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A B S T RA C T The occurrence of circulating immune
complexes was investigated in 467 serum samples from
230 leukemia patients using the [125I]Clq-binding
test. There was an increased serum [125I]Clq-binding
activity in 40% of patients with acute myeloid
leukemia, 23%with acute lymphatic leukemia, 46% in
blastic crisis of chronic myeloid leukemia, 12% with
chronic lymphatic leukemia, and 13% with chronic
myeloid leukemia. In 48 patients, serum was also tested
for soluble immune complexes by the Raji cell
radioassay; the correlation between results of the two
tests was significant. The Clq-binding material had
properties identical with those of immune complexes.
It sedimented as 14-28s material on sucrose density
gradient. It contained IgG which could be dissociated
at acid pH. Its Clq-binding properties could be
removed after passage through anti-IgG immuno-
absorbant or after a mild reduction-alkylation treatment,
but were not sensitive to deoxyribonuclease treatment.
Circulating immune complexes were found most
commonly during the blastic stage of leukemia.

Remission took place in 75.4% of patients with no
detectable circulating immune complexes at the onset
of acute leukemia, but in only 32.7% of those with
detected complexes during this period. Median
survival times of the former group of patients were
more than 18 mo in acute myeloid leukemia and acute
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lymphatic leukemia and more than 81/2 mo in blastic
crisis of chronic myeloid leukemia. The corresponding
median survival times in the latter patient group were
64, 135, and 90 days. These findings were unrelated to
prognostic features already known.

INTRODUCTION

Many studies have suggested that human malignant
cells possess antigenic determinants which can elicit
specific immune responses from the host (1-4). In
leukemia, tumor-associated antigens have been mainly
detected by the use of xenoantisera to leukemic cells
(5-8). Circulating antibodies, leukemic cell-bound
immunoglobulins, and lymphocytes which had in vitro
cytotoxicity for leukemic cells, have been found in
patients with leukemia (9-13).

Whether these immune reactions of the cancer
patient play a role in vivo in the disease process is
difficult to assess. It is obvious that they are most often
insufficient to adequately control the malignant cell
proliferation. Interference of humoral factors with the
cell-mediated response of the patient to his neoplasm
has been proposed as an explanation of the failure of the
immume system to control tumor growth, and this is
supported by the demonstration in vitro of a specific
blocking of lymphocyte-mediated cytotoxicity by the
serum of individuals with growing tumors (10, 14, 15).
There is evidence that serum blocking factors may
consist of immune complexes (16-19). Furthermore,
several studies have indicated that antigen-antibody
complexes, possibly related to the tumor, may circulate
in blood (18, 20-24) or be deposited in tissues (25-28)
of patients with different types of malignancy,
including leukemia (29).
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The present study was carried out, using the [125I]-
Clq-binding test (30) and the Raji cell radioassay (23),
to determine the incidence of circulating immune
complexes in leukemia and to investigate their re-
lationship to clinical and biological features of the
disease and to prognosis. The serum Clq-binding
material which was detected was further characterized
by immunochemical and physical analysis.

MIETHODS

Patients. The patients included in this investigation were
hospitalized in Roswell Park Mlemorial Institute, Buffalo,
N. Y.; Hopital Edouardl Herriot, Lyon, France; Centre
Hospitalier R6gional, Toulouse, France; Hopital Univer-
sitaire, Liege, Belgium; and the Hopital Cantonal, Geneva,
Switzerland. Serumil samples were obtained from 100 pa-
tients with acute myeloi(d leukemia (ANML),' 39 patients with
acute lymphatic leukemiiia (ALL), 28 patients in blastic
crisis of chroniic mveloid leukemia, 38 patients with
chronic mveloidl leukemia (CML), and 25 patients with
chronic lymphatic leukemia (CLL). When possible, serial
serum samples from patients were examined and the level
of immune complexes was correlated with the clinical
course of the disease. In acute leukemias (AML, ALL,
and blastic crisis) 175 of the serum samples were taken
from 110 patients at onset of the disease and 20 patients
in relapse; the other 103 samples corresponded to the period
of complete clinical remissioni. Sepsis was found in 41 (37%)
of the patients tested at onset of acute leukemia and
6 patients (30%) examinied in relapse. Increased erythrocyte
sedimentation rate was observed in 54.5% of patients in
blastic phase, at the time of serum analysis. Most of the
patients were treatedl by chemiiotherapy according to the type
and the stage of leukemiiia. In addition, all except 8 of the
38 patients with CMLwere vacciniated with either bacille
Calmette-Gu6rin (BCG) alone or BCG plus cultured al-
logeneic lymphoblastoid cells, accordling to the Sokal im-
munotherapy program (31).

