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Abstract
Background: PTPRD plays an indispensable role in the occurrence of multiple tumors. However, pancancer analysis is unavailable. The purpose of this research was to investigate the relationship between
PTPRD and immunity and describe its prognostic landscape across various tumors.
Methods: We explored expression profile, survival analysis, and genomic alterations of PTPRD based on
the TIMER, GEPIA, UALCAN, PrognoScan, and cBioPortal database. The frequency of PTPRD mutation
and its correlation with response to immunotherapy were evaluated using the cBioPortal database. The
relationship between PTPRD and immune-cell infiltration was analyzed by the TIMER and TISIDB
databases. A protein interaction network was constructed by the STRING database. GO and KEGG
enrichment analysis was executed by the Metascape database.
Results: A significant correlation between PTPRD expression and prognosis was found in various
cancers. Aberrant PRPRD expression was closely related to immune infiltration. Importantly, the patients
who harbored PTPRD mutation and received immune checkpoint inhibitors had worse overall survival,
especially in non-small cell lung cancer and melanoma, and had a higher TMB score. Moreover, PTPRD
mutation was involved in numerous biological processes, including immunological signaling pathways.
Additionally, a PTPRD protein interaction network was constructed, and genes that interacted with PTPRD
were identified. Functional enrichment analysis demonstrated that a variety of GO biological processes
and KEGG pathways of PTPRD were primarily involved in the therapeutic mechanisms.
Conclusions: These results revealed that PRPRD might function as a biomarker for prognosis and
immune infiltration in cancers, throwing new light on cancer therapeutics.

Introduction
The prevalence and mortality of cancer are rising worldwide, making cancer the most common cause of
mortality in many countries. The American Cancer Society estimates that 1,898,160 new cancer cases
and 608,570 cancer deaths are likely to occur in the United States in 2021 [1]. Therefore, identifying a new
target for optimizing cancer treatment is an immediate and severe global demand. The personalized
medicine strategies may strengthen the therapeutic benefit by identifying the tumor-specific target or
tumor-associated characteristics [2]. Several targeted agents have been developed to improve the efficacy
of cancer therapy [3, 4]. However, not all patients will receive molecular or pathway targeted therapy,
which is not generally suitable for all tumor types. Therefore, pan-cancer studies may be valuable for
identifying and understanding genes that play a critical role in many cancer types.
Protein tyrosine phosphatase receptor type D (PTPRD) is a member of the protein tyrosine phosphatase
(PTP) family, several members of which can regulate a variety of cellular processes, including cell
proliferation, differentiation, cell cycle, and malignant transformation [5]. The PTPRD gene is located on
chromosome 9p, and its canonical model contains 1912 amino acids, with an estimated mass of 215
kDa. PTPRD is a receptor-type PTP with an extracellular region, which is composed of three Ig-like and
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eight fibronectin type III-like domains, a single transmembrane segment, and two tandem
intracytoplasmic catalytic domains, which possess tyrosine-protein phosphatase 1 domain (D1) and
tyrosine-protein phosphatase 2 domain (D2). The physiological function of PTPRD depends primarily on
its D1 domain, which facilitates the phosphate interaction of cytoplasmic proteins, while the D2 domain
can mediate the function of the D1 domain. Recently, the relationship between PTPRD and tumorigenesis
has received growing attention. PTPRD participates in multiple signaling pathways, including β-catenin/
T-cell factor (TCF), signal transduction and activation of transcription 3 (STAT3), extracellular-signalregulated kinase (ERK), and insulin signaling pathway [6, 7]. The PTPRD expression levels were downregulated in colon cancer, and PTPRD regulated the colon cancer cell adhesion and migration in
cooperation with β-catenin/TCF signaling [8]. Besides, PTPRD deficiency was linked with aggressive
behavior in gastric cancer, and PTPRD inactivation facilitated angiogenesis and metastasis of gastric
cancer via the upregulation of CXCL8 [9]. These results suggested that PTPRD was involved in the
invasion and progression of a variety of tumors. However, PTPRD has not been intensively investigated in
the pan-cancer perspective to uncover its expression patterns and the underlying functions and
mechanisms in multiple cancers.
Immune checkpoint inhibitors (ICIs) have redefined therapies for various types of cancer. However,
despite the remarkable performance of ICIs, long-lasting therapeutic responses differ among patients
[10]. It has recently been found that high microsatellite instability (MSI-H), PD-L1 expression, tumor
mutation burden (TMB), gene expression profiles (GEPs), tumor immune microenvironment (TIME), and
some specific gene mutations are associated with immunotherapy response [11–13]. Even those
biomarkers that have been identified and validated have certain clinical implementation restrictions. For
instance, 44–50 % of high TMB or high PD-L1 expression advanced non-small-cell lung cancer (NSCLC)
patients had no response to nivolumab plus ipilimumab, while almost 12–15% of low TMB or low PD-L1
expression patients obtained a partial or complete response in the CheckMate 568 (NCT02659059) study
[14]. Therefore, predictive ICIs response biomarkers are required to offer appropriate medical assistance
to enhance the effectiveness of ICIs. Outlining the mechanisms of tumor development and immune
infiltration will lay the foundation for future clinical progress. PTPRD restricts STAT3 phosphorylation to
suppress the activation of STAT3, contributing to the inhibition of PD-L1 expression, which is involved in
the immune response of malignant tumors [6, 15]. Accordingly, PTPRD has potential predictive
significance for immunotherapy [6]. However, the underlying features and mechanisms of PTPRD in pancancer immunology remain unclear.
In this study, it is the first time to conduct a pan-cancer analysis of PTPRD. We intensively investigated
PTPRD expression and association with cancer patient prognosis using databases such as TIMER,
GEPIA2, UALCAN, PrognoScan. Moreover, the relationship between PTPRD mutation and immunotherapy
was further explored using the cBioPortal database, and a survival advantage could be observed in
PTPRD mutated patients who obtained ICIs. Additionally, we analyzed the association of PTPRD and
tumor microenvironments through the TIMER and TISIDB database, indicating that PTPRD is a potential
predictive biomarker for immunotherapy. The results illustrated the essential role of PTPRD and provided
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the association and underlying mechanisms between PTPRD and tumor-immune behaviors across
multiple cancer types.

