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SUMMARY

HIV-1 infected patients adherent to HAART and displaying stable increases in CD4 T-cell counts differ
in their control of HIV replication and one might expect this to reflect depressed immune function. The
importance of virological control in functional immune reconstitution was investigated in HIV-1
infected patients who maintained high or undetectable plasma HIV RNA levels over 2—4 years on
HAART (discordant and complete responders, respectively). Immunocompetance and immune acti-
vation were assessed directly ex vivo and after a short period of culture, as HIV replication in cultures
from viraemic patients may artificially depress responses. Expression of cytokine (interferon-y, inter-
leukin-5) and chemokine receptor (CCRS5, CRTH2) mRNA were determined and soluble CD30 and
NO,/NO;” were measured in sera. Unstimulated cells from all patients had low levels of IFNymRNA
relative to uninfected controls. Discordant responders had more IFNy, IL-5 and CCRS mRNA in mito-
gen-stimulated PBMC than complete responders, where the difference could be attributed to CDS8-T-
cells. Serum NO,/NOj™ levels were significantly higher in all patients than controls, with no difference
between complete and discordant responders. Serum CD30 levels were significantly higher in discor-
dant responders. These data indicate a persistent immune deficit in immune reconstituted patients
irrespective of HIV viral load and associate persistent viral replication with lymphocyte activation,

probably involving CD8 T-cells.
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INTRODUCTION

Highly active antiretroviral therapy (HAART) suppresses HIV
replication, increases CD4 T-cell counts and increases survival
of treated HIV-1 infected patients, including those who start
HAART with advanced immunodeficiency [1-3]. However, CD4
T-cell counts never fully recover in previously immunodeficient
patients and little is known about the functional integrity of the
reconstituted cells. As HAART becomes more widely available,
more immunodeficient patients will commence therapy. Their
prognosis will depend on how well their immune systems function
after several years on therapy.

Cytokine and lymphoproliferative responses to mitogens
and antigens may recover following 1-2 years on HAART [2-5].
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However, a history of persistently low CD4 T-cell counts prior to
HAART has been associated with persistently impaired T-cell
lymphoproliferative responses [6] and cytokine production [7].
The balance of type 1/type 2 (T1/T2) cytokines may influence
immunocompetence in patients receiving HAART [8], as HIV
disease progression is characterized by a shift from a predominant
T1 to a T2 cytokine response [9] and HAART decreases expres-
sion and secretion of T2 cytokines in patients who achieve immu-
nological and virological responses [10,11].

In some patients treated with HAART, CD4 T-cell counts
increase despite persistent HIV viraemia. These ‘discordant’ or
‘discrepant’ responses [12-15] have been attributed to: impaired
T-cell apoptosis by protease inhibitors (PI) [16], changes in T-cell
turnover kinetics [17], or a reduced effect of PI-resistant HIV on
thymic dysfunction [18]. The effect of discordance on the recovery
of immune function is not known and has the potential to influ-
ence management of patients who are tolerating a given regimen
without side-effects. Here we focus on a particular category of
patients, the individuals who began treatment with advanced
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disease and have adhered to therapy and achieved reasonable
recovery of CD4 T-cell counts.

All patients began treatment with severe immunodeficiency
and retained a good CD4 T-cell response after at least 25 months
of therapy. To obtain a snap-shot of the immune system in vivo
(avoiding changes that may occur when cells are cultured), we
quantified mRNA for markers of a T1 (interferon-y (IFNy),
CCRS) or T2 (interleukin-5 (IL-5), CRTH2 [19]) cytokine envi-
ronments in unstimulated peripheral blood mononuclear cells
(PBMC) and in purified CD4 and CD8 T-cells. Stimulated cells
were also assessed but the period of culture was minimized.
Serum levels of NO,/NOs", a marker of T1 environment [20], and
soluble (s)CD30, a T2 marker [21] were measured. This is the first
study to utilize a sensitive RT-PCR technique to quantify cytokine
mRNA levels directly ex vivo and address the role of persistent
viral replication in a defined group of patients.

