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Gene expression analysis

in formalin fixed paraffin
embedded melanomas

Is associated with density

of corresponding immune cells
in those tissues

Minyoung Kwak¥?*, Gulsun Erdag® & Craig L. Slingluff Jr. ®1*

Immune cell infiltrates in melanoma have important prognostic value. Gene expression analysis

may simultaneously quantify numbers and function of multiple immune cell subtypes in formalin-
fixed paraffin-embedded (FFPE) tissues. Prior studies report single gene expression can represent
individual immune cell subtypes, but this has not been shown in FFPE melanomas. We hypothesized
that gene expression profiling of human melanomas using a new RNA expression technology in

FFPE tissue would correlate with the same immune cells identified by immunohistochemistry (IHC).
This retrospective study included melanoma specimens analyzed by IHC on tumor tissue microarray
(TMA) cores and by gene expression profiling with EdgeSeq Immuno-Oncology Assay using qNPA
technology on the corresponding tumors. Standardized gene expression levels were analyzed relative
to enumerated cells by IHC using Spearman rank test to calculate r-values. Multivariate analysis

was performed by Kruskal-Wallis test. 119 melanoma specimens had both IHC and gene expression
information available. There were significant associations between the level of gene expression and
its quantified IHC cell marker for CD45*, CD3*, CD8*, CD4*, and CD20" cells (all p<0.001). There were
also significant associations with exhaustion markers FoxP3*, PD-1*, and PD-L1* (all p<0.0001). This
new qNPA technology is useful to quantify intratumoral immune cells on FFPE specimens through
RNA gene expression in metastatic melanoma. As previous studies have shown on other solid human
tumors, we also confirm that the expression level of a single gene may be used to represent a single
IHC immune cell marker in melanoma.

Gene expression profiling of cancer tissue offers a window into the immunobiology of the tumor microenviron-
ment (TME) of human cancers. Several gene expression profiles have been reported to predict clinical responses
to systemic immunotherapy'~ and to be prognostic for patients with a range of cancers, including melanoma“’.
A more traditional approach for defining immunologic features of the TME has been to quantify numbers of
selected intratumoral immune cells within the TME which has also been found to predict responses to certain
immunotherapies or overall prognosis from melanoma®”!%-12 and other cancers'*'. Pathologists can report
immune cell density on formalin-fixed paraffin-embedded (FFPE) tissue using hematoxylin and eosin (H&E)
stains or immunohistochemistry (IHC), but these modalities are cumbersome and costly to integrate into routine
clinical practice as quantitative assays. Furthermore, those traditional approaches limit the simultaneous analysis
of multiple immune markers and can be tedious and time consuming, with automated techniques still years away
from becoming fully integrated into routine clinical practice!>'S. In research environments, flow cytometry can
accurately define immune cell subsets but this requires viable single cell suspensions which are not routinely
available and cannot be performed on FFPE specimens which are most typically available in clinical settings.
Gene expression profiling measures mRNA levels in tissue, and traditional methods are most accurate when
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the tissue is preserved in RNAlater or flash frozen within about 15 min. This allows tissue samples collected in
selected research studies available for gene analysis but not with FFPE tissues handled routinely in pathology
laboratories. On the other hand, newer technologies have overcome some of these challenges to enable gene
expression analysis on FFPE tissues; however, these remain fairly new techniques'’-%.

A few studies have validated these techniques by identifying genes specific to different immune cells and
showing associations between expression levels of these genes®! and respective cell populations in purified in vitro
assays?»?. One study assessed correlations between these same gene markers from tumor lysates with flow
cytometry of peripheral blood mononuclear cell (PBMC) and also performed a limited analysis of associations
between CD3" and CD8" cells by IHC in 19 ovarian FFPE cancer specimens®. To our knowledge, however, no
previous study has assessed associations of gene expression in FFPE tissue with a wider range of lymphoid and
myeloid markers and checkpoint blockade molecules in human solid tumors. We have addressed this in the
present study for over 100 FFPE human melanomas.

