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IFN-A cancer immunotherapy: new kid on
the block

Interferon-lambda (IFN-1) is a new IFN type, related to IFN-a, that is commonly used
in the clinic. However, significant side effects accompanying IFN-a treatment limit
enthusiasm for IFN-a. In this review, we discuss the current landscape of IFN-a use
in oncology and describe the biologic characteristics of IFN-A. IFN-A offers unique
advantages, including a more tumor cell selective targeting, lower off-target binding
and an ability to generate both innate and adaptive immune responses. IFN-A has
also demonstrated therapeutic benefit in murine cancer models. IFN-A may be used in
clinic as a single agent or in combination with other immunotherapy agents, such as
immune checkpoint inhibitors. Further clinical trials will be needed to fully elucidate

the potential of this novel agent in oncology.
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Interferon (IFN) is the largest cytokine fam-
ily with a variety of pleiotropic functions that
help shape the innate and adaptive immune
response. IFN also mediates several intracel-
lular signaling pathways that promote viral
clearance and may be critical for the induc-
tion of host antitumor immunity. These func-
tions have been highlighted by the inability
to clear foreign pathogens or mediate tumor
rejection in mice or patients with aberrant
IEN signaling. Despite the importance of
IFN in maintaining immune homeostasis,
therapeutic applications have generally been
limited and, especially in oncology, have had
disappointing results. The identification of
new IFNs and the availability of new and
effective tumor immunotherapy agents have
generated renewed interest in IFN and the
potential to use these factors in combination
immunotherapy regimens. IFN was indepen-
dently discovered in the 1950s by Isaacs &
Lindenmann (1] and Nagano & Kojima [
through investigation of viral infections and
the biology of viral interference. However,

several new IFN members were identified
more recently [3-5]. Early studies almost 60
years ago showed the induction of a soluble
factor by cells infected with influenza viruses.
This factor, which induced resistance to sec-
ondary viral infections, was called IFN. Cur-
rently, the IFNs are subdivided into three
major classes: type I, type II and the lately
described type IIT IEN [6-8]. This manuscript
will briefly describe the types of IFNs, dis-
cuss their role in the treatment of cancer and
introduce the more recently isolated IFN-A
with respect to its biology and potential as a
cancer therapeutic.

Basic biology of IFNs

Type I IFN

Type I IEN is the largest cytokine subfamily
comprising over 20 members. In addition to
[EN-B, IFN-«, [FN-Q and I[FN-e, 13 IFN-a
subtypes were described in human. However,
a variety of other type I IFNs such as limitin
and IFN-T do not exist in humans [6,9.10]. In
humans, the genes that encode type I IFNs
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are mostly located on chromosome 9. All type I IFNs
transduce cell signaling through the IFN-o/f recep-
tor, formed by IFNARI and IFNAR2. After ligand
and receptor binding, Jakl and Tyk2 kinases are acti-
vated, inducing the formation of the IFN-stimulated
gene factor 3 (ISGF3) transcription complex [6,10]. The
ISGF3 complex includes activated STAT1/STAT2 and
the IFN regulatory factor 9 (IRF9). However, non-
STAT pathways involved in type I IFN signaling have
also been described [11]. Currently, important efforts
are focused on understanding the role of IFN-stimu-
lated genes (ISGs) in controlling viral infections and
other diseases [12,13].

Type Il IFN

In contrast to type I IFN, only one type II IFN mem-
ber (IFN-y) is known. The gene encoding IFN-y is
positioned on chromosome 12 in humans. IFN-y
interacts with its receptor formed by IFNGRI1 and
IFNGR2, leading to JAKI and JAK2 activation and
subsequent induction of STAT1 dimerization and gene
transcription [6,14-16]. However, JAK/STAT-indepen-
dent signaling pathways have been reported, including
the p38 and the phosphatidylinositol 3-kinase pathway
cascades [17,18].

