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Background: Dermatofibrosarcoma protuberans (DFSP) is a rare cutaneous
sarcoma characterized by local invasion and recurrence. RNA sequencing
(RNA-seq) allows the qualification of cellular RNA populations and provides
information on the transcriptional state. However, few studies have
comprehensively analyzed DFSP transcriptional data.

Methods: Fourteen DFSP samples with paired non-neoplastic soft tissue from
Chinese patients undergoing Mohs micrographic surgery were used for RNA-
seq analysis. Differential expression analysis and enrichment analysis for RNA-
seq data were performed to identify fusion genes, biomarkers, and
microenvironment characteristics of DFSP.

Results: This study systemically describes the transcriptomic characteristics of
DFSP. First, we performed gene fusion analysis and identified a novel FBN1-
CSAD fusion event in a DFSP patient with fibrosarcomatous transformation.
Then, we identified TLK2 as a biomarker for DFSP based on functional
enrichment analysis, and validated its accuracy for diagnosing DFSP by
immunohistochemical staining and joint analysis with public data. Finally,
microenvironment analysis described the infiltration characteristics of
immune and stromal cells in DFSP.

Conclusion: This study demonstrates that RNA-seq can serve as a promising
strategy for exploring molecular mechanisms in DFSP. Our results provide new
insights into accurate diagnosis and therapeutic targets of DFSP.
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Introduction

Dermatofibrosarcoma protuberans (DFSP) is a rare, low-
grade cutaneous sarcoma originating from fibroblasts. According
to the National Comprehensive Cancer Network (NCCN)
guidelines (version 1.2020), the incidence rate of DFSP ranges
from 4.2 to 4.5 cases per million people in the United States.
Despite the low incidence rate, it is still regarded as the most
common skin sarcoma (Ugurel et al, 2019). DFSP most
commonly occurs in the trunk, followed by the extremities,
head, and neck (Kreicher et al.,, 2016). It can be divided into
dozens of variants based on the composition and microscopic
characteristics, such as fibrosarcomatous (FS-DFSP), pigmented,
and myxoid (Iwasaki et al, 2019). The rearrangement of
chromosomes 17 and 22 leads to the fusion of the PDGFB
(beta-type platelet-derived growth factor) gene and the
COLIAI (collagen type 1 alpha 1) gene, which is thought to
contribute to tumorigenesis. At the same time, other types of
gene fusion, such as COL6A3-PDGFD (Dickson et al., 2018),
TNC-PDGFD (Chen et al, 2021), and MAP3K7CL-ERG
(Maloney et al., 2019), have been reported in some cases and
contribute to the appearance of DESP.

DFSP is usually characterized by painless, slow-growing
nodules, which appear blue-purple or tan in color (Li Y. et al.,
2020). However, the specific clinical manifestations of DFSP are
of DFSP
hematoxylin—eosin (H&E) and immunohistochemistry stains.

lacking.  Diagnosis mainly  depends on

Microscopically, tumor cells show a spindle-shaped
appearance and are arranged in a storiform pattern. These
spindle cells always infiltrate between fat cells and exhibit a
‘honeycomb’ appearance; however, the epidermis is usually not
invaded (Kornik et al., 2012). A positive immunohistochemistry
for CD34 is considered the only sensitive marker for DFSP and
has been used as a diagnostic tool for decades. However, both the
microscopic and immunohistochemical features mentioned
above are not specific. For example, sclerotic fibroma and
solitary fibrous tumors may show similar cellular arrangement
features and positive immunohistochemistry for CD34 (Rapini
and Golitz, 1989; Westra et al., 1994; Hanft et al., 2000). Thus, it is
not easy to make an accurate and timely diagnosis.

