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SUMMARY

 

Reconstitution of functional CD4

 

+

 

 T cell responsiveness to 

 

in vitro

 

 stimuli is associated with continuous
highly active antiretroviral therapy (HAART). Thirty-six antiretroviral naive patients received
HAART over 16 weeks. Antigen-specific, mitogen and interleukin (IL)-2 induced lymphocyte prolif-
erative responses and specific IL-2 and IL-4 production were assessed at each time-point, together with
quantification of HIV-1 RNA load and lymphocyte populations. Reconstitution of recall responses was
limited largely to persistent antigens such as 

 

Herpes simplex virus

 

 and 

 

Candida

 

, rather than to HIV-1 or
neo-antigens. Recall antigens, mitogens and IL-2-induced renewed responses were associated with 

 

in-
vitro

 

 production of IL-2, but not IL-4. Differential responsiveness to low 

 

versus

 

 high concentration IL-
2 stimulus increases in a stepwise manner, suggesting normalization of IL-2 receptor expression and
improved functionality. These increases in 

 

in-vitro

 

 proliferative responses thus probably reflect short
lived effector clones, driven by ongoing antigenic stimulus associated with persisting long-term organ-
isms. In this context non-responsiveness to HIV-1 antigens suggests ongoing HIV-1 specific clonal T cell
anergy.
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INTRODUCTION

 

Memory CD4

 

+

 

 helper T lymphocyte (HTL) responses to recall
antigens such as tuberculin, tetanus toxoid and candida albicans
are detected readily in HIV-1 infected individuals throughout the
asymptomatic disease stage [1]. Depletion of the CD4

 

+

 

 T cell pop-
ulation to below 300 cells/

 

m

 

l of blood results in diminution of
these responses, such that they become completely undetectable
[2].

In contrast HIV-1 specific HTL responses are lost early, when
the CD4

 

+

 

 T cell population is quantitatively intact [3]. Activation
of naive HIV-1 specific HTL following initial infection and anti-
genic exposure may make these T cell clones primary targets for
HIV-1 infection and subsequent lysis [4]. Deletion of HIV-1 spe-
cific clones through such a mechanism could explain the loss of
these  responses  early  in  infection.  However  observations  of

non-proliferative HIV-1-specific HTL throughout infection sug-
gest this is not the case [5,6]. Alternatively, clonal anergy may
result from presentation of HIV-1 peptides to HTL by antigen-
presenting cells (APC), in the context of inappropriate costimu-
lation [7] or with immunosuppressive cytokine signals.

In addition to immunosuppressive/antiproliferative regula-
tion of immune responses by type 2 HTL (T

 

H

 

2) and inflammatory/
pro-proliferative regulation by T

 

H

 

1 cells, these two HTL pheno-
types enable either regulation of humoral responses against extra-
cellular pathogens (T

 

H

 

2) or of CD8

 

+

 

 cytotoxic T lymphocytes
(CTL) against intracellular pathogens (T

 

H

 

1) [8]. CTL are the pri-
mary means for sterilization of viral infection [9]. A large body of
evidence supports the role of CTL in controlling HIV and other
immunodeficiency lentiviruses [10–17].

As a result of the competitive nature of T

 

H

 

1 and T

 

H

 

2 popula-
tions a chronic immune response can polarize to a type 1 or type
2 profile. During HIV-1 infection progressive loss of T

 

H

 

1 occurs,
such that a T

 

H

 

2 skewed population predominates [18]. This shift in
immune phenotype may play a substantial role in the immune sys-
tem’s loss of control of HIV-1 infection, facilitating clonal anergy
of HIV-1 specific HTL and providing inadequate help for HIV-1
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specific CTL. Such a deficit in the immune response appears to
lead to an immature effector state of CTL [19], permitting ongo-
ing viral activity [20].

HIV-1 specific HTL are the principle immune correlate of
long-term control of vireamia and disease progression [3,21].
These responses are vigorous in long-term non-progressors
(LTNP) [21,22] characterized by normal CD4

 

+

 

 T cell counts, low
HIV-1 RNA load and clinical non-progression [23,24].