Type Il IFN

Type III IFN has only recently been discovered and
includes four IFN-A genes in humans which are clus-
tered on chromosome 19 and encode highly homolo-
gous IFN-Al, IFN-A2, IFN-A3 and IFN-A4 pro-
teins [6-8]. In contrast to humans, mice have only two
functional genes located on chromosome 7 and encode
the functional proteins, IFN-A2 and IFN-A3 [719]. The
murine IFN-A1 gene orthologue is a pseudogene [19].
However, no mouse IFN-A4 gene orthologue has been
reported. Although interacting with a distinct recep-
tor, the IFN-A receptor, all the IFN-As induce simi-
lar signaling as type I IFN [3,4,19.20]. Type III IFNs use
the specific receptor chain IFN-ARI, and IL-10R2, a
receptor chain shared by IL-10 cytokine family mem-
bers, IL-10, IL-22 and IL-26 [2122]. For this reason,
type IIT IEN is related to both IFN and IL-10 families
(Figure 1). In contrast to IL-10R2, the expression of
IFN-AR1 is under control in several cell types includ-
ing, fibroblasts, adipocytes, endothelial and B cells (7).
Although interacting with unique and a distinct recep-
tor from type I IFN, type III IFNs display quasi-iden-
tical cell signaling as seen with type I IFNs. This has
been extensively reviewed elsewhere [23-26]. However
the preferential expression of IFNLR1 in epithelial
cells has driven particular interest in type IIT IFNs as
playing a role in targeting viral clearance and causing
disease in epithelial cells [2s].

New paradigm of IFN receptor signaling
Although type I and II IFNs were extensively investi-
gated, the precise contribution of each ligand and its
respective receptor to the IFN response has not been
definitively established. By using genomic deletions of
each member of the type I and I IFN systems, we have
recently demonstrated a critical role for endogenous
IEN ligand receptors in the IFN response [27]. By omit-
ting the endogenous IFN ligand receptors, the classical
models of IFN receptor signaling underestimate the
IEN response [28]. For this reason, we have proposed
a new IFN model based on the clustering between the
two IFN systems (Figure 2). In contrast to the classi-
cal IFN models, the new IFN model sheds lights on
the impact of upstream receptor signaling on the IFN
response and reveals new avenues for improving the
use of IFNGs in the clinic. Our new paradigm indicates
that local concentration of the complex IFN/receptors
rather than the number of receptors at the cell surface
is crucial for generating optimal IFN activity. There-
fore our paradigm may help design new products that
can increase this local concentration and subsequently
intensify IFN activity which is needed to improve IFN
cancer therapy.

Clinical application of IFNs

IFNs in clinical oncology

Current IFN cancer therapy involves IFN-a., the clas-
sical type I IFN tested several decades ago in experi-
mental and clinical models [29-32]. IFN-o has been
successfully used in oncology, particularly for hema-
tological malignancies (hairy cell leukemia, chronic
myeloid leukemia and follicular lymphoma) as well
as some solid tumors (melanoma, renal carcinoma,
hepatocellular carcinoma, infantile hemangioma and
Kaposi sarcoma).

Hairy cell leukemia (HCL) is a highly treatable dis-
ease. IFN-a was successfully used for HCL treatment;
however, with the development of more efficient che-
motherapeutic agents, the standard treatment for this
leukemia is not currently limited to IFN. IFN therapy
is used for rare cases of resistance to chemotherapy.

Chronic myelogenous leukemia (CML) is a slowly
progressing disease characterized by the presence of the
Philadelphia chromosome in the majority of patients.
Although current treatment for chronic phase CML is
based on tyrosine kinase inhibitors (TKIs), IFN-a is
still given to patients with CML who have been pre-
viously bone marrow transplanted or who have devel-
oped resistance to tyrosine kinase inhibitors (TKIs).

Follicular lymphoma is a hematologic neoplasm
characterized by multiple remissions and relapses.
IFN-a can often control this disease, and has been
used for induction and as maintenance therapy.
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Figure 1. IFN-A: a member of two distinct cytokine families. IFN-A transduces cell signaling through IL-10R2 and
IFN-AR1, the unique and specific receptor chain for all IFN-As. By using IL-10R2 chain for their signaling, IFN-Ls
are close members of IL-10 family. However, by sharing similar signaling and activities as IFN-a./B, IFN-As are also

considered as members of the IFN family.

However, significant toxicities associated with IFN-o
treatment coupled with a lack of overall survival ben-
efit were recently reported [33].

