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Abstract

The titers and isotypes of antibodies to specific proteins of the
human immodeficiency virus were determined by Western blot
analysis of sera from 107 homosexual men.

Antibody titers were generally lower in sera from patients
with the acquired immudeficiency syndrome (AIDS) and in
sera from men whose condition subsequently progressed to AIDS
than in sera from men who had not progressed to AIDS. We
found no evidence of isotypic prominence or restriction of the
antibody response. In multivariate analysis, lower levels ofCD4
helper cells were most highly associated with progression to
AIDS. Lower antibody titers to the envelope protein gpllO, the
core protein p24, and the reverse transeriptase enzyme p51/65
were also predictive of progression to AIDS independent of their
Association with CD4 cell levels. These data suggest that differ-
ences in antibody levels are not simply a consequence of severe
imnmunodeficiency but may be markers for control of infection.

Introduction

The human iqpmunodeficiency virus (HIV)' infects, replicates
in, and depletes T cells with the CD4 phenotype (helper T cells)
(1). CD4 cells are instrumental in the induction of a variety of
immune responses including the T and B cell interactions re-
quired for the humoral antibody response to complex antigens
(2). Progressive numerical and functional depletion ofCD4 cells
in HIV infection leads to a poorly responsive immune system
that renders the host susceptible to opportunistic infections and
malignancies, manifestations of the acquired immunodeficiency
syndrome (AIDS). Infection does not preclude an immune re-
sponse to the virus. For example, infected persons mount and
sustain a vigorous antibody response to HIV, which can be of
considerable titer. While the presence of antibody to HIV has
been a reliable marker for exposure and probable current infec-
tion, it is not clear what role, ifany, antibody plays in controlling
HIV infection. Antibody does have some capacity to inhibit
virus replication in vitro (neutralization) (3-6), but disease often
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progresses despite the presence of antibody. It has been noted
that HIV-infected persons with severe immunodeficiency and
AIDS tend to have lower levels of antibody to HIV (7-14). An
apparent distortion in specificity of the response has also been
noted. Patients with AIDS tend to have prominent reactions
with the transmembrane protein gp41 and relatively weak or no
responses to the core protein p24, whereas p24 reactivity is a
much more prominent feature in persons without clinical symp-
toms ofAIDS (8-12, 14, 15). It has not been determined whether
the differences in level or specificity ofantibody are characteristics
that predispose to the development of more severe disease or
are a consequence ofthe severe immunologic unresponsiveness
that characterizes AIDS patients.

In this study, sera from 107 anti-HIV-seropositive homo-
sexual men were tested by Western blot for quantitative antibody
levels and qualitative isotypic responses to specific viral proteins.
Results were analyzed for their relationship to clinical status,
severity of immunodeficiency, and clinical outcome. Changes
in antibody titer to specific viral proteins are in part a conse-
quence of immunodeficiency. However, there are strong asso-
ciations ofcertain antibody responses with clinical outcome that
are independent of severity of immunodeficiency (as measured
by CD4 cell levels), which indicates that antibody may have a
role in (or is a marker for) control of infection.

Methods

Study subjects. Anti-HIV-seropositive homosexual or bisexual men were
participants in clinical studies ofHIV infection conducted by the Centers
for Disease Control (CDC) in Atlanta and San Francisco (16, 17). Spec-
imens were collected from late 1982 through 1984. All subjects were
examined at the time of specimen collection. From these studies, we
identified 25 men whose condition had progressed to AIDS but who had
been asymptomatic (n = 7) or had had persistent generalized lymph-
adenopathy (PGL) (n = 18) at the time of specimen collection (pro-
gressors). Average interval from specimen collection to onset of AIDS
was 14 mo (median, 1O mo; range, 2 to 38 mo). The other asymptomatic
men (n = 37) and men with PGL (n = 20) had not had a change in
clinical status (nonprogressors), and specimens were collected over the
same calendar time. The nonprogressors were selected on the basis of
availability of information from a current follow-up examination and
adequate specimens to perform the studies envisioned. Average interval
from specimen collection to follow-up was 29 mo (median 24 mo; range,
17 to 46 mo). Men with AIDS (n = 25) fulfilled the CDC case definition
for AIDS (18). Although not included in data analysis, specimens from
15 anti-HIV-seronegative homosexual men and specimens from healthy
CDC personnel were run in all tests.

