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Abstract

Background Pleomorphic dermal sarcomas (PDS) are sarcomas of the skin with local recurrences in up to 28% of cases,
and distant metastases in up to 20%. Although recent evidence provides a strong rational to explore immunotherapeutics in
solid tumors, nothing is known about the immune environment of PDS.

Methods In the current study, a comprehensive immune-phenotyping of 14 PDS using RNA and protein expression analyses,
as well as quantitative assessment of immune cells using an image-analysis tool was performed.

Results Three out of 14 PDS revealed high levels of CD8-positive tumor-infiltrating T-lymphocytes (TILs), also showing
elevated levels of immune-related cytokines such as IL1A, IL2, as well as markers that were very recently linked to enhanced
response of immunotherapy in malignant melanoma, including CD27, and CD40L. Using a multivariate analysis, we found
a number of differentially expressed genes in the CD8-high group including: CD74, LYZ and HLA-B, while the remaining
cases revealed enhanced levels of immune-suppressive cytokines including CXCLI4. The “CD8-high” PDS showed strong
MHC-I expression and revealed infiltration by PD-L1-, PD-1- and LAG-3-expressing immune cells. Tumor-associated mac-
rophages (TAMs) predominantly consisted of CD68 +, CD163 +, and CD204 + M2 macrophages showing an accentuation
at the tumor invasion front.

Conclusions Together, we provide first explorative evidence about the immune-environment of PDS tumors that may guide
future decisions whether individuals presenting with advanced PDS could qualify for immunotherapeutic options.
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metastases have been described in up to 20% of these indi-
viduals, respectively [1, 2]. In addition, characteristic UV-
induced TP53 mutations can be found in almost all cases of
PDS, and about one-third of PDS harbor activating PIK3CA
or RAS mutations, as well as ALK translocations, and thus
reveal potentially targetable genetic alterations [3, 4].

Recent advances have allowed to reprogram immune cells
using molecules that target mechanisms of T cell exhaustion,
including anti-PD-1/PD-L1, as well as anti-(CTLA)-4 [5].
Until now, only a limited number of biomarkers have been
clinically established to predict response to immunotherapy,
including PD-L1, and very recently tumor mutation burden
[6-10]. In addition, the surrounding tumor environment of
immune cells, blood vessels, as well as stromal cells gener-
ates a distinct milieu that influences response to therapy in
general, but given the nature of the mechanism of action, to a
larger extent to immune checkpoint inhibitors (CPI) [11, 12].
In this context, gene expression profiles of the tumor cells, as
well as the composition of TILs, tumor-suppressing M1 and
tumor-promoting M2 macrophages may help to understand
the immunological phenotype of a given tumor [13-15].

In different other tumor entities, treatment response to
PD-1/PD-L1 or cytotoxic T-lymphocyte-associated protein
(CTLA)-4 pathway blockade correlated with the amount of
tumor-infiltrating CD8 + T cells, PD-L1 as well as MHC
class I expression [16-19]. Together, nothing is known
about the immune environment of PDS, and there is a need
to uncover potential vulnerabilities towards therapeutic
approaches on the basis of immune-modulation for patients
presenting with advanced stages of PDS.

Therefore, the aim of the current study was to give a com-
prehensive immune-phenotyping of PDS tumors using RNA
expression analyses, as well as quantitative assessment of
immune cells, in addition to markers of immune response,
including MHC class I/I1.