Materials And Methods

Gene expression analysis
To explore the differential gene expression of PTPRD between tumor and normal tissue, pan-cancer
analysis of PTPRD mRNA expression in 32 tumor types from The Cancer Genome Atlas (TCGA) database
was performed using the “Diff Exp” module of Tumor Immune Estimation Resource (TIMER;
https://cistrome.shinyapps.io/timer/) database [16]. Moreover, the “Expression analysis” module of the
Gene Expression Profiling Interactive Analysis (GEPIA2; http://gepia2.cancer-pku.cn/#analysis) database
was used to profile the tissue-wise expression of PTPRD in different cancer types using the data from
TCGA and Genotype-Tissue Expression (GTEx) database. The threshold was set according to the
following values: P-value cutoff = 0.01, log2FC (fold change) cutoff = 1, and “Match TCGA normal and
GTEx data”. Besides, we profile the expression of PTPRD in different cancer stages using log2 [TPM
(Transcripts per million) + 1] transformed expression data to obtain violin plots. The UALCAN portal
(http://ualcan.path.uab.edu/analysis-prot.html) provided the protein expression analysis option for
PTPRD using data from the Clinical proteomic tumor analysis consortium (CPTAC) dataset [17].

Survival prognosis analysis
To investigate the relationship between PTPRD expression and survival across various types of cancers,
the survival analysis was performed using the “survival analysis” module of GEPIA2 based on the TCGA
and GTEx database. Group cutoff was set as the median. Additionally, the PrognoScan database
(http://www.abren.net/PrognoScan/) was used to assess the prognostic value across a wide collection of
accessible microarray datasets from the Gene Expression Omnibus (GEO) database. The significance
threshold was Cox P-value < 0.05 and N > 100 [18].

Genetic alteration analysis
The cBioPortal (https://www.cbioportal.org/) database was applied to analyze and visualize the genomic
data. “TCGA PanCancer Atlas Studies” containing 10,967 samples from 32 studies was selected to query
the genetic alteration features of PTPRD, and the “Cancer Types Summary” module exhibited the
alteration frequency, mutation type, and cancer types [19]. Additionally, genomic and survival data
containing 2,185 samples from four studies were selected to explore the relationship between PTPRD
mutation and immunotherapy, and the association of PTPRD mutation with clinical attributes was
assessed in the selected cases [20–23].

