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ABSTRACT

The hypothesis of this work is that, in order to escape the natural immune
surveillance mechanisms, cancer cells and the surrounding microenvironment might
express ectopically genes that are physiologically present in the placenta to mediate
fetal immune-tolerance. These natural “placental immune-editing switch” mechanisms
(PIES) may represent the result of millions of years of mammalian evolution developed
to allow materno-fetal tolerance. Here, we introduce genes of the immune regulatory
pathways that are either similarly over- or under-expressed in tumor vs normal tissue.
Our analysis was carried out in primary breast cancer with metastatic homolateral
axillary lymph nodes as well as placenta tissue (both uterine decidual tissue and term
placenta tissue) from a pregnant woman. Gene expression profiling of paired non-self
and self tissues (i.e. placenta/uterus; breast cancer/normal breast tissue; metastatic
lymphnode/normal lymphnode tissue) was performed using the PanCancer Immune
gene panel, a 770 Nanostring gene expression panel. Our findings reveal overlapping
in specific immune gene expression in placenta and cancer tissue, suggesting that
these genes might play an important role in maintaining immune tolerance both
physiologically (in the placenta) and pathologically (in the cancer setting).

INTRODUCTION

Cancer microenvironment has been recognized to
be a crucial determinant of cancer cells behavior through
both positive and negative effects on tumor growth.
In clinical detectable tumors, the microenvironment is
usually immune suppressive, and strategies that inactivate
molecules or mechanisms involved in the induction and
maintenance of T-cell tolerance offer great therapeutic
promise [1, 2].

In the past decade, several therapeutic approaches
have entered the clinical setting with remarkable success,
including CTLA-4 blockade with humanized monoclonal
antibodies (Mabs) [3-5], which affects mainly the immune
central tolerance and blockade of the PD-L1/PD-1 axis,

which regulates negatively TCR signals and affects mainly
peripheral T-cell tolerance [6-8].

To date, three humanized Mabs (pembrolizumab,
nivolumab and atezolumab) blocking the PD-1/PD-L1
pathway have been approved in USA and outside USA in
many clinical indications including metastatic malignant
melanoma, renal cell cancer, urothelial tumors, lung and
head and neck cancers.

Increasing understanding of cellular and molecular
tumor immunology has enabled the identification of
new and innovative ways to manipulate the immune
response to cancer and has opened the door to multiple
combination treatments, including combinations between
different types of immunotherapies as well as combination
of immunotherapy with standard cytotoxic and targeted
therapies (a useful and wide review on the subject of new
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cancer immune therapies was presented at ASCO 2016 in
Chicago, https://www.asco.org/research-progress/reports-
studies/clinical-cancer-advances#/advance-year-cancer-
immunotherapy).

A typical immune response in a health individual
originates with dendritic cells (DC), which are responsible
for initiating all antigen-specific immune responses. As
such, they can be considered the master regulators of
the immune response. These cells activate T cells by a
complex molecular mechanism by which the peptides are
presented by the MHC molecules and are recognized by
T-cell receptors, and these T cells can differentiate into
various effectors including cytotoxic and helper T cells.

The immune response can be modulated at the
molecular level, by soluble factors, like cytokines, and
at the cellular level, by direct cell-to-cell interactions.
In advanced human cancers, suppressive rather than
inflammatory immune responses seem to govern.

Therefore, in order to boost immunosurveillance
it is crucial to block immunotolerance. The mechanisms
leading to tumor tolerance are however not fully
understood. In our eyes, not enough attention has been paid
to the human placenta as the key to understand immune
tolerance mechanisms in cancer. It has been known for a
long time [9] that pregnant women can normally tolerate
millions of fetal circulating cells in the bloodstream
as well as the fetus with its placenta without leading to
their immune rejection. Additionally, as soon as the baby
is born, the mother would immediately reject tissues
containing fetal cells. This suggests that the placenta is
the key organ orchestrating tolerance. According to the
“placental immune-editing switch” (PIES) hypothesis
some cancer cells and/or their microenvironment are
capable of inappropriately activating this “switch”, typical
of the human placenta, to block immune rejection and
promote immune tolerance.

