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Abstract

Side effects after the first administration of OKT3, a murine
anti-CD3 monoclonal antibody (mAb) of the IgG2a class, are
largely attributed to the release of cytokines as a result of T cell
activation caused by interaction with Fc receptors (FcR) on
human monocytes. As human monocytes possess FcR for mu-
rine IgG2a but not for IgA, it is expected that an anti-CD3 mAb
of the IgA class causes less side-effects than an IgG2a anti-
CD3 mAb of the same idiotype. To test this hypothesis we
treated 20 renal transplant patients prophylactically with ei-
ther IgG2a or IgA anti-CD3 mAbin a prospective randomized
double-blind study. The patients received 0.5 mg anti-CD3
mAb, either IgA (T3.A) or IgG2a (T3.G2a), twice daily during
10 d. Rejection incidence after T3.A and T3.G2a was not signifi-
cantly different. Side effects score after the first administration
of mAbwas significantly less after T3.A than after T3.G2a (0.7
vs 2.7, P= 0.002). IL-6 and gammaIFN levels increased signif-
icantly at 3 h after T3.G2a, but not after T3.A. The TNF peak
level occurring at 1 h after T3.A was much lower than after
T3.G2a. In plasma, complement and neutrophil activation prod-
ucts only increased after T3.G2a and not after T3.A. Both T3.A
and T3.G2a resulted in a complete depletion of CD3+cells, but
after T3.A, CD3 depletion was of shorter duration than after
IgG2a. Finally, in contrast to T3.G2a, T3.A did not affect coagu-
lation and fibrinolysis. In conclusion, an anti-CD3 mAbof the
IgA class causes hardly any cytokine release and less side-ef-
fects as compared with its IgG2a switch variant. Provided T3.A
is sufficiently immunosuppressive, it is superior to OKT3. (J.
Clin. Invest. 1994. 2519-2525.) Key words: renal transplanta-
tion * immunosuppression * monoclonal antibodies * side effects
* cytokines

Introduction

OKT3, a murine anti-CD3 monoclonal antibody (mAb) of the
IgG2a isotype, is among the first mAbsavailable for treatment
in humans. Over the last years it has proven to be a very power-
ful immunosuppressive agent in renal transplantation, both for
prophylaxis and reversal of acute rejection episodes ( 1, 2).
However, its extensive use is hampered by severe side effects,
mainly occurring in the first hours after the initial dose and
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consisting of fever, chills, gastro-intestinal symptoms, head-
ache, and occasionally pulmonary edema (3-5).

These side effects have been largely attributed to the release
of cytokines as a result of transient activation of T cells and
monocytes by OKT3. Indeed, within hours after the first ad-
ministration of OKT3 elevated levels of interleukin-2 (IL-2),
interleukin-6 (IL-6), tumor necrosis factor (TNF) -a and 'y-in-
terferon (IFN) were demonstrated in renal transplant recipi-
ents that paralleled clinical symptoms (6-1 1 ). Also, anti-TNF
significantly reduced anti-CD3-induced morbidity in mice
and man ( 12, 13). In vitro, ample evidence has accumulated
that T cell activation by anti-CD3 mAbdepends upon the pres-
ence o. appropriate Fc receptors (FcR)) on human monocytes
to provid2 a matrix to favor cross-linking of CD3/T cell recep-
tor (TCR) complexes ( 14-20). As human monocytes possess
FcR for murine IgG2a but not for IgA, anti-CD3-induced mor-
bidity is supposed to be isotype dependent. Both in chimpan-
zees and in mice administration of T cell non-activating anti-
CD3 mAb, e.g., IgA anti-CD3 and anti-CD3 F(ab')2 frag-
ments, resulted in less cytokine release and fewer side effects as
compared with the administration of T cell activating mAb
such as IgG2a anti-CD3 (21, 22). Moreover, the observation in
mice and chimpanzees that T cell non-activating anti-CD3
mAband F(ab')2 fragments do cause CD3depletion and result
in a prolongation of allogeneic skin graft survival suggests that
adequate immunosuppression can be achieved without T cell
activation and thus with little or no side effects.

