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Abstract. Pulmonary sarcomatoid carcinoma (PSC) is
classified as poorly differentiated, and non-small cell lung
carcinomas that contained a component of sarcoma or
sarcoma-like differentiation are rare. The underlying carci-
nogenetic mechanism governing PSC remains unclear. The
current study investigated the underlying carcinogenetic
mechanism of PSC based on the hypothesis that it involves the
epithelial-mesenchymal transition (EMT) process. Mutation
analysis of PSCs, including carcinosarcoma, pleomorphic
carcinoma and epithelial carcinoma specimens, was performed
using targeted deep sequencing, whole transcriptome analysis
and digital spatial profiling (DSP). PSCs exhibit a distinct
mutation profile, with TP53, SYNEI and APC mutations.
Therefore, clustering of the gene expression profiles allowed
the PSCs to be distinguished from the epithelial carcinomas.
Increased gene expression of fibronectin in PSC was an
important contributor to differential profiles. Pathway analysis
revealed enhanced activity of the integrin-linked kinase
(ILK) signaling pathway in the PSCs. DSP analysis using 56
antibodies of marker proteins confirmed significantly higher
expression of fibronectin in PSCs. Intratumor heterogeneity of
fibronectin expression was observed in sarcoma components.
In conclusion, epithelial-mesenchymal transition process
mediated by ILK signaling may be associated with carcino-
genetic mechanisms of PSC. Overexpression of fibronectin
mediated by ILK signaling appears to serve a role in the EMT
involved in the PSC transformation process.
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Introduction

Pulmonary sarcomatoid carcinomas (PSCs) are a rare subset
of lung tumors, with an estimated incidence of <1% of all
primary lung neoplasms (1-3). PSCs are currently defined as
poorly differentiated non-small cell carcinomas containing
a component with sarcoma or sarcoma-like (spindle and/or
giant cell) features (4). Five major histological variants have
been described, namely pleomorphic carcinoma, spindle cell
carcinoma, giant cell carcinoma, carcinosarcoma, and pulmo-
nary blastoma. Carcinosarcomas contain ectopic components
(bone, chondrosarcoma, and rhabdomyosarcoma) as the
non-epithelial components. Patients with PSCs generally show
an aggressive clinical course. PSCs are considered to be in an
‘in transition’ status, at the crossroads of diverse pathways of
clonal evolution. The sarcomatous or sarcomatoid components
in these tumors may be derived from carcinoma cells through
the activation of an epithelial-mesenchymal transition (EMT)
process that leads to sarcomatous transformation or metaplasia
of the carcinoma cells.

The epithelial nature of sarcomatoid carcinomas is high-
lighted by the expression of pan-epithelial markers, such
as pan-cytokeratin AE1/AE3, OSCAR and keratin, both in
the differentiated elements and the spindle or giant cells of
these tumors (5,6). In the rare cases in which the sarcomatoid
components of the tumors tested negative for pan-epithelial
markers, positive results are often obtained for other markers
associated with epithelial tumors (e.g., CK7, TTF-1 and p40).
The majority of sarcomatoid carcinomas also express markers
of more specific differentiation. Expressions of markers
related to adenocarcinomatous differentiation, including
CK7, TTF-1 and napsin A, have been demonstrated in up
to 78, 61 and 39% of PSCs, respectively (5,6). A subset of
sarcomatoid carcinomas is characterized by the expressions
of p40, CK5/6, Sox2 and/or desmocollin-3 (4,6,7) but reac-
tivity for these markers is generally lower than that of tumors
with an adenocarcinoma phenotype (5,6). A wider panel
of immune-markers is therefore required. The NanoString
digital spatial profiling technology allows identification
using a specially defined collection of oligonucleotide tags
that are cleaved from specific validated antibodies (8). The
spots of interest may be user-defined (drawn on an image) or
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molecularly defined using fluorescence images of the same
slide prior to collection. In the present study, formalin-fixed
paraffin-embedded (FFPE) tissue sections of PSC were incu-
bated with cocktails of 56 unique oligonucleotide-conjugated
antibodies and analyzed.