In the past two decades several interesting
mechanisms of immune modulation by the placenta have
been described although a complete understanding of the
process is still missing [10-15]. Mechanisms responsible
for fetomaternal tolerance are probably multiple and
diverse [9-16] with many different players [17-21] ranging
from the expression of non classical MHC molecules
(like HLA-G, HLA-E or HLA-C) by trophoblast cells,
tryptophan catabolism by the enzyme IDO (Indoleamine
2,3-dioxygenase), T cell apoptosis and regulatory T-cells
(Tregs), the inhibitory costimulatory molecules like
programmed cell death ligand (PDL)1, the Fas ligand
pathways, complement system and microvesicles released
by the placenta into the circulation of the mother, and
even thymic stromal lymphopoietin from trophoblasts
which induces dendritic cell-mediated regulatory Th2
bias in the deciduas during early gestation in humans [21].
Epigenetic models of regulation have also been implicated
in the development and maintenance of feto-maternal
tolerance, in particular with reference to the selective

down-regulation of several MHC paternal antigens once
the fetal cells approach or cross the human placenta [10].

The potential similarities between the mechanisms
involved in feto-maternal and tumor-associated
immunologic tolerance are intriguing, and can now be
interrogated by using new genomic and epigenomic
technologies.

In this study, building on the unique opportunity
of availability of non-self and self tissues from a single
pregnant patient with breast cancer we sought to identify
genes whose expression overlapped between placenta
and malignant tissue. The identification of these genes
that might play an important role in maintaining immune
tolerance both physiologically (in the placenta) and
pathologically (in the cancer setting) will help to design
new cancer strategies in the future.

RESULTS

Histological results of collected tissues

Histologically, the breast carcinoma was classified
as LBC, with some areas of in situ component, stage pT2
pN2a Mo (5/15 axillary lymph nodes with metastatic
disease), and with immunohistochemistry characteristics
of Luminal A subtype (ER60%+, PR50%+, HER-2
negative and Ki67 5% positivity). There was a mild
nuclear pleomorfism (Figure 1A). Invasion of the
lymph node parenchyma by an epithelial proliferation
of tumor cells with similar characteristics to those of
the primary breast carcinoma was observed in 5/15 of
the surgically removed nodes (Figure 1B). The uterus
histologically showed physiologic decidual transformation
of endometrial mucosa with characteristic epithelioid
appearance of stromal cells (as shown in Figure 1C); and
the placenta had villi with normal architecture Figure 1D
Left (H&E x40). Finally, PDL-1 immunohistochemical
stain was also positive in some trophoblastic cells of the
surface lining (Figure 1D Right) (x 1000).

Tissue specific gene expression

The gene expression profiling analysis was designed
to assess whether there were common patterns of immune
gene expression shared between placenta and cancer
tissue. Six tissue samples were tested from a single patient:
placenta and uterus (representing non-self vs. self-tissue
from pregnancy), breast cancer and normal breast tissue,
as well as tumor bearing lymph node and non-involved
lymph node. Gene expression data were gathered on the
nCounter system and analyzed using nSolver3.0 software
(NanoString Technologies). All six samples passed data
QC and were normalized by housekeeping genes (details
described in Materials and Methods). Raw and normalized
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Figure 1: A. Lobular invasive carcinoma of the breast with epithelial single-cell files infiltrating the stroma. There is a mild nuclear
pleomorfism (H&amp;E x 400). B. Invasion of the lymph node parenchyma by an epithelial proliferation of tumor cells with characteristics
similar to the primary breast carcinoma (H&amp;E x 400). C. Decidual transformation of endometrial mucosa with epithelioid appearance

of stromal cells (H&amp;E x 400). D. Placental villi with normal architecture (Left) (H&amp;E x40). PDL-1 immunohistochemical stain
was positive in some trophoblastic cells of the surface lining (Right) (x 1000)
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Figure 2. Tissue gene expression. Relative expression levels for 583 genes from the PanCancer Immune profiling panel (normalized to the
mean value of the 6 different tissue samples) were shown in a heat map. Blue indicates expression level below mean and yellow indicates
expression above mean. Both genes and samples were grouped by unsupervised clustering.
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Table 1: Genes
decidual tissues.

