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Regulatory T cells and tumour immunity — observations in mice

and men
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Summary

An enormous body of work supports a role for CD4™ CD25" regulatory
cells (Tregs) in shaping the immune response to tumours. Indeed, there is
evidence that the cells impede effective tumour immunosurveillance, inhi-

bit vaccine-induced antitumour immune responses and promote tumour

progression. Studies exploring the impact of Tregs on tumour develop-

ment are discussed in the context of manipulating this T-cell population

for the purpose of cancer immunotherapy.
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Mouse models

Tumour-induced suppressor T cells

A series of studies performed by Robert North and co-
workers in the 1980s provided evidence for suppressor T
cell involvement in antitumour immune responses. Using
a methylcholanthrene-induced fibrosarcoma cell line
(called Meth A), the investigators showed that although
the tumour cells could induce a T-cell response capable
of tumour rejection, these T cells were unable to com-
pletely inhibit tumour growth due to the gradual develop-
ment of tumour-induced suppressor T-cell activity.'
Effective anti-tumour responses, detected by their ability
to mediate concomitant immunity, i.e. rejection of a sec-
ond inoculum of the same tumour cells by a tumour-
bearing host, disappeared with time correlating with the
acquisition of suppressor T-cell activity. Subsequent stud-
ies by the same group indicated that the suppressor T cell
population was preferentially destroyed by cyclophospha-
mide thus treatment of mice with the drug resulted in
tumour rejection through ablating the effect of suppressor
T cells.” Characterization of the suppressor T-cell sub-
population revealed them to be CD4" CD8™ and subse-
quent experiments performed using CD4-specific depleting
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antibodies indicated that removal of the CD4" T-cell
population resulted in tumour regression.’

CD4" FoxP3" regulatory T cells (Tregs) and tumour
immunity

The importance of the findings of North and colleagues
has been highlighted by the recent resurgence of interest
in regulatory T cells, and in particular the naturally
occurring regulatory CD4" T cells (Tregs) characterized
by expression of CD25, GITR (glucocorticoid-induced
tumour necrosis factor receptor family-related gene),
cytotoxic T lymphocyte antigen-4 (CTLA-4), and the
most reliable marker, the transcription factor, forkhead
box P3 (Foxp3) (reviewed in 4). Originally, Onizuka et al.
reported that depletion of CD25" cells (the majority of
these cells in naive mice are CD4" Foxp3") using mono-
clonal antibodies resulted in T-cell dependent control of a
variety of tumour cell lines in mice, including the Meth A
tumour described above.” Subsequently, Shimizu et al.
showed that tumour-specific CD8" T-cell responses as
well as natural killer (NK)-like responses were generated
in mice inoculated with tumour cells after depletion of
CD25" cells.® A number of groups confirmed these
findings and showed that long-term CD8" and/or CD4"
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T-cell mediated immunity developed in mice that rejected
tumour cells after depletion of CD25" cells.”® T cells
stimulated in the absence of CD25" T cells have been
shown to contribute to tumour rejection through direct
lysis and/or through production of interferon-y (IFN-
7).>'° Suppression of concomitant tumour immunity
in mice has also been revisited in the context of
CD4" CD25" Tregs."" Following inoculation with mela-
noma cells (B16) engineered to express granulocyte-mac-
rophage colony-stimulating factor (GM-CSF), mice
developed concomitant immunity against unmodified B16
cells after depletion of CD4" cells — treatment with cyclo-
phosphamide was also shown to promote concomitant
immunity through inactivation of suppressor T cells.

Tregs and immune surveillance

Burnet hypothesized in the 1950s that the immune system
could control and eliminate spontaneous developing
tumours, a process later termed immune surveillance.'?
Although this theory fell from popularity after the 1970s,
a large body of recent work from different groups has
demonstrated an increase in both spontaneous and car-
cinogen-induced tumours in immunocompromised mice
(e.g. IFN-y, IFN-y-R, perforin, and Rag-2 gene knock-
outs), lending strong support to the immune surveillance
concept."?