PATIENTS, MATERIALS AND METHODS

Patients

The study investigated 13 HIV-1 infected patients attending Out-
patient Clinics at Royal Perth Hospital (RPH), selected from a
comprehensive database on the basis of distinct immunological
and virological responses to HAART (triple therapy including a
PI). An immunological response was defined as an increase of the
CD4 T-cell counts by >200 cells/ul above baseline value. A viro-
logical response was defined as a reduction in plasma HIV RNA
to undetectable levels for >24 months prior to and including the
time of evaluation. No patients had acute medical conditions at
the time of sampling and all were judged to be adherent to ther-
apy by their physicians. This is supported by the stable increases in
their CD4 T-cell counts. PBMC and sera from healthy individuals
with no evidence of exposure to HIV were obtained as controls.
This work was approved by the Human Ethics Committee from
Royal Perth Hospital and informed consent was obtained from all
donors.

Plasma HIV RNA and CD4 and CDS8 T-cell counts

Plasma HIV RNA levels were determined by a quantitative
reverse transcriptase polymerase chain reaction technique
(Amplicor™, Roche Diagnostics Systems, Branchburg, USA)
every 3 months. The detection limit of the assay was 400 copies/ml
from 1996 to 1998 and 50 copies/ml from 1998 onwards. CD4 and
CD8 T-cell counts were determined from fresh blood specimens
by flow cytometric analysis using a Coulter® EPICS® XL-MCL
Flow Cytometer.

Isolation of peripheral blood mononuclear cells

Blood samples were collected in heparinized tubes and processed
within 4 h. PBMC were isolated using Ficoll-Hypaque density
gradient separation. Cells were resuspended in fetal calf serum
with 10% dimethylsulphoxide and stored in liquid nitrogen. Sera
collected at the same time were stored at —80°C. The viability of
thawed cells was >90% by trypan blue exclusion. To determine
the effects of in vitro stimulation, 0-5 x 10° thawed PBMC were
cultured for 4 h in RPMI-1640 supplemented with 5% human
type AB serum, 150 ug/ml penicillin and 16 ug/ml gentamycin in
the presence of phorbol myristate acetate (PMA) and calcium-
ionophore [5]. CD4 and CD8 T-cells were isolated from PBMC
using magnetic beads (Dynal, Lake Success, NY, USA). The
purity of each preparation was around 95% by flow cytometry.

Quantification of mRNA by real-time PCR

RNA was extracted using the RNeasy total RNA kit (Qiagen,
USA). 14 ul of RNA was used for cDNA synthesis using Omnis-
cript (Qiagen, Valencia, CA, USA). PCR was performed on a
LightCycler™ (Roche Diagnostics, Castlehill, NSW, Australia) in
20 ul reaction volumes containing 1-25 mM dNTP, 20 pmol of each
primer, 0-25 mg/ml bovine serum albumin and 1-5 unit Platinum
Tag DNA polymerase. Forward and reverse primer sequences
were SGATGACCCAGATCATGTTTGA3" and 5'GACTC
CATGCCCAGGAAGG AA3%  for  pactin, 5CTCG
GAAACGATGAAATATACA3" and 5 CATATGGGTCCT
GGCAGTAAC3 for IFNy and 5’AGGATGCTTCTGCATTT
GAG3 and 5CTATTA TCCACTCGGTGTTC3’ for IL-5 [22]
and SAATAATTGCAGTAGCTCTAACAG G3’ and STTGAG
TCCGTGTCACAAGCCC3 for CCRS5 [23] and S’GAATGGAG
TCATCCTCTTCGTG3” and YAGCCGCTGGCGAACATGTT
GAG3’ for CRTH2. Amplicons were 459 bp for S-actin, 90 bp for
IFN, 394 bp for IL-5, 280 bp for CCRS and 212 bp for CRTH2.
The PCR protocol comprised an initial denaturation step at 95°C
for Smins, followed by 35 cycles of denaturation (95°C for 2s),
annealing (64°C for CCRS, CRTH2 and S-actin and 60°C for IL-
5 and IFNyfor 10 s) and extension (72°C for 20 s). Amplification
was monitored using SYBR Green fluorochrome (Sigma, St
Louis, MO, USA) and generation of a single product was con-
firmed from the melting curve. Cytokine and chemokine receptor
mRNA were quantified using standard curves generated from
serial 10-fold dilutions of purified PCR products. The ratios of the
amount of IFNy, IL-5, CCRS and CRTH2 PCR products to -
actin in each sample were calculated and expressed in arbitrary
units. The lower limit of detection for the genes analysed was a
ratio of 0-01. After in vitro stimulation, mRNA production was
expressed as a fold-increase over mRNA in unstimulated PBMC.
The intra- and inter-assay coefficients of variation for the real-
time PCR assay were 10% and 15%, respectively.

