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• A monoclonal antibody (H-99) was prepared that reacts specifically with the leukemia cells from a 

patient with stage IV chronic lymphocytic leukemia of B-cell origin. Escalating doses of the antibody were 

administered to the patient in two courses of therapy. The first course did not result in any significant 

change in total lymphocyte count; however, the platelet count (which was initially abnormal) rose 

steadily during treatment to a level > 250,000 per mm3. A second course of treatment was begun approxi-

mately three months after the first course, and the protocol was modified to consist of five doses of anti-

body given over a 10-day period, with the highest dose being 500 mg per day. The second course of 

treatment did not result in any change in total lymphocyte or platelet levels, and there was no significant 

toxicity associated with the treatment. The failure to induce an anti-tumor response in the patient was 

probably related to the large concentration (approximately 400 ¡Ig/mL) of free serum idiotype in addition 

to the severely compromised immune system of the patient at the time of treatment. 
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AN IMPORTANT consideration in the use of 
monoclonal antibodies in patients is to iden-
tify a "tumor-specific" antigen that can be 
used as a target for therapy. The approach 

taken by Miller et al1 and Meeker et al2, and adopted by 
our group, has been to prepare antibodies against im-
munoglobulins integrated into the membrane of the 
tumor cell. In the case of B-cell malignancies, this ap-
proach is feasible because most tumors of this type show 
membrane or surface immunoglobulins. The immuno-
globulin molecules on each cell of a given B-cell tumor 
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are identical; however, the "tumor immunoglobulins" 
are slightly different from every other immunoglobulin 
in the immune system. This difference reflects changes 
in the amino acid sequence of the tumor immuno-
globulin such that a unique structure, called an idiotype, 
is formed. Since this idiotype is unique, it is also an-
tigenic because the immune systems of animals of the 
same species recognize it as "foreign" and make antibo-
dies against it. Thus, the idiotype expressed on a B-cell 
tumor can serve as a tumor-specific antigen, and antibo-
dies prepared against such an antigen could serve as a re-
agent to treat a particular B-cell tumor without toxicity 
to host tissues. 

Chronic lymphocytic leukemia (CLL) is character-
ized by the progressive accumulation of mature-appear-
ing small lymphocytes in peripheral blood and various 
tissues. A standard diagnostic criterion involves demon-
stration of >15,000 lymphocytes/mm3 of peripheral 
blood. Cell kinetic studies involving CLL indicate that 
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the fractional production rate of CLL lymphocytes in 
peripheral blood and possibly lymph nodes is lower than 
normal, but that an increased lymphocyte life span may 
occur.3 Clinically, CLL is found in older patients (me-
dian age, 60 years) and predominantly in males. Lym-
phadenopathy and hepatosplenomegaly are common 
findings. Morphologically, small, uniform, mature-ap-
pearing lymphocytes are found in the peripheral blood 
and lymph nodes. Occasionally, patients may have 
larger, less mature lymphocytes with nuclei demonstrat-
ing folding lobation and indentation. These are often 
termed prolymphocytes and, when present in large num-
bers, result in a variant called lymphosarcoma cell 
leukemia or prolymphocytic leukemia. Other clinical 
features include a paraprotein (5%), positive direct 
Coombs test (10%—12%), and hypogammaglobulinemia 
(50%—75%). 

More than 99% of CLL is now thought to be derived 
from a monoclonal proliferation of B cells. Studies by 
Brouet and Seligmann4 have further demonstrated that 
the surface immunoglobulin present on these B cells is 
usually IgM and IgD. In addition, typing of these im-
munoglobulins has shown they contain identical light 
chains, similar idiotypic specificities, and similar anti-
body activity. In a single patient, therefore, both surface 
IgM and surface IgD will have similar variable regions 
and differ only in the constant portions of the heavy 
chains. Occasionally, patients have tumor cells showing 
IgA or IgG on their surfaces, but this is unusual. When a 
monoclonal serum immunoglobulin is present in a 
patient with CLL, it will usually be IgM and will be 
identical to the surface IgM in all respects. Finally, and 
most importantly for this study, CLL lymphocytes in a 
single patient are usually clonal and in the rare instance 
when acute leukemia develops in patients with CLL, the 
peripheral blood blasts carried the same surface IgM as 
did the CLL lymphocytes.5 In view of this, it would be 
expected that monoclonal antibodies prepared against 
surface immunoglobulin idiotypes would be specific only 
for the malignant lymphocytes of an individual patient 
without the cross-reactivity associated with monoclonal 
antibodies produced against differentiation antigens. 