Gene sequencing techniques on FFPE tissue are generally performed through real-time quantitative PCR
(RT-qPCR), yet RNA extracted from FFPE tissue can be degraded, can be crosslinked to other proteins, or can
lack the poly(A) tail needed to generate cDNA, all potentially leading to inaccurate outputs and poor yields of
transcript?®~%. The unique advantage proposed by the quantitative nuclease protection assay (QNPA) with Next
Generation Sequence (NGS) technology is that it does not require nucleic acid extraction, cDNA synthesis, or
gene amplification, thereby reducing the risk of RNA degradation and biases due to molecular artifacts, while also
requiring less tissue?®=*!. The QNPA technology creates DNA to RNA hybridization, called the nuclease protection
probe (NPP), which is then detected and sequenced using standard next-generation sequencing protocols after
S1 nuclease is added to digest excess non-hybridized DNA probes and non-hybridized RNA?#?**!. This technol-
ogy has previously been validated on human lymphoma and canine cancers?®*, but not on human solid cancers
such as melanoma. In this present study, we assessed the validity of qNPA technology on human melanomas by
comparing the levels of gene expression for single immune cell marker subtypes?**?* with these same immune
cells identified by IHC performed on the same FFPE tumors. If valid, these gene expression profiles would
reflect the densities of intratumoral immune cells measured by IHC and allow the simultaneous measurement of
multiple immune cell markers within the TME even when limited amounts of FFPE tumor tissue are available.

Methods

Patients, tumor microarrays and immunohistochemistry. Adult patients diagnosed with mela-
noma had previously been identified by the Anatomic Pathology Software System in the Department of Pathol-
ogy, University of Virginia and archival tumor specimens from 1982 to 2007 were sampled to create a melanoma
tissue microarray. All methods were performed in accordance with the appropriate guidelines and regulations
from the University of Virginia IRB (IRB #10598, 10803, 13310) with waiver of consent due to retrospective
design of study. Melanoma specimens with ample tissue and appropriate clinical follow-up were selected for
creation of a melanoma tissue microarray (TMA), as previously described!’. Briefly, areas of FFPE tumor tissue
blocks from these surgical specimens were identified by a pathologist on H&E slides to identify central areas
within tumor cell nests for TMA sampling. TMAs were constructed from 3 to 4 cores (1.0 mm diameter) through
the tumor regions of each specimen from the selected FFPE blocks. No duplicate samples were represented from
the same surgical specimen. Control tissues from liver, spleen, placenta, and kidney were included in each TMA
block. TMA tissue sections were previously evaluated for immune cell infiltrates by immunohistochemistry
(IHC) staining using standard protocols. Positive controls included lymph nodes (LN) and placenta for CD34
antibody. Negative control slides used PBS instead of primary antibody, with other conditions constant. Immune
cells within each core were enumerated by a surgical pathologist'®.

Immunotype and immune cell density assessments. We previously reported that melanoma can
be categorized into 3 Immunotype groups based on the extent and patterns of CD45" immune cell infiltrates
relative to CD34" vasculature!®. In each core, intratumoral immune cells were scored as 1 when immune cells
(CD45") were absent or sparse (no more than 50 immune cells per 1 mm diameter core); 2 when intratumoral
immune cells were present but were limited to perivascular cuffing around intratumoral blood vessels; 3 when
immune cells were diffusely present among tumor cells in different areas of the core. Mean scores were calculated
for each tumor sample and three Inmunotype groups were created to reflect these three patterns of infiltration:
Immunotype A for mean scores< 1.75, Immunotype B for 1.75-2.4, and Immunotype C for>2.5. Additional
details have been reported'®. The TMA samples were also evaluated for the density of a range of immune cells
including CD8 (CD8* T cells), CD4 (CD4" T cells), CD56 (NK cells), CD20 (B cells), CD138 (plasma cells),
DC-LAMP (mature dendritic cells), CD163 (M2 macrophages), FoxP3 (regulatory T cells), as well as for cells
expressing PD-1, PD-L1, and PD-L2*.