Previously, our group has demonstrated complement acti-
vation and subsequent activation of neutrophil granulocytes in
renal transplant patients after the first administration of
OKT3, and before the rise in cytokine levels occurred (23). It
was concluded that, in addition to T cell activation and cyto-
kine release, activation of complement and neutrophils also
contribute to the side effects of OKT3. Furthermore, we pro-
vided evidence for a disturbance of the procoagulant-fibrino-
lytic balance after administration of 5 mg OKT3 (24), al-
though this was not accompanied by an increased incidence of
thrombotic complications (25). In contrast, Abramowicz et al.
(26) reported an increased incidence of thrombotic complica-
tions in renal transplant recipients who received OKT3 induc-
tion treatment in a dosage of 10 mgdaily.

This study was primarily undertaken to test whether a T cell
activating and a T cell non-activating anti-CD3 mAbdiffer in
the generation of side effects in humans. Parameters of anti-
CD3 mAbrelated toxicity such as cytokine release, activation
of complement, and neutrophil granulocytes as well as parame-
ters of coagulation and fibrinolysis were tested. For this pur-
pose 20 renal transplant recipients were treated with either

1. Abbreviations used in this paper: FcR, Fc receptors; MPNS, methyl-
prednisolone; PAPc, plasmin-a2-antiplasmin; TCR, T cell receptor;
tPA, tissue-type plasminogen activator.
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IgG2a or IgA anti-CD3 induction therapy in a prospective dou-
ble-blind randomized study.

Methods

The study was approved by the Institutional Research and Ethical
Committees of the Academic Medical Center of the University of Am-
sterdam and written informed consent was obtained from all patients.

Monoclonal antibodies. Anti-CD3 isotype switch variants were iso-
lated at our institute as described before (27, 28). They have the same
idiotype and are thus reactive with the same epitope on the CD3mole-
cule, their avidity being approximately ten times higher than OKT3
(29). The hybridomas producing monomeric IgA anti-CD3 (T3.A)
and IgG2a anti-CD3 (T3.G2a) were cultured under aseptic conditions
in a hollow-fiber culture system (Acusyst, P., Endotronics Inc., Coon
Rapids, MN) and purified by Euroclone (Amsterdam). T3.A and
T3.G2a had been tested before in chimpanzees for toxicity and effects
on T lymphocytes (22).

Patient selection and immunosuppressive protocols. Patients were
eligible for this study if they were > 18 yr of age, received their first or
second renal graft, did not exhibit strong anti-HLA sensitization (de-
fined as 85% or more panel reactive antibodies) and had not received
prior treatment with murine mAb. From October 1991 to August
1992, 20 renal transplant recipients were enrolled in this study. After
randomization patients received either T3.G2a or T3.A induction
treatment in a double-blind fashion. The mAbcode was not broken
until 6 wk after the last patient had finished anti-CD3 treatment. Basic
immunosuppression from the day of transplantation and during induc-
tion treatment consisted of prednisolone/azathioprine. Azathioprine
was given orally in a dosage of 2.5 mg/kg/d, the first dose was given
preoperatively. Prednisolone 50 mg i.v. was given twice daily from the
day of transplantation until the start of anti-CD3 induction. To be able
to monitor anti-CD3 related side effects, anti-CD3 induction was
started at day three or four after transplantation. Based on a 10-fold
increased avidity of T3.A and T3.G2a in vitro as compared with OKT3
(29) and the observed pattern of CD3depletion in chimpanzees (22),
we decided to give anti-CD3 induction in a dosage of 0.5 mg i.v. twice
daily for 10 d. Before the first administration of anti-CD3 mAb, over-
hydration was excluded by means of a chest x ray. I h before the first
administration of anti-CD3 mAb 500 mg methylprednisolone
(MPNS) was given as a single i.v. bolus, together with 25 mgprometha-
zine orally. During anti-CD3 induction, azathioprine was continued as
before, with dose adjustment according to the number of platelets and
white blood cells (WBC), together with prednisolone 25 mg/d orally. 2
d before the end of the anti-CD3 induction course cyclosporine was
started 8 mg/kg orally, divided in two daily dosages, provided creati-
nine clearance was at least 30 ml/min. Cyclosporine dosage was ad-
justed so as to result in whole blood through levels of 150-200 Mg/l.
When cyclosporine levels were in the therapeutic range, azathioprine
was stopped and prednisolone was tapered to 10 mgdaily within 3 wk.
Anti-CD3 induction was stopped in case of severe life-threatening dis-
ease and in case of rejection. Acute rejections were treated with MPNS
500 mgas an i.v. bolus for 6 d.