Miller et al1 have pioneered the treatment of patients 
with B-cell lymphoma using anti-idiotypic monoclonal 
antibodies. In their first patient, increasing doses of the 
anti-idiotypic monoclonal antibody were administered 
over a three-week period, during which time the 
patient's fevers and sweats disappeared and his hemoglo-
bin level and platelet count began to rise. Over the next 
three weeks, the patient's lymph nodes gradually became 
smaller, his spleen and liver returned to normal size, and 
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the tumors on his scalp disappeared. After eight doses of 
anti-idiotype over a four-week period, treatment was dis-
continued. The patient has remained in remission for 
more than five years. Based on this early success, 10 
more patients with B-cell lymphomas were treated with 
tumor-specific anti-idiotypic antibodies by Meeker et 
al.2 Five of the 10 additional patients had objective re-
sponses; however, the remissions were not complete and 
were of short duration. 

Most of the patients studied by Meeker et al2 had 
nodular B-cell lymphomas rather than CLL. We wanted 
to determine whether monoclonal anti-idiotypic anti-
bodies could be effective in the treatment of a patient 
with CLL of B-cell origin. The patient, who initially had 
thrombocytopenia, was treated with two courses of the 
anti-idiotypic antibody. During the first course, therapy 
was accompanied by a steady increase in the number of 
platelets well into the normal range. However, in 
neither course of therapy was the number of circulating 
lymphocytes significantly reduced. Treatment with the 
anti-idiotypic antibody was complicated by a high con-
centration of circulating free serum idiotype (> 350 
(J.g/mL). Sustained levels of free anti-idiotypic antibo-
dies could only be achieved transiently with high doses 
of the anti-idiotypic monoclonal antibody because of 
complex formation with free serum idiotype. 

MATERIALS AND METHODS 

Case report 
The patient was a 58-year-old man with an eight-year 

history of CLL. Prior therapy included total body irra-
diation, intermittent administration of cyclophospha-
mide, administration of chlorambucil (Leukeran) and 
high-dose corticosteroids, and a splenectomy. Recent 
problems included increasingly severe anemia, neutro-
penia, thrombocytopenia, chylous pleural effusions, and 
recurrent fevers. The initial physical examination de-
monstrated a temperature of 102°F (38.9°C), bilateral 
cervical lymph nodes measuring l x l cm, and a left-
sided pleural effusion. Initial studies included a complete 
blood count, which demonstrated a hemoglobin level of 
7.1 g/dL; a platelet count of 114,000/|lL; and a white 
blood cell count of 164,000/(lL. A differential smear de-
monstrated 99% lymphocytes and 1% granulocytes. His 
initial serum creatinine level was 2.4 tng/dL and BUN, 
52 (Xg/dL. A chest radiograph showed a large left pleural 
effusion, and an ultrasound examination of the abdomen 
disclosed retroperitoneal adenopathy. All urine and 
blood cultures were sterile. 

Initial therapy included periodic transfusion and em-
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TABLE 1 
TREATMENT SCHEDULE 

Course Day of study Dose of mAb (mg) 

I 1 1 
4 5 

8 15 

11 50 

15 100 

18 100 

1 5 

3 20 

6 100 

8 500 

10 500 

piric antibiotics, including tobramycin, piperacillin, and 

nafcillin. The antibiotics were continued for 14 days. 

The patient's serum idiotype concentration was 390 

Jlg/mL. Once he underwent study, he received twice 

weekly treatments with the monoclonal antibody at the 

following dose levels: 1, 5, 15, 50,100, 100, and 100 mg 

each given as six-hour intravenous infusions in a 5% al-

bumin solution (Table 1). No toxicity was observed at 

any dose level. The first course of treatment did not re-

sult in any significant change in the total lymphocyte 

count; however, the platelet count rose steadily during 

the treatment to a level >250,000 per mm3- Beginning 

with the 15-mg dose, marked decreases in the serum idi-

otype level occurred, then returned to their original 

levels within three days. After each 100-mg dose, the 

monoclonal antibody could be detected in the serum at 

a level of approximately 1 (Xg/mL. No significant 

changes in renal function occurred, and following com-

pletion of the first course of treatment, the patient's 

creatinine level was 2.4 mg/dL. 

A second course of therapy was begun approximately 

three months after the first course, and the protocol was 

modified to consist of five doses of antibody given over a 

10-day period, with the highest dose levels being 500 

mg/day. The second course did not result in any change 

in the total lymphocyte or platelet levels, and there was 

no significant toxicity associated with the treatment. 

