
CLINICAL AND VACCINE IMMUNOLOGY, Feb. 2008, p. 221–226 Vol. 15, No. 2
1556-6811/08/$08.00�0 doi:10.1128/CVI.00420-07
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Activation of Innate Immunity in Healthy Macaca mulatta Macaques
by a Single Subcutaneous Dose of GMP CpG 7909: Safety

Data and Interferon-Inducible Protein-10 Kinetics for
Humans and Macaques�

V. Ann Stewart,1* Shannon McGrath,1 Arthur M. Krieg,2 Noelle S. Larson,1† Evelina Angov,1
Christopher L. Smith,1 Thomas G. Brewer,3‡ and D. Gray Heppner, Jr.1

Walter Reed Army Institute of Research, Silver Spring, Maryland1; Coley Pharmaceutical Group, Wellesley, Massachusetts2; and
Defense Advanced Research Projects Agency, Arlington, Virginia3

Received 8 October 2007/Returned for modification 9 November 2007/Accepted 20 November 2007

Following a demonstration that mouse-optimized cytosine-guanosine dinucleotide (CpG) oligodeoxynucleo-
tides stimulated innate immune protection against intracellular pathogens, we tested the ability of CpG 7909,
a primate-optimized Toll-like receptor 9 (TLR9) agonist, to stimulate rhesus macaques to produce interferon-
inducible protein-10 (IP-10), a biomarker of immune activation. This study was performed prior to a similar
trial with humans in order to facilitate the development of CpG 7909 as an immunomodulator for biodefense.
A single subcutaneous dose of clinical-grade CpG 7909 was given to four groups of healthy adult rhesus
macaques (0-mg dose [n � 5], 0.75-mg dose [n � 9], 1.5-mg dose [n � 9], and 3.0-mg dose [n � 9]). Directed
physical examination findings, clinical laboratory values, and serum IP-10 concentrations were collected at
scheduled intervals for 28 days. All three dose levels of CpG 7909 were safe and not associated with significant
clinical or laboratory abnormality. The time to peak serum IP-10 concentration was 1.0 days at the 0.75-mg
dose and 0.5 days at the 1.5- and 3.0-mg doses. A dose-dependent response was observed for the magnitude and
duration of IP-10 concentrations, which remained significantly above baseline for 3 days for the 3.0-mg and
1.5-mg dose groups but above baseline for only 2 days for the 0.75-mg dose group. There were no nonresponders
to CpG 7909. These rhesus macaque safety and IP-10 response data closely parallel a subsequent phase 1
human study of subcutaneously administered CpG 7909. A single dose of clinical-grade CpG 7909 induced a
rapid, sustained IP-10 response, a biomarker for activation of the innate immune system. Given the similar
susceptibilities of humans and rhesus macaques to infectious diseases, the rhesus macaque appears to be a
suitable model to evaluate the potential of CpG 7909-mediated innate immune activation to protect humans
against pathogens.

The activated innate immune system has the capacity to
recognize, contain, and eliminate a wide array of pathogens
long before the adaptive immune system has had a chance to
respond. Activation of the innate immune system by pharma-
cological means offers the potential to rapidly protect vulner-
able populations against diverse pathogens (2). The discovery
of Toll-like receptors (TLRs) and their associated ligands has
led to the development of pharmacological agents capable of
rapidly activating protective innate immune defenses. Preex-
posure treatment of mice with a single dose of nonantisense
oligodeoxynucleotides (ODNs) containing umethylated cyto-
sine-guanosine dinucleotide (CpG) sequences significantly im-
proves survival after exposure to lethal bacteria, mycobacteria,
viruses, and parasites (7). However, there are significant spe-
cies-specific differences in the optimal CpG sequences for po-
tency, as well as species-specific differences in the cellular
distributions of TLR9, the ligand for CpG ODNs. Thus, stud-

ies with primates in which optimal primate CpG ODNs are
used are more relevant in modeling human responses than are
optimal mouse CpG ODNs in mouse models.

