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SUMMARY

The IgG response to HIV-1 p17 gag protein was studied for up to 6 years in 12 HIV-l-infected
patients with haemophilia, who had seroconverted between 1982 and 1985. To assess any prognostic
value, p 17 IgG titres were compared with p24 IgG titres, CD4 cell counts and p24 antigenaemia. p 17
IgG avidity index was also examined. A strong similarity was found between the IgG titre to HIV-1
p17 and that to p24. In patients who developed AIDS the decline in p17 IgG titres could precede by
several years the drop in CD4 cells to under 200 cells/pl; whereas some long-term asymptomatic
patients (CDCII) had increasing p17 IgG titres and stable CD4 cell counts. Declining p17 and p24
IgG titres were not always associated with an increase in p24 antigenaemia. IgG titres were found to
be better predictors of disease progression than CD4 cell counts or p24 antigenaemia. Patients who
developed AIDS during the study were also characterized by a lower p17 IgG avidity than patients
who remained asymptomatic This result suggests that IgG avidity could have prognostic relevance
and be of importance for host resistance to AIDS onset.

Keywords HIV-1 gag antibody response p24 antigenaemia avidity prognostic markers

INTRODUCTION

Infection with HIV-1, the etiological agent of AIDS [1], is
characterized by a long asymptomatic phase. Initially HIV-1
induces a strong humoral immune response to the principal
structural components of the retrovirus. Antibodies to proteins
encoded by the genes env (gpl 20 and gp41), gag (p24 and p17)
and pol (p66 and p3 1) can be detected following HIV-1 infection
[2-6]. Antibody levels to gag proteins fall during the progression
to AIDS, while little change in antibody levels to gpl20 and
gp4l occurs [5,7,8]. A decline in the antibody response to p24
has been considered to be of prognostic value [7-9], and an
earlier indicator of disease onset than a change in CD4 cell
counts [9]. Recently there has been an interest in monitoring
immune responses to HIV-1 p17, and several groups have
reported that p17 antibody levels are a better serological marker
of disease progression than p24 antibody levels [10-13]. No
analysis ofantibody affinity or avidity to HIV- 1 gag proteins has
yet been published. Comparable studies on the antibody
responses to HIV-l gp4l [14] and to hepatitis B virus (HBV) [15]
demonstrated that low avidity or affinity antibodies were
associated with viral pathology.

To investigate the humoral response to HIV- 1 p 17 and assess
its potential clinical value, we have studied the IgG response
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longitudinally in HIV-1 + patients with haemophilia in relation
to their clinical status over a period of 5-6 years. We have
analysed quantitatively the IgG response to p17 and its
relationship with p24 IgG levels, p24 antigenaemia and CD4 cell
counts. Finally, the avidity of the p17-specific IgG response was
compared with each patient's clinical course.

PATIENTS AND METHODS

Patients
A cohort of 12 patients with haemophilia A and infected with
HIV- I was followed between 1986 and 1993. Sera collected at 3-
6 month intervals during this period were aliquoted and stored
at - 70'C. Two additional patients (1 81 and 19S) were included
in the study of the IgG avidity.

According to clinical status (Table 1), the patients could be
divided into two groups; those who remain asymptomatic
(ASY) or CDC II to date, and patients who developed AIDS
(CD4+ cell counts < 200/pl of blood) after 1 January 1986 [16].
This date was chosen as zero-time and subsequent time-points
are given in months from this reference.

Recombinant proteins
HIV-lHXB2 recombinant p17 and p24 (rpl 7 and rp24) were
supplied by the MRC AIDS Directed Programme (gift from Dr
G. Reid, University of Glasgow, UK). rpl7 and rp24 were
expressed in a pGEX system as glutathione S transferase fusion
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Table 1. Patients' clinical status

Age Last date First date Clinical status Zidovudine (AZT)
Patients 1 January 1986 HIV-1- HIV-1 + 31 January 1993 treatment

