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Abstract
Background: Pancreatic ductal adenocarcinoma (PDCA) is one of the malignant tumors with the worst
prognosis with a 5-year survival rate of <1%, which is known as the "king of cancers". At present, there is a
lack of effective early diagnosis and treatment plan for pancreatic cancer. Therefore, there is an urgent
need to understand the molecular mechanisms of pancreatic cancer to generate innovative approaches
for the development of effective early diagnosis and treatment strategies.

Methods: In this study, we performed single gene pan-cancer analysis, gene co-expression analysis and
gene regulatory correlation analysis to understand the molecular mechanism of CD248 in pancreatic
cancer using bioinformatics tools. Additionally, we provided potential molecular targets for pancreatic
cancer treatment by constructing the lncRNA-miRNA-gene network axis.

Results: The results showed that CD248 is differentially expressed in normal and tumor tissues, and
abnormally high expression predicts poor prognosis, is a proto-oncogene in pancreatic cancer. Besides,
CD248 is associated with angiogenesis of tumors. We obtained three new lncRNA-miRNA-gene network
axes, namely AC008040.1-hsa-miR-200c-3p-CD248 axis, AC055822.1-hsa-miR-200c-3p-CD248 axis,
RRN3P2-hsa-miR-200c-3p-CD248 axis that provide promising molecular targets for anti-angiogenic
therapy and diagnostic biomarkers for pancreatic cancer.

Conclusion: In conclusion, this study shows that over-expression of CD248 (TEM1/CD164L1/Endosialin)
is always present in breast cancer and predicts a poor prognosis, associated with tumor angiogenesis,
suggesting it as an attractive therapeutic target for pancreatic cancer.

Background
Pancreatic cancer is a highly lethal malignancy that progresses rapidly. According to Cancer statistics
2021 estimates, pancreatic cancer is the fourth leading cause of cancer death in men and women in the
United States, approximately 60,430 new cases and 48,220 deaths, with both incidence and mortality on
the rise[1]. Early symptoms of pancreatic cancer that are insidious and atypical often leading to delayed
diagnosis, and by the time it is diagnosed, it is almost close to advanced stage with rapid progression
and high mortality[2]. At present, the effective treatment choices for pancreatic cancer are limited, and
surgical resection is the only chance for cure. Adjuvant chemotherapy can improve the long-term
prognosis of these patients, but surgical resection is only applicable to some patients and there are still
risks of surgical complications and cancer metastasis, resulting in a low cure rate of pancreatic cancer[3].
The pathogenesis of pancreatic cancer, being the function and interaction of multiple genes at multiple
steps, is extremely complex. Therefore, there is an urgent need to understand the molecular mechanisms
of pancreatic cancer, which may lead innovative approaches for the development of effective early
diagnosis and treatment strategies.

Dysregulated gene expression is a major feature of cancer. RNA genes have a signi�cant impact on
tumorigenesis, growth and progression[4–19]. RNA is divided into coding RNA (mRNA) and non-coding
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RNA (ncRNA) that includes miRNA, lncRNA, pseudogene, circRNA, etc[9]. In the nucleus, mRNA is
transcribed, processed, and transported to the cytoplasm, where it is translated by tRNA in the ribosome
thereby synthesizing proteins[7, 9] (Fig. 1). The ability of non-coding RNA genes that occupy multiple
nodes in the cancer network is expressed through the context-dependent function of individual gene
products and the production of different products from a single gene locus, where lncRNAs and miRNAs
can regulate mRNA genes through competitive binding and interact to together regulating the onset and
development of tumor tissue[20]. In the cytoplasm, miRNAs act as speci�c components of the
ribonucleoprotein silencing complex and bind to target mRNAs to negatively regulate gene expression
and protein translation by accelerating the demethylation and degradation of target mRNAs[9, 21–24].
lncRNAs, RNAs with more than 200 nucleotides that do not encode proteins, act as miRNA "sponges" in
the cytoplasm to regulate mRNA expression which means preventing miRNAs from binding to mRNAs to
protect them from degradation. Based on the characteristics of the above RNA gene regulatory network,
we can know that the expression of mRNA can be down-regulated by inhibiting the expression of lncRNA
or up-regulating the expression of miRNA. As thus, we have explored the lncRNA-miRNA-gene network
axis of CD248 in pancreatic cancer to obtain a potential molecular targeting therapeutic pathway.