TLK2 (tousled-like kinases 2), a member of the tousled-like
kinase (TLK) family, encodes a nuclear serine/threonine kinase.
In mammals, TLKs affect genome maintenance, cell-cycle
progression, and cell division, mainly by regulating histone
3 and histone 4 in S phase (Silljé et al., 1999; Silljé and Nigg,
2001; Han et al., 2005). TLK2 is thought to be associated with the
of

Haploinsufficiency of TLK2 may lead to a

diseases.
of
neurodevelopmental disorders, such as neurodevelopment
delay and behavior disorders (Reijnders et al., 2018). At the
same time, amplification of TLK2 plays a crucial role in the

occurrence and  progression multiple

series

development of cancers and is correlated with poor prognosis
(Stevens et al., 2011; Kim et al., 2016; Mertins et al., 2016;
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Kuczler et al., 2022). According to the above observations, TLK2
may serve as a biomarker and therapeutic target for multiple diseases.

Next-generation sequencing (NGS) has become a cost-
effective technology and is widely used to survey a variety of
diseases, allowing the identification of new markers for clinical
diagnostics and therapeutics (Kaczkowski et al., 2016; Zhu et al.,
2021). RNA sequencing (RNA-seq) allows the detection of all
RNA transcripts and provides information on the transcriptional
state. Currently, there are millions of RNA-seq samples stored in
public databases, such as The Cancer Genome Atlas (TCGA) and
Gene Expression Omnibus (GEO). However, there is an absence
of RNA-seq information on DFSP in public databases. Hence, we
compiled 27 samples for sequencing, including 14 DFSP samples
and 13 normal adjacent tissues. Using R software, we performed
gene fusion analysis and identified a novel FBNI-CSAD fusion
event. We also screened for the differentially expressed genes
(DEGs) and showed that TLK2 served as a specific biomarker for
DFSP. Finally, we compared the immune profile of the
microenvironment between tumors and normal adjacent
tissues, delineating an overall immune landscape of DFSP.
Our study uncovered the mechanisms of DFSP at the
transcriptome level and provides preliminary data that may
allow accurate diagnosis and treatment in the future.

Materials and methods
Clinical samples
A total of 14 formalin-fixed, paraffin-embedded DFSP tissues

and paired normal adjacent tissues were collected from patients
at Shanghai Ninth People’s Hospital Affiliated Shanghai Jiao

Tong  University ~ School —of Medicine. An  expert
dermatopathologist confirmed all samples pathologically
through hematoxylin-eosin (H&E) staining,

immunohistochemistry, and fluorescence in situ hybridization
(FISH). The study protocols were granted by the Clinical
Research Ethics Committees of Shanghai Ninth People’s
Hospital Affiliated Shanghai Jiao Tong University School of
Medicine (Approval #: 2017-451-T3347). All the patients
signed written informed consent to use their tissue samples.

RNA sequencing and quality control

After standard RNA extraction, quality control was done
using an Agilent 2100 Bioanalyzer and a NanoDrop
Spectrophotometer. In the 14 paired samples, the normal
adjacent tissue of Case 11 was excluded because of its low
RNA concentration, and 27 samples were sequenced in total.
Clean data were obtained using fastp software (version 0.20.0)
and aligned to the reference genome hs37d5 by STAR alignment

software (version 2.7.6a). Samples meeting the following criteria
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were regarded as valid data: 1) more than ~60% reads uniquely
mapped; 2) less than ~25% reads multiply mapped or unmapped;
3) rRNA rate less than ~15%. All the expression data were
standardized and transformed as fragments per kilobase
million (FPKM) and transcripts per kilobase million (TPM)
for subsequent analysis.

Gene fusion detection

Based on the results of the STAR alignment, we used Arriba
(https://github.com/suhrig/arriba/) to detect fusion genes in the
RNA-seq data. We defined a positive fusion event as appearing
when >20 supporting reads could be detected in each sample.
The tumor sample of Case 3 was omitted from the analysis
because of quality issues.

