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Chapter 7 

A b s t r a c t 

Activation of resting T cells has been proposed to purge the reservoir of HIV-
1-infected resting CD4+ T cells. We therefore treated three HIV-1-infected pa
tients on antiretroviral therapy with 0KT3, a CD3 monoclonal antibody, and 
recombinant human IL-2. Here we report the profound and partially long-
lasting host responses induced by the OKT3 and IL-2 treatment. OKT3/IL-2 
induced a strong but transient release of plasma cytokines and chemokines. 
The percentage CD4+ and CD8T T cells in the blood expressing the activation 
marker CD38 transiently increased to almost 100%, and in lymph nodes we 
"observed" a 10-fold increase in the number of dividing Ki67+ cells and in
creased numbers of apoptotic cells. During the OKT3/IL-2 treatment, a deple
tion of CD4+ T cells in peripheral blood and lymph nodes occurred, which was 
followed by a long lasting depletion of CD4+ T cells in peripheral blood, sug
gesting a physical deletion of these cells. Increases in CD4+ T cell numbers 
during the two years of follow-up were mainly due to increased memory T cell 
numbers. CD8+ T cells were also depleted in the blood, but less severely in 
lymph nodes, and returned to baseline levels within several weeks. 
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I n t r o d u c t i o n 

The murine monoclonal antibody OKT3, has been widely used in renal trans
plant patients to prevent acute rejection.12 A new use of OKT3 has been pro
posed in HIV-infection. 
The presence of a stable reservoir of latent, replication-competent virus 
within resting CD4+ T cells, despite prolonged potent antiretroviral therapy, 
represents a major barrier for eradication of HIV.3'6 One strategy to increase 
the turnover rate of this reservoir might be the activation of these cells, in 
the continued presence of antiretrovirals to prevent re-infection of activated 
cells.78 Activation would lead to virus replication within these cells, resulting 
in cell death.9 Activation might be accomplished by use of OKT3, known to 
activate virtually any T cell through the TCR complex.1 The rationale and 
principle of this purging have been successfully demonstrated in vitro.8 We 
therefore performed a pilot study, in which three HIV-1-positive patients 
were treated with OKT3. As IL-2 plays a critical role in OKT3 driven prolif
eration,10 the effects exerted by OKT3 treatment might be enhanced by the 
administration of recombinant IL-2 (rhIL-2). Unfortunately, administration 
of OKT3 and rhIL-2 to these three HIV-1-positive patients did induce viral 
replication, but did not result in measurable purging of the viral reservoir, as 
we have reported elsewhere.11-12 

It is known that administration of OKT3 also has profound effects on the 
human immune system. In renal transplant patients, the transient release of 
cytokines after the first dose of OKT3 is well-known.1315 In the setting of or
gan transplantation, OKT3 is combined with steroids and other immunosup
pressive drugs.16 In our study we chose not to administer corticosteroids be
cause of their inhibitory effects on T-cell activation and viral replication.8 

Consequently, the known effects of OKT3 cannot be extrapolated to the 
situation of HIV patients, not taking immunosuppressive drugs. 

Therefore, this pilot study enabled us the unique opportunity to observe the 
effects of OKT3/rhIL-2 without concomitant administered immunosuppres
sive drugs on the immune system, focusing on the hitherto not described 
chemokine release. Further, we were able to obtain data on the so far un
known long-term effects of OKT3 on T cell subsets in peripheral blood and 
lymph nodes. 
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F i g u r e 2 Ki67* positive cells, stained brown, in lymph node section from patients 010 (a, b) 

and 002 (c, d) 2-6 weeks before OKT3/IL-2 treatment (a, c) and the fourth day of the first 

OKT3/IL-2 cycle (d) or second OKT3/IL-2 cycle (b). 
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Methods 

Patients 
Three patients (008, 010 and 002) were included in this study. Potent 
antiretroviral therapy with zidovudine, lamivudine, abacavir, nevirapine, 
indinavir and ritonavir had been started 9-15 months earlier. Relevant pa
tient characteristics have been described in more detail elsewhere.11 

