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INTRODUCTION
Signal transducer and activator of

transcription 3 (STAT3) is frequently
 activated in a diverse range of human
cancers, including head and neck squa-
mous cell carcinoma (1). Cytokine-
 induced intracellular signaling through
members of the STAT3 pathway plays
an essential role in regulating many
genes linked to proliferation, angiogen-
esis, metastasis and survival, among
other phenotypes (1,2). Stimulation by

a wide variety of growth factors or cy-
tokines mediates cell surface receptor
dimerization leading to the activation
of Janus kinases (JAKs), which in turn
phosphorylate and activate cytoplasmic
STAT proteins. Activated STATs
translocate to the nucleus, where they
bind to specific DNA response ele-
ments in the promoter regions of target
genes and induce the expression of
proteins such as Bcl-XL, c-Myc, cyclin
D1 and VEGF (3,4).

Cumulative evidence supports a critical
role for STAT3 in cancer development and
progression, highlighting STAT3 as an at-
tractive therapeutic target (5,6). Various
approaches have been proposed to block
STAT3 signaling, although few have
reached clinical testing. Phosphotyrosine-
based peptidomimetic inhibitors have
been shown to target the SH2 domain and
block STAT3 dimerization (5,7). A domi-
nant-negative form of STAT3, STAT3β,
abrogated activated STAT3 and sup-
pressed growth and invasion in human
lung cancer cells (8). G-quartet oligo -
deoxynucleotides have been shown to in-
hibit interleukin-6–stimulated STAT3 acti-
vation by interacting with the SH2
domain of STAT3 (9). A double-stranded,
linear STAT3 decoy oligonucleotide, tar-
geting activated STAT3, disrupted bind-
ing of STAT3 to DNA sequences on a vari-
ety of STAT3-responsive promoters. This
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STAT3 decoy inhibited proliferation and
STAT3-mediated gene expression in head
and neck squamous cell carcinoma
(HNSCC) (10), as well as other cancers
(11–13). Several natural products are also
under development to target STAT3, in-
cluding curcumin, resveratrol and cucur-
bitacin, among others, although these
agents lack specificity (5).

Few STAT3 inhibitory strategies have
undergone toxicology testing. WP1066,
an inhibitor of the JAK2/STAT3 pathway,
showed acute and chronic toxicity in
mice treated at doses >40 mg/kg, and,
hence, the maximum tolerated dose se-
lected ranged from 20 to 40 mg/kg (14).
WHI-P131, a potent and selective in-
hibitor of JAK3, was well tolerated in a
study with three cynomolgus monkeys
at a dose level ranging from 20 to
100 mg/kg (15). The toxicological effects
of ISIS 481464, a constrained ethyl modi-
fied phosphorothioate antisense oligonu-
cleotide targeting STAT3, have been
studied both in mice and cynomolgus
monkeys (16). The toxicity profile of ISIS
481464 was similar to the antisense
oligonucleotide containing 2′-O-
methoxyethylribose modification, and no
new toxicity was revealed (16). The toxic-
ity study of the linear STAT3 decoy
oligonucleotide conducted in a nonhu-
man primate model demonstrated no
acute toxicity, and the no-observable
 adverse-effect level was >3.2 mg/kg,
suggesting that direct injection of the
STAT3 decoy does not cause local or sys-
temic abnormalities (4). However, ther-
mal and enzymatic instability of the lin-
ear STAT3 decoy has limited its
application in the clinic to intratumoral
administration. Thus, we linked the dou-
ble strands of the linear STAT3 decoy by
using hexaethylene glycol spacers to
generate a cyclic STAT3 decoy (17). The
cyclic STAT3 decoy demonstrated in-
creased thermal and nuclease stability
(17). Further, the cyclic STAT3 decoy
bound to STAT3 protein with high affin-
ity, inhibited cellular viability, demon-
strated antitumor efficacy and reduced
STAT3 target gene expression in cancer
cells both in vitro and in vivo (17). In an-

