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CD4� CD45RO� T cells are the major latent viral reservoir in
HIV-infected individuals and hence a major obstacle in curing the
disease. An anti-CD45RO immunotoxin (IT) can decrease the num-
ber of both productively and latently infected CD4� T cells ob-
tained from HIV-infected individuals with detectable viremia. In
this study, we determined whether this IT could also kill latently
infected replication-competent CD4� T cells obtained from infected
individuals without detectable plasma viremia. Our results dem-
onstrate that ex vivo treatment with the anti-CD45RO IT signifi-
cantly reduced the frequency of these cells. In contrast, the IT had
only a modest effect on the cytomegalalovirus-specific memory
responses of CD8� T cells. These results suggest that purging latent
cells from infected individuals on highly active antiretroviral ther-
apy with the anti-CD45RO IT might reduce the HIV latent reservoir
without seriously compromising CD8� T cell memory responses.

A lthough the implementation of highly active antiretroviral
therapy (HAART) and other advances in our understand-

ing of HIV pathogenesis and therapy have dramatically im-
proved the survival and quality of life of HIV-infected individ-
uals, HIV cannot yet be eradicated from infected individuals.
Several studies have demonstrated that in individuals receiving
HAART, the frequency of HIV-infected cells is reduced to
fewer than one cell per 106 resting CD4� T cells (1–5). However,
even after years with viremia below the limit of quantitation
(BLQ), the frequency of these infected cells does not decrease
further (1, 4, 6, 7). The therapeutic approaches evaluated to date
have failed to demonstrate a significant and persistent decline of
this latent viral reservoir (8, 9).

We have previously established a model to characterize the
different subsets of T cells infected in vitro with HIV or purified
from HIV-infected individuals by using immunotoxins (ITs)
directed against different cellular antigens. We have demon-
strated that an anti-CD45RO IT can significantly reduce the
number of HIV latently infected cells either generated in vitro or
purified from HIV-infected individuals with detectable viremia
(10, 11). The present study was designed to determine whether
the anti-CD45RO IT could reduce the frequency of CD4�

latently infected cells obtained from HIV-infected individuals
with viremia BLQ. We also determined whether the IT would
eliminate CD8� T cells that respond against cytomegalovirus
(CMV).

Methods
Study Design. Peripheral blood mononuclear cells (PBMCs) from
24 individuals on HAART with viremia BLQ were screened for
the presence of replication-competent virus. This was accom-
plished by two rounds of coculture with activated allogeneic
PBMCs followed by p24 assays. Cells were also evaluated by
real-time PCR (RT-PCR) for the presence of cDNA for RU5,
which was chosen because of the sensitivity of the assay. Aphere-
sis was then performed only on individuals in whom replication-
competent virus (p24-secreting cells after coculture) could be

detected. CD4� T cells were isolated to determine the frequency
of infected cells cultured either in complete medium (CM) or
with the IT. For this purpose, cells were cultured in limiting
dilution. Cells were treated for 6 days with either CM or CM plus
the anti-CD45RO IT. The remaining cells were then cocultured
twice (usually for 12 days) with phytohemagglutinin (PHA)-
activated PBMCs to stimulate viral production from surviving
latently infected cells. Wells containing 30 pg�ml p24 were
considered positive. The frequency of cells with replication
competent virus was calculated by multiple linear regression
analysis (12–14). The cells remaining were also used to deter-
mine the number of HIV cDNA copies of RU5 by using
RT-PCR. The same samples of apheresed PBMCs were then
analyzed for responses against CMV, which was chosen because
virtually all individuals are positive, and it gives a strong CD8�

response, which can be measured in most HIV� individuals. This
was accomplished by measuring levels of intracellular IFN-�
after stimulation with CMV 11-mer peptides. Those cells that
were positive were then treated with either CM or IT and
reductions in the numbers of CD8� memory cells, and their
CMV-specific memory responses were determined. This analysis
was carried out by a combination of flow cytometric analysis for
surface markers and by intracellular staining for IFN-�. The
study was approved by the Institutional Review Board of the
University of Texas Southwestern Medical School. All patients
signed informed consent for both the collection of blood samples
and for apheresis.

IT. The IT was prepared by coupling UCHL-1, a murine IgG2a
monoclonal antibody directed against human CD45RO (15), to
deglycosylatd ricin A chain, as described (16).

p24 Assays. p24 antigen in cell-free supernatants was measured by
ELISA (NEN Life Science Products).

