Am J Clin Exp Immunol 2025;14(4):223-236
www.ajcei.us /ISSN:2164-7712/AJCEI0164044

Original Article
DPT has potential to be a prognostic biomarker and
its correlation with immune infiltrates in prostate cancer

Jieyu Jint, Junchao Feng?, Tong Zhou'®, Jun Cao?, Bin Feng?, Qinggin Tang?, Sheng Zhang?, Jun Qiu?, Yuting
Liang?

1Center for Clinical Laboratory, The First Affiliated Hospital of Soochow University, Suzhou 215006, Jiangsu, China;
2Department of Nuclear Accident Medical Emergency, The Second Affiliated Hospital of Soochow University, Su-
zhou 215004, Jiangsu, China; *Medical College of Soochow University, Suzhou 215123, Jiangsu, China

Received February 19, 2025; Accepted August 7, 2025; Epub August 15, 2025; Published August 30, 2025

Abstract: Background: Prostate cancer (PRAD) poses a significant threat to male health. The tumor microenviron-
ment (TME) plays a crucial role in its development process, yet the regulatory significance of specific extracellular
matrix proteins such as Dermatopontin (DPT) in PRAD remains poorly understood. Methods: A total of 534 PRAD
transcriptome profiles were retrieved from The Cancer Genome Atlas (TCGA) database. CIBERSORT and ESTIMATE
computational methods were used to quantify the presence of immune and stromal components. Differentially
expressed genes (DEGs) were identified based on ImmuneScore and StromalScore, followed by Gene Ontology
(GO) and Kyoto Encyclopedia of Genomes (KEGG) pathway enrichment analyses. DPT expression was analyzed in
relation to overall survival, TNM staging, immune-related pathways using Gene Set Enrichment Analysis (GSEA),
and tumor-infiltrating immune cells (TICs). Results: A total of 454 DEGs overlapping between high ImmuneScore
and StromalScore groups were enriched in immune-related processes and pathways. DPT expression was posi-
tively correlated with the survival of PRAD patients, especially the N Stage of PRAD. GSEA revealed that high DPT
expression correlated with immune-related activities such as allograft rejection, apical junction, complement, and
epithelial mesenchymal transition while low DPT expression was correlated with metabolic pathways such as E2f
targets, G2m checkpoint, mitotic spindle, and mitorcl signaling. Analysis of TICs showed that DPT expression was
positively correlated with resting mast cells and neutrophils. Conversely, regulatory T cells, M1 macrophages, M2
macrophages, and resting dendritic cells exhibited negative correlations with DPT expression. Conclusions: DPT may
serve as a novel prognostic biomarker in PRAD, potentially affecting the survival of PRAD patients by regulating the
immune environment of TME. These findings provide new insights into the immunomodulatory role of DPT and its
potential as a therapeutic target for PRAD.

Keywords: DPT, tumor microenvironment, immune infiltration, prostate cancer

Introduction therapy prediction has become a priority in

PRAD research.
Prostate cancer (PRAD) is one of the most prev-

alent malignancies among men worldwide and
ranks as the second leading cause of cancer-
related mortality, following lung cancer [1, 2].
Although many cases progress slowly, advanced
PRAD can metastasize to the lymph nodes and
bone, significantly compromising patient prog-
nosis [3]. Despite progress in surgery, radio-
therapy, and androgen deprivation therapy [4],
treatment resistance and disease recurrence
remain major clinical challenges. Consequently,
the identification of reliable biomarkers for
early detection, risk stratification, and immuno-

Growing evidence suggests that tumor microen-
vironment (TME) - a complex milieu comprising
immune cells, stromal components, extracellu-
lar matrix (ECM), and soluble factors, plays a
central role in cancer progression and immune
evasion [5-9]. Tumor-infiltrating immune cells
(TICs), as key elements of TME, are known to
influence therapeutic response and clinical
outcome in PRAD [10-12]. Nevertheless, unlike
other immunogenic tumors, PRAD exhibits a
relatively immunosuppressive TME, often re-
sulting in limited response to immune check-
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point blockade therapies [13-15]. While several
computational algorithms such as ESTIMATE
and CIBERSORT have been used to quantify
immune and stromal cell proportions in tumors,
the immunoregulatory roles of specific TME-
associated genes remain insufficiently charac-
terized in PRAD.

Dermatopontin (DPT), a small extracellular ma-
trix protein, has been implicated in cell adhe-
sion, matrix remodeling, and immune regula-
tion in various cancer types, including breast
and liver cancers [16, 17]. However, its role
in the immune landscape of PRAD is largely
unexplored. In this study, we systematically an-
alyzed transcriptomic data from the Cancer
Genome Atlas (TCGA)-PRAD cohort to evaluate
the prognostic value and immunological rele-
vance of DPT. By integrating immune scoring,
gene set enrichment analysis (GSEA), and
immune cell deconvolution via CIBERSORT, we
aimed to elucidate the correlation between DPT
expression, TICs, and clinical outcomes. Our
findings suggest that DPT may serve as a novel
prognostic biomarker and a potential modula-
tor of immune infiltration in TME of PRAD.

