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Abstract

The role of HIV-1-specific antibody responses in HIV disease progression is complex and would benefit from
analysis techniques that examine clusterings of responses. Protein microarray platforms facilitate the simultaneous
evaluation of numerous protein-specific antibody responses, though excessive data are cumbersome in analyses.
Principal components analysis (PCA) reduces data dimensionality by generating fewer composite variables that
maximally account for variance in a dataset. To identify clusters of antibody responses involved in disease control,
we investigated the association of HIV-1-specific antibody responses by protein microarray, and assessed their
association with disease progression using PCA in a nested cohort design. Associations observed among collec-
tions of antibody responses paralleled protein-specific responses. At baseline, greater antibody responses to the
transmembrane glycoprotein (TM) and reverse transcriptase (RT) were associated with higher viral loads, while
responses to the surface glycoprotein (SU), capsid (CA), matrix (MA), and integrase (IN) proteins were associated
with lower viral loads. Over 12 months greater antibody responses were associated with smaller decreases in CD4
count (CA, MA, IN), and reduced likelihood of disease progression (CA, IN). PCA and protein microarray analyses
highlighted a collection of HIV-specific antibody responses that together were associated with reduced disease
progression, and may not have been identified by examining individual antibody responses. This technique may
be useful to explore multifaceted host–disease interactions, such as HIV coinfections.

Introduction

HIV-1-specific antibodies may be important for long-
term control of HIV-1 progression, as well as contribute

to protection from transmission.1–3 During the course of HIV-1
infection, diverse combinations of antibody responses to
specific HIV-1 antigens are produced, with variable intensity
and duration.4 For example, anti-Env IgG is produced and
maintained throughout disease, while anti-Gag IgG appears
to decrease as HIV-1 disease progresses, independent of
changes in HIV-1 plasma RNA.5 Although antibody re-
sponses to select HIV-1 antigens have been investigated in
relation to disease progression, sample numbers and defi-
nitions of disease progression vary.5,6 In addition, there has
been limited opportunity to investigate the role of combi-
nations of antibody responses on HIV-1 disease progression.

Profiling HIV-1-specific binding antibodies using protein
microarray technology may give more comprehensive insight
into the role of humoral immune profiles in disease progres-
sion.7 Microarray analyses generate many variables of inter-
est, which may be interpreted with various statistical
techniques depending on the goal of the analysis.8 One use of
studies profiling humoral immune responses is to identify
attributes that categorize individuals by disease status.9

Consideration of all available immunologic variables as a
whole, rather than a select few, may be more illustrative of
what is occurring in the host, and highlight relationships be-
tween variables of interest. Principal components analysis
(PCA) is a useful tool to reduce multivariate responses into
fewer composite variables that account for most of the vari-
ance in a dataset.10 Previous HIV studies have used PCA to
distinguish disease states based on profiling large numbers of
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variables related to immunity, as well as behavioral sur-
veys.11,12 Exploring HIV-1-specific humoral immune profiles
with PCA and protein microarrays may be a useful way to
examine changing immune responses in complex systems,
such as chronic HIV-1 infection.

Within a nested cohort study, we assessed the feasibility
of utilizing protein microarray and PCA to explore HIV-1-
specific antibody responses during disease progression. Using
PCA, we identified relationships within humoral responses
to HIV-specific antigens, in the form of shared variability.
Finally, we investigated the association between these HIV-1-
specific antibody responses and more traditional markers of
HIV-1 disease progression, including concurrent and subse-
quent changes in CD4 count and plasma HIV-1 viral load.

Materials and Methods

Study design

A nested cross-sectional analysis was conducted on 100
stored samples from a large randomized controlled trial
evaluating the effect of empiric deworming on markers of
HIV-1 disease progression in Kenya.13 Plasma samples were
collected between February 2009 and July 2010. All individ-
uals provided written informed consent to participate in the
study. The trial was independently approved by the IRB at
the University of Washington and the Ethical Review Board of
the Kenya Medical Research Institute. The parent trial was
registered as NCT00507221 at http://clinicaltrials.gov. The
parent study is now complete and significant differences be-
tween deworming treatment arms were not found for any
HIV endpoints examined.13