For each tumor specimen, mean values of the quantified immune cell populations were recorded among the
triplicate or quadruplicate cores for each tumor sample, as previously described!’. These cores from each tumor
sample were also evaluated for homogeneity. When the Immunotype scores were consistent across all three or
four replicates, these samples have been considered homogeneous for immunotype. However, when they were
not all consistent, these samples have been considered heterogeneous for immunotype.

Quantitative nuclease protection assay. Among the FFPE tissue blocks that had been analyzed by
IHC in the TMAs, 119 were also evaluated in the present study for expression of immune-related genes (IRB
#17816). These included 112 metastases (94%) and 7 primary melanomas (6%). One five micrometer section
of each FFPE tumor specimen was submitted to HTG Molecular (HTG Molecular, Tucson, AZ). The HTG
EdgeSeq Immuno-Oncology Assay was performed for gene expression analysis, using 558 probes with 15 house-
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keeper genes, 5 negative and 4 positive processor controls. For this assay, functional DNA Nuclease Protection
Probes (NPPs) are flanked by universal wing sequences that are hybridized to the target RNAs, which can be
both soluble and cross-linked in the biological matrix. Universal DNA wingmen probes are hybridized to the
wings to prevent SI nuclease digestion. S1 nuclease is added to digest excess non-hybridized DNA probes and
non-hybridized RNA. This reaction then results in a stoichiometric quantity of fully intact NPPs:RNA hetero-
duplexes of interest. The released and labeled DNA protection proves are concentrated, pooled, and sequenced
using standard next-generation sequencing (NGS) protocols on the Illumina NextSeq™ platform. Gene expres-
sion data from the NGS instrument are processed and reported through the HTG EdgeSeq host system software.
Data was standardized through a procedure that log-transformed Counts Per Million (CPM) and adjusted for
total reads within a sample®.

To evaluate concordance of cell enumeration by IHC with those identified by gene expression, genes chosen
for study were those previously shown, through meta-analyses, to be expressed selectively on certain immune
cell populations***** and for which gene primers were available in the HTG EdgeSeq Immuno-Oncology Assay.
Several markers of immune cell exhaustion were also selected for study**.

Statistics. Statistical comparisons among multiple subgroups were performed using the Kruskall-Wallis
test. Correlation coefficients (r values) were performed using the Spearman rank test. Statistical analysis was
performed using Prism 8.0 (Graphpad Software Inc., San Diego, CA). p values < 0.05 were considered significant.

Ethics approval and consent to participate. This research study was conducted retrospectively from
data obtained for clinical purposes. IRB approved study (University of Virginia IRB numbers 10598, 10803,
13310, and 17816) with waiver of consent due to retrospective design of study.

Results

Establishing baseline differences of intratumoral immune cell populations using the Immuno-
type Score by IHC. We obtained gene expression analysis data on FFPE tumor blocks for which immune
cell densities were previously measured by IHC on melanoma TMAs'’. Of the 183 tumor specimens previ-
ously analyzed by THC, we included FFPE blocks that were still available and included sufficient tumor for
gene expression analysis. A total of 119 tumor specimens had both THC and gene expression data from the
same FFPE block, and included both primary (n=7, 6%) and metastatic (n=112, 94.1%) tumors. No duplicate
primary or metastatic tumor specimens were represented. To categorize the patterns of intratumoral immune
cell populations among the 119 tumors, we used the Immunotype Score from a previous analysis that was based
on immune cell density and distribution relative to the tumor and proximity to intratumoral vasculature'’. The
Immunotype Scores represent a continuous variable from 1.0 to 3.0. These scores were previously categorized
into Immunotype Groups, where Immunotype A tumors (n=42, 35%) have very little to no immune infiltrates,
Immunotype B tumors (n=71, 60%) have greater immune infiltrate but mostly limited to perivascular cuff-
ing, and Immunotype C tumors (n=6, 5%) were heavily infiltrated. The intratumoral cell densities of immune
cell subtypes including CD45" immune cells, CD8* T cells, CD4* T cells, CD20* B cells, CD138" plasma cells,
CD56" natural killer (NK) cells, and CD163* macrophages/monocytes among the three different Immunotype
Groups are shown in Fig. 1. The vast majority of Immunotype A tumors have less than fifty CD45* immune cells
per mm?, while Immunotype B and C have significantly greater numbers (Fig. 1A). Similar differences are also
evident with CD8* and CD4* T cells, CD20" and CD138" cells (all p<0.01, Fig. I1B-E). CD56" cells were greater
in Immunotype B than A (p <0.0001), but the difference between Immunotype C versus A did not reach statisti-
cal significance (Fig. 1F). There was no difference in CD163* cells among the groups, though CD163* cells in
Immunotype B did trend towards significance (p=0.06, Fig. 1G) compared to Immunotype A.