over-expressed in malignant tissues (breast and metastatic LN), to levels similar to placental and

Placenta/Uterus Breast tumor/normal Lymph node tumor/normal
BCL2 1.93 4.45 4.30
CD28 3.41 1.99 2.33
CSF3R 10.69 2.56 2.00
CXCL11 1.97 16.54 1.53
GATA3 6.57 1.76 24.97
IDO1 4.52 4.57 1.53
IKBKG 1.52 2.13 1.92
IL2RB 2.26 1.93 1.85
IRF3 1.54 1.56 1.74
JAK3 1.50 1.84 1.94
MAP4K2 1.60 1.84 1.95
POU2F2 2.03 2.24 1.68
PRG2 5.33 1.72 1.84
TNFRSF13C 1.61 2.79 1.80
TNFRSF4 1.70 2.00 2.53
TRAF2 1.78 1.93 1.53

data are provided in supplemental Table 1. Housekeeping
genes and low expressed genes were excluded from further
analysis, as described in MM, leaving 583 genes for
analysis. An unsupervised clustering of gene expression
ratios between each individual sample and the mean of
all six samples was first performed. As shown in Figure 2,
placenta and uterus, breast tissues (tumor and normal) and
lymph node tissues (tumor and normal) formed their own
cluster, suggesting that tissue specific gene expression
patterns were well preserved during experimental
procedures and that tissue specific expression pattern
overshadows gene expression differences within each
tissue type.

Gene expression within each tissue type

We then analyzed differential expression within
each tissue type (i.e. matching for the analysis placenta
with uterus, breast cancer with normal breast tissue and
node positive with node negative tissue). Among the
583 genes analyzed, 103 genes were upregulated > 1.5
fold in placenta versus uterus, while 258 genes were
downregulated at least 1.5 fold. Using the same cut-off,
258 genes were upregulated and 44 genes downregulated
in breast tumor versus normal breast tissue, and 178 genes
were upregulated while 146 genes downregulated in tumor
bearing lymph node versus non-involved lymph node.
Figure 3 summarizes overlapping and unique differentially
expressed genes among the three tissue types. Complete
sets of gene expression ratios are available in supplemental
Table 2.

Common expression patterns

To help visualize common gene expression patterns
i.e. genes consistently differentially expressed in non-self
tissue versus the corresponding self tissue, a heat map
based on gene expression ratios within the three tissue
types was generated (Figure 4A). Genes that are up- or
downregulated 1.5 fold or more in at least two of the three
tissue types are represented in Figure 4. Sixteen genes
were upregulated and fifteen genes were downregulated
in all three tissue types (Figure 4B/4C, group 1). The fold
changes of these commonly regulated genes are shown in
Table 1 (upregulated genes) and Table 2 (downregulated
genes). Group 2 (Figure 4B/4C) contain genes commonly
regulated in placenta versus uterus and breast tumor versus
normal, and group 3 consist of genes commonly regulated
in placenta versus uterus and metastatic versus normal
lymph node tissues.

DISCUSSION

The survival of the fetus within the maternal womb
has fascinated, and still does, researchers for years.
Normally, the immune system would recognize foreign
antigens and destroy them. For pregnancy to be successful,
the paternal antigens expressed by the placenta and the
fetus need to be recognized and tolerated by the maternal
immune system. Although many studies address this
intriguing question, the mechanisms allowing pregnancy
tolerance are still not fully understood. In this study, we
had the unique opportunity to investigate gene expression
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Figure 3. Relative expression levels of paired non-self versus self tissue for 583 genes from the PanCancer Immune profiling panel are
shown in a Venn Diagram to highlight the number of commonly and uniquely regulated genes among the three different tissue types.
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Figure 4. Common gene expression patterns regulation in three tissue types. Relative expression levels for non-self versus self tissue for
583 genes from the PanCancer Immune profiling panel are shown in a heat map (supervised clustering) to demonstrate subsets of genes that
were commonly regulated in all three tissue types (group 1) or that were similarly regulated in placenta and one of the tumor tissue samples.
(group 2 and group 3). Blue indicates down regulation in the non-self tissue, and yellow indicates upregulation.
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Table 2: Genes under-expressed in malignant tissues (breast and metastatic LN), to levels similar to placental and

decidual tissues.