The precise molecular characteristics of sarcomatoid
carcinomas are largely unexplored. In this context, TP53
and KRAS mutations are reported as being among the most
common genomic alterations in sarcomatoid carcinomas (up
to 74 and 34% of cases, respectively), the latter likely triggered
by tobacco use (2,5,9). In addition, targetable oncogenic driver
mutations, such as EGFR, BRAF, HER2, RET, ALK, AKTI,
JAK3, NRAS or PIK3CA, have also been identified in a small
but consistent subset of PSCs (5,9). Recent progress in deep
sequencing technology has enabled concurrent analyses of
gene mutation profiling and transcriptome. Actionable muta-
tions are somewhat less frequent in sarcomatoid carcinomas
as compared to non-small cell lung cancer (NSCLC) (6). In
this study, we attempted to profile the molecular statuses of the
same PSC-FFPE samples at the genome, transcript and protein
levels.

Materials and methods

Clinical specimens. Tumor specimens of PSCs and NSCLC
were obtained from patients seen at the Kindai University
Faculty of Medicine, with the approval of the Institutional
Review Board (30-034). Written informed consent was
obtained from each patient.

Nucleic acid extraction. DNA and RNA were purified with the
use of an Allprep DNA/RNA FFPE kit (Qiagen, Inc.) according
to the manufacturer's instructions. The quality and quantity of
the DNA/RNA were verified using the NanoDrop 2000 device
(Thermo Fisher Scientific, Inc.), PicoGreen dsDNA assay kit
(Life Technologies; Thermo Fisher Scientific, Inc.) and the
RiboGreen RNA assay kit (Life Technologies; Thermo Fisher
Scientific, Inc.). The extracted DNA/RNA was stored at -80°C
until the analysis.

Targeted DNA sequencing. For DNA sequencing, 40 ng of
DNA were subjected to multiplex PCR amplification with the
use of an Ion AmpliSeq Library Kit 2.0 and Ion AmpliSeq™
Comprehensive Cancer Panel (CCP, Thermo Fisher Scientific,
Inc.), covering all exon in 409 genes. After multiplex PCR, Ion
Xpress Barcode Adapters (Thermo Fisher Scientific, Inc.) were
ligated to the PCR products, which were then purified with
the use of Agencourt AMPure XP beads (Beckman Coulter,
Inc.). The purified libraries were pooled and then sequenced
with the use of an Ion Torrent S5 instrument and Ion 550 Chip
Kit (all from Thermo Fisher Scientific, Inc.). DNA sequencing
data were accessed through the Torrent Suite v.5.10 program
(Thermo Fisher Scientific, Inc.). Reads were aligned against
the hg19 human reference genome, and variants were called
with the use of Variant Call Format ver. 5.10. Raw variant calls
were filtered with quality score of <100, depth of coverage
of <19, and were manually checked using the integrative
genomics viewer (IGV; Broad Institute, Cambridge, MA,
USA). Germline mutations were excluded with the use of the
Genome Aggregation Database (gnomAD).

Whole transcriptome sequencing. For library preparation,
a barcoded cDNA library is first generated with SuperScript
VILO cDNA Synthesis kit (Thermo Fisher Scientific, Inc.)
from 10 ng of total RNA. Then cDNA is prepared using the
AmpliSeq Transcriptome Human Gene Expression kit (Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. Pooled libraries were subjected to the Ion Chef System
(Thermo Fisher Scientific, Inc.) for template preparation.
Libraries were then loaded onto an Ion 550 chip and sequenced
with the Ion S5 sequencing system. The Ion Torrent Suite
v5.10 software (Thermo Fisher Scientific, Inc.) was used for
base calling, alignment to the human reference genome (hg19)
and quality control. Raw reads were then analyzed automati-
cally using the AmpliSeqRNA plugin to generate gene-level
expression values for all 20802 RefSeq human genes. Genes
with a fold change greater than 4 (the absolute value of log2
fold change greater than 2) and an adjust P-value <0.05 were
considered as differentially expressed and were investigated by
Ingenuity® Pathway Analysis (IPA) (Qiagen, Inc.). The datasets
used and analyzed during the current study are available from
the corresponding author on reasonable request.