As part of the Defense Advanced Research Projects Agency
Pathogen Countermeasures Program (http://www.darpa.mil
/dso/archives/pc/index.htm), we evaluated for the first time the
ability of a single subcutaneous dose of clinical-grade CpG
ODN 7909 to activate innate immunity in a rhesus macaque.
CpG 7909 is an immunomodulating synthetic class B ODN that
directly activates primate TLR9-bearing plasmacytoid den-
dritic cells and B cells in vitro. GMP CpG 7909 is in clinical
development as an adjuvant for vaccines and as an immuno-
therapeutic agent for allergy, asthma, cancer, and infectious
diseases (11). In an effort to determine a safe, well-tolerated
systemic dose that would activate the innate immune system of
primates, we selected three different dose levels of CpG 7909
and measured the subsequent immune activation by a deter-
mination of serum interferon (IFN)-inducible protein-10 (IP-
10). Human IP-10, also known as CXCL 10, is a chemokine
induced by gamma IFN (IFN-�) and by IFN-� and is thought
to indicate activation of the immune system (8). Although we
were aware of no studies with humans describing potential
biomarkers of the pharmacological activation of protective in-
nate immunity, IP-10 was selected as a putative biomarker for
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the presently described primate studies based upon its antici-
pated induction by CpG 7909-stimulated expression of the
short-lived cytokine IFN-�. This dose-ranging work was con-
ducted as part of a comprehensive program to develop CpG
ODNs for the immunoprophylaxis of infectious diseases in
2001 immediately following the nationally publicized anthrax
bioterrorism attacks in the United States and before initial
trials of subcutaneous CpG 7909 in humans (6).

MATERIALS AND METHODS

Ethical approval. Animal work was performed under a protocol approved by
the WRAIR institutional animal care and use committee. All animal experi-
ments described herein were in compliance with the Animal Welfare Act,
adhered to the principles of the Guide for the Care and Use of Laboratory
Animals, and were in accordance with all applicable U.S. Department of Agri-
culture, Office of Laboratory Animal Welfare, and Department of Defense
guidelines.

CpG 7909. The lyophilized test article (CpG 7909, PF-3512676 [ProMune];
Coley Pharmaceutical Group, Wellesley, MA) was reconstituted using sterile
saline 0.9% for injection, USP. The vial containing 100 mg CpG 7909, lot
ACZ-01D-006-M, dated 29 November 2001, was initially reconstituted with 2.00
ml sterile saline to generate a stock solution of 50 mg/ml. Subsequent dilutions
with sterile saline were made to yield three final concentrations of 6.0, 3.0, and
1.5 mg/ml. The injection volume of 0.5 ml therefore delivered 3.0, 1.5, and 0.75
mg/injection, respectively.

Enrollment and allocation. This open-label study was conducted with healthy,
colony-bred Macaca mulatta macaques of Indian origin. There were 13 females
and 19 males, with ages ranging from 5 to 13 years and weights from 5.4 to 13.4
kg. The monkeys were allocated into one group of five monkeys and three groups
of nine monkeys each to achieve balance in terms of sex, age, and body weight.
The control group and the three experimental groups were assigned to receive a
saline control and 0.75, 1.5, and 3.0 mg of CpG 7909, respectively.

Procedures. Animals were sedated using one of three intramuscular combi-
nation regimens (ketamine-acepromazine, ketamine-diazepam, or tiletamine-
zolazepam, chosen based on prior experience with the individual animal) before
examination or blood draw. A patch of fur was shaved over the right deltoid and
a 2-cm-diameter circle drawn with a skin-marking pen. CpG 7909 was diluted in
phosphate-buffered saline and the 0.5-ml final volume administered by subcuta-
neous injection into the shaved right deltoid region by use of a 0.5-ml insulin
syringe. The monkeys were examined and blood samples were taken just prior to
the time of initial injection and 12, 24, 48, 72, and 96 h later as well as 7, 14, and
28 days later.