HIV antibody. Sodium dodecyl sulfate (SDS)-disrupted HIV
(lymphadenopathy-associated virus prototype) was resolved by gradient
(3.3-20%) polyacrylamide gel electrophoresis (PAGE), and electropho-
retically transferred to nitrocellulose as described (3, 19). Nitrocellulose
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strips were reacted with serial fourfold dilutions of test serum beginning
with a 1:100 dilution, and antibody reactions were detected with a poly-
valent peroxidase-conjugated anti-human immunoglobulin (Ig) reagent
as described (3, 19). Reactions were scored without knowledge of the
serum source. Virus load and reagent concentrations were predetermined
for optimal detection. By reference to a common standard, the conditions
we used resulted in the following titers with the CDC anti-human T
lymphotropic virus-III-positive reference serum (CDC catalogue
VS2151): p17, 1:25,600; p24, 1:1,638,400; p31, 1:1,638,400; p39, 1:
102,400; gp4l, 1:102,400; p51, 1:1,638,400; p55, 1:1,638,400; p65, 1:
1,638,400; and gpl 10, 1:25,600.

To determine the isotype distribution ofHIV antibody, nitrocellulose
strips were incubated overnight with a single dilution of test serum (1:
100), washed, incubated with a combination of monoclonal antibodies
(mAbs) specific for the isotype for 4 h, washed, and incubated with a 1:
2,000 dilution of peroxidase-conjugated goat anti-mouse Ig reagent for
2 h (the latter reagent was nonreactive with human Ig and was a gift
from Dr. V. Tsang, CDC). Approximately twice as much antigen as
normally would be used with the polyvalent anti-Ig reagent was loaded
on the gels to increase antigen display and lessen the chance of effective
competition for reaction by other isotypes. We used pools ofthe following
monoclonal anti-isotype reagents: for IgGl, HP6001 and HP6069; for
IgG2, HP6002 and HP6014; for IgG3, HP6047 and HP6050; for IgG4,
HP6023, HP6024, and HP6025; for IgA, HP6104 and HP6123; forIgM,
HP6081, HP6082, HP6083, and HP6084. Whenever possible, anti-iso-
type combinations were selected to react with at least two epitopes of
the respective isotype. Validation of the specificity of the anti-human
IgG isotype reagents has been described (20, 21). The IgA and IgM isotype-
specific mAbs were evaluated in a similar manner. Each was tested by
quantitative immunofluorometric assay (20, 21) in serial dilutions (10-2-
10-1) with the following solid-phase antigens (0.9 pg per assay): at least
12 IgM paraproteins, 12 IgA paraproteins (IgAl and IgA2), 50 IgG para-
proteins representative of the four IgG subclasses, 2 IgE paraproteins,
polyclonal IgG, IgA, and IgM, secretory IgA, and kappa and lambda
Bence-Jones proteins. Each anti-IgA and anti-IgM mAb reacted only
with their respective isotypes. These mAbs have also been successfully
used as solid-phase reagents for detecting and quantitating fluid-phase
isotype in serum and reactions are not perturbed or inhibited by varying
the concentration ofIgG. When reacted with normal human serum that
had been subjected to gradient SDS-PAGE (under nonreducing condi-
tions) and transblotted to nitrocellulose (19), all the mAbs reacted only
with components whose molecular weights were appropriate for the re-
spective isotypes. In this study, each mAb was used in a 1:300 final
concentration, and each combination reacted with 15-500 ng ofisotype
when the purified isotypes were applied to nitrocellulose. Under the con-
ditions of serum exposure in this assay (3 ml of a 1: 100 dilution), this
corresponds to a concentration of 0.5-11 plg/ml of isotypic antibody
assuming that antigen display and time ofincubation were sufficient for
near complete binding and that antibody is of reasonable affinity so that
loss with washing was minimal.

Tetanus toxoid antibody. One-tenth milliliter ofa solution oftetanus
toxoid (lot LP501P; Massachusetts Department ofHealth, Boston, MA)
diluted 1:800 in phosphate-buffered saline, pH 8.0 (PBS) was added to
wells of microtiter plates (Immulon plates: Dynatech Laboratories, Inc.,
Alexandria, VA). After 4 h at room temperature, the wells were washed
four times with PBS containing 0.05% vol/vol Tween-20 (Sigma Chemical
Co., St. Louis, MO). Serial twofold dilutions of serum starting with a 1:
100 dilution were added (0.1 ml), and plates were incubated overnight
at 40C. After four washes with PBS containing 0.05% vol/vol Tween-
20, 0.1 ml ofa 1:2,000 dilution ofthe polyvalent peroxidase-conjugated
anti-human IgG reagent described above was added. After 2 h, the wells
were washed four times, and 0.2 ml of a solution containing 0.1 mg/ml
o-phenylenediamine and 0.006% H202 was added. Color reactions de-
veloped over 30 min and were stopped by the addition of 0.05 ml 8 N
H2SO4. The optical density at 490 nm was read with an automated
enzyme-linked immunosorbent assay (ELISA) plate reader (Dynatech
Laboratories, Inc.). We arbitrarily designated the endpoint titer as the
highest dilution that an OD490 >0.300. Maximum 0D490 values

were 0.700-0.800, and reagent or serum controls registered OD490 values
< 0.050.

