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ABSTRACT

One of the mechanisms of tumor rejection in immune-modulatory treatments is antibody-dependent cell-
mediated cytotoxicity (ADCC) of regulatory T cells (Tregs) that infiltrate tumors in which cells expressing
activating Fcy receptors (FcyRs) are present. Our objective was to identify, through a bioinformatics
analysis, Treg marker(s) expressed at the highest levels in nine types of human cancers, in order to
determine the best targets for ADCC-inducing antitumor antibodies.

We analyzed the mRNA levels of 24 surface Treg markers evaluated by the Affymetrix Human Genome
U133 Plus 2.0 Array in 5728 cancer samples obtained via the Genevestigator v3 suite. Our analysis was
based on overexpression of markers in tumors as compared to healthy tissues (HTs) and correlation
between overexpression of the markers and the tumor suppressive microenvironment. Moreover, we
evaluated tumoral infiltration of activating FcyR-expressing cells and calculated the ADCC index for each
overexpressed marker, as an indicator of whether the marker was a good target for ADCC induction in
tumor-infiltrating Tregs.

The results demonstrated that the ADCC strategy is unlikely to succeed in colorectal, liver, prostate and
ovarian cancers. Moreover, we identified nine Treg markers that could be targeted in the other tumors: 4-
1BB, CD39, galectin-9, GITR, IL-21R, LAP, neuropilin-1, TIGIT and TNFR2. GITR and TIGIT were the only
markers that could be potentially useful as targets for the treatment of three cancers: non-squamous and
squamous NSCLC and breast infiltrating ductal carcinoma. LAP, neuropilin-1 and CD39 presented as good
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targets in the treatment of renal cell carcinoma.

Our findings may have value for the development of new anti-tumor antibodies.

Introduction

Many monoclonal antibodies (mAbs) that target the immune sys-
tem are under preclinical evaluation for their antitumor proper-
ties, and some of them are already used in the clinic and have
shown interesting results. Their main mechanism of action is to
elicit the activation of immune response to induce tumor rejection
in the patient. This effect is attributable to several mechanisms,
some of which occur concurrently, including direct T cell activa-
tion by either co-stimulation or inhibition of inhibitory signals
(that mainly act on exhausted CD8" T cells), direct activation of
natural killer (NK) cells, indirect activation of cytotoxic CD8*t T
lymphocytes (CTLs) and NK cells by modulation of antigen-pre-
senting cells, and indirect activation of CTLs and NK cells by inhi-
bition of regulatory T cells (Tregs). Indeed, Tregs play a pivotal
role in promoting tumor growth by maintaining a suppressive
microenvironment in tumors, mainly due to the expression of
suppressive cytokines, such as TGF-f and IL-10."
Antibody-dependent cell-mediated cytotoxicity (ADCC) is
the mechanism by which certain therapeutic mAbs (e.g., rituxi-
mab or trastuzumab) exert cytotoxicity against tumor cells.®
ADCC requires binding of the mAb to Fcy receptors (FcyRs)
expressed by myeloid and NK cells, which leads to FcyR activa-
tion and promotes myeloid and NK cell activation. Recently,

ADCC has been described as the main mechanism by which
the anti-GITR DTA-1 mAb decreases the number of Tregs that
infiltrate murine tumors and, thus, inhibits the suppressive
microenvironment.” Further, a high percentage of treated mice
recover from cancer and develop an immune memory exclu-
sively against the cancer that they were affected with.* ADCC
can be elicited by the anti-GITR Ab only if myeloid and NK
cells express activating FcyR (e.g., murine FcyRIA, FcyRIII,
and FcyRIV corresponding to human FcyRIA, FcyRIIA,
FcyRIIC, FcyRIIIA, and FcyRIIIB).” Similar findings have been
reported for the anti-tumor mAbs against CTLA-4 and
0X40.”>'? Thus, all these findings indicate that ADCC of Tregs
is a powerful mechanism by which anti-tumor mAbs activate
the immune system against tumor cells.

Several studies demonstrated that murine and human tumors
are infiltrated by several Treg subsets including CD4" thymus-
derived Treg subsets (tTreg) and CD4™ peripherally-derived Treg
subsets [pTreg, also called iTreg or adaptive Treg, e.g. T helper
(Th)3 cells, T regulatory type 1 (Trl) cells and GITR single
positive cells)] that may not express FOXP3.>>'"'* Each Treg
subset is characterized by more than one Treg marker,”"**’ and
several Treg subsets are characterized by a tissue- and microenvi-
ronment-dependent plasticity.'>*' Even though systematic
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studies on human tumors have not been performed, some studies
indicate that the tumor-infiltrating tTreg and pTreg subsets differ
across different types of tumors and that Tregs show a higher
degree of heterogeneity in humans than in mice.>>** Certain Treg
markers (e.g., GITR, TNFR2, CTLA-4 and OX40) are expressed
at higher levels in tumor-infiltrating Tregs than in peripheral
Tregs, at least in certain types of tumors'®***” and some Treg
subsets do not express the main transcription factor of Treg,
FOXP3, or express it at low levels.'>'”** Moreover, several Treg
markers and Treg-specific transcription factors are also expressed
in other cell types and, in particular, in activated T cells,” and this
makes the evaluation of Treg markers in tumors even more
complex.

A crucial aspect of establishing an ADCC strategy is to
determine which surface marker(s) of Tregs is/are expressed
at the highest level in a tumor, in order to increase the num-
ber of mAbs bound per cell and the probability of Treg
ADCC. Moreover, examining the differential expression of
markers in tumor-infiltrating Tregs and tumor-infiltrating
conventional T cells and peripheral Tregs appears crucial
from the viewpoint of both treatment efficacy and safety.
Tumor immune infiltrates, including Treg infiltrates, have
been characterized by immunohistochemistry and flow
cytometry in some tumors.”*® However, these approaches
are limited by a number of factors, including the number of
cell types and markers that can be assayed simultaneously,
the amount of tissue required, and the cost. Moreover, tech-
nical differences between studies make it difficult to compare
different tumors. Computational techniques applied to the
gene expression profiles of bulk tumors can rapidly provide
a wide range of data on tumor-infiltrating immune cells.*'*?
Thus, in the present study, we used a bioinformatics
approach to characterize nine types of human cancers.

We performed a bioinformatics analysis using mRNA
expression data from the Affymetrix Human Genome U133
Plus 2.0 Array on specimens from nine human cancers (breast
infiltrating ductal carcinoma, colorectal carcinoma, liver carci-
noma, non-squamous and squamous NSCLC, renal cell carci-
noma, ovarian serous carcinoma and ovarian clear cell
carcinoma, and prostate carcinoma) and tissue from healthy
donors (HDs) obtained via the Genevestigator v3 suite.®* In
particular, we investigated which Treg markers are overex-
pressed in each tumor and whether they correlate with the
presence of a suppressive microenvironment. In order to deter-
mine whether mAbs that promote ADCC would be effective
for treatment of the tumors, the level of expression of activating
FcyR was also evaluated. Finally, the probability of successful
induction of ADCC by the Treg markers observed in each
tumor was estimated by setting an ADCC index. In summary,
we have demonstrated that (1) the level of infiltration of T cells,
Tregs and cells expressing activating FcyRs differ across
tumors, so the ADCC strategy may not be successful for all
tumors; (2) the markers of Tregs that are expressed at the high-
est levels are different in different tumors; (3) within each
tumor type, the variability of the expression of some Treg
markers is higher than that of others, which makes certain
markers potentially useful targets in a higher percentage of
patients; and (4) certain Treg markers seem promising for the
application of the ADCC strategy in specific tumors.

