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ViralViral dynamics and immune reconstitution during potent antiretroviral therapy 

NextNext to a profound J-cell immunodeficiency, HtV-1 infection induces 
activationactivation and dysfunction of B cells, resulting in hypergamma-
globulinemia. globulinemia. 

WeWe studied the effect of potent antiretroviral therapy on antibody titers 
toto the viral proteins gpl20 and p24 and on total IgC concentrations, as 
wellwell as on 1-celi subsets. Three groups were studied: a successfully treated 
group,group, untreated controls and subjects with virological failure after several 
monthsmonths of successful therapy. 

AllAll antibodies declined in the successfully treated group, while they 
remainedremained relatively stable in the untreated group and rebounded with the 
HIV-RNAHIV-RNA levels in the therapy failure group. Changes in virus-specific 
antibodies,antibodies, but not in total IgC concentrations, correlated with changes in 
CD8*CD8* T celts, CD8* memory T cells, and CD8 + T-cell activation, but not 
withwith changes in HIV-RNA levels or CD4' T-cell counts. 

InIn conclusion, with potent antiretroviral therapy both anti-viral antibody 
titerstiters and non-specific hypergammaglobulinemia decline as a result of 
diminisheddiminished virus specific and general activation of the immune system. 
TheThe relationship of the virus-specific antibodies with changes in CD8+ T-
cellcell subsets suggests that both reflect the decline in viral antigen load with 
antiretroviralantiretroviral therapy. 

INTRODUCTION N 

Nextt to a profound T-cell immunodeficiency, infection with the human 
immunodeficiencyy virus (HIV) causes activation and dysfunction of B 
cells.11"511 B-cell activation leads to hypergammaglobulinemia, which is 
partiallyy due to the production of virus-specific antibodies and partially 
reflectss a polyclonal activation.'14'6'71 Despite the elevated immunoglobulin 
levels,, B cells respond poorly to mitogens in vitro.'2'31 In vivo, CD4* T-
helperr cell dependent antibody production upon vaccination is limited in 
subjectss with low CD4+ T-cell counts.181 

Amongg the virus-specific antibodies are antibodies against the core 
proteinn p24 and the envelope glycoproteins gp120 and gp41, which 
appearr within a few weeks to months following infection with HIV.[91ül In a 
considerablee number of individuals, p24 antibodies wil l disappear over the 
coursee of the disease and circulating p24-antigen becomes detectable, 
whichh is prognostic for the development of AIDS.'11"161 Patients who rapidly 
progresss to AIDS have lower or no detectable titers of p24 antibodies 
comparedd to patients who do not or only slowly progress. In contrast, 
antibodiess to gp120 and gp41 remain relatively stable over the course of 
thee infection and there is no distinction in gp120 antibody titers between 
fastt progressors and long-term non-progressors.[11'316~18' Immune-
complexingg of p24 antibodies by p24-antigen and a difference in CD4" T-
helperr cell dependence for production of antibodies to the two different 
antigens,, could both explain the difference in patterns between the core 
andd envelope antibodies.''2,416 ' 
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ChapterChapter IX. Antibody titers during anti-HlV therapy 

Currentt antiretroviral therapy including a protease inhibitor leads to a 
strongg suppression of viral replication, reflected by a rapid and sustained 
declinee of HIV-1 RNA levels in the peripheral blood and lymphoid 
tissue.1199 2Ü| In response, CD4+ T-cell counts increase, the antigen-specific 
andd non-specific T-cell function improves and T-cell activation 
decreases.121'2511 However, immune reconstitution is a slow process and is 
nott complete in many subjects after two years of therapy.125'261 

Thee effects of potent antiretroviral therapy on B-cell activation and HIV-
specificc antibodies have not been very well documented. One study has 
reportedd a rapid decline in general and virus-specific immunoglobulin-
producingg cells and a slow decline in total IgG, anti-gp120 and anti-p24 
antibodiess with the use of antiretroviral therapy. Long-term data were only 
reportedd from a very limited number of subjects.151 

Wee studied the effects of potent antiretroviral therapy on 
hypergammaglobulinemiaa and anti-gp120 and anti-p24 titers by comparing 
successfullyy treated subjects with both untreated controls and subjects who 
failedd on treatment. We have shown that all antibody levels decline after 
successfull suppression of HIV-RNA levels with antiretroviral therapy and 
havee related this to other parameters of restoration of the immune system 
inn response to the changing viral burden. 