Population

Study participants were enrolled from three sites in Kenya
(Kisii Provincial Hospital, Kisumu District Hospital, and Kilifi
District Hospital) who were HIV-1 infected, older than 18,
were not pregnant, did not meet criteria for antiretroviral
therapy (ART) initiation based on Kenyan Ministry of Health
guidelines, had not used ART in the past, and were willing
and able to give informed consent. From this population,
participants were excluded who had started ART prior to
their 12 month visit, did not have a 12 month visit by July
2010, were not from the Kisii or Kisumu study sites, had an
abnormal clinical finding at the month 12 visit, took de-
worming medicine outside of the study, or stopped taking the
study medicine before the 12 month visit. From the remaining
329 eligible participants, 100 patients were randomly se-
lected using computer-generated random sampling; 25 par-
ticipants were selected from each study site and treatment
arm. Of the 100 samples selected, seven were unreadable by
microarray and one participant was later found to have
started ART before the 12 month visit so was not included in
the analyses.

Data collection

HIV-1-specific antibody responses were measured from
samples collected at the 12 month study visit. Primary end-
points of the parent study were time to CD4 count < 350
cells/mm3 and a composite endpoint of first occurrence of
(1) CD4 count < 350 cells/mm3, (2) first reported use of ART,
or (3) nontraumatic death. No deaths occurred among the

participants evaluated. Demographic measures were col-
lected at enrollment, while changes in health were evaluated
at follow-up visits. CD4 count was measured at months 0, 6,
12, 18, and 24 and viral load (log10 plasma RNA) was mea-
sured at months 0, 12, and 24 to monitor HIV-1 disease. In
this subanalysis, we consider 12 months as baseline and 24
months as endpoint.

Microarray construction

The HIV-1 microarray was constructed by amplifying and
expressing the open reading frames encoding 16 HIV-1 pro-
teins and 13 gene fragments from each of the five major
subtypes (A1, A2, B, C, D) or clades of HIV-1. Subsequently,
the expressed proteins were printed onto nitrocellulose-
coated slides. A total of 143 HIV-1 proteins or protein frag-
ments from five virus clades and all nine viral genes were
printed on the arrays (Supplementary Table S1; Supplemen-
tary Data are available online at www.liebertpub.com/aid).

Full-length infectious molecular clones of HIV-1 were used
as templates for polymerase chain reaction (PCR) to create
each protein or peptide-encoding gene or gene fragment. The
templates used were HIV-1 clones 92UG037, subtype A1;
94CY017, subtype A2; JR-CSF, subtype B; MJ4, subtype C; and
94UG114, subtype D.14–16 All templates were obtained from
the AIDS Research and Reference Reagent Program except JR-
CSF (from Dr. Irvin Chen, UCLA).17–19 Primers were designed
to contain 20 base pairs of homology to each ORF being am-
plified and 33 base pairs of homology to the plasmid vector,
pXT7. The standard PCR cycle was 95�C for 5 min followed by
39 cycles of 95�C for 20 s, 50�C for 30 s, and 72�C for 30 s for
every 500 base pairs of product desired, followed by a final
extension of 72�C for 10 min. Amplification success was de-
termined by PCR product visualization following agarose gel
electrophoresis.

PCR products were inserted into the expression vector by
in vivo recombination as previously described.20 Genes and
gene fragments encoding HIV-1 proteins and protein frag-
ments in pXT7 were expressed in an Escherichia coli-based
cell-free coupled in vitro transcription-translation (IVTT;
Roche) reaction, solubilized with Tween-20 and printed on
nitrocellulose-coated FAST slides (GE-Schleicher and Schuell)
using an Omni Grid 100 microarray printer. Microarrays were
probed using human sera or control antibodies as previously
described.20 Microarrays were scanned using a ScanArray
4000 machine. QuantArray software was used to quantify the
intensity of the spots on the chip. The signal intensity of the
‘‘No DNA’’ controls were averaged and used to subtract
background reactivity from the unmanipulated raw data.
One-third of the spotted proteins had signals greater than the
average of ‘‘no DNA’’ control reactions plus 2.5 times the
standard deviation, and were considered seroreactive. HIV-
uninfected controls were evaluated using the same batch of
microarray slides to demonstrate specificity in antibody re-
activity (Fig. 1).