Immune infiltration analysis
TIMER database containing 10,897 samples from the TCGA database across 32 cancer types was
applied to systematically analyze immune infiltrates with a deconvolution statistical method to deduce
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tumor-infiltrating immune cells (TIICs) abundance from gene expression profiles. We explore the
relationship between PTPRD expression and the TIICs abundance, including macrophages, CD4 + T cells,
B cells, neutrophils, CD8 + T cells, and dendritic cells. P-values and partial correlation (cor) values were
calculated utilizing a purity-adjusted Spearman rank correlation test. Besides, the association between
PTPRD mutation and TIICs, including dendritic cells (DCs), B cells, CD8 + T cells, M1 macrophages, T cells
(general), TAMs, natural killer (NK) cells, T-helper 2 (Th2) cells, follicular helper T (Tfh) cells, M2
macrophages, monocytes, T-helper 1 (Th1) cells, neutrophils, Tregs, T-helper 17 (Th17) cells, and
exhausted T cells, were further analyzed using the data from TCGA database [16, 24, 25]. Additionally, the
association between PTPRD mutation and infiltrating immune cells was further investigated by TISIDB
(http://cis.hku.hk/TISIDB/index.php) database, which integrated data from the TCGA database [26].

Gene correlation analysis
GEPIA database was applied to obtain genes that had a similar expression pattern with PTPRD
expression based on the data from the TCGA database, including 9,736 tumors and 8,587 normal
samples, and the top 100 genes were selected based on the correlation coefficient using the Spearman
method. Moreover, the correlation analysis was conducted between PTPRD expression and the top 5 gene
expression in multiple cancer types and tissues using the Pearson method [27].

Protein-protein interaction (PPI) network analysis
The STRING (http:// string-db.org) database was applied to exhibit a protein-protein interaction network
for PTPRD protein. The hub genes were screened with the following criteria: no more than 50 interactors;
low confidence (0.150) as the minimum required interaction score [28].

Functional enrichment analysis
The systematic and integrative functional enrichment analysis was provided by Metascape
(http://metascape.org/gp/index.html#/main/step1) database. The 100 PTPRD-correlated targeting
genes from the gene correlation analysis and the identified 50 PTPRD-correlated targeting proteins from
the PPI network analysis were placed into the Metascape database for Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways enrichment analysis [29].

Statistical Analysis
The Wilcoxon test was applied to assess the expression differences of PTPRD between tumor and
normal tissues. Overall survival (OS) was evaluated using Kaplan–Meier method and log-rank tests. The
association of PTPRD expression and immune infiltration level was assessed by the Spearman rank
correlation test. The correlation of PTPRD mutation and clinical attributes was determined by Kruskal
Wallis Test or Chi-squared Test. The p-values < 0.05 were considered statistically significant.

Results

Gene expression analysis
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To determine the expression differences of PTPRD in tumor tissues and normal tissues, PTPRD mRNA
levels in more than 10,000 tumor and normal tissue samples across 23 cancer types from the TCGA
database were evaluated using the TIMER database (Supplementary Table 1, Supplementary Table 2). As
shown in Fig. 1A, PTPRD was downregulated in lung adenocarcinoma (LUAD), uterine corpus endometrial
carcinoma (UCEC), kidney renal clear cell carcinoma (KIRC), bladder carcinoma (BLCA), head and neck
carcinoma (HNSC) HPV+, liver hepatocellular carcinoma (LIHC), lung squamous carcinoma (LUSC),
glioblastoma multiforme (GBM), thyroid carcinoma (THCA), prostate adenocarcinoma (PRAD), cervical
squamous carcinoma (CESC), and stomach adenocarcinoma (STAD) compared with the adjacent normal
tissues. Besides, PTPRD was upregulated in head and neck carcinoma (HNSC), and kidney renal papillary
cell carcinoma (KIRP) compared to the normal tissues. Moreover, we further explored PTPRD expression
across 33 cancer types using the GEPIA2 database, containing the TCGA and GTEx data. As shown in
Fig. 1B, PTPRD expression was lower in BLCA, CESC, KIRC, LUAD, LUSC, ovarian serous
cystadenocarcinoma (OV), THCA, UCEC, and testicular germ cell tumors (TGCT) compared with the
normal tissues, and PTPRD expression was higher in rectum adenocarcinoma (READ) and thymoma
(THYM). Moreover, a significant correlation between PTPRD expression and the pathological stages was
observed using the GEPIA2 database in multiple cancers, including BLCA, KIRC, and skin cutaneous
melanoma (SKCM) (Fig. 1C). These findings suggested that PTPRD might perform diverse functions in
cancer progression. Also, the UALCAN database was applied to analyze PTPRD protein expression across
tumor and normal cases in the CPTAC datasets, and the results showed that lower protein expression of
PTPRD was observed in UCEC, LUAD, clear cell renal cell carcinoma (ccRCC), ovarian cancer, and breast
cancer compared with adjacent normal tissues (Fig. 1D).