METHODSS AND MATERIALS 

Subjects s 
Thee effects of antiretroviral therapy were studied in 13 previously 

untreated,, HIV-1 infected participants in an open label triple combination 
study,, who had a strong suppression of viral replication for at least one-
and-a-halff years. All subjects used the protease inhibitor (PI) ritonavir and 
twoo nucleoside analogue reverse transcriptase inhibitors (NRTI), 
zidovudinee and lamivudine.'201 Ten of the 13 successfully treated subjects 
weree followed for 84 weeks, one for 60 weeks and two for 52 weeks. 

Controlss were 13 untreated HIV-1-infected subjects, who were 
retrospectivelyy chosen by matching their baseline HIV-RNA levels and 
CD44 T-cell numbers with those of the treated subjects. The controls 
remainedd untreated during a period of at least 84 weeks. 

Thee treatment failure group consisted of eight retrospectively selected 
subjects,, who had been treated with various Pl-containing combination 
regimens,, resulting in a temporal suppression of HIV-RNA levels to below 
thee assay cutoff level, with subsequent virological failure. The suppression 
neededd to be sustained for at least four months after start of therapy and 
followedd by a rapid increase in HIV-RNA levels to at least 0.5 logiu 
copies/mLL from baseline. The subjects had a median duration of 
unquantifiablee HIV-RNA of 36 weeks (range 16 to 52) and a median total 
follow-upp of 72 weeks (range 48 to 84). 
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ViralViral dynamics and immune reconstitution during potent anti retroviral therapy 

Anti-gp1200 titers 
Anti-gp1200 titers were determined by antigen capture enzyme-linked 

immunosorbentt assay (ELISA). In brief, gp120 from HIV-1 isolate 451 (ABL, 
Inc.,, Kensington, MD) [27] was diluted in a sample diluent (SD; phosphate 
bufferedd saline (PBS) containing 20% normal goat serum and 1% Triton X-
100)) and captured onto a solid phase (Greiner plates; Frickenhausen, 
Germany)) via adsorbed mouse antibody M90-2C6 (ABL, Inc., Kensington, 
MD)) to a conformational epitope of gp120. In each assay, after washing 
awayy unbound gp120 with 0.05% Tween 20 in PBS (PBST), serum 
sampless were titrated by eight serial threefold dilutions (initial dilution of 
1:1000)) in SD. Bound antibody was detected by peroxidase-labeled mouse 
anti-humann IgG and tetramethylbenzidine peroxidase (TMB) as substrate. 
Thee optical densities (ODs) were measured at 450 nm on an ELISA reader 
(Readerr 510, Organon Teknika, Boxtel, The Netherlands). 

Anti-gp1200 titers were defined as the login serum dilution giving an OD 
off 1.000. For this, the dilutions were plotted against the measured OD and 
thee dilution giving an OD of 1.000 was calculated by regression estimation 
off the curve. Samples from one subject taken at different moments were 
alwayss analyzed at the same time, (preferably) in the same microtiter plate. 

Anti-p244 titers 
Anti-p244 titers were determined by ELISA. In brief, recombinant p24 

fromm HIV-1 isolate RF was coated to a solid phase (Greiner plates; 
Frickenhausen,, Germany). Initially, each serum sample was tested at a 
singlee dilution of 1:100 in SD supplemented with 10% of normal human 
serumm (NHS). Subsequently, clearly positive samples were titrated by eight 
seriall threefold dilutions (initial dilution of 1:100). Bound antibody was 
detectedd by peroxidase-labeled recombinant p24 and 
tetramethylbenzidinee peroxidase (TMB) as substrate. The optical densities 
(ODs)) were measured and anti-gp24 titers defined as described for the anti-
gp1200 titers. Samples negative or borderline-positive in the 1:100 dilution 
weree assigned titers of 1.5. 

Totall IgG levels 
Totall IgG levels were measured by nephelometry, according to the 

manufacturerss protocol, using a BNA nephelometer, Behring, Breda, The 
Netherlands.. In our hospital, the normal range is 7 to 16 g/L. 

P24-antigenn concentration 
P24-antigenn concentration was measured with a commercially available 

sandwichh solid phase enzyme immunoassay, HIVAG-1 Monoclonal Kit 
(Abbottt Laboratories, Abbott Park, ID, according to the manufacturers 
protocol. . 