Digital spatial profiling. The NanoString digital spatial
profiling technology allows identification using a specially
defined collection of oligonucleotides tags that are cleaved
from specific validated antibodies (8,10). The regions of
interest may be user-defined (drawn on an image) or molecu-
larly defined using a fluorescence 152 image of the same slide
prior to collection. The FFPE tissue sections were incubated
with cocktails of 56 unique oligonucleotide-conjugated anti-
bodies (Table SI). The selected compartments were chosen
for high-resolution multiplex profiling, and oligos from the
selected region were released upon exposure to UV light.
Photocleaved oligos were then collected via microcapillary
tube inspiration using an early version of the DSP platform
(NanoString) robotic system and transferred into a microwell
plate with a partial resolution of approximately 10 pym.
Photocleaved oligos from the spatially-resolved compartments
in the microplate were then hybridized to 4-color, 6-spot
optical barcodes in the nCounter® platform, enabling up to 800
distinctly labels counts per compartment of the protein targets
representing the antibodies to which the tags were originally
conjugated. Digital counts from barcodes corresponding to
the protein probes were first normalized with internal spike-in
controls (ERCCs) to account for system variations, and then
normalized to immunoglobulin G (IgG) controls to correct for
noise.

Statistical analysis. Statistical analysis was performed
using GraphPad Prism software (ver. 8, GraphPad Software
Inc.). The data represent the means + standard deviation
(SD). The difference between groups was calculated using
Mann-Whitney U test. Correlation between cell component
and 56 protein expression by DSP was calculated using y” test.
A P-value of <0.05 was considered statistically significant.

Results

Somatic mutation analysis. DNA extracted from FFPE tissue
samples obtained from patients histopathologically diagnosed
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Figure 1. Analytical flow of PSC and epithelial carcinomas (Epi). CCP, comprehensive cancer panel; DSP, digital spatial profiling; PSC, Pulmonary sarcoma-

toid carcinoma; Epi, epithelial carcinomas.

as having PSC at Kindai University Hospital from 2016 to 2018
were analyzed. Samples from 6 lung adenocarcinoma and 6
squamous cell lung cancer patients were processed as the epithe-
lial carcinoma samples (Fig. 1). No analysis was performed
in one of the lung adenocarcinoma case, because of the low
quality of DNA isolated. PSC-case 1 was a 63-year-old male
patient, and the tumor tissue contained squamous cell carci-
noma, spindle cell carcinoma, osteosarcoma, chondrosarcoma,
and rhabdomyosarcoma components (Fig. S1). PSC-case 2 was
a 71-year-old female patient and her tumor tissue contained
squamous cell carcinoma, spindle cell carcinoma and osteo-
sarcoma components. PSC-case 3 was a 79-year-old male
patient and his tumor tissue contained squamous cell carci-
noma, spindle cell carcinoma, chondrosarcoma, and giant cell
carcinoma components. PSC-case 4 was an 86-year-old male
patient, and his tumor tissue contained typical adenocarcinoma,
high-grade fetal carcinoma-like adenocarcinoma, spindle cell
carcinoma, and rhabdomyosarcoma components. All patients
had a history of smoking. Targeted deep sequencing with CCP
for 409 cancer-related genes revealed 7, 7, 6, and 5 pathogenic
mutations classified by Functional Analysis through Hidden
Markov Models (FATHMM) in PSC-cases 1-4, respectively
(Fig. S2A). Mutations of TP53 (3/4), SYNEI (2/4), and APC
(2/4) were detected in the carcinosarcoma. These mutations
have been previously recognized in carcinosarcoma (5), but
are not found in pleomorphic carcinoma. On the other hand,
TP53 mutation was also detected in 4/11 epithelial carcinoma
(adenocarcinoma and squamous cell carcinoma) cases. CCP
panel detected likely pathogenic mutations such as NTRK3 and
PIK3CA in PSC-case 1, AXL and KDR in PSC-case 2, PTEN
in PSC-case 3, and BRAF in PSC-case 4. The non-synonymous
tumor mutation burden (TMB), which is a predictive marker
for response to immunocheckpoint inhibitor therapy (11-13),
was calculated from CCP panel (Fig. S2B). The average TMB

of the PSCs was 15.2 mutations/Mb, which was nearly as high
as that in epithelial carcinomas (adenocarcinoma + squamous
cell carcinoma, 12.8 mutations/Mb), though the difference was
not statistically significant.