Highly active antiretroviral therapy (HAART) is successful in
clearing free virus and reversing symptomology for the majority
of treated individuals [25,26]. Improvement of some immunolog-
ical parameters have been described [27] involving biphasic
reconstitution of the peripheral CD4

 

+

 

 T cell population [28].
Restoration of 

 

in vitro

 

 functional HTL responses to anti-CD3
antibody stimulation as well as recall antigens such as cytomega-
lovirus (CMV), tuberculin and candida, has been reported over
varying time courses [27–31]. However HIV-1-specific HTL
responses remain negligible for chronically infected patients
receiving HAART. The relationship between these renewed
recall responses, their responsiveness to interleukin (IL)-2 and
their type-1/type-2 profile requires clarification.

Here we report functional immunological findings of the
effects of HAART in 36 patients treated for 4 months. Patients
were assessed for mitogen and interleukin-2 responsiveness, lym-
phocyte proliferative responses (LPR) to an extensive range of
antigens and assessment of IL-2 and IL-4 production.

 

MATERIALS AND METHODS

 

Study design

 

Thirty-six ART naive, chronically infected HIV-1-infected indi-
viduals were enrolled with informed consent and ethics commit-
tee approval. After a 6-week analysis of baseline characteristics
patients initiated HAART (at least one protease inhibitor or non-
nucleoside reverse transcriptase inhibitor and two nucleoside
analogues) at week 0 of the study. Blood samples were obtained
at 

 

-

 

6, 

 

-

 

3, 0, 1, 2, 4, 8, 12 and 16 weeks from initiation of HAART
for plasma HIV-1 RNA measurement, lymphocyte subset analysis
and functional CD4

 

+

 

 T cell assays.

 

Separation of whole blood

 

Whole blood was collected into lithium heparin tubes (Becton
Dickinson, Oxford, UK) for cell culture assays and into EDTA
tubes (Becton Dickinson) for viral loads and flow cytometry.
Plasma was removed after centrifugation. Peripheral blood
mononuclear cells (PBMCs) were separated by density gradi-
ent centrifugation and cultured in RPMI-1640 medium contain-
ing NaCO

 

3,

 

 (Sigma Immunochemicals, Poole, Dorset, UK) with
100 IU/ml penicillin, 100 

 

m

 

g/ml streptomycin and 2 m

 

M

 

 

 

L

 

-
glutamine (Sigma) supplemented with 10% human AB plasma
(Sigma).

 

Viral load

 

Plasma viral load was measured using the Versant HIV-1 RNA 3·0
branched DNA assay (Bayer PLC, Newbury, UK) with a lower
limit of detection of 50 HIV-1 RNA copies/ml.

 

Lymphocyte subsets

 

Whole blood lymphocyte quantification was determined using
murine antihuman monoclonal antibodies (MoAb) to CD3,
CD4, CD8, CD56, CD19 and the pan-lymphocyte marker CD45

(Tetra One, Beckman Coulter, High Wycombe, UK) and were
evaluated on an Epics XL-MCL (Beckman Coulter) flow
cytometer.

 

Lymphocyte proliferative assays

 

LPR were carried out as described previously [32,33]. Results are
presented as both counts per minute (cpm) and stimulation index
(SI). Stimulation index was calculated as the experimental cpm/
background cpm at each time-point. Correction for CD4

 

+

 

 T cell
count was not made as there was no correlation between renewed
LPR and changes in CD4

 

+

 

 T cell count (data not shown). A pos-
itive LPR is defined as an SI of 5 or greater and a cpm value of at
least 2000.

 

Measurement of cytokine production

 

Cytokine bioassays were carried out as described previously
[32,34] using IL-2 dependent (CTLL-2) and IL-4 dependent
(CT.h4S) cell lines.

 

Phenotypic analysis of lymphocytes

 

Cryopreserved PMBC were thawed and incubated with a panel of
murine antihuman MoAbs (all Beckman Coulter), for 30 min at
4

 

∞

 

C. Directly conjugated antibodies used were: fluorescein
isothiocyanate (FITC)-CD8; phycoerytherin (PE)-CD25 and
CD122; and PE-cyanine (PC-5)-CD4, all used according to the
manufacturer’s instructions. Cells were washed and fixed in phos-
phate buffered saline (PBS) containing 2% paraformaldehyde
(Sigma). On acquisition, a gate was set around the lymphocyte
population on a forward scatter 

 

versus

 

 side-scatter dot plot, and
10 000 gated events collected for each sample. Data analysis was
performed using CELLQuest

 

TM

 

 Software (Becton Dickinson,
Oxford, UK). Appropriate isotype matched controls were run in
parallel for each sample.