HIV-RNAA levels 
Inn the successfully treated group, HIV-RNA levels were measured with 

thee NucliSens assay (Organon Teknika BV, Boxtel, The Netherlands; lower 
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ChapterChapter IX. Antibody titers during anti-HIV therapy 

cutofff level (LCD of 400 (2.60 logio) copies/mL), and if results were below 
thee lower cutoff, samples were remeasured with an ultra-sensitive protocol 
adaptation,, the Ultra-NucliSens, which has a LCL of 100 (2.00 logio) 
copies/mL.'281 1 

Inn the control- and treatment failure groups, HIV-RNA levels were 
measuredd with the assay available for routine patient care at that time, 
whichh was usually the NucliSens assay. For most samples drawn before 
Augustt 1996, the NASBA HIV-1 QT (Organon Teknika BV, Boxtel, The 
Netherlands;; LCL 1000 (3.0 logio) copies/mL) was used and occasionally 
thee Amplicor assay (Roche Molecular Systems, Branchburg, NJ, USA; 
variablee LCL around 200 (2.30 logio) copies/mL) was used. Measurements 
weree performed according to the respective manufacturers protocol. 

Lymphocytee subsets 
Lymphocytee immunophenotyping for peripheral CD4^ and CD8* T cells 

andd CD19* B cells was done using two-color immunofluorescence flow 
cytometryy (FACS). In the successfully treated group, naive and memory T-
lymphocytee subsets were measured by using three-color flow cytometry for 
thee surface proteins CD45RA or CD45RO plus CD62L (L-selectin), as 
previouslyy described.1221 T-cell subsets co-expressing CD45RA and CD62L 
weree regarded as truly naive T cells, whereas remaining T cells were regarded 
ass memory lymphocytes.'291 Activation of CD8 cells was determined by the 
percentagee of CD8 + CD45RO+ cells positive for CD38. 

T-celll function 
Thee in vitro proliferative response to CD3 was determined in a lymphocyte 

culturee from 15 u l of whole blood, in the successfully treated and the 
untreatedd groups, as previously described in detail.1301 In brief, proliferative 
responsess were measured after four days of culture by means of incorporation 
off 3H-thymidine, added 24 hours before harvest. Proliferative capacity was 
calculatedd to counts per minute per 15 u l . 

Statisticall analysis 
Time-dependentt analyses were performed using a repeated measurement 

model,, Proc mixed, SAS 6.12 (SAS Systems Inc., Cary, NC), including the 
respectivee baseline value and time since the start of treatment as covariates. 
SPSSS 9.0.1 (SPSS Inc., Chicago, IL) was used for the remaining statistical 
analyses.. Correlation coefficients were obtained by Spearman rank 
correlation.. Differences between groups at baseline were analyzed with 
thee Mann-Whitney U test for continuous variables and with the Fisher's 
exactt test for categorical variables. 

RESULTS S 

Thirteenn successfully treated subjects and 13 untreated controls, 
retrospectivelyy matched with the first group for CD4+ T-cell counts and 
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plasmaa HIV-RNA levels at entry, were included in the study. A third group 
consistedd of eight subjects, who started with Pl-containing combination 
therapyy and experienced virological failure after several months of viral 
suppression.. Antibody patterns in this group were expected to initially 
showw the same pattern as in the successfully treated group, with possible 
differencess following the return of HIV-RNA levels towards baseline. 
Baselinee characteristics of the three groups are shown in Table 1. There 
weree no statistically significant differences with regard to the various 
immunee parameters between the successfully treated and the untreated 
groups.. The treatment failure group had significantly lower CD4 + T-cell 
andd CD19T B-cell counts at baseline compared to the untreated controls 
andd contained significantly more subjects with symptomatic HIV-disease 
(CDCC class B or C). 

Group p 

nn (male/ female) 

CDCC class ( A / B / C ) 

Agee (years) 

nn pre-treated 

HIVRNAflogio o 
copies/mL) ) 
p24-antigenn positive 

Anti-p244 titer (logio) 

Anti-p244 below cutoff 

Anti-gp1200 titer (logio) 

Totall IgG (g/L) 

CD4++ T cells (106 

cells/L) ) 
CD88 + T cells (106 

cells/L) ) 
CD8TT memory T cells 
(1066 cells/L) 
Activatedd (% CD38 + ) 
C D r C D 4 5 R O + TT cells 
C D i rr B cells (106 

cells/L) ) 
T-celll function 
(counts/min.) ) 

Untreated d 
Controls s 
1 3 / 0 0 

1 1 / 2 / 0 0 

40(35-46) ) 

0 0 

4.99 (4.6-5.5) 

55 (42%) 

2.11 (1.4-2.8) 

55 (38%) 

4.55 (4.2-4.7) 