Serological assays

A commercial antibody pair ELISA kit (Bender MedSystem,
Burlinghame, CA, USA) was used to assay levels of sCD30. Lev-
els of NO,/NO; were measured colourimetrically according to
the manufacturer’s instructions (Cayman Chemical Company,
Ann Arbor, MI, USA). Limits of detection and the interassay
coefficients of variance for each assay [24] were: sCD30, 3-1-
100 IU/ml, 8%, and NO,/NOy", 5-35 uM, 12%.

Statistical analysis

All results are given as median (range). Differences were analy-
sed with nonparametric Wilcoxon Rank Sum Tests unless other-
wise stated. Differences assessed at P < 0-05 were considered
statistically significant.

RESULTS

Characteristics of HIV-1 infected patients

All HIV-1 infected patients started HAART with <50 CD4 T-
cells/ul. Seven patients achieved immunological and virological
responses at all times on HAART (complete responders). Six
patients failed to control HIV replication on HAART, despite
increases in their CD4 T-cell counts (discordant responders). CD4
T-cell counts and plasma HIV RNA levels prior to HAART and
the duration of HAART before sampling were similar for com-
plete and discordant responders (Table 1). A similar proportion
of patients from each group received NNRTI based regimes (3/7
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Table 1. Characteristics of HIV-1 infected patients who maintained undetectable HIV viral load (complete responders) and patients with persistent viral
replication (discordant responders) following HAART

Complete responders Discordant responders

(n=7) (n=06)
Age (years) 41 (31-66) 35 (31-41)
Time on HAART (months) 42 (35-52) 49 (25-54)
Nadir CD4 T-cell count (cells/ul) 18 (0-48) 18 (4-26)
CD4 T-cell count at time of assay (cells/ul) 483 (375-609)* 298 (230-450)
Nadir CD8 T-cell count (cells/ul) 333 (220-702) 284 (164-949)
CD8 T-cell count at time of assay (cells/ul) 1275 (819-1740) 1369 (840-1917)
CD4+ CD45RA + count at time of assay (cells/ul) 123 (56-211) 144 (64-391)
CD4+ CD45RO + count at time of assay (cells/ul) 300 (218-384)% 185 (153-266)
Baseline HIV RNA (log;, copies/ml) 5-9 (52-67) 58 (5:1-6:1)
HIV RNA at time of assay (log;, copies/ml) 17 (1-7-2-6) 42 (3:3-5-8)§

Results are presented as median (range) and P-values are determined by Wilcoxon Rank Sum Test. *Complete responders significantly higher than
discordant responders (P = 0-005); # Complete responders significantly higher than discordant responders (P = 0-01); § Discordant responders significantly
higher than complete responders (P = 0-001)

Table 2. Ex vivo levels of IFNy, CCR5 and CRTH2 mRNA in PBMC and purified CD4 and CD8 T-cells in HIV-1 infected patients

Controls Complete Discordant
(n=17) responders (n =7) responders (n = 6)
IFNy
Unfractionated 155 (0-214) 32 (2-6-133)* 53 (1-5-101)*
CD4 111 (0-154) 9:9 (0-154) 16 (0-5-5)t
CD8 125 (33-191) 12 (2-119)% 37 (4-4-115)%
CCRS5
Unfractionated 265 (0-425) 47 (9-2-226) 92 (2:0-165)
CD4 270 (0-436) 34 (3:3-263) 4-5 (0-67)
CD8 293 (0-501) 23 (8-8-227) 78 (5-9-218
CRTH2
Unfractionated 4.7 (0-6-7) 2-3 (0-2-4-5)1t 3:9 (0-5-6)
CD4 19 (0-6-5) 0-6 (0-6'5) 0-1 (0-1-6)1
CDS8 2-8 (2:1-4-1) 0-6 (0-1-3-7)** 0-1 (0-1-1)**