Survival analysis
To investigate the prognostic value of PTPRD across multiple cancers from the TCGA project, the impact
of PTPRD expression on survival was evaluated using the GEPIA2 database. As shown in Fig. 2A, low
PTPRD expression was associated with a better OS (overall survival) for STAD, uveal melanoma (UVM),
SKCM, and BLCA, while low PTPRD expression was related to the poor OS for READ and brain lowergrade glioma (LGG). Besides, low PTPRD expression was linked to a better DFS (disease-free survival) for
UVM and KIRP, while low PTPRD expression was related to poor DFS for KIRP. To further investigate the
prognostic potential of PTPRD in different tumors, the PrognoScan database was used to assess the
relationship between PTPRD expression and prognosis of patients with different cancers based on the
data retrieved from Gene Expression Omnibus (GEO) datasets (Supplementary Table 3). The results
exhibited that PTPRD expression affected the survival of breast cancer, ovarian cancer, lung cancer, and
liposarcoma. As shown in Fig. 2B, the cohort (GSE8894, N = 138, P = 0.029) of lung cancer patients with
low PTPRD expression exhibited a poorer relapse-free survival. Besides, the cohort (GSE30929, N = 140, P
= 0.003) containing 140 samples of liposarcoma showed that low PTPRD expression was observably
associated with improved distant recurrence-free survival (Fig. 2C). Similarly, the GSE26712 (N = 185, P =
0.002) and GSE9891 (N = 278, P = 0.001) cohorts containing 185 and 278 ovarian cancer cases,
respectively, showed that low PTPRD expression was significantly associated with improved overall
survival (Fig. 2D and Fig. 2E). Additionally, patients with low PTPRD expression had poorer diseasePage 6/22

specific survival in the GSE3494-GPL96 cohort (N = 236, P = 0.003) (Fig. 2F), and patients with low
PTPRD expression was correlated with improved distant metastasis-free survival in the GSE2034 cohort
(N = 286, P = 0.030) (Fig. 2G). Therefore, it is conceivable that PTPRD expression has an impact on the
prognosis of multiple cancers.

Genetic alteration analysis
It has been broadly recognized that genomic alteration is closely linked to tumorigenesis. To investigate
the genomic aberration of PTPRD in pan-cancer, a combined study containing 10967 samples from 32
studies was extracted from the TCGA database for the genetic alteration analysis (Supplementary
Table 4). The mutation frequency and genetic alteration type of PTPRD were explored in various cancers
(Fig. 3A). The mutation frequency of PTPRD was 9.5% (1045/10950) in the TCGA pan-cancer cohort with
stomach adenocarcinoma (25.2%) ranking first followed by skin cutaneous melanoma (25.0%), lung
adenocarcinoma (23.1%), and head and neck squamous cell carcinoma (19.1%). Besides, the genetic
alteration profiling of PTPRD exhibited that its deep deletion was one of the most significant factors for
alteration in stomach adenocarcinoma, cholangiocarcinoma, testicular germ cell tumors, head and neck
squamous cell carcinoma, lung squamous cell carcinoma, bladder urothelial carcinoma, and lung
adenocarcinoma. As shown in Fig. 3B, PTPRD mutations have abundant types of mutation alteration,
including missense, nonsense, silent mutation, insertion or deletion, duplication, and frameshift mutation,
and G203E, S431L, R705Q, and L1053I sites were observed many times. Moreover, the association
between genetic aberrations of PTPRD and the survival prognosis of cases with various types of tumors
has been investigated, and the results exhibited that kidney renal clear cell carcinoma cases with altered
PTPRD mutations had worse prognosis in disease-specific (P = 1.780e-5), progression-free (P = 3.899e-4)
and overall (P = 6.366e-4) survival, but not disease-free (P = 0.595) survival, compared with cases with
unaltered PTPRD (Fig. 3C, 3D, 3E).

