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Increasing evidence has linked the aggres-
siveness of non-Hodgkin’s lymphoma, in
particular activated B cell-like type diffuse
large B cell lymphomas (ABC-DLBCL), to
signaling by toll-like receptor 9 (TLR9)/
MyD88 and STAT3. In this issue of Molecu-
lar Therapy, Zhao et al.1 describe a dual func-
tion molecule comprising a clinically-rele-
vant TLR9 agonist (CpG7909) fused to a
STAT3 inhibitor in the form of a high-affin-
ity decoy oligodeoxynucleotide (dODN).
CpG-STAT3dODN blocked STAT3 DNA
binding and activity, thus reducing expres-
sion of downstream target genes, such as
MYC and BCL2L1, in human and mouse
lymphoma cells. These effects led to the
generation of lymphoma cell-specific CD8/
CD4-dependent T cell immunity that could
protect mice from tumor rechallenge.

STAT3 is a transcription factor known for
its master immune-regulatory activity in
both tumor cells and in tumor microenvi-
ronment-associated immune cells,2 as well
as for its role in cancer cell proliferation, sur-
vival, and angiogenesis.3 STAT3 is frequently
activated in solid tumors and hematological
malignancies such as myeloma and lym-
phoma.3,4 Different approaches have been
tested to inhibit STAT3 over the past few
years, yet no inhibitory drug or small mole-
cule has been approved by the Federal
Drug Administration (FDA). Therapeutic
agents employed to block STAT3 include
small molecules5–7 and oligonucleotides.8,9

While small molecules have not yet
proven successful in clinical cancer therapy
trials, the STAT3 antisense oligonucleotides
continue to be tested in combination with
immune checkpoint inhibitors for therapy
of solid tumors, such as non-small cell
lung, colorectal and head and neck cancers
(http://clinicaltrails.gov). The results from
Molecular Th
many of these clinical trials remain to be
disclosed. Toxicity and poor tumor targeting
might be important caveats to consider in
future therapeutic strategies that are aimed
at blocking STAT3.

TLR9 is expressed in cells of the immune
system, including dendritic cells, macro-
phages, natural killer cells, and other antigen
presenting cells. TLR9 binds preferentially
to CpG-enriched DNA sequences10 in viral
and bacterial DNA, which triggers signals
that initiate a pro-inflammatory cytokine
response. Tumors, infection, and tissue
damage can all affect TLR9 expression and
activation. TLR9 agonist-based therapies
are being pursued for cancer immuno-
therapy, and there are already some prom-
ising results in preclinical settings and early
clinical trials.11–14

In the current study from Zhao et al.,1 the
authors describe an attractive approach to
inhibit STAT3 in B cell lymphoma that em-
ploys a molecule comprising a TLR9 agonist
fused to a STAT3 decoy oligodeoxinucleo-
tide (dODN). This approach targets STAT3
inhibition in B cell lymphomas by inducing
a dual effect on malignant cells (Figure 1).
Gene-expression profiling using NanoString
technology revealed that treatment with
CpG(B)-STAT3dODN induced the expres-
sion of both pro-apoptotic and antitumor
immune response-related genes. With a sin-
gle therapeutic reagent, the authors induced
tumor death and concurrently activated the
immune system with a TLR9 agonist and
STAT3 blockade.

A similar therapeutic strategy was previ-
ously utilized by the same group to target
STAT3 inhibition in humanmyeloid cells re-
sulting in a potent antitumor effect in acute
erapy Vol. 26 No 3 March 2018 ª 2018 The Amer
leukemia.15 A few years earlier, they also pio-
neered the development of a strategy to spe-
cifically deliver STAT3 small-interfering
RNAs (siRNAs) to TLR9+ immune and can-
cer-expressing cells by means of conjugation
of a STAT3 siRNA to a CpG(A) oligonucle-
otide.16–19 Target inhibition of STAT3 with
CpG oligonucleotides has shown very prom-
ising results in several types of tumor models
such as melanoma, prostate cancer, acute
myeloid leukemia, or lymphoma.20,21

Choosing the best-in-class inhibitor of
STAT3 (STAT3 siRNA, or dODN) when
designing a therapeutic strategy depends on
factors such as stability, pharmacokinetics,
and accessibility to the intracellular com-
partments, among others. The optimal
choice of chemistry might even vary from
one type of tumor to another. STAT3
dODN binds to the STAT3 protein itself
and prevents its engagement with the DNA
promoter region, thus precluding the induc-
tion of the STAT3-mediated immunosup-
pressive transcriptional program. STAT3
siRNA on the other hand will eliminate
STAT3 mRNA in a Dicer-dependent
manner. STAT3 dODN is a phosphorothioa-
tion (PS) modified DNA molecule of hairpin
design and therefore is significantly more
stable than siRNAs.