Treatment protocol 
Patients were eligible for treatment with OKT3 and rhIL-2 when the plasma 
HIV-1 RNA load was below 5 copies/mL for at least 26 weeks. The study was 
approved by the Medical Ethics Committee of our hospital and informed con
sent was obtained from all three patients. 
OKT3 (Janssen-Cilag B.V., Tilburg, The Netherlands) was administered as a 
2-hr continuous infusion to attenuate first-dose side effects.15 On the first 
day, only 2.5 mg of OKT3 was given; thereafter 5 mg was given for 4 consecu
tive days. The original protocol prescribed subcutaneous administration of 
4.5 MIU (bid) of rhIL-2 (Chiron, Amsterdam, The Netherlands) from day 2 to 
day 6. However, the first patient included (patient 008) experienced severe 
renal side effects, probably caused by a local renal vasomotor effect of rhIL-2 
with an ensuing decrease in the glomerular filtration. Therefore, the rhIL-2 
dosage was decreased to 2 MIU bid, intravenous fluid administration was in
creased to at least 4 litres a day, and dopamine,3 ug/kg/min, as a continuous 
infusion, was added on days 2-6 in patients 010 and 002. In this way renal 
dysfunction was prevented. This cycle was to be repeated after 2 weeks (days 
15-20), but patients 008 and 002 declined a second course because of the side 
effects.11 

Antiretroviral therapy was continued during OKT3/IL-2 treatment. 

Follow up 

Leukocyte counts. Peripheral blood was collected for total leukocyte and dif
ferential counts before the first OKT3 infusion, at 1, 6 and 12 hr thereafter, 
and on days 2-6, 8, 15-20, 22, and 43. On days 1-6, 8, 15, 20, 22, and 43 and 
subsequently every 8 weeks, EDTA anticoagulated blood was collected for 
lymphocyte immunophenotyping. 

Plasma. During the first OKT3/IL-2 cycle EDTA blood was collected for cyto
kine measurement before the start of treatment and at 1, 2, 4, 6, 8, 10, and 
12 hr thereafter. On the second and third days EDTA blood was collected at 
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O, 2, and 4 hr, and on the sixth day prior to the first dose of rhIL-2. Immedi
ately after blood collection, the plasma was recovered by centrifugation at 
4°C for 20 min at 1500g and was stored at -80°C until tested. 

Serum. Blood was collected for IL-2 and chemokine measurement prior to the 
first OKÏ3 administration and at 1, 2, 4, 6, 8, and 12 hr thereafter. On the 
second day, blood was collected at 0, 2, 4. 6, 8, 10, and 14 hr; on the third day, 
at 0, 2, and 4 hr; and on the sixth day, prior to the first dose of rhIL-2. Serum 
was obtained by centrifugation at 4°C for 10 min at 1500g and was stored at -
80°C until tested. 

Lymph node biopsy. Lymph node biopsies of all patients were obtained by 
surgical excision 2-6 weeks prior to the OKT3 treatment. In two patients an 
additional biopsy was taken: on the fourth day of the first OKT3/IL-2 cycle 
(patient 002) and on the fourth day of the second OKT3/IL-2 cycle (patient 
010). Of each lymph node, one part was fixed in Parafix™, embedded in par
affin, and sectioned, and one part was minced with a scalpel, and the cells 
were teased out in Iscove's modified Dulbecco's medium (IMDM) supple
mented with 20 % fetal calf serum (FCS). 

Assays 

Flow cytometry. Lymphocyte immunophenotyping for T cells on fresh periph
eral whole blood and frozen lymph node cells was performed by flow cytome
try using dual staining. 
Lymphocytes were marked as naive and memory CD4+ and CD8+ cells by 
three-colour flow fluorescence using combined staining with CD45RA and 
CD27 monoclonal antibodies (mAb). T cell subsets expressing both CD45RA 
and CD27 were considered thymic derived naive cells, whereas cells which 
lacked CD45RA and/or CD27 were regarded as memory cells.17 

Activation of CD4+ and CD8+ cells was determined by the percentages of cells 
positive for CD38.18 

Immunohistochemistry. In tissue sections, lymphocyte markers were detected 
with commercial antibodies for immunoperoxidase (Dako Corp., Carpenteria, 
CA). The following antibody designations were used: CD3 (Polyclonal A452) 
and Ki67 (B56). After the slides were stained, a video camera was used to 
capture the image with the aid of the NIH Image software. Using this soft
ware thresholding and measuring tools, the specifically stained areas and the 
area of the entire lymph node were measured. Apoptosis was detected using a 
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conventional terminal deoxyribonucleotidyl transferase system (Molecular 
Histology, Inc., Gaithersburg, MD). 

