we observed thatin COADREAD, the hazard ratio reached
2.11, indicating a significant impact of PTPN6 on prognosis in COADREAD. Consistent with previous studies,
high expression of PTPN6 was found to be a favorable prognostic factor in BRCA and LUAD?"%,

Similar findings were observed in the analysis of PTPN6 and DSS (Disease-Specific Survival). In KIRC, LGG,
UVM, and COADREAD, high expression of PTPN6 was associated with an increased risk of poor prognosis.
Conversely, in BLCA, SKCM, LUAD, CESC, MESO, SARC, and PAAD, high expression of PTPN6 was identified
as a protective factor for prognosis (Fig. 2B).

Furthermore, we employed the optimal cutoft algorithm to analyze the relationship between PTPNG6
expression and overall survival. Supplementary Fig. 1 presents the Kaplan-Meier survival curves for different
cancers. Overall, PTPN6 was identified as a favorable prognostic factor in most cancers, including ACC, BLCA,
BRCA, KIRP, PAAD, LUAD, SARC, MESO, THYM, STAD, and SKCM (Supplementary Fig. 1A). However, in
COADREAD, LGG, GBM, LAML, KIRC, and UVM, patients with high PTPN6 expression exhibited significantly
shorter survival times (Supplementary Fig. 1B). Following the methodology of previous study®, we utilized the
MethSurv platform to analyze the relationship between PTPN6 methylation and survival across various cancers.
As shown in Supplementary Table 1, we found that in ACC, BLCA, COAD, HNSC, KIRP, LAML, MESO, and
UCEC, PTPN6 methylation is associated with a significant increase in patient survival risk. Conversely, in GBM,
KIRC, LGG, SARC, STAD, and UVM, changes in PTPN6 methylation are associated with a significant decrease
in survival risk.

Correlation analysis revealed significant negative associations between PTPN6 methylation and mRNA
expression in most cancer types (Supplementary Table 2). Strong negative correlations were observed in cancers
such as ACC (R = —0.722, FDR =0), KIRC (R = ~0.657, FDR =0), SKCM (R = —0.834, FDR=0), and UVM (R =
-0.868, FDR =0). Other cancers, including LIHC (R = -0.448, FDR=0) and LUAD (R = -0.429, FDR=0), also
demonstrated significant correlations. By contrast, weaker or nonsignificant correlations were noted in a few
cancer types, such as DLBC (R = —-0.191, FDR=0.194). Overall, these results suggest that PTPN6 methylation
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Fig. 1. Expression patterns of PTPNG6 across cancers, normal tissues, and cell lines. (A) Box plots comparing

PTPNG6 expression in tumor samples from TCGA and matched normal tissue samples; (B) PTPN6 expression
distributions in tumors from TCGA and normal samples from GTEx across cancer types; (C) PTPN6
expression levels across different cancer cell lines from the Cancer Cell Line Encyclopedia (CCLE). Statistical
significance: *p <0.05, **p <0.01, ***p <0.001, ****p <0.0001, ns represents Not significant.
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Fig. 2. Association between PTPNG6 expression and patient survival outcomes. (A) Forest plot depicting the
hazard ratios and 95% confidence intervals for the correlation between PTPNG6 expression and overall survival
across cancer types; (B) Forest plot showing the hazard ratios and 95% confidence intervals for the relationship
between PTPNG6 expression and disease-specific survival in different cancers.
is inversely correlated with its mRNA expression in most cancers, indicating a potential epigenetic regulatory
mechanism.
The correlation between PTPN6 and immune genes
Building on previous research that underscores the close association between PTPN6 and tumor immunity and
recognizing the profound influence of the immune system on tumor development, progression, and treatment,
we conducted an analysis of the correlation between PTPN6 expression and immune genes in multiple
types of cancer®**!. In Fig. 3, we examined the correlation between PTPN6 and immune inhibitor, immune
stimulator, MHC, chemokines, and immune checkpoint genes. The majority of cancers showed statistically
significant positive correlations were observed. Specifically, Fig. 3A and B illustrate the correlations between
PTPNG6 and genes associated with immune suppression and stimulation, respectively. In GBM, LGG, and
UVM, PTPNG6 exhibited strong correlations with various immune genes. Interestingly, in OV, PTPN6 showed
positive correlations with all immunoinhibitor. On the other hand, VTCN1, KDR, and TFGBR1 demonstrated
negative correlations with PTPN6 in THYM, TGCT, BRCA, UCEC, and BLCA. In line with recent research
findings, we also evaluated the correlation between PTPN6 and MHC-related genes (Fig. 3C)%. Surprisingly,
our analysis revealed a significant positive correlation between PTPN6 and MHC genes across almost all studied
cancer types. Only in CHOL, THYM, and DLBC, the trend was either not significant or showed a negative
correlation. The strongest positive correlation trends were observed in UVM, GBM, LGG, SKCM, and SARC.
Chemokines play a crucial role in the immune microenvironment of cancer and are potential therapeutic targets
for immunotherapy, deserving more attention®?. Therefore, to further explore the immune regulatory role
of PTPNG6, we analyzed the correlation between it and numerous chemokine-related genes. As illustrated in
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Fig. 3. Correlation analysis between PTPN6 and immune-related genes. Heatmaps depicting Pearson’s
correlation coefficients (R values) between PTPNG6 expression and the expression of (A) immunoinhibitory
genes, (B) immunostimulatory genes (C) major histocompatibility complex (MHC)genes (D) Chemokines (E)
immune checkpoint inhibitorsand (F) immune checkpoint stimulatory genes across cancer types. Bars denote
correlation coefficient R values, *p < 0.05, **p <0.01, ***p <0.001.

