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Introduction: Intimal sarcomas are aggressive mesenchymal tumors arising from
the tunica intima of large vessels, mainly the pulmonary artery. They are usually
associated with MDM2 ampli cation. Due to their rarity and scarce sensitivity to
chemotherapy, they are characterized by late diagnosis and high mortality. Thus,
there is an urgent need to unravel novel therapeutic biomarkers. This study
explored the role of the immune in Itrate and molecular pro le in an intimal
sarcoma cohort to evaluate their amenability to immunotherapy and detect
potential targets, apart from MDM2.

Methods: Whole transcriptome and whole exome sequencing were performed
on 5 intimal sarcoma cases (FFPE) followed by computational analyses, including
immune cell pro ling, differential gene expression, variant calling and copy
number alteration detection.

Results: All samples presented the ampli cation of MDM2, con rming their
diagnosis, and the co-ampli cation of CPM and SLC35E3 Interestingly, they also
showed PD-L1 expression along with a prevalence of CD4+ memory resting T-cells,
M2 macrophages and different concentrations of naive B-cells, CD8+ T-cells and
monocytes. The upregulation of immunoglobulins and pathways involved in the
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immune response (e.g. IL6/JAK/STAT3 and TNF-a via NF-kB signaling, interferon
gamma response) further suggested a potential sensitivity to immunotherapy.
Discussion: Our ndings provided basic evidence for immunotherapy ef cacy in
intimal sarcomas and identi ed potential molecular targets. Further studies
involving larger case series are required to validate these results.
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1 Introduction

Intimal sarcomas (IS) are rare malignant entities of mesenchymal
origin arising from the tunica intima of large vessels, mainly the
pulmonary artery. They usually affect middle-aged adults causing
intraluminal growth with consequent obstruction and possible
emboli in near vessels (1-3). IS show an undifferentiated pattern
including spindle, epithelioid and pleomorphic cells, also
found in undifferentiated pleomorphic sarcomas (UPS) and
myxo brosarcomas. The main biomarker considered useful for IS
diagnosis is the overexpression of MDM2, the mouse double minute
2 homolog (12915) (1, 4-6). This event is often associated with
ampli cations involving 12q12-q15 (CDK4, GLI}, 7p112 (EGFR,
412 (PDGFRAKIT) and the 9p21.3 (CDKN2A loss (6). Interestingly,
MDM2 drives p53 degradation by a negative feedback loop, which
allows cells to bypass cell cycle arrest or apoptosis (7, 8). Consequently,
this interaction leads to uncontrolled cell division and growth.

Regarding treatment, localized IS can bene t from surgery
sometimes combined with radiotherapy (5). However, since this
histotype is extremely rare and symptoms can vary and mimic
thromboembolic disease, late diagnosis often occurs leading to tumor
expansion and, eventually, metastasis onset (9). Additionally, except for
anthracycline-based regimens, intimal sarcomas show scarce sensitivity
to chemotherapy (e.g. doxorubicin) and, therefore, poor prognosis with
an overall survival rate of 518 months (3, 5). Conversely, radiotherapy
seems to effectively control tumor growth, enhancing surgery success
and diminishing the risk of recurrence (3). Few studies have discussed
the role of immune checkpoint inhibitors: the response to
pembrolizumab was evaluated in three IS cases, while an enriched
tumor microenvironment (TME) was described in seven samples (10,
11). Overall, these ndings emphasize the need to uncover alternative
therapies and to shed light on the role of the immune in Itrate in the
treatment of intimal sarcomas.

Herein, we aimed to investigate the molecular signature and the
TME of our cohort by next generation sequencing (NGS) to identify
potential targets and any signal of amenability to immunotherapy.

2 Materials and methods

2.1 Cohort of pulmonary artery intimal
sarcomas

The study comprised ve cases of pulmonary artery intimal
sarcoma whose features are shown in Table 1. Their mean age was
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50.2 years old and they all presented metastases at the time of the
diagnosis, leading to poor prognosis. The molecular analysis was
conducted in accordance with the Declaration of Helsinki and was
approved by the Institutional Ethics Committee of Policlinico
Sant’Orsola-Malpighi, Bologna, Italy (approval number: 95/2013/
U/Tess; date: 8 October 2013).

All samples presented dense proliferation of atypical cells often
associated with multinucleated elements. Representative histologic
images were available for only four cases as shown in Figure 1.