Collectiotn anid storage of sera. Blood was drawn asepti-
cally from patients and( allowed to clot at room temperature
or at 37°C for at least 60 min. It was then centrifuged
at 1,500 g for 15 mmin without cooling, and the serum
was stored at -70°C until used. Control sera from 68
healthy bloocl donors were collected in the same way.

Radiolabeled Clq-binidinig tests. Details of the technique
have been previously described (30, 32, 33). On the day of
the test, a portion of radiolabeled Clq was diluted in 3-5
ml of Veronal-buffered saline containing 1% normal hu-
man serum pool-heated for 30 min at 56°C. It was then
centrifuged at 18,000 g for 40 min to remove aggregated
Clq, and the supernate was used for the test. In Bio-
Vial propylene tubes (Beckman Instruments Inc., Palo Alto,
Calif.), fifty Al of tested serum wa,s mixed with 2 vol of
0.2 M Na2EDTA (adjusted to pH 7.5 with NaOH) and in-
cubated at 37°C for 30 min. Then 1 vol of [125I]Clq and 20
vol of 3% (wt/vol) polyethylene glycol (DAB-7, mol wt 6,000,
Siegfried, Zofingen, Switzerland) solution were added to the
mixture. The tubes were left in an ice bath for 60 min, then

'Abbreviations used in this paper: ALL, acute lymphatic
leukemia; AML, acute myeloid leukemia; BCG, bacille
Calmette-Gu6rin; BSA, bovine serum albumin; CLL, chronic
lymphatic leukemia; CML, chronic myeloid leukemia; ESR,
erythrocyte sedimentation rate; HLA human leukocyte
antigen.

centrifuged at 1,500 g at 4°C for 20 min. The radio-
activity of the precipitates was measured. In each test, heat-
aggregated human gammaglobulins at different concentra-
tions in normal humani serum served as positive controls,
while nonral human serum was used as a negative control.

Results were expressed as percent of ['251]Clq pre-
cipitated when compared with the total protein-bound radio-
activity obtained by 20% (wt/vol) trichloroacetic acid pre-
cipitation of 50 ,tl of normal human serum mixed with
50 ,ul of [1251]Clq. They were corrected using a modified
Farr's formula (34) for the precipitation of radiolabeled
Clq which was observed in normal sera. The normal range
of [125I]Clq precipitation was assessed by the testing of sera
from 68 healthy blood dlonors. The mean value of cor-
rected Clq-binding activity in these sera was 0.0+2.2%
(+1 SD). The corrected percentage of [125I]Clq precipitated
in the serum samples represented the Clq-binding activity
of these samples. A serum Clq-binding activity deviating
by more than 3 SD values from the normal mean level was
considered as positive.

Sucrose gradient fractions and effluents from immuno-
absorbant columns were tested in the same way as sera ex-
cept that for gradient fractions the test was carried out after
addition of 50 ,ul of normal human serum to the samples
to maintain a suitable concentration of proteins. Sucrose
(DBA-7, Merck, Darmstaclt, W. Germany) solutions did not
influence the results of the test. All the samples were tested
in duplicate.