Statistical analysis

PCA was used to reduce the dimensionality of the HIV-1-
specific antibody responses and explore relationships be-
tween the variables in the dataset.10 All 40 seroreactive
antigens were used to generate the total antigen principal
components, which determine grouping based on the
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variance of the antibody responses rather than a prespecified
grouping. Utilizing the hierarchical structure within the
HIV-1 antigens, gene-specific PCA was also performed. All
seroreactive Env, Gag, or Pol antibody responses were used to
generate gene-specific components. Components were re-
tained if at least three variables loaded, and the eigenvalue
was greater than 2 or the proportion of variance explained
was > 5%.10 All retained components were transformed using
orthogonal (varimax) rotation to ease interpretation of the
components. Rotation causes antigens to load predominantly
to one component by maximally aligning the principle com-
ponent axes with the projected points in the coordinate
space.10 Variables with large positive and negative loadings
are most influential in the component, and therefore were
used to describe the component. Loadings are similar to the
weight each antibody response contributes to the compo-
nents. Contributions of antibody responses to the retained
components after PCA for total (A), and gene-specific analy-
ses: Env (B), Gag (C), and Pol (D), are illustrated in Fig. 2. The
y-axis represents the loadings of each antibody response to the
retained components after rotation.

Linear regression with robust standard errors was used to
assess the association between HIV-1-specific antibody re-
sponses (using total and gene-specific components) and the
following: CD4 count at baseline, viral load at baseline,
change in CD4 count per year adjusted for baseline CD4
count, and change in viral load per year adjusted for baseline
viral load. Logistic regression was used to assess the effects of
HIV-1-specific antibody responses (using total and gene-
specific components) on disease progression using CD4 count
< 350 cells/mm3 or ART initiation as the disease progression
endpoint. We also evaluated whether deworming treatment
modified any associations examined with HIV-specific anti-
body responses. All interaction terms assessing this effect
modification were not statistically significant. Statistical ana-
lyses were performed using Stata 11.2 (StataCorp).

Results

Among the 92 individuals evaluated and analyzed, 76.1%
were female and the mean age was 33.6 years. Most partici-
pants were married (56.5%), had some education, and were
relatively immunocompetent with a mean CD4 count and
viral load of 515.8 cells/mm3 and 4.01 log10 copies/ml, re-
spectively. The study ended prior to four participants com-
pleting their 24 month study visit, making 18 months their

final study visit. Nine of 92 participants began ART between
baseline and endpoint. Evaluating change in CD4 and viral
load prior to ART initiation from baseline to endpoint, the
mean change in CD4 count was - 108.2 cells/mm3 per year
and the viral load was 0.02 log10 plasma RNA copies/ml per
year. Among ART-naive participants, at baseline and end-
point there were 23 and 25 patients with CD4 < 350, respec-
tively. Using a composite indicator of disease progression
(CD4 < 350 or ART use), at baseline and endpoint there were
23 and 34 participants with progressive HIV-1 disease, re-
spectively. Of the 88 individuals observed at 24 months, 25
had a CD4 count < 350, two had started ART, and seven had
started ART as well as had a CD4 count < 350 (Table 1).

We used PCA to identify shared variance among the 40
seroreactive HIV-1 antibody responses. In Fig. 2, the contri-
bution of each antibody response to the retained components
is graphically demonstrated. The first four components of the
total PCA accounted for 72% of the total variance of the 40
seroreactive antigens. After orthogonal rotation, total com-
ponents 1–4 accounted for 23%, 21%, 19%, and 9% of the total
variance, respectively. Five HIV-1 viral clades were included
in the protein microarray to capture the full range of HIV-
specific antibody responses circulating in sub-Saharan Africa.
However, antigen-specific antibody responses were similar
across clades, and differences in clade-specific responses were
not observed between individuals. The infecting HIV-1 clade
of the participants was not known.