01H 51 NA January 84 CDC II
03D 19 August 82 September 83 CDC II
05B 33 NA November 83 CDC II
06T 26 NA November 84 CDC II Since month 50
07F 46 August 84 September 84 CDC II Since month 67
10G 37 January 85 October 85 CDC II
l IG 21 June 82 July 82 CDC II Since month 74
09L 28 NA May 84 AIDS (70)* Months 52-74
02Q 63 October 84 August 85 AIDS(27)*/death(63)*
04L 32 December 84 June 85 AIDS(24)*/death(46)* Months 25-46
08B 29 NA November 83 AIDS(29)*/death(59)*
17P 29 December 82 March 83 AIDS(17)*/death(65)*
181 57 NA September 83 AIDS(53)*/death(73)* Months 59-73
19S 56 February 84 May 84 AIDS(22)*/death(34)*

* Onset ofAIDS (CD4+ cells < 200/pl) and date ofdeath in months from 1 January 1986. All patients were classified as
CDCII at entry (1 January 1986). NA, not available.

proteins in Escherichia coli and were purified in a single step
chromatography [17].

ELISA for IgG to HIV-J pJ 7 and p24
High binding EIA/RIA microplates (Costar, High Wycombe,
UK) were coated with 50 pl of rp 17 or rp24 at 3 pg/mI in PBS pH
7-2 for 3 h at 220C. Free sites were blocked with 200 pl of PBS-
bovine serum albumin (BSA) 2-5% for 2 h at 370C. The plates
were washed with a standard procedure: six times with PBS-
Tween 20 0-1% (PBS-Tw) using an automatic plate washer
(Coulter, Luton, UK).

Human sera were diluted in PBS-Tw BSA 2-5% (from 1: 100
and 0 5 log serial dilutions thereof) and 100 pl of each dilution
were incubated in duplicate overnight at 4-8°C. Plates were
washed and 100 p1 ofanti-human IgG peroxidase conjugate (ref.
P214; Dako, High Wycombe, UK) at a dilution of 1: 5000 were
incubated for 1 h at 37°C. After washing, H202 and o-
phenylenediamine were added as substrates for 15 min at 22°C.
The enzymatic reaction was then stopped with 2-5 M H2SO4 and
absorbance (A) was measured at 492 nm on a Titertek Multiscan
(Flow Laboratories, UK). IgG titres were endpoint dilutions for
A492 = 0-2.

Sera from 10 patients with haemophilia who were HIV-lI
were used as negative controls; these sera diluted 1:100 gave a
mean A492=0 128 (±0 036) and A492=0 115 (±0 024) for p17
and p24 IgG assays, respectively.

Avidity assays for IgG to HIV-J p17
Urea (denaturant) and KSCN (chaotropic ion) were employed
for immune complex dissociation and estimating avidity of
polyclonal antibodies [14,18,19].

First, the stability of rpl7-solid phase (see ELISA for IgG)
was tested in presence of 6-8 M urea and 2-6 M KSCN for 30 min
at 22°C. Since rpl7-solid phase was affected by KSCN 4-6 M
(approximately 25% reduction in reactivity), urea was chosen
for testing the IgG avidity.

Four replicates of each working dilution of the sera were
incubated as described in the ELISA for IgG. After three
washes, one duplicate received IO00 p1 of urea 8 M in PBS and 100
pl ofPBS were added to the second duplicate for 15 min at 22°C.
Urea was then removed by six washes with PBS-Tw and IgG
bound to the solid phase were detected with the anti-human IgG
peroxidase conjugate.

The avidity index (Al) was calculated as follows: AI= Ax
(mean A492 duplicate urea treated)/Ao (mean A492 duplicate
PBS) x 100. To maximize the sensitivity and reproducibility of
the assay, sera working dilutions were chosen to have
Ao= 1 0+0 1.