Results

T cell infiltration, CTL activity and Tregs in the tumors
based on analysis of Affymetrix data

Several studies have analyzed the level of T cell infiltration in
tumors using bioinformatics data from multiple datasets
derived using different technologies (e.g., RNAseq and array
releases).”>*'>*>% In this study, we used the Genevestigator
software to obtain data from the Gene Expression Omnibus®’
and European Bioinformatics Institute®® databases. Only data
generated using the Affymetrix platform U133 Plus 2.0 were
considered. Genevestigator does not consist of a mere collec-
tion of experiments, but it is a software that provides normal-
ized data thus making possible the comparison within
individual datasets and among datasets derived from the same
tissue or different tissues (https://genevestigator.com/userdocs/
manual/GENEVESTIGATOR_UserManual.pdf).34

Our first aim was to compare the conclusions on T cell infil-
tration of tumors published in the literature with those
obtained by our analysis. At the same time, we wanted to assess
the presence of crucial T cell subsets in the nine tumor types
that were analyzed.

First, we compared the expression of T cell genes in tumors
with that in tissue samples from HDs (healthy tissues, HTs) by
using the T cell infiltration score based on the expression of T
cell genes proposed and validated by Bindea et al.>" As reported
previously by others,’*** our analysis shows that all the tumors
were infiltrated by T cells (Fig. 1A). However, the degree of
infiltration was higher in some cancers than in others. In par-
ticular, the levels of T cell infiltration of in non-squamous
NSCLC, squamous NSCLC, renal cell carcinoma, and breast
infiltrating ductal carcinoma were significantly higher than the
levels of infiltration of liver, prostate and ovarian carcinomas.
Evaluating the expression of T cell genes proposed by Becht
et al.” similar results were obtained (Figure S1).

Level of infiltrating CD4" and CD8" T cells correlated sig-
nificantly with T cell infiltration in patients who had the same
cancer (Table S1), which indicates that the tumors were infil-
trated by both CD4* and CD8™" T cells.

We next investigated the CD8« and CD4 mRNA expression
in tumors and peripheral blood mononuclear cells (PBMCs)
from HDs (Table 1), and we found that the CD8«/CD4 mRNA
ratio is significantly lower in all the tumors than HTs, which is
in accordance with previous reports.*>*' Moreover, the per-
centage of CTLs (i.e. activated CD8™" T cells) in CD8" T cells is
significantly lower in all the tumors than in PBMCs from HDs
(Fig. 1B), with the exception of liver and ovarian serous carci-
nomas that are similar to PBMCs from HDs. Other bioinfor-
matics studies on single tumor types have reached similar
conclusions.*>**

It is generally believed that tumors are characterized by a sup-
pressive microenvironment."*****#*> To investigate whether this
was demonstrated by our bioinformatics approach, too, we set
up a suppressive score based on the expression of FOXP3, the
transcription factors expressed in all subsets of tTregs and in
Th3 cells, and the suppressive cytokines TGFS and IL-10 that
are expressed by several pTreg and tTreg subsets and other
immune cells.**™** The expression of suppressive genes was nor-
malized to that of the CD4 gene in tumors and PBMCs from
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T7 Prostate carcinoma
T8 Ovarian clear cell carcinoma
T9 Ovarian serous carcinoma

T1 Non-squamous NSCLC
T2 Squamous NSCLC
T3 Renal cell carcinoma

T4 Breast infiltrating ductal carcinoma
T5 Colorectal carcinoma
T6 Liver carcinoma

Figure 1. Infiltration of tumors by T cells and T cell subsets. (A) The T cell infiltration score was calculated by evaluating the mRNA expression of genes included in the T
cell signature proposed by Bindea et al.3' However, the genes TRA and TRAC are not included in the Affymetrix platform and therefore were not considered. The ratio of
the expression in the patient’s tumor sample and the mean expression in the HTs was calculated for each gene. Then, the mean ratio of the genes in each patient was
expressed as log(2). The mean normalized expression of genes included in the T cell signature in tumors T1, T2, T3 and T4 was found to be significantly higher as com-
pared to T6, T7, T8 and T9 (****, p<0.0001). (B) The CTL activity score was calculated by evaluating the mRNA expression of genes included in the CTL signature®' normal-
ized to the expression of CD8w. The ratio of the expression in the patient’s tumor sample and the mean expression in the PBMCs of HDs was calculated for each gene.
Then, the mean ratio of the genes in each patient was expressed as log(2). The mean normalized expression of genes included in the CTL signature in each tumor was
found to be significantly lower (**, p<0.01; ***, p<0.001; ****, p<0.0001) or not significantly different (n.s.) as compared to the mean normalized expression in PBMCs of
HDs. (C) The suppressive score was calculated by evaluating FOXP3, IL-10 and TGF8 mRNA expression normalized to the expression of CD4. The ratio of the expression in
the patient’s tumor sample and the mean expression in the PBMCs of HDs was calculated for each gene. Then, the mean ratio of the genes in each patient was expressed
as log(2). The mean normalized expression of FOXP3, IL-10 and TGFS in each tumor was found to be significantly higher as compared to the mean normalized expression
in PBMCs of HDs (****, p<0.0001). (D) Correlation of TGF8 mRNA expression and CD4 mRNA expression in patients with non-squamous NSCLC. The Spearman coefficient
(p) and p value are reported. (E) Correlation of IL-10 mRNA expression and CD4 mRNA expression in patients with renal cell carcinoma. Spearman coefficient (o) and p
value are reported. All box-and-whisker plots (A-C) represent values within the interquartile range (boxes), and whiskers represent the highest and the lowest values.

Table 1. Decrease in the CD8*/CD4™ ratio in cancer specimens as compared to PBMCs from HDs.

(D8w/CDA4 ratio’ Decrease factor p-value?
Non-squamous NSCLC N 1.2 0.0289
Squamous NSCLC N 14 0.0026
Renal cell carcinoma N 14 0.0025
Breast infiltrating ductal carcinoma N 20 < 0.0001
Colorectal carcinoma I 19 < 0.0001
Liver carcinoma 1 1.7 < 0.0001
Prostate carcinoma J 19 < 0.0001
Ovarian clear cell carcinoma I 1.8 0.0001
Ovarian serous carcinoma J 24 < 0.0001

'Ratio refers to mRNA expression of CD8« and CD4 chains in tumors compared to that in PBMCs from HDs.
2Student's t-test (p-value) was used for statistical analysis in the comparison between the CD8«/CD4 ratio in the tumor and the CD8/CD4 ratio in PBMCs from HDs.
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Table 2. Correlation between mRNA expression of the regulatory cytokines and the mRNA expression of CD4 in cancer specimens.

TGFB vs. CD4 IL-10 vs. CD4

o' p-value' Iy p-value'
Non-squamous NSCLC 0.81 <0.0001 0.16 <0.0001
Squamous NSCLC 0.74 <0.0001
Renal cell carcinoma 0.56 <0.0001 0.44 <0.0001
Breast infiltrating ductal carcinoma 0.68 <0.0001
Colorectal carcinoma 0.76 <0.0001
Liver carcinoma 0.77 <0.0001 0.17 0.0080
Prostate carcinoma 0.39 0.0002
Ovarian clear cell carcinoma 0.66 0.0002
Ovarian serous carcinoma 0.56 <0.0001 0.20 0.0030

'Spearman correlation coefficients (p) and p-values evaluated by Student’s t-test are reported when p<0.05 and p>0.15 or p<—0.15.