Gene expression by qNPA on FFPE melanoma specimens was significantly associated with
intratumoral immune cell density by IHC.  We then analyzed the QNPA gene expression data from the
same FFPE specimens to compare gene expression with the population of immune cell subsets determined by
the Immunotype Score. To represent the gene for CD45" immune cells, we used the PTPRC gene as described
in other studies?"*. For all tumors, there was a highly significant association between the Immunotype Score
and the expression of PTPRC (r=0.32, p=0.0005, Fig. 2A, Table 1). Tumor subgroup analysis also showed the
correlation coefficients between gene expression of the 112 metastatic tumors alone and the Immunotype Score
were similar to the overall group (r=0.32, p=0.0006, Fig. 2B). The number of primary tumors was too small
to evaluate meaningfully, but among those 7 primary tumors, the r value for association of Immunotype Score
with PTPRC did not reach statistical significance and did not change with different densities of immune cells in
Immunotype A (n=4) primary melanomas or in Immunotype B + C (n=3) primary tumors (data not shown).

The Immunotype scores established by IHC were consistent among all cores for the majority of the included
tumors, but 50 (42%) specimens were heterogeneous in the Inmunotype patterns for immune infiltrate among
the 3-4 TMA cores evaluated for the same tumor specimen. Despite this heterogeneity found on IHC analysis,
the mean density of intratumoral CD45* cells was strongly and significantly associated with the expression of
PTPRC even in this subset (r=0.48, p=0.0004, Fig. 2C).

Gene expression by qNPA was significantly associated with densities of immune cell subtypes
identified by IHC. Tumor microenvironments vary in their composition of T cell subsets, B cells, myeloid
cells, and other subsets, and these may have prognostic relevance or value in predicting response to immune
therapies. To investigate whether qNPA gene expression profiling of FFPE tumors may provide comparable data
to those obtained with enumeration of the cell subsets by IHC, we selected single genes to identify individual
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Figure 1. Intratumoral populations of immune cell that make up Immunotype A, B, and C melanoma tumors
(n=119). Immunotype Groups were established based on location and mean number of immune cells within
tumor nests. Intratumoral immune cells in Immunotype A (n=42) were very low, Inmunotype B (n="71) were
limited to perivascular cuffing, and Immunotype C (n=6) were highly infiltrated. Each panel shows quantified
values by IHC of each immune cell subtype among the three Immunotype Groups. X axis shows the three
different Immunotype Groups. Y axis shows the number of cells per mm? on a square root scale. Bars represent
the means and standard errors of the mean for each group. Statistical analysis based on the Kruskall-Wallis test.
p value<0.05 (*),<0.01 (**),<0.001 (**),<0.0001 (****).
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Figure 2. Scatter plots of expression level for immune cell gene marker and the Immunotype Scores

as determined by IHC. Immunotype Scores categorized Immunotype Groups based on mean values of
intratumoral immune cells measured on tissue microarray by IHC that included triplicate or quadruplicate
tumor cores: Immunotype A for mean scores < 1.75, Immunotype B for 1.75-2.4, and Immunotype C for>2.5.
(A) Includes all tumors (n=119). (B) Includes metastatic tumors only (n=112). (C) Includes heterogenous
tumors with inconsistent tumor cores observed by IHC (n=50). X axis is Inmunotype Score. Y axis is level of
PTPRC gene expression represented by standardized counts per million (CPM). Correlation coefficients shown
as r values.