Lymphocyte studies. Total T cells (CD3 cells), T helper cells (CD4
cells), and T suppressor/cytotoxic cells (CD8 cells) were identified by
indirect immunofluorescence with OKT3, OKT4A, and OKT8 mAbs,
respectively (Ortho Immunodiagostics, Raritan, NJ), with a fluores-
cence-activated cell sorter (FACS-IV; Becton-Dickinson & Co., Sun-
nyvale, CA) as described (22). Absolute numbers of cells in each subset
were calculated as the proportion of cells positive with OKT3, OKT4A,
or OKT8 multiplied by the absolute lymphocyte count.

Statistics. Geometric conversion of titer data used the formula: log
(titer'/100) + 1 (e.g., titers of 1:100, 1:200, 1:400, etc. transform to 1,
2, 3, etc.). Undetectable titers (< 1: 100) were assigned a value of zero.
The Wilcoxon rank sum test was used for comparison of continuous
data between groups, and the Fisher's exact test (two-tailed) was used
for comparisons ofdichotomous data between groups (23). Associations
between continuous variables were tested by the Spearman rank corre-
lation method (23). Logistic stepwise regression was used to examine the
relation of several "independent" variables (either dichotomous or con-
tinuous) to a dichotomous "dependent" variable (progression or non-
progression to AIDS) (23). In the regression analysis, subjects with any
missing data are necessarily excluded. Serologic and CD4/CD8 ratio
data were complete in all subjects; however, absolute lymphocyte count
data (and therefore CD3 cell, CD4 cell, and CD8 cell count) were missing
for four men.

Results

Antibody titers. Serial dilutions ofsera were reacted with specific
viral proteins in immunoblot, and antibody was detected with
a polyvalent anti-Ig reagent (Fig. 1). The banding pattern ex-
pected from extracellular virus was obtained. All sera reacted
with p24, and 97% reacted with p17, the two major gag-encoded
core proteins (24, 25). The p55 polyprotein, a precursor for p17
and p24, which is found to some extent in extracellular virus,
was also highly reactive with sera (84%). AM sera were reactive
with gp41, the transmembrane protein (26). The p5 1/p65 doublet
share antigenicity and represent the pol-encoded reverse tran-
scriptase enzyme (27). Serologic reactions to one or both ofthese
proteins were found in 99% of sera, reactions were 97% con-
cordant, and titers were highly correlated (r = 0.88, P = 0.0001).
The p31 antigen is also thought to be encoded by the pol-region
and may represent the endonuclease enzyme (28). Reactions to
p31 were found in 94% of sera. Most (84%) sera had antibody
to gpl 10, the envelope glycoprotein (25, 29, 30). Antibody to
this protein has been reported to occur in nearly 100% of HIV-
infected persons in radioimmunoprecipitation assays of lysates
from HIV-infected cells (30, 31). Our immunoblot results with
purified extracellular virus approximate this, and the differences
in percentage positive may reflect differences in sensitivity of
the two techniques, particularly with respect to preservation or
enrichment of gpI 10 in the two types of antigen preparations
(25, 29-31). Alternatively, patient selection may account for the
differences. (AM our anti-gpl 10 negative sera were from patients
with AIDS or whose condition progressed to AIDS.) Antibody
responses to p14 and p39 were found in 21 and 81% of sera,
respectively. The genetic origin and function ofthese two proteins
are unknown. The tat gene product is reported to have a mo-
lecular weight of 14,000 and is antigenic; however, it is not clear
whether this protein is packaged in extracellular virus (32). In
the comparisons that follow, we analyzed but do not report an-
tibody responses to these two proteins. There were no unique
associations of antibody response or titer to p14 or p39 with
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Figure 1. Titration of anti-HIV sera by Western blot. Sera were re-
acted with nitrocellulose strips containing electrophoretically resolved
HIV proteins, and antibody was detected with a polyvalent anti-HIV
reagent. Titrations of four sera are shown starting with a 1:100 dilu-
tion (arrows). Subsequent fourfold dilutions run left to right.

clinical status or progression that were not also found with other
proteins.

A summary of immunoblot titers is presented in Table I,
and antibody titers to selected virus proteins are presented
graphically in Fig. 2. Antibody titers to all viral proteins except
gp4l were significantly lower in AIDS patients than in asymp-
tomatic men or men with PGL. The last two groups did not
differ significantly with respect to antibody titers to any antigen.
In a correlation matrix, all titers were correlated with each other
(r = 0.21-0.88, P = 0.0289-0.0001). IgG levels and tetanus tox-
oid antibody titers were not significantly different between any
of the groups.