Fig. 3D, our findings demonstrate that PTPN6 generally maintained a positive correlation with chemokine genes
across various cancer types, reinforcing its potential as a key player in the immune response within the tumor
microenvironment. However, a few negative correlations were observed in THYM, CHOL, HNSC, CESC, and
LAML.

The development of checkpoint inhibitors, such as immune checkpoint blockade therapies, has revolutionized
cancer treatment. These inhibitors work by blocking the interactions between immune checkpoint proteins and
their corresponding receptors, thus releasing the brakes on the immune system, and allowing it to mount a
stronger and more effective anti-tumor response®**%. By examining the correlation with checkpoint genes, trends
still exist in tumors such as UVM, GBM, LGG, SKCM, and SARC, there is a significant positive correlation
(Fig. 3E and F). However, in THYM and CHOL, the correlation is negative or not statistically significant.
Moreover, among checkpoint stimulatory genes, the correlation between HMGB, IFNA1, IFNA2, and PTPN6
is extremely weak.
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The protein tyrosine phosphatase PTPN6 demonstrates a robust association with immune-related
genes across multiple tumor types, with notable exceptions being THYM and TGCT. This implies potential
alternative functional roles for PTPN6 in THYM and TGCT pathogenesis, meriting further scholarly inquiry.
Conversely, strong correlations between PTPN6 and various immune genes are observed in UVM, LGG, and
GBM. These correlations suggest PTPN6 may play an integral role modulating anti-tumor immunity within the
microenvironment of these malignancies. Additional investigation of PTPN6 as a prospective immunotherapeutic
target in UVM, LGG, and GBM is therefore warranted based on these correlative data.

The relationship between PTPN6 and the tumor microenvironment and immune cell
infiltration
The tumor microenvironment and immune cell infiltration are pivotal factors influencing tumor development.
To accurately assess the level of immune infiltration in tumors, various computational algorithms are utilized.
In our study, we employed four distinct algorithms to analyze the relationship between PTPN6 expression
and immune cell infiltration across different cancer types. This multi-algorithm approach allowed us to
comprehensively evaluate and validate the consistency of PTPN6’s impact on the immune contexture of tumors.
In Supplementary Fig. 2A, the correlation between PTPN6 and three scores from the ESTIMATE algorithm
is presented. PTPNG6 exhibits a strong correlation with ESTIMATE score, Immune score, and stroma score
in GBM, SARC, SKCM, LGG, and UVM. Interestingly, in all types of cancer, the expression level of PTPN6
shows a statistically significant positive correlation with the immune score. Supplementary Figs. 2B-D depict
the correlation between PTPN6 and the MCP counter, EPIC, and Timer algorithms, respectively. Multiple
algorithms revealed a significant positive correlation between PTPN6 and T cells and B cells, notably in UVM,
SARC, SKCM, MESO, BRCA, PAAD, and PRAD. The MCP counter and Timer algorithms showed consistent
results. However, discrepancies were noted among the algorithms; For example, EPIC algorithm indicated a
negative correlation between PTPN6 and CD8 + T cells in GBM, contrasting with positive correlations observed
in both the Timer and MCP counter algorithms. This discrepancy among the algorithms may be attributed to
the different gene signatures each uses. Overall, the analysis indicates that PTPN6 generally shows a positive
correlation with immune cell infiltration in most cancers. Additionally, it is more likely to exhibit a negative
correlation with stromal cells. Notably, in UVM, GBM, LGG, and SKCM, the correlation between PTPN6 and
immune cells is particularly strong. These findings highlight the potential significance of PTPNG6 in regulating
immune cell infiltration and underscore the need for further research and investigation specifically in these
tumor types.

PTPN6 mutations and tumor heterogeneity

We conducted further analysis on the mutation status of PTPNG6 across different cancers and observed that
the overall mutation rate of PTPNG® is relatively low. In seminoma and ovarian epithelial tumors, amplification
is the predominant type of mutation, with a mutation frequency of approximately 6%. However, in ocular
melanoma, thyroid cancer, leukemia, renal cell cancer, pheochromocytoma, and cholangiocarcinoma, the
mutation frequency of PTPN6 was found to be zero (Fig. 4A). Furthermore, we analyzed the copy number
variation (CNV) status of PTPN6. As shown in Fig. 4B, in TGCT, the CNV mutation rate of PTPNG is as high
as 98%, primarily consisting of heterozygous amplification, with an additional 20% exhibiting homozygous
amplification. In other tumors, heterozygous amplification and heterozygous deletion are the predominant CNV
patterns. The proportion of homozygous deletion is extremely low, accounting for only over 1.5% in ESCA,
LUSC, and HNSC, with percentages of 2.17%, 1.59%, and 1.53%, respectively. Interestingly, a significant negative
correlation between PTPNG6 expression and CNV was found only in TGCT. In contrast, in OV, LUSC, LUAD,
ESCA, KIRP, STAD, BRCA, HNSC, READ, CESC, SKCM, KICH, LIHC, KIRC, UCEC, and PRAD, there is a
statistically significant positive correlation between PTPN6 and CNV.

