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ABSTRACT

We administered anti-Leu 2a, a murine monoclonal antibody to the
human suppressor-cytotoxic T-cell subset, to 20 patients with advanced
cancer to determine the toxicity and its ability to deplete circulating Leu
2(+) lymphocytes. Four doses were tested, 1, 5, 25, and 100 mg, and the
infusion rate varied from 2 to 24 h. Administration of anti-Leu 2a
produced rapid (within 4 h) depletion of circulating Leu 2(+) lympho
cytes, the magnitude and duration of which were dose dependent: the I-
mg dose caused a <50% fall in circulating Leu 2(+) lymphocytes, while
the higher doses caused 75-98% depletion of those cells in 10 of 17
patients so treated. The duration of depletion of Leu 2(+) cells was 1-2
days after 5 mg of anti-Leu 2a, 3-4 days after 25 mg, and 4-30+ days
after 100 mg. In seven patients (3-5, 3-25, and 1-100 mg), there was
persistence of variable numbers of circulating mouse Ig-coated Leu 2(+)
cells, possibly indicating impaired capacity to clear these cells. Modula
tion of the Leu 2a antigen after antibody treatment was not observed.
Peak serum levels of anti-Leu 2a were (medians): 5-mg dose = 350 ng/
ml, 25-mg dose = 5500 ng/ml, and 100-mg dose = 48,000 ng/ml; murine
antibody was detectable in the serum for 7-14 days after the 100-mg
dose. All patients had increased titers of antimouse antibody following
treatment with peak titers on day 14. The most common toxicity was
shaking chills. This occurred within 1.5 h of beginning the infusion, lasted
for no more than 30 min, and did not require cessation of the treatment.
Anti-Leu 2a administration caused a clinically unimportant, but statisti
cally significant fall in hematocrit (mean = â€”7%)and platelet (mean =
-23%) count and a transient (<1 day duration) fall in the total lymphocyte
count. Thus, infusion of murine monoclonal anti-Leu 2a can cause sub
stantial depletion of the suppressor-cytotoxic T-cell subset with modest
toxicity.

INTRODUCTION

Attempts at immunotherapy of human cancer have been
largely unsuccessful (1). One obvious explanation for this dif
ficulty is that tumor antigens are not recognized by the autolo-
gous host as foreign and that an immune response is never
initiated. However, an alternative hypothesis is that tumor cells
are immunogenic but the host in which they arise becomes
tolerant to them.

Although the mechanism of immunological tolerance is not
completely understood, evidence from many experimental sys
tems suggests that it is often primarily mediated by antigen-
specific suppressor T-lymphocytes (2). Tolerance to tumor-
associated antigens in tumor-bearing hosts may have a similar
basis. Support for this hypothesis comes from several experi
mental systems in which tumors initially stimulate a specific,
measurable immune response, which is followed and superseded
by the development of T-cells that almost completely suppress
the response (3-6).

It is possible that therapeutic maneuvers aimed at depleting
T suppressor cells could result in reversal of tolerance to tumor-
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associated antigens and could lead to tumor rejection. One such
maneuver is the use of monoclonal antibodies against circulat
ing T-cell subpopulations. Since human suppressor T-lympho
cytes express the surface antigen, Leu 2a (7, 8), administration
of monoclonal anti-Leu 2a antibody could cause depletion of T
suppressor cells and result in potentiation of tumor immunity.

We have conducted a Phase I study of mouse monoclonal
anti-Leu 2a in patients with advanced cancer. In this paper we
show that administration of that antibody can lead to substan
tial depletion of Leu 2(+) T-cells with modest toxicity.

MATERIALS AND METHODS

Design of Study. The study population consisted of 20 patients with
surgically incurable, metastatic cancer. The clinical characteristics of
the patients are shown in Table 1. Most of the study subjects had
malignant melanoma with visceral mÃ©tastases;despite their advanced
disease, their average Karnovsky performance status was 90. Thirteen
patients previously had been treated with chemotherapy, but all cyto-
toxic therapy had been discontinued for at least 4 weeks prior to
entering onto this study. Seven patients had received radiation therapy.
No patients were given corticosteroids while on the study.