Materials and methods
Raw data acquisition

We obtained transcriptome RNA-seq data
from TCGA database (https://portal.gdc.can-
cer.gov/) for our study on PRAD patients [18]. A
total of 534 PRAD cases were included, con-
sisting of 51 normal samples and 483 tumor
samples. Additionally, corresponding clinical
data such as stage, TNM classification, survival
and outcome were also downloaded from TCGA
database [19].

Analysis of InmuneScore, StromalScore and
ESTIMATEScore

Based on the gene expression data of the
TCGA-PRAD cohort, the ESTIMATE algorithm
was used to calculate the ImmuneScore, Stro-
malScore and ESTIMATEScore to characterize
TME of PRAD using R package estimate [20].
Higher scores in ImmuneScore or StromalScore
indicate a greater abundance of immune or
stromal components in TME, respectively. ESTI-
MATEScore, derived by summing ImmuneScore
and StromalScore, represents the combined
proportion of both components in TME.

224

Survival analysis

For survival analysis, we utilized R language
with the survival and survminer packages. A
total of 483 tumor samples had available re-
cords of detailed survival time, spanning from O
to 13.8 years. To plot the survival curve, we
employed the Kaplan-Meier method. Addition-
ally, we used the log-rank test as the statistical
significance test to evaluate the differences in
survival outcomes.

DEGs between high-score and low-score
groups

We categorized the 483 tumor samples into
high-score or low-score groups based on the
median score of ImmuneScore and Stromal-
Score. Subsequently, limma package was used
to identify differentially expressed genes
(DEGs) between high-score and low-score gr-
oups. Specifically, the DEGs with fold changes
greater than 1 and a false discovery rate (FDR)
less than 0.05, following log, transformation of
the expression levels in the high and low score
groups, were considered statistically signifi-
cant. Additionally, heatmaps of the DEGs were
generated using R package pheatmap to visual-
ise the expression patterns of these genes
across different samples.

GO and KEGG enrichment analysis

As previously described [21-23], Gene Ontology
(GO) and Kyoto Encyclopedia of Genomes
(KEGG) enrichment analysis were performed on
454 DEGs. These analysis were carried out in R
with the assistance of packages such as clus-
terProfiler, enrichplot, and ggplot2 [24]. Signi-
ficantly enriched terms were identified based
on both P-value and g-value thresholds less
than 0.05.

Difference analysis of clinical stages

The clinicopathological characteristics data
corresponding to the PRAD samples were ob-
tained from TCGA. The Wilcoxon rank sum test
or the Kruskal-Wallis rank sum test was used to
assess differences in different clinical stages
of PRAD patients, providing valuable insights
into the associations between clinical variables
and molecular profiles.

Gene set enrichment analysis
We downloaded the Hallmark and C7 gene sets

v6.2 collections from the Molecular Signatures
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Figure 1. Analysis workflow of this study.

Database to serve as the target sets for GSEA
as previously described [25, 26], GSEA enrich-
ment analysis was performed using the R pack-
age clusterpofiler. GSVA scores were generated
for all tumor samples based on transcriptomic
data. Gene sets with a nominal P-value (NOM
P-value) less than 0.05 and a FDR g-value
less than 0.06 were considered statistically
significant.

TICs profile

The CIBERSORT computational method was
utilized to estimate the TICs abundance pro-
file in all tumor samples. Subsequently, a qual-
ity filtering step was implemented, where only
tumor samples with a P-value less than 0.05
were retained for further analysis. This rigorous
selection criterion ensured that only samples
with reliable estimations of immune cell abun-
dance were included in the subsequent analy-
sis, enhancing the robustness and accuracy of
the findings related to the tumor immune mi-
croenvironment.
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Statistical analysis

Wilcoxon test and one-way analysis of variance
were used to compare the DPT expression level
of PRAD in cancer tissue and normal tissue.
For survival comparisons between high and
low DPT expression, the Logrank test will be
used. P<0.05 was considered statistically sig-
nificant.

Results
Analysis process of this study

The analysis process of our study is shown in
Figure 1. Firstly, we retrieved 534 transcrip-
tome RNA-seq data from the TCGA database
and processed them using the CIBERSORT and
ESTIMATE algorithms to calculate Immune and
Stromal scores. Subsequently, we utilized the
Gene profile analysis and functional enrich-
ment analysis in PRAD samples. Lastly, our
focus shifted towards survival analysis, clinico-
pathological correlation analysis, Cox regres-
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sion, GSEA and correlation with TICs specifical-
ly for DPT.