Raji cell radioimmunoassay. The Raji cell assay for de-
tection of immllune complexes was performed on 48 sera
from leukemic patients and on 22 sera from healthy blood
donors, according to the procedure modified and reported
by Theofilopoulos et al. (23). The Raji line of lymphoblast-
like cells obtained from the Scripps Clinic and Research
Foundation (La Jolla, Calif.) was cultured in Eagle's mini-
mal essential mediumii as described (35). Cells from 72-h cul-
tures were used for the radioimmune assay. Their viability
was assessed by trypan blue exclusion before each experi-
ment. The results of this assay were compared to those
given by the Clq-bindiiig test applied to the same serum
samples. With normal sera, the Raji cell assay gave a mean
value of 8.9±+13.0 (±+ 1 SD) ,Lg of aggregated human IgG eq/
ml. Values over 48 ,ug of aggregated human IgG eq/ml (>3
SD) were considered as positive.

Density gradienit studies. Linear 10-40% (wt/vol) sucrose
gradients in either 0.1 MI borate-NaCl buffer, pH 8.3, or 0.5
NI acetate buffer, pH 3.5, were formed with a two-chamber
gradient device simultaneously in three tubes (cellulose
nitrate tubes, Beckman, no. 305050). For ultracentrifugation,
a SW65-Ti rotor in a Beckman L2-65B ultracentrifuge
was used. Samples layered on gradients varied according
to the experiment. In some experiments, 0.5 or 1 ml of tested
serum was subjected to ultracentrifugation. In the others, a
partial purification and concentration of the Clq-binding
material found in the sample was achieved by polyethylene
glycol precipitation of serum before the ultracentrifugation:
1 vol of serum was mixed with 4 vol of a 4% (wt/
vol) polyethylene glycol solution in borate buffer, pH 8.3;
the mixture was left on ice for 1 h and then centrifuged at
2,000g for 15 min. The precipitate was gently resuspended
in 1 ml of borate buffer, pH 8.3, and centrifuged on a 4-ml
sucrose borate buffer gradient at 87,000 g for 16 h at 10°C.
Serial gradient fractions of 500 or 250 ,ul were collected,
and optical density (OD) patterns were obtained with a 0.3-
mmflow cell (Uvicord, LKB-Produkter, Bromma, Sweden)
and a logarithmic recorder (W+W Electronic AG, Basel,
Switzerland). Clq-binding activity of each gradient fraction
was then assessed as described above.
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To test the dissociation at acid pH of the Clq-binding
material, gradient fractions from a first ultracentrifuge run,
which contained the Clq-binding material, were pooled.
Equal volumes of this pool were mixed with 2 vol of
either borate buffer, pH 8.3, or acetate buffer, pH 3.5, and
left on ice for 2 h. 1 ml of each mixture was layered on a
4-ml sucrose density gradient of corresponding pH and centri-
fuged simultaneously at 271,000 g for 4 h at 10°C. Acid
gradient fractions were neutralized immediately after their
collection by addition of 0.5 M Tris-NaOH, pH 13, and left
at room temperature for 60 min before being tested for
their Clq-binding activity. In each experiment, a sample of
diluted normal human serum was centrifuged in parallel in a
control gradient tube. The 19s and 7s peaks of normal human
serum OD pattern were used as gradient markers, and the
apparent s values were calculated according to Martin and
Ames (36).

Immunochemical procedures. Immunoelectrophoresis on
gradient fractions from ultracentrifugation was carried out
according to the method of Scheidegger (37), using com-
mercial rabbit anti-human IgG (y-chain) and rabbit anti-
human IgM (,u-chain) sera (Behringwerke, Marburg/Lahn,
West Germany). For immunoabsorption, rabbit anti-human
IgG or bovine serum albumin (A-grade, Calbiochem, San
Diego, Calif.) were coupled to AH-Sepharose 4B (Pharmacia,
Uppsala, Sweden) activated by glutaraldehyde (25% aqueous
solution, Serva, Heidelberg, West Germany) according to
Cambiaso et al. (38). Two identical 2-ml columns (1 cm
diameter) were prepared at 4°C. They were washed with
phosphate-buffered saline at pH 7.5. Clq-binding pooled
gradient fractions were applied to each column, and the flow
was stopped for 1 h. Unbound gradient fraction components
were washed out by slowly pumping 4 ml of phosphate-
buffered saline, pH 7.5, through each column. These effluents
were concentrated to 0.5 ml of Diaflo ultrafiltration mem-
brane (UM 10, Amicon Corp., Lexington, Mass.) in a
microfiltration system (model 8 MC, Amicon Corp.). The
concentrated effluents were then tested for their Clq-
binding activity. IgG contents of the Clq-binding gradient
fractions used for these experiments and of the effluents
were quantitated by radial immunodiffusion.