Evaluating Env, Gag, and Pol-specific antibody responses
using gene-specific PCA, two Env, two Gag, and three Pol-
specific components were retained, accounting for 79%, 87%,
and 77% of the total gene-specific variance, respectively. After
rotation, each retained gene-specific component contained
mostly one protein-specific antibody response, simplifying
the interpretation of each component (Fig. 2). Env1 (gp41: TM)
and Env2 (gp120: SU) accounted for 56% and 23% of the total
variance, respectively. Gag1 (p24: CA) and Gag2 (p17: MA)
accounted for 47% and 40% of the total variance, respectively.
Finally, Pol1 (p66; RT), Pol2 (IN), and Pol3 (p51: RT) ac-
counted for 34%, 23%, and 19% of the total variance, respec-
tively. HIV-uninfected samples were also identically
evaluated by protein microarray and demonstrated no ser-
oreactivity to HIV-specific antigens, demonstrating the spec-
ificity of the HIV-specific antibody responses (Fig. 1).

We compared HIV-1-specific antibody responses, re-
presented by PCA components, at baseline among ART-naive
individuals with more traditional markers of HIV-1 disease.

FIG. 1. Microarray heat map
of all HIV-specific antibody
responses, with seroreactive
responses boxed in red. Each
column represents a patient
and each row represents an
antigen-specific antibody re-
sponse. HIV-uninfected con-
trols, on the right, were
evaluated using the same
batch of microarray slides
showing no reactivity to the
HIV-specific antigens. Color
images available online at
www.liebertpub.com/aid
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FIG. 2. Graphic representation of the contributions of each antibody response to the retained components after principle
components analysis for total (A) and gene-specific analyses: Env (B), Gag (C), and Pol (D). The y-axis represents the loadings
of each antibody response to the retained components after orthogonal rotation. Loadings are similar to the weight each
antibody response provides to the components. Rotation causes antigens to load predominately to one component by
maximally aligning the principle component axes with the projected points in the coordinate space. Color images available
online at www.liebertpub.com/aid
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Total and gene-specific components were significantly asso-
ciated with higher or lower viral load at baseline, indicated by
the sign of the coefficient (Table 2). Total1 (RT p66, TM, V5,
PR, p = 0.023), Env1 (TM, p = 0.007), and Pol1 (RT p66,
p = 0.028) were associated with greater viral load while Total2
(IN, RT p51, SU, MA, p = 0.001), Total3 (CA, Nef, Rev,
p = 0.018), Env2 (SU, p = 0.002), Gag1 (CA, p = 0.028), Gag2
(MA, p = 0.004), and Pol2 (IN, p = 0.006) were associated with
lower viral loads. No total or gene-specific components were
significantly associated with CD4 count at baseline, though
the components associated with higher viral loads had coef-
ficients suggesting a relationship with lower CD4 counts.

After baseline, Total3 (CA, Nef, Rev, p = 0.012), Gag1 (CA,
p = 0.034), Gag2 (MA, p = 0.037), and Pol2 (IN, p = 0.063) were
significantly associated with less decrease in CD4 counts from
baseline to endpoint, adjusted for baseline CD4 measures and
excluding time after ART among the subset who initiated ART.
Additionally, when also adjusted for baseline viral load, the
association between change in CD4 count and the following
components was largely unchanged: Total3 (CA, Nef, Rev,
p = 0.024), Gag1 (CA, p = 0.066), and Gag2 (MA, p = 0.084). In
contrast, no total or gene-specific components were associated
with change in viral load, comparing individuals with similar
baseline viral load measures and no ART use.

We also compared HIV-1-specific antibody responses at
baseline with disease progression (CD4 < 350 or ART initia-
tion) at endpoint (Fig. 3). Total3 was significantly associated
with a 21% reduced odds of disease progression (CA, Nef,

Table 1. Patient Characteristics

at Enrollment (n = 92)

Characteristics at enrollment N (%) or mean (SD)

Female 70 (76.1%)
Age at enrollment 33.6 (8.2)
Deworming treatment arm 46 (50.0%)
Clinic location

Kisii 44 (47.8%)
Kisumu 48 (52.2%)

Health measures among
ART naive

Month 12
(n = 92)

Month 24
(n = 79)

BMI (kg/m2) 22.6 (3.8) 22.7 (4.4)a

CD4 count (cells/mm3) 515.8 (232.6) 438.6 (176.7)
Viral load (log10 copies/ml) 4.01 (0.97) 3.94 (0.95)
Change in CD4

per year, 12–24M [n = 89]b
- 108.2 (169.3)

Change in log10 viral load
per year, 12–24M [n = 79]b

0.02 (0.56)

CD4 count < 350 23 25
Disease progression

(CD4 count < 350
or ART initiation)

23 34c

aMissing = 3.
bSlope is change in CD4 or viral load before antiretroviral

treatment (ART) initiation, for those who started ART.
c25 CD4 < 350, 2 ART use, 7 ART use plus CD4 < 350 (n = 88).

