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Tumor-infiltrating follicular helper T cells
The new kids on the block
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By analyzing CD4* lymphocytes in human breast carcinomas, we have recently uncovered the presence of follicular
helper T cells in lesions exhibiting an extensive immune infiltrate. The presence of these specialized CD4* T cells, which
localize to the germinal centers of peritumoral tertiary lymphoid structures found in extensively infiltrated neoplastic
lesions, predicts improved disease outcome among breast carcinoma patients.

Solid neoplasms can elicit both anti-
and pro-tumor immune responses, and
such conflicting activities can often be
detected within individual
Most past studies dealing with antitumor

lesions.!?

immunity have focused on CD8" cyto-
toxic T cells, as their cytotoxic activity
was deemed critical for tumor eradication.
Recent work indicates that specific subsets
of CD4* T cells (namely, T,1 cells), B
cells, macrophages as well as dendritic cells
provide an important contribution to anti-
tumor immune responses as they secrete
immunostimulatory factors or mediate
antigen-presenting functions. Conversely,
immunosuppressive cells including regu-
latory T cells, myeloid-derived suppres-
sor cells and M2 macrophages have been
ascribed with an important role for onco-
genesis and tumor progression. While
the balance between anti- and pro-tumor
immune responses may dictate the elimi-
nation of malignant T cells during the
early stages of tumorigenesis, the quan-
tity of infiltrating lymphocytes (TILs) at
surgery has been shown to predict disease
outcome in patients affected by various
solid neoplasms.> Thus, while antitu-
mor immune responses generally fail to

control the growth of primary tumors,
cancer patients developing such responses
to their neoplastic lesions have a better
prognosis than patients that fail to do so.
Indeed, at least theoretically, TILs might
generate memory cells that mediate anti-
cancer immunosurveillance upon tumor
resection.

The key factors for the development
and propagation of tumor-specific immu-
nological memory remain unknown,
although some clues are now emerging
from studies of human malignancies. The
peritumoral infiltrate of human lesions
principally contains CD4* and CD8*
T cells, sometimes in association with B
cells. By studying human breast carcinoma
(BC), we have recently discovered an
important association between the pres-
ence of tumor-infilcrating CD4* follicu-
lar helper T (T;,,) cells, which localize to
peritumoral tertiary lymphoid structures
(TLS), and patient survival.® Our study
aimed at producing a representative por-
trait of CD4* TILs in their native state by
means of sensitive gene expression arrays,
quantitative RT-PCR and flow cytometry,
while minimizing ex vivo manipulation
steps. In particular, we compared BC
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lesions exhibiting extensive vs. minimal
lymphocytic infiltrates, finding that T,
cells—which secrete the B cell chemoat-
tractant chemokine (C-X-C motif) ligand
13 (CXCL13) specifically—correlate with
extensive infiltration and the presence of
TLS. Moreover, we demonstrated that
tumor-infiltrating T, cells are associated
with an increase in interferon y (IFNvy)-
producing T,1 cells, CD8* T cells and B
cells within neoplastic lesions, as well as
with improved disease outcomes.

Recently discovered as an additional
CD4* T cell subset, T, cells provide spe-
cialized help to B cells and are essential for
the generation of memory B cells as well
as long-lived antibody-secreting plasma
cells. T, cells were initially identified
in humans as chemokine (C-X-C motif)
receptor 5 (CXCR5)* cells that home to
B cell follicles in secondary lymphoid
organs (SLOs). Since then, these special-
ized helper T cells have been extensively
characterized in murine models, reveal-
ing that they are both required and limit-
ing for the formation of germinal centers
(GCs). Together with follicular dendritic
cells, T

FH
of somatically mutated antigen-specific

cells also regulate the selection
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disease outcome among BC patients.