ticipation of implementing a clinical trial
in HNSCC patients, the present study
was undertaken to test the biological effi-
cacy and safety of systemic administra-
tion of the cyclic STAT3 decoy. Systemic
administration of the cyclic STAT3 decoy
in tumor-bearing mice demonstrated an-
titumor effects at either of two dose lev-
els, with no apparent dose-dependency
observed in measurements of tumor vol-
umes or STAT3 target gene expression.
The potential toxicity of the cyclic STAT3
decoy was determined after multiple in-
travenous doses in mice. Although
STAT3 was shown to be upregulated in
cancers, the physiological importance of
STAT3 in normal development raises
concerns that targeting STAT3 may have
toxic side effects. We found that the no-
observable-adverse-effect level of cyclic
STAT3 decoy is 100 mg/kg.

MATERIALS AND METHODS
The cyclic STAT3 decoy was generated

by linking the double-stranded oligonu-
cleotide strands of the linear STAT3
decoy with hexaethylene glycol spacers
(Oligos Etc., Wilsonville, OR, USA), fol-
lowed by enzymatic ligation of the 3′ and
5′ ends of the oligonucleotides, as previ-
ously described (17). The control, mutant
cyclic STAT3 decoy differed by one nu-
cleotide, position 9 (G to T), and was de-
ficient in binding STAT3. The cyclic
STAT3 decoy and the mutant cyclic
STAT3 decoy were formulated in saline
(Baxter Healthcare Corporation, Deer-
field, IL, USA). For the toxicity study,
cyclic STAT3 decoy was ligated to result
in stock concentrations of 10 mg/mL
(100 mg/kg), 6.7 mg/mL (67 mg/kg)
and 3.3 mg/mL (33 mg/kg). Before ad-
ministration, a sample of each stock, suf-
ficient for dosing on that day, was re-
moved from the stock vials and placed
into cryovials to ensure the stock solu-
tions at each dose level were not contam-
inated during the study. The dose levels
for this maximum tolerated dose study
were selected to be approximately 20-,
13.4- and 6.6-fold higher than the daily
efficacious doses of the cyclic STAT3
decoy (17).

Animals
Toxicity study. Female Foxn1 nu/Foxn1+

heterozygous nude mice (20 mice, 4–6 wks
of age) were purchased from Harlan
Sprague-Dawley (Indianapolis, IN, USA).
Mice were allowed to acclimate to the
University of Pittsburgh Animal Facility
for at least 1 wk before initiation of the
studies to assure that the mice were
healthy. To minimize exogenous infection,
mice were maintained in microisolator
cages and handled in accordance with the
Guide for the Care and Use of Laboratory An-
imals (18; National Research Council, 2011)
and on a protocol approved by the Uni-
versity of Pittsburgh IACUC. The 20 mice
were stratified into four different treat-
ment groups (five mice/ group): 100, 67
or 33 mg/kg cyclic STAT3 decoy or vehi-
cle (saline; 0.01 mL/g body weight), such
that there were no differences in body
weights between the treatment groups.
Doses were administered once daily on
d 1–5 and d 8–12 followed by 10 d of ob-
servation. Doses on each dosing day were
0.01 mL/g exact body weight, as deter-
mined on that day. Clinical observations
and body weights were recorded daily
during dosing and twice weekly for 14 d
after dosing.