Materials and methods
Patient characteristics and tumor material

We analyzed formalin-fixated and paraffin-embedded
(FFPE) material of 14 patients with PDS who underwent pri-
mary surgical resection at the Department of Dermatology,
University of Cologne, Germany between 2010 and 2017.
All tumors were re-evaluated by Doris Helbig and Alexander
Quaas according to our definition, following the introduction
of the term by Fletcher [20]; PDS are predominant dermal
tumors composed of atypical and proliferating pleomorphic
and spindle cells infiltrating into deeper structures, such as
the subcutaneous fat or muscles. All investigated tumors
developed in elderly patients (> 58 years old) and were
located in UV-exposed skin locations (see Table 1).
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Table 1 Patient and tumor

L PDS (n=14)
characteristics

Male 11

Female 3

Age (years)
— Range 58-92
— Median 75.5
— Mean 76

Tumor location
— Head/Neck 12
— Shoulder 2

Macrodissection and RNA isolation

Ten-micrometer thin sections were cut from FFPE tissue
blocks for RNA extraction. Six sections of 10 pm thick-
ness were deparaffinized and the tumor areas were macro-
dissected from unstained slides using a marked hematoxy-
lin—eosin (H&E)-stained slide as a reference. For extraction
purpose, the Maxwell RSC RNA FFPE Kit was used on
the Maxwell RSC (Promega) according to manufacturer’s
instruction, including DNAse digestion. Quantification of
RNA was done using a NanoDrop spectrophotometer.

RNA expression profiles using NanoString

Differential expression of immune-related genes on mRNA
level was determined using the NanoString PanCancer
10360 Profiling Panel (NanoString Technologies, Inc.,
Seattle, WA). Isolated RNA was hybridized to a set of 770
specific and fluorescently labeled gene probes for 18 h at
65 °C. Afterwards, hybridization products were prepared
for cartridge loading on an nCounter PrepStation. Digital
Counting of fluorescent signals was conducted using the
nCounter Digital Analyzer. Forty housekeeping genes were
used for normalization purpose with help of the nsolver3.0
software. Subsequent statistical analyses were done using
R, the R-Project.

Immunohistochemistry (IHC)

Immunohistochemical staining was performed on full tumor
sections using the BOND MAX from Leica (Leica, Ger-
many) according to the protocol of the manufacturers. For
details of all antibodies see Table 2.

For the purpose of quantifying CD3, CD8 and CD20-
positive lymphocytes, slides were scanned using a Nano-
Zoomer S360 (Hamamatsu Photonics) slide scanner. Sub-
sequently, the analysis was performed using QuPath (v0.1.2
[21]). Tumor areas were defined as region-of-interest and
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Table 2 Antibodie§ used for Antibody specificity Species and type Clone Source Conditions

immunohistochemistry
CD3 Rabbit; IgG SP7 Thermo Citrate; 1:50
CD8 Mouse; IgG1 CD8 Dako Citrate; 1:200
CD20 Mouse; IgG2a L26 Dako Citrate; 1:1250
CD68 Mouse; IgG3 PG-M1 Dako EDTA; 1:400
CD163 Mouse; IgG1 MRQ-26 Cellmarque EDTA; 1:100
CD204 Mouse; IgG1 SRA-E5 Abnova EDTA; 1:200
LAG-3 Rabbit; IgG D2G40 Cell signaling EDTA; 1:300
MHC-I Rabbit EPR139%4y Abcam Citrate; 1:300
MHC-II Rabbit EPR 11,226 Abcam EDTA; 1:3000
PD-L1 Rabbit; IgG 28-8 Abcam/Dako EDTA; 1:100
PD-1 Mouse; IgG1 ab5s Abcam EDTA; 1:200

divided into three parts: tumor apical (close to the surface),
tumor center and tumor basal (infiltration margins into the
surrounding soft tissue), while the whole-area was defined
as all areas together. All quantitative measurements were
normalized to the total amount of cells being counted. After
quantification of all cases for CD8-positive TILs, cases were
categorized into PDS with an elevated immune cell infiltra-
tion and cases with almost no detectable CD8-positive T
cells. In the group of PDS with an elevated immune cell
infiltration, those cases with CD8 levels above median were
marked as “CD8-high”, all other cases as “CD8-low”.

All other immunostainings were scored manually by
one dermatopathologist (Doris Helbig) and one pathologist
(Alexander Quaas) independently as follows (see further
description for quantification).

