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TH-17 cells have been shown to play a role in bacterial defense, acute inflammation, and autoimmunity. We
examined the role of interleukin 17 (IL-17) production in human immunodeficiency virus type 1 (HIV-1)
infection. Both HIV-1- and cytomegalovirus (CMV)-specific IL-17-producing CD4� T cells were detectable in
early HIV-1 infection but were reduced to nondetectable levels in chronic and nonprogressive HIV-1 infection.
IL-17-producing CMV-specific cells were not detected in blood from HIV-1-uninfected normal volunteers.
Virus-specific TH-17 cells could coexpress other cytokines and could express CCR4 or CXCR3. Although the
etiology of these cells has yet to be established, we propose that microbial translocation may induce them.

T-helper cells that produce interleukin 17 (IL-17) (TH-17)
have recently been found in mice as a distinct subset of CD4�

T cells that differentiate from naive CD4� T cells in response
to combined IL-6 and transforming growth factor beta stimu-
lation, acquire the transcription factor ROR�t, and are ex-
panded and maintained in the presence of IL-23(9, 14, 19, 20).
Surprisingly, in humans, induction of TH-17 cells was shown to
require IL-6 and IL-1� but not transforming growth factor beta
(1). Murine and human TH-17 cells have been shown to pro-
duce IL-17A and IL-17F, which then act on local tissues to
release proinflammatory cytokines, including IL-6, tumor ne-
crosis factor alpha, and IL-1�, chemokines, including CXCL-6,
CXCL-7, CXCL-8, and MCP-1, and metalloproteinases. Alto-
gether, this results in the recruitment, mobilization, and acti-
vation of neutrophils characteristic of acute inflammatory re-
sponses leading to abscess formation and tissue destruction (3,
10, 18). The emerging data suggest that TH-17 cells play a role
in autoimmunity and defense against bacterial and fungal
pathogens. The presence of TH-17 rather than TH-1 cells has
been strongly associated with the destructive effects of auto-
immunity for the murine extrinsic allergic encephalitis model
(6, 11, 17). TH-17 cells have also been identified in human
autoimmune diseases, including rheumatoid arthritis, inflam-
matory bowel disease, and multiple sclerosis (8, 12, 15, 21).
IL-17 has been shown to play a role in mobilizing neutrophils
to infections caused by bacteria, such as Klebsiella pneumoniae,
and intra-abdominal abscesses due to Bacteroides fragilis.
Acosta-Rodriguez et al. (1) recently showed that in humans,
Candida albicans can induce TH-17 cells that produce only
IL-17 and not gamma interferon (IFN-�) via the effects of C.
albicans inducing IL-23 but not IL-12 on antigen-presenting
cells, whereas Mycobacterium tuberculosis mainly elicited IFN-
�-producing cells. It was subsequently demonstrated that C.

albicans-induced TH-17 cells expressed the chemokine recep-
tor CCR4, whereas M. tuberculosis could induce T cells that
produce IL-17 but only in concert with IFN-� and these cells
expressed the TH1 marker, CXCR3, but not CCR4 (2). It was
thus suggested that CCR4 could identify “true” IL-17-only-
producing cells whereas CXCR3 identified TH1 cells which
also could produce IL-17. Little is known about TH-17 cells in
other types of infections. Human immunodeficiency virus type
1 (HIV-1) infection is characterized by chronic immune acti-
vation and is associated with increases in proinflammatory
cytokines (7). In order to better understand the nature of
TH-17 cells in humans and to further understand the immmu-
nopathogenesis of HIV-1 infection, we characterized IL-17-
producing CD4� T cells in HIV-1-infected individuals.

In order to determine the role of IL-17-producing CD4� T
cells in HIV-1 infection, we studied 30 HIV-1-infected individ-
uals in various clinical stages of disease (Table 1), which in-
cluded the following: (i) early infection, defined as infected for
less than 1 year (five out of seven individuals had evolving
Western blots); (ii) chronic HIV-1 infection, defined as HIV-1
infected for greater than 1 year; (iii) long-term nonprogres-
sion, defined as infected with HIV-1 for greater than 10 years
with no evidence of decline in the number of CD4� T cells
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TABLE 1. Clinical characteristics of subjects

Clinical stage (na)
Mean no. of

CD4� T
cells/mm3

Range
(CD4� T

cells/mm3)

Mean no. of
viral load
copies/ml

bDNA

Range
(viral load
copies/ml
bDNA)

Early HIV infection (7) 503 320–720 27,295 139–89,000
Chronic infection (9) 415 161–770 71,564 2,955–300,000
Long-term

nonprogressor (7)
852 560–1,200 5,106b �50–29,652

Chronic progressor on
HAARTb (7)