Blood and tissue collection. Mice
were euthanized by CO2 inhalation 10 d
following the last day of cyclic STAT3
decoy or vehicle administration. Follow-
ing euthanasia, blood was collected by
cardiac puncture and organs and tissues
were evaluated at necropsy for any gross
abnormalities. The following organs
were examined and pieces of each tissue
were placed in cassettes and stored in
10% phosphate-buffered formalin in an-
ticipation of being embedded in paraffin
and sectioned into 5-μm sections for
hematoxolin and eosin staining: bone
(femur), bone marrow (sternum, rib, cos-
tochondral junction), brain, cecum, colon,
duodenum, esophagus, eyes, gall blad-
der, gonads, heart, ileum, jejunum, kid-
neys, liver, lungs, lymph nodes
(bronchial, mandibular, and mesenteric),
pancreas, thyroid and parathyroid
glands, salivary gland, sciatic nerve,
skeletal muscle (biceps femoris), skin
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(ventral abdomen) and mammary gland,
spinal cord (thoracolumbar), spleen,
stomach (cardiac, fundic, and pyloric),
thymus, trachea, urinary bladder and
uterus. Upon gross examination, all of
the tissues from the treatment and con-
trol groups appeared normal and no
gross lesions were observed in any of the
groups.

Histopathological exam of all tissues
was performed by an experienced
pathologist (LW). Each lesion was listed
and coded by the most specific topo-
graphical and morphological diagnoses,
severity and distribution using the
Pathology Terminology Guidelines of
the Toxicology Data Management sys-
tem (TDMS) for the National Toxicology
Program. Microscopic findings were
graded semiquantitatively according to
the following scale. Minimal (grade 1)
represented the least detectable lesion;
mild (grade 2) represented an easily dis-
cernible lesion unlikely to have any bio-
logical significance; moderate (grade 3)
represented a change affecting a large
area of the represented tissue that had
the potential to be of some significance;
and grade 4 was reserved for lesions
that approached a theoretical maximum
in severity, with entire tissue involve-
ment (that is, hepatocellular necrosis af-
fecting practically all hepatocytes in
every section).

Hematology and clinical chemistry.
Blood was collected by cardiac puncture
using 3-cc syringes and 1.5-inch 22-
gauge needles and divided into tubes
supplied by Marshfield Laboratories
(Marshfield, WI, USA). The samples
were sent to Marshfield Laboratories for
hematology and clinical chemistry analy-
ses. An Olympus 860 was used for the
clinical chemistry analyses, and hematol-
ogy was performed by using the Cell
Dyn 3500 Hemotology Analyzer. How-
ever, for small samples and differentials,
manual assessments were done.

Dose-response therapeutic efficacy
study. Female athymic nude mice nu/nu
(4–6 wks old; 20 g; Harlan Sprague Daw-
ley) were inoculated subcutaneously on
the right flank with an HNSCC cell line

(UM-SCC1) (3 × 106 cells per mouse).
Once the tumors were palpable, the mice
were randomized into five group con-
taining 10 mice/group and injected in-
travenously once a day with cyclic
STAT3 decoy (5 or 10 mg/kg), mutant
cyclic STAT3 decoy (5 or 10 mg/kg) or
saline for a period of 2 wks. During the
treatment period, tumors were measured
three times a week by using two-dimen-
sional vernier calipers. At the end of the
treatment period, the xenograft tumors
were harvested and analyzed by im-
munoblotting for the expression levels of
cyclin D1 and Bcl-XL, the products of
STAT3 target genes.

Statistical Analyses
Statistical analysis of hematology and

clinical chemistry was performed by
using the program Minitab (Minitab,
State College, PA, USA). Group compar-
isons were conducted by using analysis
of variance (ANOVA) with pair-wise
comparison by the Fisher exact test and,
for nonparametric analysis, Kruskal-
Wallis with pair-wise comparisons using
the Mann-Whitney test. Significance was
set at p ≤ 0.05. Comparisons of in vivo
tumor volumes and STAT3 target gene
expression were performed using a non-
parametric, two-tailed Mann-Whitney
test.

All supplementary materials are available
online at www.molmed.org.