HDs, and the suppressive score was determined by calculating
the tumor/PBMC ratio. Fig. 1C shows that in all tumor types,
the proportion of cells favoring a suppressive microenvironment
is much higher than that in PBMCs (p<0.0001 in all tumors),
with some differences between different types of tumors. To fur-
ther investigate the suppressive microenvironment, we examined
whether TGFB and IL-10 expression was correlated with CD4"
T cell infiltration in patients who had the same cancer. Table 2
and Fig. 1D and E show that TGFf expression is correlated with
CD4™" T cell infiltration in patients with all carcinomas, although
the degree of correlation varies, and that IL-10 expression is cor-
related with T cell infiltration in non-squamous NSCLC, kidney,
liver and ovarian serous cancers. Our findings are in agreement
with other bioinformatics studies performed on some tumor
types.’***>*®  Moreover, the suppressive microenvironment
appears to be specific to each tumor, as indicated by the differ-
ence in the degree of correlation between T cell infiltration and
TGEp and IL-10 expression.

We next investigated whether T cell infiltration correlated
with the expression of genes related to CTL activity in patients
who had the same cancer (Table 3). Interestingly, CTL activity
was inversely correlated with T cell infiltration in all tumors
with a p<0.0019 and a Spearman correlation coefficients rang-
ing between —0.33 and —0.70. This finding confirms that
tumor-infiltrating T cells (likely CD4™ T cells, as suggested by
Table 1 and S1) inhibit CTL activity due to the expression of
suppressive cytokines (as suggested by Table 2).

In conclusion, data obtained using the Genevestigator soft-
ware depict the immune landscape of tumors with regard to T
cell infiltration and CTL activity, in a way that is similar to

other bioinformatics analyses. As expected, high levels of T cell
infiltration correlate positively with high levels of suppressive
cytokines, suggesting that tumor-infiltrating CD4" cells are
biased toward a regulatory phenotype. Indeed, the higher is the
level of infiltrating T cells, the lower is the CTL activity, con-
firming that the reduced CTL activity in tumors depends on
the Treg-dependent suppressive microenvironment.

Overexpression of specific extracellular markers of Tregs in
certain tumors

Murine Tregs are known to be heterogeneous with regard to
both their phenotype and function.>"'~'® The heterogeneity of
Tregs appears to be even more striking in humans.'>** Intra-
tumoral Tregs have certain features that distinguish them from
peripheral Tregs, including the expression of proteins related to
their recruitment within tumors, their expansion and their
activity.' Several studies have evaluated the features of Tregs in
specific tumors, but none of them have investigated whether
tumor-infiltrating Tregs differ across tumors. Therefore, in this
investigation, we analyzed the expression, in tumor samples, of
genes that are considered to code Treg markers or proteins
that, at least in some contexts, are overexpressed by Tregs
(tTregs, pTregs or both). Based on the hypothesis that ADCC
of Tregs induces tumor rejection, our objective was to identify
the best Treg marker(s) for each tumor, so that Tregs can be
targeted by ADCC-inducing antibodies directed against those
specific markers. Therefore, we focused only on the expression
of markers found on the surface of the cells. However, we also
considered two proteins secreted by Tregs: galectin-9** and

Table 3. Correlation between the mean mRNA expression of genes representing T cells (see Figure S1) and the mean mRNA expression of genes representing CTL, nor-

malized by CD8« expression, in cancer specimens.

T cell infiltration vs CTL activity

1

p p-value'
Non-squamous NSCLC —0.62 <0.0001
Squamous NSCLC —0.61 <0.0001
Renal cell carcinoma —0.64 <0.0001
Breast infiltrating ductal carcinoma —0.66 <0.0001
Colorectal carcinoma —0.46 <0.0001
Liver carcinoma —0.65 <0.0001
Prostate carcinoma —0.33 0.0019
Ovarian clear cell carcinoma —0.70 <0.0001
Ovarian serous carcinoma —0.52 <0.0001

'Spearman correlation coefficients (p) and p-values evaluated by Student’s t-test are reported.



LAP.*** Galectin-9 binds extracellular markers of Tregs, such
as Tim-3,”! 4-1BB,? and CD44,>* and can be detected by anti-
bodies on the Treg surface.”® LAP is synthesized from the
TGFBI gene as a pro-TGF-g precursor that is cleaved to form
mature TGF-g and LAP, which are non-covalently assembled
(latent TGF-beta binding protein), secreted and anchored on
the surface of Tregs trough GARP.>* The other 22 genes were
chosen because they have been reported to be expressed at high
levels in at least one Treg subset (see Table S2 of the supple-
mental material), even if they were expressed at lower levels by
other cells, including activated T cells. Even though we strived
to include all the relevant surface Treg markers, it is possible
that some less characterized surface Treg markers were not
included in our study.

The expression levels of the Treg markers in tumor tissues
were compared with the expression levels of the same markers
in HTs. The comparison was performed in two ways: the mean
expression of a marker in a tumor was compared with (1) its
mean expression in the corresponding HT (the tissue from
which the tumor was derived), and (2) its mean expression in all
the HTs. In particular, markers were selected for further analysis
when they were significantly overexpressed (p<0.05) and had an
overexpression: (A) higher than two-fold in the tumor than in
the corresponding HT or (B) higher than 1.5-fold in the tumor
than in the corresponding HT and higher than 1.5-fold in the
tumor than the mean expression in all HT samples.

ONCOIMMUNOLOGY e1387705-5

Fig. 2 and Table S3 show that several (but not all) Treg
markers have significantly higher expression in some (but not
all) tumors: 8 and 5 Treg markers were overexpressed in non-
squamous and squamous NSCLC, respectively; 9 Treg markers
were overexpressed in renal cell carcinoma; 10 Treg markers
were overexpressed in breast infiltrating ductal carcinoma; 2
Treg markers were overexpressed in colorectal carcinoma; 1
Treg marker was overexpressed in liver carcinoma; no Treg
markers were overexpressed in prostate carcinoma; 2 and 2
Treg markers were overexpressed in ovarian serous cysto-ade-
nocarcinoma and clear cell adenocarcinoma, respectively. To
evaluate whether certain markers were useful for the treatment
of prostate carcinoma, as a rescue strategy, we selected the pre-
viously excluded markers for which the ratio of expression in
the tumor to expression in the corresponding HT was between
1.5 and 2.0 (p<0.05) (dotted boxed markers in Fig. 2). This
condition was satisfied only by CD103.