Injection site assessments. The injection site area of erythema was measured
for width and length and the mean diameter reported in mm. The area of local
skin swelling (edema) was similarly measured, and in addition an estimate was
made of the maximum increase in skin fold thickness. Swelling was then reported
as the product of the mean diameter and the depth in mm.

Fever. Fever was defined as an instance of rectal temperature 2 standard
deviations greater than an individual animal’s baseline temperature as measured
in over 20 separate observations during the preceding 6-month period.

Spleen and lymph node. Spleens were scored on a ordinal scale of 0, 1, 2, and
3, where 0 was normal or not palpable, 1 was slightly enlarged or slightly firmer
than normal, 2 was moderately enlarged and/or firmer than normal, and 3 was
markedly enlarged and firm. Axillary lymph nodes were scored on the following
ordinal scale: 0 was a node that was small, soft, and flat; 1 was either larger than
normal, firmer or rounder than normal, or more numerous than normal; 2 had
two of the above-described conditions; and 3 had all three. Lymph node data
were then transformed by comparison to the contralateral nodes, and the dif-

ferences were reported. Individual monkey data were then reported by treatment
group and by day of study.

Clinical pathology. At 0, 1, 2, 3, 4, 7, 14, and 28 days, the following parameters
were tested: red blood cell count, white blood cell count, platelets, blood urea
nitrogen, serum creatinine, aspartate aminotransferase, alanine aminotransfer-
ase, gamma-glutamyl transferase, and creatine kinase.

Two-milliliter blood samples for hematologic determinations were collected
into Vacutainer K3 EDTA tubes (Becton Dickinson Inc., Franklin Lakes, NJ)
and analyzed on a Coulter AcT 10 hemocytometer (Beckman Coulter Inc.,
Miami, FL) according to the manufacturers’ recommendations. Serum from
whole blood collected in uncoated Vacutainer tubes was analyzed on a Vitros 250
chemistry system (Ortho-Clinical Diagnostics Inc., Rochester, NY) by the Clin-
ical Pathology Laboratory, Division of Veterinary Medicine of the Walter Reed
Army Institute of Research.

IP-10 determination. IP-10 serum samples were collected at 0, 0.5, 1, 2, 3, 7,
14, and 28 days and frozen for batch processing. IP-10 was assayed in serum by
use of a commercial enzyme-linked immunosorbent assay kit (Quantikine; R&D

FIG. 1. Erythematous reaction to CpG administration by dose
group over time. Each point depicts the group average diameter of
injection site erythema in millimeters. Error bars depict the standard
errors of the mean. All erythema had resolved by day 28.

FIG. 2. Edematous reaction to CpG administration by dose group
over time. Each point depicts the group average diameter (dia.) of
edema multiplied by the estimated depth of edema in millimeters.
Error bars depict the standard errors of the mean. All edema had
resolved by day 28.

TABLE 1. Baseline characteristics of groups

Group (dosage) Mean age
(yr) (SD)

Mean wt
(kg) (SD)

No. of
males/total
(% male)

Saline control 8.8 (3.7) 7.8 (0.7) 3/5 (60)
CpG 7909 (0.75 mg) 7.7 (3.6) 8.1 (2.0) 5/9 (55.6)
CpG 7909 (1.5 mg) 9.0 (3.6) 8.3 (2.3) 5/9 (55.6)
CpG 7909 (3.0 mg) 9.2 (3.3) 8.6 (1.5) 6/9 (66.7)
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Systems Inc, Minneapolis, MN). Other studies have validated the cross-reactivity
of this kit with Macaca mulatta IP-10 (1, 5, 9). The manufacturer’s instructions
were exactly followed. In every case, a standard curve with the supplied recom-
binant IP-10 was included as part of the day’s experiment; curve-fitting software
inherent in SoftMax Pro 3.1 plate-reading software was used to solve for the
absorbance of each test sample and produce a value in pg/ml IP-10.