CD248 is a protein-coding gene that localized on the long arm of human chromosome 11 with an open
reading frame of 2274 bp and encodes a 757 amino acid type I transmembrane protein, also known as
endothelin[25, 26]. In our study, CD248 was found to be expressed at obviously different levels in normal
tissues versus in pancreatic cancer tissues, and high CD248 expression was associated with poor overall
survival and progression-free survival in pancreatic cancer patients. In addition, CD248 has been
suggested to be associated with tumor angiogenesis, which has been claimed as a potential target for
anti-pancreatic cancer therapy. These results suggest that CD248 is a novel proto-oncogene. Therefore,
we studied CD248 expression and data mutations in PDCA patients using bioinformatics research
methods in The Cancer Genome Atlas (TCGA) and various public databases. Using multiple analytical
approaches, we analyzed the genomic alterations and functional networks associated with CD248 in
PDCA and constructed a lncRNA-miRNA-gene network associated with pancreatic cancer progression.
Hence, our results may reveal new targets and strategies for pancreatic cancer diagnosis and treatment.

Materials And Methods
Genetic information collection

In this study, we used Cancersea, PubMed, Genecards, UniprotKB, OMIM and other online websites to
search for information related to CD248. PubMed (https://pubmed.ncbi.nlm.nih.gov/) is a widely used in
biomedical literature search engine[27]. Cancersea (http://biocc.hrbmu.edu.cn/CancerSEA) provides a
user-friendly interface, used for comprehensive search, browse, visualization and download the tens of
thousands of a single cancer cell function state activity pro�les and the corresponding PCGs/lncRNAs
expression pro�les[28]. GeneCards https://www.genecards.org/ is a comprehensive, authoritative
compendium of annotative information about human genes,and provides users with a web-based deep-
linked card[29, 30]. UniProtKB https://www.uniprot.org/ provides users with a comprehensive, high-
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quality and freely accessible set of protein sequences annotated with functional information[31]. OMIM
http://omim.org provides interactive access to the knowledge repository, including genomic coordinate

searches of the gene map, views of genetic heterogeneity of phenotypes in Phenotypic Series, and side-
by-side comparisons of clinical synopses[32].

Data mining from public databases

Firstly, we searched SangerBox (http://sangerbox.com/Index), an online data analysis platform to study
the differential expression of CD248 in tumor and normal tissues, which provides a fast way to download
the TCGA database and builds an e�cient and easy-to-use data mining tool for users. We next
downloaded clinical data of PDCA patients, CD248 co-expressed genes from the TCGA database through
the cBioPortal website (https://www.cbioportal.org/)[33]. cBioPortal simpli�es molecular pro�ling data
from cancer tissues and cell lines into easy-to-understand genetic, epigenetic, gene expression and
proteomic events, providing a web resource for exploring, visualizing, and analyzing multidimensional
cancer genomics data.

Go and KEGG Pathway enrichment analysis

In this study, a PPI network of co-expressed genes was constructed using the STRING database
(http://string-db.org) with an interaction score of >0.4. Network analysis
(https://www.networkanalyst.ca/NetworkAnalyst /home.xhtml) is a visual analysis platform that
integrates gene expression analysis and meta-analysis[34-39]. Cytoscape (version 3.8.0) is an open
bioinformatics software platform for visualizing molecular interaction networks[40]. First, we studied the
genes co-expressed with CD248 in pancreatic cancer and the cancer genome using cBioPortal to obtain
Spearman correlations >0.7 and p<0.05. Next, PPI networks were created using Network analysis or
STRING and mapped using Cytoscape. Then, functional and pathway enrichment analysis was
performed by STRING, including Gene Ontology (GO) biological processes and kyoto encyclopedia of
genic and genomic pathway encyclopedia (KEGG pathway). Finally, the enriched data were visualized by
SangerBox.