Gene expression profile. Whole-transcriptome analysis was
performed for the 6 PSC (PSC-Cases 1-6), 6 adenocarcinoma
and 6 squamous cell carcinoma (Epi-Cases 1-6) specimens
(Fig. 1). No analysis was performed in two of the epithelial
carcinomas (1 adenocarcinoma and 1 squamous cell carcinoma)
cases, because of the low quality of RNA isolated. Clustering
analysis allowed the specimens to be clearly classified into
epithelial carcinoma and PSC based on the gene expression
profile (Fig. 2A). Pathway analysis (IPA) revealed significant
enrichment of pathways of PSCs (Fig. 2B). The top 20 pathways
included the integrin-linked kinase (ILK) signaling pathway,
which is known to be related to 3-catenin-mediated EMT (14)
through AKT and Gsk3p (15). ILK signaling activates the key
transcription factor SLUG (SNAI2), which upregulates the
expression of fibronectin as well as vimentin involved in the
EMT process (16). Fibronectin acts on cell mobility and cell
adhesion. The gene expression levels of fibronectin as well
as vimentin and SNAI2 were higher in the PSCs than in the
epithelial carcinomas (Fig. 3). The fibronectin gene expression
levels were also higher in the PSCs than in the squamous cell
carcinomas.

Intratumor heterogeneity of fibronectin expression in
pulmonary sarcomatous carcinomas. Standard immunohis-
tochemistry (IHC) was performed for the PSC specimens
(Table I). With regards to E-cadherin expression, carcinoma
components show positive staining, whereas sarcomatous
components, including spindle cell carcinoma, osteosarcoma,
chondrosarcoma, rhabdomyosarcoma, in each sample are
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Figure 2. Whole-transcriptome analysis of PSCs. Clustering, Z-scoring of each gene, and pathway analysis was performed by Ingenuity pathway analysis
(IPA; Qiagen Redwood City, http:/www.qiagen.com/ingenuity). (A) Clustering analysis allowed the carcinomas (Epithelial) to be clearly distinguished from
the PSCs. PSCs (4 sarcoma and 2 pleomorphic carcinoma) were compared with epithelial carcinomas (5 adenocarcinoma and 5 squamous cell carcinoma).
(B) Pathway analysis showed the 20 top pathways including the ILK signaling pathway. PSC, Pulmonary sarcomatoid carcinoma; ILK, integrin-linked kinase.
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Figure 3. Gene expression levels of (A) fibronectin, (B) vimentin and (C) SNAI2 in the epithelial carcinomas (5 adenocarcinoma and 5 squamous cell carcinoma)
and pulmonary sarcomatoid carcinomas (PSCs) (4 sarcomas and 2 pleomorphic carcinomas). Gene expression levels were determined by whole-transcriptome
assay. The data represent the mean + SD. "P<0.05. PSC, Pulmonary sarcomatoid carcinoma.

negative. E-cadherin expression patterns were consistent  and intratumor heterogeneity of PSCs, digital IHC analysis by
across all cases. To further investigate the biological features = DSP was performed for 60 selected regions of interest (Fig. S3,
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Table I. Detailed clinical features in 4 patients with carcinosarcoma.

A,PSC Case 1

Component

IHC

Squamous cell carcinoma
Spindle cell carcinoma

AE1/AE3(+), E-cadherin(+), TTF-1(+), p40(+), SMA(-), Desmin(-), Myogenin(-)
AEI1/AE3(focal +), E-cadherin(-), TTF-1(+), p40(+), SMA(focal +), Desmin(-), Myogenin(-)

Osteosarcoma AEI1/AE3(-), E-cadherin(-), TTF-1(-), p40(-), SMA(-), Desmin(-), Myogenin(-)
Chondrosarcoma AE1/AE3(-), E-cadherin(-), TTF-1(-), p40(-), SMA(-), Desmin(-), Myogenin(-)
Rhabdomyosarcoma AE1/AE3(-), E-cadherin(-), TTF-1(-), p40(-), SMA(-), Desmin(+), Myogenin(+)
B, PSC Case 2