To estimate the number of patients in whom the overex-
pressed markers could be targeted by an ADCC-inducing mAb,
we determined the percentage of patient-derived samples in
which the expression of the identified Treg marker was higher
than the mean+42SD value in the corresponding HTs. In
Table 4, markers that met the overexpression criterion
(>mean+2SD expression) in at least 40% of the patients are
reported. In supplemental Figures S2-S7, the expression levels
of the markers that met the criterion are shown. Fig. 3 shows

Non-squamous NSCLC
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Figure 2. Expression of Treg markers in tumors vs. HTs. The ratio of expression of the marker in the tumor to its expression in HTs is shown on a log(2) scale. Markers with
higher than two-fold expression in the tumor compared to the corresponding HTs (*, p<0.05) or higher than 1.5-fold expression in the tumor compared to both the corre-
sponding HTs (*, p<0.05, as evaluated by Student's t-test) and the mean expression in HTs (*, p<0.05) were selected for further analysis (markers within grey boxes). As a
rescue strategy (prostate carcinoma), markers showing higher than 1.5-fold expression in the tumor as compared to the corresponding HTs (*, p<0.05) were selected for
further analysis (marker within grey dotted boxes). Markers that met the expression conditions but were not selected because the difference between tumors and HTs

was not significant (n.s.) are shown within white boxes.
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Figure 3. mRNA expression of the best Treg marker in tumor samples and the corresponding HTs. Mean=SD values of expression of the Treg marker in HTs and expres-
sion of the marker in each tumor sample are shown. The percentage of patients with expression greater than the mean+2SD value (dotted line) of the corresponding
HTs is reported. The best Treg marker for each tumor is shown (the expression of the other selected Treg markers are shown in supplemental Figures $2—S7). Student's
t-test was used for statistical analysis in the comparison between the expression level of the Treg marker mRNA in tumors vs. the corresponding HT samples.

the marker that was overexpressed in the highest number of
patient-derived specimens for each tumor type. No marker sat-
isfied the overexpression criterion in colorectal, liver and pros-
tate carcinoma (Table 4). Thus, the strategy of targeting Tregs
to induce ADCC in these cancers is unlikely to be effective.

In summary, 11 markers met the overexpression criterion: 4-
1BB, CD39, CD73, Galectin-9, GITR, ICOS, IL-21R, LAP, neu-
ropilin-1, TIGIT, and TNFR2. The most interesting markers
were those that were overexpressed in 70—90% of the patients
with squamous NSCLC, renal cell carcinoma, breast infiltrating
ductal carcinoma, ovarian serous carcinoma and clear cell carci-
noma. In the case of non-squamous NSCLC, the most interest-
ing Treg marker was the one overexpressed in 60% of the
patients. Therefore, the present data demonstrate that more than
half of the patients overexpressed at least one Treg marker (ie.,
CD39, GITR, LAP or TIGIT). However, each of these Treg
markers is overexpressed only in some tumors.

Correlation between the expression of Treg markers and
regulatory cytokines

Several studies have demonstrated that the markers identified
by our analysis are true Treg markers (Table S2),
even though they are are also expressed in non-Treg cells, at
least in some conditions."”'"'* However, the tumor microen-
vironment is tumor specific and differs across tumors.'> We

have shown that CD4" T cell infiltration correlates positively
with TGF-8 and IL-10 expression and T cell infiltration cor-
relates inversely with CTL activity, likely suggesting that the
suppressive microenvironment within the tumor mass
depends on TGF-8 and IL-10 expression. Therefore, to con-
firm that overexpression of Treg markers is correlated with a
higher number of Tregs and a suppressive microenvironment
in a tumor, we examined whether the expression of Treg
markers is directly correlated with the expression of the reg-
ulatory cytokines IL-10 and TGFg in samples from patients
with the same tumor type. Since all tumors had evidence of
Treg infiltration (Fig. 1C), expression of all the Treg markers
was evaluated in all tumors. For each significant (p<0.05)
direct correlation found between a marker and the expres-
sion of suppressive cytokines, a score of +3 (0>0.3) or +1
(0.3>p>0.1) was assigned, and for each inverse correlation,
a score of —3 (p<—0.3) or —1 (—03<p<—0.1) was
assigned. No score (0) was assigned when no correlation was
found. For example, we found a direct correlation between
GITR and TGFB mRNA expression (p0>0.3, Fig. 4A) and
between GITR and IL-10 mRNA expression (p>0.3, Fig. 4B)
in non-squamous NSCLC, so the total regulatory score of
GITR in this tumor was 6. In Table S4, the scores for each
Treg marker in each tumor are reported. When we found a
negative score, we assumed that the marker is not a proper
Treg marker in the microenvironment of that tumor (and
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p=0.59
p< 0.0001
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1 p< 0.0001

Figure 4. Correlation between the expression of GITR and suppressive cytokines.
Correlation of GITR mRNA expression with TGFS (A) and IL-10 (B) mRNA expression
in patients with non-squamous NSCLC. Spearman coefficients (p) and p values are
reported.

possibly represents an activation marker). On the contrary,
when we found a positive score, we assumed that the marker
is a proper Treg marker in the microenvironment of that
tumor. A neutral score (0) possibly indicates that the marker
is not prominently expressed in Tregs.

Table 5 shows that the expression of nine markers (38% of
the markers) was correlated with a suppressive microenviron-
ment in all the tumors or all but one tumor; these markers were
categorized as class A markers. When a marker was associated
with the suppressive microenvironment in six or seven tumors,
it was categorized under class B. Six such markers were identi-
fied, which represented 25% of the markers evaluated. When a
marker was associated with the suppressive microenvironment
in only five tumors, it was categorized under class C (five such
markers were identified, which represented 21% of the markers
evaluated). Four markers (17% of the total markers) were cor-
related with the suppressive microenvironment in less than half
of the tumors and were categorized under class D.

Of the 11 Treg markers that met the overexpression crite-
rion (Table 4, grey background), 6 (55%) belong to class A and
9 (82%) belong to classes A and B. Thus, most of the Treg
markers overexpressed in tumors and selected by our analysis
correlate very well or well with the tumor suppressive microen-
vironment. Only 2 selected markers belong to class C, and
none of the selected marker belong to class D.

Tumor infiltration by NK and myeloid cells expressing
activating FcyRs

In murine models, anti-GITR, anti-OX40 and anti-CTLA-4
mAbs induce ADCC in Tregs when they bind to activating
FcyRs expressed by NK and myeloid cells.””'® Thus, it is likely
that this condition is necessary for all mAbs that are involved
in inducing ADCC. To verify whether mAbs directed against
Treg markers can induce ADCC in human tumors, we evalu-
ated the expression of activating FcyR mRNA in tumors that
overexpress Treg markers and compared it to their expression
in lymph nodes, where activating FcyR-expressing cells are vir-
tually absent.”

Figure 5 shows that activating FcyR mRNAs are signifi-
cantly (p<0.05) overexpressed in all tumors as compared to
lymph nodes and, among them, FcyRIITA mRNA shows the
highest level of overexpression. When the mean level of overex-
pression is considered, NSCLC and renal cancer show a higher
level of activating FcyR mRNA overexpression than the other
cancers, and ovarian serous carcinoma shows the lowest level
of activating FcyR mRNA overexpression. This means that the
ADCC strategy is more likely to be effective in NSCLC and
renal cancer than in ovarian serous carcinoma.

The expression of FcyRIIC is not shown in Fig. 5 because
the level of the expression of this receptor in tumors was 10-
fold lower than that of the other activating FcyRs (not shown),
which means that it is unlikely to play a role in ADCC in
cancers.