Data analysis. Data were compiled, graphed, and analyzed using Excel 5.0
(Microsoft, Seattle, WA) and SigmaStat version 3.5 (Systat Software, Richmond,
CA). IP-10 group responses were initially compared using Kruskal-Wallis one-
way analysis of variance on ranks. Selected two-way comparisons between groups
were made using Dunn’s method without adjustments for multiple comparisons.

RESULTS

Groups were comparable in terms of weight, age, and sex,
and all 32 monkeys completed the study (Table 1). All injec-
tions were safe and very well tolerated. There was only one
instance of fever as defined by the study protocol; on day 28
after injection, one animal had a temperature 0.1°C above the
normal range defined for that animal. A trend toward mild
local injection site erythema (Fig. 1) and swelling (Fig. 2) was
noted for some individual monkeys in all three CpG 7909
groups; these trends peaked at day 3 and appeared somewhat
dose dependent. However, none of the experimental group

FIG. 3. Relative size differences between right and left axillary lymph nodes after CpG 7909 administration by dose group over time.

FIG. 4. Serum IP-10 kinetics by dose group after subcutaneous
injection of CpG 7909. Each point depicts the group average IP-10
concentration in pg/ml. Error bars depict the standard errors of the
mean. All CpG 7909 group values were greater than the control group
values at 12, 24, and 48 h. The 1.5-mg and 3.0-mg CpG 7909 group
values were greater than the control group values at 72 h.
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responses were proven to be statistically different from the
control group responses at day 7. There were no ulcerations,
granulomas, or other injection site abnormalities through day
28. Transient ipsilateral axillary lymph node enlargement oc-
curred in the 1.5-mg and 3.0-mg dose groups, which was sig-
nificantly different from what was seen for the control group
only on day 1 (Fig. 3). No changes were noted in spleen size.

Group average red blood cell count, white blood cell count,
blood urea nitrogen, serum creatinine, alanine aminotransfer-
ase, and gamma-glutamyl transferase values remained within
normal ranges. Transient elevations above the normal range
for aspartate aminotransferase and creatine kinase peaked at
day 1 and were observed for all animals, including the saline
controls, but the CpG 7909 groups did not differ from the
saline controls. Similar elevations have always been observed
previously from the effects of intramuscularly delivered seda-
tion. There were no deaths, serious illnesses, or unexpected
medical events during the study.

IP-10 concentrations for all groups were equivalent at base-
line, but experimental groups differed from the control group

at 12 h (P � 0.001), 24 h (P � 0.004), 48 h (P � 0.001), and 72 h
(P � 0.040) but not at 7, 14, or 28 days. A summary graph of
the average serum IP-10 concentration over time is presented
in Fig. 4 (data not shown for 14 and 28 days).

A dose-dependent effect was observed for the time to peak
IP-10 concentration. The 3.0-mg dose group had a more rapid
peak of serum IP-10 concentrations, with six of nine individual
monkeys having their highest value at the 12-h time point. In
the 1.5-mg dose group, four of nine monkeys had their highest
individual value at 12 h, and in the 0.75-mg dose group, only
two of nine monkeys peaked at that time point. All other
monkey peak serum IP-10 values were noted at 24 h.

A dose-dependent effect was also observed for the duration
of significant IP-10 elevation. The 3.0- and 1.5-mg dose groups
were statistically different from control group at 12, 24, 48, and
72 h by Dunn’s method (P � 0.05). In contrast, the 0.75-mg
group IP-10 concentrations differed from those for controls
only at 24 and 48 h and did not differ from controls at 72 h.

In order to compare these results with a recent clinical study
of CpG 7909 administered subcutaneously to humans on a

FIG. 5. Comparison of CpG 7909 dose in mg/kg versus IP-10 in rhesus macaques (a) and in humans (b). Each point depicts IP-10 in pg/ml. In
the rhesus study, there were five to eight animals per group. In the human study, there were six or seven subjects per group.
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mg-per-kg of body weight basis (6), we replotted the present
study’s experimental groups according to the CpG dose in mg
per kg of weight (Fig. 5a) and coplotted the human data (Fig.
5b). For both Homo sapiens and Macaca mulatta, higher CpG
7909 doses in mg/kg were associated with earlier, higher, and
more sustained IP-10 concentrations than were lower doses. Of
note was the fact that the highest human dose of 0.0800 mg/kg
CpG 7909 was equivalent to the lowest rhesus dose group
range of 0.0700 to 0.1200 mg/kg. In humans, the peak IP-10
responses were approximately fourfold greater than the peak
IP-10 responses in rhesus macaques and remained significantly
above baseline for up to 7 days rather than the 3-day extent of
significant elevation above the control group observed for the
two higher doses of CpG 7909 in rhesus macaques.