MHC class | and Il expression by tumor cells

MHC class I tumor cell membrane staining was scored
using the Allred method [22]: a score between O and 8 is
determined from the sum of a membrane proportion score
reflecting the fraction of cells with any stain (0=0%;
1<1%;2=1-10%; 3=11-33%; 4=34-66%; 5=67-100%
cells stained), and a membrane intensity score reflecting
the strength of staining among the positive cells (0 =not
reactive; 1 =weakly reactive; 2 =moderately reactive;
3 =strongly reactive).

MHC class II expression was classified as positive
(score=1) if a cutoff of > 5% of tumor cells showed a mem-
branous staining in accordance to Johnson et al.[23].

Expression of PD-L1, PD-1 and LAG-3 on tumor and/
or inflammatory cells

The proportions of membrane-bound PD-L1-positive cells
were scored as described by Scheel et al. as “Consensus
Score” (0:<1%; 1:>1<5%; 2:>5<10%; 3: >10<25%;
4:>25<50%; 5:>50%) [24]. A tumor cell was considered

PD-L1 positive if the cell membrane was partially or com-
pletely stained whereas cytoplasmic PD-L1 staining was
considered negative [25]. Moreover, the ratio of stained and
unstained cells (number of PD-L1 + tumor cells divided by the
number of all tumor cells) was evaluated [25]. Immune cells
such as macrophages and lymphocytes were considered “PD-
L1 positive” if a membranous and/or cytoplasmic staining was
seen and quantified by evaluating the ratio of the area covered
by stained immune cells (area covered by PD-L1 +immune
cells-+tumor area) [26]. A case was considered as “positive”
if > 1% of the respective cells showed a specific staining of
any intensity.

For quantification of PD-1 expression on inflammatory
cells, we defined a cutoff of 1%. The following scoring system
for PD-1 was used: 0:<1%, 1: >12%, 2: >2-5% and 3: > 5%
of all TILs.

Due to the experiences made with PD-L1 in the past, we
defined a cutoff of at least 1% LAG-3-expressing inflamma-
tory cells to define a tumor as LAG-3 positive. LAG-3-posi-
tive inflammatory cells were rated in relation to all TILs. The
amount of LAG-3-positive inflammatory cells was scored as
0:<1%, 1:>1-2%, 2: >2-5% and 3: > 5% of all TILs.

Tumor-associated macrophages

The infiltration of CD68-positive, CD163-positive and
CD204-positive macrophages was graded semi-quantitatively
in concern of the tumor center and the invasive front (tumor
apical and tumor basal) in accordance to Jensen et al. [27].
Briefly, macrophage infiltration of the tumor was graded from
0 (none or rare infiltrating cells) to 4 (massive infiltration of
macrophages).
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Results

Quantification of CD3, CD8 and CD20-positive
immune cell infiltration

Out of 14 PDS investigated for CD8-positive TILs
using an image-analysis tool, 8 cases presented with an

Fig. 1 Exploring the immune a
microenvironment in PDS. a
Quantitative analysis of CD8
positive immune cells using
an image-analysis tool reveals
eight cases (dark grey bar)
out of 14 cases showing an

elevated immune cell infiltra-

tion, while six cases (light

grey bar) revealed a phenotype

with almost no detectable CD8

positive T cells. Three cases

with CD8 levels above median

were marked as “CD8-high”.