HIV-J p24 antigen assays
p24 antigen was titrated with or without immune complex
dissociation (ICD). For ICD, 100 pl of sera were acidified with
100 pl of glycine-HCl 1-5 M pH 1-85 for 90 min at 35°C and then
neutralized with 100 pl of Tris-HCl 1 5 MpH 9-0. Without ICD
100 pl of sera were diluted with 200 pl of neutral buffer (glycine-
HCl 1.5 M: Tris-HCl 1-5 M, 1: 1). Then, 200 pl of neutralized sera
were titrated either with Coulter p24 antigen kit or with a
sensitive fluorescent-ELISA for p24 we recently described for
monitoring HIV-1 replication in vitro [20]. The fluorescent-
ELISA was slightly modified for detection of p24 antigen in
human sera, MoAb EH12E1 [21] was used as capture antibody,
and biotinylated human IgG (from a pool of HIV- 1 + sera) was
used as detection antibody, at 1-5 pg/ml. Antigen standard
solutions (rp24) were prepared in PBS 33% fetal calf serum

0-5% Triton X-100. The other parts of the protocols remained
identical to those described [20].

CD4 and CD8 cell counts
CD4+ and CD8+ T cell counts were assessed in whole blood by
flow cytometry on FACScan (Becton Dickinson, UK), using
fluorochrome-labelled MoAbs to CD4 (Leu-3a) and to CD8
(Leu-2a).
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Fig. 1. Comparative longitudinal analysis ofthe IgG response to HIV-1 p 17 and p24: p 17 and p24 IgG titres for asymptomatic (a, b) and
for AIDS patients (c, d). Patients 06T, 07F, I IG, 04L and 09L received Zidovudine (AZT) treatment (see Table 1). 0, OIH; 0, 03D; A,
O5B; v, 06T; 0, 07F; *, lOG; A, llG; v, 02Q; O, 04L; +, 08B; 0, 09L; 0, 17P.

Table 2. Longitudinal analysis of p24 antigenaemia without and with immune complex dissociation (ICD)

Patients OH 02Q 03D 04L 05B 06T
Months from 1 January 86 29-37-68-79 18-27-38 21-34-52-78-85 11-24-37-41 34-39-62-79 24-36-50-73-85
p24 (pg/ml) 00-00-00-00 00-00-00 00-00-00-00-00 00-00-00-00 00-00-00-00 00-26-227-30-67
p24 with ICD (pg/ml) 06-05-00-00 14-12-13 09-09-09-13-04 19-128-31-16 00-13-17-18 107-197-379-165-107

Patients 07F 08B 09L lOG 1 lG 17P
Months from 1 January 86 17-34-50-75 29-37-40-53 29-54-69-75-79 15-35-49-74-83 15-31-54-78 18-44-50-61
p24 (pg/ml) 00-00-07-00 102-500-113-125 00-00-13-65-00 00-00-00-00-00 00-00-00-00 02-61-06-19
p24 with ICD (pg/ml) 22-16-16-17 558-849-466-517 45-37-56-78-18 10-16-17-14-08 13-17-10-11 125-124-41-181

RESULTS

p1 7 lgG titres: longitudinal analysis and relationship to p24 IgG
titres, p24 antigenaemia and CD4 cell counts
Titres of IgG antibodies to HIV-1 p I 7 were analysed longitudi-
nally over a period of 3-6 years, depending on the clinical course
of the patients (Table 1). An indirect ELISA was used to
quantify the levels of specific IgG directed against p17 in each
serum sample. Cross-sectional results showed that p17 IgG
titres varied widely, from 2-8 x 106 for patient IiG to 100 for
patient 17P, and did not relate to clinical status (Fig. 1). As
shown in Fig. 1, all patients who developed AIDS since 1986 had
declining titres; whereas in the asymptomatic group two
opposing patterns were observed: two patients (03D and I1 G)
had a constant decline in IgG titres, but increasing titres were

observed for four patients (OIH, 05B, 06T and lOG) over a 4-5
year period.

Comparison with p24 IgG titres (Fig. 1) revealed a quantita-
tive similarity between the IgG responses to these two antigens.
Significantly, patients with low p17 IgG titres also had low p24

IgG titres and vice versa. Furthermore, on a longitudinal basis,
titres to p17 and p24 showed parallel evolution in all patients,
with the exception of patient 06T, who had a steady increase in
p17 IgG titres accompanied by a decline in p24 IgG titres
between months 50 and 73.

The p24 antigen concentration with or without ICD was

measured in each patient's serum (Table 2). ICD treatment
increased dramatically the detectability of p24 antigen in sera.