Further analysis was conducted to assess the correlation between PTPN6 and tumor heterogeneity. Figure 4C
and F present radar plots depicting the correlation between PTPN6 expression and MSI (microsatellite
instability), TMB (tumor mutational burden), MATH (mutant-allele tumor heterogeneity), and tumor purity,
respectively. The correlation between PTPN6 and tumor MSI is relatively weak. It is negatively correlated with
MSI in UCSC and TGCT, while positively correlated with MSI in PRAD and THCA. In other tumors, no
statistically significant correlation is observed (Fig. 4C). Similarly, the correlation between TMB and PTPN6
is not significant, exhibiting a negative correlation in ACC and GBM, and a positive correlation is observed
in KIRP (Fig. 4D). MATH, representing tumor heterogeneity, also shows limited correlations demonstrating
a negative correlation in THYM, LUAD, STAD, THCA, and PRAD, and only a positive correlation in CHOL
(Fig. 4E). Lastly, we analyzed the correlation between PTPN6 and tumor purity (Fig. 4F), which represents the
tumor’s immune microenvironment. In most tumors, higher PTPNG6 expression is associated with lower tumor
purity, consistent with the results of immune microenvironment analysis. In several types of tumors such as
SARC, SKCM, GBM, THYM, TGCT, and UVM, the correlation between PTPN6 and tumor purity is lower
than - 0.5 and statistically significant. This indicates that higher expression of PTPNG6 is associated with higher
content of other cells within the tumor and potentially a higher degree of immune infiltration.

Enrichment analysis

Next, we conducted an enrichment analysis for PTPN6 by calculating differential gene expression across
various cancer types, distinguished by high and low expression levels of PTPNG. Initially, a KEGG analysis was
performed to explore differences in gene expression associated with high and low PTPNG6 levels. We observed
significant enrichment of various immune pathways, including the PD1/PDL1 pathway, leukocyte migration,
immune cell differentiation, T cell and B cell signaling pathways, NK cells, as well as enrichment in chemokine
and cytokine signaling pathways (Fig. 5A).
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Fig. 5. Enrichment analysis of differential genes between high and low PTPN6 expression groups across
cancers. (A) Bubble plot showing the results of KEGG pathway enrichment analysis for genes differentially
expressed between high and low PTPNG6 expression cohorts. (B) Enrichment bubble plot from Gene Set
Enrichment Analysis (GSEA) depicting the pathways enriched in the high versus low PTPN6 expression
groups.

The results of the GSEA enrichment analysis, shown in Fig. 5B, align closely with the KEGG results,
highlighting significant enrichment across multiple immune pathways. In Supplementary Fig. 3, the results of
the GO enrichment analysis are presented. Supplementary Fig. 3A reveals the enrichment of biological functions
related to immune cell activation, immune cell migration, and cell proliferation. Supplementary Fig. 3B illustrates
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potential molecular functions associated with PTPNS, including cytokine activation and binding, as well as
immune receptor activation. Finally, Supplementary Fig. 3C provides insights into the cellular component
results.

Furthermore, we utilized the STRING database to generate a PPI (Protein-Protein Interaction) network
centered around PTPN6 (Fig. 6A) and conducted enrichment analysis using genes from this PPI network.
Figure 6B illustrates the results of the GO enrichment analysis, highlighting significant enrichment of numerous
immunological aspects such as MHC complexes, MHC activation and binding, chemokine activation, and
binding of immune cell receptors. In the realm of biological functions, natural killer cells, T cell regulation and
differentiation, and the JAK-STAT pathway were also enriched, aligning with our earlier findings.

Moreover, we conducted further enrichment analyses based on KEGG and REACTOME terms (Fig. 6C, D).
The KEGG results reaffirmed the consistency of previous results, highlighting the enrichment of various immune
pathways, particularly notable enrichment of PD-1 and PD-L1 pathway. Within the REACTOME results, several
immune pathways were again identified, with multiple interleukin pathways being enriched.

Finally, we conducted a disease enrichment analysis using the GLAD4U database for the aforementioned
genes, as shown in Fig. 6E. This analysis revealed the enrichment of various immune system-related diseases,
with several types of leukemia featuring prominently in the results.

Single-cell analysis

Through the preceding analysis, we have uncovered a significant association between PTPN6 and immune
infiltration, as well as correlations with immune-related genes, underscoring its potential role in diverse immune
pathways and functions. Additionally, a consistent negative correlation between PTPN6 and tumor purity in
numerous cancers suggests that tissues with elevated PTPN6 expression may contain a variety of other cell types.
Therefore, To further elucidate this relationship, we conducted an in-depth analysis of 138 single-cell datasets
across 45 cancer types. This analysis confirmed that PTPN6 is predominantly localized in macrophages within
cancer tissues (Fig. 7A). Moreover, it is widely expressed in B cells and dendritic cells (DCs). The expression
levels in CD4+T cells and CD8+ T cells vary across different cancers.