b Quantitative analysis of

various markers including

MHC-I (score 0-8 using the

Allred method), MHC-II (score

0-1 with a cutoff of > 5% of

tumor cells show a membra-

nous staining in accordance

to Johnson), PD-L.1 on tumor,

as all as PD-L1 and LAG-3 c

CD8 [%]
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elevated immune cell infiltration, while 6 cases revealed
a phenotype with almost no detectable CD8-positive T
cells. The median value of CD8-positive cells was 9.8%
for the whole tumor area. Three cases with CD8 levels
above median were marked as “CD8-high” (see Fig. 1a).
The differences of CD8-positive TILs within the infiltra-
tion margins (apical and basal) compared to the center of
the tumor did not reach statistical significant difference,
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see the Materials and Methods
section. NA Not applicable. The
legend above the visualization
indicates the color code of the
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sections of PD-1 and LAG3
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also given the small number of cases in total. Comparing
PDS described as “CD8-high” with tumors showing lower
levels of CD8-positive TILs, there was a tendency for a
higher mean age and longer PFS of patients with “CD8-
high” tumors, although not statistically significant due to
the limited size of the cohort. The mean age of the three
individuals with tumors described as “CD8-high” tumors
was 86+ 13.05 years versus 77.3 £ 10.7 years within the
eight individuals where PDS tumors had been described as
“CD8-low” (p=0.112; Fisher’s exact test). For individu-
als with available clinical follow-up data, a mean PFS of
37.5 4+ 13.05 months (two individuals described as “CD8-
high”) versus 18 + 13.5 months in five individuals with
PDS tumors described as “CD8-low” could be observed.

CD3 showed similar results indicating that almost all
infiltrating lymphocytes were CD8-positive TILs. In con-
trast, there were only very few CD20-positive B cells dis-
persed or in small clusters in a minority of cases.

RNA expression profiles

Performing NanoString analyses on 9 out of 14 PDS cases,
the 3 PDS cases being defined as “CD8-high” were further
analyzed using a multivariate differential analysis, reveal-
ing high levels of CD8-positive TILs (Fig. 1a, representa-
tive pictures 1c). Furthermore, a number of differentially
expressed genes: CD74, LYZ and HLA-B were upregulated
in “CD8-high”, whereas CXCLI14, HLA-A, IFI27, IFI6,
IFITM1, SI00A9, SPP1, TPM1 and VCAN were downregu-
lated in “CD8-high” tumors compared to “CD8-low” tumors
(see Fig. 2a). Moreover, one could observe elevated levels
of immune-related cytokines such as ILIA, IL2, IL4, IL6,
IL10, as well as various other pro-inflammatory immune-
modulators (see Fig. 2b, genes flanking green bar), including
CD27, and CD40L, both of which were very recently linked
to enhanced response to CPI in malignant melanoma [28].

To further study the expression of known immune
checkpoints/ligands, we specifically plotted the expres-
sion of these molecules (Fig. 2c¢). Interestingly, one case
of “CD8-high” revealed high expression levels of multi-
ple checkpoint/ligands, including TIGIT, LAG-3, CTLA-4,
and PDCDI (encoding for PD-1), whereas the remaining
ones showed a differential pattern of CTLA-4/LAG-3 and
PDCD] expression.

In addition, we detected several highly expressed genes
in all nine PDS belonging to groups known as antigen-pre-
senting machinery complex (CD74, HLA-B, HLA-A, HLA-
DR, HLA-DRBI, HLA-C, HLA-E, and HLA-DPAI), cancer
stem cell marker (CD44) and immune checkpoint/ligand
group (CD276). Other highly expressed genes included LYZ,
RPL23, UBB, RPL7A, VCAN, IFI27, GLUL, TPI1, OAZI,
MFGES, and TPM1 (see Fig. S1).

Immunohistochemistry
MHC class | and Il expression on tumor cells

To address changes in expression of molecules necessary
for antigen presentation and effective immune response, we
further analyzed the expression of MHC class I and MHC
class II. Of 13 analyzable tumors, just 2 PDS demonstrated
with a reduced expression of MHC class I showing scores
of two, whereas all other 11 PDS showed a normal MHC-I
expression with scores > 5. Four PDS revealed aberrant
MHC class II expression on sarcoma cells (> 5% of tumor
cells expressed MHC class II).