HIV� Individuals. Study individuals were recruited from the Aston
and Amelia Court Clinics at the University of Texas Southwest-
ern Medical Center, Dallas. All subjects were on HAART and
had viremia of �400 copies per ml for a minimum of 1 month
(Table 1). As noted, all patients signed informed consent.

Flow Cytometric Analysis. Cells obtained from HIV-infected in-
dividuals with viremia BLQ were frozen at �80°C in 10%
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DMSO, and cells were stored at �140°C until analysis was
performed. Some samples were freshly processed and analyzed.
Eight-parameter flow cytometric analysis was performed on a
custom LSR-II flow cytometer (Becton Dickinson) by using
FITC, Pacific Blue, phycoerythrin (PE), PE-Cy7 (Texas Red),
PerCP-Cy5. 5 (True Red), and allophycocyanin (APC) as the six
fluorescent parameters. Immunophenotyping was carried out by
using FITC-anti-CD45RO, PE-anti-CD28, Pacific Blue-anti-
CD3 (custom conjugate, Molecular Probes), True Red-anti-
CD4, Texas Red-anti-CD8, and APC-anti-CD95. For cytokine
flow cytometry, FITC-anti-IFN�, PE-anti-CD69, Pacific Blue-
anti-CD3, True Red-anti-CD4, Texas Red-anti-CD8, and APC-
anti-CD45RO were used. All antibodies were obtained from
Becton Dickinson Immunocytometry Systems unless otherwise
stated. The criteria for defining and quantifying both memory
and naı̈ve T cells have been described (17). Naı̈ve CD8� cells are
CD95lo, CD28hi, and CD45RO�, whereas memory cells are
CD95hi, CD28heterogeneous, and CD45ROheterogeneous. Small num-
bers of CD4� memory T cells, and up to 50–80% of the CD8�

memory T cells, were CD45RO�/lo
. PBMCs were also evaluated

for functional activity before and after treatment with CM � IT.
Specific mixtures of CMV peptides, overlapping by 10 aa, and
derived from CMV pp65 (UL83, 111 peptides) and IE-1 (UL123,
82 peptides), were used to evaluate the effector potential of these
cells as described (18). One million PBMC were incubated with
these antigens (2 �g�ml per peptide final concentration) in the
presence of antibodies against CD28 and CD49d (1 �g each) for
1 h at 37°C in a 5% CO2 incubator. Brefeldin A (10 �g�ml;
Sigma) was added, and cultures were incubated for an additional
5 h. Antigen-specific responses were determined by intracellular
staining for IFN-� as described (18). Antibodies alone were used

as negative control, and Staphylococcus enterotoxin B (1 �g�ml
final concentration) was used as a positive control. Cells were
stored overnight at 4°C after stimulation and stained the next
day. Data files were acquired by using the FACS-DiVA digital
acquisition platform, and analysis was performed by using the

Fig. 1. HIV RU5 copy number in CD4� T cells from HIV-infected individuals
with viremia BLQ after ex vivo treatment with CM or IT. Thirty million CD4� T
cells obtained from 23 HIV-infected individuals with viremia BLQ were cul-
tured with either CM or anti-CD45RO IT for 6 days. Cells were then washed and
stimulated twice with PHA-activated PBMCs. Finally, DNA was extracted, and
the number of copies of HIV RU5 was determined by RT-PCR. The median
reduction in the number of HIV RU5 copies after treatment with anti-CD45RO
IT compared with the control (CM taken as 100%) was 83%. The RU5 copy
numbers declined from a median (range) of 2,669 (17–2,515,904) in cells
treated with CM to 160 (5–380,202) in cells treated with the IT (P � 0.012).

Table 1. Study population

Patient CD4� cells per �l %CD4� cells
Time on HAART,

months
Viremia,

copies�ml
Time with

viremia BLQ, months

1* 457 17 72 �50 30
2 871 50.7 36 �50 30
3† 1,321 40 30 �50 28
4 2,026 38.8 60 �50 46
5* 1,013 29 54 �50 40
6* 868 24.9 69 �50 33
7† 677 39.5 35 �50 34
8 389 12.7 50 �50 29
9* 391 19 36 �50 34