Drug sensitive analysis

Based on enrichment analysis, the association of PTPN6 with the “PD-L1 Expression and PD-1 Checkpoint
Pathway in Cancer” suggests a potential link between PTPNG6, and pathways related to drug sensitivity, warranting
further investigation. This led us to hypothesize that PTPN6 may exhibit correlations with other pharmaceutical
agents and hold potential as an indicator for cancer therapy. Consequently, we conducted an analysis of PTPN6
expression in conjunction with various pharmaceuticals using the GSDC and CTRP databases. The results
are visually represented in Fig. 8A and B, which show volcano plots depicting the correlation between drug
sensitivity and PTPNG6 expression levels. Our findings reveal that, for the majority of drugs, heightened PTPN6
expression is associated with increased sensitivity, suggesting that high PTPN6 expression might render these
pharmaceutical agents more suitable for use. Figure 8C illustrates the intersection of the negative correlation
between PTPN6 expression levels across the GDSC and CTRP databases. In total, 20 drugs in both datasets
display increased sensitivity as PTPN6 expression levels rise (Fig. 8D). Among these, PAC-1, SNX-2112,
BELINOSTAT, VORINOSTAT, TPCA-1, and PHA-893,888 exhibit correlations with PTPNG6 in both databases
that are less than —0.2, warranting further investigation. Next, through the ToxicoDB database, we observed
that drugs such as Colchicine, Sulindac, and Ethionine can lead to a decrease in the expression levels of PTPNG6.
Conversely, drugs like 2-Bromoethylamine, Carboplatinum, and N-Nitrosodiethylamine can cause an increase
in its expression, though the enhancement effect is not significant (Fig. 8E). Referring to the application of
CMAP in previous research®®, we identified drugs related to PTPNG6 by inputting associated genes into the CMAP
platform (Fig. 8F). We discovered associations between PTPNG6 expression and specific pharmaceutical agents.
Resiquimod and felodipine showed a positive association with PTPN6 expression, suggesting potential synergy
or enhanced effectiveness when combined with therapies targeting PTPN6. Conversely, BRD-K74634175 and
XLOC_L2_008203 were negatively associated with PTPNG6.

PTPNG6 elevated expression in CRC and associated with disease staging

Given the established enrichment of PTPN6 in various cancer-related pathways and its widespread
overexpression in cancer has been validated through public databases, we collected pathological samples from
patients who underwent colorectal cancer surgery at our institution. The expression of PTPN6 in cancerous and
adjacent tissues were assessed through immunohistochemistry (Fig. 9A). Our observations confirmed higher
PTPNG6 e expression in cancer tissues compared to adjacent normal tissues. We then quantitatively scored the
expression of PTPNG6 in 20 samples using immunohistochemistry and gathered comprehensive patient data for
subsequent statistical analysis. We discovered no statistically significant differences in age and gender between
the high PTPN6 expression and low expression groups, though high expression patients appeared to be older.
Further, T staging and TNM classification did not differ considerably between the two PTPN6 expression
cohorts. Intriguingly, the data suggest high expression tumors exhibit more advanced N staging. Moreover, no
distinctions in tumor volume were evident between the high and low PTPN6 expression categories (Table 1).

Knocking down PTPN6 expression inhibits the proliferation and migration of CRC cells

We further explored the expression of PTPNG6 in colorectal cancer cell lines, as depicted in Fig. 9B, illustrating
the protein expression across various CRC cell lines. Notably, PTPN6 exhibited minimal expression in the RKO
cell line, while its highest expression was observed in the SW620 cell line, which interestingly is derived from the
lymph node metastasis of SW480.Furthermore, our western blot results align with the mRNA expression trends
observed in the CCLE database (Fig. 9C). Given these findings, we selected SW620 and HCT116 cell lines, which
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Fig. 6. PTPNG6 protein-protein interaction (PPI) network and enrichment analysis. (A) PPI network of PTPN6
and its interacting partners, obtained from the STRING database. Enrichment analysis of PTPN6 PPI genes
for (B) Gene Ontology (GO) terms, (C) KEGG pathways, (D) Reactome pathways; (E) Disease enrichment

analysis.

exhibited the highest relative expression levels, for knockdown validation. Successful knockdown of PTPN6 was
confirmed in these cell lines using siRNA (siPTPN6#1 and siPTPN6#2), with the results depicted in Fig. 9D.
Subsequent functional assays examined the impact of PTPN6 knockdown on cell proliferation and migration.
The results indicated a notable inhibition in proliferation trends following PTPN6 knockdown (Fig. 9E and

Scientific Reports|  (2025) 15:11025 | https://doi.org/10.1038/s41598-025-96302-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A

6 Cancer
AEL
ALL
AML
BCC
BLCA
BRCA
CESC
CHOL
CLL
CRC
DLBC
ESCA
GCTB
GIST
Glioma
HNSC
KICH
KIPAN
KIRC
LIHC
LsccC
MB
McC
MF
MM
MPNST
NHL

~ NPC
NSCLC
0s
oscc
oV
PAAD

- PBMC
PCFCL
PRAD
SARC
SCC
SCLC
SKCM
SS

QO = N W & O

Jaouenym
0JOB\/OUO

g

oa

18Ad0

STAD

THCA
UCEC
UVM

AUOD1 a0
Bai|
x8180d0
yjoidy
1sepy

N
s|iydosnnaN
ewse|d

on||
sjse|qo.qi4
[enaynd3
s)se|qolquoAN
|el@yjopu3
OSH
eljboioip
0id/h13
Jo)uaboid

Fig. 7. PTPNG6 expression across 138 single-cell datasets from the TISCH database. (A) Heatmap showing the
relative expression levels of PTPN6 across single-cell datasets from various cancer types. The sidebar denotes
cancer types and the color scale represents relative expression.