The relationship between PTPRD mutation and response to
immunotherapy in pan-cancer
A combined cohort of 2185 immune checkpoint blockade (ICB)-treated patients (249 from Dana Farber
Cancer Institute (DFCI) and 1936 from Memorial Sloan Kettering Cancer Center (MSKCC)) were further
used to investigate the relationship between PTPRD mutation and response to ICB therapy
(Supplementary Table 5). A comparatively high proportion of PTPRD mutation cases occurred in patients
with melanoma (20.59% of 471 cases) and non-small cell lung cancer (12.48% of 681 cases) (Fig. 4A).
Moreover, a significant difference in the number of coexisting mutations between patients with PTPRD
mutation type and PTPRD wild type. For instance, PTPRD mutation coexisted more mutated NF1 (36.84%
VS. 8.89%), PTPRT (34.65% VS. 8.02%), GRIN2A (28.95 VS. 5.88%), PAK5 (25.55% VS. 4.70%) and FLT1
(21.49% VS. 3.88%) (Fig. 4B). Besides, TP53, NF1, PTPRT, TERT, PREX2, KMT2D, GRIN2A, KMT2C, FAT1,
PAK5 mutations are high-frequency mutations that occur in both PTPRD mutation and PTPRD wild group
(Fig. 4C).
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In the cohort of ICB-treated non-small cell lung cancer (N = 406), the OS of the PTPRD-mutant patients (N
= 49) was better than that of those without the PTPRD mutation (P = 0.011) (Fig. 4D). Significant
differences were found in the distribution of TMB Score (N = 350, P < 10e-10), mutation count (N = 673, P
< 10e-10), mutation rate (N = 240, P = 3.78e-10), smoker (N = 296, P = 6.74e-8), and RECIST (N = 56, P =
0.002) between the PTPRD-mutation and PTPRD-wildtype groups in the ICB-treated non-small cell lung
cancer cohort (Fig. 4E). The ICB-treated non-small cell lung cancer patients with PTPRD mutation have
higher TMB scores, more mutation counts, and increased mutation rate. Moreover, the proportion of
former smokers (10.26% VS. 9.73%), ever smokers (82.05% VS. 62.65%) and current smokers (5.13% VS.
4.67%) in ICB-treated non-small cell lung cancer patients with PTPRD mutation is higher than that of
patients without PTPRD mutation (Fig. 4F). Of the six non-small cell lung cancer patients with PTPRD
mutation who received immunotherapy, one patient had a complete response (CR), four patients achieved
partial response (PR), and one obtained stable disease (SD). Among the 50 non-small cell lung cancer
patients without PTPRD mutation who received immunotherapy, 12 patients (24%) achieved partial
response (PR) and 20 patients (40%) had stable disease (SD) (Fig. 4G).
For the melanoma patients (N = 471) who received immune checkpoint inhibitors, better OS could be
observed in the PTPRD-mutation group (N = 97, P = 0.005) (Fig. 4H). In a subgroup of 471 melanoma
patients from the ICB-treated cohort, patients with PTPRD mutation had more mutation counts, and TMB
score was significantly higher in PTPRD-mutated patients compared with that in PTPRD-wildtype patients
(Fig. 4I).

Immune infiltration analysis
Immune infiltration was closely associated with the occurrence and development of cancer. Therefore, the
relationship between PTPRD expression and the level of immune cell infiltration in various cancers of
TCGA was evaluated by investigating the coefficient of PTPRD expression and immune infiltration level
using the TIMER database. The findings revealed that PTPRD expression had significant correlations with
tumor purity in multiple cancers, including UVM, LUAD, and LUSC. In UVM, the PTPRD expression level
was negatively correlated with neutrophil (r=-0.263, P = 0.021), and positively correlated with CD8 + T cells
(r = 0.251, P = 0.028) (Fig. 5A). In LUAD, PTPRD expression was positively correlated with CD4 + T cells (r
= 0.256, P = 1.16e-08), macrophages (r = 0.362, P = 1.86e-16), neutrophils (r = 0.287, P = 1.30e-10), and
dendritic cells (r = 0.302, P = 9.47e-12) (Fig. 5B). In LUSC, PTPRD expression was positively correlated
with macrophages (r = 0.174, P = 1.28e-04) (Fig. 5C). Moreover, we assessed the relationship between
PTPRD mutation and immune cell infiltration level in various cancers of TCGA using the TIMER database,
and the results showed that the mutated PTPRD status was correlated with high infiltrating levels of CD4
+ T cells (P = 0.026) in SKCM (Fig. 5D). Additionally, the TISIDB database was used to further evaluate the
abundance of tumor-infiltrating lymphocytes (TILs) and PTPRD mutation, and the results showed that
PTPRD mutation was positively correlated with memory B cell abundance (P = 0.015), and negatively
correlated with plasmacytoid dendritic cell (P = 0.009) in LUAD (Fig. 5E). Therefore, the findings revealed
that PTPRD was closely linked with immune infiltration.