Cytokine and chemokine levels. These were measured by enzyme-linked im
munosorbent assays (ELISA). Commercially available ELISA kits (CLB, Am
sterdam) were used to measure TNF-a, IL-6 and interferon (IFN)-y levels. IL-
2 levels were measured using the Duoset ELISA (Genzyme Diagnostics, 
Cambridge, MA, USA). Detection limits of the assays were 3 pg/mL (TNF-a), 
4 pg/mL (IL-6), 2.4 pg/mL (IFN-y), and 15 pg/mL (IL-2). Monocyte chemoat-
tractant protein (MCP)-l was measured using purified mouse monoclonal 
anti-human MCP-1 as coating antibody, biotinylated rabbit anti-human 
MCP-1 as detecting antibody, and human recombinant MCP-1 as standard 
(PharMingen, San Diego, CA). For determination of macrophage inflamma
tory protein (MlP)-la, MIP-lp and interferon-y inducible protein (IP)-10 lev
els, purified mouse monoclonal anti-human MlP-la, MIP-lp, and IP-10 were 
used as coating antibodies, biotinylated affinity purified goat IgG anti-human 
MlP-la, MIP-ip, and IP-10 as detecting antibodies, and recombinant human 
MlP-la, MIP-lp, and IP-10 as standards (R&D Systems, Abingdon, UK). De
tection limits of the assays were 66 pg/mL (MCP-1), 31 pg/mL (MlP-la), 125 
pg/mL (MIP-lp) and 65 pg/mL (IP-10). 

Resul ts 

Clinical side effects. 
The clinical side effects have been reported in more detail elsewhere.11 In 
brief, in all three patients the first dose of OKT3 caused rigors, fever (>39°C), 
headache, nausea, and diarrhoea. The side effects started within several 
hours after administration and persisted undiminished during the ensuing 
days. Patient 010 started a second course of OKT3/IL-2 2 weeks after the 
first cycle (days 15-20). During this second course he developed only minor 
clinical signs and symptoms, probably due to the development of anti-OKT3 
antibodies.11 

Changes in T cell subsets in blood and lymph nodes. 
Within 1 hr after the start of OKT3 infusion, a profound granulocytopenia 
and lymphocytopenia developed. After 6 hr, granulocyte counts had normal
ised. A profound lymphocytopenia persisted during the entire treatment with 
OKT3 and started to recover at day 8. 
CD4+ and CD8+ T cell counts dropped sharply as early as 1 hr after the start 
of the first OKT3 infusion (Figure 1). These counts started to recover after 
the end of this cycle, but even after almost 2 years CD4+ T cell counts had not 
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reached pre-treatment values. Increases in CD4+ T cell numbers during this 
follow-up period were due mainly to increased memory cell numbers. Two 
years after treatment, patient 010 still had low naive CD4+ T cell numbers in 
the blood. In contrast, the kinetics of CD8+ T cell repopulation in the blood 
were much faster, and within weeks CD8+ T cell number returned to values 
around baseline. In two patients an overshoot in CD8+ T cells could be noted, 
which gradually resolved. 

Table 1. Phenotype of lymph node cells in lymph node sections before and during OKT3/IL-2 

treatment. 

Cell fraction % 

CD3+ cells 

CD4* cells 

naive " 

memory b 

CD8+ cells 

naive " 

memory b 

CD19+ cells 

Immunohis tochemis try (no/mm2) 

Ki67+ cells in paracortex 

apoptotic cells 

befo 

74 

62 

50 

50 

15 

44 

56 

26 

397 

8.11 

Pa t it 

re 

n t 0 0 2 

d u r i n g 

26 

15 

57 

43 

11 

46 

54 

74 

3810 

66.29 

Patient 010 

before 

65 

45 

50 

50 

21 

54 

46 

35 

564 

11.04 

during 

55 

19 

33 

67 

34 

38 

62 

42 

4447 

15.37 

<• naive cells: CD45RA+CD27+; 
b memory cells: CD45RA+CD27or CD45RACD27+ or CD45RACD27-

