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Aspirin and immunotherapy: a Faustian bargain?
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The role of FGL1in
hepatocellular carcinoma

Cancer evades detection by the immune
system by utilizing various modulators, such
as programmed cell death protein 1 (PD-1)
and lymphocyte-activating gene 3 (LAG-3)
(1). LAG-3 is expressed on the surface of T
cells, and its activation suppresses T cell
antigen-mediated activation, signaling, and
proliferation (2, 3). Fibrinogen-like protein
1 (FGL1) has been identified as a ligand of
LAG-3 and is implicated in several malig-
nancies (1, 2). Antibody-mediated knock-
down of FGL1 expression has been shown to
increase antigen-mediated T cell activation.
However, the role of FGL1 in cancer is likely
contextual and lineage dependent, since its
inhibition promotes growth in lung cancer
cells but exerts antitumoral effects in gastric
and colon cancer (2, 3).

In this issue of the JCI, Lin and col-
leagues (4) evaluated the role of FGLI1 in
hepatocellular carcinoma (HCC). Nic-
otinamide (NAM) treatment resulted in
the acetylation of FGL1 at Lys-98, which
reduced the levels of FGL1in HCC cell lines
due to increased proteasomal degradation.
Expression of sirtuin 2 (SIRT2), a NAD*-

Fibrinogen-like protein 1 (FGL1) has been associated with improved survival
in hepatocellular carcinoma (HCC). However, recent evidence suggests

that FGL1 may bind to surface receptors on lymphocytes and induce
immune senescence. In this issue of the JCI, Lin and co-authors show that
FGL1 may be acetylated by aspirin and targeted for degradation, which is
associated with increased antitumor immunity and improved survival.
Similar findings were obtained with inhibitors of sirtuin 2 (SIRT2), a histone
deacetylase. These findings expand our current understanding of the role
of FGL1in cancer and provide an impetus for the evaluation of alternative
immunotherapy combinations in HCC.

dependentdeacetylase, triggered adecrease
in FGL1 acetylation, while inhibition of
SIRT2, by either the specific inhibitor
acetylglutamate kinase 2 (AGK?2) or an siR-
NA, resulted in increased acetylation and
decreased levels of FGLI. Similarly, aspirin
was shown in vitro to acetylate FGL1, lead-
ing to its proteasomal degradation (Figure
1). AGK2 was associated with increased T
cell-mediated killing of HCC cells in vitro
and prolonged survival, alone, and in syner-
gy with PD-L1 inhibition, in mice. Likewise,
aspirin was associated with enhanced T cell
destruction of HCC cells. The authors also
demonstrated improved survival in mice
with HCC that were treated with aspirin
and a PD-L1 inhibitor. AGK2 and aspirin
were equally effective with LAG-3 inhibi-
tion at suppressing tumor growth (4).

The Lin et al. study mechanistically
shows that FGL1 can be regulated by acetyl-
ation at K98 via AGK2 or aspirin treatment
in vitro and excluded other acetylation sites
or mechanisms of degradation. While the
authors provide mechanistic support for
this result, one potential weakness was the
lack of assessment for FGL1 acetylation
in the in vivo experiments, or in assays of
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T cell-mediated tumor killing, raising the
possibility that antitumor immunity results
from some unmeasured effect. Howev-
er, the same agents shown to acetylate
FGL1 in vitro were used for these experi-
ments, and the in vivo experiments demon-
strated reduced FGL1 expression by immu-
nohistochemistry (4).