IFN7y, CCR5 and CRTH2 mRNA were normalized against S-actin mRNA. Results are presented as median (range) and P-values are determined by
Wilcoxon Rank Sum Test. *Complete responders and discordant responders significantly lower than controls (P =0-05 and P = 0-03, respectively);
tDiscordant responders significantly lower than controls (P = 0-02, respectively); + Complete responders and discordant responders significantly lower
than controls (P =0-007 and P = 0-048, respectively); {Complete responders significantly lower than controls (P =0-05); § Discordant responders
significantly lower than controls (P = 0-04, respectively) ** Complete responders and discordant responders significantly lower than controls (P = 0-02

and P = 0-003, respectively)

complete responders versus 2/6 discordant responders). More dis-
cordant responders received PI based regimes than complete
responders (6/6 versus 4/7). Four discordant responders but no
complete responders carried HIV-1 with resistance mutations
affecting protease inhibitors (data not shown). At the time of
the study, patients with discordant responses had less memory
(CD4+ CD45RO +) T-cells than complete responders (P = 0-01)
(Table 1), whilst naive (CD4+ CD45RA +) T-cell counts were
similar in the two groups.

IFNy, IL-5, CCR5 and CRTH2 mRNA in unstimulated

CD4 and CDS8 T-cells

All HIV-1 infected patients had significantly less IFNy mRNA in
unstimulated unfractionated PBMC and purified CD4 and CD8
T-cells than control subjects (Table 2). Cytokine and chemokine

receptor mRNA in unstimulated CD4 and CD8 T-cells were sim-
ilar in complete and discordant responders. However, discordant
responders had significantly higher IFNy mRNA in CDS8 T-cells
than CD4 T-cells (P = 0-02), whereas levels of IFNymRNA in the
two T-cell subsets were similar in complete responders and
healthy controls. CCR5 mRNA was also marginally higher in
CD8 T-cells than CD4 T-cells from discordant responders
(P =0-08). IL-5 mRNA was below the limit of detection in
unstimulated PBMC or purified CD4 or CD8 T-cells from healthy
controls and HIV-1 infected patients (data not shown).

IFNy, IL-5, CCR5 and CRTH2 mRNA in PBMC after
stimulation with a mitogen

Control subjects and complete responders had similar increases in
IFNy, IL-5, CCR5 and CRTH2 mRNA production in PBMC fol-
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Table 3. IFNy, IL-5, CCRS5 and CRTH2 mRNA production in unfraction-
ated PBMC in HIV-1 infected patients after 4 h stimulation with PMA/
calcium-ionophore

Controls Complete Discordant
(n=7) responders (n =7) responders (n = 6)
IFNy 35 (1-7-63) 22 (2:9-277) 108 (50-176)*
IL-5 65 (0-67) 3-3 (0-8-16) 26 (0-1-89)F
CCR5 0-9 (0-2) 10 (0:3-7-2) 16 (1-1-8-6)%
CRTH2 0-8 (0-2-5) 12 (0-2-13) 1-1 (0-1-5)

IFNy, IL-5, CCRS and CRTH2 mRNA were normalized against S-actin
mRNA and values in the table represent fold-increase over unstimulated
PBMC. Results are presented as median (range) and P-values are deter-
mined by Wilcoxon Rank Sum Test. *Discordant responders significantly
higher than controls and complete responders (P =0-005 and P =0-04,
respectively); ¥ Discordant responders marginally higher than complete
responders (P = 0-06); & Discordant responders marginally higher than
controls and complete responders (P = 0-05 and P = 0-07, respectively).

lowing stimulation with PMA/calcium-ionophore (Table 3). In
contrast, discordant responders had significantly more IFNy
mRNA in stimulated PBMC than complete responders or healthy
controls (P =0-04 and P = 0-005, respectively). CCRS and IL-5
mRNA production were also marginally higher in discordant
responders than complete responders (P =0-07 and P =0-06,
respectively) and CCR5 mRNA was significantly higher in discor-
dant responders than healthy controls (P = 0-05).

To determine which T-cell subset contributed to the increased
IFNy, IL-5 and CCRS5 mRNA in stimulated PBMC from discor-
dant responders, we stimulated CD4- and CD8-depleted PBMC
from three healthy controls and three discordant responders with
PMA/calcium-ionophore. Median IFNyand IL-5 mRNA produc-
tion were higher in CD4-depleted PBMC than CDS8-depleted
PBMC from all three discordant responders (IFNy: 68 versus 10
and IL-5: 38 versus 23). In contrast, median IFNymRNA was sim-
ilar and IL-5 mRNA was higher in CD8-depleted PBMC from
healthy controls (IFNy: 12 versus 11 and IL-5: 17 versus 29). This
suggests CD8 T-cells were the source of cytokine mRNA in dis-
cordant patients.