In two patients a lymph node biopsy was taken during the OKT3/IL-2 treat
ment. The conditions at the second lymph node biopsy differed for both pa
tients. In patient 002 the biopsy was taken during the first OKT3/IL-2 cycle, 
when a profound lymphocytopenia in the blood was present; and in patient 
010, during the second OKT3/IL-2 cycle, when only a mild lymphocytopenia 
in the blood was present. The CD3+ T cell area made up 24.5% (010) and 
12.5% (002) of the lymph node before and 31.5% (010) and 13% (002) after 
OKT3/IL-2 treatment. Phenotyping of the lymph node cell suspension showed 
a substantial decrease in the percentage of CD3+ T and CD4+ T cells during 
the OKT3/IL-2 treatment, whereas the percentage of CD19+ B cells in
creased, the greatest degree of change being observed for patient 002. The 
decrease in CD3+ T cells could be explained by a decrease in CD4+ T cells, as 
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the fraction of CD8+ T cells (as a percentage of the total number of T lympho
cytes) was more or less unchanged after treatment. Taken together, these 
data thus show that CD4+ T cells were depleted from blood and lymph node, 
whereas CD8+ T cells were depleted in blood but not in lymph nodes (Table 
1). 

Immune activation. 
The percentage of CD4+ and CD8+ cells that expressed the activation marker 
CD38 increased from 40 to 95% and from 10 to 90%, respectively, and gradu
ally returned to baseline levels during the following weeks. In lymph nodes 
the number of Ki67+ cells measured by immunohistochemistry increased al
most 10-fold during OKT3/IL-2 treatment (Table 1, Figure 2). Dual staining 
showed that the majority of these Ki67+ cells were CD3+ T cells. In addition, 
the number of apoptotic cells was increased (Table 1). 

Cytokines and chemokines. 
Pre-treatment plasma levels of TNF-a, IL-6, and IFN-y and serum levels of 
IL-2 were below the limits of detection. Following the first OKT3 dose, cyto
kine levels increased. TNF-a and IL-2 showed peak values in the range of 
712-2066 and 713-816 pg/mL, respectively, 1 to 2 hr after the start of the first 
OKT3 infusion. IL-6 peak levels in the range of 1357-3814 pg/mL were ob
served after 4 to 6 hr and IFN-y showed peak values in the range of 108-1007 
pg/mL after 2 to 4 hr. TNF-a, IL-6, and IFN-y levels showed minor increases 
on the second day and remained low during the rest of the treatment. The 
measured IL-2 levels on days 2-6 were influenced by the presence of exoge
nous rhIL-2. 

Baseline MCP-1 serum levels ranged from 701 to 1063 pg/mL, MlP-la and 
MIP-1(3 serum levels were either below or just above the limit of detection, 
and baseline IP-10 values were ranging from 462 to 714 pg/mL (Figure 3). 
MCP-1 levels peaked at 4 to 6 hr after the start of the first OKT3 infusion, 
MlP- la and MIP-lp peak values were observed at 2 hr, and IP-10 levels 
peaked at 6-8 hr. MCP-1, MIP-lp, and IP-10 levels showed moderate in
creases on the second day and remained above baseline levels during the re
maining treatment. 

Discuss ion 

In this study we examined host responses to the administration of OKT3 and 
IL-2, without concomitant application of steroids or other immunosuppres
sive drugs, in three HIV-1-infected patients on potent antiretroviral therapy. 
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After the start of 0KT3, we observed a transient granulocytopenia and a per
sisting lymphocytopenia, in line with previous reports.13a9 '20 Following dis
continuation of OKT3/IL-2, CD3+ T cells rapidly reappeared in the circula
tion.21 CD8+ T cell rebound was rapid and complete, but even after almost 2 
years CD4+ T cell counts had not reached pre-treatment values. Despite this 
CD4+ T cell depletion, the patients experienced no opportunistic infections 
and were in good health. 

The long-lasting depletion of CD4+ T cells was unexpected, as in renal trans
plant patients only a mild decrease in CD4+/CD8+ ratios has been described 
after treatment with OKT3. No data are available for absolute CD4+ and 
CD8+ T cell numbers.22 In lymphoid tissue we observed a strong decrease in 
the percentage of CD4+ T cells, whereas, in contrast to peripheral blood, the 
percentage of CD8+ T cells was much less severely depleted. The size of the 
CD3+ T cell area was more or less unchanged, suggesting not only a relative, 
but also an absolute decrease in CD4+ T cells. Taken together, these data 
strongly suggest physical deletion of these cells. OKT3 may lyse T cells by 
allowing for antibody-bridged cell-mediated cytolysis.23 In addition, OKT3-
induced T cell apoptosis has been demonstrated.24 