450 148–1,050 69b �50–180

a n, no. of subjects.
b Undetectable viral loads (�50 copies/ml bDNA) were scored as “50 copies/

ml” for calculations of mean viral load. Two of seven long-term nonprogressors
had undectectable viral loads, viral loads in six of seven HAART-treated pro-
gressors were undetectable, and one had a viral load of 180 copies/ml.
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below 500/mm3; and (iv) individuals who had progressed
and were treated with highly active antiretroviral therapy
(HAART) for at least 1 year. In addition, six HIV-1-uninfected
normal volunteers were studied as controls. Informed consent
was obtained from participants in accordance with the guide-

lines for conduct of clinical research at the University of To-
ronto and St. Michael’s Hospital, Toronto. Ex vivo peripheral
blood mononuclear cells (PBMC) from Ficoll-treated blood
samples were incubated with the following antigens for 6 h: (i)
medium and control antigens, (ii) 5 �g/ml of HIV-1 p55 (Aus-

FIG. 1. Virus-specific IL-17-producing cells are detectable in early HIV-1 infection. Representative data from an HIV-1-infected acute
seroconverter, a chronically infected individual, and an HIV-1-uninfected individual are shown. The frequencies of antigen-specific cells are
indicated as percentages of total CD4� T cells.
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tral Biologicals, San Ramon, CA), (iii) cytomegalovirus
(CMV) antigen (CMV lysate, 1/40 dilution; Virion, Switzer-
land), or (iv) 3 �g/ml staphylococcal enterotoxin B (SEB)
(Toxin Technologies, Sarasota, FL) as a mitogen control, in
the presence of 1 �g/ml of antibodies to CD49d and CD28 for
costimulation (BD Biosciences) and 1 �g/ml brefeldin A. Cells
were then harvested, fixed, and stained using antibodies to
CD4-PerCP, IFN-�–phycoerythrin, IL-2–fluorescein isothio-
cyanate, and IL-17A–allophycocyanin (BD BioSciences and
eBioscience, San Diego, CA). In some experiments (three sam-
ples), antibodies to CCR4 and CXCR3 were also used (BD
BioSciences). Data were acquired by using Cell Quest software
(BD Biosciences, San Diego, CA) and analyzed using the
FloJo software program (Treestar Inc., San Carlos, CA). From
100,000 to 200,000 events in the lymphocyte gate were ac-
quired per sample. Using four-color intracellular flow cytom-
etry, we identified antigen-specific memory CD4� T cells by
gating on CD4� T cells within the lymphocyte gate, which
express cytokine after brief exposure to the specific antigen in
question (HIV-1 and CMV for HIV-1-infected individuals
and CMV for HIV-1-uninfected individuals) as previously
described (22). Antigen-specific cells were quantitated by cal-
culating the frequency of cytokine-producing cells under anti-
gen-stimulated conditions and subtracting the number of cyto-
kine-producing cells in control antigen-stimulated conditions.
Representative experiments with individuals with acute and
chronic HIV-1 infection and an uninfected individual are
shown in Fig. 1, and summary data are depicted in Fig. 2.
Statistical comparisons between the early-infection group and
other groups used the unpaired Student t test. As expected, we
were able to detect HIV-1-specific IFN-�-producing CD4� T
cells at all stages of infection (Fig. 1 and 2a). We were able to
detect the presence of HIV-1- and CMV-specific CD4� T cells
that produce IL-17A predominantly in early HIV-1 infection
(individuals infected for less than 1 year), which were signifi-
cantly greater in frequency than for individuals with chronic
HIV-1 infection or for HIV-1-uninfected individuals for CMV-
specific cells. However, lower levels of IL-17-producing, HIV-
1-specific CD4� T cells were also detected for some HAART-
treated individuals (Fig. 2). The frequency of IL-17-producing
cells was much lower than that of IFN-�-producing cells for a
given antigen (Fig. 2), e.g., in the early-infection group we
observed a fourfold greater average frequency of p55 IFN-�-
producing cells than IL-17-producing cells (0.8% versus 0.2%
of CD4� T cells, respectively). CMV-specific IL-17-producing
CD4� T cells were observed only in early infection and were
not seen in normal volunteers, although all clinical stages and
normal volunteers had detectable CMV-specific IFN-�-pro-
ducing cells (Fig. 1; also data not shown). We observed signif-
icantly greater IL-17 production from CD4� T cells in re-
sponse to SEB for early-infected individuals than for long-term
nonprogressors but only a trend to increased production com-
pared to results for chronically infected or uninfected controls
(Fig. 2e). These findings support in part the recent observa-
tions of an increased capacity for CD4� T cells from HIV-1-
infected individuals to produce IL-17 in response to phorbol
myristate acetate-ionomycin compared to results for unin-
fected individuals (13). IL-17-producing virus-specific cells in
our individuals were heterogenous in their phenotype in that
there were cells that expressed only IL-17 and others that

coexpressed other cytokines, including IFN-� and IL-2. A rep-
resentative sample is depicted in Fig. 3, and summary data for
IFN-�-positive, IL-17-coexpressing, HIV-1-specific cells are
shown in Fig. 2c. In addition, subsets of virus-specific IL-17-

FIG. 2. Summary data on cytokine-producing cells in response to
HIV-1, CMV, and SEB. The x axis represents the clinical groups. The
y axis represents the percentages of CD4� T cells producing cytokines.
���, P � 0.005; ��, P � 0.01; �, P � 0.05.
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producing cells could express the TH1-associated marker
CXCR3 or the TH17-associated marker CCR4 (Fig. 3).