In melanoma, the most aggressive skin cancer, clini-
cal trials led to the approval of IFN-a. for the adjuvant
treatment of Stage II B and III disease. The Eastern
Cooperative  Oncology Group (ECOG) adjuvant
melanoma trial E1684 was a randomized trial that
compared 1 year of high-dose IFN-a treatment to
observation in patients with Stage IT B and III resected
melanoma, and demonstrated prolonged relapse-free
survival (RFS) and overall survival benefit in patients
randomized to treatment with IFN-a. 34]. Subsequent
larger, randomized studies confirmed the relapse-free
survival benefit but overall survival was inconsis-
tently seen across these studies, perhaps due to trial
design [35-37]. In these trials, the beneficial effect of
IFN-o was optimal when the patients received a 1-year
course of high dose therapy. Studies with low doses of
IFN-o have not shown significant increase in overall
survival in this setting [38-40].

Although IFN-o was approved by the US FDA
and adopted by oncologists as the standard of care
for the adjuvant therapy of Stage II B and III mela-
noma, important controversies remain. These include
the high cost of drug administration, limited efficacy
and adverse constitutional events associated with

IFN-a treatment. Recently, the emergence of promis-
ing drugs, such as BRAF-targeted therapy and T-cell
checkpoint inhibitors have led to intense interest in
using these agents in the adjuvant setting. Randomized
clinical trials are in progress in Europe and USA to test
these agents against placebo, or IFN-o [41].

Before the introduction of the current antiretrovi-
ral therapy for Kaposi sarcoma, IFN-a was the first
agent approved. Presently, IFN-a is occasionally used,
particularly in combination with other anti-HIV
drugs [42.43].

In hepatocellular carcinoma (HCC), IFN-a therapy
appears to decrease recurrence after ablative thera-
pies [44]. Several studies have demonstrated the sup-
pressive effect of IFN-a in the development of HCC
in patients with chronic hepatitis [45-48]. Thus IFN-a
therapy for hepatitis B (HBV) and C (HCV) viral
infections suppresses carcinogenesis and improves liver
function [49-52]. Moreover, IFN-o therapy eliminates
HCV mRNA, and reduces the development of HCC
in patients with normalized transaminase levels [s3].
Additionally, although a complete antitumor response
is not achieved, IFN-a therapy suppresses HCC when
compared with untreated cases [49,52,54].

Although the impact of IFN-a on survival in
patients with advanced renal cell carcinoma is limited,
IFN-a is still available alone or in combination with
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Figure 2. New IFN receptor paradigm (external view of the cell surface). (A) Traditional type | IFN system model. Type | IFN receptor
is formed by two protein chains, IFNAR1 and IFNAR2. Upon the ligand (IFN-a/B) and receptor binding, cell signaling is triggered. (B)
Traditional type Il IFN (IFN-y) system model. Type Il IFN receptor is constituted by two protein chains, IFNGR1 and IFNGR2. IFN-y binds
as a dimer to the IFN-y receptor heterodimer receptor and induces cell signaling. (C) A new IFN receptor paradigm. Constitutively
produced IFN-a/B and IFN-y enable the IFN receptors rearrangement and the induction of cell signaling amplification by the

exogenous IFN.

IL-2 and bevacizumab for the treatment of advanced
renal cell carcinoma, especially for patients who have
failed TKI therapy.

Hemangioma of infancy is one the most frequent
tumors in children. Although it is not malignant,
ulcerations or complications affecting vital organs
can be life threatening in some patients. The standard
first-line treatment for hemangioma has traditionally
been surgery and corticosteroid therapy. However, the
use of IFN-a. in the management of hemangioma has
achieved good results.

New relevance of type I IFN in tumor
immunotherapy

Studies in mice models have shown the importance
of host immune mechanisms in type I IFN antitumor
response [55,56]. This has been well reviewed by Bel-
lardelli and colleagues (57.58]. More recently, accumula-
tive data from the clinic and preclinical studies indicate
new relevance of type I IFN in tumor immunology,

particularly in the context of the tumor microenviron-
ment [59.60] and the recent development of T-cell check-
point inhibitors [61,62].