Protein-protein interaction network analysis
Page 8/22

To further investigate the potential mechanisms of PTPRD, we conducted a PPI network of PTPRD based
on the top 50 PTPRD-related genes with the STRING database (Supplementary Table 6). 51 nodes and
227 edges were obtained in the PPI network (avg. local clustering coefficient: 0.801, PPI enrichment pvalue: < 1.0e-16) and, the combined score of SLITRK1, IL1RAPL1, SLITRK2, IRS1, and PPFIA1 with PTPRD
is > 0.5 in the PPI network (Fig. 6A). Based on the GEPIA2 database, the expression levels of IRS1 were
negatively correlated with PTPRD, and the expression levels of SLITRK1, IL1RAPL1, SLITRK2, and PPFIA1
were positively correlated with PTPRD (Fig. 6B). The findings indicated that SLITRK1, IL1RAPL1,
SLITRK2, IRS1, and PPFIA1 were closely related to the modulation and function of PTPRD.

Functional enrichment analysis
To further explore the underlying mechanism of PTPRD in tumorigenesis, we identified the targeting
PTPRD-binding proteins and the PTPRD expression-correlated genes for functional enrichment analysis.
We gathered a total of 50 PTPRD-binding proteins using the STRING database, which was validated by
experimental evidence (Fig. 6A). Moreover, we used the GEPIA2 database to integrate all TCGA tumor
expression data and obtained the top 100 genes related to PTPRD expression (Supplementary Table 7).
As shown in Fig. 7A, PTPRD were significantly positively correlated with GATS (GATS, stromal antigen 3
opposite strand) (R = 0.58, P < 0.001), NRXN1 (neurexin 1) (R = 0.58, P < 0.001), QKI (QKI, KH domain
containing, RNA binding) (R = 0.59, P < 0.001), RP11 (re-mRNA processing factor 31) (R = 0.58, P < 0.001),
and AS1 (prostaglandin D2 receptor (DP)) (R = 0.75, P < 0.001). The top 50 PTPRD-binding proteins were
obtained from the PTPRD -target network which was constructed by the STRING database, and the top
100 genes related to PTPRD were screened from the GEPIA2 database. As shown in Fig. 7B, the
overlapping target related to PTPRD was SLITRK2 (SLIT and NTRK-like family, member 2) by drawing a
Venn diagram. The corresponding heatmap data showed a positive correlation between PTPRD and
SLITRK2 in various cancers (Fig. 7C). We combined the top 50 PTPRD-binding proteins and the top 100
genes related to PTPRD to perform KEGG and GO enrichment analyses using the metascape database.
The GO enrichment analysis suggested that most of these genes are related to the pathways or cellular
biology of RNA metabolisms, such as neuron projection morphogenesis, synapse organization,
presynapse, axon, positive regulation of nervous system development, and others (Fig. 7D). The KEGG
enrichment analysis indicated that cell adhesion molecules, foxo signaling pathway, AGE-RAGE signaling
pathway in diabetic complications, Wnt signaling pathway, GABAergic synapse, hedgehog signaling
pathway, neurotrophin signaling pathway, and adherens junction might be involved in the effect of
PTPRD on tumor pathogenesis (Fig. 7E).