Table 2. Association Between HIV-1-Specific Antibody Responses and CD4 Count or log10 Viral Load

CD4 count at 12 months [n = 92]a Log10 viral load at 12 months [n = 92]a

Coefficient p-value 95% CI Coefficient p-value 95% CI

Total antigens 1 (RT p66, TM, V5, PR) - 9.861 0.229 - 26.055, 6.331 0.078 0.023 0.011, 0.145
Total antigens 2 (IN, RT p51, SU, MA) 11.073 0.364 - 13.052, 35.198 20.102 0.001 20.164, 20.040
Total antigens 3 (CA, nef, rev) 14.312 0.149 - 5.221, 33.844 20.087 0.018 20.159, 20.015
Total antigens 4 (vpu, vpr) - 12.155 0.324 - 36.500, 12.191 - 0.053 0.289 - 0.151, 0.045
Env antigens 1 (TM, V5) - 12.474 0.242 - 33.523, 8.574 0.117 0.007 0.032, 0.201
Env antigens 2 (SU) 19.456 0.438 - 30.149, 69.062 20.181 0.002 20.296, 20.067
Gag antigens 1 (CA) 22.490 0.080 - 2.717, 47.697 20.104 0.028 20.197, 20.011
Gag antigens 2 (MA) 12.599 0.508 - 25.023, 50.221 20.140 0.004 20.233, 20.046
Pol antigens 1 (RT p66) - 15.221 0.174 - 37.278, 6.836 0.105 0.028 0.011, 0.199
Pol antigens 2 (IN) 16.892 0.267 - 13.122, 46.905 20.148 0.006 20.253, 20.043
Pol antigens 3 (RT p51) 16.069 0.377 - 19.882, 52.021 - 0.075 0.184 - 0.187, 0.037

Change in CD4 count per year
after 12 months (slope) [n = 89]b

Change in Log10 viral load per year
after 12 months (slope) [n = 79]b

Total antigens 1 (RT p66, TM, V5, PR) - 1.241 0.786 - 10.314, 7.832 0.016 0.473 - 0.029, 0.061
Total antigens 2 (IN, RT p51, SU, MA) 8.148 0.185 - 3.986, 20.282 - 0.011 0.574 - 0.051, 0.029
Total antigens 3 (CA, nef, rev) 11.347 0.012 2.562, 20.131 - 0.001 0.965 - 0.051, 0.049
Total antigens 4 (vpu, vpr) 3.863 0.628 - 11.929, 19.656 0.035 0.316 - 0.035, 0.106
Env antigens 1 (TM, V5) - 2.930 0.633 - 15.077, 9.218 0.027 0.328 - 0.028, 0.082
Env antigens 2 (SU) 13.674 0.226 - 8.632, 35.979 - 0.014 0.694 - 0.083, 0.056
Gag antigens 1 (CA) 12.139 0.034 0.924, 23.354 - 0.013 0.653 - 0.072, 0.046
Gag antigens 2 (MA) 15.722 0.037 0.940, 30.505 - 0.007 0.810 - 0.067, 0.053
Pol antigens 1 (RT p66) - 0.593 0.920 - 12.365, 11.179 0.011 0.724 - 0.053, 0.075
Pol antigens 2 (IN) 14.004 0.063 - 0.759, 28.767 - 0.006 0.860 - 0.078, 0.065
Pol antigens 3 (RT p51) 0.322 0.979 - 23.540, 24.185 - 0.003 0.945 - 0.088, 0.082

aLinear regression with robust standard errors, excluding measures after ART initiation.
bLinear regression with robust standard errors, excluding measures after ART initiation, adjusted for measure at 12 months.
Significant associations are in bold for easier identification.
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Rev, p = 0.043). Among gene-specific components, there was a
trend for decreased odds of disease progression for both Gag1
(CA, p = 0.092) and Pol2 (IN, p = 0.059), corresponding to a
21% and 29% reduced odds respectively.