FGL family in cancer. Both FGL1 and
FGL2 share the duality of modulating both
tumorigenesis and immune responses.
FGL1 was originally cloned from HCC, and
its expression is elevated in melanoma, col-
orectal, prostate, lung, gastric, and breast
cancers based on BioGPS tissue microar-
rays and The Cancer Genome Atlas (TCGA)
database (5). FGL1 has been identified as a
major ligand for LAG-3. FGL1 can suppress
AKkt signaling, but FGL1 can be suppressed
by IL-6-mediated JAK2/STATS3 signal acti-
vation (6). FGL2 was previously shown by
our group to be involved in the malignant
transformation of low- to high-grade glio-
mas and is expressed in other cancers, such
as HCC, prostate, B cell lymphoma, col-
orectal, and lung cancers (7). Knockdown
or silencing of FGL2 expression has also
been shown to inhibit prostate and lung
cancer growth in preclinical models (8-10).
FGL2 can drive tumorigenesis through
ERK1/-2 and the MAPK kinase pathways.
The immune-modulatory functions of
FGL2 relative to FGL1 are more extensively
described, in general and in the context of
cancer. During viral infection, FGL2/" mice
possess a higher frequency of DCs express-
ing CD80, CD86, and MHC; they also show
decreased PD-1 expression on T cells and
increased B and T cell effector respons-
es (11). We have shown through a series
of studies of preclinical glioma that FGL2
increases the expression of PD-1and the fre-
quency of tumor-supportive macrophages
and Tregs, suppresses the development of
CD103" DCs, and blocks the recruitment
of tumor-specific, brain-resident memory
T cells (7, 12, 13). In other cancers, FGL2
expression was associated with better
prognostic outcomes and increased lung
cancer infiltration of immune cells, such
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Figure 1. Acetylation of FGL1 has a regulatory role in HCC antitumor immunity. Acetylation of

FGL1 at Lys-98 reduces the levels of FGL1in HCC cells due to increased proteasomal degradation.

The NAD*-dependent deacetylase SIRT2 decreases FGL1 acetylation, which facilitates interaction
between LAG-3 to promote evasion from immune surveillance. In contrast, compounds that increase
acetylated FGL1, including the SIRT2 inhibitor AGK2, NAM, and aspirin, increase FGL1degradation and

antitumor immunity via T cell-mediated killing.

as CD8" T cells, macrophages, B cells, and
DCs (14). As such, both FGL1 and FGL2
have been widely reported to share both
pro- and antitumor functions.

The role of FGL1 in tumorigenesis. The
results of Lin et al. indicate that FGL1
expression is a negative prognosticator
in HCC, as demonstrated by the associa-
tion between FGLI1 inhibition, antitumor
immunity, and survival (4). Notably, these
results contrast with prior findings in which
downregulation of FGL1 in HCC increases
the rates of tumor formation (15-17), and is
a positive prognosticator (15). The discrep-
ancy between the present study and others
may be a function of analyzing the different
ways in which FGL1 influences the develop-
ment and progression of HCC. FGL1 loss
is associated with tumor dedifferentiation
and increased Akt pathway signaling in
HCC and is probably an effect independent
of antitumor immunity (17). Additionally,
multiple other tumor suppressor loci are
near FGL1, suggesting that loss of the gene
(ie., via chromosomal damage) may be
linked to other tumor suppressor genes (17).
Thus, the differences between studies may
be a function of unaccounted coassociated
tumor suppressor genes and the balance
of antitumor and anti-immune responses
in various models. The Lin et al. study (4)
empbhasizes the complexity of outcome bio-
markers that play different and opposing
roles in tumorigenesis. Loss of FGL1 may
disinhibit HCC proliferation yet contrib-
ute to an antitumor immune response. As
such, the role of FGL1 in HCC is less clear

than previously presumed. Nonetheless,
an alternative understanding of previously
established tumor markers can drive fur-
ther research and treatment development.

FGL1 and antitumor immunity
Lin et al. demonstrate that acetylation-
mediated FGLI inhibition via AGK2 was
associated with increased T cell killing of
HCC cells in vitro and in vivo (4). Combi-
nation therapy with a PD-L1 inhibitor and
AGK2 resulted in further increases in anti-
tumor immunity. An association between
FGL1 inhibition and antitumor immune
responses hasbeenreported in other studies
(1,3). Wangetal. (3) implanted FGL1-knock-
out mice with colon cancer cells and found
diminished tumor growth compared with
controls. Furthermore, depletion of B and
T cells mitigated the antitumor effects
of FGL1 and LAG-3 inhibition, suggesting
that FGL1 contributes to tumor growth by
inhibiting antitumor immunity (3). Huang
et al. (1) found that FGLI silencing was
associated with increased intratumoral T
cell activity in a murine model of squamous
cell carcinoma. Thus, it is unsurprising that
the combination of FGL1 and PD-1 inhibi-
tion, which would be expected to bolster
the antitumor immune response, resulted
in further benefits in tumor control and sur-
vival in the Lin et al. study (4). High FGL1
expression is associated with low respon-
siveness to anti-PD-1 therapy in lung can-
cer (18), and these results present a unique
opportunity to validate similar combination
regimens in HCC.
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Aspirin as an anticancer drug