We pooled data on asymptomatic homosexual men who
subsequently developed AIDS (progressors) with data on pro-
gressors who had PGL at the time ofspecimen collection (Table
I, Fig. 2). These data were compared with pooled data on
asymptomatic men and men with PGL who had not yet pro-
gressed to AIDS (nonprogressors). This seemed justified because
titers were not significantly different between progressors who
were asymptomatic and progressors who had PGL, nor, as men-
tioned, were titers different between PGL and asymptomatic
men who had not developed AIDS (Table I). Without exception,
all significant differences in titers between progressors and non-
progressors using pooled data were also significant in separate
analyses of the PGL and asymptomatic cohorts, though the P
value tended to be higher because of the smaller sample size.

For isotype data (see below), significant differences in frequency
of isotypic reactions using pooled data were also found in the
asymptomatic cohort but not in the PGL cohort, though the
magnitudes of the differences were similar.

Titers of progressors were more similar to those of AIDS
patients than to those oftheir respective PGL and asymptomatic
cohorts (Table I, Fig. 2). Progressors had significantly lower an-
tibody titers to p24, p51/65, and gpl 10 than nonprogressors.
Titers to p17 and p31 were lower in progressors but not signif-
icantly different from those of nonprogressors; and gp4l titers,
IgG levels, and tetanus toxoid antibody titers were similar in
progressors, nonprogressors, and AIDS patients.

For this study, we report data from the earliest date for which
clinical data, serum, and lymphocytes were all available from
each man. We have performed titrations on serum specimens
drawn 6-24 mo after the specimens reported here from 12 pro-
gressors and 8 nonprogressors. We could discern no trends in
titers in either group. For instance, all the titers that distinguished
progressors from nonprogressors (Table I) were the same or
within one dilution of each other in 13 of 20 sequential serum
pairs. When titers to individual proteins are tabulated separately
in the 20 paired sera, 15 p24 titers, 19 gp4l titers, 17 p5l/65
titers, and 17 gpl 10 titers were the same or within one dilution
of each other. The remainder were divided, roughly equally,
between rises and falls in titers. In progressors, we have tested
four sets of specimens drawn 12-24 mo before the specimens
reported here. One progressor had previously had higher titers
(two or more dilutions) ofantibody to p24 and gpl 10. The other
three were essentially unchanged (within one dilution).

Isotypes ofHIV antibody. HIV antibody of defined isotype
was detected using isotype-specific mAbs (Fig. 3). We did not
titrate or otherwise quantitate isotypic antibodies for several
reasons. An ideal quantitative assay would require separation
of the isotype from serum before testing so that competition
from other isotypes could not be a factor in the assay readout.
Second, many sera had levels below the threshold of detection
(or had effectively competing isotypes). We felt that titration of
those sera with levels at or above the threshold ofdetection would
add little to simply comparing the relative frequencies of sera
above/below the threshold ofdetection. Third, sera and reagents
were limited.

The assay is qualitative and detects the functional capacity
of each isotypic antibody population to react in the presence of
other isotypes in whole serum. Results in Table II are presented
as the percentage of sera with detectable isotypic antibody to
any viral protein. We also analyzed the frequency of isotypic
responses to individual viral proteins, and the statistically sig-
nificant differences that were found are summarized in Table
III. Reactions with gpl 10 are not reported because they were
absent or weak in the isotype assay and could not be reliably or
reproducibly scored.

Nearly all sera had IgGI and IgG2 antibody (Table II). There
was no apparent bias ofthe IgGl or IgG2 reactions toward any
particular viral antigen(s). AIDS patients were less likely than
PGL or asymptomatic men to have demonstrable IgGI and IgG2
antibody to gag-encoded core proteins (p17, p24, and p55) (Table
III). Progressors were less likely than nonprogressors to have
IgGI or IgG2 responses to p24 and p55 (Table I) and less likely
to have an IgG2 response to any viral protein (Table II).

IgG3 responses were detected less frequently than any other
isotype examined (Table II). IgG3 responses that were detected
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Table L Antibody Titers and IgG Levels in Homosexual Men

Tetanus
Group* HIV p17 HIV p24 HIV p31 HIV gp4l HIV p51 HIV p65 HIV gpl 10 toxoid IgG

mg/dl

AIDS Geometric meant 778 3,676 800 3,112 1,600 2,111 894 1,364 1,677
(n = 25) SD X/+. 12.1 X/+. 8.6 X/+. 4.4 X/÷. 3.3 X/÷. 13.6 X/÷. 12.5 X/+. 7.9 x/ *1.5 x/-. 1.5