 

Statistical analysis

 

Lymphocyte subset, viral load and LPR data were non-
parametrically distributed. The Wilcoxon signed rank test was
performed with a confidence interval of 99% on changes in
lymphocytes subsets, HIV-1 RNA load and LPRs between weeks
0 and 16.

 

RESULTS

 

Effects of HAART on HIV-1 RNA load and lymphocyte subsets

 

Week 0 absolute CD4

 

+

 

 T cell counts and plasma HIV-1 RNA
loads are described in Table 1, together with choice of HAART
regimen per patient and baseline LPRs. No correlation was
apparent between the ability to mount LPRs and baseline viral
load or CD4

 

+

 

 T cell count. Mean HIV-1 RNA load at week 0 was
171 742 HIV-1 RNA copies/ml plasma (range 10 133–779 254).
After 16 weeks of HAART plasma viraemia was suppressed to
below the limit of detection (50 copies/ml) for the majority of
patients 

 

P

 

 

 

=

 

 <0·01 (Fig. 1a). Four patients did not achieve unde-
tectable viral loads by week 16. HIV-1 RNA levels at week 16 for
patients 5, 12, 14 and 21 were 559, 740, 127 and 62 copies/ml,
respectively. In addition, two patients experienced viral rebounds
at week 16. Patient 11 discontinued HAART at week 12 due to
toxicity and experienced a rebound in HIV-1 RNA to 2091 copies/
ml having not achieved an undetectable viral load beforehand.
Patient 30 achieved successful suppression of viral load to below
the limit of detection by week 8, although at week 16 HIV-1 RNA
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had risen to 47 161 copies/ml as a result of discontinuation of ther-
apy at week 12. Week 16 data from patients 11 and 30 have not
been included in the analysis.

Mean CD4

 

+

 

 T cell counts rose significantly from 286 cells/

 

m

 

l of
whole blood at week 0 (range 13–551) to 433 cells/

 

m

 

l at week 16
(range 165–742), 

 

P

 

 < 0·01 (Fig. 1b). A biphasic pattern occurs with
an initial rapid increase over the first 2 weeks, followed by a slow
gradual increase, confirming previous findings [28]. Over the first
16 weeks of HAART a non-significant increase in the absolute
CD8

 

+

 

 T cell count was observed (Fig. 1b).
During this first phase of lymphocyte repopulation in the

periphery following initiation of HAART, at which time the larg-
est increase in CD4

 

+

 

 T cells occurred, there was also an increase in
the absolute CD19

 

+

 

 B-cell count, 

 

P

 

 < 0·001 (Fig. 1c). Mean

absolute CD56

 

+

 

 natural killer (NK) cells also increased gradually
but failed to become significant, 

 

P

 

 

 

=

 

 0·183 (Fig. 1c).

 

Integrity of lymphocyte proliferative responses at baseline
for HAART

 

Analysis of antigen specific LPR reveals that before HAART
only 50% of this cohort demonstrated a positive response to recall
stimuli (Table 1). IL-2 responsiveness at this time was dependent
on the concentration of IL-2 used, as high concentration (100 U/
ml) IL-2 induced cell proliferation in 69% of these individuals,
while low concentration (20 U/ml) induced responses in only
47%. The mitogens phytohaemagglutinin (PHA), concanavalin A
(Con A) and pokeweed mitogen (PWM) induced responses in
only 69% of patients at baseline (Table 1). Only three patients, 24,

 

Table 1.