Gene regulation analysis

GraphPad Prism is an e�cient and easy-to-use scienti�c graphing tool that combines scienti�c graphics,
comprehensive curve �tting (non-linear regression), comprehensible statistics, and data organization.
ENCORI (http://starbase.sysu.edu.cn/index.php) is a network platform that identi�es over 1.1 million
mRNA-ncRNA, 2.5 million miRNA-mRNA, 2.1 million RBP -RNAs and 1.5 million RNA-RNA interactions
from a web-based platform[41]. Here, we used GraphPad Prism (version 9.0) software to analyze the
relationship between miRNAs and CD248 in the TCGA database. ENCORI was used to analyze the
relevance and prognostic impact of individual miRNA-associated lncRNAs in pancreatic cancer.

Statistical analysis
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We used t-test in comparing the difference in CD248 expression in normal and tumor tissues (p<0.05).
The effect of CD248 expression on PDCA prognosis was evaluated using Kaplan-Meier curves (95%
con�dence interval (CI) not including 1, p<0.05). In the analysis of co-expression with CD248 gene, the
linear correlation between the two genes was measured using Spearman's correlation coe�cient (r>0.70,
p<0.05). In addition, when we analyzed miRNA data, we performed using GraphPad Prism (version 9.0)
software and measured the correlation between miRNA and CD248 expression by Pearson correlation
coe�cient (r<0, p<0.05). p<0.05 was considered to be statistically signi�cant.

Results
CD248 is highly expressed in pancreatic cancer and results in a poor prognosis

In this study, we �rst analyzed the transcript levels of CD248 gene in multiple tumor tissues through
TCGA and GTEx datasets and observed the gene expression in 27 tissues (Fig. 2a). According to the data,
the expression of CD248 was signi�cantly different in several tumor tissues compared with normal
tissues (p 0.05), among which, the expression of CD248 was signi�cantly higher in pancreatic cancer
than in normal tissues. Next, for the pancreatic cancer aspect, we combined the data with survival
analysis of CD248 to obtain Kaplan-Meier curves (Fig. 2c). The results showed that the upregulation of
CD248 leads to poor prognosis in PDCA. Therefore, CD248 can be considered as a proto-oncogene and a
potential therapeutic target for PDCA, and CD248 expression can be used as a potential diagnostic
indicator for PDCA.

E334K and R41C mutations of CD248 in PDCA

We then used cBioPortal to determine the type and frequency of CD248 mutations in PDCA based on
sequencing data from patients in the TCGA database. We analyzed the mRNA transcripts and copy-
number alterations of CD248 in 176 patients. The result shows that copy-number alterations include
ampli�cation, gain, diploid and shallow deletion, and diploid expression was the most abundant (Fig. 2d).
In PDCA, the frequency of somatic mutations in CD248 was low at 1.1%. The two known mutation types,
both of which were missense mutations and both replicated as diploid, were the E334K and R41C
mutations (Fig. 2b).

PPI of CD248 in PDCA

To identify the biological interaction network of CD248 in PDCA, we searched for co-expression target
genes related to CD248 in pancreatic cancer through cBioPortal in the TCGA database. A total of 104
related genes (Spearman's Correlation>0.7, p<0.05) were selected to obtain the gene co-expression
network for protein interaction analysis (Fig. 3).

