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Tumor-infiltrating regulatory T cells (Tregs) promote immune evasion and are associated with poor disease outcome
in patients affected by various malignancies. We have recently demonstrated that several, inherited single nucleotide
polymorphisms affecting Treg-related genes influence the survival of ovarian cancer patients, providing novel insights
into possible mechanisms of immune escape.

Despite considerable progresses in our
understanding of the factors that influ-
ence ovarian cancer progression, the sur-
vival rate of patients affected by this deadly
cancer has not yet appreciably improved.
Multiple factors influence patient survival
in this setting, including the histological
subtype of the tumor, stage at diagnosis
and genetic predisposition.! It has become
clear that different histological subtypes of
ovarian cancer represent distinct diseases,
bearing specific genetic lesions, responding
differently to chemotherapy and exhibiting
dissimilar survival rates. Many studies have
focused on serous ovarian cancers or have
grouped all other subtypes together, hence
failing to take into account the heteroge-
neous nature of the disease and obscuring
subtype-specific relevant results.!

Elevated levels of tumor-infiltrating
T cells also influence the survival of ovar-
ian cancer patients. In particular, tumor
infiltration by cytotoxic CD8* T cells has
been associated with improved survival,
whereas increased numbers of regulatory
T cells (Tregs) have been associated with
dismal prognosis.>? Tumors halt immune
responses via several pathways including
the induction and recruitment of Tregs.
In turn, Tregs block immune effectors
through several mechanisms, including

the secretion of soluble mediators such
as interleukin (IL)-10 and transforming
growth factor B (TGFp), the induction
of T-cell anergy, the depletion of IL-2
(which is needed for the survival, prolifer-
ation and differentiation of naive T cells)
and the conversion of naive T cells into
induced Tregs (iTregs).*

Based on evidence suggesting that
tumor-infiltrating Tregs influence the
survival of ovarian cancer patients, we
reasoned that common, inherited single
nucleotide polymorphisms (SNPs) affect-
ing genes involved in the regulation of
Treg functions may also be associated with
disease outcome in this setting. To assess
this issue, we genotyped > 1,500 SNPs rel-
evant to 54 genes related to Tregs using
germline DNA isolated from the blood
of women affected by primary epithelial
ovarian, peritoneal or fallopian tube can-
cer, representing all the major histologi-
cal subtypes of ovarian neoplasms. Over
3,000 individuals were genotyped at SNPs
which either (1) tagged underlying varia-
tions in or (2) were known to correlate
with the expression of genes relevant for
Treg induction, functions or traffick-
ing. Additionally, we correlated tumor
mRNA expression data with genotype in
a subset of cases, in order to determine the
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association between survival-linked SNPs
and gene expression at the tumor level’
We identified six independent SNDPs
(R? < 0.3) in four chromosomal regions
associated with ovarian cancer patient
survival. The strongest association was
between the RGSI gene and the sur-
vival of clear cell carcinoma patients
(p = 2.7 x 107). The minor allele of an
intronic SNP, rs10921202, was indeed
associated with a 2.93-fold increased risk of
death. Variants in RGS!I may influence the
trafficking of Tregs and other immune cells
by limiting the duration of G-protein sig-
naling (Fig. 1A).° Lymphocyte migration
is indeed mediated by chemotactic factors
that operate via G-protein-coupled recep-
tors, and mutations in these systems may
perturb the influx/efflux of immune cells
into/from the tumor microenvironment.
Three SNPs were associated with poor
survival in patients affected by mucinous
ovarian cancers. The first two were located
in the 3' UTR and in an intron of LRRC32
(rs3781699 and rs7944357) and resulted in
a more than 2-fold increased risk of death.
rs3781699 and rs7944357 were modestly
correlated with each other (R? = 0.26).
LRRC32 encodes garpin (GARP), the
receptor for latency-associated peptide