Each patient was given a single i.v. infusion of anti-Leu 2a and was
then observed for 30 days; during that time, serial specimens of periph
eral blood were obtained to measure MNC3 composition. Patients with
stable metastatic disease were eligible for retreatment every 4-5 weeks,
but MNC composition was determined only with the first course of
antibody.

Administration of Anti-Leu 2a. Anti-Leu 2a is an affinity purified
murine monoclonal IgGi antibody originally described by Evans et al.
(S). It was provided by Becton-Dickinson (Mountainview, CA), through
the auspices of the Biological Response Modifiers program of the
National Cancer Institute; a single lot was used throughout the study.
It was stored in sterilely packaged vials at â€”70Â°C.Just prior to infusion,

the antibody was thawed, filtered through a 0.22-^m Millex-GV filter
(Millipore Corporation, Bedford, MA), and diluted in 500 ml 0.85%
NaCl containing 1% human serum albumen. The infusion rate was
closely regulated with an automatic infusion pump. Prochlorperazine
was given as needed for nausea, and shaking chills were treated with
diphenhydramine or meperidine.

Four doses of antibody were tested: 1, 5, 25, and 100 mg. The two
lower doses were infused over 2 h. In an effort to decrease the occurrence
of shaking chills, the 25- and 100-mg doses were infused over 4-24 h.
Ten patients received one dose of the monoclonal antibody, eight
patients received two doses, and two patients received three doses.

Mononuclear Cell Composition. Heparinized blood was obtained just
prior to treatment (day 0) and then 4 h, 1, 2, 3, 4, 7, 14, 21, and 30
days afterwards. MNC were separated by density gradient centrifuga-
tion on Ficoll.-metrizoate; suspended in freezing medium [consisting of

RPMI 1640 (Grand Island Biological Co., Grand Island, NY), penicil
lin, streptomycin, 10% pooled human AB+ serum (Biocell Laborato
ries, Carson, CA), and 10% dimethyl sulfoxide]; frozen in a controlled-
rate freezer; and stored in liquid nitrogen. When needed for testing,
MNC were thawed rapidly, diluted slowly to gradually reduce the
concentration of dimethyl sulfoxide, and washed twice. These methods
have been described previously (9).

The MNC were stained by incubating 0.5 x IO6 cells with each of
the following antibodies on ice for 20 min: anti-Leu 4 (pan T-cell), anti-

3The abbreviations used are: MNC, mononuclear cell; FITC, fluorescein
isothiocyanate; ELISA, enzyme-linked immunosorbent assay.
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Table 1 Clinical characteristics of patients receiving anti-Leu 2a

Patient
no.1234567891011121314151617181920SexMMMMFFMMFMFMFMFMFMMFAge5747595754656269525567436720234157336660KPS"9090908090809090807090907090907090909090Tumor*LUNGMELMELOC

MELMELMELOC

MELMELMELMELMELMELOC

MELMELMELMELCOLMELMELMELMETS'LU,

BON,
S,AN,

SLILUS,

NLILI,

N,ALU,
BOLU,
BRNNLILU,

SLU,
N,SA,

BOLISLI,

LU,NS,
NChemotherapy

drugs'*FU,

ADR,MITODBD,
CC,DTDT,

meC,CYnoneDTDT,

CC, V, P,BnoneDT,

meCDT,
BC,ViDT,

CCDTnonenoneDTDT,

P, BC,TAnoneFUCY,

BCGnonenoneRr++0+0+0+++0000000000Survival

time
(mos.)11+1062554145919+12+16411181536

" KPS, Karnovsky performance status.
* MEL, cutaneous malignant melanoma; OC MEL. ocular melanoma; LUNG, adenocarcinoma of lung; COL, colorectal carinoma.
' METS, metastatic sites; BO, bone; LI, liver; LU, lung; N, nodal; S. skin; A, abdomen; BR, brain.
''ADR, adriamycin; B. bleomycin; BC, carmustine; CC, lomustine; CY, cyclophosphamide; DBD, dibromodulcitol; DT, dacarbazine; FU, fluorouracil; HN2,

nitrogen mustard; meC, semustine; MITO, mitomycin; P, platinum; V, vinblastine; Vi, vincristine; Vin, vindesine; T, thiotepa; TA, tamoxifen.
' RT, prior radiation therapy.

