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Abstract

Events that occur during acute HIV infection likely contribute to the immune dysfunction common in HIV-
infected individuals. During this early stage, there is high-level viral replication, loss in CD4þ T cell number and
function, and an up-regulation of proinflammatory and immunoregulatory cytokines. The mechanisms re-
sponsible for this are not completely understood. We hypothesize that the HIV envelope glycoprotein, gp120,
contributes to immune dysfunction during early HIV infection. Using a cohort of subjects enrolled during acute
and early HIV infection, we determined the amount of gp120, TNF-a, IL-6, IL-10, IFN-a, and IFN-g in plasma at
baseline and 6 months. At matched time points, we also measured CD4þ T cell proliferation, T cell activation,
and apoptosis. Plasma from 109 subjects was screened for gp120. Thirty-six subjects (33%) had detectable gp120
(0.5–15.6 ng/ml). Subjects with greater than 1 ng/ml of gp120 at baseline had similar levels at all time points
tested, even when viral replication was undetectable due to therapy. Subjects with detectable gp120 had higher
levels of plasma IL-6, IL-10, and TNF-a. There was no difference in the level of T cell activation, proliferation, or
apoptosis in subjects with gp120 compared to those without. We conclude that persistent expression of gp120
occurs in a subset of individuals. Furthermore, the presence of gp120 is associated with higher levels of plasma
IL-6, IL-10, and TNF-a, which may contribute to immune dysfunction during early HIV infection.

Introduction

Events that occur during the earliest stage of HIV
infection are thought to contribute to the subsequent

dysfunction of HIV-specific immune responses. In the weeks
following infection, the virus replicates to peak levels, usually
in excess of one million viral copies per milliliter of blood,
before declining to a set point.1 During this early phase of
infection, immune system dysfunction becomes apparent.
There is a significant loss of CD4þ T cells, especially in the gut,
and an up-regulation of proinflammatory and immunoregu-
latory cytokines, including IL-10, IL-6, and TNF-a.2,3 Ad-
ditionally, virus-specific CD4þ T cell responses are typically
weak or absent.4 The mechanisms that account for these
defects are not completely understood. We hypothesize that
the viral envelope protein, gp120, contributes to the immu-
nological dysfunction that is observed during early HIV
infection.

The HIV envelope glycoprotein is composed of two units,
gp120 and gp41, which are held together by noncovalent in-
teractions. This allows the gp120 subunit to readily be shed

from virions and infected cells.5,6 Binding of gp120 to CD4 on
the surface of T cells, dendritic cells, and macrophages in vitro
results in the production of cytokines including interleukin
(IL)-6, IL-10, interferon (IFN)-a, tumor necrosis factor (TNF)-a,
IFN-g, and IL-1b.7 Furthermore, it inhibits T cell functions
through several mechanisms including down-regulation of
the costimulatory molecule, CD40L, a decline in the produc-
tion of IL-2, and decreased antigen-specific proliferation.7

HIV gp120� induced T cell dysfunction has also been ob-
served in murine8 and nonhuman primate models.9 Further-
more, binding of gp120 to human CD4þ T cells has been
indirectly observed ex vivo and correlated with decreased
proliferative responses.10 The relevance of these observations
to the pathogenesis of HIV infection has been debated.11 In
particular, it is not known if the amount of gp120 in an in-
fected individual is sufficient to cause immune system dys-
function. Given that virus replication is at its highest during
acute infection, we hypothesize that the production of gp120
is sufficient during this time to contribute to the impairment of
HIV-specific immune responses. The purpose of this study
was to measure the concentration of gp120 in plasma during
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acute and early HIV infection and determine whether gp120
was associated with measures of immune dysfunction in-
cluding production of proinflammatory and immunoregula-
tory cytokines, T cell activation and apoptosis, and lack of
HIV-specific T cell proliferation.