Almost all of the studies investigating the effect of
CD25" Tregs on tumour rejection have been carried out
using tumour cell lines and have not examined whether
these cells also impinge upon the development of
tumours in vivo and consequently impede immune sur-
veillance. A study by ourselves and others'*'® indicate
that tumours induced by the chemical carcinogen methyl-
cholanthrene (MCA), develop more slowly and less fre-
quently in mice depleted of CD25" cells; remarkably this
effect is observed even if the Treg depletion is only for a
short transient period when the mice are first injected
with MCA. Strikingly MCA-induced tumours are infil-
trated with an abundance of FoxP3" CD4" T cells
(Fig. 1); this enrichment in Tregs in the tumour infiltrat-
ing lymphocytes is not reflected by a relative increase in
Tregs in other compartments such as spleen, blood or
lymph node.'”> Whether control of tumour growth is an
immune mediated process in these mice requires further
investigation but these findings suggest that Tregs are
playing a central role in tumour immune surveillance.

Human Tregs

The observation that Tregs exhibiting phenotypic and
functional characteristics similar to those described in
mice are also found in humans led to the assumption that
this T-cell population also play a role in controlling anti-
tumour immune responses in humans. However, where

Figure 1. CD4" Foxp3" cells in methylcholanthrene-induced tumours
in mice. Frozen sections of MCA-induced tumours were stained with
CD4- (green) and Foxp3— (red) specific antibodies.

animal models allow experimental studies to be per-
formed, human studies are more restricted and largely
observational in nature, making definitive conclusions
more difficult to obtain. We shall consider the following
two questions: (i) what is the evidence that immune
responses impede the growth of human adult epithelial
adenocarcinomas that are not known to be associated
with chronic infections? and (ii) is there a role for Tregs
in controlling antitumour immune responses?

Does the immune response control the growth
of tumours in humans?

Probably yes, though this is a difficult question to answer
absolutely for the following reasons: firstly, if an effective
antitumour immune response developed that could con-
trol the growth of a tumour, or even destroy it, then this
event is unlikely to be recorded as the individual would
not present clinically to physicians. Conversely, if a
patient is diagnosed with a cancer, by definition, mecha-
nisms for controlling the dysregulated cell growth of
the tumour, including possible antitumour immune
responses, have failed. Second, we do not currently have
the knowledge, tools or means to measure accurately the
immune response to a tumour that has been eliminated.
Immunity to previous infections may be recorded by spe-
cific serological and cellular responses, but not enough is
known about the antigens and antitumour responses to
enable similar measurements to be made for most
tumours. So after the event, without a calling card to
read, there is no way of knowing how many subjects have
fought and cleared tumours through effective specific
immune responses.

Is there any indirect evidence for immune surveillance?
Despite the extensive use of mild to moderate immuno-
suppressive agents in humans for a wide variety of dis-
eases, the main overall increase in tumours is seen in
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those associated with chronic viral infections like Epstein—
Barr virus and lymphoma; human papillomavirus and
cervical cancer; and human herpes virus 8 and Kaposi’s
sarcoma in patients who are markedly immunosuppressed
after organ transplantation.'® Some epidemiological stud-
ies suggest there is an increase in relative risk compared
to the general population for tumours of non-viral ori-
gin as well (including breast, lung, pancreas, colon, renal
tract and skin tumours) in recipients of solid organ
transplants, although conflicting results exist between
centres.'®

It has been recognized for many years that for certain
tumours, there is a correlation between the degree of
infiltration of the tumour with lymphocytes and the like-
lihood of ‘cure’ after surgery. In addition to the epidemi-
ological data above, studies dating from the 1970s
indicate a correlation between better patient prognosis
and an increase in tumour infiltrating lymphocytes
(TILs)."”'® Figure 2 shows a histological section of a
resected colorectal cancer with an infiltrate of lympho-
cytes seemingly attacking and destroying malignant cells,
perhaps offering the most visual of arguments that anti-
tumour immune responses do develop. Presumably an
immune response that attacks these malignant cells and
inhibits their growth, or kills the cells, is of benefit to the
individual. The survival advantage of lymphocytic infiltra-
tion in colorectal cancer (CRC) was commented on by
McCarty in the 1930s' and since this time there have
been several studies suggesting a positive effect of colorec-
tal TILs on survival.'”'®**?! Ropponen et al. demonstrate
quite clearly that an increase in TILs correlates with ear-
lier stage disease and hence better prognosis. In this study
of 276 patients, an association was found between the
clinical Dukes’ staging of the cancer and TILs. Clinically,
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Figure 2. Histological section prepared from a resected colonic car-
cinoma. The neoplastic glands can be seen advancing into the wall
of the colon. As indicated by the arrow, tumour tissue appears to be
invaded and destroyed by a lymphocytic infiltrate.