16.5 5 
(15.2-20.9) ) 
270 0 
(205-333) ) 
740 0 
(560-- 1230) 
ND D 

ND D 

215 5 
(130-250) ) 
1725 5 
(1083-2942) ) 

Successfully y 
Treated d 
1 2 / 1 1 

7 / 3 / 3 3 

37(34-41) ) 

0 0 

4.9(4.7-5.0) ) 

66 (46%) 

2.55 (1.5-2.8) 

66 (46%) 

4.44 (3.8-4.9) 

17.6 6 
(14.9-20.3) ) 
190 0 
(138-223) ) 
940 0 
(698-- 1145) 
799 9 
(6111 - 1049) 
255 (18-41) 

150 0 
(115-190) ) 
660 0 
(199-2020) ) 

Treatment t 
Failures s 
7/1 1 

2 / 1 / 5 * * 

37(32-48) ) 

66 (75%)* 

4.6(4.5-5.3) ) 

55 (71%) 

1.0(1.0-2.5) ) 

55 (63%) 

4.7(4.5-5.0) ) 

20.7 7 
(16.9-23.3) ) 
80 0 
(15-210)* * 
640 0 
(258-- 1393) 
ND D 

ND D 

55 5 
(23-- 140)* 
ND D 

Tablee 1. Baseline characteristics of the three groups. Shown are medians 
andand interquartile ranges (IQR). * significantly different (p < 0.05) from 
untreateduntreated controls with Mann-Whitney test, or Fisher's Exact Test. ND -
notnot done. 
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Baselinee anti-gpl 20 titers, anti-p24 titers and total IgG concentrations of 
alll three groups combined did not correlate with HIV-RNA levels, CD4~-
orr CD8" T-cell- or CD19+ B-cell counts or T-cell function. Anti-gp120 and 
anti-p244 titers at baseline correlated with borderline statistical significance 
withh the total IgG concentrations (R = 0.33, p = 0.06 and R = 0.34, p = 
0.05,, respectively), but not with each other. Subjects with anti-p24 titers 
beloww 1.5 at baseline were significantly more often p24-antigen-positive 
thann subjects with anti-p24 titers that could be quantified (12/16 versus 
4/16,, p = 0.01, Fisher's exact test). 

HIV-RNAA and lymphocyte responses 
Alll subjects in the successfully treated group had a strong and persistent 

suppressionn of HIV-RNA levels to below 100 copies/mL and a substantial 
risee in CD4+ T-cell counts (Fig.s 1A and B). CD8+ T-cell counts increased 
duringg the first few weeks, but subsequently returned to baseline values 
(Fig.. 1C). In addition, the number of circulating CD19+ B cells showed a 
rapidd increase upon start of treatment (Fig. 1D). CD8+ memory T-cell 
countss increased initially, but decreased subsequently to below baseline 
values,, while CD8 + naïve T-cell counts slowly increased. The percentage 
off activated CD8+ memory T cells rapidly declined and the anti-CD3 T-cell 
functionn improved.1251 

Inn contrast, in the control group HIV-RNA levels remained stable at a 
highh level while CD4+ and CD8+ T-cell and CD19+ B-cell counts also 
remainedd relatively stable, with a tendency for the CD4+ T-cell and CD19 + 

B-celll counts to decline towards the end of the study period (84 weeks). 
Thiss is indicative of a normal HIV-1-induced deterioration of the immune 
system.. Subjects in the treatment failure group, which had specifically 
beenn selected for their HIV-RNA pattern of decline and subsequent 
rebound,, continued to have slow, persistent increases in CD4" and CD8" 
T-celll and CD19+ B-cell counts, despite the return of the HIV-RNA levels 
too baseline values (Fig.s 1A-D). CD8+ T-cell subsets were not determined 
inn the control and treatment failure groups. 

Antibodyy titer changes 
Inn order to obtain data on the effects of anti retroviral therapy on the 

humorall immune system, anti-gp120 titers, anti-p24 titers and total IgG 
concentrationss were determined on longitudinally sampled sera in the 
threee groups. In the untreated controls, anti-gpl 20 titers remained stable, 
whilee anti-p24 titers tended to decline in subjects with quantifiable anti-
p244 titers at baseline, and IgG concentrations tended to increase towards 
thee end of the follow-up period (Fig. 2A-C). This pattern of stable anti-
gpll 20 titers, slowly declining anti-p24 titers and slowly increasing IgG 
concentrationss is as expected for individuals with reduced (median 270 
cells/fiL)) and slowly declining CD4* T-cell counts and high HIV-RNA 
levelss (median nearly 105 copies/mL) .[M<11-161 

titerss and total IgG concentrations were statistically significantly different 
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Controls s Success s Failures s 