 

Baseline values for all 36 patients studied showing baseline characteristics. Values attributed to magnitude of LPR are representative of the 
scale of results in cpm for each antigen where –

 

=

 

 cpm <200, 

 

+

 

/– 

 

= 

 

cpm 200–2000 or >2000 and SI < 5, 

 

+

 

 

 

= 

 

cpm 2000–10 000 and SI 

 

=

 

 >5, 

 

+

 

 

 

+

 

 

 

= 

 

cpm
10 000–20 000 and 

 

+

 

 

 

+ +

 

 

 

=

 

 cpm > 20 000. The results shown here represent the highest proliferative response to any stimuli in the different categories
of antigens/mitogens shown below at any of the three pre-HAART time-points

Patient

Week 0 surrogate markers Pre-HAART lymphocyte proliferative responses 

Plasma viral load
Absolute
CD4 count HIV Recall Mitogen

IL-2
(20 U/ml)

IL-2
(100 U/ml) HAART regimen

1 59 097 341 – – – – – AZT/3TC/IDV
2 24 590 257 – – – – – d4T/3TC/NVF
3 194 215 76 –

 

+ + + + + +

 

– – d4T/ddI/SQV/RTV
4 21 382 474

 

+/

 

–

 

+ + + + + + + + + + + +

 

d4T/3TC/NVF
5 779 254 89

 

+/

 

–

 

+/

 

–

 

+

 

–

 

+/

 

– d4T/ddI/NVF
6 138 244 397

 

+/

 

–

 

+ + + + + + + + + + +

 

d4T/ddI/NVF
7 141 169 278

 

+/

 

–

 

+ + + + + + + +

 

AZT/3TC/EFV
8 39 917 551 – – – – – d4T/ddI/NVF
9 84 603 298 – –

 

+ 

 

– – – d4T/ddI/NVF
10 27 248 415 – – – –

 

+ +

 

d4T/3TC/NVF
11 174 786 381 – – – –

 

+/

 

– d4T/ddI/NVF
12 514 975 13 – – – –

 

+/

 

– d4T/ddI/NVF
13 331 292 486 – –

 

+ + + + + + +

 

d4T/3TC/SQV/RTV
14 182 718 420 – – – –

 

+ + +

 

d4T/ddI/SQVSG
15 22 706 471 – – – –

 

+ +

 

d4T/3TC/SQVSG
16 144 979 358 – –

 

+

 

–

 

+ + +

 

d4T/3TC/IND/RTV
17 64 004 209 –

 

+/

 

– – –

 

+ + +

 

d4T/3TC/NVF
18 10 133 233

 

+/

 

–

 

+ + + + + + + + + +

 

d4T/3TC/SQVSG
19 202 760 179

 

+/

 

–

 

+/

 

–

 

+ + +

 

–

 

+ +

 

d4T/3TC/RTV/SQV
20 2 157 542 –

 

+ + + + + + + + +

 

d4T/3TC/EFV
21 228 941 284 – –

 

+/

 

– –

 

+/

 

– d4T/3TC/EFV
22 115 439 337

 

+/

 

–

 

+ + + + + + + + + + +

 

AZT/3TC/EFV
23 165 378 333

 

+/

 

–

 

+ + + + + + + + + + +

 

d4T/3TC/EFV
24 76 430 279

 

+ + + + + + + + + + + +

 

d4T/3TC/EFV
25 475 018 290

 

+ + + + + +

 

– – d4T/3TC/EFV
26 500 000 8 –

 

+ + + + +/

 

–

 

+ +

 

d4T/3TC/EFV
27 71 707 83

 

+/

 

–

 

+/

 

–

 

+ + + + + +

 

d4T/3TC/EFV
28 109 235 127

 

+/

 

–

 

+/

 

–

 

+ + +/

 

–

 

+ +

 

AZT/3TC/EFV
29 17 878 230

 

+ + + + + + + + + + + + +

 

AZT/3TC/EFV
30 45 632 252

 

+/

 

–

 

+ + + + + + + + + + +

 

AZT/3TC/EFV
31 122 159 412

 

+/

 

–

 

+ + + + + + AZT/3TC/EFV
32 500 000 91 +/– +/– + + – – AZT/3TC/NVP
33 12 280 272 +/– + + + + + + + + d4T/3TC/EFV
34 62 473 175 +/– + + + + + + + + + AZT/3TC/EFV
35 134 818 397 +/– + + + + + + + + + AZT/3TC/EFV
36 92 795 239 +/– + + + + + + + + + AZT/3TC/NVP

AZT, zidovudine; 3TC, lamivudine; d4T, stavudine; ddI, didanosine; IDV, indinavir; NVF, nelfinavir; SQV, saquinavir; RTV, ritonavir; SQVSG, soft 
gel saquinavir; EFV, efavirenz; NVP, nevirapine.