Regulatory T cells and tumour immunity

colorectal cancer staging is one of the most accurate in
predicting patient survival (e.g. Dukes’ A tumour con-
fined to the bowel wall has a 85-90% 5 year survival,
Dukes’ B tumour penetrating the wall of bowel 55-85%;
Dukes’ C tumour involving lymph nodes 20-55%; Dukes’
D tumour with distant spread <20%). The frequency of
TILs decreases with more aggressive disease staging. A
more recent study by Naito et al. examined 131 cases of
colorectal cancer and suggested an increase in CD8" cells
infiltrating the tumour correlates with better survival.>!
The resected colorectal cancers were histologically analy-
sed, the numbers of CD8" T cells semi-quantitated in
three areas: the cancer cell nests; the stroma of the cancer,
and the interface with normal tissue. An increase in CD8"
cells infiltrating the cancer cell nests was the area that
positively correlated with patient survival. However, this
finding was also shown to correlate with earlier stages of
colorectal cancer with a favourable Dukes’ staging. It is
apparent that early tumours tend to be infiltrated with
lymphocytes, and hence a lymphocytic infiltrate is associ-
ated with better survival. Both these studies pose the diffi-
cult question as to which came first: does an earlier
tumour allow a lymphocyte reaction to develop which
naturally diminishes with time and tumour progression,
or does the lymphocyte reaction control the tumour and
prevent or delay its progress? A degree of caution must
therefore be applied to the interpretation of these types of
observational studies.

However, a recent study by Galon et al. has added fur-
ther insight into the role of the immune system in colo-
rectal cancer (CRC) prognosis.”> This study, involving the
use of several hundred samples, demonstrated a correla-
tion between increased T helper 1 (Thl) gene expression
in tumours (e.g. IFN-y, CD3(, CD8, granzyme B, etc.)
and decreased tumour recurrence after surgery. Intrigu-
ingly, when they analysed semi-automatedly the presence
of CD3", CD8" and CD45RO" T cells in the histological
samples by immunofluoresence, they observed an inde-
pendent correlation between the presence of these cells
and the prognosis of the patients after surgery. These
interesting observations need repeating in a prospective
study, but they strongly confirm what McCarty com-
mented on earlier, that patients with tumours more infil-
trated with immunocytes had a better prognosis.'” These
data suggest that the degree of T-cell infiltration
(CD8* CD45RO™" cells) may be as important as clinico-
pathological staging for prognosis, and support an essen-
tial role for the immune system in controlling tumour
recurrence.

Is there a role for Tregs in controlling antitumour
immune responses?

There are many immunology studies demonstrating
specific cellular and serological immune responses to
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antigens expressed by tumours. So why does effective an-
titumour immunity not develop, and do Tregs play a
part? It seems likely that tumour antigens, regardless of
whether they are self-antigens or tumour-specific anti-
gens, are not particularly effective in generating immune
responses. This is probably due to: (i) mechanisms which
preserve tolerance to peripherally expressed antigens in
normal tissue including Tregs; (ii) the poor immuno-
genicity of antigens expressed in solid tumours; (iii) the
immunosuppressive environment created by the tumour;
and (iv) the fact that most solid epithelial tumours are
very slow growing, accruing the necessary mutations to
become malignant over many years; in this context even
‘neoantigens’ may appear like ‘self antigens and invoke
mechanisms of peripheral tolerance, including Tregs.

It seems likely that Tregs do play a role in tumour
development in humans. Before the recent expansion of
interest and publications in naturally occurring Tregs,
there was already published evidence that antitumour
T cells are subjected to regulatory influences. It was
observed in the 1980s that although TILs derived from a
variety of human solid tumours including breast, colon,
lung, skin and oesophageal carcinomas could be cultured,
expanded, and shown to exhibit anti-tumour effector
functions in vitro, the cells were far more difficult to grow
compared to lymphocytes derived from peripheral blood
mononuclear cells (PBMCs).> Studies at a similar time
identified CD4" lymphocytes, which appeared to down-
regulate antitumour CD8" T cell responses in patients
with melanoma.** With these and the murine studies in
mind, it seems likely that certain populations of cells
reside in tumours and nodes which control or prevent
effective antitumour responses. This may explain the curi-
ous observation that TILs appear to exist which recognize
tumour antigens in vitro but are unable to clear the
tumour in vivo.