12 2 24 4 

Numberr of subjects (% below cutoff) 
Controlss 13(0%) 13 (8%) 
Successs 13 (0%) 13 (92%) 
Failuress 8 (0%) 8 (88%) 

366 4 8 6 0 

Week k 

133 (0% ) 
133 (92% ) 
88 (38% ) 

72 2 84 4 

13(0%) ) 
100 (100% ) 
66 (0% ) 

B B 700 700 

600 0 
_ J J 

££ 500 

MM 400 
<u u 
u u 
I-- 300 
+ + 

gg 200 

100 0 

0J J 

0 0 

Numberr of subjects 
Controlss 13 
Successs 13 
Failuress 8 

12 2 24 4 

13 3 
13 3 
8 8 

366 4 8 

Week k 

13 3 
13 3 
7 7 

60 0 "2 2 H4 4 

13 3 
10 0 
6 6 

Fig.. 1 (A,B). HIV-RNA and lymphocyte patterns in the untreated controls, 
successfullyy treated and treatment failures during 72 to 84 weeks of 
follow-up.. Median values and interquartile ranges are shown. A. HIV-RNA 
levels,levels, with number of subjects tested and percentage with HIV-RNA 
levelslevels below the lower cutoff level (LCD of the assay used. In the 
successfullysuccessfully treated the Ultra-NucliSens assay with an LCL of 100 (2.0 
logm)logm) copies/mL was used. In the controls and treatment failures HIV-RNA 
levelslevels were measured with the assay available for routine patient care at 
thatthat time; usually NucliSens (LCL 400 (2.6 logic) copies/mL), in older 
samplessamples NASBA HIV-1 QT (LCL WOO (3.0 logw) copies/mL) and 
occasionallyoccasionally Amplicor (variable LCL around 200 (2.3 logm) copies/mL). B. 
CD4'CD4' T-cell counts. 
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Controls s Failures s 

12 2 

Numberr of subjects 
Controlss 11 
Successs 13 
Failuress 8 

24 4 

10 0 
13 3 

8 8 

366 48 

Week k 

11 1 
13 3 

7 7 

11 1 
10 0 
6 6 

500 0 

- 77  40 0 

300' ' 

200 0 

Q Q 
c_> > 

100 0 

00 12 

Numberr of subjects 
Controlss 10 
Successs 13 
Failuress 8 

24 4 

9 9 
13 3 

7 7 

366 48 

Week k 

10 0 
13 3 

7 7 

e . . 

10 0 
10 0 

Fig.. 1 (C,D). HIV-RNA and lymphocyte patterns in the untreated controls, 
successfullyy treated and treatment failures during 72 to 84 weeks of 
follow-up.. C. CD8' T-cell counts D. CD 19' B-celI counts. 

Inn the successfully treated group, anti-gpl 20 titers, anti-p24 titers and 
totall IgG concentrations all declined (Fig. 2A-F). The patterns of anti-gpl 20 
comparedd to the untreated controls (p < 0.001 for each parameter), in 
whomm anti-gp120 titers remained stable and IgG concentrations tended to 
increase.. For anti-p24 titers, which declined in the controls as well, the 
differencee was not statistically significant (p = 0.06). After 84 weeks of 
follow-up,, the median IgG concentrations in the successfully treated group 
hadd declined to just below the upper limit of normal. 
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Numberr of subjects 
Controlss 13 
Successs 13 
Failuress 8 

24 4 

13 3 
13 3 

30 0 60 0 

Week k 

13 3 
13 3 

13 3 
10 0 
6 6 

B B 

-00 6 

Numberr of subjects 
Controlss 8 
Successs 7 
Failuress 3 

__ D l 

S S 
22 -6 

00 12 

Numberr of subjects 
Controlss 13 
Successs 13 
Failuress 8 

24 4 

12 2 
13 3 

7 7 

366 48 

Week k 

13 3 
13 3 

fi fi 

6C C 72 2 34 4 

13 3 
10 0 
6 6 
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Fig.. 2. HIV-specific antibody titers and total IgG concentrations in the 
untreatedd controls, successfully treated and treatment failures during 72 
too 84 weeks of follow-up. Median values and interquartile ranges are 
shown.shown. A to C. Changes from baseline of anti-gpl20 titers, anti-p24 titers 
inin the subjects with titers above the lower cutoff level at baseline, and 
totaltotal IgC concentrations, respectively. D to F. Individual absolute values 
inin the successfully treated group, with the median for the group. Anti-
gplgpl 20 titers, anti-p24 titers and total IgG concentrations, respectively. 