Enzymatic and chemical treatment of sera. For de-
oxyribonuclease (DNase) treatment, 50 ,ul of DNase (deoxy-
ribonuclease 1, Worthington Biochemical Corp., N. J.) at 1
mg/ml in Veronal-buffered saline was added to 50 Al of
serum. The mixture was incubated at 37°C for 3 h before
the Clq-binding test was carried out. Controls were in-
cubated with 50 ,ul of Veronal-buffered saline alone.

For reduction and alkylation of the Clq-binding material,
100 ,ld of serum was incubated with 100 ,ul of 0.4
M 2-mercaptoethanol at room temperature for 1 h and
thereafter with an additional 100 ,ul of 0.66 M iodo-
acetamide at 4°C for another hour. Similar serum sam-
ples were incubated with 100 ,ul of Veronal-buffered saline.
To control the reduction-alkylation procedure, 100 ,ul of
normal human serum containing human aggregated immuno-
globulins at 1.5 and 0.5 mg/ml were treated in the same
way as the serum samples. The mixtures were dialyzed for 24
h against Veronal-buffered saline before testing for Clq-bind-
ing activity.

Statistical analysis. The results were statistically eval-
uated by Student's t test, the chi-square test, linear regres-
sion analysis, and Spearman's correlation test.

RESULTS

Clq-binding test and Raji cell radioassay in leuke-
mic patients. The Clq-binding activity of 467 sera

TABLE I
Serum [125I ]Cl q-binding Activity in Patients with Leukemia

Incidence of elevated Clq-BAt
Clq-binding

Type of leukemia activity* No. sera No. patients

Acute myeloid 8.9± 18.6 50/164 (30.5) 40/100 (40.0)
Acute lymphatic 6.8±18.6 13/65 (20.0) 9/39 (23.1)
Blastic crisis 7.6+12.9 19/49 (38.8) 13/28 (46.4)
Chronic myeloid 0.1±3.7 6/160 (3.8) 5/38 (13.2)
Chronic lymphatic 3.4±10.6 7/29 (24.1) 3/25 (12.0)
Blood donors 0.0±2.2 0/68 (0.0) 0/68 (0.0)

* Mean value of [125I]Clq precipitated±1 SD.
t Incidence of serum ['25I]Clq-binding activity increased by
more than 3 SD values as compared with normal sera.

from 230 leukemic patients was assessed (Table I).
Compared with sera from 68 healthy blood donors,
the mean values of serum Clq-binding activity were
significantly increased in patients with AML (P
< 0.001), in patients with ALL (P < 0.005), and in pa-
tients with blastic crisis (P < 0.001). The mean values
of serum Clq-binding activity in the patients with
CML and CLL were not significantly increased (P
> 0.05).

Sera from 48 leukemic patients were tested for
the presence of circulating immune complexes using
both the Clq-binding test and the Raji cell radioassay.
On a qualitative basis, the results obtained by these
two techniques were in agreement in 41 of the 48
cases (85.4%) (Fig. 1). The correlation between these

100- -I

80-

< 60-

cr / ~~~~~~~~~~~~~r=0.9107
E 40- P<0.001

20- ;$ ,+

0 460 800 1200 1600 2000
Serum Ig binding to Raji cells (pg AHGeq/ml)

FIGURE 1 Correlation between the [1251]Clq-bindingactivity
(Clq-BA) and the Ig binding to Raji cell in serum samples
from 48 leukemic patients. The mean+3 SD of [125I]Clq-
binding activity and Ig binding to Raji cells of the normal
sera is indicated by the shaded area. Ig binding to Raji
cells is expressed as micrograms of aggregated human IgG
(AHG) equivalent per milliliter of serum.
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results was also shown to be significant by linear re-
gression analysis (r = 0.9107, P < 0.001) and by Spear-
man's correlation test (r = 0.7998, P < 0.001).