Median 400 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,547

PGL Geometric mean 11,143 67,559 6,859 4,850 33,779 54,875 2,425 2,216 1,865
(n = 20) SD X/+*10.1 X/+. 9.1 X/÷.13.5 X/÷. 4.3 x/-. 8.5 X/-. 8.5 X/+4.2 X/+. 1.7 x/÷. 1.6

Median 6,400 102,400 6,400 6,400 25,600 25,600 6,400 1,600 1,853

Asymptomatic Geometric mean 7,003 48,100 5,930 10,043 24,728 56,028 3,027 1,392 1,442
(n = 37) SD X/+. 11.8 X/+. 11.4 X/+. 6.3 x/+. 6.7 X/÷. 12.4 X/÷. 5.2 X/+.-7.8 x/+. 1.2 x/+ 1.5

Median 6,400 25,600 6,400 6,400 25,600 102,400 6,400 1,600 1,505

Progressor Geometric mean 4,106 7,558 3,478 6,400 3,478 6,225 217 1,255 1,713
(n = 25) SD x/+. 7.0 X/+6.9 X/+. 9.3 X/-.4.2 X/ * 12.5 X/÷. 12.0 X/*.÷7.2 X/÷. 1.9 X/I 1.4

Median 1,600 6,400 6,400 6,400 1,600 6,400 <100 1,600 1,862

Nonprogressor Geometric mean 8,214 54,119 6,225 7,771 27,628 55,641 2,805 1,634 1,581
(n = 57) SD X/1.11.0 X/+. 10.4 X/+. 8.3 X/+6.0 X/÷. 10.8 X/÷.-6.1 X/-. 6.4 x/+. 1.4 X/+. 1.7

Median 6,400 102,400 6,400 6,400 25,600 102,400 6,400 1,600 1,547

Statistics"l (P value)
AIDS vs. PGL 0.0002 0.0002 0.0036 NS' 0.0003 0.0001 0.048 NS NS
AIDS vs. asymptomatic 0.0010 0.0001 0.0001 NS 0.0002 <0.0001 0.0310 NS NS
PGL vs. asymptomatic NS NS NS NS NS NS NS NS NS
Progressor vs. nonprogressor NS 0.0004 NS NS 0.0007 0.0002 <0.0001 NS NS

* PGL and asymptomatic groups have had a stable clinical course, and their data were pooled (nonprogressors) for comparison with PGL and
asymptomatic persons who subsequent to testing developed AIDS (progressors). t Anti-Iog2 of the average of log2-transformed titers. I Standard
deviation (for the ±2 SD range, take the mean and multiply/divide by the anti-log2 of 2 X log2 SD). 11 Wilcoxon rank sum test. 'NS, P > 0.05.

were largely confined to the core proteins, p17, p25, and p55.
One serum sample reacted with p51/65, and none reacted with
p31 or gp41. An IgG3 response was never detected in an AIDS
serum sample, a frequency significantly lower than that ofPGL
or asymptomatic men (Tables II and III). Progressors had an
intermediate frequency of IgG3 responses that was not signifi-
cantly different from the frequency in nonprogressors.

IgA and 1gM response rates did not disinish any of the
clinical groups. They tended to be more frequent in men with
PGL than in the other groups and, like the IgG3 response, were
directed mainly against core proteins p17, p24, and p55. IgA
responses were rarely detected to p31 (four sera), gp4l (one
serum) or p51/65 (six sera). Similarly, infrequent JgM responses
were found to p51/65 (seven sera), and no IgM responses to p31
or gp4l were found. Men who had IgA or IgM antibody did not
differ from those who did not with respect to frequency ofother
isotype responses, titer data, IgG levels, or lymphocyte data.

Multivariate and correlation analysis. We entered antigen-
specific titer data, antigen-specific antibody isotype data, IgG
level, tetanus toxoid antibody titer data, lymphocyte count, CD3
cell count, CD4 cell count, CD8 cell count, and CD4/CD8 ratio
data into a logistic regression model as independent variables.
Progression/nonprogression to AIDS was the dependent variable,
and complete data were available on 78 progressor and nonpro-
gressor subjects. The strongest association with (or predictor of)
progression was lower numbers of CD4 cells (F = 27.8, P
< 0.0001). All the other lymphocyte data except CD8 cell count

were also associated with progression: lower absolute lymphocyte
count ((F = 9.4, P = 0.0030), lower CD3 cell count (F = 12.0,
P = 0.0009), and lower CD4/CD8 ratio (F = 17.6, P = 0.0001).
However, the second strongest association was with lower an-
tibody titerto gpl 10 (F= 27.5, P< 0.0001). All the associations
of antibody responses that distinguished progressors from non-
progressors that we found in univariate analysis (Tables I-III)
were also found in the initial logistic regression analysis (F = 4.0-
19.3, P = 0.0485 to < 0.0001). IgG levels and tetanus toxoid
antibody titers were not associated with progression.