immune cell subtypes as reported previously?’*>*, and assessed whether expression of these genes was signifi-

cantly associated with counts of those cells per mm? Expression levels of these genes were most strongly and sig-
nificantly correlated with the density of CD8" T cells (CD8A gene, r=0.67, p <00001, Fig. 3A). Highly significant
associations between gene expression and enumerated intratumoral cell subtypes (all p <0.001, Fig. 3B-E) were
also observed for CD3* cells (CD3D gene, r=0.54), CD45" cells (PTPRC gene, r=0.37), CD20* B cells (CD19
gene, r=0.33), CD4"* T cells (CD4 gene, r=0.32). Similar results were also found with exhaustion gene markers
and their concordant THC markers (all p<0.0001, Fig. 3F-H) including PD-L1* (CD274, r=0.5), FoxP3* cells
(FOXP3 gene, r=0.35) and PD-1" cells (PDCD1 gene, r=0.34).

Three gene markers for NK cells were included in the current RNA assay, among 31 gene candidates previ-
ously used in the literature?*?>**. Among these three NK cell gene candidates (DUSP4, BCL2, SPN), we did not
find significant correlations with CD56* NK cell density by IHC (data not shown). Thus, we chose to evaluate
another NK-associated gene, FCG3A?, and identified a relatively weak, yet still significant, association with
CD56" NK cell density (r=0.22, p=0.02; Fig. 3I). We had assessed macrophages by IHC using the CD163*
marker, which is expressed only by macrophages and monocytes and is increased in chronic inflammation and
commonly associated with M2 macrophages®*>*”. Of 50 macrophage-associated genes reported?!*>?, the gqNPA
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Immunotype
Immunotype A | B+C tumors
All tumors n=119 | tumorsn=42 | n=77

Immune cell type Protein assessed by IHC | Gene r P r 4 r p
Hematopoietic cells | CD45 PTPRC 0.37 | <0.0001 |-0.14 |0.39 0.37 | 0.0009
T cells CD3 CD3D 0.54 | <0.0001 | -0.05 |0.77 0.64 | <0.0001
CD8 T cells CD8 CDSA 0.67 | <0.0001 | -0.03 |0.87 0.71 | <0.0001
CD4 T cells CD4 CD4 0.32 0.0004 |0.23 0.15 0.16 |0.17
B Cells CD20 CD19 0.33 0.0003 | -0.03 |0.87 0.43 | <0.0001
B cells CD20 MS4A1 -0.07 0.45 - - - -
NK cells CD56 FCGR3A 0.22 0.02 0.06 0.72 0.04 |0.76
NK cells CD56 DUSP4 0.05 0.63 - - - -
T regulatory cells FoxP3 FOXP3 0.35 | <0.0001 |0.28 0.08 0.35 |0.0016
Exhaustion PD-1 PDCD1 0.34 0.0001 |0.03 0.84 0.41 |0.0002
Exhaustion LAG-3 LAG3 0.46 | <0.0001 |0.20 0.20 0.32 | 0.005
Exhaustion PD-L1 CD274 0.5 <0.0001 | 0.42 0.005 |0.49 |<0.0001
Exhaustion PD-L2 PDCDILG2 0.17 0.063 - - - -

Table 1. Correlation coefficients (r values) for the level of gene expression of immune cell markers and
enumerated immune cell subtypes identified by IHC. Analysis was stratified by all tumors (n=119), only
tumors with Immunotype A (n=42) and tumors with Immunotype B or C (n=77). R values calculated by
Spearman Rank tests between standardized gene expression levels and cell counts per mm? by IHC. (-)
signifies analysis could not be performed.
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Figure 3. Scatter plots comparing immune cell subtypes by immune cell gene marker expression level versus

its associated cell marker quantified by IHC of all tumors (n=119). X axis represents cell densities (per mm?) in
tumor by IHC. Y axis represents the level of single RNA gene expression for the respective immune cell subtype,
reported as standardized counts per million (CPM). Correlation coefficients shown as r values and calculated by
Spearman rank tests.