Serum sCD30 and NO,/NOj levels
NO,/NOj levels were higher in all HIV-1 infected patients than
controls (P =0-003), with no difference between complete and
discordant responders (Fig. 1c,d). Higher sCD30 levels were
found in discordant responders compared to complete responders
or controls (P =0-004 and P = 0-0003, respectively) (Fig. 1b).
There was a positive correlation between plasma HIV RNA
levels and sCD30 (r=0-78, P =0-002, Spearman’s Test). Serum
NO,/NOs" levels did not correlate with plasma HIV RNA levels
or CD4 T-cells counts.

DISCUSSION

Immune dysfunction has not been adequately investigated in
HIV-1 infected patients who were severely immunodeficient prior
to HAART and the role of persistent HIV replication is unclear.
Here, we used a sensitive technique to quantify mRNA for a
range of critical inflammatory mediators directly ex vivo because

prolonged culture selectively depresses lymphoproliferative and
cytokine responses of viraemic patients, probably because the
virus replicates in vitro [5]. We present a proof of concept study
using small groups of patients matched for age, sex, pretreatment
CD4 T-cell counts, treatment history and adherence to therapy.
All patients had stable CD4 T-cell recovery after at least
25 months on HAART with different virological outcomes.

Our first striking finding was that spontaneous IFNy mRNA
levels were significantly lower in unfractionated PBMC and in
purified CD4 and CD8 T-cells from patients when compared with
healthy controls. This was not related to HIV viral load, as
patients who maintained undetectable HIV RNA levels (com-
plete responders) and patients with persistent viraemia (discor-
dant responders) had similar IFNymRNA (Table 2). In an earlier
study, higher IFNy expression was seen after 48 weeks on
HAART relative to HIV-1 negative controls [25]. A shorter
median duration of HAART (48 weeks versus 200 weeks in the
present study) and/or higher median baseline CD4 T-cell counts
(93 versus 18 cells/ul) may explain the discrepancy between the
two studies. Immune reconstitution may be unstable and decline
after 2—4 years in patients who were originally very immunodefi-
cient. Our group has shown that IFNyresponses to CMV in HIV-
1 infected patients are diminished after 3 years of HAART [7]
and longitudinal studies of other cytokines are warranted.

IFNy, IL-5 and CCR5 mRNA production were higher in
PMA/calcium-ionophore-stimulated PBMC from discordant
responders compared with complete responders. A small study of
CD4 and CD8-depleted PBMC suggested that the increased
mRNA after mitogenic stimulation observed in discordant
responders originates from CD8 T-cells. Moreover the CD4:CD8
ratio was significantly lower than in complete responders (data
not shown). This observation is consistent with persistent HIV
replication activating CD8 T-cells, as demonstrated by increased
expression of CD38 and HLA-DR [26].

Serum nitric oxide and sCD30 levels were assessed as markers
of aT1 or T2 environment and of immune activation [20,21]. NO,~
/INO;™ levels were significantly higher in all HIV-1 infected
patients than healthy controls, regardless of virological outcome
during HAART. Levels of sCD30 were significantly higher in
discordant responders than complete responders or healthy con-
trols. Levels were also proportional to HIV viral load, supporting
our previous finding [27]. CD30 can be expressed by both acti-
vated CD4 and CDS8 T-cells but the majority of CD30+ T-cells
from healthy donors were CD8+ T-cells [28]. Moreover, higher
numbers of CD8+ T-cell clones from HIV-1 infected patients
express CD30 and release more sCD30 into cell culture sup-
ernatants than clones from healthy individuals [29]. Therefore,
higher serum sCD30 levels in discordant responders may indicate
ongoing activation of CDS8 T-cells, rather than a T2 cytokine
environment.

In conclusion, spontaneous IFNy mRNA was low in PBMC
and in CD4 and CDS8 T-cells of all immune reconstituted HIV-1
infected patients despite at least 25 months of HAART. This was
not affected by HA ART-induced suppression of viral loads. How-
ever immune reconstituted patients with persistent HI'V viraemia
displayed higher than normal expression of IFNyand IL-5 mRNA
after mitogenic stimulation and increased sCD30 levels in serum.
These data suggest a persistent immune deficit in immune
reconstituted patients after prolonged HAART and associate a
discordant response to treatment with immune activation pre-
dominantly affecting CD8 T-cells.
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