Characterization of the Clq-binding material in
leukemia. To determine the size of the Clq-binding
material, six sera from patients with AML, two from
patients with ALL, three from patients with blastic
crisis, one from a patient with CML, and three from
patients with CLL were studied by ultracentrifugation
analysis on 10-40% (wt/vol) sucrose density gradients.

The collected gradient fractions were tested for
their Clq-binding activity. The Clq-binding material
was recovered in fractions corresponding to a 10-30s
molecular weight material. In gradient fractions ob-
tained after centrifugation of normal serum, the Clq-
binding activity was lower than 5%. Results of serum
ultracentrifugation in two patients, one with CLL and
the other with blastic crisis, are represented in Fig. 2.

In 10 patients the Clq-binding material was partially
purified and concentrated using polyethylene glycol
precipitation of serum before ultracentrifugation. This
procedure led to a three- to fourfold increase of
the Clq-binding activity in 14-28s gradient fractions
when compared with the Clq-binding activity ob-
tained in the corresponding fractions from ultracentrif-
ugation of the original sera. Density gradient studies
with the concentrated material were carried out to
investigate the effect of acid treatment on the Clq-
binding material. Clq-binding gradient fractions were
centrifuged in parallel runs on sucrose density
gradients at pH 8.3 and pH 3.5.

The optical density patterns of the two gradients
were compared (Fig. 3). At pH 8.3, the optical
density pattern showed two peaks: a small peak in the
7s position and a wide, large peak in the 14-30s re-
gion. The optical density pattern of the acid gradient
gave a major peak in the 7s situation, two smaller
peaks with maximum values at the 19s and 28s
positions, and a fourth small peak before the 7s
region. After neutralization of acid gradient fractions,
fractions from both gradients were tested for their
Clq-binding activity. Clq-binding material was still
detected in 14-28s fractions from ultracentrifugation
at pH 8.3, but no Clq-binding activity could be found
in any fraction from the acid gradient. By immuno-
electrophoresis, IgG was shown in both the 7s and
14-28s fractions at pH 8.3, whereas at pH 3.5, IgG
was found only in the 7s peak.

The presence of IgG in the Clq-binding material
was further investigated by immunoabsorption. The
Clq-binding fractions obtained by ultracentrifugation
of sera from five leukemic patients (two AML,
one ALL, and two CLL) were studied. Fractions
containing the Clq-binding material were passed
through columns of AH Sepharose 4B coupled either
with rabbit anti-human IgG or with bovine serum
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10] NHS
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GRADIENT FRACTIONS

FIGuRE 2 ['25I]Clq-binding activity (Clq-BA) measured in
each sucrose gradient fraction obtained by density fractiona-
tion of sera from a patient (DUC) with CLL, from a patient
(BLA) with blastic crisis, and from a healthy blood donor
(NHS). Clq-binding activity is represented by the shaded
columns on the lower part of the figure. On the upper part
of the figure, the optical density pattern obtained with a
1:10 diluted serum and the position of the 7s and 19s markers
are indicated.

albumin (BSA). The Clq-binding activity of the ef-
fluents from both columns were compared. In the
effluents from the anti-IgG column, only traces of
Clq-binding material could be detected, whereas the
Clq-binding activity of the effluents from the bovine
serum albumin column was high (Table II). The pas-
sage of the Clq-binding fractions through the anti-
IgG-Sepharose column resulted in a parallel decrease
of the IgG content and of the Clq-binding activity,
respectively, to 12% and 17% of the corresponding
values obtained after passage through the bovine
serum albumin column.