Materials and Methods

Subjects and samples

Subjects were chosen from a cohort of individuals enrolled
in an observational study of acute and early HIV infection at
Massachusetts General Hospital (MGH). Acute HIV infection
was defined by a negative HIV-1/2 enzyme-linked immu-
nosorbent assay (ELISA) or a negative or indeterminate HIV-1
Western blot and the presence of detectable HIV-1 RNA. In-
dividuals who did not meet these criteria but had recent in-
fection as evidenced by a nonreactive detuned ELISA12 or a
clinical history consistent with HIV infection within the last
year were considered to have early HIV infection. One hun-
dred and nine subjects were chosen based on the availability
of samples prior to or around the time of seroconversion. Of
these, 37 were in the acute phase of infection and 72 were in
the early phase of infection. The MGH clinical laboratories
performed all HIV RNA viral loads and CD4þ T cell counts.
Ten uninfected subjects were enrolled onto a similar protocol
and used as controls. This study was approved by the MGH
Human Subjects Committee and all subjects gave informed
consent prior to participation.

Isolation of cells

Peripheral blood mononuclear cells (PBMCs) were isolated
from ACD-treated whole blood using a Ficoll-Hypaque (Sig-
ma, St. Louis, MO) density gradient according to the manu-
facturer’s instructions. The plasma layer was removed and
stored in aliquots at �808C.

gp120 ELISA

The presence of gp120 in plasma was measured by ELISA.
Plates were coated with 1 mg/ml of a mixture of three human
monoclonal antibodies against gp120 including 17b, A32, and
EH21. These antibodies bind to discontinuous epitopes. The
17b epitope is conformationally sensitive and exposed on CD4
binding. The A32 epitope lies adjacent to the CD4 binding site.
The EH21 epitope lies within C1–C4. This mixture of anti-
bodies is known to cross-react with envelope glycoproteins
from multiple Clade B isolates and likely binds to monomeric
gp120.13–16 Plasma was added to the plate in duplicate and
gp120 was detected using a 1/2000 dilution of the same
mixture of biotinylated antibodies. The plate was then de-
veloped using standard methods. Two-fold serial dilutions of
recombinant gp120 (HIVLAV) (Protein Sciences, Meriden, CT)
were used as a standard for quantitation on every plate.
Pooled HIV-negative plasma was included on every plate as a
negative control. The assay is linear over a 100-fold range.
Fifty-eight percent of 24 replicates of 250 pg/ml of gp120
tested above the highest OD450 value of 24 replicates with no
gp120, while all 24 replicates of 500 pg/ml tested above this
threshold. We therefore set 500 pg/ml as our cut-off for a
positive result. Twelve independent HIV-negative plasma
samples were tested and all fell below this cut-off. Preliminary
experiments using plasma from HIV-negative donors indi-

cated that plasma could interfere with the measurement of
gp120. This matrix effect was dependent on the amount of
exogenous gp120 that was spiked into the sample and varied
by subject. We therefore conclude that values obtained from
HIV-positive subjects may be an underestimation of the true
concentration of gp120.

Cytokine ELISAs

IL-10, IL-6, IFN-a, IFN-g, and TNF-a were measured by
ELISA according to the manufacturer’s instructions
(eBioscience, San Diego, CA). These assays were performed
on plasma at baseline and 6 months later from 13 subjects
with detectable gp120, 15 subjects without detectable gp120,
and 9 HIV-uninfected controls. These subjects were chosen
based on sample availability. Cytokines were captured using
antibodies specific to the cytokine of interest (IL-6 MQ2-
13A5 and MQ2-39C3; IL-10 JES3-9D7, JES3-12G8; TNF-a
Mab1, Mab11; IFN-a HTLa, rabbit polyclonal; IFN-g N1B42,
4S.B3). Avidin-HRP was used for detection. A standard
curve was generated from duplicate serial dilutions of the
recombinant cytokine of interest. If plasma was not available
at 6 months, the sample from the closest time point was used
(range 42–242 days).

T cell activation and apoptosis

T cell activation and apoptosis were measured on cells
obtained from the same subjects and time points that were
used in the cytokine ELISA assays. Cryopreserved PBMCs
were thawed in RPMI containing HEPES, l-glutamine, peni-
cillin, streptomycin, and 10% human AB serum. The cells
were then stained in calcium-containing buffer with anti-
bodies to differentiate T lymphocyte subsets (CD3-Alexa700
BD Bioscience clone UCHT1, CD4-Q655 NIH Nonhuman
Primate Reagent Resource clone T419Thy5D7, CD8-APC
eFluor780 eBioscience clone RPA-T8), antibodies to identify
activation markers, CD38 and HLA-DR (PE Biolegend clone
HIT2 and PECy7 Biolegend clone L243, respectively), and
markers of apoptosis including Annexin V (FITC eBioscience)
and the dye 7AAD (Invitrogen). Cells were fixed in 4%
formaldehyde and analyzed on a BD LSRII. Lymphocytes
were gated based on forward and side scatter characteristics.
CD3þ lymphocytes were then divided into CD4þ and CD8þ