Thus, we have shown that both HIV-1- and CMV-specific
TH-17 cells are produced in early HIV-1 infection. The
fact that we did not detect significant numbers of CMV-specific
TH-17 cells in normal volunteers with detectable CMV-specific
TH-1 cells suggests this to be a phenomenon specific to early
HIV-1 infection. Recently, Acosta-Rodriguez et al. (2) de-
scribed how human TH-17 cells that produced only IL-17 could
be induced by C. albicans. These cells could be identified by
CCR4 expression. These authors also described IL-17/IFN-�-
coexpressing cells that were induced by mycobacteria and
which were CCR4 negative but expressed CXCR3 and thus
were postulated to be a subset of TH1 cells. The virus-specific
TH-17 cells we describe here for early HIV-1 infection produce
IL-17 but can also coexpress other cytokines, including IFN-�.
The cytokine expression pattern correlated with our observed
expression of CCR4 and CXCR3, in which only a subset of
cells stained for CCR4 or CXCR3. The CCR4-expressing cells
may thus reflect “IL-17-only”-producing cells, whereas
CXCR3-expressing cells may reflect IL-17/IFN-�-coexpressing
cells. These findings thus suggest that virus-specific IL-17 cells

in our cohort are a heterogeneous population containing both
TH1 and “true” TH17 cells. Our data do not explain why virus-
specific cells should induce IL-17 and why they are not seen
during chronic progressive or nonprogressive infection or in
normal uninfected individuals. Recent studies have shown that
monocytes stimulated with peptidoglycan and lipopolysaccha-
ride (TLR2 and four agonists, respectively) produce IL-1� and
a little IL-12, and this cytokine milieu will differentiate naive
CD4� T cells into IL-17-expressing or IL-17/IFN-�-coexpress-
ing cells (1). In early HIV-1 infection, there is dramatic repli-
cation of virus in gut CD4� T cells, resulting in their loss and
the eventual translocation of bacterial products into the blood
(4, 5, 16). This scenario may provide the necessary signals to
alter the phenotype of some virus-specific cells that are also
migrating to the gut or being primed in gut-associated lym-
phoid tissue to a TH-17 phenotype. Alternatively, translocated
lipopolysaccharide in the blood may alter the phenotype of
virus-specific CD4� T cells circulating in the blood, thus po-
tentially explaining the lack of detection of IL-17-producing
CMV-specific cells in peripheral blood of healthy volunteers.
Thus, IL-17 expression may be an aberrant phenotype of virus-
specific cells which are primed in a milieu of microbial trans-

FIG. 3. Representative cytokine coexpression of virus-specific IL-17-producing cells. Representative data for p55 HIV-1 antigen-stimulated
PBMC from an acute seroconverter are shown. PBMC in all individuals were stimulated for 6 h with p55 antigen and then stained for
CD4/IL-17/IL-2/IFN-�. In a subset of individuals (three), cells were also costained for surface expression of CXCR3 and CCR4. IL-17-producing
CD4� T cells in response to p55 antigen are shown, which were then gated to show coexpression of IL-2 or IFN-� or to show surface expression
of the chemokine receptors CXCR3 and CCR4. Number in quadrants represent percentages of IL-17-expressing CD4� T cells also staining for
IL-2 and/or IFN-�. In the histograms, shaded regions represent chemokine receptor expression and the control (fluorescence minus one), shown
as gray lines.
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location. Since gut-derived CD4� T cells are almost com-
pletely depleted in chronic HIV-1 infection, our not finding
IL-17-producing cells in chronic infection may also reflect this
depletion. Since TH-17 cells promote the recruitment of neu-
trophils and inflammation, such cells may help fuel ongoing
activation to allow further HIV-1 replication. We did not ob-
serve a correlation between plasma viral load levels in early
infection and the frequency of HIV-1-specific IL-17-producing
cells; however, viral replication in the gut was not examined in
this study. Thus, further studies will be needed to determine
the role of these cells in contributing to the control or enhance-
ment of viral replication in early HIV-1 infection. If they do
enhance viral replication, they may represent a potential ther-
apeutic target for dampening inflammatory responses to re-
duce viral replication.

We extend special thanks to all the participants of this study for
contributing to our work.
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