Leu 3a (helper-inducer T-cells) (8), anti-Leu 2a (suppressor-cytotoxic
T-cells), anti-Leu 12 (B-cells), and anti-Leu M3 (monocytes) (10); all
were directly conjugated to F1TC (green fluorescence) or phycoerythrin
(red fluorescence) (Becton-Dickinson). Negative fluorescence controls
were obtained by using FITC-conjugated mouse IgG of irrelevant
specificity. To detect MNC that had bound mouse immunoglobulin,
the FITC-conjugated F^, fragment of affinity-purified goat anti-mouse
immunoglobulin was used (Cappel Laboratories, Lancaster, PA). One
aliquot of MNC was stained with FITC-goat anti-mouse immunoglob
ulin, washed twice, and then stained with phycoerythrin-anti-Leu 2a;
this allowed the simultaneous detection of both unbound and bound
Leu 2a antigen.

Analysis of cell surface markers was performed with a Coulter EPICS
C flow cytometer (Coulter Electronics, Hialeah, FL). The percentage
of monocytes was determined after setting forward light scatter gates
that excluded erythrocytes and debris. Then, lymphocytes were exam
ined by setting bit map gates on a plot of forward versus 90Â°light

scatter, which excluded monocytes (11); absence of monocytes in the
bit map was confirmed by lack of staining with anti-Leu \IV

Blood leukocyte counts were performed in a standard manner with
a Coulter counter (Coulter), and differential counts were performed by
examination of Giemsa-stained blood smears. Total MNC was calcu
lated by adding the proportions of lymphocytes and monocytes, as
determined by Giemsa smears, and multiplying the sum by the total
blood leukocyte count. The lymphocyte count was determined by sub
tracting monocytes [% Leu M3(+)/100 x total MNC] from total MNC.

Circulating Anti-Leu 2a. This was measured by ELISA using a
standard method that has been previously described (12). In summary,
microtiter plates (Dynatech Laboratories, Alexandria, VA) were coated
overnight at room temperature with goat anti-mouse immunoglobulin,
F.b-specific (Cappel Laboratories, Lancaster, PA). Either the test serum
or measured amounts of anti-Leu 2a were added. After incubation and
washing, peroxidase-conjugated goat anti-mouse immunoglobulin, l\-
specific, was added, followed by substrate. The plates were read in an
automatic plate reader (Dynatech). The concentration of anti-Leu 2a
was determined by a standard curve of measured concentrations.

Circulating Antibody to Anti-Leu 2a. An ELISA was used as above.
The plates were coated with anti-Leu 2a. After adding the test sera,
incubating, and washing, peroxidase-conjugated goat anti-human im
munoglobulin was added, followed by substrate. Antibody titer was
defined as the reciprocal of the highest dilution of a test serum (ex
pressed in l<>n-)that gave 50% antigen saturation (expressed as the
absorbance at full saturation divided by 2). The absorbance at full
antigen saturation was defined as the absorbance of the plateau region
attained with the lowest dilutions of a strongly positive antiserum.

ELISA units were calculated as follows: titer (Iog2) x ODmax x 1000,
where ODmaÂ»is the optical density produced by the highest concentra
tion of the test serum (13).

RESULTS

Depletion of Leu 2(+) Cells. Administration of anti-Leu 2a
caused a rapid (within 4 h) depletion of circulating Leu 2(+)
lymphocytes, the magnitude and duration of which were dose
dependent (Fig. 1). The 1-mg dose produced a <50% fall in
these cells, while the 5-, 25-, and 100-mg doses caused 75-98%
depletion in 12 out of 17 patients so treated. The duration of
depletion of Leu 2(+) cells was 1-2 days after 5 mg of and-Leu
2a, 3-4 days after 25 mg, and 4-30+ days after 100 mg.