F). Furthermore, a significant reduction in the number of cell colonies was observed in the plate cloning
assay (Fig. 9G). Simultaneously, cell migration was also affected, as shown in Fig. 9F Finally, we employed
immunofluorescence to validate the cellular localization of PTPNG6, revealing its predominant expression in
the cell nucleus (Fig. 9G). Through immunofluorescence analysis, we examined the subcellular localization of
PTPNG6. As shown in Fig. 9H, we found that PTPNG6 is primarily localized in the nucleus.

Discussion

The data presented in this study illuminates the intricate participation of PTPN6 in oncogenesis, exhibiting
varied expression phenotypes across numerous malignant neoplasms. Leveraging integration of The Cancer
Genome Atlas and Genotype-Tissue Expression data, we observed meaningful variations in PTPN6 expression,
underscoring a multifaceted function in tumorigenesis. Furthermore, Our results also demonstrate the
prognostic significance of PTPNG6 levels across multiple cancer types, challenging previous assumptions with
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findings that link higher PTPNG6 expression to poorer outcomes in certain cancers. A salient facet of this study
is the analysis of correlations between PTPN6 and immune genes, emphasizing its potential impact on the
immune landscape of cancers.

The positive associations recognized across multiple cancers, especially in immune-related pathways,
highlight PTPN6’s prospective role in modulating the tumor immune microenvironment. However, exceptions
identified in particular malignancies propose context-dependent operations warranting additional probing.
Moreover, research has confirmed the association between PTPN6 and immune checkpoints36. Another recent
study found that PTPN6, when localized to the activated immune synapse, can promote NK cell tolerance in the
context of MHC class I deficiency?®.

The correlation analysis between PTPN6 expression and immune cell infiltration along with the composition
of the tumor microenvironment, provides additional insights into PTPN6’s role in the complex interactions
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«Fig. 9. Experimental evaluation of PTPNG6 in colorectal cancer (CRC) tissues and cell lines. (A)
Immunohistochemistry images showing PTPNG6 protein staining in CRC tumor tissues and normal colon
sections; (B) Western blots of PTPN6 protein levels across CRC cell lines (Original blots are presented in
Supplementary Fig. 4); (C) Quantitation of relative PTPN6 protein levels from the Western blots in (B) using
Image], compared to PTPN6 mRNA expression levels from the CCLE database; (D) Western blots and gPCR
validating PTPN6 knockdown efficiency by siRNAs(Original blots are presented in Supplementary Fig. 4); (E)
Wound healing assay images comparing siPTPN6 and control groups at 0 h and 24 h post-scratch (red dashed
lines indicate scratch); (F-G) CCK8 and plate colony formation assays assessing impacts of PTPN6 knockdown
on CRC cell proliferation; (H) Immunofluorescence imaging validating subcellular distribution of PTPN6
(DAPI staining in blue, F-actin in red, PTPNG6 in green). White scale bar denotes ten uM. Data availability
statement. The original contributions presented in the study are included in the article. Further inquiries can
be directed to the corresponding author.

Characteristics | High group (n=10) | Low group (r=10) | P value
Age* 61.8+10.5 53.0+£12.3 0.103
Sex
Male 3 6
Female 7 4 0.196
T stage
TO/T1/T2 7 3

0.081
T3/T4 3 7
N stage
NO 6 2
N1 3 3 0.032*
N2 1 5
TNM stage
Stage I 4 1
Stage II 2 1 0.072
Stage III 4 8
Tumor size* 4.26+0.83 3.89+0.87 0.346

Table 1. Clinical information. #Mean + SD; *p <0.05.

between cancer cells and the immune system. Our findings imply PTPN6 may perform a pivotal role in
governing immune responses within the tumor microenvironment, particularly in neoplasms where robust
correlations are observed. This aligns with existing literature that supports the function of PTPN6 in modulating
tumor immunity*”-*. The associations recognized in this study not only align with but also enhance our current
understanding of PTPN6’s multifaceted participation in redirecting anti-tumor immunity via interactions with
immune checkpoints and effector cells. Such research could uncover novel therapeutic avenues, leveraging
strategic targeting of PTPN6 to enhance immune surveillance and activity specifically against malignant
cells. This approach has the potential to refine and improve strategies for immune-based therapies, tailoring
interventions that harness the body’s innate defense mechanisms more effectively.

Interrogation of PTPN6 genetic mutations and copy number alterations unveiled a heterogeneous landscape,
underscoring the necessity for targeted approaches to decipher its function in discrete malignancies. Analysis
of correlations between PTPN6 expression and key aspects of tumor biology—such as tumor heterogeneity,
microsatellite instability, as well as tumor mutational burden contributes—adds complexity to our understanding
of its role in oncogenesis. The interplay of PTPN6 dysregulation via multiple dimensions including expression
levels, genetic, and genomic alteration underscores its extensive and multifaceted influence on neoplastic
progression through a variety of mechanisms that are highly context-dependent. The comprehensive mapping
of the PTPN6 somatic altered landscape alongside its transcriptional dynamics may illuminate differential
functional roles across tumor types that could be strategically exploited for therapeutic benefit.

Enrichment analysis further supports the association of PTPN6’ with immune-related pathways, constituting
a molecular basis for witnessed correlations within the tumor microenvironment. This analysis helps delineate
how PTPN6 might influence immune evasion or activation in response to neoplastic growth. Our study highlights
the nucleoplasmic localization of PTPNGS, as evidenced by its nuclear staining in Fig. 9H. This aligns with its
potential role in nuclear signaling, including modulation of transcription factors and chromatin-associated
proteins. The PPI analysis further supports this, showing interactions with key signaling molecules like STAT1
and JAKI, which shuttle between the cytoplasm and nucleus. These interactions suggest PTPN6’s involvement
in regulating nuclear phosphorylation events and transcriptional activity.