Placenta/Uterus Breast tumor/normal Lymph node tumor/normal
BCL6 -2.57 -1.85 -3.64
C3 -2.29 -1.98 -1.64
CCL14 -169.11 -3.09 -4.34
CCL18 -5.46 -1.66 -8.33
CCL28 -1.56 -2.17 -1.86
CD59 -1.80 -1.81 -2.36
CFD -3.62 -1.77 -15.18
CXCL2 -37.99 -1.66 -3.83
LGALS3 -1.94 -1.72 -4.40
MAPK11 -1.85 -3.04 -2.49
MCAM -1.71 -2.16 -6.36
PNMA1 -2.71 -1.59 -1.73
S100B -2.19 -1.98 -16.68
SAA1 -2.32 -1.53 -25.50
SLAMEF7 -3.41 -2.69 -2.89

in tissue samples collected from a patient who developed
breast cancer during the pregnancy. This study was
designed to assess whether there were common patterns
of immune gene expression shared between placenta
and uterus (representing non-self versus self tissue from
pregnancy), breast cancer versus normal breast tissue,
and tumor bearing lymph node vs non-involved lymph
node. The hypothesis of the study was that the common
requirement for persistent immune evasion in all tissue
settings could result in common patterns of immune gene
regulation.

IDO1, which has been extensively characterized
as an inhibitor of immune responses in the tumor
microenvironment, was observed to be upregulated in
all the three non-self tissues. IDOI is an enzyme which
catalyzes the essential amino acid tryptophan into its
metabolite kynurenine [25]. Depletion of tryptophan
from the local tumor environment has been shown to
inhibit proliferation and activity of T cells, profoundly
limiting anti-tumor immune responses [25-29]. Based
on these observations, IDO1 small molecule antagonists
are actively being investigated in the clinic in a variety
of tumors, alone or in combination with immune
checkpoint blockade or cancer vaccines [25-29]. In the
context of pregnancy, IDO1 has shown to be expressed
by fetal and placental tissue and is believed to participate,
at least in part, in rejection evasion by the maternal
immune system [30], although likely in conjunction with
other mechanisms, since IDO1 knock out (KO) mice
have normal pregnancies and do not show autoimmune
symptoms [31, 32].

In addition to IDOI1, PD-L1 (CD274) was also
upregulated in placenta and breast tumor as compared to

uterus and normal breast tissue. A similar upregulation
of PDL1 was not observed in the lymph node bearing
metastatic breast tumor, although this may be due to
the existence of other immune regulatory pathways in
the lymph node or be attributed to the different tissue
types being characterized (metastasized breast tumor vs
healthy lymphoid tissue), or to the presence of activated
leukocytes within the lymph node in response to antigen
draining from the distal tumor, which can express PD-L1
in some conditions and therefore mask the final result [33,
34]. PD-L1 is also expressed by placental mesenchymal
stem cells during pregnancy, which further lends support
to the discovery method used in this study [35]. Of note,
PD-1, the receptor for PD-L1 is expressed by regulatory
T cells. In our clinical-pathological case, FOXP3 (which
is the hall-mark of regulatory T cells) is upregulated in
both breast cancer and metastatic lymph node (2.72 and
4.15 fold up comparing to normal tissue, respectively),
but its expression level is insignificantly changed in
uterus when compared to normal breast or lymph node
tissue (1.23 and 1.26 fold, respectively), and its expression
level is actually down-regulated in placenta compared to
normal breast or lymph node tissue (0.54 and 0.56 fold,
respectively). However, the raw counts for FOXP3 were
very low, all in the 20-30 counts range, which is close
to the assay detection limit except for metastatic lymph
node where 144 counts were measured, so that the only
solid conclusion we can draw from this single case is that
FOXP3 is upregulated in the metastatic lymph node.