Discussion
PTPRD has recently been identified as a potential therapeutic target due to the high prevalence of PTPRD
alterations across multiple cancers. The levels of PTPRD mRNA expression were dramatically decreased
in liver cirrhosis and HCC cases and were typically increased in healthy liver cases [30]. PTPRD developed
both deletion and mutation in several malignancies, and PTPRD deactivation was related to many
genetic and epigenetic alterations [5]. However, the underlying molecular mechanisms of PTPRD are still
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largely unclear. Our research offers insights into the underlying role of PTPRD in tumor immunology and
its function as a tumor biomarker. Previous studies have illustrated that PTPRD participated in various
signaling pathways, including PTPRD/STAT3/JAK, PTPRD/Wnt/β-catenin/TCF, PTPRD-CXCL8 axis,
PTPRD/PI3K/Akt/mTOR, PTPRD/PD-1/PD-L1 axis [6, 31–33]. Consistent with these findings, our study
revealed that PTPRD might modulate cancer-related signaling pathways, such as foxo signaling pathway,
Wnt signaling pathway, Hedgehog signaling pathway, and neurotrophin signaling pathway. Therefore,
PTPRD is a hopeful therapeutic target across various cancers.
PTPRD, which was involved in the development of glioblastoma multiforme as well as several cancers,
could serve as a tumor suppressor. PTPRD suppression appeared in over 50% glioblastoma multiforme
tumors, and reduced expression of PTPRD demonstrated poor prognosis in patients with glioma [5].
Besides, PTPRD mutation was associated with STAT3 activation in HNSCC. However, mRNA expression
levels of PTPRD were not related to STAT3 overactivation in HNSCC, suggesting that PTPRD mutation,
but not hypermethylation or gene copy number alterations, might be used as a predictive biomarker of
sensitivity to STAT3 inhibitors in HNSCC [34]. Furthermore, PTPRD deletion was observed to be
associated with a worse prognosis in patients with gastric cancer. Silencing PTPRD remarkably
facilitated the proliferation, invasion, and migration of gastric cancer cells via phosphorylating STAT3,
suggesting that silencing PTPRD might be an underlying therapeutic target in gastric cancer [35]. Also,
heterozygous loss of PTPRD cooperated with Cdkn2a deletion to induce tumorigenesis in glioblastoma.
The expression of chemokines, such as CCL2, CCL6, CCL12, and CXCL14, and the polarization of M2
macrophages increased in PTPRD heterozygous tumor cells, indicating that heterozygous PTPRD loss
triggered immune activities and affected the macrophage response [36]. These results showed that the
function of PTPRD was varied in various types of cancer.
STAT3 has recently appeared as an attractive therapeutic target for various cancers due to its vital role in
carcinogenesis. Numerous signaling molecules were involved in STAT3 activation, including ligand
binding to growth factor receptors, G-protein coupled receptors (GPCRs), cytokine receptors, toll-like
receptors (TLRs), and non-receptor tyrosine kinases. Moreover, IL-6 stimulated PTPRD by hindering miR34a to suppress overactivation of IL-6/STAT3 signaling in breast cancer [37]. Additionally, STAT3 has
also been displayed to bind to the PD-L1 promoter for transcriptional modulation of PD-L1 expression,
which can facilitate tumor immune evasion. PTPRD was the phosphatase of STAT3, and loss of PTPRD
contributed to the accumulation of phosphorylated STAT3 and STAT3 hyperactivation, which might be
linked with response to ICIs [36, 38].
It was the first time to investigate PTPRD mutation in pan-cancer and we observed that the proportion of
PTPRD mutation was over 15% in patients with stomach adenocarcinoma, skin cutaneous melanoma,
lung adenocarcinoma, head and neck squamous cell carcinoma, and uterine corpus endometrial
carcinoma. Moreover, the deep deletion variations of PTPRD were widespread in head and neck
squamous cell carcinoma, lung squamous cell carcinoma, bladder urothelial carcinoma, lung
adenocarcinoma, and other cancers, which was consistent with the tumor suppressor role of PTPRD in
multi-cancer cancers [6, 35]. Notably, the relationship between PTPRD mutation and response to
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immunotherapy in pan-cancer was investigated for the first time, and the results showed that the OS of
the PTPRD-mutant patients was better than that of those without the PTPRD mutation in the cohort of
ICB-treated non-small cell lung cancer and melanoma. Previous studies have proved that TMB score
could be applied as prognostic indicators for immunotherapy [39, 40]. We observed that non-small cell
lung cancer and melanoma patients with PTPRD mutation had higher TMB scores, consistent with
patients with PTPRD mutation or higher TMB scores were more likely to benefit from immunotherapy.
Studies in lung cancer patients have demonstrated a stronger response to PD-1 inhibitors in smokers
than in non-smokers [41]. Consistently, PTPRD mutations accounted for a higher proportion of lung
cancer smokers in our study, indicating that these patients were more likely to benefit from
immunotherapy. A further prospective study is warranted to affirm the predictive role of PTPRD in
immunotherapy.
To our knowledge, this research was the first study to assess the role of PTPRD mutation in pan-cancer
and to examine the relationship between PTPRD and immunotherapy. Our analysis found that PTPRD
mutation patients might be more likely to benefit from immune checkpoint inhibitors, especially in nonsmall cell lung cancer and melanoma. Mutations in PTPRD have the potential to be specific
immunosubtypes in patients with non-small cell lung cancer and melanoma. Additionally, PTPRD may
perform a crucial function in tumorigenesis as a promising molecular target, thus strengthening the
comprehension of immunopathogenesis and facilitating the likelihood of discovery and development of
new targeted therapeutics.
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Figure 1
PTPRD expression level in various tumors. (a) PTPRD expression was assessed across 23 cancer types
from the TCGA project using the TIMER database. * P<0.05; ** P<0.01; *** P<0.001. (b) The box plot of
PTPRD expression was explored between cancer tissues and normal tissues across 33 cancer types from
TCGA and GTEx projects using the GEPIA2 database. ** P <0.01. (c) The relationship between PTPRD
expression and pathological stages of BLCA, KIRC, and SKCM from TCGA project using GEPIA2
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database. Log2 (TPM+1) was applied for log-scale. (d) The expression level of PTPRD total protein was
investigated between normal tissue and primary tissue of breast cancer, LUAD, ovarian cancer, ccRCC,
and UCEC using the CPTAC dataset. *** P<0.001.