Potential links between type I IFN gene expression
signatures, T-cell infiltration and clinical outcome of
cancer patients [63], have suggested new strategies for
type I IFNs in tumor immunotherapy [64.65]. Induc-
tion of type I IFN by STING (stimulator of IFN
genes), a cytosolic DNA sensing factor, suggested the
potential role of STING pathway in promoting T-cell
immune responses against cancer [66]. Although the
impact of STING pathway in innate immune sensing
of tumors has been demonstrated [67.68], cancer treat-
ments with STING agonist such as 5,6-dimethyl-
xanthenone-4-acetic acid (DMXAA) did not ben-
efic human patients (69.70]. Apparently, the failure of
DMXAA as anticancer agent in patients is attributed
in part to its weak interaction with human STING, in
contrast to the mouse analog. Current studies utiliz-

ing new methods for delivery of STING and STING
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agonists to the tumor microenvironment are in clinical
development [71,72].

To promote the antitumor impact of IFN-a by over-
coming tumor-mediated immune suppression, com-
bination of IFN-a with T-cell checkpoint inhibitors
is being tested in melanoma patients. Promising pre-
liminary data suggested that such combinations may
improve the clinical management of advanced mela-
noma beyond checkpoint inhibitor monotherapy [61].
An overall response rate of 24% with durable responses
and downregulation of host immune suppressor mech-
anisms has been reported in Phase II trials in which
advanced melanoma patients were treated with a com-
bination of IFN-o and the anti-CTLA-4 (cytotoxic
T-lymphocyte-associated protein 4) antibody, tremeli-
mumab (73,74]. These studies suggest that the antitu-
mor activity of IFN-a can be improved by inhibiting
T-cell checkpoints. This may open new avenues in the
interface between IFN therapy and the current devel-
opment of cancer immunotherapy.

Overcoming the adverse effects of IFN

Since practically all the cells of the body respond to
IFN-a, patients can develop numerous side effects dur-
ing treatment [732]. Common adverse reactions include
cytopenias (e.g., neutropenia, lymphopenia, throm-
bocytopenia), gastrointestinal dysfunction (e.g., nau-
sea, vomiting, anorexia) and nervous system effects
(e.g., fatigue, depression, suicidal ideation). Lympho-
penia results from the myelosuppressive and inhibitory
effects of IFN-a on lymphocytes in the periphery. The
myelosuppresive effects dissipate once IFN-a treat-
ment ends. Although the mechanisms of lymphopenia
have been mostly elucidated [6.732], the mechanisms of
side effects related to the other systems remain largely
unknown. Most patients also experience common flu-
like symptoms, especially in the first month of therapy.
Although these symptoms usually persist for few hours
after IFN-o administration, they often limit the amount
of IFN-a, which can be used systemically. Thus, despite
the therapeutic potential of IFN-a in cancer treatment,
the toxicity profile often prevents completion of treat-
ment and/or requires dose de-escalation. The develop-
ment of new tools and approaches to overcome these
side effects may have an impact on improving the risk/

benefit profile of IFN-o. therapy.

Development of IFN-A as antitumor agent:
preclinical data

In contrast to other IFN factors, only a few cell types
respond to IFN-A [19]. Interestingly, melanoma cells
were among the few that responded well to IFN-A.
For this reason, we studied the potential antitumor
activity of IFN-A in the B16 mouse syngeneic model

IFN-A & cancer therapy Review

of melanoma. Due to the restricted cell targeting
observed with IFN-A, we hypothesized that IFN-A
therapy would be associated with therapeutic benefit
without the off-target toxicity of IFN-a. [7]. First, we
engineered B16 cells to constitutively secrete IFN-A.
B16 melanoma cells transduced with IFN-A showed
upregulation of MHC class I at the cell surface. Next,
in a tumor transplantation assay, we found that, in
contrast to parental B16 melanoma cells, B16 cells
constitutively producing IFN-A were either rejected or
grew at slower rates in C57BL/6 syngeneic mice.