Enrichment analysis: CD248 was related to tumor angiogenesis

Then, in order to analyze the biological classi�cation of co-expressed genes, we used String, Cytoscape
and other tools to perform GO function and KEGG pathway enrichment analysis. The concentration of GO
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biological process (BP) is mainly related to regulation of biological process, multicellular organismal
process, developmental process, anatomical structure development, multicellular organism development,
system development, positive regulation of biological process, etc. (Fig. 4a). The enriched GO molecular
function (MF) items are mainly associated with ion binding, protein binding, metal ion binding, protein-
containing complex binding, signaling receptor binding, structural molecule activity, calcium ion binding,
extracellular matrix structural constituent and integrin binding and so on are related to each other (Fig.
4b). The enriched GO celluar component (CC) items are mainly related to extracellular region, intracellular
organelle lumen, endomembrane system, extracellular matrix, endoplasmic reticulum, extracellular space,
endoplasmic reticulum lumen and supramolecular polymer, etc. (Fig. 4c). The enrichment of KEGG
pathways includes protein digestion and absorption, focal adhesion, human papillomavirus infection,
PI3K-Akt signaling pathway, ECM-receptor interaction, relaxin signaling pathway, AGE-RAGE signaling
pathway in Diabetic complications, microRNAs in cancer, proteoglycans in cancer, etc. (Fig. 4d). All in all,
these data suggest that CD248 is involved in many fundamental life processes and may play roles in
regulating signal transduction, protein binding and vascular development in tumor.

LncRNA-miRNA-gene network axes of CD248 in PDCA

Finally, to further explore the target of CD248 in PDCA, we analyzed the miRNAs negatively associated
with CD248 in the TCGA database and the lncRNAs negatively associated with the corresponding
miRNAs. First and foremost, we screened the following 70 miRNAs, which were negatively correlated with
the expression of CD248 in pancreatic cancer, by GraphPad Prism analysis (Table 1). Then, we used
ENCORI and SangerBox to analyze the differences in expression of these 70 miRNAs in normal tissues
and pancreatic cancer and their relationship with pancreatic cancer prognosis. We obtained one miRNA
(hsa-miR-200c-3p) with differential expression in normal tissues and in tumor tissues and its high
expression predicted a better prognosis (Fig. 5a-c). We then used ENCORI to analyze the lncRNAs
associated with miRNAs and obtained 15 lncRNAs (AC008040.1, AC015813.6, AC025569.1, AC027279.4,
AC055822.1, AL049796.1, AL353796.1, AP001486.2, HELLPAR, LINC01140, LINC01303, MSC-AS1, OIP5-
AS1, RRN3P2, ZNF433-AS1) were negatively correlated with hsa-miR-200c-3p, but only three of the above
15 lncRNAs (AC008040.1, AC055822.1, RRN3P2) were differentially expressed in normal tissues versus in
pancreatic cancer tissues (Fig. 5d-i). Therefore, we obtained three new lncRNA-miRNA-gene network axes,
namely AC008040.1-hsa-miR-200c-3p-CD248 axis, AC055822.1-hsa-miR-200c-3p-CD248 axis and
RRN3P2-hsa-miR-200c-3p- CD248 axis, are potential pathways and potential therapeutic targets for
regulating pancreatic cancer progression.

Table 1 Summary of 70 miRNAs negatively correlated with CD248. (The table shows the ID
of miRNA.)
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miRNA r 95% confidence interval P value P value summary