Interestingly, just 2 PDS tumors demonstrated a reduced
expression of MHC class I showing scores of two, whereas
all other 11 PDS showed a regularly high MHC-I expression
with scores > 5.

Expression of immune-regulatory molecules (PD-1,
PD-L1 and LAG-3) on tumor cells and tumor-infiltrating
inflammatory cells

Five out of 14 PDS were completely PD-L1 negative (tumor
as well as immune cells), while one case was scored as 5
(>50% PD-L1-positive sarcoma cells, see Fig. 1c). This
tumor, as well as eight additional PDS, were infiltrated by
PD-L1-positive immune cells scored as 1 (n=4) (<5% PD-
L1-positive immune cells), score 2 (n=1) (>5<10%) and
score 4 (n=4) (>25<50%). LAG-3 was positive in seven
tumors (score 1: n=2; score 2: n=3 and score 3: n=2 cases)
(see Fig. 1b). Eight out of 14 PDS tumors also revealed
expression of PD-1 on immune cells (see Fig. 1b).

All three “CD8-high” PDS were infiltrated by PD-
L1-positive immune cells (score 1 each) and LAG-3 (score
1 in one case and score 2 in two cases).

Tumor-associated macrophages

Tumor-associated macrophages (TAMs) predominantly con-
sisted of CD68 + and CD163 +CD204 + M2 macrophages
showing an accentuation at the invasion front in all PDS
cases (see Fig. 3). There was no correlation between the
amount of CD8-positive TILs and TAMs.

Discussion

As of now, the immune-environment of a given tumor
appears to guide therapeutic decisions in cancer therapy.
Our current study could work out that PDS tumors reveal an
upregulation of genes being involved in immune responses,
including molecules being involved in antigen presenta-
tion (Fig. 2, Fig. S1). In detail, the upregulated HLA class I
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molecules HLA-A, HLA-B, HLA-C and HLA-E (correspond-
ing in humans to the MHC class I) present tumor neoantigens
to tumor-specific CD8-positive T lymphocytes leading to
tumor cell apoptosis [29-32]. In contrast, the HLA or MHC
class II molecules, such as HLA-DPAI, HLA-DR and HLA-
DRBI, are involved in antigen presentation by APCs. By
investigating the expression of MHC class I and II proteins
by immunohistochemistry, we revealed that only a minor-
ity of our PDS being investigated showed reduced MHC-I
(2 out of 13) or aberrant MHC-II (4 out of 13) expression,
underlining a proficient antigen-presenting machinery in
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PDS tumors. Given that loss of MHC-molecules is a known
mechanism for immune-evasion in numerous solid tumors
[33], which we could not very frequently observe in PDS
tumors, one may consider additional mechanisms of avoid-
ing anti-tumoral immunity within PDS.

By comparing the two groups of PDS with respect
to differences in gene expressions, “CD8-high” PDS
showed significant upregulations of CD74, LYZ and HLA-
B. In contrast, higher levels of CXCLI14, HLA-A, IFI27,
IF16, IFITM1, S100A9, SPP1, TPM1 and VCAN were
found in the “CD8-low” group, suggesting a potential
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Fig. 3 Tumor-infiltrating 0/4
macrophages. Tumor-infiltrating

macrophages were graded semi- 1/4
quantitatively using a grading
system of five different catego-
ries, where “4” (also see legend)
is representing high amounts

of the indicated subtype of
macrophages. The localization
of the indicated population was
further subdivided into central
regions of the tumor, as well as
apical/basal regions

Legend

o decreaed CDS WM increased CD8

immune-regulatory function of those genes in PDS. In
detail, CXCL14 itself is a potent chemoattractant and acti-
vator for monocytes and dendritic cells, where it decreases
the anti-tumor immune response [34]. Interestingly, our
analyses revealed, that PDS show a M2-macrophages-
rich microenvironment (without differences between
“CD8-high” and “CD8-low” tumors) which may be a
potential mechanism of PDS to avoid immune attack. In
detail, M2 macrophages have a CD68+, CD163 +, and
CD204 + phenotype, inducing a local immunosuppression
[35]. The tumor-promoting effects of M2 macrophages
are further enhanced by secretion of matrix-degrading
enzymes and angiogenic factors [36, 37].