The ADCC index as an indicator of the effectiveness of Treg
markers for ADCC induction

The main objective of the study is to identify markers that have
the highest probability of being Treg markers of tumor-infil-
trating Tregs so that an antibody directed against the marker
can induce Treg ADCC, provided that activating FcyRs are
also present in the tumor. Therefore, we calculated the proba-
bility of each marker being an effective target in a tumor by
means of the ADCC index. The ADCC index was calculated
considering four parameters (Fig. 6): (1 and 2) the “Treg
marker expression ratio A score” and “Treg marker expression
ratio B score” parameters which consider the overexpression of
the marker in the cancer as compared to its expression in the
corresponding HT and in all HTs, respectively; (3) a tumor-
related parameter which considers the level of infiltration of
activating FcyR expressing cells called “Activating FcyRs
expression ratio score”; (4) a parameter describing the marker
as a Treg marker (score>1) or a marker of activated conven-
tional T cells (score<1) in the tumor microenvironment, called
“Treg marker suppressive score”; it derives from the multiplica-
tion of the “Treg marker suppressive score in the specific
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Figure 5. Expression of activating FcyR mRNA in tumors vs. lymph nodes from HDs. The ratio of the mRNA expression of the specified activating FcyR in the tumor speci-
men and the mean (£SD) mRNA expression in the lymph nodes of HDs is shown on a log(2) scale. In the histogram on the right, the mean of the ratios [expressed as log
(2)] of the four activating FcyRs is shown. The mean expression of each FcyR in each tumor as compared to the mean expression in HD lymph nodes was found to be sig-

nificantly different (*, p<0.05: **, p<0.01: ***, p<0.001; ****, p<0.0001).

cancer” by “Treg marker suppressive score in all cancer”. The
scores of the first 3 parameters range between 1 (low overex-
pression level) and 4 (high overexpression level). The scores of
the fourth parameter range between 0.25 (marker of activated
conventional T cells) and 4 (very good Treg marker). Markers
with an ADCC index of 48 or higher were considered to be

ADCC index

on a range of 0.25 (poor) to 256 (excellent)

very interesting for the tumor for which the index was calcu-
lated. The scores, the formula combining the parameters and
the 48 cut-off were chosen for the following reasons: (A) a
selected marker must be expressed by Tregs; therefore, if the
“Treg marker suppressive score” is equal to 0.25 or 0.5 (mean-
ing that the marker is mainly an activation marker of

Treg marker expression
ratio (A) score
(ratio of mean expression
in responder
patients/mean expression
in the corresponding HT)

<2 fold =1 point

2-3fold =2 points
3-4 fold = 3 points
>4 fold =4 points

Treg marker expression
ratio (B) score
(ratio of mean expression
in responder
patients/mean expression
in all the HTs)

<2 fold =1 point
2-2.5fold =2 points
2.5-3 fold = 3 points
>3 fold =4 points

Activating FcyRs
expression ratio score
(ratio of mean expression
in responder
patients/mean expression
in the lymph nodes from

HDs) x

<2 fold =1 point

2-4 fold = 2 points
4-6 fold = 3 points
>6 fold =4 points

Treg marker
suppressive score
(relationship between Treg
marker expression and
the suppressive
microenvironment of the
cancers)

Points ranging
from 0.25 to 4

Treg marker
suppressive score in the
specific cancer
(correlation of the marker
expression with the
expression of suppressive

cancer)
<0 score = 0.5 point

(see table 4)

cytokines in the specific x

0 score = 1 point Class 3= 1 point
1-3 score = 1.5 points Class 2 = 1.5 points
4-6 score = 2 points Class 1= 2 points

Treg marker
suppressive score in all
cancers
(correlation of the marker
expression with the
expression of suppressive
cytokines in all cancers)

Class 4 = 0.5 point

(see table 4)

Figure 6. Algorithm used to calculate the ADCC index of Treg markers in a cancer. To evaluate the probability of a Treg marker being successfully used as a target to
induce ADCC, we established the ADCC index. The ADCC index was calculated for each marker in each cancer as described in the material and methods. Half of the score
is derived from evaluation of overexpression of the marker in the responder patients (i.e., the patients in whom the Treg marker expression level was higher than the
mean-+2SD value of the Treg marker expression in HTs), one-fourth from the expression of activating FcyR in the cancer sample of the responder patients, and one-fourth
from the correlation of the marker expression with the suppressive microenvironment (i.e., the probability that the marker was mainly expressed in Tregs). The final score
was obtained by multiplying each of these four scores. The ADCC scores of the markers in specific cancers are shown in Table 6.



ONCOIMMUNOLOGY e1387705-11

Table 6. ADCC index of the markers overexpressed in more than 40% of the patients.

Non-squamous Squamous Renal cell Breast infiltrating Ovarian clear Ovarian serous
NSCLC NSCLC carcinoma ductal carcinoma cell carcinoma carcinoma
Responder ~ ADCC Responder ~ ADCC Responder ~ ADCC Responder ~ ADCC Responder ~ ADCC Responder  ADCC
patients' index’ patients' index’ patients' index’ patients' index’ patients' index’ patients' index’
4-1BB 62 % 54
D39 83 % 48
CD73 47 % 36
Galectin-9 44 % 48 49 % 36 62 % 12
GITR 41 % 192 71 % 144 42 % 54
1COS 56 % 9
IL-21R 47 % 32 45 % 54
LAP 73 % 256 93 % 36 91 % 32
Neuropilin-1 41 % 72
TIGIT 60 % 192 57 % 96 72% 54
TNFR2 53 % 48

'Percentage of the patients who showed overexpression of the marker (i.e., the patients in whom Treg marker expression level was higher than the mean+2SD value of
Treg marker expression in HTs) and thus had a good probability of responding to the treatment. The marker for which the percentage of responder patients was higher

than 40% are shown.

The ADCC index was calculated as shown in Figure 6. An ADCC index equal or higher than 48 was considered relevant and reported in a grey background.

conventional T cells), the ADCC index is under the cut-off (16
or 32, respectively) even if the other scores are equal to the
maximum; (B) all considered parameters contribute to increase
the likelihood of ADCC; therefore if two scores are equal to the
minimum (1), even if the other scores are equal to the maxi-
mum (4), the ADCC index is under the cut-off (16); (C) if three
scores are equal to 2, even if the other score is equal to 4, the
ADCC index is under the cut-off (32); (D) if two scores are
equal to 2, one score is equal to 3 and one score is equal to 4,
the ADCC index is considered good (48). Obviously, the higher
is the ADCC index, the higher is the probability that the marker
targeted by an antibody will promote ADCC of Tregs.

The ADCC index for the markers that met the overexpression
criterion (Table 4) is shown in Table 6. One marker has an
ADCC index below the cut-off in the cancer where it is overex-
pressed, three markers have an ADCC index equal or above the
cut-off in one cancer and below in others, and six markers have
an ADCC index equal or above the cut-off in one or more can-
cers. In the case of NSCLC cancers and breast infiltrating ductal
carcinoma, we identified two Treg markers for which the ADCC
strategy appears to have good chances of success: GITR and
TIGIT. In the case of breast infiltrating ductal carcinoma, two
more markers appear to be of interest: 4-1BB and IL-21R. In the
case of renal cell carcinoma, five Treg markers were found to be
potentially good targets, among which LAP and neuropilin-1
have the highest ADCC index. Even though LAP is overex-
pressed in a large percentage of ovarian carcinomas, the infiltra-
tion of cells expressing activating FcyRs is relatively low, and
therefore, the probability of inducing ADCC with an anti-LAP
Ab appears to be low in the case of ovarian carcinomas.