RESULTS

In Vivo Therapeutic Efficacy Study
In initial studies, we evaluated the

impact of cyclic STAT3 decoy or mutant
cyclic STAT3 decoy on xenograft tumors
derived from the HNSCC cell line 
UM-SCC1. The decoys were adminis-
tered daily via intravenous delivery at
either 5 or 10 mg/kg for a total of
2 wks. At the end of the treatment pe-
riod, both the doses of the cyclic STAT3
decoy exhibited significant inhibition of
tumor growth when compared with the
mutant cyclic STAT3 decoy or saline.
However, there were no significant dif-

ferences in tumor volumes at the two
different doses of the cyclic STAT3
decoy, demonstrating the absence of a
dose- dependent effect at these concen-
trations (Figure 1A). To ascertain the im-
pact of the systemically administered
cyclic STAT3 decoy on the expression of
STAT3 target genes, tumors were har-
vested after 15 d of treatment and the
levels of cyclin D1 and Bcl-XL in the tu-
mors were determined. Systemic admin-
istration of the cyclic STAT3 decoy at a
dose of 10 mg/kg resulted in a signifi-
cant decrease in cyclin D1/β-tubulin
ratio (p < 0.0001, p = 0.0078) and Bcl-XL/
β-tubulin ratio (p = 0.001, p = 0.024) rela-
tive to treatment with saline and the
mutant cyclic STAT3 decoy, which were
used as controls (Figure 1B). Similarly,
treatment with cyclic STAT3 decoy at a
dose of 5 mg/kg, resulted in a signifi-
cant decrease in cyclin D1/β-tubulin
ratio (p = 0.0004, p = 0.02) and Bcl-XL/
β-tubulin ratio (p = 0.0003, p = 0.0002)
relative to treatment with saline and the
mutant cyclic STAT3 decoy (Figure 1C).
Although there was a greater downreg-
ulation of cyclin D1 expression levels in
the 10 mg/kg STAT3 decoy group (65%)
compared with the 5 mg/kg cyclic
STAT3 decoy treated group (58%) com-
pared with their respective mutant con-
trols, these differences were not statisti-
cally significant. These results indicate
that the cyclic STAT3 decoy exerts its
antitumor effects by affecting STAT3 sig-
naling. Unlike less selective chemother-
apy agents or radiation, there was no
evidence of a dose response of the cyclic
STAT3 decoy, indicating that the decoy
resembles biological compounds in that
higher concentrations are not necessar-
ily more effective.

Clinical Observations and Body
Weights

To determine potential toxicities of
the cyclic STAT3 decoy, mice were
treated for 2 wks (IV once daily, 5 d per
wk) with saline control or with 100, 67
or 33 mg/kg of the cyclic decoy. The
treatment groups administered the high-
est doses (100 and 67 mg/kg) were ob-
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served to be transiently hyperactive after
dosing for the first 3 d. The 33 mg/kg
cyclic STAT3 decoy treatment group
also appeared to be hyperactive after
d 8 of dosing. The vehicle treatment
group did not experience hyperactivity.
The two highest treatment groups re-
mained hyperactive in the week of ob-
servation after dosing. During the dos-
ing schedule, observations were made
for clinical signs of toxicity, and none
were noted. The relevance of the tran-
sient hyperactivity is unknown. Mice
were monitored for changes in body
weight, which would indicate possible
toxic effects of the drug. The changes in
percentage of body weight during the
treatment are shown in Figure 2. There
were no significant changes in body
weights between the different treatment
groups during the dosing period or
after the dosing interval or on the day
of euthanasia.

Select Organ Weights and Body
Weights at Euthanasia

No gross pathology of any organs was
noted at necropsy in any of the animals.
Moreover, there were no differences in
mean and median body weights between
the treatment groups at euthanasia.
Weights for liver, kidneys, spleen, heart,
thymus, lungs and brain were measured
immediately after removal from the ani-
mal. There were no significant differ-
ences in mean or median tissue weights
or the tissue weights based on percent-
age of body weight between treatment
groups. Percentage of starting body
weight on d 1 and throughout the course
of the multiple-dose range–finding study
are presented in Table 1, and the body
weights and tissue weights at euthanasia
are presented in Table 2.