In a total of 96 sera analysed, 73% which were initially negative
for p24 antigen became positive after ICD (a 10 pg/ml). The
relationship between IgG titres and p24 antigenaemia was

examined (Fig. 1 and Table 1); patients 04L, 08B and 17P who
had a steady decline in IgG titres also had high p24 antigenae-
mia. Other patients, however (02Q, 09L and 03D) with declining
titres did not have a marked rise in p24 antigen concentration.

The longitudinal relationship between IgG titres and CD4
cell counts was also examined, and the results for four patients
are represented in Fig. 2. Patients 01 H and IOG had a sustained
increase in IgG titres and very stable CD4 cell counts over the
period ofstudy. Patients who developed AIDS (04L and 09L) by
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Fig. 3. Avidity index of the IgG response to HIV- I pI7. Two-sample t-
test showed a significant difference in avidity index between the
asymptomatic and AIDS patients (log transformed data, P < 0 01). Sera
of patient 17P had too low p17 IgG titres to be tested for avidity.

definition had low CD4 cell counts declining to under 200 cells/
pl. However, as shown for patient 09L, the decline in IgG titres
preceded by at least 40 months the fall in CD4 cells to below 200/
pi (Fig. 2). Patients 03D and 1 IG (both asymptomatic), who had
a steady decline in p17 and p24 IgG titres, maintained stable
CD4 cell counts around 400-500 cells/il.

Six patients received Zidovudine (AZT) treatment (Table 1),
but no measurable effect was observed on p 17 and p24 IgG titres
(Fig. 1), despite a temporary reduction in p24 antigenaemia in
some cases (patients 04L and 06T, Table 2).

p1 7 IgG avidity
Urea (a denaturant), which causes dissociation of immune
complexes, was used to test the avidity ofpl 7 IgG in each serum.

Treatment with urea at high molarity (8 M) did not affect rp 17
solid phase and was found to be optimum to differentiate low
from high avidity IgG. To compare patients and serum samples
of different dates, the assay was optimized with serum dilutions
giving a similar signal level (A492 1-0) in the ELISA for IgG.

An Al over 40 was only observed in the asymptomatic
group, whereas the AIDS group was characterized with several
Al < 25, and patients with Al between 30 and 40 were found in
both groups (Fig. 3). Comparison by a two-sample t-test showed

a significant difference between the two groups (P < 0-0 1). Using
the same urea method, avidities were also tested longitudinally,
but no within-patient difference was observed (two-way analysis
of variance, P> 0 1), with the exception of patient 03D who had
a drop in Al from 81 to 59 over 5 years. The Al value given for
patient 03D (Fig. 3) is the median value at month 52.

DISCUSSION

The antibody response to HIV-1 gag p17 protein has been
studied using cross-sectional sera [10,11,13]; however, a single
time-point measurement per patient cannot adequately repre-
sent the humoral response to p17. A longitudinal approach
provides a more powerful analysis, as recently shown for the
antibody response to HIV-1 p24 [9]. We therefore considered it
pertinent to study a patient cohort thoroughly to understand the
natural history of the IgG response to HIV-1 p1 7. The patients
with haemophilia chosen have been followed clinically at
regular intervals since 1986. To characterize the IgG response to
HIV- 1 p17 gag protein, several parameters were analysed: titre
and its relationship with p24 IgG titre, p24 antigenaemia and
CD4 cell counts, and avidity.