Identifying differentially expressed genes

Principal (PCA) of the

5,000 expressed genes was conducted and visualized using the

component  analysis top
R package ggplot2 to cluster samples with similar gene expression
profiles. Differentially expressed genes between tumor and normal
adjacent tissue samples were assessed using the R package DESeq2
(version 1.26.0). To make the result more reliable, we only retained
genes whose expression could be detected in all samples. We
identified the genes which satisfied the following conditions
simultaneously as significantly differentially expressed genes: 1)
the adjusted p-value (Padj.) was less than 0.05; 2) the basemean was
greater than 100.

Functional enrichment analysis

Enrichment analysis allows us to explore gene clusters with
similar function or expression trends. We performed weighted gene
co-expression network analysis (WGCNA) with the R package
WGCNA (version 1.70-3) for all differentially expressed genes. A
soft-threshold power of 18 and module size greater than 30 genes
were selected to construct a scale-free network. We merged the
modules withasimilarity greater than0.75, which were considered to
perform similar functions. For genes in selected modules, Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment were done using the R package
(version 3.14.0).
pathways were selected with Padj. < 0.05.

clusterProfiler Significant functions and

Public data collection and processing

RNA-seq data of the TCGA sarcoma cohort were
downloaded from the UCSC Xena database (https://xena.ucsc.
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edu) and selected by R (version 3.6.3). We selected soft-tissue
sarcomas that occurred in the head and neck, trunk, and
RUVg function in
RUVSeq (version 1.27.0) was used to remove batch effects
(parameter k = 1) between TCGA and our RNA-seq data. The
receiver operating characteristic (ROC) curves and area under
ROC curves (AUC) were plotted and calculated to predict the
diagnostic ability of target genes.

extremities for subsequent analysis.

Immunohistochemical staining

To immunostain FAM118B and TLK2 protein in DFSP
samples, formalin-fixed and paraffin-embedded specimens
were cut into 4 pm thick sections and stained with standard
protocols. TLK2 polyclonal antibody (1: 100, ab224729, abcam)
and FAM118B polyclonal antibody (1:100, PA5-59660, Thermo
Fisher Scientific) were used as primary antibodies. Sections were
also stained with hematoxylin and eosin for histopathological
confirmation of DFSP tissue.

Immune landscape analysis

The abundance of the tumor microenvironment was
evaluated by the R package immunedeconv (version 2.0.0)
and ssGSEA algorithm. The score of each immune cell type
their

score,

was calculated according to characteristic

The

microenvironment score of each sample were evaluated

gene

expression. immune stroma score, and

based on xCell algorithms.

Statistical analysis

We used the Wilcoxon rank-sum test for paired testing of the
immune landscape analysis between DFSP and normal adjacent
tissues. A two-tailed p-value < 0.05 was considered statistically
significant. All analyses were performed and visualized using R
software (version 3.6.3).

Results
Clinical samples for RNA sequencing

Fourteen formalin-fixed, paraffin-embedded DFSP tissues
and paired normal adjacent tissues were retrospectively
collected from 14 DFSP patients for RNA-seq analyses.
Clinical information on the selected patients is summarized
in Table 1. Of the 14 patients, nine were diagnosed with typical
DESP and five with FS-DFSP. Figure 1 shows the histological
and immunohistochemical features of typical DFSP and FS-
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TABLE 1 Clinical features of 14 DFSP patients.

10.3389/fgene.2022.926282

Case No. Gender Age Tumor site  Histological variant  Primary/Recurrence  Ki-67 COL1A1-PDGFB fusion
1 F 30 Thighs Classic Primary <5% +
2 F 26 Abdomen Classic Primary >20% +
3 M 48 Chest Classic Primary <5% +
4 M 56 Abdomen Classic Primary <5% +
5 F 29 Abdomen Classic Primary >20% +
6 F 39 Shoulder Classic Primary >10% +
7 M 41 Chest Classic Primary >5% +
8 M 42 Thighs Classic Primary <5% +
9 M 12 Foot Classic Primary <5% +
10 F 55 Abdomen Fibrosarcomatous Recurrence >10% -
11 M 72 Back Fibrosarcomatous Recurrence >20% +
12 F 39 Abdomen Fibrosarcomatous Recurrence >5% +
13 F 41 Abdomen Fibrosarcomatous Recurrence >5% +
14 M 38 Abdomen Fibrosarcomatous Recurrence >10% +
H&E CD34 SMA S100 Ki-67
DFSP
FS-DFSP