By contrast, both TGF-B1 and 2 were significantly
increased in both malignant tissues as well as in uterus and
placenta. TGF-f is a multifunctional cytokine belonging to
the transforming growth factor superfamily that includes
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three different isoforms ( TGF B 1, TGF B 2, TGF B 3)
and many other signaling proteins produced by all white
blood cell lineages. After the binding of TGF-f, the type
2 receptor kinase phosphorylates and activates the type
1 receptor kinase that activates a signaling cascade. This
leads to the activation of different downstream substrates
and regulatory proteins, inducing transcription of different
target genes that function in differentiation, chemotaxis,
proliferation, and activation of many immune cells;
importantly, the final net effects are context dependent.
Specifically, TGF-B1 alone stimulates the expression
of Foxp3 and regulatory Tcell differentiation from
activated T helper cells and has mainly inhibitory effects
on B lymphocytes. In addition, TGF-f has been shown
to downregulate inflammatory cytokine production in
monocytes and macrophages, likely by the inhibition of
NF-«B pathway. The importance of TGF B in pregnancy
is highlighted by the fact that TGF f KO animals die in
uterus. Additionally, it has been shown that TGF 3 present
in seminal vesicle fluid is able to promote the conversion
of vaginal T cells into regulatory T cell in murine models,
which is a first step in promoting pregnancy tolerance [36].

Beyond IDO1, PD-L1 and TGFG B as prototypical
examples of well-known immune inhibiting proteins
identified in this study, few other immune modulating
proteins were identified as differentially regulated in
the non-self tissues versus the normal counterpart.
Specifically, there was a rise in genes associated with
NKFB signaling, including IKBKA, MAP4K2, JAK3,
TRAF2, and IRF2. This association was restricted to
upregulated genes, as genes significantly downregulated
in nonself tissue vs self did not include genes associated
with regulation of NF-kB signaling. Genes significantly
downregulated in two or more tissues include IFNy and
the IFNy regulated genes IFI27 and CXCL1 (IP-10).
This observation would suggest an absence of activated
T cells from the local environment. However, a number
of T cell associated genes were upregulated in the non-
self tissue, including the costimulatory molecules CD28
and TNFRSF4 (OX40LR), IL2RB, GATA3, and the
IFNy induced chemokine CXCL11. Since the immune
system works in a network fashion, the clinical outcome
of any immune response is better represented by the net
result of positive and negative modulators than by the
absolute values of each of the single components, thus the
importance of using a multi-plexed approach.

Interestingly, 4 of the 15 genes whose expression
was commonly decreased in the non-self paired tissues
compared to the respective self counterpart belong to
the chemokines family suggesting that modulation of
mechanisms involved in immune cell trafficking could
be an important contributor to peripheral tolerance
mechanisms. For instance, CCL28 regulates the
chemotaxis of cells that express the chemokine receptors
CCR3 and CCRI10 such as eosinophils, basophils and
some T cell subsets.

Several genes associated with myeloid derived
suppressor cells (MDSC) activity (including TNFAIP3
and XCL2), were also observed to be upregulated in both
the breast tumor and the placenta tissue. MDSCs are a
heterogeneous group of myeloid cells that suppress both
innate and adaptive immune responses through multiple
mechanisms. In recent years, much of our knowledge of
the function of MDSCs has come from cancer studies
[37-39]. However, few recent studies have begun to
characterize MDSCs in feto-maternal immune cross-talk
and current data show that MDSCs accumulate at the fetal-
maternal interface in healthy pregnancies and can play key
immune regulatory rules [40-42].