nn 55, Controls Success Failures 

00 1 2 2 4 3 6 4 8 6 0 7 2 8 4 

1.0 --  v 

00 1 2 2 4 3 6 4 8 6 0 7 2 8 4 

25.0 --  Wee k 

00 1 2 2 4 3 6 4 8 6 0 7 2 8 4 

Week k 
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Sixx subjects in the successfully treated group had anti-p24 titers below 
thee cutoff level at baseline, five of whom remained below the cutoff. The 
onee subject with increasing titers during treatment also had the strongest 
CD4** T-cell count increase (from 140 to 1250 cells/uL) and CD19+ B-cell 
countt increase (from 100 to 530 cells/ul), one of the strongest CD8* T-cell 
countt increase (from 1010 to 1600 cells/uL), and the highest baseline HIV-
RNAA levels (5.56 logio copies/mL) in this group. No subject with anti-p24 
titerss above the cutoff level at baseline had titers declining to below the 
cutofff while on treatment. 

Concurrentt with the strong decline in HIV-RNA levels, the six subjects in 
thee successfully treated group who were positive for p24-antigen at 
baselinee and in whom five had anti-p24 titers below the cutoff level, 
becamee p24-antigen-negative. 

Inn the treatment failure group, antibody titers declined at first, 
comparablee to the pattern of the successfully treated group. With the 
reboundd in HIV-RNA levels, anti-gp120 and anti-p24 titers and IgG 
concentrationss approximately returned to baseline levels (Fig. 2A-C). 

Off the five subjects from this group with anti-p24 titers below the cutoff 
levell at baseline, one subject had a -strong- increase in anti-p24 titers. Like 
thee subject from the success-group, this subject had the strongest CD4* T-
celll (from 10 to 450 cells/uL) and CD19+ B-cell count increase (from 80 to 
2600 cells/ul), one of the strongest CD8+ T-cell count increase (from 160 to 
9200 cells/ul), and one of the highest baseline HIV-RNA levels (5.42 logio 
copies/mL)) in the treatment failure group. 

Correlationss between changes in antibodies and T-cell immunity 
Thee relationships between a number of immunological and virological 

parameterss were investigated by correlating the magnitude of changes of 
thee respective parameters at the last visit of each subject. In the 
successfullyy treated group, changes in anti-gp120 titers, anti-p24 titers and 
totall IgG concentrations did not correlate with each other, nor did they 
correlatee with the changes in plasma HIV-RNA levels, CD4+ T-cell or 
CD19"" B-cell counts or anti-CD3 T-cell function. 

Inn the subjects with anti-p24 titers above the cutoff level at baseline, 
changess in anti-p24 titers correlated with changes in total CD8* T-cell 
countss (R = 0.86, p = 0.01), changes in CD8* memory T-cell counts (R = 
0.83,, p = 0.04) and changes in percentage of activated CD8" memory T 
cellss (R = 0.78, p = 0.04). Anti-gpl 20 titer changes did also correlate with 
changess in CD8^ memory T-cell counts (R = 0.73, p = 0.01), but not with 
changess in total CD8^ T-cell counts or percentage of activated CD8" 
memoryy T cells. Changes in total IgG concentration did not correlate with 
changess in total CD8+ T-cell counts or CD8+ T-cell subsets (Table 2). 

Inn the treatment failure group, changes in anti-gp120 titers correlated 
closee to statistical significance with changes in total CD8" T-cell counts, 
butt changes in IgG concentrations did not (R - 0.66, p = 0.08 and R = 
0.36,, p = 0.38, respectively). For changes in anti-p24 titers data were 
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availablee from three subjects with anti-p24 titers above baseline only 

(Tablee 2). 

agp120 0 
change e 

ap24 4 
change e 

IgG G 
change e 

Successfully y 

Totall CD8 
change e 

RR = 0.26, 
pp = 0.38 
nn = 13 
RR = 0.86 
pp = 0.01 
nn = 7 
RR = 0.29 
pp = 0.33 
nn = 13 

treated d 

CD8 8 
memory y 
change e 
RR = 0.73 
pp = 0.01 
nn = 11 
RR = 0.83 
pp = 0.04 
nn = 6 
RR = 0.02 
pp = 0.96 
nn = 11 

%% activated 
CD8++ memories 
change e 
RR = -0.03 
pp = 0.92 
nn = 13 
RR = 0.78 
pp = 0.04 
nn = 7 
RR = 0.17 
pp = 0.59 
nn = 13 

Treatment t 
failures s 
Totall CD8 
change e 

RR = 0.66 
pp = 0.08 
nn = 8 
ND D 
nn = 3 

RR = 0.36 
pp = 0.38 
nn = 8 

Tablee 2. Spearman rank correlations of changes in antibodies with 
changeschanges in total CD8+ T-cell counts and CD8+ T-cell subsets, in the 
successfullysuccessfully treated group and with changes in total CD8+ T-cell counts in 
thethe treatment failure group. ND = not done. 