FIGURE 1

Hematoxylin—eosin (H&E) staining and immunohistochemical expression of dermatofibrosarcoma protuberans (DFSP) and

dermatofibrosarcoma protuberans of fibrosarcomatous variant (FS-DFSP).

DESP samples. FISH confirmed that 13 of the 14 patients were
positive for the COLIAI-PDGFB fusion. No COL1A1-PDGFB
fusion was detected in Case 10. Supplementary Figure S1 shows

the histological and immunohistochemical features of the

DFSP lesion of Case 10. Normal adjacent tissues were

obtained from the negative margins of Mohs micrographic

surgery. After quality control, we excluded the normal adjacent

tissue of Case 11 owing to its low RNA concentration. Thus,

RNA-seq was performed on 27 samples (14 tumors and

13 normal adjacent tissues). The alignment efficiency is

presented in Supplementary Table S1. According to the

criteria described in the Materials and Methods, 20 samples

(13 tumors and 7 normal adjacent tissues) were included in the

following analysis.
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Detection of fusion genes in DFSP lesions

Gene fusions are characteristic of many sarcoma subtypes,
including DESP (Steele et al., 2019). Thus, we focused on fusion
gene analysis using Arriba. Consistent with our FISH results, the
COLI1A1-PDGFB fusion gene was detected in all samples except
Case 10 (a DFSP patient with fibrosarcomatous transformation).
For patients with the COL1AI-PDGEFB fusion gene, the PDGFB
breakpoints were all located on chr 22:39631879, while the
COLIAI breakpoints varied from chr 17:48263678 to 17:
48276587. We found that case 10 harbored an FBNI-CSAD
fusion, which has not been reported previously. The FBNI
breakpoint was located on chr 15:48755279 and the CSAD
breakpoint was located on chr 12:5357337. The histological
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TABLE 2 The gene fusion profiles of DFSP samples.

Case Fusion Genel Breakpoint Exon Supporting

no. type reads
counts

1 Translocation COLI1A1  17:48264845 1-46 65

2 Translocation ~COL1Al  17:48263678 1-49 84

4 Translocation ~COL1Al  17:48271304 1-25 23

5 Translocation COL1Al  17:48276587 1-5 155

6 Translocation ~COLI1Al1  17:48274371 1-11 23

7 Translocation ~COL1Al  17:48264845 1-46 232

8 Translocation COL1Al  17:48264845 1-46 301

9 Translocation ~COL1Al  17:48264845 1-46 299

10 Translocation COL1Al  17:48269836 1-29 256

11 Translocation ~ FBN1 15:48755279 1-42 39

12 Translocation ~COL1Al  17:48265237 1-45 207

13 Translocation COL1Al  17:48273675 1-14 36

14 Translocation COLI1Al  17:48265891 1-43 140

and immunohistochemical features of this lesion are shown in
Supplementary Figure S1. Table 2 shows the specific gene fusion
profile and breakpoint location for each sample.

Identification of differentially expressed
genes

PCA maps of the top 5,000 expressed genes suggested that
the gene profiles differed between the DFSP and normal
adjacent tissues (Figure 2A). However, we found that the
gene profiles were partially overlapping between the cluster of
DESP and FS-DFSP groups (Figure 2B). Compared with genes
in normal adjacent tissues, a total of 7,540 DEGs, including
3523 upregulated and 4,017 downregulated genes, were
identified in DFSP samples using the screening conditions
described in the Materials and methods. The Supplementary
Table S2 and Supplementary Table S3 shows the top
50 downregulated genes and up regulated genes
respectively according to adjust p-value. The heatmap of
the top 500 most differentially expressed genes is shown in
Figure 2C.
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Gene2 Breakpoint Site Supporting Fusion transcript

reads
counts

...TGGTCCCCGA|GGG

GACCCCA. ..