The effect of reduction-alkylation on the Clq-binding
activity of leukemic sera was assessed. Treatment of
16 serum samples with 2-mercaptoethanol and
iodoacetamide led to a decrease of their Clq-binding
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activity from 16±9% to 4±8% (P < 0.001). Similar
effect was found after reduction-alkylation of aggre-
gated human immunoglobulin used as control samples.

To find whether the Clq-binding material contained
50 DNA, 12 positive sera were incubated with either

DNase or buffer as control. The treatment with
DNase did not reduce the Clq-binding activity (mean
Clq-binding activity of sera: without DNase treatment

< = 27.4±16.6%; with DNase treatment = 26.6+17.2%).
25 CD Correlation between serum Clq-binding activity

cr and the stage of leukemia. The serum Clq-binding
0) activity was compared in two groups of patients:

those with acute leukemia whose disease was in the
blastic stage and those in whom complete remission

0 had been achieved. The group mean values of serum

Clq binding were significantly higher in patients
during the blastic stage of leukemia than during
complete remission (13 vs. 3.2%, P <0.005 in AML;
11.0 vs. 0.6%, P < 0.01 in ALL; 9.3 vs. 0.0%, P
< 0.001 in blastic crisis). An increased serum Clq-bind-
ing activity was also found more frequently in pa-
tients tested during the acute stage: respectively, in

pH 8.3 45.6% (n = 79), 36% (n = 25), and 50% (n = 26) of
patients with acute phase of AML, ALL, or blastic
crisis as compared with 12.2% (n = 41), 4.8% (n
= 21), and 0.0% (n = 6) of corresponding patients in

pH 3.5 remission. In 27 patients studied for a period of
several months, the elevated serum Clq binding was

clearly associated with the blastic phase of the
disease (Fig. 4). In 13 patients with ALL, AML, or

blastic crisis, a high serum Clq-binding activity
ding material. was found during the blastic stage but disappeared
iensity pattern during the remission. In 10 patients the serum Clq-

gradient frac- binding activity was normal during remission, and
thylene glycol later became positive at the time of relapse. In six
the lower part cases of CML, the previously normal serum Clq bind-
al density pat- ing became increased during blastic crises.
ity gradients at

Correlation of serum Clq-binding activity with
ig material re-

ition of the 7s hematological parameters, sepsis, and therapy. The
Clq binding observed in individual serum samples

TABLE II
Removal of Clq-binding Material on Anti-Ig Immunoabsorbant

Clq-binding activity* IgG content

Patient Type of Sample applied Effluent of Effluent of Sample applied Effluent of Effluent of
no. leukemia on column BSA-Sepharose anti-IgG-Sepharose on column BSA-Sepharose anti-IgG-Sepharose

pg

1 AML 35 27.2 4.3 210 110 20
2 AML 27 17.9 2.2 290 180 16
3 ALL 45 21.3 6.6 150 110 20
4 CLL 64 56.8 7.9 250 200 14
5 CLL 51 47.3 6.2 120 110 7

Mean+l SD 44+14.3 34.1+17.1 5.4+2.2 204±70 140+40 15+5

* % [125I]Clq precipitated.
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FIGURE 4 Evolution of the serum [1251]Clq-binding activity (Clq-BA) in 27 patients with
leukemia according to the stage of leukemia. At the left, serum Clq-binding activity of 21
patients with AML, ALL, or blastic crisis; at the right, serum Clq-binding activity in 6
patients with CMLwho developed blastic crisis.