Rejection episodes. Criteria for acute rejection were an increase
(2 30%) in serum creatinine, clinical symptoms such as fever, oliguria,
and swelling or tenderness of the graft in the absence of hydronephrosis
on ultrasonography. Rejection episodes were always confirmed by core
biopsy.

Side effects during anti-CD3 induction. Side-effects occurring dur-
ing the first 6 h after the administration of anti-CD3 mAbwere ex-
pressed in the following way: from zero to three and from 3 to 6 h after
anti-CD3 administration patients were observed and questioned for
the presence of (a) fever > 38.5°C, (b) chills, (c) dyspnea, (d) nausea
or vomiting, (e) diarrhea, and (f) headache. Each positive symptom
was scored I + when present during one interval, 2+ when present
during both intervals. Thus, the cumulative side effects score ranged

from zero to 12. Apart from this, body temperature was taken at least
four times daily during the first 2 d of anti-CD3 induction treatment.

Blood sampling and assays. Venous blood samples were obtained
with the use of a dwelling catheter that was inserted in one of the
femoral veins 1 h before the first administration of OKT3. According
to the literature (6-8, 23-24) time points for determination of cyto-
kines, activated complement factors, neutrophil degranulation prod-
ucts, and parameters of coagulation and fibrinolysis were chosen as to
result in an optimal reflection of kinetics. Time points chosen were:
immediately before and 15 min, 30 min, 1, 3, and 6 h after the first
three administrations of anti-CD3 mAb. Plasma aliquots of six T3.A-
and six T3.G2a-treated patients were stored at -70'C. Plasma TNF-a
and y-IFN levels were measured with a commercially available ELISA
resp. IRMA (Medgenix, Billerica, MA). Plasma levels of IL-6 and
complement activation products C3a-desarg and C4b/c were deter-
mined as previously described (30-32). Plasma levels of neutrophil
degranulation products lactoferrin and elastase-a1-antitrypsin (AT)
complexes were measured with a RIA (33). Prothrombin activation
fragment Fl + 2 was determined with a commercially available ELISA
(Behringwerke AG, Marburg, Germany). Levels of tissue-type plas-
minogen activator (tPA) and plasmin-a2-antiplasmin complex
(PAPc) were measured as described previously (24, 34). The upper
limit of values in plasma of 20 healthy controls, defined as mean + 2
SD was 40 pg/ml (TNF-a), 13 pg/ml (IL-6), 1 U/ml (y-IFN), 5
nmol/l (C3a-desarg), 55 nmol/l (C4b/c), 424 ng/ml (lactoferrin),
117 ng/ml (elastase-a,-AT), 1. 1 nmol/l (F 1 + 2), 10,ug/l (tPA) and 7
nmol/l (PAPc).

In all patients blood samples for the determination of lymphocyte
subsets were drawn immediately before the first administration of anti-
CD3 mAband 15 min, 30 min, 1, 3, and 6 h thereafter. In addition,
during the first 2 d lymphocyte subsets were determined every 6 h and
the following days twice daily before each subsequent anti-CD3 admin-
istration. Onday seven, additional blood samples were taken at 30 min,
1, 3, and 6 h after anti-CD3 administration. Lymphocyte subsets were
determined by direct fluorescence using anti-CD2, anti-CD3, anti-
CD4, anti-CD8, anti-CD19, and anti-TCR mAblabeled with fluores-
cein or phycoerythrin (Becton Dickinson, Mountainview, CA). Goat
anti-mouse fluorescein-labeled antibodies, at a dilution of 1:40, were
used to detect in vivo coating of T cells by anti-CD3. In vitro, using
serial dilutions of T3.A and T3.G2a, indirect staining with goat anti-
mouse fluorescein-labeled antibodies yielded similar results. Flow cy-
tometry was performed using a FACSCAN.Plasma levels of T3.A and
T3.G2a and antibodies to T3.A and T3.G2a were determined with an
ELISA (35).