PDGFB  22:39631879 2-7 144 ... TGGATTCCAGI|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 39 ...AGGTGCTGCT|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 150 ... CCTCGGAGGA|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 25 ...GGGACACAGA|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 204 ... TGGTCCCCGA|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 301 ... TGGTCCCCGA|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 300 ... TGGTCCCCGA|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 232 ...TGGTGAACAGI|GGG
GACCCCA. ..

CSAD 12:53573378 1-2 40 ...CCAAGTACAG|AAT
GATCCTA. ..

PDGFB  22:39631879 2-7 291 ...TGGCCCTCCT|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 40 ...TGGCCCTGCT|GGG
GACCCCA. ..

PDGFB  22:39631879 2-7 154 ...TGGTGAGACT|GGG
GACCCCA. ..

Construction of WGCNA network and
identification of significant modules

We performed WGCNA on all 7,540 DEGs to explore the
correlation between gene expression and clinical traits. A soft-
thresholding power of 18 made the scale-free fitting index R* =
0.91, which led to a scale-free network (Figure 3A). Enrichment
with a minimum module size of 30 and merging modules with
more than 75% similarity yielded eight modules (Figure 3B).
Then, each module was associated with the clinical traits
(Figure 3C). We found 665 genes in the lightcyan module that
correlated to the PDGFB expression with a correlation value of
0.88 (p = 4 x 107), which may be associated with DFSP
tumorigenesis (Figure 3D). GO/KEGG enrichment analysis for
the lightcyan module showed that genes involved in collagen and
extracellular organization were enriched (Figure 3E). We also
observed a strong positive correlation (r = 0.88, p = 3 x 107)
between the 617 genes in the black module and Ki-67 expression,
which may be associated with DFSP growth and proliferation
(Figure 3F). GO/KEGG enrichment analysis for the black module
showed that genes involved in cell division were enriched
(Figure 3G).
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Differentially expressed genes. (A) Principal Component Analysis (PCA) of genes between the tumor and normal adjacent tissue groups. (B) PCA
of genes between the dermatofibrosarcoma protuberans (DFSP) group and dermatofibrosarcoma protuberans of fibrosarcomatous variant (FS-
DFSP) group. (C) The top 500 differentially expressed genes between the tumor and normal adjacent tissue groups. Red, upregulated; green,

downregulated.

Ultimately, we excluded the darkstateblue, royalblue, thistlel,
and sienna3 modules from further analysis. We obtained the hub
genes for the remaining modules, including ZNF286A, FAM20C,
TLK2, and FAM118B (Table 3).

The diagnostic value of four specifically
expressed hub genes in DFSP samples

The ROC curve and AUC were used to evaluate the
effectiveness of the diagnostic test. A heterogeneous group of
patients with superficial tumors from the TCGA database was
also enrolled for subsequent analysis to ensure both diagnostic
sensitivity and specificity of selected genes. In total, 122 samples
were enrolled, including undifferentiated pleomorphic sarcoma
(n = 45), leiomyosarcoma (n = 29), myxofibrosarcoma (n = 24),
sheath 9),
dedifferentiated liposarcoma (n = 8), and synovial sarcoma

malignant  peripheral nerve tumors (n =
(n = 7). Table 4 shows the clinical traits of selected samples in
the TCGA database. After removing the batch effect (Figure 4A),
the diagnostic values of FAM118B (AUC: 0.837; Figure 4B) and

TLK2 (AUC: 0.821; Figure 4C) were greater than 0.8. The
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diagnostic values of FAM20C (AUC: 0.741; Figure 4D) and
ZNF286A (AUC: 0.706; Figure By
immunohistochemistry, TLK2 expression was positive while
FAM118B was negative in DFSP tissues (Figure 4F). Thus, we
hypothesized that TLK2 might be a biomarker for diagnosing

4E) were weaker.