assay included 5: CD68, ATG7, CLEC5A, CYBB, FN1, MSRI. Associations of each of these with CD163* den-
sity by IHC were all insignificant (data not shown). We did not assess chemokines as possible gene cell markers
candidates previously used in the literature due to the possible confounding effect of the pro-inflammatory TME
(Kwak, submitted under review).
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Next, we hypothesized associations between gene expression and IHC measures for immune cell infiltrates
would be stronger for those tumors that had greater populations of intratumoral immune cells. Subgroup analyses
were performed of Immunotypes B + C tumors (n="77), and of Inmunotype A (n=42) tumors. Those analyses
did show that, among Immunotype B + C tumors, the correlation coefficients were increased between IHC
counts for CD3*, CD8*, CD20*, and PD-1* and their respective gene expression levels, compared to the data
from the full dataset (r=0.41 to 0.71, all p <0.0005, Table 1). Also consistent with our hypothesis, these same
associations lost significance within the subgroup of the Immunotype A tumors alone. Within the immunotype
B+ C subgroup, associations of cell density and gene marker expression were similar to those in the full dataset
for FoxP3*, PD-1" and PD-L1* cells, but lost significance for CD56" and for CD4" cells.

Discussion

Gene expression analysis provides a valuable tool to assess immune cell populations in tumor microenviron-
ments. Most human tissues available for analysis are FFPE; thus, new technologies for gene expression analysis
in these tissues have opened the door to evaluate archived specimens and those collected as part of clinical care.
However, several factors can modify those measures, and thus can impact their accuracy. Formalin fixation leads
to cross-linking and degradation of mRNA and can have differential effects on different mRNAs?®. Tissue autolysis
at room temperature, prior to fixation, can also affect mRNA levels, especially after 24 h*. Newer technologies
overcome some of these limitations but warrant additional validation in human tissues. Also, a potential limita-
tion of gene expression analysis for quantitation of immune cells in tumor tissue is that the expression levels
of some marker genes (e.g., CD8" T cells®) are not constant per cell, and thus may be modulated by immune
activation or other features of the microenvironment so that their expression level may be an imperfect correlate
of cell number. Finally, spatial variations in immune cell distribution can lead to differences in results based on
sampling different areas of the tumor. In a prior study, quantitation of T cells, and of CD8" T cells in particular by
flow cytometry of PBMC samples, was compared to quantitation based on gene expression in FFPE tissue with
Nanostring technology, with findings that the correlation r values were 0.657 (p =0.002) and 0.481 (p=0.037),
respectively?®. The present study has provided an opportunity to assess similar correlations with a different
technology for a wider range of immune cells in FFPE solid tumor tissue.

Assessing the QNPA technology, we found that expression of the PTPRC gene was significantly associated
with the immune infiltration pattern (Immunotype score), though correlation coefficients were only 0.32 overall,
and somewhat higher (r=0.48) for the subset of tumors heterogeneous for the Immunotype by IHC. Tumor
heterogeneity is a common features of cancers; so, sampling of selected tumor areas may not reflect the entire
tumor. We have found that immune cell infiltrates in melanoma metastases strongly predict clinical outcome,
when assessed with mean values derived from 3 to 4 core samples of central tumor areas'’. In prior studies, we
have evaluated how heterogeneity impacts the relevance of CD8" T cell counts in small tumor samples. We have
shown that a single core sample often misrepresents the CD8* T cell density of the whole tumor, and that there
can be significant differences in CD8* T cell densities among pairs of metachronous tumors. However, a large
biopsy of one tumor may be representative of multiple synchronous metastases*’. Also by modeling different ways
to sample a lung cancer, we found that different sampling strategies yield different densities of CD8" infiltrate,
but that the values most concordant with whole tumor counts were predicted by a random core sampling of the
tumor or sampling of the tumor center*!. These studies support our approach of using triplicate or quadrupli-
cate 1 mm diameter cores from each tumor specimen as a reasonable representation of the tumor. Each tumor
specimen was from a specific surgical resection. Multiple metastatic sites were not analyzed in this study, but
42% of tumors in our analysis had heterogenous tumor cores on IHC, yet data from these tumors were still very
significantly associated with gene expression of immune cells as a measure of melanoma Immunotype.