The patient was rehospitalized four weeks later with in-

creasing respiratory distress secondary to increasing 

pleural effusion. His blood count at that time included a 

hemoglobin level of 10.0 mg/dL, platelet count of 

50,000/nL, and white blood cell count of 80,000/jJ.L. A 

chest radiograph demonstrated increasing mediastinal 

lymphadenopathy. Gram-negative septicemia devel-

oped and, despite therapy with antibiotics and ventilat-

ing support, the patient died five months following ini-

tial therapy with the monoclonal antibody. 
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Preparation of anti-idiotypic monoclonal ntibodies 

Our strategy for the preparation of hybridomas was to 

immunize mice using intact leukemia cells that showed 

the tumor-specific idiotype on the surface immuno-

globulin and then to assay hybridomas for production of 

specific antibodies using tumor immunoglobulin isolated 

from cultured CLL cells. Using the immunization 

schedule of Cianfriglia et al,6 BALB/c mice were in-

jected intraperitoneally with 106 CLL cells (in Freund's 

complete adjuvant) from the patient on day 0 and chal-

lenged with 106 cells in Freund's incomplete adjuvant on 

day 7. On days 12,13, and 14, the mice were injected in-

traperitoneally with 106 cells in saline. On day 15, the 

spleen cells from the mice were removed and fused with 

the nonsecreting myeloma cell line X63-Ag 8.653,7 as 

described by Goding.8 

Supernatants from hybridoma cultures were screened 

for antibody production using an ELISA assay in which 

goat anti-mouse immunoglobulin (GAMIg) was used to 

"trap" the tumor immunoglobulin from cultured CLL 

cells. Thus supernatant from the cultured CLL cells 

(tumor immunoglobulin) was added to plates coated 

with GAMIg and incubated overnight at 4° C. After 

washing the plates four times, supernatant from the hy-

bridoma cells was added to provide the third layer of this 

sandwich assay. After an overnight incubation at 4° C, 

the plates were washed four times and then alkaline 

phosphatase-conjugated GAMIg was added as the 

fourth layer to bind with any hybridoma antibody that 

may have bound to the preceding layer. Finally, the sub-

strate for alkaline phosphatase (p-nitrophenyl 

phosphate) was added to detect antibodies binding to 

the tumor immunoglobulin. Al l hybridoma samples 

were assayed in parallel with plates in which normal 

human IgM replaced the tumor immunoglobulin. Posi-

tive anti-idiotypic antibodies were those that reacted 

with the tumor immunoglobulin and not with the nor-

mal human IgM. The positive hybridoma that was iso-

lated in this manner (H-99) was cloned three times by 

limiting dilution9 and then grown as ascites in mice to 

obtain large amounts of anti-idiotypic antibody for sub-

sequent treatment of the patient. 

Purification of the anti-idiotypic antibody 

The ascites fluid containing the IgM class anti-idio-

typic antibody was partially purified by ammonium sul-

fate precipitation (50% saturation). The precipitate was 

dissolved in 0.85% saline and dialyzed against saline to 

remove residual ammonium sulfate. Subsequently, the 

euglobulin fraction (containing IgM) was prepared by 

dialysis against 2% boric acid buffer. The precipitate was 
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LOG FLUORESCENCE INTENSITY 

FIGURE 1. Flow cytometry analysis of peripheral blood cells 

from the CLL patient, using a control IgM monoclonal antibody 

(left) and the IgM anti-idiotype (H-99) (right). 

dissolved in 0.85% saline and filter sterilized through a 

0.45-fXm filter. Sterility testing showed no bacterial 

growth using thioglycolate broth, and endotoxin levels 

were less than 0.1 ng/mL using the limulus amoebocyte 

lysate assay. This final preparation of anti-idiotypic anti-

body contained approximately 50% mouse IgM as deter-

mined using our ELISA procedure. 

Assay for serum idiotype levels 

A multi-layer ELISA assay was used to determine the 

level of idiotype in the patient's serum. Microtiter plates 

were first coated with GAMIg to "trap" the mouse anti-

idiotypic monoclonal antibody (H-99). Thus hybridoma 

supernatant containing approximately 2 |J.g/mL of H-99 

monoclonal antibody was added to plates coated with 

GAMIg and incubated overnight at 4° C. The plates 

were washed four times, and then serial dilutions of the 

patient's serum were added to the wells of the plates and 

incubated overnight at 4° C. Alkaline phosphatase-con-

jugated goat anti-human immunoglobulin was then 

added and incubated overnight at 4° C. Finally, the re-

action was developed using the substrate, £>-nitrophenyl 

phosphate. The optical density at 405 nm was deter-

mined using a Dynatech MR 580 MicroELISA reader. 