CD4+ HTL responses after HAART 101

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 134:98–106

25 and 29, demonstrated a baseline response to one or more of the
HIV-1 antigens tested: gp120; p24; or nef. Patient 25 responded
weakly to nef, patient 24 responded strongly to p24 with an SI of
41 (9157 cpm) and moderately well to gp120, and patient 29
responded strongly to gp120 with an SI of 187 (8799 cpm) and
moderately to p24.

Lymphocyte proliferative responses following initiation 
of HAART
Functional T cell analysis revealed dramatic changes in respon-
siveness to recall (not HIV-1) and mitogenic stimuli following ini-
tiation of HAART. Considerable fluctuations in LPR that are
difficult to explain are apparent in many individuals, particularly
in cases where patients were able to demonstrate positive recall
specific LPR at baseline (Table 1). However, for those patients
who did not demonstrate such positive LPR before HAART

(n = 18, 50%) responses increased substantially after initiation of
HAART. Two patients, 3 and 8 (6%), were an exception, failing to
generate recall or mitogenic responses at any time-point. In addi-
tion patients 21, 27, 32 and 35 (11%) demonstrated responses
almost exclusively to mitogen after initiation of HAART.

Among those patients that developed new recall antigen spe-
cific LPR following initiation of HAART, a further pattern is evi-
dent. Fourteen patients (38% of all patients) clearly showed an
ability to respond to high concentration IL-2 for several time-
points before renewed responses to recall antigens became
apparent. In nine of these 14 patients [64% of the ‘baseline non-
responsive’ subgroup (these patients  are non-responsive to recall
antigens at baseline for HAART), 25% of the whole cohort] such
responses to high concentration IL-2 were not evident before ini-
tiation of HAART. Therefore, in 25% of all patients a renewed
response to high concentration IL-2 appears to be a prerequisite
to renewed recall responses.

Detailed kinetics of lymphocyte proliferation, IL-2 production 
and IL-4 production for a representative of the baseline 
non-responder subgroup
The LPR, IL-2 production and IL-4 production of patient 1 are
described in detail (Fig. 2) as a representative of the majority of
‘baseline non-responsive’ patients. CPM are presented in order to
illustrate the unmanipulated data and background levels (cells
alone in TCM). This individual showed a complete lack of respon-
siveness to in vitro stimuli before HAART (Fig. 2a). From weeks
8–12 responses to Herpes simplex virus (HSV) and candida
became prominent. This feature is characteristic of the majority of
‘baseline non-responsive’ patients. These responses appeared to
diminish by week 16. Such loss of responses by week 16 was evi-
dent in 11 of the 36 patients (31%) (data not shown). Patient 1’s
responses to mitogens rose and persisted from week 8 to week 16.

IL-2 production, detected in the supernatants of these prolif-
eration assays by antigen, mitogen or IL-2 stimulation first
became apparent at week 4 for patient 1 (Fig. 2b), before prolif-
erative responses which arose at week 8 (Fig. 2a). By week 12, IL-
2 was detected only in the supernatants of PBMCs stimulated
with PWM; at week 16 there was no IL-2 detectable in superna-
tants, while LPR to all three mitogens were robust at this
time-point.

Detection of IL-4 from proliferation assay supernatants
remained low at all time-points. Where IL-4 production was
detected, it was weak, as is shown for patient 1 in response to IL-
2 or mitogens at week 4 and week 8 (Fig. 2c).