To determine the indirect effects of IFN-A in elic-
iting the antitumor activity of IFN-A, we have gen-
erated B16 cells, resistant to IFN-A response (B16.
IFN-ARes) [19]. Similarly to IFN-A-sensitive cells, sig-
nificant antitumor effects were observed in C57BL/6
syngeneic mice transplanted with B16.IFN-ARes cells.
Thus, host mechanisms appear to play a crucial role in
prompting the antitumor effects of IFN-A [19].

The antitumor activity of IFN-A has been con-
firmed by independent groups in melanoma and in
other tumor models. By using similar gene therapy
approaches, Sato et al. demonstrated the antitumor
activity of IFN-A in the B16 mouse melanoma and
CT26 colon adenocarcinoma models [75]. In these
studies, treatment was associated with cell cycle arrest
and apoptosis. An increase in caspase activity with
induction of p2l and retinoblastoma protein (Rb)
dephosphorylation was observed in cells transfected
with IFN-A2 cDNA [75].

Using similar methods, Numasaki et a/. confirmed
the antitumor activity of IFN-A in MCA2005 fibrosar-
coma cell tumor model [7¢]. Since MCA2005 fibrosar-
coma cells were resistant to the direct effects of IFN-
A, different host mechanisms were investigated. The
authors reported a role for NK cells, T cells and neutro-
phils in mediating the antitumor activity of IFN-A. We
and other groups have also validated the antitumor role
of IEN-A in other tumor models, including lung (77],
hepatoma (78], esophagus [79.80], breast cancer [81],
prostate [82] and colon cancer [83].

To mediate antitumor activity, IFN-A acts directly
on tumor cells and through induction of host antitumor
immunity (Table 1). Direct antitumor effects of IFN-A
include inhibition of cell proliferation [19.77.84-87] and
mitosis [19], while promoting cell apoptosis [75.77.79.80.83]
and cell cycle arrest [19.75.80]. However, it seems that
direct effects on tumor cells are not the major mecha-
nism by which IFN-A displays its antitumor activity.
Involvement of host immune and anti-angiogenic
mechanisms also appears to be important antitumor
mechanisms of IFN-A. It was first reported that IFN-A
played a role in suppressing tumor angiogenesis in the
B16 mouse melanoma model by modulating the tumor
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Table 1. Tumor targeting and mechanisms of action of
IFN-A. As indicated, the antitumor activity of IFN-A has been

demonstrated in several cancer models. Beside directs of
IFN-A on tumor cells, indirect effects resulting mostly from the
modulation of innate immunity have been reported.

the direct or indirect effects of IFN-A on NK cells was
recently raised [82]. A direct effect of IFN-A on NK cells
has been suggested following the failure of transferred
IFN-AR1-deficient NK cells in suppressing tumor
growth in vivo (32]. However, no direct evidence has
been reported in vitro, in accordance with our initial
report [78] and other studies, demonstrating that IFN-A
was not directly acting on NK cells [8889]. Innate
immunity may also be mediated by macrophages and
neutrophils, and there is one report suggesting IFN-A
may influence innate immunity against a fibrosarcoma
tumor model through these cells [76].

Potential clinical development of IFN-A in
oncology

Since the antitumor effects of IFN-A have been reported
in various tumor models by different groups, questions
about the use of IFN-A in clinical oncology continue to
be raised. We believe that the beneficial use of IFN-A
as a new antitumor drug should be weighed in the
context of the current IFN therapy and the emergence
of other antitumor treatments. The first question that
should be addressed immediately is: what can IFN-A
add to the current IFN-o-based classical IFN therapy?
Is IFN-A a future alternative to IFN-a, and better
tolerated by patients? Based on the simplistic view of
shared signaling between IFN-A and IFN-a, and the
restrictive effects of IFN-A over IFN-a in relation to
various cell types, early hypotheses suggest that IFN-A
may offer a potential solution to the issues related to
side effects of current IFN-a-based therapy [7.90]. Some
clinical achievements have been obtained with IFN-A
in the treatment of chronic hepatitis C patients [91,92].
In contrast to IFN-o, IFN-A treatment induces more
rapid viral suppression with lesser side effects [92]. Neu-
tropenia and thrombocytopenia were uncommon in
patients receiving IFN-A [92], suggesting a potential
clinical use of IFN-A as alternative to IFN-o with
hematologic toxicity. However to really determine the
role of IFN-A in oncology, randomized clinical trials
are required.