Discussion

Using principal components analysis, we were able to ex-
amine a broad array of HIV-specific antibody responses, as
well as evaluate associations between complex patterns of
antibody responses and disease progression. In this analysis,
we clustered antibody responses at two levels. The first level
considered all seroreactive HIV-specific antibody responses,
and through PCA, relationships between responses were
identified. From our 40 seroreactive antibody responses, we
extracted four meaningful total antigen components that
summarized 72% of the variance in the data. The HIV-specific
antibody responses demonstrated varying relationships with
disease control, suggesting not all are equally effective, or
involved in controlling the HIV virus. Among total seror-
eactive components, Total1 (RT p66, TM, V5, PR) was asso-
ciated with higher viral load, while Total2 (IN, RT p51, SU,
MA) and Total3 (CA, Nef, Rev) were associated with lower
viral loads at baseline. Over 12 months, Total3 was associated
with smaller decreases in CD4 count and less likelihood of
disease progression (CD4 < 350 or ART use). No associations
with change in viral load were observed. In this cohort, av-
erage viral load increased minimally over 12 months.

A challenge with this type of analysis is identifying the
contributions of individual antibody responses to the associ-
ations detected. Further refining the PCA by gene specificity
created seven components that happened to be protein spe-
cific. Each protein-specific component represented antibody
responses from only one protein, allowing easier interpreta-
tion of the components. Additionally, the associations dem-
onstrated between the total antibody response components
and HIV disease progression were also observed using the
gene-specific components. Among protein-specific antibody

responses, TM and RT p66 were associated with higher
baseline viral loads, while SU, CA, MA, and IN were associ-
ated with lower viral loads. Over 12 months, antibody re-
sponses to CA and MA were significantly associated with
smaller decreases in CD4 count, and antibody responses to
CA and IN showed a trend for an association with reduced
likelihood of disease progression, though this was not sig-
nificant ( p < 0.10).

Evaluating individual antibody responses would not have
identified relationships between antibody responses, and
many statistical comparisons would have been needed. These
comparisons would not have been independent, as antibody
responses were related by clade, gene, and protein, adding
further issues with adjusting for multiple comparisons. Ad-
ditionally, antibody responses within total response compo-
nents exhibit similar variation, but protein-specific responses
were not associated with disease progression to the same
degree of significance as total response components. If anti-
gen-specific responses were considered individually, signifi-
cant associations may have been obscured. Therefore, protein
microarray with PCA was a useful technique for exploring
humoral immune profiles that may then encourage and guide
further confirmatory investigations.

We observed differences in the relationship between
individual antigens and HIV-1 disease progression similar
to other studies. In studies of Thai and U.S. populations, in-
vestigators have observed significantly lower CA-specific
antibody responses among rapid compared to slow pro-
gressors.21,22 Here, CA and MA-specific responses were
associated with lower baseline viral load and less CD4 de-
cline over time. We also observed that higher Gag-specific
responses (CA and MA) were associated with decreased
progression independent of baseline viral load. Though Gag-
specific antibodies have little to no antiviral activity, they may
be important in T cell helper responses.5 Additionally, over
12 months, higher CA, Nef, and Rev-specific antibody re-
sponses considered together (Total3) were significantly asso-
ciated with reduced risk of disease progression. Anti-Nef and

FIG. 3. Odds of disease progres-
sion at 24 months by total and gene-
specific components. Disease pro-
gression was determined by anti-
retroviral treatment (ART) use or
CD4 count < 350, excluding those
with CD4 < 350 or ART use at 12
months (n = 66).
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anti-CA antibody responses have exhibited parallel relation-
ships with disease progression before.23 Efficient Nef-specific
antibody-dependent cellular cytotoxicity has been observed,
and along with Nef’s involvement in the evasion of host
adaptive immunity, there may be a role for anti-Nef anti-
bodies.24 However, the involvement of anti-Rev antibody
responses is less clear and may not be significantly associated
with disease progression independent of CA and Nef.