MIMAT0000242 -0.1349 -0.2148 to -0.05311 0.0013 **

MIMAT0005914 -0.1342 -0.2142 to -0.05244 0.0014 **

MIMAT0022473 -0.1299 -0.2100 to -0.04810 0.0019 **

MIMAT0004598 -0.1294 -0.2095 to -0.04757 0.002 **

MIMAT0004558 -0.1275 -0.2077 to -0.04563 0.0024 **

MIMAT0022496 -0.1265 -0.2067 to -0.04464 0.0025 **

MIMAT0006789 -0.1243 -0.2046 to -0.04241 0.003 **

MIMAT0003218 -0.1229 -0.2032 to -0.04094 0.0034 **

MIMAT0018072 -0.1196 -0.1999 to -0.03759 0.0044 **

MIMAT0007399 -0.1163 -0.1968 to -0.03432 0.0055 **

MIMAT0025477 -0.1152 -0.1957 to -0.03322 0.006 **

MIMAT0018353 -0.1144 -0.1949 to -0.03239 0.0064 **

MIMAT0031893 -0.113 -0.1935 to -0.03094 0.0071 **

MIMAT0011777 -0.1107 -0.1913 to -0.02863 0.0083 **

MIMAT0027368 -0.1105 -0.1911 to -0.02846 0.0084 **

MIMAT0004605 -0.1098 -0.1904 to -0.02772 0.0089 **

MIMAT0019778 -0.1092 -0.1898 to -0.02707 0.0093 **

MIMAT0002878 -0.1087 -0.1894 to -0.02662 0.0096 **

MIMAT0004682 -0.1073 -0.1880 to -0.02521 0.0105 *

MIMAT0030419 -0.1068 -0.1875 to -0.02472 0.0109 *

MIMAT0003322 -0.1064 -0.1871 to -0.02430 0.0112 *

MIMAT0025470 -0.106 -0.1868 to -0.02391 0.0115 *

MIMAT0004657 -0.1031 -0.1838 to -0.02090 0.0141 *

MIMAT0009451 -0.1027 -0.1835 to -0.02050 0.0145 *

MIMAT0019747 -0.1019 -0.1827 to -0.01972 0.0152 *

MIMAT0022482 -0.09947 -0.1803 to -0.01726 0.0178 *
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MIMAT0017992 -0.09933 -0.1802 to -0.01712 0.018 *

MIMAT0002875 -0.09887 -0.1798 to -0.01667 0.0185 *

MIMAT0000255 -0.09789 -0.1788 to -0.01567 0.0197 *

MIMAT0004585 -0.09775 -0.1787 to -0.01554 0.0199 *

MIMAT0019725 -0.09627 -0.1772 to -0.01403 0.0219 *

MIMAT0018004 -0.09554 -0.1765 to -0.01330 0.0229 *

MIMAT0004592 -0.0948 -0.1758 to -0.01256 0.024 *

MIMAT0004702 -0.09468 -0.1757 to -0.01243 0.0242 *

MIMAT0017996 -0.09411 -0.1751 to -0.01186 0.025 *

MIMAT0005924 -0.09382 -0.1748 to -0.01157 0.0255 *

MIMAT0002881 -0.09343 -0.1744 to -0.01118 0.0261 *

MIMAT0027396 -0.09322 -0.1742 to -0.01096 0.0264 *

MIMAT0002807 -0.09307 -0.1741 to -0.01081 0.0267 *

MIMAT0022500 -0.09246 -0.1735 to -0.01020 0.0277 *

MIMAT0004611 -0.09176 -0.1728 to -0.009492 0.0289 *

MIMAT0019707 -0.09152 -0.1726 to -0.009242 0.0293 *

MIMAT0022966 -0.09063 -0.1717 to -0.008349 0.0309 *

MIMAT0002883 -0.09021 -0.1713 to -0.007929 0.0317 *

MIMAT0027394 -0.09013 -0.1712 to -0.007843 0.0319 *

MIMAT0014987 -0.0894 -0.1705 to -0.007110 0.0333 *

MIMAT0005919 -0.08843 -0.1695 to -0.006137 0.0353 *

MIMAT0002879 -0.08824 -0.1694 to -0.005944 0.0357 *

MIMAT0003284 -0.08785 -0.1690 to -0.005551 0.0365 *

MIMAT0000617 -0.08737 -0.1685 to -0.005062 0.0375 *

MIMAT0002880 -0.0873 -0.1684 to -0.004990 0.0377 *

MIMAT0018358 -0.08673 -0.1679 to -0.004416 0.039 *

MIMAT0003296 -0.08578 -0.1669 to -0.003462 0.0412 *
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MIMAT0019763 -0.08563 -0.1668 to -0.003311 0.0415 *