Statistical analysis. Values are expressed as mean±SEM. Statistical
analysis was performed using the Mann Whitney test, the Cox/Mantel
test, and the Wilcoxon Signed Ranks test. The Wilcoxon Signed Ranks
test was performed one-sided because only increases were expected and
only peak levels were compared with pre-treatment levels. A probabil-
ity (P) value < 0.05 was considered to indicate a significant difference.

Results

Clinical outcome and side effects. 20 renal transplant recipients
were treated in a double-blind fashion with either T3.A or
T3.G2a induction treatment. Patient characteristics are sum-
marized in Table I. In the T3.A-treated group eight patients
completed the induction course: T3.A treatment was aban-
doned because of acute rejection (one patient, day seven) and
septicaemia (one patient, day four). In the T3.G2a-treated
group, seven patients completed the course: T3.G2a treatment
was canceled because of acute rejection (two patients, day
three, respectively, day five) and acute pulmonary edema fol-
lowed by cardiac arrest (one patient, day two). Resuscitation
was successful. At a minimum follow-up period of 6 mo5/10
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Table I. Characteristics of the Patients

T3.A T3.G2a

No. of patients 10 10
Age (yr)

Mean 46 40
Range 20-67 18-53

Sex
M/F 8/2 6/4

Transplant I/II 9/1 9/1
HLA mismatches (mean)

AB 1.0 1.4
Dr 0.1 0.4

No. of patients with
.5% panel-reactive
antibodies 1 3

End-stage renal disease
Chronic glomerulonephritis 4 3
Urologic/interstitial 2 3
Diabetes mellitus 0 1
Polycystic renal disease 1 2
Other/unknown causes 3 1

patients in the T3.A-treated group suffered from rejection, as
compared with 4/10 after T3.G2a (n.s.). Patient survival in
either group was 100%, graft survival was 70% after T3.A and
100% after T3.G2a treatment (n.s.).

In general, T3.A was tolerated much better than T3.G2a,
although the first administration of T3.A was not entirely with-
out side effects: -1 h after the first mAbadministration 8/10
T3.A-treated patients and 9/10 T3.G2a-treated patients had
chills. However, maximal body temperature on the first 2 d of
mAbtreatment was 37.4±0.30C for T3.A treated patients and
38.7±0.30C after T3.G2a treatment (P = 0.005). Cumulative
side effects score during first 6 h after the first mAbadministra-
tion was 0.7 in T3.A-treated patients and 2.7 after T3.G2a
treatment (P = 0.002). Subsequent administrations of either
mAbcaused hardly any discomfort. At a minimum follow-up
of 6 mo, major infectious complications after resp. T3.A or
T3.G2a treatment consisted of CMVdisease (one vs. four pa-
tients) and septicaemia (one patient in either group).

Cytokines. Results of cytokines are given in Fig. 1. In-
creases were only noted during the first 6 h after the first anti-
CD3 administration. Significantly increased TNF peak levels
were reached at 1 h after the first administration of either mAb.
However, TNFpeak levels were much higher after administra-
tion of T3.G2a (1143±157 pg/ml, P = 0.04) than after T3.A
(228±54 pg/ml, P = 0.04). Elevated IL-6 levels were only dem-
onstrated after administration of T3.G2a, with peak levels be-
ing reached at three hours (65±33 pg/ml, n.s.). Elevated IFN
levels were only demonstrated after administration of T3.G2a,
with peak levels being reached at 3 h (6.7±2.5 U/ml, P
=0.04).