10 206 16 5 �400 1
11† 592 28 10 �400 3
12 526 15.4 27 �400 15
13 641 31.2 6 �50 1
14 875 38.8 5 �400 2
15 504 8.4 25 �400 12
16 335 12 14 �50 10
17 223 18.6 7 �50 4
18 354 22.3 36 �50 33
19 285 17 18 �50 17
20 585 34.6 64 �400 60
21 1,233 29.3 72 �50 60
22* 185 10.1 27 �50 24
23* 561 19.6 41 �50 40
24 682 30 45 �50 38
Median (range) for all

individuals
573 (185–2,026) 23.6 (8.4–50.7) 35.5 (5–72) 29 (1–60)

Median (range) for apheresis
individuals

561 (185–1,013) 19.6 (10–39.5) 41 (27–72) 34 (24–40)

*Individuals who underwent apheresis.
†Women.
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PAINT-A-GATE PRO software program (Becton Dickinson Immu-
nocytometry Systems).

Quantitation of HIV-1 RU5 DNA by TaqMan RT-PCR. Approximately
3 � 107 CD4� T cells per experiment were treated with CM or
the IT for 6 days and then cultured with PHA-activated PBMCs
for 12 days. Remaining cells were assayed by RT-PCR by using
primers for transcripts that corresponded to RU5, as described
(19). This assay detects 1–10 copies of proviral RU5 per 106 cells.

Limiting Dilution Cultures and ex Vivo Treatment of Cells with ITs.
Mononuclear cell apheresis yielded 2–18 � 108 PBMCs per
sample. CD4� T cells were purified by negative selection and
cultured in limiting dilution in three to five replicate wells
including three to four different cell concentrations ranging from
5 � 106 to 100 � 106 cells per well in CM � IT. After 6 days in
culture, cells were washed and cocultured twice with PHA-
activated PBMCs. Cell frequencies were calculated by using a
multiple regression equation (12–14).

Statistical Analysis. For pairwise comparisons, a t test or the
nonparametric Mann–Whitney rank sum test was used. Corre-
lations were calculated by using the Spearman correlation
coefficient. Data were analyzed by using a SIGMA STAT 2000
software package (Jondel Corporation).

Results
Patient Demographics, Screening, and Apheresis. Twenty-four (21
male and 3 female) HIV-infected adults with viremia �400
copies�ml (BLQ) (18 had �50 copies per ml) were enrolled in
the study. At time of enrollment, the median time on HAART
was 35.5 months (range, 5–72 months); the median time with
viremia BLQ was 29 months (1–60 months). Median CD4 counts
and percentages were 573 cells per mm3 (185–2,026 cells per
mm3) and 23.6% (8.4–50.7%), respectively. Table 1 summarizes
the patient demographics.

All 24 individuals were screened for the recovery of HIV-
infected replication-competent CD4� T cells. Such cells were
detected in 7 of these 24 individuals. At time of enrollment, all
had viremia �50 copies per ml. The median time these seven
individuals had been on HAART was 46 months (27–71
months), the median time with viremia BLQ was 33 months

Fig. 2. Frequencies of HIV-infected replication-competent CD4� T cells after
ex vivo treatment with CM or IT. CD4� T cells obtained from seven HIV-infected
individuals with both viremia BLQ and replication-competent virus were
plated in limiting dilution cultures at different concentrations ranging from
5 � 106 to 100 � 106 cells per well with CM � the anti-CD45RO IT for 6 days.
Cells were then washed and stimulated twice with PHA-activated PBMCs. p24
concentrations were determined in cell supernatants, and the frequencies of
HIV-infected cells were calculated as described in Methods. The absolute
frequencies of HIV-infected cells are plotted. (A) Mean number of HIV-
infected cells. This frequency was reduced from a mean of 3.2 cells�107 CD4�

T cells after culture with CM to 0.84 cells�107 CD4� T cells after treatment with
the anti-CD45RO IT (P � 0.05). (B) Correlation between number of copies of
RU5 and the frequency of HIV-infected cells in samples from the patients
analyzed. n � 14; r � 0.56; P � 0.036.

Fig. 3. Correlations between the effect of the anti-CD45RO IT in decreasing
the number of copies of HIV RU5 and clinical parameters. The plots depicted
show the negative correlations between the effect of the anti-CD45 RO IT and
time on HAART; n � 21; r � �0.48; P � 0.029 (A); time with viremia BLQ; n �
21; r � �0.43; P � 0.049 (B); and the CD4 counts; n � 21; r � �0.58; P � 0.006 (C).
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(24–40 months), and the median CD4 counts and percentages of
T cells were 561 cells per mm3 (range 185–1,013 cells per mm3)
and 19.6% (10.1–39.5%), respectively. These patients were an-
alyzed for anti-CMV responses.