As shown in Fig. 1, five out of 17 patients who received 5 mg
or more of anti-Leu 2a seemed to be refractory to the antibody,
since they exhibited only modest (<50%) depletion of Leu 2(+)
lymphocytes following treatment. This discrepancy was ex
plained by two-color flow cytometric analysis (Fig. 2), which
showed that almost all of the residual Leu 2(+) lymphocytes in
these patients had been coated with mouse Ig, i.e., anti-Leu 2a.
Thus, the persistence of circulating Leu 2(+) cells in these five
patients was probably due to impaired clearance of antibody-
coated lymphocytes rather than to impaired binding of the
antibody to the surface antigen.

This explanation is supported by the data presented in Fig.
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Fig. 1. Percentage of Leu 2(+) peripheral blood lymphocytes following the
administration of anti-Leu 2a. Abscissa, days after administration of anti-Leu 2a.
l.im'*, individual patients.
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Fig. 2. Expression of mouse immunoglobulin by residual Leu 2(+) lympho

cytes from a patient treated with anti-Leu 2a, 100 mg. y axes, degree of red
fluorescence (phycoerythrin-anti-Leu 2a); x axes, degree of green fluorescence
(FITC-anti-mouse immunoglobulin). Dot density; relative number of cells in each
of the four quadrants. Quadrant 1, red positive only; quadrant 2, red and green
positive; quadrant 3, negative, quadrant 4, green positive only. In . I. cells stained
with PE-anti-Leu 2a (day 0); In fi, cells stained with PE-anti-Leu 2a (day 1). Note
the continued presence of Leu 2(+) cells but with reduced intensity of staining;
In C, cells stained with PE-anti-Leu 2a and FITC-anti-mouse Ig (day 1). Note
that all of the residual Leu 2(+) cells had bound mouse immunoglobulin.

Â¿ l t i t 7 U 2l 30 O.a l 2 3 < 7 U 21 30

0.2 l 2 3 4 ; K 21 30 0 0.2 l 2 3 4 7 14 21 Â»

Fig. 3. Percentage of mouse immunoglobulin(+) peripheral blood lymphocytes
following the administration of anti-Leu 2a. Abscissa, days after administration
of anti-Leu 2a; Lines, individual patients.

3, which show that significant numbers (>5%) of circulating
mouse immunoglobulin-coated lymphocytes were detected in
only seven patients (the five patients noted above and two
others). The reason for persistence of antibody-coated Leu 2(+)
lymphocytes in the blood of these particular patients was not
evident. Hepatic dysfunction, which could have impaired the
clearance of these cells, did not seem to be a factor, since only
one of the patients had extensive liver mÃ©tastasesand two had
no clinically evident hepatic pathology at all. Moreover, circu
lating mouse Ig(+) cells were not detected in two other patients
with advanced liver mÃ©tastases.

To obtain a clearer picture of the biological effect of anti-Leu
2a antibody, we reanalyzed the data after excluding Leu 2(+)
cells that were coated with anti-mouse immunoglobulin. Table
2 shows the changes in absolute numbers of Leu 2(+), mouse

immunoglobulin(-) lymphocytes in patients treated with 100

mg of antibody. In all five patients there was almost complete
disappearance of uncoated Leu 2(+) cells, and the depletion
persisted for at least 3 days. Two patients exhibited recovery of
Leu 2(+) cells by day 4, while in two other patients the circu
lating Leu 2(+), mouse immunoglobulin(-) cells remained well
below pretreatment levels throughout the 30-day study period.
The fifth patient showed depletion of Leu 2(+) cells through
day 14, but could not be studied beyond that point because of
the need for major surgery and blood transfusion.

Lack of Modulation of the Leu 2a Antigen. All of the com
mercially available monoclonal antibodies that bind to the
cytotoxic-suppressor subset of human T-lymphocytes appear to
recognize different epitopes on the same molecule (8, 14).
Therefore, modulation of the Leu 2a antigen could be deter
mined only indirectly, i.e., by the appearance of T-lymphocytes
(Leu 4+) that were both Leu 3(â€”)and Leu 2(â€”).Such cells

accounted for less than 5% of the total circulating lymphocytes
prior to anti-Leu 2a administration, and the percentage did not
increase after treatment. Moreover, there was no significant
difference in the degree of expression of Leu 2a (measured by
fluorescence intensity) of posttreatment cells compared with
pretreatment cells (excluding cells that had been coated in vivo
with anti-Leu 2a). Thus we were unable to demonstrate that
anti-Leu 2a caused cytotoxic-suppressor T-cells to modulate
their expression of Leu 2a antigen. This observation is in
agreement with the finding of Meuer et al. (15) that antibody
to T8, a marker of the suppressor-cytotoxic subset that appears
to be similar, if not identical, to Leu 2a, does not induce
modulation of its binding structure in vitro.