was not related to the white blood cell count or the
hemoglobin or platelet levels. During the acute
stage of the disease, no correlation was found be-
tween the serum-Clq binding activity and the
presence of sepsis in the patients at the time of
collection of the serum. A high Clq-binding activity
was demonstrated in 45.5% of the serum samples
from patients with sepsis and in 40.4% of those
from patients without evidence of such complication.
Similar results were observed when comparing the
serum Clq-binding activity with the erythrocyte
sedimentation rate (ESR); 37.2% of sera from patients
with an increased ESRand 48.2% of sera from cases

with a normal ESRhad an elevated Clq binding.
The serum Clq-binding activity of the 130 patients

studied during the blastic stage of leukemia were

compared, using as a criterion the fact that they
had received chemotherapy or had not yet been
treated. The mean Clq-binding activity (+1 SD)
of 62 serum samples drawn before treatment reached
19.4 (+25.5)%, while that of the 113 samples collected
after initiation of chemotherapy was 6.8 (±14.8)%.
The difference between these mean values was sig-
nificant (P < 0.001). The incidence of an increased
serum Clq-binding activity was also significantly
higher (P < 0.005) in the untreated patients; 58.1% of
sera from untreated patients were positive as compared
with 33.6% of sera in the treated patients.

Sera from 30 leukemic patients, which had been
tested for their Clq-binding activity, were also in-
vestigated for the presence of multispecific anti-HLA
antibodies. Anti-HLA antibodies were detected in 10

cases: 5 out of 15 with elevated serum Clq-binding
activity, and 5 out of 15 with Clq binding within
normal range. There was no difference in the levels
of antibody found in these groups.

Circulating immune complexes and prognosis in
acute leukemia. The presence of circulating immune
complexes in acute leukemia was studied retrospec-
tively in relation to the clinical course in individual
patients. Follow-up data were obtained for the 130 pa-
tients tested during the acute stage: 110 at the onset
of the disease and 20 in relapse. Incidence of response
to therapy was assessed in these patients. The remis-
sion rate was significantly higher in the 61 patients
with serum Clq-binding activity within the normal
range at the onset of the leukemia than in the
49 patients with circulating immune complexes during
this period (P < 0.005 in AML, P < 0.01 in ALL, and
P <0.05 in blastic crisis) (Table III); 75.4% of the
former group of patients experienced a complete or
partial remission, while only 32.7% of the latter
group went into remission. The difference between
those two groups was highly significant (P < 0.0005).
The other patients did not respond to therapy and
died during the blastic stage. In the 20 patients
tested during relapse, only 2 out of 11 with serum
Clq-binding within the normal range entered into re-
mission.

The prognostic significance of circulating immune
complexes at the onset of acute leukemia was also
studied in relation to known features of prognostic
relevance: sex, age, white blood cell count, hemoglobin
and platelet levels, extent of marrow infiltration, and
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TABLE III
Serum [1251 ] Cl q-binding Activity at the Onset of Acute Leukemia and Incidence of Remission

Patients with elevated Clq-BA* Patients with Clq-BA within normal range

Type of leukemia No. Coiiiplete remiiission Partial remission No. Complete remission Partial remission

Acute myeloid 30 9 (30.0%) 1 (3.3%) 37 24 (64.9%) 2 (5.4%)
Acute lymphatic 8 3 (37.5%) 0 (0.0%) 13 12 (92.3%) 0 (0.0%)
Blastic crisis 11 1 (9.1%) 2 (18.2%) 11 4 (36.4%) 4 (36.4%)

Total 49 13 (26.5%) 3 (6.1%) 61 40 (65.6%) 6 (9.8%)

* Serum Clq-binding activity increased by mnore than 3 SD values as compared with normal sera.

presence of sepsis (Table IV). The group with and the present study, the cytological variety of AMLdid not
group without circulating immune complexes had simi- appear to influence the response rate observed in these
lar sex and age distribution. In AMLand ALL, analy- patients. The patient group without circulating im-
sis of response rate in patients separated into age mune complexes included 32 patients with acute
groups revealed progressively poorer remission in- myeloblastic leukemia, 2 patients with acute myelo-
cidence with increasing age, regardless of whether or monocytic leukemia, and 3 patients with acute pro-
not the patients had circulating immune complexes myelocytic leukemia. In the patients with detectable
during the blastic stage (Fig. 5). Age and the presence circulating immune complexes, 26 had acute myelo-
of circulating immune complexes appeared as two blastic leukemia and 4 had acute myelomonocytic
independent prognostic features which could be com- leukemia. Incidence of sepsis was almost the same
bined for the assessment of the prognosis (Table V). in the patients with immune complexes and those with