Still, given that some cases revealed a low amount of
CD8 TILs, one could find a rational to explore the effect of
a given therapeutic intervention previously linked to enhance
infiltration of TILs in solid tumors. For instance, radiother-
apy can enhance infiltration of tumors with TILs, and relieve
a given myeloid-suppressive TME [38, 39].
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The “CD8-high” PDS cases also showed elevated lev-
els of CD27 and CD40L that were very recently linked to
response to immunotherapy in malignant melanoma [40].
In this context, an agonistic anti-CD27 treatment supported
the maintenance of tumor-specific CD8 + T cells within
the tumor and potentiated their ability to secrete IFN-y
upon coculture with tumor cells. In contrast, CD40 ligand
(CD40L), primarily expressed by activated CD4 + T cells,
binds to CD40 on APCs, thereby inducing APC activation
and in turn, priming of cytotoxic T lymphocytes [41, 42].
Moreover, two of three “CD8-high” PDS tumors showed
strong MHC-I expression and all revealed infiltration by
PD-L1-, PD-1- and LAG-3-expressing immune cells.
Specifically, by looking at the expression pattern of mul-
tiple immune-checkpoints and ligands, one can conclude
that there is a complex repertoire of different molecules
being involved in the immune-evasion of PDS tumors. For
instance, one case of “CD8-high” showed elevated levels
of HAVCR2/TIM-3, as well as its ligand LGALS9 (4th row,
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Fig. 2¢), while another case showed high levels of CTLA-4,
as well as PDCD1LG?2 (third row, Fig. 2c).

Altogether, this implies that the majority of PDS, espe-
cially the “CD8-high” tumors, may induce an adequate
anti-tumor immune response which could potentially be
enhanced by targeting the described molecules on T cells,
or by increasing the amount of CD8 cells in certain tumors
in general. Only a minority of PDS seems to develop mecha-
nisms to escape from being recognized by the immune cells
through down-regulation of MHC class I molecules [43].
More specifically, the majority of cases was infiltrated by
PD-L1-positive infiltrating immune cells (n=9/13), where 7
out of 13 tumors were infiltrated by LAG-3-expressing lym-
phocytes. Interestingly, 8 out of 14 PDS tumors also revealed
expression of PD-1 on immune cells. In addition to PD-L1
expression, LAG-3 expression is a marker for activated
immune response. Its inhibition enhanced the tumor cell-
destroying inflammatory reaction in several tumor entities.
Nevertheless, blocking of LAG-3 alone has shown modest
effects, the anti-tumor efficacy can significantly be enhanced
in combination with a PD-1 inhibitor [44]. The results of
our RNA expression analysis, particularly the upregulation
of HLA class I and II molecules, as well as an upregula-
tion of the checkpoint molecules PD-L1 and LAG-3, let us
hypothesize that patients with PDS could represent a cohort
of patients that would benefit from CPI. Especially, “CD8-
high” PDS with a high amount of tumor-infiltrating CD8-
positive T cells seem to represent ideal candidates for this
treatment option. Clinically, one should consider that PDS
can also reveal low levels of CD8-positive TILs, and that
interventions to increase the infiltration of these inflamma-
tory cells in general need to be explored as a future direc-
tion for successful treatment with CPI. As shown in other
tumor entities, a dual blockade of CTLA-4 and PD-1 or
PD-1/PDL-1 and LAG-3 could probably enhance the effi-
cacy of CPI monotherapies, also by rescuing CD8-positive T
cells more vigorously from exhaustion than single signaling
blockade [10, 45, 46].
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