Depletion of Other Lymphocyte Subpopulations. As shown in
Table 2, administration of anti-Leu 2a was followed by a
moderate, but short-lived depletion of all circulating lympho
cytes, including Leu 3(+), 2(-) T-cells and B-cells. This non

specific effect was observed 4 h after beginning the infusion; by
24 h, all lymphocyte subpopulations except Leu 2(+) T-cells
had completely recovered. Monocyte counts (Leu M3+) did not
change significantly after administration of anti-Leu 2a (data
not shown).

Effect on Circulating Erythrocytes and Platelets. Within 4 h
of administration of anti-Leu 2a we observed a significant fall
in the hematocrit and platelet count (Fig. 4). The platelet count
returned to pretreatment levels by 24 h, followed by an over
shoot at 7 and 14 days. However, the hematocrit remained
below pretreatment levels for the 30-day duration of the study.
The rapidity of the fall in hematocrit indicated that it was not
caused simply by excessive blood drawing. The most likely

Table 2 Percentage of change in number of circulating lymphocyte subsets after anti-Leu 2a, 100 mg

Each number represents the mean change (SE below) of five patients, compared with their pretreatment value; statistical analysis was performed by t test for
nonindependent samples (pretreatment value vs. posttreatment).

Time after administration of anti-Leu2aLeu

2(+)Leu

3(+)Leu

12(+)Total

lymphs4h-98.5Â°

0.7-45.3

33.0-69.3"

8.5-68.7Â°

9.61

d-88.0Â°

3.6+11.7

15.3-9.122.8-15.1

12.22d-90.7Â°

2.1+39.9

21.9+4.6

35.6-5.5

14.73d-95.4Â°

1.4+35.8*

16.1+2.2

38.1-6.7

9.24d-88.1Â°

3.2+54.3C

11.1+113.1

80.0+14.3

28.17d-48.6*

19.6+104.1Â°

19.5+102.2

69.5+37.8

34.314d-41.017.7+42.6r

14.2+63.757.4-0.4

18.421

d-13.925.7+38.2

17.1+92.245.2+

13.8
24.430

d+18.454.5+86.3

33.6+70.7

57.1+41.4

52.4

c P < 0.05.
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234,
DaysAfterAnti-Leu2a

Fig. 4. Change in hematocrit and platelet count after administration of anti-
Leu 2a. Points, mean percentage of change from pretreatment levels of the 11
patients given 25 mg or 100 mg; *,P< 0.05, t test for nonindependent samples.

021234 14
DaysAfterAnti-Leu2a

Fig. 5. Semilogarithmic plot of changes in serum anti-Leu 2a levels (ng/ml)
following administration of anti-Leu 2a. Lines, individual patients. Inset, dosages
of anti-Leu 2a.

pathogenetic mechanism seemed to be hemolysis, but routine
clinical tests to evaluate hemolysis (reticulocyte count, hapto-

globin) remained in the normal range.
Serum Levels of Anti-Leu 2a. As expected this was a function

of the dose administered (Fig. 5). Median peak serum levels of
anti-Leu 2a were: 1-mg dose < 100 ng/ml, 5-mg dose = 350
ng/ml, 25-mg dose = 5500 ng/ml, and 100-mg dose = 48,000
ng/ml. Significant amounts of anti-Leu 2a (>100 ng/ml) were
detectable in the serum for less than 24 h after 5 mg, 3-4 days
after 25 mg, and 7-14 days after 100 mg.

There was an inverse correlation between the serum concen
tration of anti-Leu 2a and the number of circulating Leu 2(+)
lymphocytes (Pearson correlation, 0.401; P = 0.01). When
serum concentrations were above 1000 ng/ml, the number of
Leu 2(+) cells was almost always reduced by more than 90%.
A fall in serum concentration below that level was usually
associated with the reappearance of those cells.