Hematology and Clinical Chemistries
The mean ± standard deviation (SD)

of the various hematology and clinical
chemistry parameters are presented in
Figures 3 and 4, and a significant differ-
ence from values obtained in the vehicle-
treated mice (p ≤ 0.05) is indicated by an
asterisk. The exact p values for the

Table 1. Percentage of starting body weight in each treatment group on d 1 and
throughout the course of the multiple-dose range–finding study. 

100 mg/kg 67 mg/kg 34 mg/kg 
Day of STAT3 STAT3 STAT3 Control 
study decoy % SD decoy % SD decoy % SD (vehicle) % SD

1.00 100.00 10.93 100.00 13.67 100.00 8.61 100.00 8.89
2.00 97.55 8.82 99.29 13.08 97.81 8.58 97.93 7.66
3.00 100.64 8.05 99.98 12.68 99.49 7.74 100.91 7.31
4.00 103.70 8.57 102.54 11.87 101.28 7.95 101.72 7.00
5.00 104.26 7.83 102.37 12.09 102.15 8.65 100.85 5.96
8.00 105.60 7.47 106.44 12.48 104.78 8.31 105.40 6.71
9.00 106.41 7.90 105.02 12.21 104.75 8.58 103.51 5.51
10.00 104.87 6.93 102.94 12.61 103.91 8.86 102.60 6.60
11.00 106.37 6.96 104.96 12.49 105.00 8.55 103.42 7.01
12.00 105.12 7.17 103.93 12.06 103.64 8.39 103.22 6.24
15.00 109.61 6.81 109.03 11.86 107.53 9.13 106.35 7.09
18.00 111.14 6.98 111.07 12.93 111.18 7.36 109.33 7.52
22.00 112.85 8.04 114.73 15.22 112.32 6.25 111.69 6.47

Data are means ± SD of percentage of starting body weight for each group. Mice were
dosed daily for 5 d each week for 2 wks and euthanized on d 22 of the study for clinical
chemistry and hematology studies. Mice exhibited no other symptoms except excitability
and increased activity. All mice gained body weight over the course of the study. There
were no significant differences between the treatment groups or the vehicle control group
(p ≥ 0.05, ANOVA or Kruskal-Wallis).

Figure 2. Body weights of mice during dosing and the 10-d observation period. Mice were
followed for 10 d after dosing with cyclic STAT3 decoy at 100, 67 or 33 mg/kg or saline as
a vehicle and were monitored for clinical signs of toxicity. The graph represents multiple-
dose cyclic STAT3 decoy MTD mean body weights expressed as percentage of starting
mean body weight.
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Figure 3. Cyclic STAT3 decoy administration effects on hematological parameters in mice. Panels A–L demonstrate distribution of hema-
tological indices in the blood of mice injected with cyclic STAT3 decoy. Five mice were injected with cyclic STAT3 decoy at 100 mg/kg,
five mice at 67 mg/kg, five mice at 33 mg/kg and five mice with saline as a vehicle, and blood was collected from each mouse by car-
diac puncture. Data for each parameter for the groups are shown in the form of a bar graph as means ± SD. 

Continued on next page

Table 2. Body weights and tissue weights at euthanasia.

Treatment Body weight (g) Liver (g) Kidney (g) Spleen (g) Heart (g) Thymus (g) Lungs (g) Brain (g)

Vehicle control 26.05 ± 1.685 1.12 ± 0.057 0.36 ± 0.036 0.118 ± 0.018 0.132 ± 0.015 0.073 ± 0.018 0.171 ± 0.011 0.454 ± 0.025

100 mg/kg STAT3 26.21 ± 2.106 1.14 ± 0.187 0.38 ± 0.032 0.120 ± 0.017 0.132 ± 0.015 0.082 ± 0.013 0.169 ± 0.012 0.463 ± 0.068
decoy