DISCUSSION N 

Thiss study shows that in subjects treated with potent antiretroviral 
therapy,, who had a rapid and prolonged suppression of HIV-RNA levels, 
bothh HIV-specific antibodies and total IgG slowly but steadily declined. In 
contrast,, antibodies remained relatively stable in untreated subjects with 
comparablee high HIV-RNA levels and decreased CD4+ T-cell counts, with 
aa tendency of anti-p24 antibodies to decline and IgG concentration to 
increasee during infection, both of which indicated disease 
progression.n'41M611 In subjects with a temporal suppression of HIV-RNA 
levelss and subsequent treatment failure, antibodies followed the RNA 
pattern,, bouncing back to baseline values. 

Antibodyy production during HIV-infection is influenced by several 
factorss and the suppression of viral replication has a number of effects that 
maymay influence the titers of the different antibodies, possibly in opposite 
directions.. These are: 1) a rapid and strong decline in viral antigens 
followingg the suppression of viral replication, which would be expected to 
resultt in a decline in the stimulation of virus-specific B and T-cell 
immunity.1"'31'3211 2) A strong suppression of viral replication, which would 
bee expected to result in a decline in the general immune activation of both 
BB and T cells, as has been shown for T cell activation.121'251 3) An increase 
inn T-cell immunity, both in numbers and in function, which could 
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stimulatee T-helper cell-dependent anti-viral immunity.1*''"-251 However, in 
contrastt to T-helper cell-dependent antibody production to other 
pathogens,, recovery of HIV-specific T-helper cell function is very 
limited.124-5'-'-"" 4) The restoration of the follicular dendritic cell (FDC) 
networkk in lymphoid tissue and an increase in B-cell- and other antigen-
presentingg cell (APQ function, which could potentially result in an 
increasedd virus-specific antibody production."5' 5) A decrease in viral 
antigens,, which could reduce complexing of antibodies, thus possibly 
increasingg the measured titers of circulating anti-viral antibodies.11214] 

Overall,, anti-p24 and anti-gp120 antibody titers and total IgG 
concentrationss showed a pattern which was specific for each patient 
group.. In the successfully treated subjects, all antibodies declined slowly 
butt continuously, while in the treatment failure group a subsequent return 
too baseline occurred following the HIV-RNA rebound. Although all 
antibodiess declined with successful therapy, the underlying mechanisms 
mayy not be completely identical. A decline in antigenic stimulation of the 
virus-specificc immune system and a decline in the general immune 
activationn are both expected to result in declining antibody titers. The first 
wouldd be expected to more strongly influence the virus-specific antibodies, 
thee second to more strongly influence the hypergammaglobulinemia. 

Thee dynamics of the decline in antibody levels were delayed compared 
too the decline in HIV-RNA levels. However, viral proteins, like p24, have 
beenn shown to persist longer than viral RNA on the surface of FDCs in 
lymphoidd tissue under antiretroviral therapy.136371 The decline in viral 
antigenss and, in response, in antibodies might therefore not occur at a rate 
identicall to the rapid decline in viral RNA. 

Anti-gp1200 and anti-p24 responses might not be regulated by exactly the 
samee factors, as is shown in the untreated group, in whom anti-gp120 titers 
remainedd stable while anti-p24 titers declined. Anti-p24 antibody 
productionn has been suggested to be T-helper cell-dependent, whereas 
anti-gp1200 production is T-helper cell-independent and more directly 
responsivee to the amount of viral antigen.1161 The recovery of virus-specific 
T-helperr cell function with the use of potent antiretroviral therapy is 
limited.1241411 This might explain the fact that the anti-p24 titers remained 
loww in most subjects in the successfully treated group who had anti-p24 
titerss below the cutoff level at baseline.1261 However, the two subjects with 
increasingg anti-p24 titers in the successfully treated- and treatment failure 
groupss showed concurrent strong rises in CD4+ T-cell and CD8* T-cell 
counts,, indicating that recovery of CD4+ T-helper cell function may have 
beenn involved. 