Also unclear are the roles of anti-IN and anti-Env antibody
responses (TM and SU) in disease control. HIV-1 integrase (IN)
enzyme integrates viral DNA into the host’s genomic DNA,
allowing the virus to establish a chronic infection. The enzyme
is highly conserved and few mutations are seen among in-
tegrase inhibitor-naive patients.25 Other studies detect anti-IN
antibody responses during initial infection, but relationships
with disease progression have not been shown.26 Here we
observed a trend for an association between greater anti-IN
antibody responses and reduced disease progression, as well as
less decline in CD4 count. Finally, previous studies of Env-
specific IgG responses have shown mixed or no associations
with disease progression.5,6 In this analysis, greater anti-TM
IgG was associated with higher viral load at baseline but not
with subsequent changes in CD4 count, viral load, or disease
progression at follow-up. In contrast, greater anti-SU IgG was
associated with lower baseline viral load, and the two re-
sponses were negatively correlated ( p < 0.001), demonstrating
inverse relationships with HIV-1 disease.

A recent study also sought to define host immune parame-
ters that were associated with HIV virus control using clinical
and humoral measures, supporting the importance of this
work.27 Select antibody binding, as well as functional activity,
was evaluated among 42 individuals divided into five distinct
disease progression categories. A statistical technique was
employed to predict the classification of patients by disease
progression utilizing the included measures. Interestingly,
anti-TM responses were found to be important to define patient
status. In our analysis, binding antibody responses were more
thoroughly examined among 92 ART-naive adults. Disease
progression was also more finely evaluated, identifying pat-
terns among the responses that were associated with concur-
rent and subsequent changes in CD4 count and viral load.

In both cohorts, associations between antibody measures
and disease progression were observed. Further studies to
elucidate the biological mechanisms of these humoral re-
sponses in relation to timing of HIV infection and future
disease progression will be useful. The associations between
HIV-specific antibody responses and disease progression may
not be related to antibody function and could reflect other
unmeasured immune parameters. However, identifying
meaningful associations between disease progression and
antibody responses may provide important insight into the
mechanisms involved in disease control.

The strengths of this analysis include the use of PCA to
reduce a large dataset to a subset of created variables that
account for most of the observed variation. This allowed the
identification of patterns within the antibody responses that
could be explored and refined, reducing the number of com-
parisons made. The association of collections of HIV-specific
antibody responses with disease progression may have been
missed if individual antibody responses were considered, or if
only a select few were chosen for analysis. In addition, the
inclusion of 92 individuals in the analysis is a larger sample

size than prior studies of HIV-specific humoral responses and
disease progression.5,6,21,22

There were some limitations to this analysis. First, the study
included samples collected over a 12-month period, which
may be a short time frame of observation to adequately
measure disease progression. Additionally, time of HIV in-
fection is unknown in this cohort. Despite this, interesting
antibody-specific associations were observed. Second, only 40
of the 143 antigens printed on the slide were seroreactive.
Finally, we did not examine the subclass or function of
binding antibody responses or the role of conformational
epitopes in this analysis. Identifying IgG subclass specificity
or antiviral function would be important to further under-
stand the mechanism behind antibody-specific responses and
disease control.4

High-throughput immune profiling by protein microarray,
along with PCA to reduce data dimensionality, is a feasible
and straightforward approach to explore complex immune
responses, such as seen in HIV infection. HIV viral load is
known to be associated with HIV disease progression and
may stimulate higher antibody levels. However, we did not
observe that higher viral loads were driving higher HIV-
specific IgG responses; rather we saw the converse association
of lower viral loads with higher antibody levels for some
specific antibody responses (Table 2). While we are unable to
determine whether antibody class or function is involved in
shaping HIV antibody responses, the associations detected in
this analysis warrant further examination to understand the
role of HIV-specific antibody responses in disease control.
Future applications of this technique may also include pro-
filing immune responses of HIV coinfections, as defective
antibody responses are characteristic of HIV progression.

Sequence Data

The templates and GenBank accession numbers of the
HIV-1 clones used are as follows: subtype A1 (clone: 92UG037,
accession # U51190), subtype A2 (clone: 94CY017, accession #
AF286237), subtype B (clone: JR-CSF, accession # M38429),
subtype C (clone: MJ4, accession # AF321523), and subtype D
(clone: 94UG114, accession # U88824).
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