Goethe’s Faust forfeits his soul for the temp-
tations of unlimited knowledge and earthly
pleasure. While it may be tempting to label
aspirin an anticancer drug on the basis of the
results of Lin et al. (4), doing so may repre-
sent a similar exchange, in which one sacri-
fices a comprehensive and rigorous evalu-
ation of aspirin’s role in cancer in exchange
for an easy and immediate result — a choice
that could have similarly damaging conse-
quences. In 2007, aspirin was reported to
reduce the risk of colorectal cancer in a sys-
tematic review, prompting a flurry of studies
examining its role in the prevention of this
and other malignancies (19). However, a
recent umbrella review of the role of aspirin
in cancer prevention raised several concerns
about the validity of such studies, primarily
due to alack of stringent significance criteria
and substantial heterogeneity (19). Only one
of these studies examined the use of aspirin
in HCC, demonstrating no preventive role
of the drug (20). One study cited by Lin and
authors suggests a dose-dependent reduc-
tion in HCC risk with aspirin use, but the
benefits were only apparent after five years
of use, a time period extending beyond the
expected survival of patients with HCC (21,
22). Aspirin has many anticancer properties,
such asinhibition of proliferation, promotion
of apoptosis, and suppression of stemness,
thus, it is unlikely that one can tease apart
the underlying mechanism as being attribut-
ed exclusively to the modulation of FGL1
(23). Notably, aspirin has also been shown to
suppress PD-L1 expression; however, the use
of aspirin in the clinical setting of melanoma
was not shown to impact the efficacy of anti-
PD-1 (24-26). Thus, while the results of Lin
et al. expand a relatively narrow body of evi-
dence by suggesting a therapeutic strategy
for targeting HCC using a common drug, the
results should be interpreted with caution,
considering the above concerns and the pos-
sible coagulopathy accompanying HCC that
may be exacerbated with aspirin use (27).

Acetylation-mediated cancer
therapy

The authors also used SIRT2 inhibition to
induce acetylation of FGL1 to facilitate its
proteasome-mediated degradation (4). Tar-
geting acetylation pathways has emerged
as a potential therapeutic strategy in cancer
(28, 29). Histone deacetylases (HDACs)
like SIRT2 can remove acetyl groups from
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both histone and nonhistone proteins,
thereby sensitizing cells to chemo- and
radiotherapy by hindering double-stranded
DNA break repair (28). By demonstrating
an association between SIRT?2 inhibition,
FGL1 acetylation, and antitumor immuni-
ty, the Lin et al. results indicate that HDAC
inhibitors may have multiple effects in can-
cer treatment. One important consideration
is whether tumor cell death and improved
survival in this study were caused by DNA
damage incurred by HDAC inhibition rath-
er than via antitumor immunity — indeed,
the authors did not assess DNA damage
(4). However, the authors did demonstrate
enhanced tumor invasion by immune cells
in response to FGL1 acetylation (4), and
pastresearch has shown FGLI-LAG-3 inter-
action (1, 3). Thus, it is likely that antitumor
immunity at least plays a role in these find-
ings. Further study will be needed to fully
delineate the relative contributions of each
of these mechanisms to observed preclini-
cal therapeutic activity.

Conclusion

While FGL1 may behave as a tumor sup-
pressor in HCC, Lin and authors have illu-
minated a role of FGL1 by highlighting its
contribution to antitumor immunity in HCC.
Notably, its inhibition was associated with
an increased antitumor immune response
with PD-1 inhibitors. These data provide
impetus for clinical evaluation of immuno-
therapy regimens, but the utility of aspirin
should be interpreted with caution, given the
largely negative results regarding its efficacy
against cancer.
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