Are CD4" Foxp3™ Tregs involved in regulating
immune responses to tumours? A detailed account of
Treg frequencies in blood and sometimes TIL and
draining lymph nodes, in a variety of human tumours
has been extensively reviewed elsewhere.”® The overall
trend that has been observed is an increase in Treg
frequencies in patients affected with a wide variety of
tumours compared to healthy controls. The implication
of this observation, in the context of previous work
performed using animal models, is that these cells are
suppressing antitumour immune responses. Furthermore,
when we compared the frequency of Tregs in the blood
of CRC patients with a control group with colonic
inflammation, this increased frequency was still present
suggesting it was not simply caused by chronic inflam-
mation within the colon (26 and unpublished data). In
addition, staining of sections of colorectal tumours
demonstrates that CD4" Foxp3" cells are readily detect-
able (Fig. 3).

Figure 3. CD4" Foxp3" cells in a paraffin-embedded section of a
human colon carcinoma. Tumour sections were stained with CD4~
(green) and Foxp3~ (red) specific antibodies.

Studies using lymphocytes from human patients also
suggest that TILs bearing the phenotypic characteristics of
Treg cells can suppress the activity of conventional effec-
tor cells. Wang et al. generated a panel of CD4" T-cell
clones isolated from a melanoma. One of the clones,
which expressed CD25, GITR and Foxp3, recognized the
cancer-testis antigen LAGE-1 and was shown to inhibit
the proliferation of conventional CD4" T cells following
stimulation with CD3-specific antibodies.”” Later, a study
by Curiel et al. demonstrated that Tregs, isolated from
malignant ascites obtained from patients suffering from
ovarian cancer, were able to suppress the cytotoxic activ-
ity of tumour-specific T cells.”® The same study demon-
strated that Tregs appear to co-localize with CD8" T cells
within solid ovarian tumours. The mechanisms through
which the cells exert their suppressive effects remains elu-
sive although studies performed in vitro using tumour-
isolated Treg cells indicate that suppression is cell-contact
dependent. However, it is possible that the suppressive
effects of the Tregs are more far-reaching in vivo perhaps
involving many different mechanisms.

As mentioned above, several studies have attempted to
correlate the presence of TILs with patient outcome. The
types of lymphocytes present within the TILs will of
course influence the conclusions drawn from such studies.
This has been strikingly illuminated by two papers on
ovarian carcinoma.”®*’ Zhang et al. published a report in
2002 measuring CD3" TILs in 186 ovarian tumour biop-
sies taken from patients with advanced stage III/IV dis-
ease. The CD3" cells had a steady ratio of CD4" and
CD8" T cells and patients with TIL containing CD3™ cells
had an overall 5-year survival of 38%, absence of CD3"
cells from the TILs diminished survival to 4-5%. This
seemed a clear message: in advanced ovarian carcinoma,
TILs containing CD3" T cells are good for you.”> Move
forward to 2004 to the study described by Curiel et al.*®
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which looked at subtypes of T cells invading tumours
including Tregs (CD4" CD25" Foxp3™). In a total of 104
tumours, biopsies from patients with stage I disease
(n = 7) contained less Tregs (about 12% of CD4" T cells
infiltrating the tumour were CD25") compared to more
advanced disease in stages II-IV (n = 97; 25-30% of
CD4" T cells were CD25%). When absolute numbers of
Treg cells per high power field were measured, an increase
in Treg numbers corresponded to poorer survival. So
putting these two studies together, perhaps one may say
that CD3" TILs improve patient outcome with ovarian
cancer, but not if a significant proportion of them are
CD4" CD25 CD4" Foxp3", and by inference, regulatory
in function.