Analysis of InmuneScore, StromalScore and
ESTIMATEScore

All PRAD samples were divided into high and
low score groups based on the median of each
score (ImmuneScore, StromalScore, Estimat-
Score). To assess the correlation between the
proportions of Immune and Stromal compo-
nents and survival outcomes, Kaplan-Meier
survival analysis was conducted on Immune-
Score, StromalScore, and ESTIMATEScore. As
shown in Figure 2A-C, ImmuneScore, Stro-
malScore and ESTIMATEScore did not exhibit
significant correlations with overall survival
rate.

Gene profile analysis and functional enrich-
ment analysis

As shown in Figure 3A, 3B, we found that com-
pared to the median, ImmuneScore displayed
1122 DEGs in both high and low scoring sam-
ples. Among them, 1089 genes were upregu-
lated and 33 genes were downregulated. Simi-
larly, StromalScore analysis generated 1277
DEGs, of which 1236 genes were upregulated
and 41 genes were downregulated (Figure 3A,
3B). The Venn plot intersection analysis showed
that 442 identical genes were up-regulated in
the ImmuneScore and StromalScore groups,
while 12 identical genes were down-regulated.
Furthermore, GO enrichment analysis highlight-
ed that the DEGs predominantly mapped to
immune-related GO terms, encompassing func-
tions such as leukocyte cell-cell adhesion, leu-
kocyte proliferation, lymphocyte proliferation,
mononuclear cell proliferation, and regulation
of T cell activation (Figure 3C). Additionally,
KEGG enrichment analysis underscored the
enrichment of pathways including cell adhesion
molecules, cytokine-cytokine receptor interac-
tion, hematopoietic cell lineage, intestinal im-
mune network for IgA production, and viral pro-
tein interaction with cytokine and cytokine
receptor (Figure 3D).

The correlation of DPT expression with the
survival and TNM stages

Survival analysis showed that PRAD patients

with high DPT expression had longer overall
survival than did PRAD patients with low DPT
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expression (Figure 4C). Furthermore, the Wil-
coxon rank sum test demonstrated that the
expression of DPT in tumor samples was signifi-
cantly lower than that in normal samples (Fi-
gure 4A). Similar results were observed in the
paired analysis between normal and tumor tis-
sues from the same patient (Figure 4B). In
addition, there was a significant correlation
between DPT expression and the N Stage of
PRAD (Figure 4D).

GSEA enrichment analysis

Figure 5A indicated that genes in the DPT high-
expression group are primarily enriched in
immune-related activities, such as allograft
rejection, apical junction, complement, and epi-
thelial mesenchymal transition. Conversely,
genes in the DPT low-expression group are
enriched in E2f targets, G2m checkpoint, mitot-
ic spindle, and mitorcl signaling, as depicted in
Figure 5B. Additionally, when considering the
C7 collection defined by MSigDB, immune-
related gene sets were found to be enriched in
the high DPT expression group, including mac-
rophage, B cell, and CD4" T cell pathways
(Figure 5C). On the other hand, only a few gene
sets were enriched in the low DPT expression
group, such as CD8* T cell (Figure 5D).

Correlation of DPT with the proportion of TICs

We analyzed the proportion of TICs subsets
in PRAD samples using the CIBERSORT algo-
rithm, constructing immune cell profiles for 21
distinct immune cell types (Figure 6). The
results from the difference and correlation
analysis revealed that a total of 6 TICs types
were correlated with the expression of DPT
(Figure 7). Among these TICs, the expression of
DPT demonstrated positive correlations with 2
types of TICs, including resting mast cells and
neutrophils. Conversely, 4 TICs types exhibited
negative correlations with DPT expression,
comprising regulatory T cells, M1 macrophages,
M2 macrophages, and resting dendritic cells.

Discussion

In recent years, increasing attention has been
directed toward the role of TME in PRAD pro-
gression and therapeutic resistance. As a dy-
namic ecosystem composed of immune cells,
stromal cells, ECM, and signaling molecules,
the TME not only shapes tumor behavior but
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Figure 2. Correlation of scores with the survival of patients with PRAD. A. Kaplan-Meyer survival analysis for PRAD patients divided by ImmuneScore into high or low
score groups (P=0.77, log-rank test). B. Kaplan-Meyer survival analysis for PRAD patients divided by StromalScore into high or low score groups (P=0.413, log-rank
test). C. Kaplan-Meyer survival analysis for PRAD patients with high and low ESTIMATEScore (P=0.394, log-rank test).
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also influences treatment outcomes, particu-
larly in the context of immunotherapy.