Finally, the surface antigen CD319 (SLAMEF7)
is a robust marker of plasma cells. The observation
of decreased gene transcripts in non-self tissues
would therefore suggest the participation of the B
cell compartment of the immune system in peripheral
tolerance [43]. Indeed, IL-10 producing B cells emerge as
novel components of immune tolerance in the context of
autoimmune responses and pregnancy [44, 45].

The ultimate purpose of a discovery effort such
as the one presented here is to identify novel genes that
are commonly upregulated or downregulated in all non-
self tissues and in this respect this single patient study
provided a hint of the list of gene candidates although the
data cannot yet be tied up into main PIES specific immune
regulatory pathway(s).

Evaluation of additional samples will increase
the power of these preliminary observations and may
reveal additional genes or pathways that merit further
investigation.

MATERIALS AND METHODS

Case description

In the year 2000, a 32 years old pregnant woman
with a palpable breast lump underwent delivery of non-
identical twins by C-section at week 39 of a normally
developing pregnancy. A total hysterectomy was
performed during the C-section to control for profuse
bleeding caused by attempting manual separation of
the complex membranous placenta with velamentous
umbilical cord insertion. Following histological
confirmation of the malignant nature of the breast nodule,
the patient underwent right mastectomy and axillary
lymphadenectomy (with removal of 15 lymph nodes). The
tumor was reported as invasive lobular breast carcinoma
(LBC) stage pT2 pN2a Mo (5/15 axillary lymph nodes
with metastatic disease), with immunohistochemistry
(IHC) compatible with “Luminal A subtype”
(ER+,PR+,HER-2 negative and Ki67 5% positivity) and
histological evidence of vascular and lymphatic invasion
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by cancer cells and some lobular carcinoma in sifu as
background component. The patient received standard of
care adjuvant chemotherapy, loco regional radiotherapy
and adjuvant hormone therapy (tamoxifen for five years)
and was followed for over ten years without evidence of
loco-regional or distant recurrence.

Tissue samples

The original paraffin embedded samples of the
mastectomy and axillary lymph node dissection tissue as
well as of the placenta and uterus were recovered and gene
expression profiling analysis using the PanCancer Immune
Profiling panel on the nCounter System (Nanostring
Technologies, Seattle) was performed using these tissue
samples.

Specifically, six types of tissue samples obtained
from the patient were analyzed:

1. Uterine decidual tissue (the uterine tissue was
microdissected in paraffin to enrich decidual tissues)

2. Placenta

3. Breast tumor:

4. Metastatic axillary lymph nodes

5. Normal breast tissue from the mastectomy
specimen

6. Normal
lymphadenectomy

axyllary lymph nodes from

Histopathology methods

Representative tissue from breast tumor, axillary
lymph node, decidua and placenta were fixed in 10%
formalin buffered at room temperature for 24 hours.
Samples were paraffin embedded and stained according
hematoxylin-eosin standard techniques. Additional
sections of breast cancer were stained with immune-
histochemical procedures for detection of estrogen
receptor (Clone ER-SP1. RTU, Ventana/Roche. Tucson,
Arizona), progesterone receptor (Clone PR-1E2. RTU,
Ventana/Roche. Tucson, Arizona), p53 (Clone DO07.
RTU, Ventana/Roche. Tucson, Arizona), HER2 (Clone
4BS5, RTU, Pathway, Ventana/Roche. Tucson, Arizona)
and Ki67 (Clone 30-9. RTU, Ventana/Roche. Tucson,
Arizona). In placental samples PDL1 expression was also
measured by immunohistochemistry (IHC) (Clone CD274.
Dilution 1/200. Novus Biologicals. Littleton CO).

Gene expression profiling

Gene expression profiling was performed using the
PanCancer Immune Profiling panel on nCounter system
(Nanostring Technologies, Inc., Seattle, WA).