Complement and granulocyte activation products. Plasma
levels of complement- and granulocyte activation products are
depicted in Fig. 2. Increases were only noted during the first 6 h
of anti-CD3 administration. C3a-desarg levels were only
slightly elevated after administration of T3.G2a, with peak lev-

1500 -

1200 -

E

3900 -

z
'- 600 -

300 -

0-i

100 -

80 -

c60-

4
' 40-

0

10

6E
z

*C~

Hours after anti-CD3

Figure 1. Levels of cytokines (TNF, IL-6, and IFN) during the first 6
h after the first administration of T3.A (open bars) and T3.G2a
(closed bars). Results are shown as mean + SEM. Significantly ele-
vated peak levels as compared with pre-treatment levels are indicated
by an asterisk. (P < 0.05; Wilcoxon Signed Ranks test). Upper limit
of normal values is indicated by a dashed line.

els being reached at 6 h (7.2±0.8 nmol/l, P = 0.04). No ele-
vated C4b/c levels were detected after administration of either
mAbat any point of time (data not shown). After administra-
tion of T3.G2a there was a slight increase in lactoferrin levels,
although peak levels at 3 h were still in the normal range
(325±71 ng/ml, n.s.). No elevated lactoferrin levels were de-
tected after administration of T3.A. Pre-treatment levels of
elastase-a,-AT were slightly elevated and increased signifi-
cantly after administration of T3.G2a with peak levels at 3 h
(431±92 ng/ml, P = 0.04), but did not increase after adminis-
tration of T3.A.

Parameters of coagulation andfibrinolysis. Plasma levels of
Fl + 2, tPA and PAPc are given in Fig. 3. Increases were only
noted during the first 6 h after the first anti-CD3 administra-
tion. Pre-treatment Fl + 2 levels were elevated (3.0±0.3 nmol/

r-, Vivo Effects of IgA and IgG2a Anti-CD3 Isotype Switch Variants 2521

2-



i-

E 6
E

cSI,

20 4-

400 -

0
500-

400 -

-e
0)

s

100 -

5200 -

w

100 -

200 -100 -

O-

0 0.5 1

r

ail 4
3

r

6

0

E
N

+IL

cm

U.

0)

250 -

200

3 150 -

CL

a- 100 -

50 -

0-

Hours after anti-CD3

Figure 2. Levels of activated complement factor (C3a) and neutrophil
degranulation products (lactoferrin and elastase-al-AT) during the
first 6 h after the first administration of T3.A (open bars) and T3.G2a
(closed bars). For further explanation see legend to Fig. 1.

1 and 3.6±0.6 nmol/l) and increased only slightly after admin-
istration of T3.G2a, peak levels being reached at 6 h (4.7±0.9
nmol/l, n.s.). After administration of T3.G2a both tPA and
PAPc levels increased significantly: tPA peak levels were
reached at 1 h and averaged 44±6.6 ,ug/l (P = 0.04). PAPc
peak levels were also reached at 1 h and averaged 199±73
nmol/l (P = 0.04). After administration of T3.A no increase in
Fl + 2, t-PA or PAPc levels was observed.

T cell subsets. Both T3.G2a and T3.A resulted in an imme-
diate and profound depletion of CD3+cells in all patients (Fig.
4): within 30 min after the first administration of either mAb
the number of CD3+ cells had decreased to < 10% of base-line
values. However, CD3depletion after T3.A was of shorter dura-
tion than after T3.G2a administration: whereas during the
whole period of T3.G2a treatment the number of CD3+ cells
remained low as compared with pre-treatment values, T3.A-in-
duced CD3depletion only lasted for 2 d. From the third day of

0 0.5 3 6

Hours after anti-CD3

Figure 3. Parameters of coagulation (F) + 2) and fibrinolysis (tPA
and PAPc) the first 6 h after the first administration of T3.A (open
bars) and T3.G2a (closed bars). For further explanation see legend
to Fig. 1.

T3.A administration the number of CD3+ cells, determined
twice daily before T3.A administration, approximated base-
line values. Nevertheless, frequent measurements on day seven
revealed that administration of both mAbagain caused CD3+
cells to disappear transiently from the circulation. Interest-
ingly, at this time no side effects occurred in either group of
patients. In addition, compared with pre-treatment values both
mAbs caused a decrease in mean channel fluorescence inten-
sity of the recurring CD3+ cells. This decrease was more pro-
nounced during T3.G2a than during T3.A treatment. Mean
channel fluorescence intensity of all cells was 510 (on a linear
scale) before the institution of anti-CD3 induction therapy,
and decreased to 388 (during T3.G2a treatment) or 462 (dur-
ing T3.A treatment). In spite of the decreased mean channel
fluorescence, populations of CD3+ and CD3- cells were