In a comparative study between IFN-a and IFN-A
in a mouse hepatoma model, we demonstrated com-
parable antitumor activity, mediated through dis-
tinct antitumor mechanisms [78]. The combination of
IFN-o and IEN-A significantly improved the outcome
of treatment for hepatoma in mice. In contrast to single
agent IFN-a therapy, the IFN-a./A combination ther-
apy completely eradicated tumor growth [7.93]. By using
either a gene therapy approach or direct injection of
IFN-a and IFN-A, we have demonstrated that around
50% of mice achieve complete responses [93]. Although
the use of IFN-A as an alternative to IFN-a can be
introduced in cases of resistance to IFN-o treatment

Reported anti-tumor Cancer models studied Ref.
mechanisms of IFN-A
Anti-angiogenesis Melanoma [19]
Anti-proliferative Melanoma [19]
Lung adenocarcinoma (77]
Neuroendocrine cancer (84]
T lymphoma [85]
Colon cancer [86]
Hepatoma (87]
Cell cycle arrest Melanoma [75]
Colon cancer [75)
Esophageal carcinoma (80]
Antimitotic Melanoma [19]
Apoptosis Melanoma [75]
Colon cancer 75.83]
Lung adenocarcinoma (77.79)
Esophageal carcinoma (80]
Tumor microenvironment Melanoma [19]
cells
NK cells Melanoma [75]
Fibrosarcoma [76]
Hepatoma (78]
Lung adenocarcinoma [79]
Prostate adenocarcinoma [82]
T cells Melanoma [75]
Fibrosarcoma [76]
Lung adenocarcinoma (79]
Breast cancer [81]
Neutrophils Fibrosarcoma [76]
Macrophages Fibrosarcoma [76]
microenvironment [19]. Durable antitumor immune
responses have also been reported for IFN-A [78]. These
responses have largely been associated with induction
of T-cell responses, as reported in the antitumor activ-
ity of IFN-A in melanoma [75], fibrosarcoma [76], lung
adenocarcinoma [79] and breast cancer [81]. However
IFN-A-induced innate immunity, largely represented
by NK-cell induction, was demonstrated in numer-
ous cancer models, including melanoma [75], fibro-
sarcoma [76], hepatoma [78], lung adenocarcinoma [79]
and prostate adenocarcinoma [82]. A controversy about
882 Immunotherapy (2016) 8(8)
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or intolerable side effects, IFN-A may be suitable for
clinical combination with IFN-o rather than as an
alternative, to improve the quality and durability of
antitumor response. In particular, combining IFN-A
with IFN-o. may allow improved immunomodula-
tory effects with lower dosages of IFN-a., and reduced
side effects. We found that the suppression of tumor
growth induced by the IFN-a and IFN-A in combi-
nation with one another was not based on synergistic
biological activities between IFN-o and IFN-A alone.
Paradoxically, antagonistic interaction between IFN-o
and IFN-A may occur in some tumor models, in agree-
ment with recent reports showing an upregulation of
IFN-ARI and resistance to IFN-a. response [94].
Epithelial carcinomas of various organs appear to be
differentially sensitive to IFN-A 7. Due to their sen-
sitivity to IFN-A, carcinomas may be among the most
suitable targets for IFN-A. Presently, IFN-A presents
unique advantages, such as tumor growth inhibition
without hematologic toxicity [7.32,95]. In this regard, the
advantages of IFN-A over IFN-o might be useful in
enhancing the therapeutic effects of T-cell checkpoint

IFN-A & cancer therapy Review

inhibitors, such as anti-CLTA-4, anti-PD-1 or anti-PD-
L1 antibodies, which are among the most promising
new immunotherapeutic drugs to reach the clinic, and
are already in combinatory analysis with IFN-o [73.74].
IFN-A may concomitantly decrease tumor burden
and increase the antitumor immune response without
inducing any significant myelosuppression or lym-
phopenia, which may allow more T cells to reach the
tumor microenvironment.