Antibody Response to Murine Immunoglobulin. All of the
patients had low levels of circulating anti-mouse immunoglob-
ulin prior to receiving anti-Leu 2a. Similar observations have
been made by other investigators administering murine mono
clonal antibodies (16, 17). Following treatment, all patients had
an increase in anti-mouse antibody titer, the magnitude of which
appeared to be proportional to the dose (Fig. 6). A rise in
antibody level could sometimes be detected as early as day 7;
peak levels were found on day 14 and were maintained through
day 30. The patients who received second and third doses of
anti-Leu 2a showed progressive increases in anti-mouse Ig (data

not shown).
Toxicity. The most common toxic effect was shaking chills,

the occurrence of which was dependent on the dose of antibody,
but not on the rate of infusion. Chills were observed during one

COÂ»
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5>g ,"Â»! lOCMg
Dose of Anti-Leu 2a

Fig. 6. Development of anti-mouse antibody after administration of anti-Leu
In Marks, peak anti-mouse immunoglobulin titer of an individual patient after a
single dose of anti-Leu 2a, measured in enzyme-linked immunosorbent assay
units (see "Materials and Methods" for explanation).

of 14 infusions of 1 or 5 mg, eight of 11 4-h infusions of 25 or
100 mg, and four of seven 12-24-h infusions of 25 or 100 mg.
Chills were rapidly terminated by the i.v. injection of meperi-
dine (25-50 mg), but were not prevented by pretreatment with
meperidine. It is of interest that chills always occurred within
1.5 h of beginning the infusion, regardless of the length of the
infusion; lasted for 30 min or less; and did not recur despite the
continuing infusion of anti-Leu 2a. Low grade fever (mean,
38.4Â°C)was observed with seven of 18 infusions of 25 or 100

mg, but with only one infusion of 1 or 5 mg. Two patients had
brief episodes of nausea and vomiting.

Allergic phenomena were infrequent. One patient developed
urticaria, which cleared after a single dose of diphenhydramine,
just after receiving his third infusion of anti-Leu 2a. A second
patient was observed to have a maculopapular rash and com
plained of mild dyspnea during his first treatment. Both rash
and dyspnea abated within minutes of stopping the infusion,
and he was not retreated with anti-Leu 2a.

One patient complained of mild arthralgias, mainly involving
the shoulder joints, which began 1 week after his second dose
of anti-Leu 2a. The arthralgias improved after treatment with
ibuprofen, and did not recur during the subsequent 6 months
that he survived. Another patient, who had a history of arterio-
sclerotic heart disease, developed precordial chest pain after
receiving 25 mg of a planned 100-mg infusion of antibody.
Although electrocardiographic changes did not develop, he was
diagnosed as having had a subendocardial myocardial infarction
because of a slight rise in the serum lactic dehydrogenase levels,
and he recovered uneventfully.

There were no consistent changes in liver function tests, blood
urea nitrogen, creatinine, or urinalysis. Autoimmunity, as mea
sured by serum antinuclear and antithyroid antibody, was not
observed.

Antitumor Effects. There were no complete or partial (>50%)
tumor regressions observed following anti-Leu 2a treatment.
The median survival of the group of patients was 6 months
(range, 1-19+ months). Three patients remained alive with
slowly progressive metastatic tumor after 11, 12, and 19
months, respectively.

DISCUSSION

These experiments show that administration of a murine
monoclonal antibody to the T-cell surface marker, Leu 2a, can
result in marked depletion of circulating Leu 2(+) lymphocytes;
a subset of T-cells that mediate suppression and cytotoxicity
(8). There were two patterns of response observed: (a) In the
majority of patients Leu 2(+) cells were rapidly eliminated from
the circulation and significant numbers of mouse immunoglob-
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ulin-coated lymphocytes were never detected; and (Â¿>)In the
others, there was persistence of circulating Leu 2(+) cells,
virtually all of which were coated with mouse antibody. The
reason for the persistence of antibody-coated Leu 2(+) cells in
certain patients is not apparent, but could be explained by
impaired clearance of such cells, perhaps due to impaired
reticuloendothelial function.