Our use of single-cell analysis single-cell has allowed for the determination of PTPN6 expression specificity
across distinct immune cell subsets, thus offering a more detailed view of its functional roles at the cellular
level within diverse tumor contexts. Additionally, the interaction between PTPNG6 and the immune checkpoint
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proteins PD-1 and PD-L1 has been corroborated by earlier studies, our in-silico analysis aligns with these
findings, confirming the relevance of PTPN6 in modulating immune checkpoint pathways*-*°. The aggregation
of multi-omics data—encompassing PTPNG6 expression levels,, genetic status, pathway enrichment, and single-
cell localization—provides a compositely portrays of the molecular underpinnings that define PTPN6’s role
in modulating immune responses within the tumor microenvironment. This systems-level view corroborates
and expands upon preceding evidence demonstrating PTPN6’s participation in reprogramming anti-tumor
immunity.

Intriguingly, our drug sensitivity analysis unveils a correlation between PTPNG6 expression and efficacy of
certain pharmacological compounds. This finding pioneers further exploration of PTPN6 as a prospective
predictive biomarker for personalized cancer therapeutics. Through the application of Connectivity Map
analysis, we identified several pharmacological agents that interact with or influence the expression and function
of PTPN6. Notably, among these agents, Resiquimod—an agonist of Toll-like receptors (TLRs)—emerged as a
significant drug with potential therapeutic applications*!. Recent studies have highlighted Resiquimod’s efficacy
in the treatment of glioblastoma*2. Resiquimod’s mechanism of action primarily involves the activation of TLR7
and TLR8, which leads to the induction of a potent immune response characterized by the production of various
cytokines and chemokines®’. These findings encourage deeper investigations into the specific interactions
between Resiquimod, PTPNG6, and the immune system in the context of cancer treatment.

This study This study bridges the gap between molecular biology and clinical outcomes by examining the
effects of PTPN6 dysregulation in colorectal carcinoma. Our findings reveal a notable elevation in PTPN6
expression in CRC tissues, prominently in advanced stage disease, converges with our overarching results.
Additional in vitro experiments validated the oncogenic function of PTPN6 in CRC, with PTPN6 knockdown
attenuating proliferation.

In summation, our comprehensive analysis elucidates the multifaceted involvement of PTPNG6 in oncogenesis,
spanning from molecular interactions to clinical consequences. The context-dependent nature of PTPN6’s
operations underscores the necessity of tailored approaches to decode its contributions to tumorigenesis, immune
modulation, and therapeutic response. However, there are limitations to this study that must be acknowledged.
Firstly, the observed correlations do not establish causality, and further studies are required to validate these
associations and determine the functional effects of PTPN6. Additionally, while experiments were instituted in
cellular models, there was no in vivo confirmation in this study, which is regrettable. In essence, the primary
aim of our research is to execute a pan-cancer systems analysis of the PTPN6 nexus, rather than focusing on its
specific its mechanisms within a single type of cancer.

Moving forward, the integrative themes emerging from this study form a scaffold for a cohesive framework
of PTPN6’s multifaceted oncogenic and immunoregulatory roles. Additional inquiries methodically addressing
the limitations of this work will further cement the rationale for therapeutically targeting PTPNG6 in susceptible
neoplasms. Altogether, by converged molecular, computational, experimental and clinical exploration, this study
extensively portrays PTPNG as a high-value node governing cancer progression through diverse mechanisms in
a context-dependent manner. Strategic inhibition of PTPN6 signaling stands poised to impede key hallmarks
across multiple cancers and reinvigorate anti-tumor immunity.

In conclusion, this pan-cancer analysis of PTPN6 revealed its multifaceted and complex involvement
across diverse cancer types. Through comprehensive statistical and experimental analyses, we demonstrated
that PTPN6 plays context-dependent roles, acting as both a tumor suppressor and oncogene. Of particular
significance is its link to tumor immunity, as indicated by its correlations with immune pathways, immune cell
infiltration, and spatial localization in immune cell subsets. The prognostic power of PTPNG6 also differs amongst
cancers. Crucially, our functional assays established that PTPNG6 regulates proliferation in colorectal cancer cells,
confirming its oncogenic role. Given PTPN6’s immunomodulatory capacity and variable effects on survival,
further studies should explore its potential as a biomarker or immunotherapeutic target. Overall, this systematic
study expands our understanding of this protein tyrosine phosphatase’s contradictory effects in cancers while
spotlighting promising avenues for future research on PTPN6 in tumor immunology and precision oncology.

Method

Data collection and processing

We obtained a standardized pan-cancer dataset from the Xena functional genomics explorer (https://xenabr
owser.net/) database. The dataset included expression data for the ENSG00000111679 (PTPNG6) gene in each
sample. To ensure comparability and normalization, we applied a log2(x + 1) transformation to the expression
values. To address the limitation of small sample sizes for normal tissues in the TCGA database, we also retrieved
expression data for normal tissues from the GTEX database***>. Moreover, the data obtained from Xena, which
has undergone batch effect correction, can be directly compared, and analyzed.