Complexx formation of anti-p24 antibodies with p24-antigen is another 
factorr which differentiates anti-gp120 and anti-p24 responses. The 
measuredd levels of anti-p24 antibodies are therefore thought to be lower 
thann the actual ones.11214'161 However, in the subjects who were positive for 
p244 antigen and who had anti-p24 levels below the cutoff level, no 
reboundd of anti-p24 titers was observed following the clearance of viral 
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RNAA in serum. This indicates that in these cases antibody-antigen complex 
formationn does not play a significant role. 

Inn an effort to relate the observations on antibody levels to other 
parameterss of immune function and viral replication, we searched for 
significantt correlations between these factors. As the numbers of subjects 
inn the different groups are small, correlations between the different 
parameterss should be treated with some caution. The groups were selected 
retrospectivelyy and did not participate in a randomized trial together. 
Furthermore,, the number of available subjects with the required HIV-RNA 
profilee for the treatment failure group was limited. Therefore, this group 
wass not matched for baseline CD4+ T-cell counts and HIV-RNA levels. 

Inn the successfully treated group, significant correlations were found 
betweenn the changes in anti-p24 and anti-gp120 titers and changes in 
CD88 + memory T-cell counts. Such a correlation was not found for total 
IgGG concentrations. Anti-p24 titer changes also correlated with changes in 
totall CD8+ T-cell counts and the percentage of activated CD8+ T cells in 
thiss group. In agreement with these observations, a nearly statistically 
significantt correlation was found between changes in anti-gp120 titers, but 
nott in changes of total IgG concentrations or changes in total CD8 + T-cell 
countss in the treatment failure group. These associations probably do not 
reflectt a causal relationship, but more likely are the result of a response of 
bothh antibody production and CD8+ T cells to the decline in viral burden. 
Thiss explanation is most likely if a substantial part of the declining CD8 + 

memoryy T cells were HIV-specific CTLs. HIV-specific CTLs usually are 
CD45RO++ and the number of circulating HIV-specific CTLs declines with 
thee use of potent antiretroviral therapy.[3U8'39] Analysis of T-cell receptor 
(TCR)) distribution has shown that the expansion of CD8+ memory T cells 
iss oligoclonal, suggesting a virus-specific rather than a general expansion. 
Thee TCR distribution pattern slowly normalizes with antiretroviral 
therapy.[4Ü|| Furthermore, an increase of anti-p24 and anti-gp120 titers in 
parallell with an increase in antiviral CTLs, in subjects with increasing 
plasmaa HIV-RNA levels during treatment interruptions, has been described 
before.14111 If, on the other hand, the decline in CD8^ T-cell subsets would 
mostlyy reflect a change in general immune activation, one would expect 
thee hypergammaglobulinemia to correlate, rather than the virus specific 
antibodies.. In addition, like anti-p24 antibody production, CTL responses 
too p24 have been shown to correlate with T-helper cell function.'421 This 
mayy explain the stronger association of changes in antibody titers to p24 
(T-celll dependent antigen) than to gp120 (T-cell independent antigen) with 
changess in total CD8 ' T-cell counts and the percentage of activated CD8* 
TT cells. 

Inn conclusion, potent antiretroviral therapy leads to a slow, continuing 
declinee in both virus-specific antibodies and total IgG. Although different 
combinationss of the factors mentioned above could have been affecting on 
thee different kinds of antibodies we studied, the similarities in responses 
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suggestt that most of the inf luence comes from a decl ine in antigenic 

st imulat ionn of the virus-specific immune system and a decl ine in general 

immunee act ivat ion. The first mechanism w o u l d mostly inf luence the virus-

specificc antibodies and the latter the hypergammaglobul inemia, but both 

aree part of the normal izat ion of the immune system wi th anti-retroviral 

therapy.. The effects of anti-p24 ant ibody-complex ing and changes in T-

helperr cel l funct ion on anti-p24 titer changes appear to be l imi ted, 

al thoughh an improved p24-specific T-helper cell funct ion might explain the 

strongerr association of anti-p24 than ant i -gp120 titer changes wi th the 

C D 8 ** T-cell subsets. Our interpretation of the relationships between 

changess in C D 8 + memory T cells and changes in anti-p24 and anti-gp120 

titerss is that this reflects responses of these parameters to the decl ine in 

virall antigen load w i th the use of antiretroviral therapy. 
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