LETTER TO THE EDITOR

Cellular & Molecular Immunology (2018) 15, 187-189
© 2018 CSl and USTC Al rights reserved 2042-0226/18 $32.00

www.nature.com/cmi

Revisiting GM-CSF as an adjuvant for therapeutic vaccines
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ranulocyte macrophage colony sti-

mulating factor (GM-CSF) is
generally considered to be a proinflam-
matory cytokine; GM-CSF-based vac-
cines have been shown to elicit potent
antitumor and  antiviral immune
responses in preclinical experiments. In
clinical trials, however, these effects were
not as robust and sometimes even con-
tradicted the findings from animal mod-
els. In this commentary, we aim to
discuss the latest advances in this field,
hoping that an upto-date and compre-
hensive understanding of this molecule
will help others design effective GM-
CSF-based strategies for antiviral and
anticancer vaccines.

It is recognized that sufficient immu-
nogenicity capable of breaking host
immune tolerance is the key factor con-
tributing to the efficacy of therapeutic
vaccines against established tumors or
persistent infections. To augment vac-
cines with lower immunogenicities, adju-
vant incorporation has become an
indispensable and widely adopted
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practice. To date, Alum, the first adju-
vant licensed for human vaccines,
remains in extended use. Newer alter-
natives, such as MPL, CpG and nano-
emulsions with bacterial components/
derivatives, are also effective in improv-
ing the immunogenicities of a multitude
of vaccines.! However, some of these
regimens are not yet free of safety con-
cerns; extensive clinical use of these
adjuvants is therefore still some distance
away. On the positive side, several cyto-
kines, such as GM-CSF and IL-12, can
evoke equally effective  immune
responses to vaccines.” These originally
lab-based findings are being actively
tested in vivo to develop a new class of
clinical immune enhancers. However,
despite their repeated success in the
laboratory, GM-CSF-adjuvant vaccines
do not usually fare well in clinical tests.
In fact, some GM-CSF-based prepara-
tions have been found to have effects in
humans that contradict animal findings.

Through  upregulation of  co-
stimulatory (CD80 and CD86) and
MHC class II molecules, GM-CSF reg-
ulates the development and functions of
DC subsets as well as T-cell activation.?
In a mouse model of a vaccine-targeting
bladder cancer stem cells, the experi-
mental group using GM-CSF as an
adjuvant treatment displayed increased
IgG levels and increased dendritic,
CD4" T, and CD8" T-cell counts.* Chen
et al. also demonstrated that mice vacci-
nated with GM-CSF-secreting breast
tumor cells elicited antigen-specific
CD8* T-cell immunity and delayed

type hypersensitivity (DTH). Moreover,
patients receiving this tumor vaccine had
prolonged survival.> Consistent with
these observations, a peptide vaccine
adjuvant with GM-CSF achieved a 25%
reduction in tumor progression in
patients with Wilms' tumor 1 (WT1),
suggesting the potential for its use in
human therapies.® However, GM-CSF-
boosted vaccines were less promising in
other trials. Mitchell et al.” showed that
autologous DC vaccines combined with a
GM-CSF adjuvant failed to elicit an
adequate immune response in glioblas-
toma patients. Similarly, GM-CSF
immune boosters did not produce any
benefits in some clinical CTL peptide
vaccines for HIV and tumor antigens.®’

While it has been noted that clinical
responses to GM-CSF-based vaccines
have not been as vigorously tested as
those recorded in animal experiments,
the reasons for these divergent outcomes
are not fully defined. GM-CSF is a
double-edged sword. It could, at least
under some settings, induce production
of immunosuppressive cells including
myeloid-derived suppressor cells
(MDSCs) and regulatory T cells (Tregs).
These effects were mostly unintended
outcomes from the effort to induce
monocyte to DC For
instance, in a tumor vaccine study using
modified tumor cells expressing GM-
CSF, serum GM-CSF concentrations
above a threshold level induced the
development of CD11b*Gr-1* myeloid
suppressor  cells,  aiding  tumor
development.!® In parallel, Parmiani

conversion.
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3xGM-CSF HBV vaccine
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Figure 1 The 3 xGM-CSF+VACCINE regimen elicits potent HBV-specific immune responses in HBV mouse models. Three-day pretreatment
with GM-CSF prior to HBV vaccination promotes the proliferation and maturation of CD11b*Ly6C" monocyte-derived CD11b*CD11c* DCs,
which mediate HBV-specific T-cell immune responses and lead to the elimination of the HBV antigen. HBV, hepatitis B virus; DCs,

dendritic cells; CTL, cytotoxic T lymphocytes.

et al.'' demonstrated that compared with
the use of GM-CSF at lower doses (that
is, 40-80 pg/day), the use of GM-CSF at
doses above 100 pg/day had negative

GM-CSF would require a treatment
duration longer than those previously
tested in the clinicc. We tested this
hypothesis by pre-treating animals one,

of Ly6CM monocytes nullified the
immune enhancement.!*!> As a follow-
up to this animal work, this protocol is
being adapted to a clinical trial attempt-

effects in patients with melanoma or two, and three days (one injection ing to treat chronic HBV-infected
colon cancers. Mechanistically, GM-CSF  per day) prior to antigen delivery. We patients (Registration No.: ChiCTR-
may achieve T-cell tolerance via induc- observed that one or two days of GM- TRC-13003254).  Promising  results

tion of tolerogenic DCs.!? Antigens cap-
tured by tolerogenic DCs can directly
T-cell anergy and/or hypo-
responsiveness. Moreover, these tolero-
genic DCs can expand CD4*CD25%
Tregs that suppress antigen-specific
responses through production of TGF-f
and/or IL-10."3 Collectively, while GM-
CSF is in theory an ‘alternative adjuvant’
with a potential place in clinical inter-
ventions, in practice, the desired out-
comes or the lack thereof are influenced
by factors including dosing, timing, dis-
ease model, immune response character-
istics, and the sparsity of standardized
protocols.

As a therapeutic vaccine adjuvant
promote antigen-specific cellular
responses, the GM-CSF mode of action
should be rigorously tested in animal
models prior to clinical testing. As dis-
cussed above, there are a number of
variables that need to be tested, and each
variable should be quantified in a sys-
tematic manner. With this in mind, we
recently hypothesized that the in vivo
conversion from monocytes to DCs by

cause

CSF  pretreatment in vivo did not
potently convert monocytes to DCs.
However, extending the treatment to
3 days induced sufficient conversion
(Figure 1). This outcome inspired us to
design a novel protocol utilizing a 3-day
GM-CSF pretreatment prior to HBV
antigen vaccination. Using this protocol,
we observed that CDI11b*Ly6CM
monocyte-derived DCs were effectively
induced, leading to robust antigen-
specific immune responses in wild type
C57BL/6 mice. Strikingly, a similar
enhanced response was also observed in
two mouse models of HBV immunoto-
lerance. Treatment with vaccines utiliz-
ing extended GM-CSF pretreatment
resulted in significant serum HBeAg
and HBsAg clearance and a 95% reduc-
tion of HBV-positive hepatocytes. Large
numbers of infiltrating CD8" T cells
were found in the livers of animals
treated with this new protocol. The
anti-HBV-specific T-cell responses were
induced via the conversion of CCR2-
dependent CD11b* Ly6C" monocytes to
CD11b*CD11c* DCs, since a depletion
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against persistent HBV infections would
not only rejuvenate GM-CSF as an
effective adjuvant against this particular
virus but also open the door to its
extended use in other infection controls
and cancer therapies.
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