Although we know that INF-AR1 governs IFN-A
functions, the impact of its restricted expression
on cancer development remains poor understood.
Many normal cell types such as fibroblasts, adi-
pocytes, endothelial and B cells are unresponsive-
ness to IFN-A [726,96]. However their counterpart
transformed cells may gain sensitivity to IFN-A and
increase their aggressiveness. For example multiple
myeloma cells which originate from B cells gain
IFN-A responsiveness and surprisingly their pro-
liferation was induced by IFN-A [97]. Furthermore,
high responsiveness of transformed bladder cells to
IFN-A was associated with increased cell migration

Executive summary

IFN-X has selective cell targeting

with IFN therapy, based on IFN-.
IFN-. exerts potent antitumor activity

including lung cancer and hepatocellular carcinoma.

oncology.
Antitumor mechanisms of IFN-L

activity of IFN-L.
IFN-)\. & combination therapy

combination with immune checkpoint inhibitors.

Conclusion

IFN-a.

limited lymphocytes toxicity.

beneficial from the toxic effects of IFN therapy.

IFN-). acts similarly than IFN-o by engaging different IFN receptor
e Although structurally distinct, IFN-A and IFN-a induce a quite similar cell signaling. Distinct receptors for IFN-A
and IFN-a are engaged to induce common IFN-A/a signaling.

¢ In contrast to the other IFN classes, IFN-A acts only on some cell types, mostly epithelial like cells.

e The pattern of IFN- response has valuable advantages for limiting the adverse effects commonly reported
¢ |n addition to melanoma, IFN-A showed significant benefits in preclinical studies for several cancer models,
e Despite the potential promise of IFN-A in cancer, no clinical trials of this agent have yet been conducted in
e Although several studies showed the effects of IFN-A in inhibiting cell proliferation and promoting cell

apoptosis, it seems that IFN-L exerts its antitumor activity mainly through host mechanisms.
e Currently independent investigations demonstrated the crucial role of NK cells in eliciting the antitumor

¢ New evidences showed that concerted actions between IFN-A and IFN-a can be crucial for tumor suppression
and eradication, indicating new perspective of IFN therapy.
e Because IFN-A displayed less toxicity on immune cells than IFN-q, this IFN could be a best choice for a potential

e |FN-X is a new IFN with a high potential for cancer treatment.

e Introducing IFN-X for cancer therapy may open new avenues in oncology and revitalize the clinical use of
e |IFN-X can be used as single agent or in combination with IFN-a..

e Current studies have shown the potential for IFN-a in combination with immune checkpoint inhibitors

modalities, and for these combinatory applications the role of IFN-A may be particularly important for its

e By specifically acting on restricted cell types, IFN-A has already revealed how it may be possible to dissect the
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and invasion [98]. Therefore, although IFN-A might
favor cancer promotion or metastasis of some cancers,
targeting IFN-A axis remains crucial for developing
new cancer therapies. Thus, the potential exists for
broader application of IFN-A as agonist or antago-
nist in clinical oncology, particularly in combination
with IFN-a and T-cell checkpoint inhibitors. Further
pursuit and understanding the precise mechanisms
of IFN-A in different cancers may be an important
avenue in the therapeutic battle against cancer.

Future perspective

The IFN family plays an important role in maintain-
ing immune system homeostasis and has been helpful
in treatment of infectious disease and cancer. While
IFN-o has been widely used in the clinic, treatment
is complicated by relatively high rates of off-target
toxicity. However new findings may help manage the
adverse effects and increase the efficacy of IFN-a. ther-
apy. IFN-A is a recently identified type III IFN and has
already shown promising activity as cytokine therapy
against cancer in a variety of murine tumor models. In
addition to selective tumor cell targeting, leading to
limited side effects, IFN-A is emerging as an impor-
tant inducer of innate and possible adaptive immunity.
However in particular biological situations, it is not
excluded that IFN-A could act in opposite manner to
IFN-a. Further investigations of IFN-A and its inter-
action with IFN-o in the tumor microenvironment
would be critical in generating new immunotherapies.
Although cancer clinical trials have not yet been con-
ducted, we propose that carcinomas in general and
melanoma in particular may benefit from IFN-A, and
open new avenues to improve upon IFN therapy alone,
and in combination with other immunotherapy agents.
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