MIMAT0019210 -0.08561 -0.1668 to -0.003292 0.0416 *

MIMAT0003265 -0.08455 -0.1657 to -0.002220 0.0442 *

MIMAT0002877 -0.08422 -0.1654 to -0.001896 0.045 *

MIMAT0019754 -0.08421 -0.1654 to -0.001882 0.045 *

MIMAT0000245 -0.08419 -0.1654 to -0.001856 0.0451 *

MIMAT0003327 -0.08329 -0.1645 to -0.0009492 0.0475 *

MIMAT0000264 -0.2457 -0.3215 to -0.1667 <0.0001 ****

MIMAT0022975 -0.2337 -0.3101 to -0.1543 <0.0001 ****

MIMAT0003294 -0.1995 -0.2773 to -0.1191 <0.0001 ****

MIMAT0031890 -0.1879 -0.2661 to -0.1072 <0.0001 ****

MIMAT0027361 -0.1814 -0.2598 to -0.1005 <0.0001 ****

MIMAT0018349 -0.1792 -0.2577 to -0.09831 <0.0001 ****

MIMAT0028222 -0.1758 -0.2545 to -0.09483 <0.0001 ****

MIMAT0005920 -0.172 -0.2508 to -0.09094 <0.0001 ****

MIMAT0027362 -0.1638 -0.2428 to -0.08252 <0.0001 ****

 *, P<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001

Discussion
Pancreatic cancer is one of the most common malignancies worldwide, with no obvious clinical signs
and symptoms in the early stages and rapid progression in the late stages, leading to its extremely poor
prognosis. A better understanding of the mechanisms of pancreatic cancer development and progression
can facilitate the formation of effective early diagnosis and treatment options.

In our study, based on comprehensive bioinformatics analysis, it was found that CD248 was not only
signi�cantly increased in pancreatic cancer samples, but also its upregulation was associated with poor
prognosis in pancreatic cancer patients and was determined to be related to the progression of
pancreatic cancer. By enriching the TCGA database for PPI networks and functions and pathways that
are highly correlated with CD248, we learned that CD248 may be associated with tumor angiogenesis and
miRNA regulation. Initially, the study by St Croix et al. suggested that CD248 was expressed in vascular
endothelial cells of malignant tumors, and they identi�ed transcripts of PEMs and TEMs by sequence
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analysis of gene expression (SAGE), and RT-PCR and in situ hybridization analysis showed that TEM1
(CD248) expression was restricted to tumor endothelial tissues and metastatic lesions and was
undetectable in normal tissues[42]. It was thought that CD248 was expressed in tumor vascular
endothelium in some cancers. However, as research progressed, numerous experiments conclusively
demonstrated that CD248 is a marker for stromal �broblasts, is not selectively expressed on tumor
endothelial cells, and is mainly expressed by tumor mesenchymal �broblasts and pericytes
subpopulations associated with tumor vasculature, but not by tumor endothelial cells[26, 43–46]. Also,
this result is consistent with our functional and pathway enrichment results. KA Khan et al. found that
CD248 binds to a separate region of MMRN2 derived from CLEC14A and CD93, and that a recombinant
peptide of MMRN2 spanning the binding region of CLEC14A and CD93 blocks the binding of the
extracellular structural domain of CLEC14A to the surface of endothelial cells in anti-angiogenic effect in
vitro and reduced tumor growth in a mouse model[44]. These �ndings identify novel protein interactions
involving CLEC14A, CD93 and CD248 that could serve as targeting components for angiogenesis. The
relevance of MMRN2 in angiogenesis has been demonstrated, however, interestingly, the studies by E
Lorenzon et al. and by Roberta Colladel et al. describe it as a vasopressor molecule that acts by isolating
VEGF-A[47, 48]. The studies by KA Khan et al. and Zanivan et al. describe MMRN2 as a pro-angiogenic
molecule that binds to cell surface proteins[44, 49]. This may be because MMRN2 interacts with
CLEC14A, CD93 and CD248 separately from its interaction with VEGF-A. The study by Sven Christian et
al. in 2008 suggests that CD248 is a marker of activated mesenchymal cells that form the human tumor
mesenchyme, potentially affecting tumor migration and proliferation[26]. All in all, a large number of
studies have shown that CD248 is weakly expressed in normal human tissues and strongly expressed in
tumor tissues and that upregulation of CD248 is associated with tumor angiogenesis[26, 43–46, 50]. In
conclusion, a large amount of evidence suggests that CD248 gene has a greater potential and value in
tumor anti-angiogenic therapy and deserves further exploration.