Antibody concentrations were calculated using a com-

puter program developed here.10 

Assay for mouse (anti-idiotypic) antibodies in 

human serum 

Serial dilutions of the patient's serum were added to 
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the wells of plates precoated with GAMIg. After an 

overnight incubation at 4° C, the plates were washed 

and alkaline phosphatase-conjugated GAMIg was added 

to the wells. After another overnight incubation at 4° C, 

the plates were washed and the reaction developed with 

p-nitrophenyl phosphate. The optical density at 405 nm 

was read, and the antibody concentrations were deter-

mined as described above. 

Assay for human anti-mouse immunoglobulin 

antibodies 

Human anti-mouse immunoglobulin antibodies were 

assayed using an ELISA in which serial dilutions of the 

patient's serum were added to plates coated with mouse 

IgM (41-H11) or IgG (FLOPC-21) monoclonal antibo-

dies. After an overnight incubation at 4° C, alkaline 

phosphatase-conjugated goat anti-human immuno-

globulin was added. The plates were incubated at 4° C 

overnight. The reaction was then developed with p-
nitrophenyl phosphate. Concentrations were deter-

mined by measuring the optical density at 405 nm, as de-

scribed previously. 

Immunocytometry 

Peripheral blood lymphocytes were obtained by 

gradient centrifugation over Ficoll-Paque in the usual 

manner, washed with tissue culture medium, and 

counted. A total of 1 x 106 cells were incubated with 

anti-idiotype supernatant for 30 minutes at 4° C, 

washed twice with cold modified RPMI, and incubated 

for 30 minutes at 4° C with phycoerythrin-conjugated 

F(ab)2 fragment GAMIgM. The cells were then washed 

twice at 4° C with modified RPMI and fixed with 2% 

paraformaldehyde. Controls included the use of an ir-

relevant mouse IgM class hybridoma supernatant in 

place of anti-idiotypic antibody followed by the phy-

coerythrin-conjugated secondary antiserum at the same 

dilutions. An additional control consisted of normal pe-

ripheral blood lymphocytes incubated with anti-idio-

typic antibody in an identical manner. The immuno-

stained cells were analyzed with an upgraded FACS II 

equipped with Consort 40 software. 

Immunocytometry of peripheral blood lymphocytes 

for lymphocyte differentiation antigens 

Aliquots of washed peripheral blood lymphocytes 

were placed in test tubes (1 X 106 cells per tube) and al-

lowed to incubate at 4° C in the dark with FITC-CD2 

and PE-CD20 monoclonal antibodies. Appropriate 

FITC-PE isotypic control conjugates were included as 

controls. Analysis was done as stated above. 
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F I G U R E 2. Pharmacokinetic analysis of the patient's serum 

idiotype (open circles) and the monoclonal antibody (closed 

circles) during course 1 of treatment. 

RESULTS 

Reactivity of H-99 

H-99 was derived and tested for idiotypic specificity 

as described previously. The monoclonal antibody ex-

hibited strong binding to idiotypic determinants on the 

tumor immunoglobulin from the patient, with no cross-

reactivity to normal human IgM. The antibody was used 

to stain CLL cells of the patient, which were then ana-

lyzed by flow cytometry. As shown in Figure 1, the entire 

population of CLL cells appears to be stained since there 

is a shift in the fluorescence intensity of the cells stained 

with the anti-idiotype compared with cells stained using 

a control mouse IgM. These results indicate that the 

CLL in this patient is clonal and that all of the cells 

show the surface idiotype. Thus, this antibody had the 

required selectivity and reactivity to be used for treat-

ment of the CLL patient. 

Pharmacokinetics of the anti-idiotype monoclonal 

antibody and serum idiotype levels 

As shown in Figure 2, after each infusion of the anti-

idiotype monoclonal antibody during the first course, 

8 10 
DAY OF TREATMENT 

F I G U R E 3. Pharmacokinetics of serum idiotype (open circles) 

and anti-idiotype monoclonal antibody (closed circles) during 

course 2 of treatment. 

there was a transient decrease in the serum idiotype 

level. With the 100-mg doses of H-99, the serum idio-

type levels decreased from approximately 400 |Jg/mL to 

approximately 100 |Og/mL. Immediately after infusion, 

the mouse anti-idiotypic monoclonal antibody was de-

tectable at a level of approximately 1 JOg/mL. Within 

two days of each infusion of the anti-idiotype, the se-

rum idiotype levels returned to the previous levels of 

approximately 400 |Jg/mL. 