DEFSP based on our present samples.

Immune microenvironment analysis of
DFSP

We performed microenvironment analysis to assess the
immune and stromal cell abundance in DEFSP samples
compared with normal tissue (Figure 5). The result of the
ssGSEA algorithm showed that the expression of B cells,
CD4" Th2 cells, CD4" naive T cells, CD8" central memory
T cells, cancer-associated fibroblasts, and macrophages were
significantly higher. CD4" central memory T cells and
eosinophils were expressed significantly lower in tumor cells.
However, the immune, stroma, and microenvironment scores
showed no statistical differences between the tumor and normal
adjacent tissues, indicating that DFSP is an immune-cold tumor.
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TABLE 3 Hub genes for selected modules.

Modules Hub Gene name Gene function LogFC Padj
gene
Black ZNF286A Zinc finger protein 286A Remains unknow, predicted to be involved in transcriptional regulation of RNA  1.260 <0.001
polymerase II
Darkorange2 FAM20C Family with sequence similarity Encodes a secreted protein kinase, which involved in phosphorylates proteins 1.730 <0.001
20 member C associate with bone mineralization
Lightcyan TLK2 Tousled like kinase 2 Encodes a nuclear serine/threonine kinase which influence chromatin assembly by ~ 1.196 <0.001
regulating the level of histones 3 and 4 chaperone
Lightyellow ~ FAM118B Family with sequence similarity Remains unknow, predicted to be participated in Cajal body organization 1.171 <0.001
118 member B
Discussion nuclear fenestration and Verocay vesicle can also be found in

DFSP is a rare, aggressive, malignant skin tumor that
accounts for about 1% of all sarcoma (Molina et al., 2018).
Histologically, the tumor cells exhibit a single spindle pattern
with obese or elongated wave-like nuclei, which arranged in a
swirling or storiform pattern. Usually, the tumor cells infiltrate
diffusely in the dermis and subcutaneous tissue, developing a
typical honeycomb appearance, while the epidermis is usually

unaffected. Vascular hyperplasia, granulocytic formation,
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some cases. Clinically, diagnosis is mainly dependent on
morphological characteristics and positive staining for CD34.
However, these characteristics significantly overlap with other
soft-tissue tumors and lack specificity (Wang et al., 2011). Over
decades, several immunohistochemical markers have been
implicated for the accurate diagnosis of DFSP in multiple
contexts, such as Apo D (Lisovsky et al., 2008), Cthrcl (Wang
et al, 2011), nestin (Sellheyer et al, 2009), the matrix
metalloproteinase (MMP) family (Weinrach et al.,, 2004; Kim
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TABLE 4 Demographic and clinical characteristics of selected patients in TCGA database.
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Undifferentiated Leiomyosarcoma Myxofibrosarcoma Malignant Dedifferentiated  Synovial
pleomorphic peripheral liposarcoma sarcoma
sarcoma Nerve sheath
tumors
Cumulative cases (n) 45 29 24 9 8 7
Age (years, mean + SD)  68.11 + 12.33 63.17 + 13.84 63.75 + 15.34 41.89 + 16.89 63.50 + 18.94 33.43 + 17.61
gender  Male (%) 19 (42.22%) 15 (52.72%) 10 (41.67%) 4 (44.44%) 6 (75.00%) 3 (42.86%)
() Female (%) 26 (57.78%) 14 (48.28%) 14 (58.33%) 5 (55.56%) 2 (25.00%) 4 (57.14%)
Tumor  Trunk (%) 10 (22.22%) 8 (27.59%) 6 (25.00%) 4 (44.44%) 4 (50.00%) 1 (14.29%)
site Extremity 34 (75.56%) 20 (68.97%) 18 (75.00%) 4 (44.44%) 4 (50.00%) 5 (71.43%)
(%)
Head and 1 (2.22%) 1 (3.44%) 0 (0.00%) 1 (11.11%) 0 (0.00%) 1 (14.29%)
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FIGURE 4