We obtained the tumor cell line expression matrix from the CCLE dataset, which is available at “https://po
rtals.broadinstitute.org/ccle/about”. For the statistical analysis of the CCLE data, we referenced previous study
and used ANOVA to verify the statistical differences among multiple groups*®. To analyze the data, we utilized
version 3.3.3 of the “ggplot2” R package®”*%. The correlation between PTPN6 methylation and mRNA expression
across various cancer types was analyzed using the GSCA (Gene Set Cancer Analysis) platform (guolab.wchscu.
cn/GSCA/)*. The RSEM-normalized mRNA expression data and Illumina Methylation 450k level 3 data were
obtained from the TCGA database. The methylation data consisted of multiple CpG sites for each gene, capturing
the methylation levels at different genomic positions. To accurately assess the relationship between methylation
and gene expression, we performed a correlation analysis to identify the CpG site most negatively correlated
with PTPN6 mRNA expression. Spearman’s correlation coefficient (R) was calculated to quantify the strength
and direction of the relationship. A false discovery rate (FDR) was applied to adjust for multiple testing, ensuring
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robust statistical significance. The results were visualized and summarized using the mutation module available
in the GSCA platform.

Gene expression and survival analysis

Next, we acquired a high-quality prognostic dataset from the TCGA prognostic study previously conducted
by Liu J et al.*. The Cox proportional hazards regression model was then built using the coxph function of the
“survival” R package (version 3.2-7) to analyze the relationship between gene expression and prognosis in each
tumor. Univariate Cox regression analysis and forest plots generated through the “forestplot” R package were
used to display the P value, HR, and 95% CI of each variable. The relationship between methylation and survival
was analyzed using MethSurv tool’!. This valuable online website allows for the preliminary evaluation of cancer
biomarkers based on gene methylation data.

Genetic heterogeneity analysis

We obtained Homologous recombination deficiency (HRD) and the microsatellite instability (MSI) data from
previous studies and merged this data with PTPN6 expression levels for correlation analysis®**. For TMB
and MATH, we utilized the R package “maftools” (version 2.8.05) to calculate the values and then performed
correlation analysis with PTPN6 expression levels®®. Tumor purity was determined using the ABSOLUTE
algorithm, as provided by the TCGA Research Network>>.

Immune analysis

We extracted the expression data of two types of immune checkpoint pathway genes (inhibitory and stimulatory)
as well as five types of immune pathway genes (chemokine, receptor, MHC, immuno-inhibitor, and immuno-
stimulator) from the downloaded TCGA dataset. To ensure the accuracy of our analysis, we filtered out all
normal samples, focusing solely on tumor samples. Furthermore, we utilized the deconvo_xCell method from
the R package IOBR (version 0.99.9) to explore the relationship between immune cells and the expression of
PTPN6738,

Notably, the ESTIMATE algorithm includes three scores: immune score (assessment of immune cell
infiltration level); stromal score (assessment of immunity of stromal components); and ESTIMATE score. The
“Estimate” R package is used to evaluate the above three scores for each TCGA sample™. To ensure statistical
accuracy, we used the false discovery rate (FDR) method to correct the p-values when performing the correlation
analysis.

Protein—protein interaction analysis

The protein-protein interaction (PPI) network was established using the Search Tool for the Retrieval of
Interacting Genes (STRING) (https://cn.string-db.org/) with the following input parameters: “evidence”,
“experiments’, and “low confidence level”. A total of 51 nodes were finally obtained, which were then subjected
to enrichment analysis.

Enrichment analysis

We performed enrichment analysis using the R package “clusterProfiler” for GO, KEGG, and GSEA analyses
For genes obtained through PPI, we conducted KEGG and GO enrichment analyses. In each cancer type of
TCGA data, we divided the samples into high expression and low expression groups based on PTPN6 expression
levels. We then used the R package “limma” for differential analysis. Genes with fold change (FC)>2 and
p-value <0.05 were selected for KEGG and GO enrichment analysis®*. Subsequently, GSEA enrichment analysis
was performed based on FC rankings, using KEGG as the keyType for GSEA analysis. Disease enrichment
analysis was performed using the GLAD4U databases®.

60-63

Single-cell analysis

The Tumor Immune Single Cell Hub 2 (TISCH2) serves as a valuable repository of single-cell RNA-seq (scRNA-
seq) data derived from both human and mouse tumors®. This resource facilitates an in-depth exploration and
analysis of gene expression patterns within the tumor microenvironment (TME) across various cancer types. We
obtained 138 single-cell datasets encompassing 45 types of cancer from the TISCH2 database. After downloading
the expression data for PTPNG6 in different cell types from these 138 datasets, we utilized R language to create a
heatmap.

Drug sensitivity analysis

For drug sensitivity analysis, we utilized two databases: the Genomics of Drug Sensitivity in Cancer (GDSC)
database (https://www.cancerrxgene.org/) and the Cancer Therapeutics Response Portal (CTRP) database
(https://portals.broadinstitute.org/ctrp/)®’-72. In both databases, we extracted the expression data and drug
sensitivity information for each cell line. Subsequently, we conducted correlation analysis between gene
expression and drug sensitivity. Furthermore, we conducted an analysis of the impact of various drugs on
PTPNG6 expression using the ToxicoDB database (https://www.toxicodb.ca/). The database provided information
on changes in PTPN6 expression levels following different drug treatments, with parameters “High Dose” and
“Select Time 24” The Connectivity Map (CMAP) is a powerful tool used to explore the potential relationships
between diseases, genetic expression, and small molecule drugs’>’*. Using the CMAP, we input genes associated
with PTPNG6 into the platform to identify potential therapeutic drugs.
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Cell culture

The present study used eight cell lines for in vitro experiments. Two colorectal cancer cell lines (SW620 and
HCT116) are included. SW620 cells were grown in 10% FBS-supplemented DMEM media. HCT116 was grown
on McCoy’s 5 A medium supplemented with 10% FBS. The cultures were incubated at 37 °C with 5% CO,,. The
human colorectal cancer cell lines SW620 and HCT116 were procured from the Meisen Cell (China).