subsets. Fluorescence minus one controls were used to set the
quadrant gates for CD38/HLA-DR and 7AAD/Annexin V.
The frequency of CD38þHLA-DRþ cells and 7AADþ/An-
nexin Vþ cells in each T cell subset is reported.

HIV-specific proliferative responses

Retrospective HIV-specific proliferation data were avail-
able on a subset of subjects (17 with detectable gp120, 53
without detectable gp120) that we tested for gp120. Freshly
isolated PBMCs were incubated under standard conditions
for 6 days with 5mg/ml of recombinant p24 and Nef proteins
or their controls as previously described.17 Replicate wells
were pulsed with 1.0 mCi per well of tritiated thymidine for
6 h. Incorporation of the radionucleotide was measured using
a scintillation counter (Packard Topcount, Packard Instru-
ments). PHA was used as a positive control on each plate. A
stimulation index (SI) was calculated by dividing the net
mean counts per minute (cpm) of experimental wells by the
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net mean cpm of control wells. An SI greater than or equal to 5
was considered a positive response.

Statistics

A one-tailed Mann–Whitney test was used to determine if
the CD4 count, log transformed viral load, median concen-
tration of cytokine, or frequency of T cell activation or apo-
ptosis differed between individuals with or without gp120 or
between baseline and follow-up. Spearman correlation was
used to determine if there was a relationship between gp120
concentration and log transformed viral load. Pearson corre-
lation was used to determine if there was a relationship be-
tween gp120 concentration and CD4 count. Linear regression
was used to determine if there was a correlation between T
cell activation and apoptosis and viral load and CD4 count.
All statistical calculations were performed using GraphPad
Prism version 5.01 for Windows (GraphPad Software, San
Diego, CA, www.graphpad.com).

Results

Detection of gp120 during acute
and early HIV infection

The level of gp120 present during primary infection was
measured by ELISA using plasma obtained around the time
of seroconversion from 109 HIV-infected subjects. gp120 was
detectable in plasma of 36 subjects (33%). The amount of
gp120 in these subjects ranged from 0.5 to 15.6 ng/ml (*4–
130 pM). Thirty-seven of the patients were screened prior to
seroconversion (Table 1). There was no difference in the
number of subjects that screened positive for gp120 during
acute infection compared to early infection ( p> 0.05). The
median viral load and CD4 count in subjects with detectable
gp120 were similar to those without detectable gp120, even
when stratified into acute and early infection. These data in-
dicate that measurable levels of gp120 are present in the pe-
ripheral circulation in a minority of HIV-infected subjects
during early infection.

To further characterize its expression over time, we mea-
sured gp120 longitudinally in nine subjects with greater than
1 ng/ml of gp120 at baseline and five subjects who were
negative at baseline. As shown in Fig. 1, if gp120 was detected
at baseline it remained detectable at all time points tested in all
but one subject. Furthermore, the concentration of gp120 re-
mained relatively stable regardless of the level of viremia,
except in one subject. In subjects AC162 and AC195, the
concentration of gp120 failed to decline even after initiation of
antiretroviral therapy and the decline of viral load below the
limit of detection. However, in subject AC169, gp120 became
undetectable when therapy was initiated. In subject AC186,
the concentration of gp120 increased after 100 days, despite
the viral load remaining constant. In those subjects who did
not have detectable gp120 at baseline, gp120 was not detected
at any time point tested, except in one subject. In subject
AC190, 796 ng/ml of gp120 was detected at 108 days after
baseline (data not shown). This did not coincide with any
changes in viral load (data not shown). From these data, we
conclude that the expression of gp120 is relatively constant
and can be independent of plasma viral load or administra-
tion of antiretroviral therapy.