Component IHC

Squamous cell carcinoma
Spindle cell carcinoma

AE1/AE3(+), E-cadherin(+), TTF-1(focal +), p40(+), CK5/6(+), SMA(-), CD56(-), S100(-)
AE1/AE3(-), E-cadherin(-), TTE-1(-), p40(-), CK5/6(-), SMA(+), CD56(+), S100(focal +)

Osteosarcoma AE1/AE3(-), E-cadherin(-), TTF-1(-), p40(-), CK5/6(-), SMA(-), CD56(+), S100(-)
C,PSC Case 3
Component IHC

Squamous cell carcinoma
Spindle cell carcinoma

AE1/AE3(+), E-cadherin(+), TTF-1(-), p40(+), SMA(-), CD56(-), Desmin(-), S100(-)
AE1/AE3(-), E-cadherin(-), TTE-1(-), p40(+), SMA(-), CD56(-), Desmin(-), S100(-)

Chondrosarcoma AEI1/AE3(-), E-cadherin(-), TTF-1(-), p40(-), SMA(-), CD56(-), Desmin(-), S100(+)

D, PSC Case 4

Component IHC

Adenocarcinoma AE1/AE3(+), E-cadherin(+), TTF-1(+), p40(focal +), SMA(-), CD56(focal +), AFP(-), SALL4(-),

Spindle cell carcinoma
Rhabdomyosarcoma

GPC3(-)
AE1/AE3(-), B-cadherin(-), TTF-1(focal +), p40(-), SMA(-), CD56(+), AFP(-), SALLA(-), GPC3(-)
AE1/AE3(-), E-cadherin(-), TTE-1(-), p40(-), SMA(-), CD56(-), Desmin(+), Myogenin(+)

TTF-1, thyroid transcription factor 1; SMA, smooth muscle actin; AFP, a-fetoprotein; GPC3, glypican-3; IHC, immunohistochemistry;

CD, cluster of differentiation.

Table SII) using 56 antibodies. Quantitative expression
levels of 56 proteins in sarcomatoid (29 spots) and epithelial
(31 spots) components were compared between epithelial and
sarcomatoid comportment (Fig. 4A). Higher expression levels
of fibronectin, CD163, and CD56 were observed in the sarco-
matoid components significantly (P<0.0001, Chi-squared test)
(Fig. 4B). On the other hand, EPCAM, and pan-cytokeratin
expressed highly in the epithelial components. Taken together,
the fibronectin expression levels were significantly higher in
the sarcomatoid components than in the epithelial components
of the PSCs.

Differential intratumor expression of fibronectin was
observed in the different sarcoma components (spindle cell
sarcoma, osteosarcoma, chondrosarcoma, and rhabdomyo-
sarcoma components) in PSC cases 1-4 (Fig. 5); the highest
expression of fibronectin was observed in the osteosarcoma
components, while modest expression of fibronectin was

observed in the spindle cell sarcoma, rhabdomyosarcoma,
and chondrosarcoma components. No fibronectin expression
was observed in the epithelial components in three of the four
cases (Fig. 5). Differences in the intratumor expression of
fibronectin seemed to be related to the degree of EMT in the
tumors.

Discussion

PSCs are rare form of NSCLC cancers that are characterized
by their aggressive nature and difficulty to treat. In this study,
we have performed DNA mutation and whole transcriptome
analyses in a small cohort of PSC cases and compared the
patients' genomic and transcriptomic profiles to protein expres-
sion profiles from digital multiplexed immunohistochemical
tissue sections. Molecular profiling of PSCs has been reported
by a few previous studies. Terra et al reported that PSCs,
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Figure 4. Protein expression levels in epithelial and sarcomatoid components in PSCs and epithelial carcinomas based on protein DSP. (A) Quantitative expres-
sion (ratio of signal/noise) of 56 proteins in epithelial (31 spots) and sarcomatoid (29 spots) components were analyzed by protein DSP. The ratio of signal/noise
was normalized by IgG internal standards. Fold changes of 56 protein expression were shown as log2 value. P-values were determined by the ¥ test. (B) Five
proteins with absolute values of log2 fold change >1.5 and a P-value <.0.05 were selected. Dot plot shows the distribution of protein expression for epithelial

(blue) and sarcomatoid (red) components. DSP, digital spatial profiling.