The nCounter PanCancer Immune Profiling Panel
is a unique 770-plex gene expression panel designed to

measure the human immune response in both solid and
liquid cancer types. The list of the gene measured by this
panel is provided in supplemental Table 1. The assay
is run on the nCounter Analysis System (Nanostring
Technologies, Inc.), an automated system which received
510(k) clearance from the FDA for use with the Prosigna
Breast Cancer Prognostic Gene Signature Assay [22,
23]. The nCounter Analysis System is based on a digital
color-coded barcode technology which allows for direct
multiplexed measurement of gene expression from
low amount of mRNA (25 to 300 ng) without need for
amplification. At a very high level, the assay includes three
main steps:

Hybridization

specific pairs of a “capture” and a “reporter” probe
are provided for each gene of interest, allowing up to 800
genes to be multiplexed, and their mRNA transcript levels
measured, in a single experiment, for each sample. The
“reporter” probe carries the signal, and the “capture” probe
allows the complex to be immobilized for data collection.

Purification and immobilization

after hybridization, samples are transferred to the
nCounter Prep Station where excess probes are removed
and probe/target complexes are bound, immobilized, and
aligned on the nCounter Cartridge.

Counting and analysis

sample cartridges are placed in the nCounter
Digital Analyzer for data collection. Barcodes are
counted and tabulated for each target by the nCounter
Digital Analyzer. The raw data are then imported into the
analysis software (nSolver3.0) that automatically performs
QC, normalization, data analysis and creates multi-page
reports with the options of performing advanced analyses
including pathway applications.

The time from sample lysates to data results is two
days and because the process is highly automated the
hands-on time (and therefore chances for human errors)
is limited (25 min per 12 samples). In this study the assay
was performed by a Contract Research Organization
(IZASA Spain).

The nCounter PanCancer Immune Profiling Panel
provides an “off the shelf” multiplexed gene expression
panel designed to quantify 770 genes that fall into four
functional categories [23]:

Unique transcripts which allow for the
identification and quantification of 24 different
immune cell types

Transcripts measuring specific immunological
functions (innate, adaptive)

Transcripts for tumor-shared antigens, such as
cancer-testis (CT) antigens.

Housekeeping genes that facilitate sample-to-
sample normalization.
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Sample collection and RNA isolation

High Pure FFPET RNA Isolation Kit (ROCHE
Diagnostics GmbH) was used for the isolation and
purification of total RNA from formalin-fixed, paraffin-
embedded tissue samples. The quality of RNA from tissue
samples was suitable for testing according to proprietary
guidelines (https://lifescience.roche.com/shop/products/
high-pure-ffpet-rna-isolation-kit).

NanoString ncounter profiling

Approximately 300 ng of total RNA isolated from
FFPE slices for each of the six tissue samples were mixed
with reporter and capture probes from the PanCancer
Immune Profiling panel (NanoString Technologies)
and hybridized for 18 hours at 65°C. The samples were
processed on nCounter Prep Station using the high
sensitivity protocol, followed by imaging and counting on
the nCounter digital analyzer (NanoString Technologies,
following manufacturer’s protocols) [24].

NanoString data analysis

RCC files from NanoString digital analyzer were
imported into nSolver3.0 (NanoString Technologies) and
were checked for data quality using default QC settings.
All samples passed QC. Specifically, > 95% of FOV were
successfully counted with binding densities between 0.2
and 0.5, and positive controls generated expected counts
and demonstrated good linearity. Background subtraction
was carried out by subtracting the mean value of the eight
negative control ERCC sequences from the raw counts of
all endogenous genes. Data sets were normalized using the
geometric mean of 25 housekeeper genes with the lowest
CV%. Because there is a single sample from each tissue
type (N = 1) in this case study, we decided to use only
high confidence data points for analysis. Genes with mean
normalized counts less than 30 (2 standard deviations from
the mean of background controls) were excluded from
further analysis (147 genes excluded). Gene expression
ratios were calculated by dividing the normalized counts
of one sample to that of another sample or to the mean
value of all six samples. Data generated by the nCounter
system are highly reproducible and can distinguish as low
as 1.2 fold differences in target abundance levels. Given
the limitation of sample size in this study, we decided
to use 1.5 fold change as the threshold for differential
expression. Heat maps in Figures 1 and 3 were generated
using Multiexperimental Viewer 4.9.0.
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