TME plays a crucial role in the progression of
tumors. The influence of TME extends to the
metabolic reprogramming of cancer cells. The
interaction between cancer cells and stromal
fibroblasts can enhance the expression of met-
abolic enzymes, promoting a glycolytic switch
that supports tumor growth [27]. The regulatory
T cells (Tregs) in TME help tumor survival and
progression through IL-2/1L-2 receptor-depen-
dent and CTLA-4-dependent mechanisms [28].
However, the immunological characteristics of
TME in PRAD remain incompletely understood,
and effective immune biomarkers are still lack-
ing. In this study, we identified DPT as a TME-
associated molecule with potential prognostic
value and regulatory relevance in PRAD.

Our results demonstrated that DPT expression
is significantly decreased in tumor tissues com-
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and cell adhesion, potentially
influencing immune cell traf-
ficking and spatial architec-
ture within TME. Previous studies in melanoma,
hepatocellular carcinoma, and breast cancer
have indicated that DPT may regulate macroph-
age polarization, inhibit tumor growth, and
modulate drug resistance through ECM-im-
mune cell interactions [16, 17, 29-31].

Immune cell infiltration is a critical prognostic
factor in solid tumors, including PRAD. The
presence and activity of different TICs can sig-
nificantly influence tumor behavior, disease
progression, and response to therapy. Our
study demonstrates that high levels of DPT
expression are significantly associated with
several positively correlated TICs, including dor-
mant mast cells and neutrophils. However, its
mechanism of the immune infiltration of
patients with PRAD is still unclear. Studies have
shown mast cells play a complex role in tumor
immunity, promoting local immune responses
and potentially improving TME [32]. In PRAD,

Am J Clin Exp Immunol 2025;14(4):223-236
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the presence of dormant mast cells may corre-
late with enhanced immune surveillance, con-
tributing to better overall survival [33]. Neu-
trophils are also believed to have protective
roles in tumor immunity by activating T cells
through the release of reactive oxygen species
and cytokines [34]. Therefore, the positive cor-
relation between high DPT levels and these
TICs likely reflects a favorable immune environ-
ment that enhances patient survival. Conver-
sely, our findings reveal significant associations
between DPT expression and various negative-
ly correlated TICs, including Tregs, M1 and M2
macrophages, and dormant dendritic cells.
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While Tregs are essential for maintaining
immune tolerance, their increased presence
often correlates with the suppression of effec-
tive anti-tumor immune responses, leading to
disease progression [35, 36]. Typically, high
levels of Tregs infiltration in tumors are associ-
ated with immune evasion and poorer clinical
outcomes [37]. Although M1 macrophages are
usually associated with anti-tumor immunity,
the negative correlation of DPT in PRAD may
indicate that higher DPT levels help inhibit M1
polarization, thus avoiding a detrimental imbal-
ance in anti-tumor immune responses [38].
Additionally, M2 macrophages are known for
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samples. Column names of plot were sample ID. B. Heatmap showing the correlation between 21 kinds of TICs and
numeric in each tiny box indicating the p value of correlation between two kinds of cells.
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Figure 7. Correlation of TICs proportion with DPT expression. A. Violin plot showed the ratio differences of 21 kinds of immune cells between PRAD samples with
low or high DPT expression, and Wilcoxon rank sum was used for the significance test. B. Scatter plot showed the correlation of 6 kinds of TICs proportion with the
DPT expression (P<0.001), and Pearson coefficient was used for the correlation test. C. Venn plot displayed 17 kinds of TICs correlated with DPT expression code-
termined by difference and correlation tests displayed in violin and scatter plots, respectively.
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promoting tumor progression [39]. Thus, the
negative correlation between DPT and M2 mac-
rophage infiltration may suggest that elevated
DPT levels reduce M2 activity, promoting a
more favorable tumor prognosis [40]. The
decrease in dormant dendritic cells, which are
crucial for T cell activation, alongside increased
DPT levels, may indicate a shift toward a lower
immunogenic environment [41]. Therefore, the
inverse relationship between DPT and immuno-
suppressive cell types further supports its role
in maintaining a favorable immune microen-
vironment.

Nevertheless, this study is not without limita-
tions. First, all analyses were conducted based
on bulk RNA-seq data from TCGA, which may
obscure spatial and cellular heterogeneity with-
in TME. Second, the findings remain correlative
in nature, and functional validation - such as
knockdown or overexpression experiments in
vitro and in vivo - is required to confirm the
mechanistic roles of DPT in modulating immune
cell infiltration and tumor progression. Third,
the cohort lacked detailed treatment records,
limiting our ability to assess the predictive
value of DPT for therapeutic response.

In conclusion, our findings highlight DPT as a
potential prognostic biomarker and immuno-
modulator in PRAD. By influencing immune cell
infiltration and reshaping TME, DPT may offer
new avenues for stratifying patients and design-
ing immunotherapy strategies. Future studies
incorporating single-cell analysis, spatial tran-
scriptomics, and experimental validation will be
essential to fully delineate the functional role of
DPT and translate these findings into clinical
practice.
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