67 mg/kg STAT3 26.76 ± 4.073 1.24 ± 0.204 0.41 ± 0.076 0.123 ± 0.030 0.141 ± 0.018 0.080 ± 0.008 0.197 ± 0.019 0.470 ± 0.019
decoy

34 mg/kg STAT3 26.72 ± 1.669 1.06 ± 0.090 0.37 ± 0.037 0.107 ± 0.020 0.126 ± 0.025 0.066 ± 0.010 0.165 ± 0.007 0.460 ± 0.014
decoy

Data are means ± SD for each group. No significant differences were noted in body weight or any tissue (p ≥ 0.05, ANOVA or Kruskal-Wallis).
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ANOVA with significant pair differences
and for Kruskal-Wallis with significant
pair differences using the Mann-
 Whitney test are presented in Table 3.
There were no hematology results for
one mouse (67 mg/kg cyclic STAT3
decoy treatment group) because the
sample clotted before analysis. Although
there were instances where one of the
treatment groups was significantly dif-
ferent from the control group, there were
no consistent trends in any of the hema-
tology or clinical chemistry parameters,
suggesting a lack of toxicity in the cyclic
STAT3 decoy–treated mice compared
with the saline-treated control group.
Blood urea nitrogen concentrations
were significantly lower in the 67 and 
33 mg/kg groups compared with the
control saline-treated groups (Figure 4J).
Bicarbonate was higher in all treatment
groups compared with the control
group; however, only the values for the
100 and 33 mg/kg groups were signifi-
cantly different than the saline-treated
control group (Figure 4Q). In the case of
anion gap, the values were lower in all
the treatment groups compared with

control; however, only the 100 mg/kg
group and the 33 mg/kg group were
significantly different when compared
with the saline-treated control group
(Figure 4R). The clinical significance of
these parameter changes is unknown.

Administration of Cyclic STAT3 Decoy
Did Not Result in Organ Damage

Histopathological studies were per-
formed on hematoxylin and eosin–stained
paraffin sections of the following tissues:
bone (femur), bone marrow (sternum,
rib, costochondral junction), brain,
cecum, colon, duodenum, esophagus,
eyes, gall bladder, gonads, heart, ileum,
jejunum, kidneys, liver, lungs, lymph
nodes (bronchial, mandibular, mesen-
teric), pancreas, thyroid and parathyroid
glands, salivary gland, sciatic nerve,
skeletal muscle (biceps femoris), skin
(ventral abdomen) and mammary gland,
spinal cord (thoracolumbar), spleen,
stomach (cardiac, fundic and pyloric),
thymus, trachea, urinary bladder and
uterus. The inflammatory changes in the
endometrium of the uterus and lung
were found in both control and cyclic

STAT3 decoy treatment groups and
therefore were likely unrelated to cyclic
decoy treatment. Representative histo-
logical sections for vital organs such as
bone marrow, brain, kidney, heart, liver
and thymus demonstrated healthy tis-
sues, thus suggesting that treatment with
cyclic STAT3 decoy at 10 mg/kg did 
not have any effect (Supplementary Fig-
ure S1). The microscopic findings of
other organs are also unremarkable, indi-
cating that cyclic STAT3 decoy treatment
did not cause histological changes in any
organs (data not shown).

DISCUSSION
STAT3 is persistently activated in

many different cancers including solid
and hematological malignancies (19). Ap-
proximately 95% of head and neck can-
cers overexpress STAT3 (19). Targeted
deletion of STAT3 prevented epithelial
cancers in skin cells (20), and the onco-
genic role of STAT3 was shown by the
ability of a constitutively active mutant
to transform fibroblasts in vitro (7) and
initiate tumor formation in vivo (21). In-
creased expression of activated STAT3