Figure 2
Relationship between PTPRD expression and survival in various cancers (a) The TCGA data from the
GEPIA2 database was used to assess the impact of PRPRD expression on OS (overall survival) and DFS
(disease-free survival). (b) The PrognoScan database was used to assess the relationship between
PTPRD expression and survival based on the data retrieved from GEO datasets.
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Figure 3
Genetic alteration of PTPRD in various cancers of TCGA using the cBioPortal database. (a) The alteration
frequency and type of PTPRD in pan-cancer. (b) The alteration sites and types of PRPRD in pan-cancer.
(c) The correlation between PRPRD mutation and overall, disease-specific, and progression-free survival
of ccRCC. A combined study containing 10967 samples from 32 studies was extracted from the TCGA
database.
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Figure 4
The relationship between PTPRD mutation and response to immunotherapy in pan-cancer using the
cBioPortal database. (a) The proportion of PRPRD mutation cases occurred in pan-cancer. (b) Coexisting
mutations between patients with PTPRD or not in pan-cancer. (c) High-frequency mutations occurred in
both the PTPRD mutation and PTPRD wild group. (d) The OS of PTPRD-mutation and PTPRD-wildtype
groups in ICB-treated non-small cell lung cancer cohort. (e) The relationship between PTPRD mutation
and TMB score, mutation count, and mutation rate in ICB-treated non-small cell lung cancer cohort. (f)
The relationship between PTPRD mutation and smoke in ICB-treated non-small cell lung cancer cohort.
(g) The relationship between PTPRD mutation and RECIST (Response Evaluation Criteria) in ICB-treated
non-small cell lung cancer cohort. (h) The OS of PTPRD-mutation and PTPRD-wildtype groups in ICBtreated melanoma cohort. (i) The relationship between PTPRD mutation and TMB score and mutation
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count in ICB-treated melanoma cohort. A combined study containing 2185 patients who received ICBs
therapy was extracted from four studies of the TCGA database.

Figure 5
Correlation between PTPRD and immune infiltration. (a) The correlation between PTPRD expression and
immune infiltration was explored in UVM using the TIMER database. (b) The correlation between PTPRD
expression and immune infiltration was investigated in LUAD using the TIMER database. (c) The
correlation between PTPRD expression and immune infiltration was explored in LUSC using the TIMER
database. (d) The relationship between PTPRD mutation and immune infiltration in SKCM using the
TIMER database. (e) The relationship between PTPRD mutation and the abundance of tumor-infiltrating
lymphocytes (TILs) was assessed using the TISIDB database.

Figure 6
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Protein-protein interaction network analysis. (a) a protein-protein interaction network was conducted
based on the 50 PTPRD-related genes with STRING database. (b) Correlation between PTPRD expression
and SLITRK1, IL1RAPL1, SLITRK2, IRS1, and PPFIA1 expression.

Figure 7
Functional enrichment analysis. (a) We obtained the top 100 PTPRD-correlated genes in the TCGA project
using the GEPIA2 database and investigated the expression correlation between PTPRD and the top five
PTPRD-correlated genes, including GATS, NRXN1, QKI, RP11, and AS1. (b) A Venn diagram was drawn
using the 50 PTPRD -binding proteins from the STRING database and 100 genes related to PTPRD from
the GEPIA2 database. (c) The corresponding heatmap data exhibited the correlation between PTPRD and
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SLITRK2 across various cancers from the TCGA using the GEPIA2 database. (d) Go enrichment analysis
was performed using the metascape database. (e) KEGG enrichment analysis was performed using the
metascape database.
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