Cell viability assay and plate colony formation assay
CCK-8 Cell Counting Kit (A311-01) was obtained from VAZYME (www.VAZYME.com/) for the purpose of
conducting the proliferative assay. The experimental protocol was followed as per the instructions provided by
the manufacturer. The absorbance at 450 nm was measured using a microplate reader from Tecan, Switzerland.
For plate colony formation assay, cells were harvested via enzymatic digestion, centrifuged, resuspended in
culture medium and quantified with Countess 3 Automated Cell Counter (Invitrogen). One thousand viable
cells were seeded per well into 6-well cell culture plates, which were maintained at 37 °C in a humidified 5% CO,
incubator. Following 2 weeks of incubation allowing for colony formation, culture medium was removed, and
cell colonies were fixed with methanol for 60 min and stained with 0.1% crystal violet solution for 30 min. Plates
were washed, air dried, photographed and colonies enumerated.

Wound healing assay

For the wound healing assay, cells were seeded in 6-well plates and cultured until confluence reached 90%. Three
vertical scratches were introduced in each well, and cell debris was removed with PBS to clearly visualize the
areas. Cells continued growing for 24 h in serum-free media before removing the media again and capturing
images per the protocol.

Total RNA extraction and qRT-PCR
FastPure Cell/Tissue Total RNA Isolation Kit V2 (RC112) from VAZYME used to extracte RNA from cell.
HiScript II Q RT SuperMix for qPCR (+gDNA wiper) (R223) from VAZYME used to reverse transcription.
ChamQ Universal SYBR qPCR Master Mix (Q711) from VAZYME used to qPCR validation.

Primer of PTPNG6 sequences (553’): F: GCCTGGACTGTGACATTGAC, R: ATGTTCCCGTACTCCGAC
TC.

Primer of GAPDH sequences (53’): CAGGAGGCATTGCTGATGAT, R: GAAGGCTGGGGCTCATTT.

Cell transfects

siRNA transfect was performed using Lipofectamine 2000 reagent (INVITROGEN) according to the
manufacturer’s instruction. siRNA-1 sequences: Sense: 5-GAGCAUGACACAACCGAAUTT-3; Antisense: 5’-
AUUCGGUUGUGUCAUGCUCTT-3 siRNA-2 sequences: Sense: 5-GCCCAGUUCAUUGAAACCATT-3;
Antisense: 5-UGGUUUCAAUGAACUGGGCTT-3’; siRNA-3 sequences: Sense: 5- GAGACUUCGUGCUUU
CUGUTT-3, Antisense: 5- ACAGAAAGCACGAAGUCUCTT-3.

Immunofluorescence assay

Immunofluorescence staining was performed using an antibody from ABCAM (ab124942) following the protocol
(https://www.abcam.cn/protocols/immunocytochemistry-immunofluorescence-protocol). First, SW620 cells
were transferred to confocal culture dishes and cultured until approximately 60% confluent. The cells then
underwent blocking and permeabilization, followed by incubation with the antibody diluted 1:500. An Alexa
Fluor 488 secondary antibody kit (P0176) from BEYOTIME was used for secondary antibody binding. F-actin
staining was then conducted using BEYOTIME’s Actin-Tracker Red 555 (C2203S) to visualize microfilaments.
Finally, cell nuclei were stained using INVITROGEN’s DAPI (D3571). After staining, images were captured
using a NIKON Confocal Microscope (A1RHD25).

Immunohistochemical staining (IHC) assay and patient samples

Tissue specimens were collected from colorectal cancer patients undergoing surgical resection at the
Department of Colorectal Surgery of Zhejiang Cancer Hospital, procuring a total of 20 matched tumor and
adjacent normal pairs. This study was evaluated and approved by the Ethics Committee of Zhejiang Cancer
Hospital, with all procedures performed per the Declaration of Helsinki (1964) and subsequent amendments.
Written informed consent was obtained from all subjects and/or their legal guardian(s). The PTPN6 antibody
utilized was commercially sourced from ABCAM (catalog number ab124942). The specific methodology for the
immunohistochemistry follows our previously published work”. Following immunohistochemical scoring and
grouping of 20 samples, high and low expression groups were compared via Student’s t-test or nonparametric
tests with regards to age, gender, T stage, N stage, TNM stage, and tumor size.

Western blots assay

Western blot analysis was instituted to evaluate PTPN6 protein expression across cell lines. Total protein
was extracted from cultured cells using RIPA lysis buffer (BEYOTIME, P0013B) containing protease and
phosphatase inhibitors. Equivalent protein amounts were resolved by SDS-PAGE and transferred to PVDF
membranes. Membranes were blocked and probed with primary antibodies targeting PTPN6 and GAPDH
(CELL SIGNALING TECHNOLOGY, 14C10), followed by HRP-conjugated secondary antibodies and ECL-
based detection.
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