Improvement in lymphocyte proliferative responses following 
initiation of HAART is most apparent in a ‘new responder’ 
subgroup
LPR for the ‘new responder’ subset of patients are summarized as
mean SI, for recall and HIV antigenic, mitogenic and IL-2 stimuli
in Fig. 3. The patients we defined as ‘new responders’ were 18
individuals who were non-responsive to recall and HIV-1 antigen
at all three baseline time-points, and a further five patients who
demonstrated positive LPR at baseline, but whose responses
increased following initiation of HAART. As described for
patient 1, LPR to HSV and candida were prominent following ini-
tiation of HAART in the new responders (Fig. 3a). The mean SI
to HSV at week 16 increased significantly to 120 from 6 at base-
line (P = 0·001). For candida the mean SI at week 16 was 43, com-
pared with 6 at baseline (P = 0·001). The mean SI response to

Fig. 1. (a) Change in mean HIV-1 RNA load, (b) mean absolute CD4+

and CD8+ T cell counts and (c) mean CD19+ and CD56+ absolute cell
counts for 36 patients undergoing initiation of HAART over 16 weeks of
follow-up (not including patients 11 and 30 at week 16) with standard
errors.
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CMV (Cytomegalovirus) at week 16 was 51, compared with a
baseline of 3·4 (P = 0·003). In contrast, SI responses to purified
protein derivative (PPD), influenza and tetanus toxoid did not
rise above 39, which was for influenza, compared with 2·1 at base-
line (P = 0·059). Responses to these three antigens remained per-
sistently weak for the majority of these patients.

LPR to HIV-1 gag-p24, env-gp120 and nef (Fig. 3b) also
remained persistently weak for the new responders, as for base-
line responders. The mean gag-p24 SI at week 16 for the new
responders was 17. However, this was an eightfold increase over
the mean gag-p24 response at baseline and was statistically sig-
nificant (P = 0·002). Gp120 and nef responses were not significant.

Responses to mitogenic stimuli (Fig. 3c) were stronger for the
majority of patients. PHA induced LPR rose to a peak at week 4,
fell back to baseline values at week 12 and rose at week 16. This
was not statistically significant. There was a less aggressive and
non-significant increase in the mean Con A and mean PWM
responses over the 16 weeks.

High concentration IL-2 induced robust LPR in nearly all
individuals following initiation of HAART (Fig. 3d). As many as

25 patients made baseline responses to high concentration IL-2.
Because these responses were ubiquitous they were not included
as a definition of baseline ‘non-responsiveness’. Thus the subset of
18 baseline non-responders, plus five baseline partial responders,
included patients who responded to high concentration IL-2. For
this patient subset there was a substantial increase in mean SI
from 208 (median SI = 78) at baseline to 510 at week 16
(median = 98). These responses peaked at week 2, mean SI = 725
(median = 159) (Fig. 3d), but were not significant.

Responses to low concentration IL-2 also increased,
although to a lesser extent. The baseline mean SI of 9·4 (median
SI = 0·8) increased to 144 (median SI = 4·7) at week 16. All 23
‘new-responders’ demonstrated increased LPR to low concentra-
tion IL-2 by week 16 (SI range 7·6–1432). However, 18 patients
(50% of the whole group) developed an equivalent response to
high and low concentration IL-2 subsequent to initiation of
HAART, none of which did so at baseline. These responses were
often transient and were not significant. Cryo-preserved PBMCs
from a subset of these patients (n = 11) who had stored cells
available were analysed subsequently by flow cytometry for

Fig. 2. (a) Lymphocyte proliferative responses, (b) soluble bioavailable IL-2 production (c) and soluble bioavailable IL-4 production are
shown for patient 1 in cpm, as a representative of the ‘baseline non-responsive’ patients, following initiation of HAART.
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expression of CD25 (IL-2 receptor a chain) and CD122 (IL-2
receptor b chain) on CD4+ and CD8+ T lymphocytes. The abso-
lute numbers of CD4+CD25+ T cells/ml whole blood were calcu-
lated from the percentage cells stained as a function of absolute
CD3 T cell count. Lymphocyte proliferative responsiveness to
high and low concentration IL-2 are shown together with the
absolute count of CD4+CD25+ T cells at weeks 0 and 16 for
patient 19 as a representative of these patients (Fig. 3e). In some

cases the numbers of CD4+CD25+ T cells increased, but counts
remained very low. The mean absolute number of CD4+CD25+ T
cells at week 0 for these patients was 15 cells/ml and at week 16
was 24 cells/ml. No change was seen for the absolute count of
CD4+CD122+ T cells. However, in many cases the mean fluores-
cence intensity of both CD25 and CD122 expression changed
substantially, suggesting up-regulation of expression of these
components of the IL-2 receptor on CD4+ T cells, and in the case