Treatment of CD4� T Cells Obtained from HIV-Infected Individuals
with Viremia BLQ with the Anti-CD45RO IT Significantly Reduced the
Number of Copies of RU5 cDNA That Could Be Detected by RT-PCR.
RT-PCR was performed on CD4� T cells isolated from all 24
HIV-infected individuals enrolled in the study to determine the
number HIV cDNA RU5 copies after treatment with the IT or
CM. In 22 of 23 samples in which RU5 could be detected,
treatment with the anti-CD45RO IT reduced the number of
copies of RU5 cDNA compared with CM controls by 83% (range
15% to �90%) (Fig. 1).

Treatment with the Anti-CD45RO IT Significantly Reduced the Fre-
quency of HIV-Infected Replication-Competent CD4� T Cells from
Individuals with Viremia BLQ. Seven individuals, whose samples
yielded HIV-infected replication competent CD4� T cells, un-
derwent apheresis to obtain sufficient numbers of PBMCs to set
up limiting dilution cultures. In five of these seven individuals, we
were able to detect and precisely measure the frequency of
HIV-infected replication-competent cells. The mean (�SE)
frequencies of HIV-infected CD4� T cells in samples cultured in
CM vs. CM plus the anti-CD45RO IT were 3.20 � 0.80 vs. 0.84 �
0.43 per 107 CD4� cells. This result represented a 74% reduction
(P � 0.028) (Fig. 2A), which was comparable to the reductions
observed by RT-PCR. Indeed, there was a significant correlation
between the number of RU5 copies and the frequency of
replication competent CD4� T cells (r � 0.56, P � 0.036)
measured in these individuals with viremia BLQ (Fig. 2B).

Correlations Between the Depletion of HIV-Latently Infected Cells and
Clinical Characteristics of the Study Individuals. We determined
whether any clinical or laboratory parameters correlated with

variations (15% to �90%) in the efficacy of the IT in the 23
patients. As shown in Fig. 3, there were significant negative
correlations between the percentage reduction of RU5 copies
and (i) time that the patient had been on HAART; (ii) time with
viremia BLQ; and (iii) CD4 count and percentage. In addition,
there was a significant positive correlation between the RU5
copy number detected in CM cultures and the percentage
reduction observed after treatment with the anti-CD45RO IT. In
contrast, there was no correlation between the number of RU5
copies and the duration of either viremia BLQ or of HAART.
It is therefore possible that when HIV-infected cells are still in
the process of becoming quiescent (5, 7) or resting (20), they are
more easily activated after stimulation. When a larger number of
cells can become activated, there is a larger pool of cells available
to demonstrate the effect of the IT. Regardless, treatment with
the anti-CD45RO IT consistently reduced the number of RU5
copies in 22 of 23 samples tested, irrespective of either the
number of RU5 copies detected initially or the duration of time
during which the individuals had undetectable viremia.

The Effect of the IT on CD8� T Cell Memory Responses Against human
CMV. We measured the CMV-specific responses of CD8� T cells
obtained from the HIV-infected individuals with replication-
competent virus and CMV memory responses. Cells collected by
apheresis were cultured with CM � IT for 6 days. Cells were then
washed, purified, and cultured with CMV peptides. Six hours
later, the presence of intracellular IFN-� was determined by flow
cytometry. Fig. 4 shows the data from one patient, and Table 2
summarizes the results of all three patients. CMV responses of
the CD8� memory T cells were reduced by only 19–23%, which
correlated with the fraction of pretreatment CD45R0� cells
specific for these peptide antigens (data not shown). In addition,
�95% the CD4� CD45RO� memory cells were depleted by IT
treatment (data not shown), and little functional CMV memory
remained. Therefore, the anti-CD45RO IT was very effective in

Fig. 4. The effect of the anti-CD45RO IT on naive and memory CD8� T cells. (A) CM; (B) IT-treated. PBMCs from patient no. 23 were cultured for 6 days with
CM � the anti-CD45RO IT. Cells were stained as described in Methods and gated on CD8� small lymphocytes. After IT treatment, CD45RO� cells were depleted
with 99.1% efficacy within the total CD8� pool. After 6 h of coculture with CMV pp65 peptide antigen, 79.5% of the antigen-specific CD8� T cell responses of
IT-treated cells remained as determined by flow cytometry. Similar results were obtained with cells from two other patients (Table 2).
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eliminating the CD4� cells latently infected with HIV, but it had
only a modest effect on the CD8� memory T cell response to CMV.