Long-lasting specific depletion of CD4+ T lymphocytes is also an important 
clinical problem following chemotherapy and bone marrow transplantation.25" 
27 The mechanisms of the gradual reappearance of CD4+ T cells in these cir
cumstances are expansion of existing peripheral T cells but, more impor
tantly, thymic production of new naive T cells.2529 

In contrast to the CD4+ T cells, the CD8+ T cell count in peripheral blood 
rapidly rebounded to values around baseline levels following discontinuation 
of OKT3/IL-2. Given the less severe depletion of CD8+ T cells observed in the 
lymph nodes, these observations may be explained by a treatment-induced 
retention of CD8+ cells in lymph nodes, followed by a rapid redistribution of 
CD8+ T cells into the circulation after the OKT3/IL-2 treatment. This tran
sient retention or homing to the tissue is most likely caused by the general
ised immune activation, which resulted in an increased expression of homing 
molecules on T cells but also on lymph node endothelial cells.30 In addition to 
redistribution to the blood, production of CD8+ T cells could contribute to the 
CD8+ restoration, through thymic-independent pathways of CD8+ T cell re
generation.25'26 Further, the rapid recovery of the CD8+ cell counts might be 
partially explained by cell division caused by the prolonged state of immune 
activation, which is indicated by the increased percentage of CD8+ T cells ex
pressing CD38. 

119 



Chapter 7 

10OOOOO 

100ÜOO-

10000 

100O 

IVKP-1 

.1 

3 4 
Days 

500O 

4000 

"§3000-

Ö 

; d. 2000 
5 

1O0O 

0 

MEP-la 

•**?»y 

3 
Days 

1000000 

10000O 

1 
1000O 

1000 

100 

MP-ip ïoooooo 

IOOOOO-

10000-

1000-

100 

-O-008 
- A- 010 
-*-002 

2 3 
Days 

5 6 

IP-10 

A 

2 3 4 
Days 

F i g u r e 3 Serum concentrations of the chemokines monocyte chemoattractant protein 

(MCP)-l, macrophage inflammatory protein (MlP)-la, MIP-lp, and interferon-y inducible 

protein (IP)-10 during OKT3/IL-2 treatment. Day 1, s tar t OKT3/IL-2 treatment. 

High peak values of cytokine and chemokine levels were measured during 
the first day of the OKT3 treatment. The high, although transient release by 
activated T cells of cytokines, including TNF-a, IL-2, IL-6, and IFN-y, was 
probably responsible for the observed acute clinical syndrome including py
rexia (>39°C), headache and gastrointestinal symptoms.13'31"33 The much 
lower cytokine release during the ensuing days is in line with previous 
data.13-3133 The continuation of the clinical side effects after the first day has 
to be attributed to the administration of rhIL-2.3436 In transplant patients, 
the OKT3 induced cytokine release syndrome is attenuated by administra
tion of corticosteroids before the first OKT3 dose.16-31 
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We also observed the hitherto not described release of chemokines after the 
administration of OKT3. Circulating levels of MCP-1, MlP-la, MIP-lp, and 
IP-10 increased after the first dose of OKT3, the greatest degree of change 
being observed for MIP-ip. Most, if not all, cells can secrete chemokines 
given the appropriate stimulus. The main stimuli for chemokine production 
are early pro-inflammatory cytokines such as TNF-a, bacterial products, 
such as lipopolysaccharide, and viral infections. In addition, IFN-y can induce 
the production of chemokines.37 Whether the increased chemokine secretion 
in this setting is directly induced by the administration of OKT3 or mediated 
by OKT3-induced cytokine release is unclear. For MlP- la and MIP-ip, peak 
levels were detected after 2 hr, suggesting a direct effect of OKT3. 

In conclusion, our pilot study in three HIV-1-positive patients thus showed 
that administration of OKT3 and IL-2, although it failed to result in measur
able purging of the cellular HIV-1 reservoir,11 caused vigorous immune acti
vation, including the release of chemokines. In addition, it resulted in a long-
lasting depletion of CD4+ T cells, reminiscent of CD4+ depletion and restora
tion as seen in patients who received CD4 mAb treatment, a bone marrow 
transplantation, or chemotherapy.2528 This long-lasting depletion of CD4+ T 
cells may be considered a contraindication for future exploration of this 
therapeutic approach to a disease in which CD4+ T cell depletion is an impor
tant parameter of disease progression. 
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