Figure 1. Immune infiltration of human breast carcinoma. (A and B) As opposed to minimally infiltrated human breast carcinoma (BC) lesions
(B), extensively infiltrated BCs (A) contain peritumoral tertiary lymphoid structures (TLS) that comprise a T cell zone and a B cell follicle with active germi-
nal centers (GCs). Extensively infiltrated BCs differ from their minimally infiltrated counterparts as they are characterized by a weakly immunosuppres-
sive tumor microenvironment, elevated levels of activated effector T cells (including CD4* T 1 as well as CD8" lymphocytes) that secrete antineoplastic
cytokines such as interferon +y (IFNvy), as well as follicular helper T (T, cells, residing together with B cells and follicular dendritic cells (FDCs) in GCs. In
this setting, chemokine (C-X-C motif) ligand 13 (CXCL13)-producing T_, cells appear to recruit B cells and guide their maturation into memory cells or
antibody-producing plasma cells. The presence of peritumoral TLS with active GCs that contain CXCL13-producing T, cells is predictive of improved

B cells that ultimately differentiate into
high-affinity memory B cells or long-lived
antibody-producing plasma cells. Notably,
T, cells are key regulators of the protec-
tive B cell immunity induced by most
human vaccines. Moreover, T, cells have
also been linked with the development
of autoimmune diseases (featuring the
accumulation of T, cells) and immuno-
deficiency (accompanied by the loss of
T, cells). Our study on BC-infiltrating
CD4" lymphocytes is the first to describe
intratumoral T,
ical cancer and to show that their presence

cells in a non-hematolog-

has a positive prognostic value (Fig. 1).
The significance of our observa-
tions might not be immediately appar-
ent because humoral immunity has long
been considered as the poor cousin in
antitumor immunity” Nonetheless, a
recent study has clearly established a link
between the presence of antigen-expe-
rienced tumor-infiltrating B cells and
survival in ovarian cancer patients.® Our
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data suggest that the cooperation between
T, ,-dependent B cell responses and T cell
responses may be required for effective
and sustainable antitumor immunity. The
elicitation of adaptive immune responses
in the structured environment of an
SLO involves an orchestrated interplay
between T cells, B cells and myeloid cells,
resulting in the generation of effector and
memory T cells in T cell zones as well as
antibody-producing and memory B cells
in GCs. We have recently demonstrated
that CD4* T cells from extensively infil-
trated BC lesions exhibit a more activated
phenotype  (less
than those from minimally infiltrated
tumors. Although TILs are generally
viewed as functionally impaired or aner-
gic, our study found that CD4* T cells
in extensively-infiltrated BCs are princi-
pally housed in TLS and hence exhibit an
improved activation profile. We provided

immunosuppressed)

experimental support for this concept

by treating CD4* T cells from healthy
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individuals with supernatants from pri-
mary tumor cell cultures, largely recapit-
ulating the profiles observed in vivo. Of
note, these supernatants exhibited robust
immunosuppressive effects on activated
(as opposed to non-activated) CD4*
T cells, with supernatants from mini-
mally infiltrated tumors being the most
efficient in this respect. Taken together,
these observations suggest that lympho-
cytes housed in peritumoral TLS are acti-
vated in response to local antigens within
a protected microenvironment. Once they
leave the TLS and invade the immuno-
suppressive tumor bed, these cells may
quickly undergo anergy but perhaps this
is less relevant from a clinical perspective
than their ability to retain immunological
memory.

Ectopic or tertiary lymphoid structures
that are structurally similar to SLOs not
only have been identified at sites of auto-
immune reactions in patients with rheu-
matoid arthritis or Sjégren’s syndrome,’
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but also have been associated with chronic
inflammation in patients undergo-
ing allograft rejection.’® These TLS are
thought to indicate a local chronic inflam-
matory response to persistent antigenic
stimulation, and to mediate pathogenic
effects through the aberrant secretion of
immunoglobulins. TLS organization in
BC lesions also mimic the architecture of
a SLO, including a T cell zone and a B cell
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