Figure 3. Continued.
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has been correlated with tumor stage
and poor prognosis (7). These cumula-
tive results point to STAT3 as a promis-
ing cancer therapeutic target. A double-
stranded transcription factor decoy
oligonucleotide was developed in our
laboratory that inhibits STAT3-mediated
DNA binding to the promoter region of
STAT3 target genes and demonstrates an-
titumor efficacy in preclinical models of
HNSCC and several other cancers (4,10).
A toxicity study in cynomolgus monkeys
administered a single intramuscular in-
jection of this linear STAT3 decoy at a

low-dose of 0.8 mg and a high dose of
3.2 mg. Neither dose resulted in the
death of any animal and neither demon-
strated signs of toxicity (4) when com-
pared with the control group injected
with saline (4). The linear STAT3 decoy
was also administered to head and neck
cancer patients in a placebo-controlled
phase 0 clinical trial where there was
demonstrable downregulation of target
genes in tumor tissue but no evidence of
toxicity (17). However, the linear decoy
formulation is limited by the require-
ment for intratumoral administration.

Recent studies have evaluated the safety
and efficacy of the oligonucleotide ISIS
481464 in preclinical and clinical studies.
ISIS 481464 is and ethyl-modified phos-
phorothioate antisense oligonucleotide
that targets STAT3 mRNA (16). Toxicol-
ogy studies in mice and nonhuman pri-
mates have revealed that the toxicity pro-
file of ISIS 481464 is consistent with the
2′MOE-modified version of the oligonu-
cleotide and no new toxicities were de-
tected (16). A phase I study of ISIS 481464
to establish the maximum tolerated dose
(MTD) in addition to determining the

Figure 4. Cyclic STAT3 decoy administration effects on and serum chemistry parameters in mice. Panels A–S demonstrate distribution of
serum chemistries in the blood of mice injected with cyclic STAT3 decoy. Five mice were injected with cyclic STAT3 decoy at 100 mg/kg,
five mice at 67 mg/kg, five mice at 33 mg/kg and five mice with saline as a vehicle, and blood was collected from each mouse by car-
diac puncture. Data for each parameter for the groups are shown in the form of a bar graph as means ± SD.

Continued on next page
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safety, tumor response, pharmacokinetics
(PK) and pharmacodynamics in patients
with advanced cancers reported one
dose-limiting toxicity at a dosage of
4 mg/kg. Additionally, three patients,
one at 2 mg/kg and two at 4 mg/kg, ex-
perienced nadirs in platelet counts below
50 × 109/L (range 16–33 × 109/L), and
MTD was not reached. There was a par-
tial response in two out of three diffuse
large B-cell lymphoma patients, and PK
studies revealed increased plasma trough
levels (indicative of tissue concentrations)
with increased dose (22).

The use of a decoy oligonucleotide to
target and inhibit activated STAT3 is

particularly attractive because of the
specificity and potency of the STAT3
decoy (7). Preclinical studies with the
linear formulation of the STAT3 decoy
have shown significant antitumor ef-
fects in vivo in HNSCC as well as in sev-
eral other cancers (11,13,23,24). More-
over, a phase 0 clinical trial of the linear
STAT3 decoy in HNSCC patients
demonstrated pharmacodynamics ef-
fects of the decoy on STAT3 target gene
expression in tumor tissues (17). How-
ever, these effects were elicited after in-
tratumoral injection of the linear decoy.
Preclinical studies have shown that in-
travenous administration of the linear

STAT3 decoy molecule fails to inhibit
xenograft tumor growth in nude mice,
likely due to degradation of the decoy
by serum nucleases (17). Thus, the weak
stability of the linear STAT3 decoy has
been a major impediment to the clinical
development of this approach in
HNSCC. To address this problem, we
chemically modified the STAT3 decoy
by linking the 5′ and 3′ ends of both the
sense and antisense strand of the parent
STAT3 decoy by using a hexaethylene
glycol spacer to generate a cyclic mole-
cule (17). The cyclic STAT3 decoy
demonstrated increased thermal and
serum stability and retained potency

Figure 4. Continued.
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and binding affinity when compared
with the linear STAT3 decoy. Impor-
tantly, intravenous administration of the
cyclic STAT3 decoy inhibited the growth
of HNSCC xenograft tumors (17).