ROC curve of four specifically expressed hub genes. (A) Principal Component Analysis (PCA) of genes between public RNA-seq data and DFSP
RNA-seq data. Orange, public RNA-seq data; green, our RNA-seq data. (B—E) Receiver operating characteristic (ROC) curves of (B) FAM118B; (C)

TLK2; (D) FAM20C; and (E) ZNF286A. (F,G) Immunohistochemical staining of (F) TLK2 and (G) FAM118B.
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FIGURE 5

Comparison of microenvironment-related cell proportions in DFSP and normal adjacent tissue qualified by xCell algorithm. *p < 0.05,

**p < 0.01.

et al., 2007; Chen et al., 2012), and WT-1 (Piombino et al., 2021).
However, most of these studies have focused on differential
diagnosis between dermatofibroma and DFSP, and few
markers have been successfully identified.

As sequencing technology develops, NGS has become an
effective tool to determine disease mechanisms. Some public data
repositories, such as TCGA and GEO, provide sequences and
transcript information of millions of samples. In 2003, Linn et al.
applied array-based comparative genomic hybridization to nine
DEFSP samples and identified some highly expressed genes (Linn
et al,, 2003). In 2020, Koster et al. used NGS to assess the
spectrum of DFSP-associated mutations at the chromosome
and nucleotide levels (Koster et al.,, 2020). Unfortunately, we
did not find RNA-seq data for DFSP in public databases. Thus,
we first carried out RNA-seq on 14 DFSP samples and paired
normal adjacent tissues. After quality control, we systematically
analyzed the transcriptomic features of DFSP.

The translocation of chromosomes 17 and 22 that generates
the COL1A1-PDGFB fusion gene is another characteristic of
DEFSP. After analyzing the DFSP COLIAI-PDGFB fusion
pattern, we found that the PDGFB fusion site was relatively
stable (exon 2-7), while the fusion site of the COLIA1 breakpoint
varied. At the same time, other rare chromosomal translocations
and gene fusions have also been found. The COL6A3-PDGFD
fusion gene has been identified in DFSP, mostly associated with
DFSP of the breast (Dadone-Montaudié et al., 2018; Dickson
et al, 2018). In addition, a novel fusion event between
MAP3K7CL and ERG was identified in FS-DFSP (Maloney
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et al,, 2019). Our study included a patient who did not show
the COL1IAI-PDGFB gene fusion event. We identified a novel
FBNI-CSAD fusion event in this patient. Fibrillin 1 (FBNI) is a
member of the fibrillin family, which plays a crucial role in
extracellular matrix assembly (Chen et al, 2018). FBNI
expression is strongly associated with desmoplasia in ovarian
(Millstein 2020).
decarboxylase (CSAD) encodes a member of the decarboxylase

cancer et al, Cysteine sulfinic acid
family and plays a crucial role in cysteine metabolism. However,
to the best of our knowledge, no research has shown that CSAD
correlates with tumor progression. As the fibrosarcomatous
transformation of DFSP is complex, identification of this
novel FBNI-CSAD fusion gene is vital in delving into the
potential molecular ~mechanisms of DFSP and its
fibrosarcomatous transformation.