consisting of pleomorphic carcinoma, spindle cell carcinoma,
carcinosarcoma, and giant cell carcinoma, exhibit mutations of
TP53 mutation (58%), JAK3 (3%), BRAF (3%), NRAS (3%), and
PIK3CA (3%) (5). According to the results of our NGS-based
mutation analysis, mutations of 7P53 were detected at a high
frequency in the PSCs. TP53 mutations are also detected in
epithelial carcinomas. No difference in the frequency of TP53
mutations were observed between the PSCs and epithelial
carcinoma specimens. Therefore, it is unlikely that they
contribute to PSC transformation. Liang er al reported that a
high frequency of RB/ mutations (25%) were detected as well
as that of TP53 (69%) (17). In our cases, no hot spot mutation
of RBI was detected, although data for the full sequence of
RBI was unavailable. NGS analysis also showed a high TMB
of PSCs. The TMB was as high in the PSCs as in the NSCLCs.
NGS analysis also showed a high TMB of PSCs. The TMB
was as high in the PSCs as in the NSCLCs. TMB as well as
PD-LI can be used to predict efficacy of immune checkpoint
inhibitors and has become a useful biomarker to identify

cancer patients that may likely benefit from immunotherapy.
Liang et al reported that 40.6% (13/32) of Chinese patients
with PSC had high TMB (17). This result thus suggests that
PSCs have a strong potential to present neoantigens, regardless
of the PD-L1 expression status. On the other hand, retrospec-
tive studies reported a high incidence of PD-L1 expression in
patients with PSC. Velcheti et al reported that 69.2% (9/13) of
patients were positive for PD-L1 (18). Taking these findings
together, immunotherapy with immune-checkpoint inhibitors
could potentially be effective for PSCs, although studies are
required prove this assumption.

Pathway analysis (IPA) provided the signaling pathway to
identify molecular targets and biomarkers for PSCs. The top
20 significant pathways included the ILK signaling pathway,
which is known to be related to beta-catenin-mediated
EMT (14) through AKT and Gskf (15). ILK signaling acti-
vates the key transcription factor SLUG, which upregulates
the expression of fibronectin as well as vimentin involved
in the EMT process (16). In our PSC sample cohort, higher
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Figure 5. Intratumor expression of fibronectin in the PSCs and epithelial (squamous cell carcinoma and adenocarcinoma) components of the carcinosarcomas
(PSC-Cases 1-4). The expression levels of fibronectin were determined by digital spatial profiling. The data represent the mean + SD. The expression levels of
fibronectin were higher in the sarcoma components than in the epithelial components. Highest expression levels of fibronectin were observed in the osteosar-

coma components in PSC cases. PSC, pulmonary sarcomatoid carcinomas.

expression levels of fibronectin were observed at both the
transcript and protein levels. Fibronectin has been shown to
promote cell motility, opsonization, and cell adhesion in carci-
nomas (19,20) and to promote EMT (21).

EMT causes resistance to various types of treatments,
such as cytotoxic chemotherapy and tyrosine kinase inhibitor
therapy (22-24). The hypothesis that PSCs are caused by
fibronectin-mediated EMT of carcinomas is consistent with
the refractoriness of PSCs to treatment. Our findings allow us
to speculate on the involvement of EMT in the progression to
sarcoma. In a study of biphasic sarcomatoid carcinomas of the
lung, Manzotti e al found that PSC could originate from EMT
based on morphological characterization (25). In our study, a
more detailed analysis of the EMT status of PSC was yielded
through transcriptomic and digital spatial profiling, although
focusing on pleomorphic carcinoma of lung. The clinical rele-
vance and possible applications based on our findings can fall
into several areas. From the diagnosis and prediction of prog-
nosis perspective, immunostaining of EMT related molecules
including fibronectin will be meaningful for understanding
the grade of malignancy and possibly predicting of prognosis
of PSC patients, although the association of fibronectin expres-
sion and prognosis of PSC patients remains unknown it will
be meaningful to explore in future studies. From a therapeutic
perspective, EMT-targeted therapy is expected to inhibit tumor
growth, malignant and resistant transformation. For other cancer
types, Fresolimumab (26) targeting N-cadherin, ADH-1, TGFp,
ZEBI1, SNAIL2, TWIST, vimentin-targeted metformin (27),

anti-EpCAM immunotoxin targeting EpCAM (28), catumax-
omab (29) are possible and other potential candidates are being
investigated in clinical trials.