Individuals with detectable gp120 have increased
levels of proinflammatory and immunoregulatory
cytokines

The above data provide evidence that there is a subset of
HIV-infected individuals with gp120 in their plasma that is
readily detectable at multiple time points during infection.
This observation provides us with the opportunity to ex-
amine whether gp120 has an effect on the production of IL-6,
IL-10, TNF-a, IFN-a, and IFN-g, as has been shown in in vitro
studies. To test this, we measured the concentration of each
of these cytokines in a subset of subjects with detectable
gp120 (n¼ 13) and compared it to those with undetectable
gp120 (n¼ 15), matched by viral load and CD4 count, and
HIV-uninfected controls (n¼ 9). The median concentration
of gp120 in those subjects in which it was detected was

Table 1. HIV gp120 is Detectable During Acute and Early HIV Infection
a

gp120 ng/ml
median (range)

Viral Load
RNA copies/ml
median (range)

CD4 count
cells/mm3

median (range)

Acute
gp120þ n¼ 10 0.719 (0.553–4.18) 529,500 (399–4.6�107) 312 (165–958)
gp120� n¼ 27 713,000 (14600–8.1�107) 423 (155–677)

ns*** ns***

Early
gp120þ n¼ 26 0.797 (0.5–15.56) 24,178 (136–4�106) 473 (281–1547)
gp120� n¼ 46 67,600 (160–6.6�107) 503 (231–929)

ns* ns** ns*** ns***

*Acute vs. early, not significant, Fisher Exact test.
**Acute vs. early, not significant, Mann Whitney test.
**gp120þ vs. gp120�, not significant, Mann Whitney test.
aThe concentration of gp120 in the plasma of Acute or Early HIV infected subjects was determined using an ELISA. In this assay, gp120 was

captured using a combination of human monoclonal antibodies that are known to bind many Clade B isolates. The concentration was
determined by comparison to a standard curve generated using 2-fold serial dilutions of HIVLAV.
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1.8 ng/ml (range 0.6–15.6 ng/ml) at baseline and 7.1 ng/ml
(range 2.4–15 ng/ml) at follow-up. Subjects with detectable
gp120 had significantly higher levels of plasma IL-6 (median
of 53.8 pg/ml compared to 1.9 pg/ml, p< 0.0001), IL-10
(median of 4.8 pg/ml compared to 0 pg/ml, p¼ 0.0385), and
TNF-a (median of 221.7 pg/ml compared to 1.5 pg/ml,
p¼ 0.0197) at baseline compared to those without detectable
gp120 (Fig. 2). There was no difference in the amount of
IFN-a or IFN-g ( p> 0.05).

To determine whether these cytokines remained elevated
over time, we measured them at a follow-up time point 6
months after baseline. As shown in Fig. 2, subjects with de-
tectable gp120 had higher levels of IL-6 (98.4 vs. 0.6 pg/ml,
p¼ 0.0001), IL-10 (21.1 vs. 0 pg/ml, p¼ 0.0002), TNF-a (344.6
vs. 2.9 pg/ml, 0.007), and IFN-g (14.8 vs. 6.4 pg/ml, p¼ 0.01) at
follow-up. There was no difference in IFN-a in the two groups.
Cytokine responses in the two subjects who had a single time
point when gp120 was detectable (AC169 at baseline and
AC190 at follow-up) had low (<32 pg/ml) or undetectable
levels of all five cytokines at each time point. The median
amount of cytokine measured at baseline and follow-up did
not differ for any cytokine tested for either group. We conclude
from these data that the presence of gp120 is associated with
the increased expression of IL-6, IL-10, TNF-a, and IFN-g.

Individuals with detectable gp120 do not
have increased frequency of activated T cells

The presence of gp120 or the cytokines associated with it
may affect the level of activation of T cells. To test this, we
measured the expression of CD38 and HLA-DR on CD4þ and
CD8þ T lymphocytes at baseline and follow-up in the same
subset of subjects as described above. Although HIV-infected
subjects had a higher frequency of activated CD4þ and CD8þ

T cells than seronegative controls at baseline, the frequencies
of activated T cells were similar in subjects with and without
detectable gp120 (data not shown). There was also no differ-
ence in T cell activation between the two groups at follow-up.
It should be noted that CD8þ T cell activation was positively
correlated with viral load (r2¼ 0.3494, p¼ 0.0019) and nega-
tively correlated with CD4 count (r2¼ 0.2205, p¼ 0.0493) at
baseline. CD4þ and CD8þ T cell activation was positively
correlated with viral load (r2¼ 0.6327, p< 0.0001 and
r2¼ 0.5482, p< 0.0001, respectively) and negatively correlated
with CD4 count (r2¼ 0.3443, p¼ 0.0215 and r2¼ 0.3210,
p¼ 0.0277, respectively) at follow-up. We conclude that the
presence of gp120 in the plasma is not associated with the
increased level of immune activation that is observed in HIV-
infected individuals.