Discussion
Tumor specificity of overexpressed Treg markers

In preclinical studies, mAbs that favor the anti-tumor response
by inhibiting the suppressive microenvironment have provided
very interesting results,”>*® and one of the mechanisms through
which these antibodies function is the induction of ADCC on
Tregs.”'™>>® This study investigates the expression of Treg

markers in different tumors to identify the best markers that
can be targeted by anti-tumor mAbs that induce ADCC. Sev-
eral studies have shown that ADCC is tumor specific (i.e., it
involves tumor-infiltrating Tregs more than Tregs outside the
tumor) and, thus, favors the killing of Tregs directed against
tumor antigens.”*'**”*® ADCC is specifically targeted against
tumors because it requires the expression of activating FcyRs,
which are not expressed by cells in the lymph nodes or other
lymphoid organs.”*'® Therefore, the ADCC mechanism may
be very effective and associated with a low rate of adverse
events. However, it is crucial that the antibody targets the cor-
rect Treg marker, that is, the marker that is expressed at high
levels in a large percentage of tumor-infiltrating Tregs and at
much lower levels in non-Treg cells within the tumor (to avoid
killing CTLs, for example) and in Treg-infiltrated HTs (to avoid
adverse effects). To identify appropriate markers for the nine
types of cancers that have been investigated in this study, we
proposed the ADCC index as an indicator of the best potential
markers of Tregs in each tumor. Among the 24 Treg markers
analyzed, only 11 markers appeared to be of some interest, and
out of these, 9 markers had a sufficiently high ADCC index
(>48) in at least one tumor: 4-1BB, CD39, galectin-9, GITR,
IL-21R, LAP, neuropilin-1, TIGIT and TNFR2.

We found that the Treg markers of interest (Table 4 and
6) are not the same in all tumors. With regard to the best
markers, both NSCLC cancers and breast cancers have two
Treg markers in common (GITR and TIGIT) and IL-21R,
with a low ADCC index in non-squamous NSCLC and a
good ADCC index in breast cancer. In contrast, 4-1BB is
specific to breast cancer. Further, for renal cell carcinoma,
we found five interesting Treg markers. However, none of
the five markers was of interest in NSCLC and breast can-
cers, although galectin-9 is a weaker target in breast cancer.
Ovarian cancers share the markers LAP and galectin-9 with
renal cell carcinoma. Thus, it is possible that different Treg
subsets infiltrate different tumors, or that some markers are
specifically upregulated in a tumoral microenvironment.
This phenomenon has been described for GITR, TNFR2,
CTLA-4 and OX40 in mouse and human tumors,'***"*
and is very interesting from a therapeutic point of view.
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This is because specific antibodies bind better to cells
expressing the corresponding antigen at a high density, and
this indicates a higher probability of ADCC within tumors.
In conclusion, the use of a specific mAb eliciting ADCC of
Tregs would be effective only in certain tumor types.

Effectiveness of the ADCC strategy

The effectiveness of ADCC strategy would depend on the expres-
sion of specific markers on T cells as well as the expression of
FcyRs, which are required for the induction of ADCC. In the pres-
ent study, in five of the nine evaluated human tumors, the strategy
of treating tumors by promoting ADCC of Tregs appears unlikely
to succeed. In the case of colorectal, liver and prostate carcinomas,
the overexpressed markers are a few and are overexpressed in less
than 40% of the patients (CD103, CTLA-4, neuropilin-1 and Tim-
3) (Table 4). Among these markers, Neuropilin-1 is the only one
with an interesting ADCC index (48, not shown). Thus, targeting
neurolipin-1 may be effective in the few patients with colorectal
carcinoma in whom it is overexpressed.

In the case of ovarian serous carcinoma, the strategy of treat-
ing tumors by Treg ADCC appears unlikely to succeed because
of the low overexpression of the markers as compared to all tis-
sues and the relatively low number of cells that express activat-
ing FcyRs. Thus, the ADCC index for LAP and galectin-9 was
low (Table 6). In the case of ovarian clear cell carcinoma, the
low overexpression of LAP as compared to all tissues is the
main reason for the low ADCC index. However, the number of
samples of ovarian clear cell carcinoma in the database was
quite low (27), so the results may be biased.

Thus, based on our findings, the ADCC strategy is very
likely to succeed in only four of the tumors examined: non-
squamous and squamous NSCLC, breast infiltrating ductal car-
cinoma and renal cell carcinoma. Interestingly, these tumors
are more infiltrated by T cells than the other tumors (Fig. 1A).
However, the effectiveness of the ADCC strategy may depend
on several factors, including other activity of the mAb (e.g.,
direct co-stimulation of conventional T cells), the direct effect
of the mAD on the tumor, and the presence of other immune
suppression mechanisms that may allow for tumor immune
escape when Tregs are eliminated by ADCC.

Candidate markers for the ADCC-inducing strategy

Data reported by the Cancer Genome Atlas®® show that GITR,
a co-stimulatory molecule,” is overexpressed in lung and breast
cancers (Figure S8). This is in agreement with our study find-
ings, which show that GITR has a high probability of being a
good marker in these tumors (Table 6). In the Cancer Genome
Atlas, GITR appears to be overexpressed in renal and liver can-
cers, too, but our analysis did not reveal GITR overexpression
in renal cell and liver carcinomas. It has been demonstrated
that GITR is one of the best markers of activated pTregs, partic-
ularly within the tumor microenvironment,'"" and that the
expression of GITR' Tregs is correlated with malignancy.”’
Further, the anti-GITR Ab DTA-1 has been demonstrated to
be effective in several tumor models,”>*® and several studies
demonstrate that the main mechanism by which the DTA-1
Ab exerts its antitumor activity is ADCC of tumor-infiltrating

Tregs.”**"®* Our study suggests that GITR is a very promising
target for antitumor treatment of non-squamous and squamous
NSCLC (the ADCC indexes were among the highest observed)
and breast infiltrating ductal carcinoma. Analysis of the Atlas
samples indicate that GITR may also be a target for certain
renal cell carcinoma subtypes or in specific stages, which might
be underrepresented in our datasets.

TIGIT was initially described as a co-inhibitory molecule in
conventional CD4™" T cells.®> More recently, it has been dem-
onstrated that TIGIT expression defines a functionally distinct
tTreg subset with an activated phenotype®* and that TIGIT sig-
naling in Tregs suppresses antitumor immunity via Tregs in
murine tumor-infiltrating lymphocytes.65 In humans, too,
TIGIT is highly expressed and upregulated on Tregs after acti-
vation and in vitro expansion.®® According to our analysis,
TIGIT appears to be a very interesting target in the same cancer
types in which GITR triggering plays a role.

LAP-expressing CD25" cells are a subset of tTregs with
great suppressive activity.”” Moreover, LAP is expressed also by
FOXP3~ pTregs.®® Interestingly, the number of LAP-expressing
Tregs is significantly higher in the PBMCs of patients with can-
cers than in the healthy controls.”>”® According to our analysis,
LAP appears to be an ideal target in the treatment of renal cell
carcinoma and the best target in the treatment of ovarian
carcinomas.