Through DEG and WGCNA analyses, we identified four
potential biomarkers for DFSP. FAM118B is thought to correlate
with the composition and function of Cajal bodies,
compartments the of

ribonucleoproteins (Li et al, 2014). Research found that

for biogenesis small  nuclear
FAM118B promotes NF2 wild-type meningiomas through the
formation of YAP-FAMI118B fusion genes (Szulzewsky et al.,
20205 Schieffer et al., 2021). As a member of the zinc finger
protein family, ZNF286A is predicted to regulate the activity of
DNA-binding transcription factors. Although other members of
this family, such as ZNF224 (Cesaro et al., 2021) and ZNF217 (Li
etal,, 2021), play important roles in cancer development, the role

of ZNF286A has not been studied in any disease. FAM20C is a

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.926282

Zhang et al.

secreted protein with atypical kinase activity, which plays
important roles in biomineralization, cell migration, and
wound healing (Xu et al.,, 2021). Studies have indicated
that FAM20C might be a biomarker for diverse cancers,
including triple-negative breast cancer (Tagliabracci et al,,
2015), lung adenocarcinoma (Li H. et al., 2020), and stomach
adenocarcinoma (Liu et al., 2021). TLK2, a nuclear serine-
threonine kinase, binds at the H3 binding site to promote
ASF1 (histone chaperone protein anti-silencing factor 1)
phosphorylation and cell growth (Simon et al, 2022).
TLK2 amplifies and serves as an oncogene in multiple
diseases (Kim et al., 2016; Lelieveld et al., 2016; Kuczler
et al, 2022). TLK2 depletion activates the
cGAS-STRING-TBK1 innate immune axis, and a high
TLK2 level contributes to immune evasion of cancers
positive for alternative lengthening of telomeres (Segura-
Bayona et al., 2020). The mRNA expression levels of these
four genes were increased in DFSP samples and were closely
related to tumorigenesis through WGCNA and GO/KEGG
enrichment analysis. Subsequently, a joint analysis with the
other six types of soft-tissue sarcoma samples was performed
to verify their diagnostic efficacy. The ROC curves suggested
that FAM20C and ZNF286A have a lower specificity for
differentiating DFSP from other tumors (AUC <0.75)
compared with FAMII8B and TLK2 (AUC >0.8).
Immunohistochemical staining revealed the presence of
TLK2 in DFSP cells while the expression of FAM118B was
absent. Therefore, we believe that TLK2 can serve as a
biomarker in DFSP.

Furthermore, the microenvironment landscapes showed that
the infiltration of non-tumor cells differed between tumor and
normal tissues. In general, in most cancers, high infiltration of
CD8* T cells, Thl cells, and NK cells are indicative of good
prognosis, while the infiltration of macrophages, Th17 cells, and
Th2 cells are associated with bad prognosis (Bruni et al., 2020).
We found increased infiltration of Th2 cells and macrophages
(indicating bad prognosis) and no significant difference in CD8*
T cells, Th1 cells, or NK cells (indicating good prognosis), which
partially explains the local invasion properties of DESP.
that
fibroblasts were significantly upregulated in DFSP. Cancer-

Meanwhile, it is worth noting cancer-associated
associated fibroblasts are a heterogeneous population of
stromal cells that play a vital role in tumor progression and
drug resistance (Czekay et al., 2022). They also show
intrastromal crosstalk with other types of immune cells,
including T cells, dendritic cells, and macrophages (Saw et al.,
2022). Targeting cancer-associated fibroblasts directly or
indirectly can inhibit tumor malignancy in solid tumors (Saw
et al, 2022). Targeted interventions of cancer-associated
fibroblasts could serve as a promising measure to inhibit
invasion of DESP.

In conclusion, this study comprehensively describes the
transcriptomic characteristics of DFSP and identifies a new
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FBNI-CSAD fusion gene. At the same time, we have
identified TLK2 as a potential biomarker for diagnosis
and treatment. Moreover, we have also provided new
insight into microenvironment infiltration in DFSP that
may identify potential targets for immunotherapy.
However, there are several limitations of this study. First,
owing to the rarity of this disease, the RNA-seq sample size
was limited. Second, validating the diagnostic efficacy of
TLK2 in in vivo experiments would be advantageous. In
addition, the influence of the tumor microenvironment in
DESP has not been fully clarified and requires further

exploration.
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