FIG. 1. Expression of gp120 remains constant despite changes in viral load. HIV gp120 was measured longitudinally in
subjects with greater than 1 ng/ml at baseline and compared to the viral load at each time point. Gray boxes indicated
periods when a subject was on antiretroviral therapy.
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Individuals with detectable gp120 do not
have increased frequency of apoptotic CD4þ T cells

At high concentrations or when cross-linked, gp120 can in-
duce apoptosis of CD4þ T cells in vitro. Therefore, we next
asked whether the presence of gp120 was associated with an
increased frequency of apoptotic cell ex vivo. Cells obtained at
baseline and follow-up from the same subset of subjects as
described above were stained with 7AAD and Annexin V and
the frequency of apoptotic CD4þ T lymphocytes was deter-
mined by flow cytometry. We found no difference in the fre-
quency of apoptotic CD4þ T cells in gp120þ or gp120�

individuals at baseline or follow-up (data not shown). There
was also no correlation between apoptosis and viral load or
CD4 count at baseline or follow-up. This suggests that detection
of gp120 is not associated with increased levels of apoptosis.

Individuals with detectable gp120 can mount
HIV-specific CD4þ T cell proliferative responses

In vitro, gp120 can inhibit antigen-specific proliferation of
CD4þ T cells. To determine whether the detection of gp120
was associated with a lack of HIV-specific proliferation, we
measured HIV-specific proliferation of CD4þ T cells at base-
line in individuals with and without detectable gp120. Sti-
mulation with soluble p24 induced CD4þ T cell proliferation
from 3 of 17 subjects with detectable gp120 and 8 of 53 subjects
without detectable gp120 (Fig. 3). Similarly, three subjects
with detectable gp120 and 15 subjects without gp120 re-
sponded to Nef. One subject with gp120 responded to both
p24 and Nef. There was insufficient statistical power to de-
termine whether the difference in proliferative responses was
significant.

Discussion

The HIV envelope glycoprotein, gp120, has been shown to
inhibit T cell function and induce the expression of proin-
flammatory and immunoregulatory cytokines in vitro. We
thus hypothesized that gp120 contributes to the immune
dysfunction that is characteristic of HIV infection. However,
the extent to which gp120 plays a role in the pathogenesis and
early immune defects common in HIV infection has been
debated. In particular, the concern has been that the amount
of gp120 used in in vitro experiments may not reflect physi-
ologically relevant concentrations of the protein. We detected
4–130 pM (0.5–15.6 ng/ml) of gp120 in the plasma of 33% of
the subjects tested. These results are slightly higher than the
report by Gilbert et al., which described the detection of
2–20 pM of gp120 in 27% of chronic HIV-infected subjects,18

but lower than the amount found by Oh et al.19 A more recent
report by Santosuosso et al. did not detect gp120 in the plasma
of three chronic HIV-infected subjects, despite high levels of
gp120 in cell-free extracts from spleen and lymph node.20 It is
possible that we detected higher plasma gp120 concentrations
because our samples were obtained during early rather than
chronic HIV infection. Additionally, differences in the assays
used to measure gp120 and the fact that plasma samples in the
Santosuosso study were obtained postmortem may have
contributed. A correlation between the amount of gp120
in plasma and lymphoid tissue has not been established.
However, the concentration of gp120 appears to be higher in
lymph nodes compared to matched plasma samples.9,20 In
one study of four acute SHIV-infected macaques, the con-
centration of gp120 was greater than 100-fold higher in the
lymph node.9 If this estimate were accurate, it would suggest
that there is 500–1600 ng/ml of gp120 in the lymphoid tissue