At any single time-point the magnitude of the IgG response
to p17 varied widely between patients, and inter-patient titres
were not related to the clinical status; consequently a cross-
sectional analysis was not informative. Analysis by Western blot
showed the same trend; sera with strong p 17 and p24 reactivities
on Western blot had high IgG titres in ELISA, and sera with low
ELISA titres were weakly positive or negative on Western blot
(data not shown). Longitudinal observations showed no dicho-
tomy between the IgG response to p 17 and to p24, in contrast to
data described by previous authors [1 0,1 1,13]. However, those
authors did not titrate the p17 IgG response longitudinally. In
this study all patients who developed AIDS were characterized
by declining p 17 and p24 IgG titres. When compared with CD4
cell counts, the decline in IgG titres could precede by at least 3-4
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years the final decline in CD4 cells to under 200/p1, in agreement
with results on p24 IgG titres [9]. For the asymptomatic patients
(CDCII), stable or increasing p17 and p24 IgG titres were
always associated with stable or increasing CD4 cell counts.
Other clinically asymptomatic patients like 03D and 1 IG, who
had declining IgG titres but low stable CD4 cell counts (400-500
cells/pl) could be in a phase proximate to the fall in CD4 cell
counts, defining the onset ofAIDS. These two patients had high
CD8 cells counts (> 1000 CD8/pl, data not given); previous
studies have shown that some CD8 T lymphocytes can suppress
both cell-mediated and humoral responses to HIV-1 [22].
Declining IgG titres can also result from early functional
impairment in CD4 T helper cells [23]; HIV-1 infection is
associated in some patients with a loss in immune responses to
HIV- 1 antigens [24] and to other viral antigens such as
cytomegalovirus (CMV) [25]. Longitudinal measurement of
total serum IgG concentration showed no correlation with
increase or decrease in p1 7- and p24-specific IgG titres (unpub-
lished data). Since IgG titres could directly reflect the functional
status ofCD4 cells, p 17 and p24 IgG levels are better predictors
of disease progression than CD4 cell counts. However, this
requires that IgG titres and not only reactivity should be
measured longitudinally for each patient. Such studies are
essential for the rational planning and monitoring of immuno-
or anti-viral therapies. In our studies, AZT treatment had no
measurable effect on p17 and p24 IgG titres, and therefore is
unlikely to have restored CD4 cell function.

p24 antigenaemia was estimated on the same patients'
samples; p24 antigen appeared to be mainly in the form of
immune complexes, since ICD treatment dramatically increased
the level of p24 antigen detected [26,27]. However, as stated
earlier [8], we found that p24 antigenaemia alone did not reflect
the clinical status of the patients because patients with declining
IgG titres and low CD4 did not necessarily have high p24
antigenaemia and vice versa. Therefore p24 antigenaemia was
only informative when considered in the context of IgG titres
and CD4 cell counts.

Overall AIDS patients had a lower IgG Al than asymptoma-
tic patients. Two hypotheses could explain this result: patients
who developed AIDS did not raise high avidity IgG to HIV-1
p17 following seroconversion; this could be due to a failure in
affinity maturation of the antibody response to HIV-1. Low
avidity antibodies would be less efficient in controlling the virus,
thereby making such patients more vulnerable to disease
development than those with higher avidity antibodies, as seen
in hepatitis B infection [15].

Alternatively, a low IgG Al could result from a gradual loss
in high avidity IgG to p17 with time after HIV-l infection, as
suggested for the IgG response to HIV-1 gp4l [14]. This is
exemplified by patient 03D, who remains asymptomatic but has
declining IgG titres and a fall in the Al over a 5-year period. The
p17 IgG response was mainly restricted to subclasses 1 and 4,
and IgGI had higher avidity than IgG4 [15]; furthermore, IgGl
titres fell more dramatically than IgG4 titres (data not shown).
This suggests that patients who developed AIDS had already
lost proportionally more IgG 1 [28] and higher avidity anti-
bodies before 1986, as their IgG Al remained stable after that
time. The IgGl subclass may be more Th2 cell-dependent than
other subclasses requiring IL-4 and IL-5 production [29,30],
which may be deficient in HIV- 1-infected individuals who
develop AIDS [31].

Further work involving detailed measurement of mean
affinity constants of the IgG response using double radioisotope
methods described elsewhere [15,32] or a Bio-sensor equipment
is essential to confirm the results found with the urea method. If
similar results are obtained, the affinity of the IgG to HIV- I will
be a relevant early prognostic marker and would elucidate the
role of the antibody response in controlling virus spread and
pathogenesis, as observed for other viral infections [15,33].
However, as HIV- 1 has a high mutation rate, a caveat should be
made on the use of recombinant proteins or synthetic peptides
for estimating IgG avidity/affinity. To complete the study of the
IgG response to HIV-1 p17, the p17 gag gene of each patient's
viral isolate should be sequenced to assess the influence of
sequence variations on antibody affinity or avidity measure-
ments.
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