Meanwhile, tumor development, progression and metastasis are highly dependent on the tumor
mesenchyme, which consists of neointima, activated �broblasts, in�ltrative in�ammatory cells and
extracellular matrix[43]. In recent years, tumor anti-angiogenic therapy has also been an active area of
research in tumor therapy. According to research �ndings, like normal tissues, tumor tissues also need
blood to maintain their nutrient supply and oxygen supply, and inhibiting tumor angiogenesis can
effectively prevent and treat tumors or delay tumor progression and metastasis[51–59]. In normal
tissues, the dynamic balance between pro- and anti-angiogenic factors is relied on to maintain the
morphology and function of normal blood vessels. However, in tumor tissues, the initiation of
angiogenesis is induced when pro-angiogenic signals dominate due to the continuous unbalanced
expression of pro- and anti-angiogenic factors, a process known as the " angiogenic switch"[60, 61].
Subsequently, this leads to the formation and functioning of tumor vessels and the resulting tumor
vessels that are morphologically and functionally distinct from normal vessels. Currently, angiogenesis
inhibitors exert their effects on tumor vasculature through three possible mechanisms, namely vascular
depletion, vascular normalization and immune activation[62]. Although tumor anti-angiogenic therapy is
currently a hot topic of research, further therapeutic improvements are hampered by, the lack of reliable
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biomarkers with predictive characteristics for anti-angiogenic therapy[56]. Thus, tumor angiogenesis-
related markers are currently of great value and the potential of CD248 is further demonstrated.

Furthermore, with clinical trials, CD248 is actively being used as a cancer target. In 2014 Luis A et al.
designed the �rst drug developed for the treatment of a wide range of advanced solid tumors[63]. In their
study, the humanized monoclonal antibody MORAb-004 is designed to target endothelin, which is
targeted from an immunotherapeutic perspective against endothelin requiring (to clarify, endothelin is an
alias for CD248, but in this study endothelin was a protein different from our study), but the drug lacking
the speci�city and clinical bene�t for the treatment of pancreatic cancer is not yet satisfactory. After
study and analysis, we obtained three gene axes, AC008040.1-hsa-miR-200c-3p-CD248 axis, AC055822.1-
hsa-miR-200c-3p-CD248 axis, and RRN3P2-hsa-miR-200c-3p-CD248 axis, which can be used as
promising diagnostic biomarkers and therapeutic targets for pancreatic cancer. The three gene axes,
RRN3P2-hsa-miR-200c-3p-CD248, could be promising diagnostic biomarkers and therapeutic targets for
pancreatic cancer. By upregulating miRNA or downregulating lncRNA, it is possible to block the
translation of mRNA (CD248) to produce proteins and thus regulate tumor angiogenesis. The result may
be the inability to form new blood vessels due to the lack of basement membrane, and even if new
vessels are formed, they are highly susceptible to disintegration and phagocytosis, resulting in dormant
or even dead tumors without vascular supply.

When it comes to the extremely high mortality rate of pancreatic cancer and the lack of clinical
treatments, it is urgent to study the mechanisms of pancreatic cancer development, progression and
metastasis and effective treatment options. Based on the basic gene molecular mechanism of cancer
and bioinformatics analysis, we obtained three lncRNA-miRNA-gene network axes provide promising
diagnostic biomarkers for pancreatic cancer as anti-angiogenic therapeutic molecular targets and is
expected to improve the prognosis of pancreatic cancer. By targeting and regulating the lncRNA-miRNA-
gene axis speci�c to CD248 gene in pancreatic cancer, therapeutic options for pancreatic cancer can be
targeted and clinical bene�ts can be obtained. However, further studies and experiments are needed to
validate these �ndings. Due to the complexity and highly uncontrollable nature of the tumor
microenvironment, therapeutic approaches regarding targeting the tumor microenvironment should
prioritize integrated or convergent targets rather than depleting speci�c targets, and inhibition of CD248
upregulation alone may not stop tumor angiogenesis and keep tumors in a dormant stage[56, 61, 64].
Hence, in further studies of CD248, a deeper understanding will require re�ection on its cooperation with
other molecules under speci�c microenvironmental conditions and multidrug approaches targeting
various factors may be more successful in inhibiting cancer growth than monotherapies.