CD39, TNFR2, and galectin-9 were found to be among the
Treg markers with the best correlation with the regulatory
microenvironment in all the analyzed tumors (Table 5) and
had a good ADCC index for renal cell carcinoma. CD39 is an
ectonucleotidase that can hydrolyze ATP to 5-AMP and
adenosine, and thus mediate the suppression of T cells and
NK cells.”" Further, anti-CD39 Abs with potential antitumor
activity have been patented.”” TNFR2, along with GITR and
OX40, plays a crucial role in the maturation of tTregs,”” and
the most suppressive Tregs can express high amounts of
TNFR?2 in various cancers.”* Antagonistic anti-TNFR2 mAbs
not only inhibit Tregs but also kill ovarian cancer cells in
vitro.?® Secreted galectin-9 may promote pTreg differentiation
and bind to receptors expressed on Treg.***'">> However, it
can also play a role in CD8" T cell exhaustion,”” which means
that it would be more appropriate to use antagonistic antibod-
ies against galectin-9 than an ADCC-targeting strategy in
tumors that overexpress galectin-9. In our study, galectin-9
was also found to be overexpressed in breast infiltrating ductal
carcinoma and ovarian serous carcinoma (Fig. 2 and Table 4).
CD39, TNFR2 and galectin-9 are also expressed by certain
tumor cells,”®>*”>7¢ so their observed upregulation may be
attributable, at least in part, to their expression by tumor cells.
Therefore, targeting these markers may cause ADCC of both
Tregs and tumors.

Comparison with other bioinformatics studies

Several studies have evaluated the infiltration of immune cells in
tumors via a bioinformatics approach *?!7332>36437778 A]| these
studies, including ours, have concluded that tumors are infil-
trated by T cells to various degrees, with a high level of differen-
ces between patients, and that these lymphocytes create a
suppressive microenvironment. In particular, several studies have



demonstrated that Tregs are present at high levels in tumors and
that the CD4"/CD8" ratio is increased in tumors®*>13>364041
these findings were also confirmed by our study.

De Simone et al. obtained tumor-infiltrating lymphocytes
from human colorectal and lung cancers and isolated T cell sub-
sets, including Tregs, to evaluate their gene expression profile.””
Interestingly, they demonstrated that tumor-infiltrating Tregs in
lung cancers express several Treg markers at levels higher than
HT-infiltrating Tregs, including 4-1BB, CD27, CTLA-4, LAG-3,
and TIGIT, which have also been found to be overexpressed in
the NSCLC samples analyzed in the present study (Fig. 2). On
the contary, GITR was found to be overexpressed at similar lev-
els in both tumors and healthy lung as compared to PBMC, thus
to be not upregulated in NSCLC. Moreover, the Treg markers
that were reported by De Simone et al. to be overexpressed in
the Tregs infiltrating colorectal cancer were not found by our
study, with the only exception of CTLA-4. In our opinion, the
discordance between our study and the De Simone et al. study
can be explained as follows: (1) The results of the De Simone
et al. study did not account for differences in the number of
tumor-infiltrating Tregs and tissue-infiltrating Tregs (2) De
Simone et al. isolated and characterized only tumor-infiltrating
tTregs (CD4*CD25"CD127~ which are FOXP3*). On the con-
trary, our approach considered all tumor-infiltrating Treg sub-
sets, including pTreg subsets, which may not express FOXP3 or
express it at lower levels.'>'”*

Plitas et al. studied tumor infiltrating tTregs from breast
cancer specimens.”” They demonstrated that the number of
Tregs and the CD4%/CD8" T cell ratio was higher in tumors
than in breast parenchyma, which is similar to our observa-
tions. They then characterized tumor-resident Treg cells and
compared them to normal tissue-resident ones and demon-
strated that CCR8 is upregulated in tumor-resident Treg cells.
On the contrary, we found that CCR8 was upregulated by only
1.3-fold in breast-infiltrating ductal carcinoma samples as com-
pared to HT. However, in the Plitas et al. study, the gene signa-
ture of tumor-infiltrating pTregs was not studied. Therefore,
our results are not comparable to theirs.

Limitations and strengths of the study

One of strengths of our study is that we evaluated tumor infil-
tration of Tregs in nine cancers by using data obtained with
just one technique that provides the absolute values of gene
expression and after normalization through Genevestigator
suite making possible to pool data from several datasets. Pooled
data for the analysis of prostate and ovarian clear cell carcino-
mas were obtained from three laboratories; data for analysis of
squamous NSCLC, renal cell carcinoma, liver carcinoma and
ovarian serous carcinoma were obtained from 5—7 laborato-
ries; non-squamous NSCLC and colorectal carcinomas, 9—12
laboratories; and breast infiltrating ductal carcinoma, 33 labo-
ratories (Table S5). The number of markers selected by our
analysis does not correlate with the number of datasets ana-
lyzed (not shown); thus, the number of datasets does not repre-
sent a systemic bias in selecting Treg markers.

We believe that tumors are infiltrated by several Treg subsets.
Therefore, we did not attempt to evaluate the signature of Tregs
but only evaluated Treg markers, so that all Tregs were
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considered. Interestingly, CD25, a pivotal marker of tTregs, was
not overexpressed in the tumors (Fig. 2 and Table S3) and had
an overall score of 16 as far as concerns correlation with the sup-
pressive microenvironment of tumors (ranked fourteenth among
the Treg markers, Table 5), confirming that Tregs different from
tTregs play a more relevant role in tumors than that played by
tTregs, as demonstrated by others.”

A limitation of this study is that the level of mRNA expres-
sion of the markers did not always correlate with the level of
protein expression. However, it is known that GITR, TNFR2
and CTLA-4 are overexpressed in tumor-infiltrating
Tregs.'”>"*” Thus, the demonstrated overexpression of these
markers in tumors may correlate with their protein expression.

Another limitation of this study is that the bioinformatics
analysis of mRNA levels does not establish whether the genes
that are overexpressed are present only on Tregs or on other
cells infiltrating the tumor as well. We have tried to overcome
this limitation in two ways. First, we chose to analyze genes
that are considered to code true Treg markers (see
Table S2),'"*"* although we are aware that surface molecules
exclusively expressed by Tregs do not exist. Second, in patients
with the same tumor type, we analyzed the correlation between
the level of expression of the Treg markers with the level of
expression of IL-10 and TGFpB, two cytokines known to be
expressed at high levels in a suppressive microenvironment.
We reasoned that if the expression of a marker correlated
directly with IL-10 and TGFp expression, the marker would be
expressed in tumor-infiltrating Tregs. However, even such a
correlation is not a direct demonstration of exclusive expres-
sion of the marker in tumor-infiltrating Tregs. Even though
some of the conclusions of our studies confirm data obtained
for murine models (as discussed above), which indicates the
possible success of this strategy, experimental studies on
tumor-infiltrating Tregs should be performed to verify these
findings. In this context, our study indicates which markers
should be prioritized in future experimental studies.

Finally, we did not evaluate the carcinoma subtypes of renal
cancer cells. In fact, our initial hypothesis was that the most
highly expressed Treg markers are common to all tumors or, at
least, are tissue specific. However, the hypothesis was verified
only in part by the findings for lung and ovarian cancers.

Conclusion

In conclusion, our study findings indicate that the ADCC strat-
egy could be successful for the treatment of certain tumors but
not others. Moreover, the markers to be targeted by ADCC-
inducing antibodies differ across different tumors. We have,
therefore, proposed a method for the calculation of the ADCC
index of a marker for a particular tumor, which may prove
useful for the development of anti-tumor antibodies that elicit
ADCC in tumor-infiltrating Tregs in humans.

