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Homeostatic gC cytokines are essential to support the expansion and function of tumor-specific T cells, but their
effects are constrained by suppressor of cytokine signaling (SOCS) proteins as well as phosphoinositide and tyrosine-
specific phosphatases. The microRNA miR-155 counteracts these inhibitory hurdles to potentiate intracellular cytokine
signaling and T cell antitumor immunity.

Common g-chain (gC) cytokines such
as interleukin-2 (IL-2), IL-7, IL-15, and
IL-21 play pivotal roles in regulating T
cell homeostasis and inflammatory
responses. There is now extensive evidence
that these cytokines provide critical signals
to sustain engraftment, expansion and
effector functions of adoptively transferred
tumor-specific T cells.1 A number of
intracellular negative regulators of cyto-
kine signaling exist to prevent unre-
strained responses to cytokines. For
instance, the JAK/STAT pathway, a pri-
mary signaling pathway downstream of
the gC cytokine-receptor, is attenuated by
SOCS family members and protein tyro-
sine phosphatases.2 In addition, cytokine-
induced activation of PI3K/AKT signaling
is dampened by phosphoinositide lipid
phosphatases.2 While these negative
checkpoints are physiologically necessary
to balance T cell immune responses, they
also drastically impede the effectiveness of
adoptively transferred tumor-specific T
cells (Fig. 1A).

Two main strategies are currently
employed in the clinic to tip the balance
and promote cytokine signaling. Both
approaches aim to increase the availability
of homeostatic gC cytokines, by either
providing exogenous cytokine support or
eliminating endogenous cytokine cellular
“sinks” through lymphodepletion
(Fig. 1B).1,3 These maneuvers, however,
are nonspecific and come with high prices
in term of toxicities. Lymphodepleting
regimens such as high-intensity chemo-
therapy and total body irradiation have

been associated with severe and sometimes
lethal side effects.4 Patients can experience
prolonged leukopenia increasing the risk
of opportunistic infections, such as cyto-
megalovirus, herpes zoster, respiratory
syncitial virus and Pneumocystis carinii.
Radiation and chemotherapy are also asso-
ciated with increased incidence of throm-
boembolic events, including pulmonary
veno-occlusive disease, jugular venous
thrombosis and thrombotic microangiop-
athy.4 Additionally, high-dose chemother-
apy regimens incorporating fludarabine
might result in cortical blindness. Like-
wise, exogenous administration of high-
dose IL-2 can lead to substantial acute
toxicities in multiple organs, including
lungs, heart, kidneys, and central nervous
system. Most of these toxicities are pri-
marily due to a capillary leak syndrome,
which results in a hypovolemic state and
fluid accumulation in the tissues mani-
fested as generalized edema, pulmonary
congestion, pleural effusions, and ascites.4

Currently, numerous patients are excluded
from adoptive T cell-based immunother-
apy because of the potential for severe
side effects associated with these maneu-
vers. Furthermore, management of these
toxicities necessitates extensive supportive
care and long-term inpatient hospitaliza-
tion causing extraordinary financial pres-
sure on the patients and the healthcare
provider.

We have recently described an alterna-
tive approach to enhance tumor-specific T
cell responsiveness to homeostatic gC
cytokines, which is based on releasing the

brakes provided by multiple cytokine sig-
naling inhibitors.5 We took advantage of a
well-recognized feature of microRNAs,
which are capable of regulating a biologi-
cal process by repressing numerous targets
involved in the underlying molecular net-
work. We chose to overexpress the micro-
RNA, miR-155 in tumor-specific T cells
because it can inhibit the expression of
several negative regulators of cytokine sig-
naling. For example, we and others have
demonstrated that miR-155 can target the
JAK/STAT inhibitor SOCS-1 as well as
the inositol 5-phosphatase SHIP-1, an
inhibitor of PI3K/AKT signaling.5-7

Additionally, we have found that miR-
155 can also bind to the 30 UTR region of
the protein tyrosine phosphatase Ptpn2 to
attenuate its inhibitory effects on STAT5
signaling.5 Consistent with these biologi-
cal activities, overexpression of miR-155
significantly increased STAT5 and AKT
signaling in response to limited amounts
of homeostatic gC cytokines available in
lymphoreplete hosts, resulting in
enhanced T cell survival and profound
antitumor responses (Fig. 1C).5 Notably,
miR-155 overexpression was sufficient in
surrogating the therapeutic advantages
conveyed by lymphodepletion precondi-
tioning and exogenous cytokine adminis-
tration (Fig. 1), indicating that this
strategy can be effectively used to increase
the efficacy of adoptive immunotherapies
in a cell-intrinsic manner without the
need for life-threatening maneuvers.

A number of therapeutic approaches to
augment the efficacy of T cell-based
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immunotherapies without lymphodeple-
tion preconditioning have been recently
proposed, including PD1 blockade in con-
junction of IL-2/anti-IL-2 antibody com-
plexes or IL-12 overexpression in tumor-
reactive T cells.8,9 However, it is unclear
whether such strategies can replace both
lymphodepletion and cytokine support
because direct comparisons were not per-
formed in these studies. Furthermore,
overexpression of IL-12 could not substi-
tute the requirement for lymphodepletion
in certain murine models of T-cell
therapy.10

Enhancing the activity of both AKT
and STAT5 by modulating miR-155
expression provides significant advan-
tages over strategies relying on constitu-
tive activation of these two pathways

individually. First, it circumvents the
technical challenge of enforcing the
expression of two large molecules simul-
taneously in one cell. Second, it allows
fine-tuning of cytokine signaling by tar-
geting multiple molecules without the
negative effects that can be associated
with constitutive activation of a given
downstream pathway. Finally, by cumu-
latively reducing the expression of sev-
eral inhibitory components downstream
of cytokine signaling, it confers robust-
ness to the regulation of the system.

Overexpression of miR-155 in adop-
tively transferred tumor-specific T cells
not only has the potential to reduce the
toxicities associated with current cellular
therapies making them available to a
broader spectrum of cancer patients, but it

also provides the possibility of improving
the effectiveness of adoptive immuno-
therapies. Currently, it is not practical to
deliver multiple rounds of T cell infusions
because repeated preconditioning treat-
ments are not feasible and the efficacy of
T cell therapy is limited in lymphoreplete
hosts. The possibility of augmenting the
therapeutic efficacy of T cell-based immu-
notherapies without the need of lympho-
depleting preconditioning provides the
opportunity to administer highly effective
T cell products repeatedly in the short-
term to maximize therapeutic outcomes.
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Figure 1. miR-155 augments CD8C T cell antitumor activity in lymphoreplete hosts by enhancing responsiveness to limited amounts of homeostatic gC
cytokines. (A) In the lymphoreplete host, homeostatic cytokine signaling, which is essential to sustain the antitumor function of adoptively transferred
tumor-specific CD8C T cells, is limited by the activity of multiple negative regulators such as SHIP-1, SOCS-1, and Ptpn2. (B) Removal of cytokine “sinks”
by lymphodepletion increases the availability of homeostatic gC cytokines, overcoming the inhibitory effects of SHIP-1, SOCS-1, and Ptpn2, thus resulting
in enhanced CD8C T cell antitumor responses. (C) Overexpression of miR-155 in adoptively transferred tumor-specific CD8C T cells inhibits the expression
of SHIP-1, SOCS-1, and Ptpn2, thus resulting in enhanced cytokine signaling and antitumor responses in the presence of limited amounts of homeostatic
gC cytokines available in lymphoreplete hosts.
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