clearly distinct. At all time points the number of CD3+ cells
equaled the number of CD2+ cells, the sum of CD4+ and
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Figure 4. Total number of CD3+ cells during induction treatment
with T3.A (in) and T3.G2a (.). Results are expressed as mean±SEM.
Time points given are immediately before the first administration of
anti-CD3 mAband 15 and 30 min, 1, 3, and 6 h thereafter. Next,
during the first 2 d, lymphocyte subsets were determined every 6 h
and the following days this was done twice daily just before anti-CD3
administration. On day seven additional blood samples were drawn
at 30 min, 1, 3, and 6 h after anti-CD3 administration (lower panel).

CD8+ cells, and the number of TCR+cells (data not shown).
Both during T3.A and during T3.G2a treatment 40-80% of the
CD3+ cells was coated with murine Ig.

T3.A and T3.G2a levels and antibodies to T3.A and
T3.G2a. Murine Ig peak levels obtained 1 h after the first ad-
ministration of either mAbas well as trough levels throughout
the whole treatment period were below detection. IgA peak
levels, determined on day seven at 1 h after T3.A administra-
tion, averaged 14 ng/ml. At the same time IgG2a peak levels
averaged 90 ng/ml. Sera for determination of antibodies to
T3.A and T3.G2a were obtained 2 and 4 wk after the last day of
anti-CD3 administration. After either T3.A or T3.G2a treat-
ment, 6/10 patients mounted an antibody response. In the
majority of patients both isotypic and idiotypic antibodies were
demonstrated. However, median antibody titer was 1:1,600
after T3.A and 1:300 after T3.G2a administration.

Discussion

Our results clearly demonstrate that an IgA anti-CD3 mAb
causes significantly less side effects and a markedly decreased
cytokine release as compared to an IgG2a anti-CD3 mAbof the
same idiotype. Although this study was not primarily designed

to test the immunosuppressive properties of T3.A and T3.G2a,
rejection incidence after either mAbdid not differ significantly
in this small group of patients, but in this respect the statistical
power of this study is very low.

Both anti-CD3 mAb under investigation share identical
idiotypes (their avidity being 10 times higher as compared
with OKT3) (29). Therefore the observed difference in side
effects and cytokine profile can only be ascribed to the differ-
ence in isotype and is in agreement with our observation in
vitro that, in contrast to IgG2a anti-CD3, IgA anti-CD3 mAb
can not cause T cell activation (27). Moreover, after adminis-
tration of T3.G2a activation of different cell populations, such
as monocytes, macrophages, and natural killer cells, via FcR
may also contribute to the early release of TNF, IFN, and IL-6.
As pre-treatment with high-dose steroids has been reported to
decrease toxicity of IgG2a anti-CD3 mAbin mice and men (6,
8, 36-39), it is tempting to speculate that omitting pre-treat-
ment with steroids would even have increased the difference in
toxicity and cytokine profile of T3.A and T3.G2a. Interesting is
the occurrence of chills and TNFrelease after the first adminis-
tration of T3.A. This is in agreement with the in vitro TNF
production induced by anti-CD3 F(ab')2 fragments (40). TNF
is generally supposed to be produced by lymphocytes and
monocytes ( 10, 17). Administration of TNFas an i.v. bolus to
healthy humans results in chills and fever, starting as early as
10 min after the injection (41). As both mAbs were tested
extensively in our laboratory and were found to be free of endo-
toxin-known to be a trigger for TNF release-it seems very
unlikely that contamination with endotoxin is responsible for
these events. Perhaps other cells than peripheral blood mono-
nuclear cells (endothelial cells ?) may be an additional source
of TNFproduction.

After administration of T3.A no elevated levels of comple-
ment activation or neutrophil degranulation products were de-
tected in plasma. This is in agreement with the general assump-
tion that monomeric murine IgA is a poor activator of comple-
ment. After administration of T3.G2a C4b/c levels did not
increase at any time point, while a small but significant in-
crease in C3a levels was observed at 6 h. From an earlier study
we concluded that side-effects after OKT3are not only caused
by cytokine release but that activation of complement and neu-
trophil granulocytes are at least as important (23). In agree-
ment with these data, the early rise in neutrophil degranulation
products, ascribed to complement activation, did not occur
after T3.G2a administration. The late increase in elastase-a1-
AT and lactoferrin levels at three hours after T3.G2a adminis-
tration can be attributed to the strong cytokine response follow-
ing T3.G2a (42-45).