When the analysis was corrected for CD4 cell counts, data
from lymphocyte, CD3 cell, and CD4/CD8 determinations did
not retain a significant independent association with progression.
Antibody titer to gpl 10, however, retained an association in-
dependent of CD4 cell levels (F = 19.7, P < 0.0001), as did
antibody titers to p24 (F = 7.0, P = 0.0100), p51 (F = 8.7, P
= 0.0042), and p65 (F = 10.4, P = 0.0019). When the analysis
was corrected for CD4 cell number and gpl 10 titer, the p24,
p51, and p65 titer associations were retained (F = 5.7-6.7, P
= 0.0192-0.0116). At the next step in the regression (correction
for CD4 cell number, gpl 10 titer, and p65 titer), no independent
associations with progression were retained.

In addition to stepwise regression where the most highly as-
sociated variables are sequentially corrected for, we "forced" the
regression equation to determine whether CD4 cell count and
titers to gpl 1O, p24, p51, and p65 were associated with pro-
gression independent ofeach other. The association ofCD4 cell
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Figure 2. Distribution of antibody titers to HIV proteins in HIV-exposed homosexual men. Antibody titers to p24, p41, p65, and gpl 10 are shown
for asymptomatic men and men with PGL who had a stable clinical course; for progressors, asymptomatic, and PGL men who subsequent to
specimen collection developed AIDS; and for men with AIDS.

count with progression was retained if the analysis was first cor-

rected for titer data. Similarly, gpl O titer was associated with
progression even when first corrected for CD4 cell, p24, p51, or

p65 data. The p24, p51, and p65 data, though associated with
progression independent ofCD4 cell and gpl 10 titer data, were

not associated with progression independent of each other.
When the entire data set was pooled (n = 103), positive

correlations were found between CD4 cell levels and antibody
titers to all proteins: r = 0.35-0.45 (P = 0.0003-0.0001) for p17,
p24, p31, p51, p55, and p65 titers; r = 0.27 (P = 0.0063) for
gpl 10 titer, and r = 0.22 (P = 0.0263) for gp4l titer. However,
when correlation analyses were confined to data from each group,

no significant correlations of CD4 cell levels with titer were

found.
In progressors, there was a positive correlation of duration

from specimen collection to onset of AIDS with gp 10 titers (r
= 0.53, P = 0.0083) and with CD4 cell levels (r = 0.52, P
=0.0093), but not with p24, p51, or p65 titers. In men with
PGL, there were no correlations between titer data or CD4 cell
levels and duration of lymphadenopathy. In those men in whom

approximate seroconversion date was known (±6 mo, n = 21),
there were no correlations between duration of seropositivity
and titer data or CD4 cell levels. Note that in the larger clinical
studies from which these men were drawn, weak correlations
between CD4 cell levels and duration of lymphadenopathy or

duration of seropositivity have been found (Spira, T. J., personal
communication [17]).

Discussion

Antibody titers to most viral proteins are lower in AIDS patients
and in those whose conditions progress to AIDS than in HIV-
exposed persons who have a relatively stable clinical course (Ta-
ble I, Fig. 2). Antibody titers to gp4l are an exception in that
they are well preserved and similar in AIDS and HIV-exposed
persons who do and do not eventually have AIDS. In more
limited studies where results were based on the qualitative in-
tensity of banding patterns, others have suggested that antibody
to the gag-encoded core protein p24 is often absent or reduced
in AIDS patients, while antibody to the env-encoded transmem-

320 McDougal et al.

6,55W00 -

V,38y00 F
40w;00 -

102o400 r

2Wsp I

6#00 [

p600 r

400 F

100w

40%00

102,400

2600

6400

1600

400

100

op 110

@000

@*0

0*-v

0

rnR -- R
PROGR ESSORS



Figure 3. Detection of iso-
typic HIV antibody. HIV
antibody reactions with
immunoblots were 4e-
tected with mAbs specific
for IgA, IgM, and the IgG
subclasses as indicated.
The different sets of triplet
strips are not from the
same run. Therefore, mi-
gration of bands may not
precisely align between
the sets. Strip on the right
in each set is the negative
serum control.

brane protein gp4l is preserved (8-12, 14, 15). From these data,
it was not clear whether either of these response patterns was

also found with responses to other proteins or was unique to the
particular protein. Our data indicate that loss of titer to p24 is
not unique but is part of a generalized loss of titer to viral pro-

teins. However, the preservation of titer to gp4l is unique. It is
not found with other proteins, including the other env-encoded
protein gpl 10. Our data also indicate that these changes are

quantitative and not absolute, since we detected some antibody
to p24 and gp4l in all sera.