In addition, STAT3 dODN is smaller than
siRNA, which would likely favor its escape
from endosomes into the cytosol so as to
block STAT3 inhibition. Future studies will
likely show which of the designs of CpG-
STAT3 inhibitors holds the most promise
for clinical translation to therapy of various
types of human cancers. First generation
CpG(A)-STAT3dODN based on the class A
CpG is very efficient at targeting different
types of human and mouse myeloid cell.
However, it is poorly internalized in both
non-malignant B cells and B cell lymphoma
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Figure 1. Mode of Action of CpG(B)-STAT3dODN in B Cell Lymphoma

CpG(B)-STAT3dODN engages scavenger receptors on the surface of target cells facilitating its internalization.

Inside the endosome the CpG motif triggers TLR9 receptor activity and may facilitate the conjugate release into

cytosol. Once in the cytoplasm, the dODN binds STAT3 and impedes its transcriptional function. Lack of STAT3

activity leads to reduced proliferation-associated and pro-tumorigenic gene expression. TLR9 pro-apoptotic

signaling in synergy with STAT3 blockade leads to the upregulation of immune-related genes involved in antigen-

processing and -presenting molecules, chemotaxis, interferons and costimulatory signaling, which in the end

promote an inflamed tumor environment. This strategy shows a double-pronged approach inducing apoptotic

cytotoxicity in tumor cells and a strong antitumor immune response.
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cells.15 Zhao et al.1 used a previously
described and extensively clinically tested
class B CpG ODN sequence (CpG7909)
comprising a fully PS-modified backbone,
known for targeting B cells. The new
CpG(B)-STAT3dODN design afforded a
significantly increased half-life and a quicker
and more efficient internalization in primary
human and mouse B and myeloid cells.
Indeed, the CpG(B)-STAT3dODN conju-
gate was internalized by malignant human
ABC-DLBCL and A20 murine lymphoma
cells within 6 hr. This optimized strategy
enabled STAT3 targeting and the inhibition
of its transcriptional activity, which directly
leads to a strong reduction of the STAT3
pro-tumorigenic program, inducing impor-
tant changes in the cell’s gene expression
profile.
676 Molecular Therapy Vol. 26 No 3 March 20
NanoString technology was used to analyze
gene expression and to determine the genetic
fingerprint elicited by each treatment. The
gene expression pattern induced by decoy-
mediated STAT3 inhibition revealed the
dual mode of action of this strategy (anti-
tumor proliferation checkpoints and im-
mune-related genes) eventually leading to
tumor-growth inhibition and increased sur-
vival of tumor-bearing mice. Local treat-
ment with CpG(B)-STAT3dODN increased
expression of apoptotic and immune genes,
including interferons, pro-inflammatory cy-
tokines, chemokines, and MHC class I and
class II antigen presentation-related genes,
T cell regulators, etc. These effects were
not observed after treatment with CpG or
STAT3 decoy oligonucleotides alone. It is
worth noting that the immune gene-expres-
18
sion profile showed an increase in cyto-
toxic-related genes as well as a signature of
Th1 immune responses. Treatment with
CpG(B)-STAT3dODN in vivo essentially
turned the B cell lymphoma into a sort of
“endogenous vaccine” that triggered an anti-
tumor immune response by increasing the
inherent immunogenicity of the tumor.
One could argue that this therapy effectively
morphs the B cell lymphoma cells into
activated antigen-presenting cells that favor
induction of tumor immunity.

The importance of the immune system in
this therapeutic approach is depicted in an
experiment in which systemic treatment
with CpG(B)-STAT3dODN showed a weak
antitumor effect in immunodeficient mice
(NSG). The authors confirmed the impor-
tance of CD8 T lymphocytes in this approach
as CD4 depletion had only a modest effect
on survival of the mice, while CD8 deple-
tion accelerated lymphoma progression.
The authors also assessed whether the higher
grade of inflammation in the tumor
induced following treatment with CpG(B)-
STAT3dODNwould favor the activity of im-
mune-checkpoint blockade antibodies such
as anti-PD1 therapy. Treatment with PD1-
blockade antibody has elicited unprece-
dented results in clinical trials in non-Hodg-
kin’s lymphoma patients, but its effect is still
restricted to only approximately one third
cancer patients.22–24 While both CpG(B)-
STAT3dODN and PD1-blockade used as
monotherapy exerted similar antitumor ac-
tivity against A20 B cell lymphoma in mu-
rine models, the combination of CpG(B)-
STAT3dODN with anti-PD1 antibody re-
sulted in 90% survival of treated mice.
Phenotypic analysis revealed that CpG-
STAT3dODN treatment triggers immuno-
genicity of A20 lymphoma cells, as measured
by an increase in MHC class II complexes
and costimulatory molecules. There was
also higher CD8+ and CD4+ T cell tumor
infiltration and significant reduction of Tregs
(CD4+/FoxP3+).

It is also important to highlight the fact that
this strategy seems to be safe and well toler-
ated since no toxicity has been detected at up
to 60 mg/kg/week. Target therapeutic agents
are also aimed to enhancing the therapeutic
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index, allowing stronger antitumor effects
with lower doses and hence reducing toxic
side effects.
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