Although the parameters governing the trafficking of
Treg versus effector T cells into tumours are not well
defined, the study described above suggested that Tregs
migrate into ovarian tumours in response to production
of the chemokine CCL22 by tumour-infiltrating macro-
phages.”® Earlier, we considered whether immune
responses do develop during the early stages of tumour
development, which naturally diminish as the tumour
progresses, or does the immune response control the
tumour and prevent or delay its progress? A similar line
of reasoning may apply to the presence of Tregs in these
ovarian tumours: does late stage disease hijack natural
regulatory processes or does the presence of Tregs at an
early stage allow the tumour to progress?

Tregs and vaccination

To date studies aimed at generating effective antitumour
immune responses in patients have been disappointing.3 0
Perhaps a strategy in which Tregs are depleted or inacti-
vated as part of a vaccination regimen will prove useful,
not only for increasing the immunogenicity of the vaccine
but also by ensuring that Tregs which favour tumour
growth are not promoted. Denileukin diftitox (Ontak) is
a fusion protein comprising interleukin-2 (IL-2) and
diphtheria toxin that has recently been tested for its abil-
ity to deplete Treg cells in cancer patients. Dannull et al.
vaccinated a group of patients with dendritic cells trans-
duced with tumour RNA and reported enhanced T-cell
responses to tumour antigens in patients who had
received Ontak prior to vaccination compared to those
receiving vaccine alone.”’ The effectiveness of Ontak for
Treg depletion is still uncertain because most, but not all
investigators have demonstrated a reduction in Treg
numbers in recipients of the drug.’**> An inadvertent
effect of targeting CD25 for the depletion of Tregs is the
attendant elimination of conventional CD25" T helper
cells, which may be essential for promoting tumour rejec-
tion. Other approaches may involve conventional cyto-
toxic agents such as cyclophosphamide which, at low
doses, can be used to selectively deplete Tregs in

Regulatory T cells and tumour immunity

humans.®® In a rat model, a combination of cyclophos-
phamide with tumour cell vaccination led to regression of
established tumours.” This strategy may offer an effective
method for boosting antitumour immunity in cancer
patients.

Treatment with CTLA-4-specific antibodies has also
shown promise for the eradication of tumours in patients
with a variety of cancers.”®” Blockade of CTLA-4 using
non-depleting antibodies may promote rejection of
tumours through inhibiting Tregs and directly boosting
conventional effector T cells.” Similarly, antibodies, which
stimulate signaling through GITR, may inhibit Treg activ-
ity whilst directly promoting effector T-cell activity.”®>’
It may, however, prove difficult, using these types of
approaches, to elicit tumour immunity without invok-
ing autoimmunity although this may be considered an
acceptable consequence compared to solid organ adeno-
carcinomas with a poor prognosis.

Adoptive transfer of tumour-specific T cells represents
another strategy for treatment of established tumours.
The results of a recent study indicate that adoptive trans-
fer of CD4" CD25" T cells and melanocyte antigen
(gp100)-specific CD8" T cells followed by vaccination
with recombinant viruses expressing gpl00 resulted
in regression of established melanoma only in irradi-
ated mice and was abrogated by the co-transfer of
CD4" CD25" T cells.* Adoptive immunotherapy using
in vitro expanded antitumour CD4" and CD8" T cells can
lead to tumour regression in patients*' and the ability
of adoptively transferred T cells to control or destroy
tumours is improved by lymphodepleting the host prior
to transfer. It is plausible that lymphodepletion allows the
removal of Tregs, as well as making room for the rapid
expansion of effectors in vivo. Furthermore, it may be
important to transfer over certain populations of T cells,
e.g. central memory rather than effector memory cells.*?
These strategies are at a preliminary stage and await a
greater understanding of which T cells are critical for
tumour clearance and the generation of protective mem-
ory responses.

Conclusion

Collectively, the results of both the murine and human
studies described in this review support the idea that
finding ways of overcoming the suppressive activity of
Tregs, or of selectively depleting these cells, represents an
important therapeutic strategy aimed at inducing effective
tumour-specific immune responses capable of controlling
or eradicating tumours. Currently the method by which
this is best achieved still has to be identified.

Direct targeting of the cells based on their phenotypic
characteristics may not work and other more indirect
approaches may be needed. Fundamental gaps in our
knowledge exist which may hold the key to understanding
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how the immune response can be manipulated and key
questions need to be addressed such as why Tregs are
present in such large numbers in tumours; what is the
role of antigen in this process; and what type of immune
cells are crucial for recognizing and destroying tumour
cells?
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