An isotypic dissection of the antibody response to HIV was

of interest for two reasons. The determinants of isotypic diversity
in the humoral response to specific antigen are complex but
generally reflect the maturation state of the response, which in
turn is determined by the T-dependent or T-independent nature
of the antigen, the adequacy ofT cell help, and the route, dose,

Table II. Isotype ofHIVAntibodies in Homosexual Men

% Positive*

Group n IgGI IgG2 IgG3 IgG4 IgA 1gM

AIDS 25 92 88 0 42 84 38
PGL 20 100 100 45 63 90 60
Asymptomatic 37 100 100 41 64 68 38
Progressors 25 90 88 28 40 78 44
Nonprogressors 57 100 100 42 64 76 46

Statisticst (P value)
AIDS vs. PGL NS NS <0.001 NS NS NS
AIDS vs. asymptomatic NS NS <0.001 NS NS NS
PGL vs. asymptomatic NS NS NS NS NS NS

Progressors vs. nonprogressors NS 0.002 NS NS NS NS

* Percentage of sera having antibodies of the indicated isotype that are reactive with any viral protein. tFisheres exact test (two tailed). NS, Not
significant (P > 0.05).
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Table III. Summary ofStatistically Significant Differences
in Frequency ofAntigen-specific Isotypic Antibody
to HIV in Homosexual Men*

Groups compared % Positive
(group 1/group 2) Isotypic response (group 1/group 2) P value

AIDS/PGL IgGI anti-p17 36/70 0.036
AIDS/PGL IgGI anti-p24 72/100 0.012
AIDS/PGL IgGI anti-p55 24/65 0.008
AIDS/PGL IgG2 anti-p17 36/75 0.016
AIDS/PGL IgG2 anti-p24 68/100 0.006
AIDS/PGL IgG2 anti-p55 36/70 0.036
AIDS/PGL IgG3 anti-p17 0/40 0.001
AIDS/PGL IgG3 anti-p24 0/15 0.080
AIDS/asymptomatic IgGI anti-p17 36/76 0.003
AIDS/asymptomatic IgGI anti-p24 72/97 0.006
AIDS/asymptomatic IgGI anti-p55 24/68 0.002
AIDS/asymptomatic IgG2 anti-p17 36/78 0.001
AIDS/asymptomatic IgG2 anti-p24 68/92 0.021
AIDS/asymptomatic IgG2 anti-p55 36/68 0.020
Progressor/nonprogressor IgGI anti-p24 84/98 0.028
Progressor/nonprogressor IgGI apti-p55 36/67 0.015
Progressor/nonprogressor IgG2 anti-p24 72/95 0.007
Progressor/nonprogressor IgG2 anti-p55 40/69 0.027

* Only those response frequencies that were statistically significant (P
< 0.05) are tabulated.
Fisher's exact test (two tailed).

frequency, or persistence of antigenic stimulation. Second, all
effector functions of antibody other than antigen binding (such
as complement fixation, Fc receptor binding, etc.) are determined
by isotype.

The frequency of isotypic responses that we found in im-
munoblot (Table II) are either similar to or higher than that
reported by others using whole-virus ELISA assays (33-36).
Possibly some ofthese differences are accounted for by differences
in methods or reagents. However, these assays for HIV antibody
isotype were performed with whole serum. A positive reaction
indicates that isotypic antibody is present and of sufficient avidity
and concentration to be detected in whole serum. A negative
reaction means that isotypic antibody is either not present or is
present but not of sufficient avidity or concentration relative to
other competing isotypes to register a positive reaction. In a
sense, the assay is a functional assessment of the isotype in the
context of whole serum and perhaps more biologically relevant
than an assay that separates the isotype before testing for isotypic
antibody. We found that the fiequency of isotypic responses
generally parallels the anticipated concentration ofthe different
isotypes in serum and that the differences in frequency ofisotypic
responses between groups were fairly uniform and quite com-
patible with a general chanige in antibody level affecting all the
isotypes. In our view, the most reasonable (and conservative)
interpretation of the isotype data is that the humoral immune
response to HIV has the characteristics of a mature, ongoing,
T-dependent response. All isotypes can participate in the re-
sponse and are affected by changes in antibody level that ac-
company changes in clinical status.