Fig. 3. Mean lymphocyte proliferative responses to recall antigens (a), HIV-1 antigens (b), mitogens (c) and high (100 U/ml) and low
(20 U/ml) concentration IL-2 (d) are shown as SI for the ‘new-responder’ patient subset following initiation of HAART (not including
patients 11 and 30 at week 16). Responsiveness to high concentration (100 U/ml) and low concentration (20 U/ml) IL-2 are shown (e) as
SI together with the absolute number of CD4+CD25+ T cells/ml whole blood for patient 19 as a representative of patients who generate an
equivalent response to low and high concentration IL-2 following initiation of HAART. The mean CD25 and CD122 mean fluorescence
intensity (MFI) on CD4+ and CD8+ T cells are shown (f) for a subset of 11 of the 18 patients who developed equivalent responses to low
and high concentration IL-2 by week 16.
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of CD8+ T cells decreased expression of the b chain (Fig. 3f). This
subset of patient’s mean CD25 MFI on CD4+ T cells increased by
24·4% from 26·6% to 33·1% between weeks 0 and 16. The mean
CD122 MFI on CD4+ T cells increased by 149% from 34% to
84·7% between weeks 0 and 16. On CD8+ T cells the mean CD25
MFI increased by 91·3% from 30·7% to 58·7% between weeks 0
and 16. However, the mean expression of CD122 on CD8+ T cells
for this subset of patients decreased by 26·6% from 41·4% to
30·4%. While the numbers here are not sufficient for statistical
analysis, the increase in intensity of CD25 expression coupled
with CD122 on CD4+ T cells may explain the increased IL-2
responsiveness observed in proliferation assays.

DISCUSSION

Absence of LPR to recall and HIV-1 antigens and to mitogens
before initiation of HAART is consistent with data published by
other groups [1,2]. Recovery of these responses after initiation of
HAART has also been described [27,29–31]. We find that where
LPR to recall antigens do not exist prior to HAART there is a
consistent rise in these responses following administration of
therapy. While increases in response to HIV-1 antigens are seen,
their weakness, in an environment of increasing functional immu-
nocompetence, may result from lack of HIV-1 antigenic stimulus,
due to HAART.

Recall antigen responses that become positive are largely
directed to HSV, candida and CMV, but not to influenza, PPD
and tetanus antigens, which induced weaker responses. It is
important to note that these antigens are derived from organ-
isms that present clinically in immunocompromised patients. In
contrast, antigens that induced weak responses in the majority of
patients are derived from organisms to which exposure is likely
to be short-lived, as at time of vaccination (PPD and tetanus), or
infrequently (influenza). Furthermore, HSV and CMV are both
permanent infections, while Candida albicans persists in immu-
nocompromised patients. There have been hints at this disparity
between responsiveness to ‘persistent’ and ‘transient’ or ‘neo’
antigens in other studies [30]. Ongoing antigenic presentation to
T lymphocytes from persistent organisms may explain the mag-
nitude of the LPR we observed for these antigens compared to
those for antigens of transient organisms (Table 2). HIV-1 is also
a persistent organism. Table 2 demonstrates the disparity
between LPR to HIV-1 and recall antigens in the ‘persistent anti-
gen’ group, both before and after initiation of HAART, even
though there is some improvement in responses to HIV-1 over
time. The absence of renewed memory responses to ‘transient’
antigens, such as tetanus and influenza and to HIV-1, may sug-
gest either T cell anergy in some clonal populations or simply
very low clone numbers, as suggested by perturbations in the T
cell repertoire described by Connors et al. [34]. The profile of
cytokine secretion and responsiveness by T cells in these assays
favours the former explanation, or at least a combination of the
two.