Phenotypic analysis of the CD8� subset revealed that the total
memory compartment was reduced only moderately (5–15%,
data not shown) as a result of IT treatment. Taken together with
the functional data, our results indicate that only CD8� T cells
expressing high levels of CD45RO are targeted, and that the
remaining pool of CD45RO�/low CD8� T cells constitute the
majority of the memory�effector cells present before treatment
with IT.

Discussion
Despite the striking success of HAART in controlling HIV
infection, it does not eliminate the latent viral reservoir, and this
reservoir is a major obstacle in curing the disease. Hence,
patients require life-long therapy (1, 5, 21–24). The CD45RO�

CD4� memory T cells appear to harbor the majority of the latent
virus. To date, several approaches have been aimed at eliminat-
ing these cells (9, 25–29), but none have been highly successful
(29–31). Another proposed strategy involves the use of HIV-
based vaccines to stimulate anti-HIV cytotoxic T lymphocytes,
which might recognize and eliminate the latent reservoir (32–
34). More recently, several groups demonstrated that IL-7 and
prostatin enhanced viral expression in latent cells. After this
stimulation, the cells became susceptible to the effect of an IT
directed against viral proteins (30, 31, 35, 36).

We have previously demonstrated that an anti-CD45RO IT
can significantly reduce the number of HIV-latently infected
cells either generated in vitro or purified from HIV-infected
individuals with detectable viremia (10, 11). The present study
was designed to determine whether the anti-CD45RO IT could
also reduce the frequency of CD4�-latently infected T cells
obtained from HIV-infected individuals with viremia BLQ. The
major findings to emerge from our study are as follows: (i) Using
cells from individuals with undetectable plasma viremia, the
anti-CD45RO IT significantly reduced the frequency of latently
infected CD4� T cells. (ii) The IT spared the CD45RA� cells and

some of the CD8� CD45ROlo memory cells. However, when
CMV responses of CD8� memory T cells could be measured,
they were only modestly reduced. (iii) There was a strong
correlation in the observed reductions of HIV cDNA RU5
copies and frequencies of HIV-infected CD4� T cells after ex
vivo treatment with the IT. (iv) CD4 counts, time on HAART,
and the duration of undetectable viremia showed a negative
correlation with the percent reductions in RU5 copies observed
after treatment with IT.

These results suggest either that more recently acquired
latently infected cells are more susceptible to the effect of the
anti-CD45RO IT than long-lived latently infected cells or that
the effect of the IT on the latter cannot be detected because the
cells cannot be activated. This could be due to the fact that the
longer the individuals maintain a state of latency, the more
‘‘resting’’ the cells become, and these cells may be harder to
activate. In agreement with this hypothesis, Chun et al. (37)
recently demonstrated that resting cells from viremic individuals
can produce virus spontaneously, whereas resting cells from
nonviremic individuals cannot, despite that fact that they contain
similar amounts of HIV proviral DNA. Indeed, long-term
memory CD4� T cells may also down-regulate CD45RO.

To our knowledge, no therapy has been able to decrease the
number of HIV-infected cells from HIV-infected individuals
with viremia BLQ. We have previously demonstrated that the
anti-CD45RO IT decreased the number of latent cells obtained
from HIV-infected individuals with detectable viremia (10). We
also performed a pilot study with three individuals with viremia
BLQ and showed that the IT could significantly decrease these
cells (10). In the present study, we have confirmed and extended
those studies and have shown that the same IT can spare most
of the CMV-specific memory T cells.

Taken together, our results suggest this IT should be tested for
its ability to purge one of the critical latent viral reservoirs in
patients on HAART with viremia BLQ. Viral latency in lym-
phocytes is a particularly attractive setting in which to use ITs,
because lymphoid cells are accessible to the administered IT,
relatively low doses of the IT should be effective, and if the
‘‘purge’’ were to last for 1 week or less, the immunogenicity of
the IT would not present a problem. Until such a trial is carried
out, we will not know whether a 10-fold depletion of latently
infected cells can be achieved in vivo and�or whether this will
have any impact on the disease.
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