The densities of various immune cell sub-populations by IHC, were also significantly associated with expres-
sion of the cell-associated gene, with correlation coefficients of 0.67 and 0.54 for CD8" T cells and CD3* T cells,
respectively. These are comparable to, or slightly better than, similar correlation coefficients for the Nanostring
approach?®. In addition, significant positive correlations were observed for PTPRC expression with CD45* cells by
IHC. This was also true for B cells and CD4* T cells, as well. Significant correlation was also observed for CD56*
cells and FCGR3A expression but with lower correlation coefficient and wide variance across the population.
There was a significant association for FoxP3* cells, but the gene expression values were limited to a narrow range,
making the findings less useful than the others for extrapolation to actual cell counts. Interestingly, expression
of PD1* and of PDL1* were closely correlated with the counts of cells expressing them, by IHC. Thus, these data
support the value of gene expression analysis by the QNPA method for evaluation of sets of tumors for all of
these markers, but patient-level data appears to be more reliable for only a subset of these immune cell markers.

This study was limited in part by the fact that the IHC studies were performed on 3-4 cores (1 mm diameter)
collected from tumor cell nests, rather than from peritumoral regions, whereas whole tissue sections were sent
for the gene expression analysis. Thus, the associations of cell counts by IHC and corresponding gene expres-
sion may reflect some differences in the portion of the tumor that was sampled for each. Most associations were
stronger among tumors with greater than 50 immune cells per mm? (Immunotype B+ C tumors) than among
those without significant infiltrates within tumor nodules (Immunotype A tumors), which is likely explained
in part by disproportionately high impact of peritumoral immune cells when tumor cell nests exclude immune
cells, as is observed with Immunotype A tumors. Immune cell heterogeneity within tumors may contribute to
decreased associations between gene expression analysis and IHC quantification*’. In particular, collections of
immune cells present not within the tumor itself but within tertiary lymphoid structures (TLS) on the periph-
eral margins of tumor*>* may have been represented by the gene expression analyses, but not by IHC of tumor
cores taken from the center of tumor nodules. Other possible factors that could impact association between
gene expression and IHC analysis are differences in time course for preservation of each tumor specimen and
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the length of time each specimen was stored, especially if protein is more stable than mRNA. Considering these
limitations, the strongly significant associations for multiple immune cell markers is more remarkable and sup-
ports use and further investigation with this gNPA technology.

Of all the immune cell subtypes investigated, we did not find a gene marker in this particular gNPA Immuno-
Oncology Assay panel that was significantly associated with density of CD163* cells by IHC. This may reflect low
numbers of CD163" cells in the tumors evaluated, or the need for other gene markers for CD163* cells. Previous
studies have shown correlations with 50 single gene markers as possible candidates to capture macrophage cell
populations in solid tumors, and the current assay included only 5 of them?"**?*, We did not customize this
assay for our analysis and so other gene markers such as CD163, MS4A4A, ARG1, and CD84 genes*"** could
also be assessed in future studies.

Opverall, the use of QNPA technology on human metastatic solid tumors such as melanoma is supported by
the present analysis to identify FFPE tumor specimens as having high- or low- densities of varied immune cell
infiltrates. As previous studies have shown on solid human tumors, we also confirm that in selected cases, the
expression level of a single gene may be used to represent a single IHC immune cell marker in melanoma. Even
when heterogenous tumor samples were found through analysis of 3-4 individual TMA cores, the intratumoral
immune cell populations were still highly significantly associated with the level of single gene expression. Thus,
quantification of multiple immune biomarkers simultaneously using QNPA technology may have significant
value in future analysis of the TME, and possibly on peritumoral TLS, even with the use of small FFPE tumor
specimens.
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