(LAP)-bound TGEP on activated Tregs.
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Figure 1. Genes with variants associated with ovarian cancer survival. Normal functions of genes involved in the biology of regulatory T cells (Tregs)
are shown. (A) Tregs express more RGS1 than effector T cells (Teffs), resulting in reduced chemotactic migration. SNPs in RGST may increase the
responsiveness of Tregs to chemotactic signals, allowing them to accumulated within tumors and to establish an immunosuppressive microenviron-
ment. (B) Garpin (GARP) is a surface-bound receptor for latency-associated peptide (LAP)-bound transforming growth factor 8 (TGFRB). TGFB-bound
GARP can promote the acquisition of a requlatory phenotype by naive T cells (Tnaive) cells, hence converting them in induced Tregs (iTregs) and
upregulate the transcription factor FOXP3 in Tregs. SNPs in LRRC32 (encoding GARP) may increase its expression levels, stability or activation status,
resulting in the propagation of an immunosuppressive phenotype in the microenvironment of mucinous tumors. (C) The ligation of OX40 on the sur-
face of Tregs results in decreased FOXP3 expression and limits their survival. SNPs in TNFRSF4 (encoding OX40) may abrogate this process, resulting in
increased Treg survival and functions in mucinous tumors. GITR ligation may affect Tregs directly or indirectly. The ligation of GITR expressed on Tregs
increases their proliferation and immunosuppressive functions. The activation of GITR expressed on effector T cells also increases their proliferation,
which in turn can prevent the expansion of Tregs. SNPs in TNFRSF18 (encoding GITR) may increase GITR levels or activity, amplifying the immunosup-
pressive phenotype of mucinous tumors. Alternatively, SNPs in TNFRSF18 may reduce downstream Teff functions, resulting in decreased tumor clear-
ance. (D) CD80 expressed on antigen-presenting cells (APCs) can bind CTLA4 on the surface of Tregs, triggering multiple mechanisms of immunosup-
pression, including a decreased expression of pro-inflammatory cytokines and the activation of the indoleamine 2,3-dioxygenase (IDO) pathway. SNPs
affecting CD80 may increase the affinity of CD80 for CTLA4 in endometrioid tumors, while SNPs in MADITL1 (which are linked to CD80 expression), may
influence the CD8O0 levels in ovarian cancer patients at large.
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GARP is part of a positive feedback loop
involving FOXP3 that contributes to the
maintenance of an immunosuppressive
microenvironment. Furthermore, LAP-
bound TGF on the surface of Tregs can
stimulate the acquisition of immunosup-
pressive functions by naive T cells via
infectious tolerance (Fig. 1B).

The third SNP associated with muci-
nous cancer patient survival was an
intergenic SNP  (rs3753348) located
between 7TNFRSF4 (encoding OX40)
and TNFRSFI8 (encoding GITR), which
was associated with a 3.41-fold increased
risk of death. This SNP tagged variations
in both genes. OX40 signaling results in
decreased expression of FOXP3 by Tregs
and increases the amount of IL-2 that is
required for their survival. Thus, OX40
can modulate both Treg survival and
immunosuppressive functions.® The role
of GITR in the biology of Tregs remains
a matter of debate, with reports support-
ing positive as well as negative regulatory
functions.” Functional variants or OX40 or
GITR, however, might significantly influ-
ence both the survival and the immuno-
suppressive functions of Tregs (Fig. 1C).

In addition, CD80 was of particular
interest. First, MADILI SNP rs7804190
was genotyped because other studies have
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ian cancer subtypes. Second, an intronic
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both the receptor it binds to and the cell
type expressing such receptor (Fig. 1D).
Tregs constitutively express CTLA4, one
of the CD80 receptors. When activated,
CTLA4 mediates
functions by promoting the translocation
of the FOXO3 transcription factor to the
nucleus, in turn repressing the expres-

immunosuppressive

sion of IL-6 and tumor necrosis factor a
(TNFa), and by activating the indole-
amine 2,3-dioxygenase (IDO) pathway,
hence depleting extracellular tryptophan
and stimulating anergy in naive T cells.”

Understanding the mechanisms that
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challenge. Only one of these SNPs, the
intronic CD80 SNP, was associated with
mRNA expression in ovarian tumors. In
particular, rarealleles at rs13071247, which
were associated with poor patient survival,
resulted in an increased expression of the
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CD80-coding mRNA, perhaps boosting
CTLA4 signaling and promoting immu-
nosuppression. Causality however cannot
be assumed and whether the assessed SNPs
or nearby, correlated SNPs are responsible
for the reduction in patient survival must
be examined by precise mechanistic stud-
ies. Further investigation is also needed to
clearly delineate which effects these SNPs
have on the induction, function, and traf-
ficking of Tregs.

In summary, our study highlights the
importance of investigating ovarian can-
cer subtypes as distinct diseases. Indeed,
we identified only one SNP that was asso-
ciated with survival in patients affected
by all the histological subtypes of the dis-
ease, while the association with patient
survival for other five SNPs was limited
to a single disease subtype. Thus, the
ability of the immune system to respond
to ovarian tumors may differ with histo-
logical subtype. Determining which genes
are important for the immune response
to each ovarian cancer subtype may be
required for the development of precisely
tailored immunotherapies.
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