Both mAbscaused an early and almost complete CD3 de-
pletion, but CD3 depletion after T3.A was of shorter duration
than after T3.G2a treatment. These results are in keeping with
an earlier report from our group in chimpanzees (22), al-
though in our patients the duration of lymphopenia on the first
day of anti-CD3 treatment is also influenced by MPNSpre-
treatment (46). Remarkably, on day seven both mAbs again
induced a rapid but transient CD3depletion. Wepropose that
two different mechanisms are responsible for the disappear-
ance of CD3+ cells after anti-CD3 administration. First, the
rather long-lasting CD3depletion occurring on the first day of
T3.G2a treatment, that is accompanied by severe side effects, is
probably mediated by FcR and by adherence to complement
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receptors via complement activation. This mechanism is iso-
type dependent and is operational only during T3.G2a treat-
ment. However, on day seven, T3.G2a-induced CD3depletion
is of short duration. It is conceivable that after prolonged treat-
ment with T3.G2a FcR blockade is caused by saturation of
FcR in the mononuclear phagocytic system. Interestingly, at
day seven, T3.G2a-induced CD3depletion is not paralleled by
side effects, so it seems likely that activation of T cells and
monocytes does not occur at this moment. The latter is also
suggestive for FcR blockade. A second mechanism, that is not
FcR dependent, may be responsible for the very shortlasting
CD3 depletion observed on day one after administration of
T3.A and on day seven after the administration of either mAb.
Weare currently investigating whether margination of T cells
to vascular endothelium via upregulation of adhesion mole-
cules plays a role in anti-CD3-induced T cell depletion.

T3.A and T3.G2a trough levels are extremely low, com-
pared with OKT3 levels, when administered in the same dos-
age (K. J. Parlevliet, manuscript submitted for publication).
The higher avidity of T3.A and T3.G2a compared with OKT3
may explain this. Also, the observation that the T3.A peak
level, measured at day seven is much lower than the T3.G2a
peak level can be explained by the higher number of circulating
CD3+ cells during T3.A treatment. Since CD3+ cells were
coated with murine Ig during treatment with either mAb, the
decreased mean channel fluorescence intensity of the recurrent
CD3+ cells may be caused by blindfolding rather than by mod-
ulation (i.e., a decreased number of CD3molecules per cell) as
described in earlier reports on OKT3 treatment (47-49).

Although the interpretation of our data on coagulation and
fibrinolysis may be hampered by the use of an i.v. catheter for
blood sampling, we think a few conclusions can be drawn.
First, it is obvious that T3.A does not induce activation of
coagulation and fibrinolysis. In contrast, T3.G2a induces a
rapid activation of fibrinolysis, as evidenced by increased levels
of tPA and PAPc at 1 h, followed by a gradual activation of the
commonpathway of coagulation, as evidenced by slightly in-
creased levels of F1 + 2 at 6 h. In our opinion, the elevated
baseline values of F1 + 2 in our patients can be ascribed to
recent surgery (renal transplantation). Our results are in agree-
ment with other reports in which activation of fibrinolysis and
coagulation have been described after the administration of
TNF to healthy humans (40, 50), and after the administration
of OKT3 to renal transplant recipients (24). Considering the
recently described dose-dependent increased incidence of
thrombotic complications after OKT3 treatment (26), the ab-
sence of effects on coagulation and fibrinolysis may offer an
additional advantage to T3.A.

Weconclude that an anti-CD3 mAb of the IgA class is
better tolerated than an anti-CD3 mAb of the IgG2a class,
causes little or no cytokine release, no complement activation,
no activation and degranulation of neutrophil granulocytes
and does not affect the procoagulant-fibrinolytic balance. The
immunosuppressive properties of T3.A therefore, deserve fur-
ther investigation.
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