All four doses of antibody that we tested were able to produce
some reduction of circulating Leu 2(+) lymphocytes, but the
degree and duration of the effect were clearly dose dependent.
Maximum depletion of Leu 2(+) cells required serum levels of
anti-Leu 2a in excess of 1000 ng/ml, and a fall in serum
concentration below that level was usually associated with the
reappearance of those cells. It is of interest that in two patients
treated with 100 mg of antibody, Leu 2(+) cells remained well
below pretreatment levels for the 30-day duration of the study.
This could have been an indication of depletion of stores of
Leu 2(+) lymphocytes in the lymph nodes and spleen resulting
in "resetting" of the normal level of those cells in peripheral

blood.
It is possible that more prolonged depletion of Leu 2(+) T-

cells could be achieved by administering a higher dose of
antibody or by repeated administration of the 100-mg dose.
However, these attempts are likely to be limited by the devel
opment of an antibody response to the mouse immunoglobulin.
A rise in anti-mouse immunoglobulin antibody titer was some
times detectable as early as day 7, was maximal by day 14, and
could have been the cause of the rapid fall in serum anti-Leu
2a levels observed between days 7 and 14. Studies are needed
to determine if the anti-mouse immunoglobulin response can
be attenuated, e.g., by the use of an immunosuppressive drug,
or by the administration of very large, i.e., tolerogenic, doses of
anti-Leu 2a antibody, as suggested by the observations of Sears
et al. (18).

The toxic effects of anti-Leu 2a administration, mainly shak
ing chills and nausea, were of moderate severity and similar to
those reported from other murine monoclonal antibodies that
bind to circulating cells (19, 20). Rather than representing a
direct toxic effect of the antibody, it seems likely that these
symptoms were a consequence of the rapid clearance by the
reticuloendothelial system of large numbers of antibody-coated
peripheral blood leukocytes. This explanation is suggested by
the observation that the chills always occurred 1-2 h after
beginning the infusion, lasted for l h or less, and did not recur,
despite the fact that the infusion continued at the same rate for
as long as 24 h. Moreover, infusion of murine monoclonal
antibodies against noncirculating cells, i.e., solid tumors, gen
erally does not produce this type of toxicity (18, 21).

We are currently investigating the functional consequences
of depletion of Leu 2(+) T-lymphocytes by administration of
anti-Leu 2a. Both nonspecific and antigen-specific suppressor
T-cells have been shown to be Leu 2(+) (7, 22), although Leu
3(+) (helper-inducer T-cells) also may be involved indirectly as
inducers or directly as effectors of suppression (22, 23). Thus,
it is expected that peripheral blood lymphocytes of these pa
tients would be characterized by impaired generation of con-
canavalin A-inducible suppressor cells, augmentation of poke-
weed mitogen-driven polyclonal immunoglobulin production,
and increased T-cell proliferative responses to soluble antigens
(24).

Of greater interest is the question of whether in vivo depletion
of Leu 2(+) T-cells results in potentiation of immune responses
to tumor-associated antigens. Data from experimental tumor
systems indicate that T suppressor cells can terminate the

incipient immune response to a transplanted syngeneic tumor
(6). Moreover, adoptive therapy with immune lymphocytes can
eradicate such tumors if, and only if, suppressor T-cells have
been depleted by whole body radiation or administration of
cyclophosphamide (6, 25). In human cancer, such tumor-spe
cific suppressor T-cells have not been well defined (26). How
ever, their existence and significance is suggested by experi
ments conducted in our laboratory, showing that the develop
ment of cell-mediated immunity to an autologous melanoma

cell vaccine is augmented by pretreatment with cyclophospha
mide (27).

Administration of anti-Leu 2a did not cause tumor regression
in any of the patients in this study. This was not surprising in
view of the fact that depletion of suppressor T-cells was tran
sient. It is possible that significant reduction of Leu 2(+) T-cell
numbers could lead to augmentation of the response to tumor-
associated antigens and tumor regression if the reduced levels
could be maintained for weeks or months, instead of days.
However, it seems more likely that successful immunotherapy
of human cancer will require several immunological manipula
tions, one of which might be depletion of suppressor T-cells.
Administration of a monoclonal antibody, such as anti-Leu 2a,
could be an important component of such a program.
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