2.2 Whole exome and coding
transcriptome sequencing

Formalin- xed paraf n-embedded (FFPE) slides were reviewed
by a pathologist and manually macrodissected to obtain an
enrichment of tumor tissue of at least 70%. DNA was extracted
from the tumor and coupled normal sample with the Q1Aamp DNA
Micro Kit (Qiagen, Hilden, Germany). The Nextera DNA Flex kit
(lllumina, San Diego, CA, United States) was adopted to synthesize
whole exome libraries. Total RNA extraction was carried out for all
the tumor samples using the RecoverAll Total Nucleic Acid
Isolation Kit (Thermo Fisher Scienti ¢, Waltham, MA, United
States). Subsequently, cDNA libraries were synthesized from 100
ng of total RNA adopting the TruSeq RNA Exome kit (Illumina, San
Diego, CA, United States). Whole exome sequencing (WES) and
whole transcriptome sequencing (WTS) libraries were sized with
Agilent DNA 7500 chips on the Bioanalyzer 2100 (Agilent
Technologies, Taiwan) and quanti ed with a uorometric assay
(Quant-iT PicoGreen assay; Life Technologies, Carlshad, CA,
United States). Paired-end libraries were respectively sequenced at
100 and 80 bp on a NextSeq500 instrument (Illumina, San Diego,
CA, United States). Lastly, the quality assessment of all FASTQ les
was performed by FastQC and MultiQC (12, 13).

2.3 Copy number analysis

The intimal sarcoma copy number pro le was de ned. The
alignment of trimmed WES reads on the reference human genome
hg38 was carried out by BWA-mem, while sorting and indexing
were performed by SAMtools (14, 15). GATK was adopted for
duplicate marking, read group addition and base quality score
recalibration (16). Recalibrated normal and tumor bam les were
processed by EXCAVATOR?2 (window size = 50,000) to detect copy
number alterations (CNA), after determining the tumor purity with
PUREE (17, 18). Since L328 did not present the normal counterpart,
we compared the tumor sample to the normal counterparts of the
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TABLE 1 Classi cation of our subset of patients (n=5) diagnosed with intimal sarcoma.

ID Gender Age Site Disease status® Last follow-up
L328 M 50 pulmonary artery advanced DOD"
L329 M 37 pulmonary artery advanced DOD"
L330 M 50 pulmonary artery advanced DODP
L331 F 45 pulmonary artery advanced DOD"
L332 F 69 pulmonary artery advanced DOD"

®Disease status at diagnosis; "DOD, Died Of Disease.

other samples and selected only the events present in all
the comparisons.

2.4 Immune cell pro ling and mutation
detection

Trimmed WTS reads were mapped on the reference human
genome hg38 using STAR, followed by the removal of duplicate
reads, indexing and sorting of the remaining reads by SAMtools (15,
19). Raw gene counts were obtained by the python package HTSeq-
count and normalized as transcripts per million (TPM), to
guarantee sample comparability (20, 21). To investigate the tumor
microenvironment, CIBERSORTXx was applied to the TPM matrix
(22). This tool de nes the absolute and relative abundance of
immune cell types (LM22 signature in our case). Furthermore,
the Tumor In ammation Signature (TIS) score was calculated as
the weighted sum of the log2-transformed TPM of the 18 TIS genes,
normalized to 10 housekeeping genes, as previously described by

Danaher et al. (23). Ultimately, gene fusions were identi ed from
WTS FASTQ les using STAR-Fusion, while somatic variants were
detected from recalibrated WES BAM les and annotated using
Mutect2 and ANNOVAR, respectively (16, 24, 25). To calculate the
tumor mutational burden (TMB) for the patients with matched
tumor-normal samples, non-synonymous exonic and splicing
variants with at least 3 reads supporting the alternate allele and
the ratio between these reads and the total read number > 0.14
were included.

2.5 Differential gene expression analysis

Tode netheintimal sarcomapro le, we compared our samples
with other sarcoma FFPE samples from the Gene Expression
Omnibus (GEO) database (https://www.nchi.nlm.nih.gov/geo/,
accession number: GSE71120): 5 undifferentiated pleomorphic
sarcomas (UPS) and 3 leiomyosarcomas (LMS) presenting an
RNA quality score 3 (Table 2). UPS were introduced because of

FIGURE 1

collagenous stroma.

Histological characteristics of L328, L329, L331 and L332. (A) L328 presenting epithelioid cells, with irregularly shaped nuclei of variable size and
weakly eosinophilic cytoplasm, embedded in a collagenous stroma. (B) L329 showing spindle and epithelioid cells mixed with pleomorphic
elements. Numerous mitotic gures are present. (C) L331 with predominantly epithelioid and focally spindle cells associated with high mitotic
activity. (D) L332 displaying epithelioid cells with pale cytoplasm and vesicular nuclei containing one or more prominent nucleoli, embedded in a
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