DISCUSSION

We have demonstrated the safety of a single subcutaneous
0.75-mg dose of CpG 7909 along with its ability to rapidly
induce readily detectable concentrations of serum IP-10 for 2
days in rhesus macaques, as well as the ability of single doses
of 1.5 mg or 3.0 mg of CpG 7909 to induce detectable concen-
trations of serum IP-10 for at least a 3-day period in rhesus
macaques. The injections were well tolerated, as evidenced by
the absence of fever, significant local reaction, or hematologic
or biochemical effects at all three dosages. The absence of
toxicity suggests that there is no safety or tolerability contra-
indication to extend dose-ranging or to repeat-dosing studies
of CpG 7909 by the subcutaneous route in rhesus macaques.
Similar safety and tolerability results for comparable doses of
subcutaneously administered CpG 7909 in adult men and
women support the use of the rhesus macaque as a model for
human safety responses (6).

We have also demonstrated that the rhesus macaque models
the human IP-10 response to a single subcutaneous dose of
CpG 7909, albeit at levels apparently lower than those found in
humans. The detection of serum IP-10 is strong presumptive
evidence of immune system activation, and the known TLR9
ligand association, as well as the rapid timing, indicates an
innate rather than an adaptive response. CpG 7909 acts by
activating primate TLR9-expressing plasmacytoid dendritic
cells and B cells. Nuclear factor-�� and other intracellular
signaling pathways are rapidly upregulated and initiate a rapid
innate immune response. The humoral effects of TLR9 ago-
nists include the secretion of IFN-�, proinflammatory cyto-
kines (interleukin-6 [IL-6], tumor necrosis factor alpha), anti-
inflammatory cytokines (IL-10, IL-1RA), and IFN-inducible
chemokines and cytokines (including IP-10) (7). We measured
IP-10 concentrations, a more persistent biomarker of the other
antecedent, more transiently expressed, and more rapidly con-
sumed cytokines.

The protective effect of CpG ODNs in mice against diverse
intracellular pathogens and the ability of CpG ODNs to stim-
ulate IP-10 in mice have been described in numerous but
separate reports. One study with mice has described CpG
ODN induction of IP-10 in the context of protection against an
extracellular pathogen (12), but the utility of IP-10 in mice,
rhesus, or humans as a biomarker of innate immunity-medi-
ated protection has not been formally examined.

The induction of IP-10 by CpG 7909 in rhesus macaques is

extrapolated to humans more readily than are similar data
from mice for two reasons. First, CpG ODN sequences opti-
mized for primates stimulate human cells more potently than
CpG ODN sequences optimized for murine cells (4, 9); sec-
ond, the distribution of TLR9 in primate and humans is limited
to plasmacytoid dendritic cells and B cells, unlike the universal
distribution of TLR9 in mouse cells. CpG ODNs have success-
fully stimulated protective innate immune responses against
Leishmania amazonensis and Leishmania major in both simian
immunodeficiency virus-infected and healthy rhesus macaques
(3, 10). CpG ODN induction of IP-10 in rhesus macaques has
been demonstrated in vitro (1, 5, 9) and in one instance in vivo,
when a hepatitis B vaccine was adjuvanted with CpG ODN
7909 (5).

We conclude that safety and immune responses to CpG 7909
in the rhesus macaque may prove to be a useful model of
human responses to CpG 7909 and may eventually be used to
validate IP-10 as a biomarker of innate immune system acti-
vation against pathogens.
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