We have also shown increased fibronectin expression in
the sarcomatoid components. Thus, targeting fibronectin is one
possible treatment approach. Most antibody approaches targeting
fibronectin utilized antibodies against the extra-domain B
(EDB) domain. A human EDB domain specific antibody (L19)
was isolated by Carnemolla et al (30). This antibody has been
used for targeted delivery of IL2 as a fused L19-IL2 protein and
has demonstrated efficacy in the mouse F9 teratocarcinoma
as well as other preclinical tumor models (30). The strategy
of targeting fibronectin EDB at tumor sites has been extended
with a fusion protein of the L19 fragment with interleukin-12
(IL12) (31), a potent mediator of innate and cell immunity
with anti-tumor and anti-metastatic properties (32,33). Other
approaches with the L19 antibody have analyzed the use of
conjugated photosensitizers and liposomes. Fabbrini et al
conjugated L19 to a photosensitizer [bis(triethanolamine)Sn(IV)
chlorin e6] that generates toxic oxygen species after irradiation
with red light (34). Thus, antibody-based approaches to target
fibronectin in the tumor and tumor vasculature and specifically
deliver anti-tumor agents to tumors are promising avenues in
cancer therapy including the management of PSC.

We also postulated that the ILK signaling pathway may
be implicated in the induction of EMT. Therefore, targeting
ILK may offer an additional novel therapeutic potential for
managing PSCs. Presently, ILK-targeted therapies are being
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investigated in solid tumors. Preclinical studies have shown that
knockdown of ILK expression in cancer cells using siRNA or
shRNA significantly inactivates the PI3K/AKT pathway and
suppresses EMT, tumor growth and metastasis in tongue and
prostate cancer cells in vitro and in vivo (35,36). As an ILK
inhibitor, Lee er al found that N-methyl-3-(1-(4-(piperazin-1-yl)
phenyl)-5-(40-(trifluoromethyl)-[1,10-biphenyl]-4-yl)-1H-pyraz
ole-3-yl) propanamide (compound 22) could potently inhibit the
growth of prostate and breast cancer cells via the inactivation
of the AKT pathway and inhibition of the transcription factor
Y-box binding protein-1 (YB-1). Compound 22 was used as a
single agent to inhibit the growth of prostate tumor xenografts
in vivo (37). In addition, QLT0267, a novel ILK inhibitor,
has been reported to reduce tumor volume in thyroid cancer
and glioblastoma xenografts (38,39). It was also shown that
QLT0267 may inhibit EMT, which is involved in 5-Fluorouracil
resistance in colorectal cancer (40). These findings suggest that
ILK is an effective therapeutic target for cancer treatment.

We previously showed that the tubulin binder eribulin
suppresses TGFp- or 5-FU-induced EMT and have the
potential to induce mesenchymal epithelial transition (MET)
in triple-negative breast cancer cells (24,41,42). Therefore,
control of EMT or induction of mesenchymal-epithelial transi-
tion are among the treatment strategies for conquering PSCs.

One of the major limitations of this study is the small number
of PSC cases, which was unavoidable given the rare nature of
PSCs and the difficulty in obtaining surgically resected tissue
samples. Here, we focused on carcinosarcoma and pleomorphic
carcinoma as the main objective and used adenocarcinoma and
squamous carcinoma as a reference. Therefore, a confirmation
study using an additional sample cohort that includes pure
pulmonary blastoma, spindle cell carcinoma and giant cell
carcinoma will be needed to confirm the results of the present
study. Unfortunately, we were also unable to microscopically
dissect intratumor components for mutation and transcriptome
analysis because the samples were unsuitable.

In this study, we demonstrated that digital IHC and NGS
provided the molecular profiles of the FFPE specimens of
PSCs at the DNA, transcript and protein levels in this study. In
particular, DSP enabled comparison of different components
in the same tumor tissue and analysis of the intratumor hetero-
geneity. We consider the results as being consistent with the
hypothesis that the ILK-fibronectin mediated EMT process is
involved in the pathogenesis of PSCs. Fibronectin may serve
as a marker of PSCs.
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