This study was cross-sectional in the sense that we performed
laboratory studies on the men at a single point in time and

longitudinal in the sense that we determined subsequent clinical
outcome over a given follow-up period. As such, there were
some limitations with respect to the dynamics ofHIV infection
that should be considered. First, we divided asymptomatic men
and men with PGL into those who subsequently progressed to
AIDS and compared them with men who were followed for an
equal or greater period of time and did not develop AIDS. The
latter group may ultimately contain men who will belong in the
former group. Indeed, the distinction between progression/non-
progression may be one of relative rates of progression rather
than an absolute characteristic. Nevertheless, potential misclas-
sification of ultimate outcome decreases rather than increases
the likelihood of finding significant differences between the
groups. Second, if the natural history of HIV infection is such
that, with time, progressive declines inCD4 cells or titer to certain
viral proteins cumulatively increases the likelihood ofAIDS, we
may have selected men in the progressor group who have been
infected longer. With the limited data available, we did not find
that progressors differed from nonprogressors in duration of se-
ropositivity (n = 21) or duration oflymphadenopathy (n = 38),
nor were there correlations between these time measurements
and the serologic or lymphocyte data. Finally, we do not know
if the relatively lower antibody responses in progressors is an
inherent feature of the response to HIV infection in these men
or whether they once mounted a higher response that has de-
clined with time. Unfortunately, too few earlier specimens from
these men are available for testing to make this determination.
Larger serial studies initiated at seroconversion may determine
whether lower responses are markers of disease progression or
determinants of progressive disease.

In the multivariate analysis, lower levels ofCD4 cells were
most highly associated with progression to AIDS in HIV-exposed
asymptomatic men or men with PGL. Several clinical studies
have shown that CD4 cell levels are lower in persons with severe
clinical manifestations ofHIV infection (37-39), that levels de-
cline with increasing duration of time since exposure (17, 37-
42), and that a low CD4 cell level is a poor-prognostic sign in
HIV-infected persons (16, 39-45). Other immunologic abnor-
malities can be found in HIV-infected persons, but these are
usually highly correlated with CD4 cell levels (37-39, 46), and
their association with HIV infection is not independent of their
relationship to CD4 cell levels (46). Thus, clinical studies indicate
that CD4 cell levels are the best immunologic marker for severity
ofHIV infection, a notion supported by the known tropism and
cytopathic effect ofHIV for CD4 cells in vitro (1).

What then is the relationship oflower levels ofHIV antibody
to severity ofimmunodeficiency, clinical status, and progression?
It is known that patients with the severe immunodeficiency of
AIDS mount poor primary and secondary humoral immune
responses after immunization (47). Ifdeclining titers were simply
a consequence of severe immunodeficiency, we would expect
lowest titers in AIDS patients, low or intermediate titers in those
whose condition is progressing to AIDS; and highest titers in
those who are clinically and immunologically stable. We would
also expect correlations between titer and severity of immuno-
deficiency (as measured by CL4 cell levels) when data from all
subjects are pooled-regardless of their clinical status. Indeed,
this is what we found. However, antibody titers to gpl 10, p24,
and p51/65 were predictive ofprogression to AIDS independent
oftheir association with CD4 cell levels. They were also predictive
ofAIDS independent ofCD4 cell levels when AIDS/non-AIDS
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was the dependent variable in logistic regression analysis (data
not shown). Furthermore, titers to gpl 10 were associated with
progression independent of titers to p24 and p51/65. The finding
of several independent associations with progression makes it
unlikely that a single underlying factor is responsible. For in-
stance, if the data we associated with progression were all sur-
rogate markers for a single factor (such as duration ofinfection)
which in turn was the major determinant of progression, we
would not expect these "surrogates" to retain an independent
association with progression when the multivariate model was
adjusted for any one of them. Finally, it is difficult to explain
declining titers to most proteins as a general consequence of
progressive immunodeficiency when titers to gp4l remain stable
and when titers to an irrelevant antigen, tetanus toxoid, do not
show a similar relationship. The data indicate that the specificity
and quantity of antibody are also markers for the ultimate se-
verity of HIV infection, whether severity is measured by CD4
cell level, clinical status, or outcome.

The envelope glycoprotein gpl 10 participates in binding virus
to the CD4 molecule (48) and is considered a likely target for
interference with virus replication by antibody (4-6, 25, 29-31).
In this context, it makes sense that lower anti-gpl 10 titers might
predispose to more severe CD4 cell depletion and clinical AIDS.
Changes in titers to gag- and pol-encoded proteins are more
difficult to explain by any postulated effect ofantibody on virus
infection. However, it is possible that these responses (and the
gpl 10 response) are not important for their function as antigen-
binding effector molecules; rather, changes in titer may be an
indirect effect ofsome other process, immunologic or otherwise,
that is important in the control of infection. The fact that HIV-
infected subjects progress to AIDS despite the presence of an-
tibody does not rule out a role for antibody, either as a direct
effector or as a marker for some other immunologic process,
that limits the pace at which virus replication, CD4 cell depletion,
and clinical AIDS occur. The existence ofsuch processes is sup-
ported by our data, and their dissection may contribute to im-
proved understanding of pathogenesis and therapy.
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