Materials and methods
Data source, tumor types and control samples

We used the Genevestigator v3 suite,”* by which the normal-
ized absolute values of gene expression generated using the
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Aftymetrix Human Genome U133 Plus 2.0 platform can be
downloaded. The microarray data in Genevestigator are nor-
malized at 2 levels: RMA within experiments (through the
Bioconductor package “affy”’® and a customized version of the
package “affyExtensions”) and trimmed mean adjustament to a
target for normalization between datasets. Regarding the sec-
ond level, the trimmed mean consists of calculating the mean
of all expression values of an experiment (across all samples)
after excluding the top 5% and the bottom 5%. The combina-
tion of the 2 levels makes data highly comparable among differ-
ent experiments thus making possible to pool data without
further normalization. Gene expression data were obtained
from datasets that are publicly available from Gene Expression
Omnibus®” and the European Bioinformatics Institute.*®

The Genevestigator database was queried in May 2017. We
extracted and considered for analysis 5728 samples (i.e. all the
samples relative to tumor types we wanted to study with the
exclusion of metastatic tumors), which were taken from
patients with cancer and belonged to different datasets, as
reported in Table S5. The samples included breast infiltrating
ductal carcinoma (3169 samples), colorectal carcinoma (486
samples), liver carcinoma (232 samples), non-squamous and
squamous NSCLC (813 and 279 samples, respectively), renal
cell carcinoma (411 samples), ovarian serous carcinoma (225
samples) and ovarian clear cell carcinoma (27 samples), and
prostate carcinoma (86 samples).

Three types of samples were used as controls (Tables S3 and
S5): 28 samples of PBMCs from HDs, 18 samples of lymph
nodes from HDs, and 20—142 samples of seven tissues (breast,
colon, liver, lung, kidney, ovarian epithelium, and prostate)
from HDs (HTs).

T cell infiltration, CTL activity and suppressive scores

The T cell infiltration score was calculated for each specimen
based on the expression of genes in the tumor sample and the
mean expression of the same genes in HTs. The genes consid-
ered were those reported by Bindea et al.’' and Becht et al.”’
with the only exception of TRA and TRAC (Bindea signature)
and MGC40069 (Becht signature) that are not included in the
Affymetrix platform. The “gene expression in tumor sample”/
“mean gene expression in HT” ratio, expressed as log(2), was
calculated for each gene, and the mean ratio of all the genes
was considered to represent the T cell infiltration score of the
tumor specimen.

The CTL activity score was calculated for each patient speci-
men based on the expression of genes in the tumor sample and
the mean expression of genes in PBMCs of HDs, both of which
were normalized to expression of the CD8w chain. The follow-
ing genes were considered to represent CTLs’': APBA2,
APOL3, CTSW, DUSP2, GNLY, GZMA, GZMA, KLRBI,
KLRD1, KLRF1, KLRK1, NKG7, RORA, RUNX3, SIGIRR, and
ZBTB16. The “normalized gene expression in the tumor sam-
ple”/“normalized mean gene expression in PBMCs” ratio,
expressed as log(2), was calculated for each gene, and the mean
ratio of all the genes was considered to represent the CTL activ-
ity score of the tumor specimen.

The suppressive score was calculated for each specimen
based on the expression of genes in the tumor sample and the

mean level of expression of genes in PBMCs of HDs, both of
which were normalized to CD4 mRNA expression. The follow-
ing genes were considered to represent Treg: FOXP3, IL10 and
TGFBI. The “normalized gene expression in the tumor sam-
ple”/“normalized mean gene expression in PBMCs” ratio,
expressed as log(2), was calculated for each gene, and the mean
ratio of all the genes was considered to represent the suppres-
sive score of the patient’s tumor.

Expression of Treg markers in tumors vs. HT

To evaluate the expression of a Treg marker in tumors (Fig. 2
and Table S3), the mean expression of the Treg marker in the
tumor was divided by the mean expression of the Treg marker
in the corresponding HT or the mean expression of the Treg
marker in all HT's (breast, colon, kidney, liver, lung, ovary and
prostate). Markers with higher than two-fold expression in the
tumor as compared to the corresponding HT (p<0.05) or
higher than 1.5-fold expression in the tumor as compared to
both the expression in the corresponding HT (p<0.05) and the
mean expression in all HT samples (p<0.05) were selected for
further analysis.

To determine the percentage of patients who express the
Treg marker at high levels (Table 4, Fig. 3 and Figures S2—7),
we included the specimens in which the Treg marker expres-
sion level was higher than the mean+2SD value of the Treg
marker expression in HT.

Correlation analysis

To evaluate whether tumor infiltration of CD4" T cells was
correlated with suppressive cytokine expression (Fig. 1D and E,
Table 2), CD4 mRNA expression was correlated with mRNA
expression of TGFB1 and IL10. To evaluate whether the expres-
sion of the Treg marker correlated with the expression of sup-
pressive cytokines (Table 5 and Table S4), Treg marker mRNA
expression was correlated with mRNA expression of TGFB1
and IL10. Correlation analyses were performed using the Spear-
man correlation analysis. For the Treg marker correlation score
(Table 5 and Table S4), a score of +3 was assigned if p<0.05
and p>0.3, and a score of —3 was assigned if p<0.05 and
p<—0.3. A score of +1 was assigned if p<0.05 and 0.1<<0.3,
and a score of —1 was assigned if p<0.05 and —0.1>p>—0.3.

ADCC index

The ADCC index was calculated for each selected marker for
each tumor, as summarized in Fig. 6. This index was calculated
by first assigning a score for (1) overexpression of the marker
in the tumor as compared to the corresponding HT, (2) overex-
pression of the marker in the tumor as compared to all HTs, (3)
overexpression of activating FcyR in the tumor as compared to
lymph nodes from HDs, and (4) the correlation of the marker
with the suppressive microenvironment of the specific cancer
and of all cancers. For determining the ADCC index of a Treg
marker, the first three scores were calculated by considering
only the samples in which the marker was overexpressed (that
is, the level of expression was higher than the mean42SD
expression of the corresponding HT). Therefore, the mean level



of overexpression used for calculating the index was higher
than that reported in Fig. 2, and the mean level of activating
FcyRs may also differ from that reported in Fig. 5 and that
calculated for other Treg markers overexpressed by the same
tumor. For the first three parameters, the scores were assigned
on a range of 1 to 4 based on the expression level. In the case of
the fourth parameter, an inverse correlation between a Treg
marker and the suppressive microenvironment indicates that
the expression of the surface molecule is higher in activated
T cells than in Tregs. Therefore, only in this case, we decided to
assign a score lower than 1, and so, the score for the fourth
parameter ranges from 0.25 to 4. The ADCC index was
obtained by the multiplying the score assigned to each of the
parameters.

Based on the scoring system, the highest possible ADCC
index for a Treg marker is 256. We considered markers with an
ADCC index equal to or higher than 48 to be of interest. For
example, the 48 score is obtained when the scores of the indi-
vidual parameters (in the order in which they were described in
the previous paragraph) are 4, 3, 1, and 4 respectively (as in the
case of CD39, galectin-9 and TNFR2 in renal cell carcinoma).
A score of 54 is obtained when the individual scores are 3, 3, 2
and 3 respectively (for example, 4-1BB and TIGIT in breast
infiltrating ductal carcinoma); 3, 2, 4 and 2.25 respectively
(for example, GITR in breast infiltrating ductal carcinoma); or
3, 4, 3 and 1.5 respectively (IL-21R in breast infiltrating ductal
carcinoma).
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