Measurements of IL-2 and IL-4 production demonstrate near
parallel kinetics of the production of bioavailable IL-2 with LPR.
Detection of IL-2 production following initiation of HAART
complements previous work by our group utilizing a subset of
these  patients,  where  a  shift  in  production  of  cytokines  from
an  IL-4/IL-10  secreting  phenotype  to  an  IL-2/interferon
(IFN)-g secreting phenotype is demonstrated by reverse
transcriptase-PCR [35].

We observe that in many untreated patients where LPR are
impaired, proliferation can be induced with high concentration
IL-2 (Table 1). Because IL-2 has been shown to reverse the
anergic phenotype [36] we suggest that lack of recall or HIV-1
responses is not a result of low numbers of specific T cell clones
but of functional impairment. Induction of renewed HIV-1 spe-
cific responses can even be achieved in late stage HIV-1 dis-
ease by cytokine therapy alone [32]. Additionally peripheral
CD4+ T cells are capable of producing IFN-g and TNF-a in
response to HIV-1 antigen stimulation, but are incapable of
proliferating [6].

Prior to HAART, lack of IL-2 secretion is associated with
lack of proliferation to low concentration IL-2, suggesting a
relationship between inability to produce IL-2 and dysfunction-
ality of the IL-2R. The appearance of LPR to recall antigens
within weeks of initiation of HAART, observed in the majority
of these patients, is likely to be an effect of reversed T cell
anergy and at least partial restoration of normal IL-2 receptor
expression and/or function. Renewed responses appear to
diminish in 11 (31%) of these patients, as shown in Fig. 2. Pon-
tesilli et al. report similar loses of renewed responses in those
receiving HAART, although over a longer time period [30].
Observations of increased LPR to tuberculin, a transient anti-
gen, and CMV after 1 year of therapy by Li et al. [29], suggests
permanent reconstitution of ‘central memory’ T cell cones. We
believe that renewed responses specific to persistent antigens
within the first 16 weeks of HAART, represent activated effec-
tor recall responses rather than resting ‘central memory’ recall
responses. The subsequent loss of responses observed in 31% of
our patients may reflect clearance of effector responses follow-
ing resolution of clinical or subclinical activity of these persis-
tent organisms. Such effector cell populations are short-lived,
with a half-life of days [37–39].

Table 2. Comparison of proliferative responses to different categories of 
recall antigens before and after initiation of HAART. Each patient was 

assessed for proliferative responses following initiation of HAART at the 
single timepoint at which their responses peaked. Ten patients peaked at 
week 16. Six patients peaked at week 12. Six patients peaked at week 8. 
Seven patients peaked at week 4. No patients peaked at week 2 and 1 

patient peaked at week 1. Four patients failed to demonstrate any positive 
responses to antigenic stimulus following initiation of HAART

Number of patients responding 

At baseline (%)
Following initiation

of HAART (%)

Transient antigens
PPD 8 (22) 17 (47)
FLU 7 (19) 17 (47)
Tetanus 11 (31) 15 (42)

Persistent antigens
HSV 17 (47) 27 (75)
CMV 10 (28)* 21 (60)*
Candida 11 (31) 24 (67)
HIV-1 p24 2 (6) 10 (27)
HIV-1 gp120 2 (6) 11 (31)
HIV-1 nef 2 (6) 19 (7)

*Patient 1 was not assessed for CMV responses, thus the sample size
for CMV was 35 patients.
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In summary, we suggest that following initiation of HAART
activated effector HTL are released from lymphoid organs due to
loss of viral trapping mechanisms. These cells are at least partially
functional and able to secrete pro-proliferative cytokines, such as
IL-2, in an increasingly immunocompetent environment. Control
of clinical or subclinical herpetic and/or fungal manifestations as a
result of increasing immunocompetence within days or weeks of
HAART down-regulates antigen driven expansion of activated
HTL, resulting in their clearance and loss of these responses. De
novo HTL regeneration enables later recovery of ‘central mem-
ory’ recall responses, detectable after 1 year of treatment as
described previously [29].

These results support the consideration that HAART is insuf-
ficient to enable complete immunological reconstitution, particu-
larly of HIV-1 specific responses. Lack of evidence of HIV-1
specific HTL in the periphery after initiation of HAART suggests
ongoing anergy of these clones. Strategies for boosting these
important responses may increase potency and efficacy of
HAART.
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