FIG. 2. Proinflammatory and immunoregulatory cytokines are higher in subjects with detectable gp120. Plasma cytokines
were measured by ELISA at baseline and a follow-up time point 6 months later. Subjects with detectable gp120 were
compared to subjects without detectable gp120 who were matched by viral load and CD4 count. Each subject is represented
by a unique symbol that is consistent throughout all graphs. HIV seronegative individuals were included as a control. The
median concentration of TNF-a, IL-6, and IL-10 was higher in subjects with detectable gp120 compared to those without
gp120 at baseline and follow-up. Additionally, the concentration of IFN-g was higher at follow-up.
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during primary HIV infection. This is consistent with the
amount of gp120 used to induce cytokine secretion and apo-
ptosis and inhibit T cell proliferation in vitro.7,21–23

It is not clear why gp120 would be detectable in some in-
dividuals and not others. Because we found no difference in
the viral load of subjects with and without detectable gp120,
factors other than viral replication are likely responsible for
this result. One possibility is that plasma antibodies interfered
with the detection of gp120 in some individuals. In principle,
we may not detect gp120 if it were complexed with antibodies
that target the same or overlapping epitopes as those used in
our assay. However, we found no difference in the median
concentration of gp120 or the frequency of individuals with
detectable gp120 before and after seroconversion. This sug-
gests that the antibody response generated around the time of
seroconversion was unable to compete with the monoclonal
antibodies used in our assay. Plasma antibodies that could
interfere may be at too low a concentration, have a lower
binding affinity, or target nonoverlapping epitopes. It is
worth noting that disruption of immune complexes prior to
measuring gp120 had only a minor effect on its detection in a
study performed by Santosuosso et al.20 We were unable to
test this using our assay because the antibodies we used
bound conformational epitopes that would be destroyed by
the conditions required for disruption of immune complexes.
An alternative possibility is that different HIV isolates may
shed gp120 at different rates. Thus individuals with detectable
gp120 were infected with viruses that shed more gp120.

Although the lack of association between the level of gp120
and viral load seems counterintuitive, others have reported
similar results. Specifically, p24 can still be detected in the
plasma of subjects who maintain undetectable viral loads
while on antiretroviral therapy24,25 and p24 and gp120 have
been detected in the lymph nodes of treated individuals.20,26

Furthermore, several investigators have shown that HIV an-
tigens get trapped within the follicular dendritic cell network
of the lymph node and can remain there in the absence of viral
replication.27–29 Thus, even when an individual is on therapy,
infected cells are capable of producing gp120 that can be shed,
bind to extracellular matrix proteins, and enter the peripheral
circulation.

Cytokine dysregulation is one of the characteristic features
of early HIV infection.2,3 In our study, individuals with de-
tectable levels of gp120 in their plasma had significantly higher
concentrations of IL-6, IL-10, TNF-a, and IFN-g. Others have

shown that gp120 can induce these cytokines in vitro using
PBMCs from HIV-uninfected subjects.21 To our knowledge,
this is the first study to find an association between gp120
concentration and cytokine levels in the plasma of HIV-infected
individuals. The mechanisms by which gp120 induces cyto-
kines has not been completely defined. It has been suggested
that binding of gp120 to CD4 on T cells, macrophages, and
dendritic cells induces a signaling cascade that up-regulates the
production of these cytokines.7,21 Increased production of these
cytokines in HIV-infected subjects with detectable levels of
gp120 provides evidence that gp120 contributes to the cytokine
dysregulation that is common during primary HIV infection.

We hypothesized that expression of gp120 may have ad-
ditional downstream effects on cellular immune responses.
However, we found no association between the detection of
gp120 and HIV-specific T cell proliferation, T cell activation,
or apoptosis. It is possible that an association exists, but we
were unable to detect it due to limitations in our assays. It
should be noted that we did find associations between T cell
activation and viral load and CD4 count, as has been de-
scribed previously.30

In conclusion, we have shown that there is a subset of HIV-
infected individuals who express a detectable amount of gp120.
Detection of gp120 is associated with an increased expression
of the proinflammatory and immunoregulatory cytokines IL-6,
IL-10, and TNF-a. The presence of gp120 and the perturbations
in cytokine expression that are associated with it may con-
tribute to the immune dysfunction that is typical of HIV in-
fection. These results provide the impetus for reevaluating the
role of gp120 in the pathogenesis of HIV infection.
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