During the second course of therapy (Figure 3), admin-

istration of the anti-idiotype had similar effects on serum 

idiotype levels as in the first course. With the highest 

dose levels (500 mg), the serum idiotype levels were re-

duced almost completely; however, within 24 hours, the 

serum idiotype was again increasing. At the end of each 

infusion with the 500-mg dose of monoclonal antibody, 

mouse anti-idiotype could be detected at approximately 

20-30 (ig/mL indicating that a significant level of free 

anti-idiotype capable of binding to circulating leukemia 

cells was achieved. Following the final treatment, the 

anti-idiotypic monoclonal antibody was detected on a 

small number of circulating cells (3%). 
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F I G U R E 5. Peripheral blood counts during course 2 of therapy 

with H-99 monoclonal antibody. 

F I G U R E 4. Changes in peripheral blood levels of platelets 

(closed circles) and lymphocytes (open circles) during course 1 

of treatment. 

Effect of anti-idiotype therapy on peripheral blood 

counts 

The results from the first course of therapy (Figure 4) 

indicated that the treatment had no effect on the num-

ber of circulating lymphocytes (>95% of which were 

leukemia cells); however, the results were somewhat en-

couraging as the platelet levels increased dramatically 

during the course of therapy, then returned to normal 

levels. During the second course of therapy (Figure 5), 

however, there was no increase in the level of platelets 

and no decrease in the lymphocyte count. 

DISCUSSION 

At the time of treatment, the patient had stage IV 

disease with thrombocytopenia (platelets <100,000 per 

mm') and a lymphocyte count >100,000 per mm'. 

Nearly all of the lymphocytes were from the malignant 

B-cell clone since they stained with the anti-idiotype 

antibody. Less than 1% of the peripheral blood cells ex-

pressed the pan T-cell marker, CD3. Thus, the patient 

had marked impairment of his immune system, which 

would explain the recurrent episodes of fevers due to 

bacterial infections. The impairment of the patient's im-

mune system was further seen in his inability to make an 

antibody response against the infused mouse mono-

clonal antibody even after two courses of therapy over a 

three-month period. The functional capacities of T 

helper cells in CLL patients has been shown by others to 

be impaired11,12; however, in our patient, the lack of im-

mune function may simply be due to a lack of total T 

cells related to the advanced stage of the disease. 

A beneficial aspect of therapy with the anti-idiotype 

was the dramatic increase in platelet levels during the 

first course of therapy. It seems unlikely that this effect 

was due to a specific effect of the anti-idiotypic mono-

clonal antibody since it was not seen during the second 

course of therapy. Instead, the increased levels of plate-

lets with our monoclonal antibody may be related to the 

intravenous infusion of immunoglobulin, which results 

in increased platelet levels in patients with idiopathic 

thrombocytopenia purpura.13,14 

The possible mechanisms of antibody-mediated kil-

ling include complement-mediated lysis, antibody-de-

pendent cell cytotoxicity, and phagocytosis of antibody-

coated cells. The initial patient treated by Miller et al' 
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showed a dramatic and long-lasting response to antiidi-

otype therapy; however, the mechanism of anti-idiotype 

therapy remains obscure since the anti-idiotype did not 

activate human complement. In addition, clinical re-

sponses to monoclonal antibody therapy often occur 

long after the monoclonal antibody had been cleared 

from the circulation.1,15 Thus, the efficacy of therapy 

may require activation of host immuno-regulatory 

mechanisms. Indeed, a host immune response may pre-

exist in certain patients with follicular lymphoma since 

T-cell "infiltrates" were present within the neoplastic 

follicles.16'17 Garcia et al18 and Lowder et al19 have evi-

dence suggesting that a clinical response of lymphoma 

patients to anti-idiotype therapy is correlated with the 

degree of host T-cell infiltrates within the lymphoma. 

The failure of anti-idiotype therapy to effect a clinical 

response in our CLL patient is consistent with the re-

sults shown by Meeker et al2 in the treatment of B-cell 

lymphoma patients. Although one of the patients 

studied by this group has remained in remission for 

several years, clinical remissions seen in five of 10 addi-

tional patients were of short duration, and in the re-

maining patients, the disease did not respond. The treat-
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