Conclusions
In short, our study established three new lncRNA-miRNA-gene network axes (AC008040.1-hsa-miR-200c-
3p-CD248 axis, AC055822.1-hsa-miR-200c-3p-CD248 axis, RRN3P2-hsa-miR-200c-3p-CD248 axis), which
may help in clinical decision making for targeted molecular therapies.
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Figures

Figure 1

Formation of mRNA, lncRNA, miRNA: 1. mRNA after transcription of genes by RNA polymerase, introns
are removed from precursor mRNA by spliceosomes, and mRNA is further processed into mature
transcripts, which are then exported from the nucleus to the cytoplasm and translated into proteins by
ribosomes. 2. miRNA: some miRNAs are transcribed from protein-coding genes' introns, while others are
transcribed by RNA polmyeraseII (PolII) to produce pri-miR from their own dedicated transcripts. In the
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nucleus, the pri-miR is cut to liberate the pre-miR hairpin by endoribonuclease. The pre-miR is then
exported from the nucleus and the loop of the pre-miR is cut by the endoribonuclease cleaves to produce
the mature miRNA in the cytoplasm. 3.lncRNA: long non-coding RNAs (lncRNAs) are RNAs that are more
than 200 nucleotides in length and do not encode proteins (although some small peptides encoded by
lncRNAs have been detected). After transcription by PolII they can function in both the nucleus and
cytoplasm.

Figure 2
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A summary of CD248 expression differences in 27 normal and cancer tissues in tissues. The databases
used were TCGA and GTEx. The test used for the analysis was the t-test. Among them, it was
downregulated in BLCA, BRCA, CESC, KIRP, PRAD, SKCM, THCA and UCEC. Up-regulated in CHOL, COAD,
ESCA, GBM, HNSC, KIRC, LAML, LGG, LIHC, LUAD, PAAD (PDCA), STAD, TGCT and UCS (* P<0.05 **
p<0.01 *** p<0.001). b Alterations of CD248 in PDCA. The OncoPrint provides an overview of genomic
alterations in CD248 affecting individual samples in PDCA from the TCGA. The different types of genetic
alterations are highlighted in different colors. c KM curve: CD248 upregulation predicts poor prognosis in
PDCA. d The transcription of CD248 in 176 patients. The result shows that copy-number alterations
include ampli�cation, gain, diploid and shallow deletion, and diploid expression was the most abundant.

Figure 3

Map of 104 genes directly or indirectly associated with CD248 in protein-protein interactions (from
Cytoscape).
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Figure 4

Gene ontology and KEGG pathway enrichment. a biological process (BP). b molecular function (MF). c
cellular component (CC). d KEGG includes Protein digestion and absorption, focal adhesion, human
papillomavirus infection, PI3K-Akt signaling pathway, ECM-receptor interaction, relaxin signaling pathway,
AGE-RAGE signaling pathway in diabetic complications, microRNAs in cancer, proteoglycans in cancer,
amoebiasis, phagosome, hedgehog signaling pathway.
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Figure 5

a Difference of hsa-miR-200c-3p in expression in PDCA tissues and normal tissues (p=0.012). b KM curve
of hsa-miR-200c-3p in PDCA. The upregulation of hsa-miR-200c-3p predictes a poor prognosis of PDCA. c
Co-expression of hsa-miR-200c-3p associated with CD248. d-f Co-expression of AC008040.1, AC055822.1
and RRN3P2 associated with hsa-miR-200c-3p. g-i Difference of AC008040.1 (p=0.038), AC055822.1
(p=0.031) and RRN3P2 ( p=0.042) in expression in PDCA tissues and normal tissues.