The present study was undertaken to
evaluate dose-dependent antitumor effi-
cacies and potential toxicities of systemic
delivery of the cyclic STAT3 decoy. Sig-
nificant inhibition of tumor growth was
observed with both the 5 and 10 mg/kg
doses of the cyclic STAT3 decoy, al-
though no dose-dependency was ob-
served. During detailed examination, we

found no evidence of systemic or organ-
specific toxicity at the high concentra-
tions administered. The clinical relevance
of the transient hyperactivity observed in
the STAT3 decoy–treated groups is un-
clear. We could find no reports in the lit-
erature of an anticancer agent inducing
hyperactivity. In general, serum
chemistries were no different in the
cyclic STAT3 decoy–treated animals com-
pared with controls. Blood urea nitrogen
and anion gap levels were lower, and bi-
carbonate levels were higher in the cyclic
STAT3 decoy–treated group compared

with the saline control group, although
the clinical significance of these findings
is unknown. In the absence of a mouse
model of head and neck cancer, we re-
quired athymic nude mice for the effi-
cacy studies upon implantation of
human cancer cells. We elected to use
immunocompetent animals for the toxic-
ity experiments to account for the contri-
butions of the immune system. It is pos-
sible that the toxicity in tumor-bearing
mice may be different because of the lack
of immune system. However, our previ-
ous toxicology study of a singular intra-

Table 3. Evaluation of the statistical significance of clinical chemistry and hematology parameters.

Treatment Variable ANOVA t test Kruskal-Wallis Mann-Whitney

Cyclic STAT3 decoy (100 mg/kg) Bicarbonate (mmol/L) 0.005 0.034 0.012 0.0472
Anion Gap (mmol/L) 0.004 0.018 0.020 0.0157

Cyclic STAT3 decoy (67 mg/kg) Mean corpuscular hemoglobin (pg) 0.028 0.0056 0.042 0.0189
Urea nitrogen (mg/dL) 0.007 0.0305 0.020 0.0157

Cyclic STAT3 decoy (33 mg/kg) Urea nitrogen (mg/dL) 0.005 0.041 0.012 0.0122
Potassium (mmol/L) 0.005 0.018 0.016 0.0212
Bicarbonate (mmol/L) 0.005 0.0113 0.012 0.031
Anion gap (mmol/L) 0.004 0.0098 0.02 0.0216

Data are p values for ANOVA with pair-wise comparisons by two-sample t test and for Kruskal-Wallis with pair-wise comparisons using the
Mann-Whitney test. Only the treatment groups are shown that demonstrated a significant difference by both ANOVA and Kruskal-Wallis
and the individual group or groups that demonstrated a significant difference from the control saline-treated group by both t test and
Mann-Whitney test.

Figure 4. Continued.



muscular injection of the linear STAT3
decoy in cynomolgus monkeys also
demonstrated no evidence of toxicity (4).
This is the first in vivo study to demon-
strate lack of toxicity of the chemically
modified, cyclic STAT3 decoy given in-
travenously in mice.

CONCLUSION
Our results suggest that the cyclic

STAT3 decoy is able to inhibit tumor vol-
ume in a head and neck squamous cell
carcinoma xenograft model when injected
intravenously both at 5 and 10 mg/kg;
however, there is no dose-dependent ef-
fect. Further toxicity study with the cyclic
STAT3 decoy demonstrated no significant
changes in body weights, hematology or
clinical chemistry parameters, or gross or
histological pathological abnormalities
during the dosing period, after the dos-
ing interval or on the day of euthanasia.
These results suggest lack of toxicity of
intravenous administration of a cyclic
STAT3 decoy oligonucleotide.
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