The response to therapy of the patients with serum Clq-binding activity in the normal range (Table
circulating immune complexes was not related to IV). In patients without detectable immune complexes,
unfavorable hematologic parameters (Table IV): white presence of sepsis and bone marrow infiltration by
blood cell count below 2,000 per mm3or above leukemic cells above 75% at onset of leukemia were
50,000 per mm3, hemoglobin level less than 7 g/ associated with a poorer response rate.
100 ml, and platelet level under 100,000 per mm3. The The individual survival times within the study
degree of marrow infiltration by leukemic cells did period of the patients tested at the onset of disease
not differ significantly between the patients with or were assessed (Fig. 6). The median survival time
without circulating immune complexes, except in the was 5 mo in patients with AML, more than 18 mo
patients with ALL who responded to treatment. In the in the patients with ALL, and 5 mo in the pa-

TABLE IV
Circulating Immune Complexes and Prognostic Factors in Acute Leukemia

WBC*
e2 x 10' Hemo- Extent of marrow infiltration

or globin Platelets by leukemic cells
No. of Sex ±50 x 10' level <100 x 103 Incidence

patients (M/F) Mean age+± SD per mm3 ±7 g/100 ml per mm3 Mean±+ SD ±75% of sepsis

IC+ IC- IC+ IC- IC+ IC- IC+ IC- IC+ IC- IC+ IC- IC+ IC- IC+ IC- IC+ IC-

yr % % % % % %

AML 30 37 17/13 18/19 48.5±19.4 52.0±18.3 30 46 13 16 80 65 72±21 62±22 60 35 40 46
Responders$ 10 26 5/5 13/13 36.6±17.7 46.2±17.8 20 46 20 15 80 62 74±21 58±21 60 27 40 38
Nonresponders§ 20 11 12/8 5/6 54.6±16.1 65.8±11.1 35 45 10 18 80 73 71±22 70±22 60 55 40 64

ALL 8 13 5/3 7/6 25.1±12.2 24.3±15.1 38 46 0 8 75 54 89±10 72±21 88 62 25 23
Responders 3 12 1/2 7/5 15.0±9.0 21.3±10.8 0 42 0 0 67 50 88±8 70±21 100 58 33 17
Nonresponders 5 1 4/1 0/1 31.2±9.8 61.0 60 1/1 0 1/1 80 1/1 90±11 95 80 1/1 20 1/1

BC 11 11 7/4 7/4 45.7±13.7 48.6±11.9 9 9 18 18 45 64 50±20 49±19 9 9 36 27
Responders 3 8 3/0 5/3 45.1±12.8 47.9±11.9 0 13 0 13 0 50 56±11 50±21 0 13 33 13
Nonresponders 8 3 4/4 2/1 47.3±19.1 50.7±14.4 13 0 25 33 63 100 48±23 47±11 13 0 38 67

* Percentage of patients (with or without IC) with a white blood cell count below 2,000 or above 50,000 per mm' at onset of leukemia.
Patients with (IC+) or without (IC-) circulating immune complexes at onset of acute leukemia and who entered into remission.

§ Patients with or without circulating immune complexes at onset of acute leukemia and who did not respond to therapy.
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FIGURE 5 The response rates in relation to the presence
of immune complexes in various age groups of patients with
AML(left side) or ALL (right side). Patients with detectable
circulating immune complexes at onset of leukemia are
represented by the shaded columns and those without such
complexes by the plain columns. In each column, the dotted
areas indicate the proportion of patients in whom the re-
sponse to treatment was limited to partial remission.

tients with blastic crisis. The survival of these pa-
tients was further considered according to the level
of their serum Clq-binding activity during the acute
stage. In the patients with serum Clq-binding activity
within the normal range, the median survival time was
more than 18 mo in AML and ALL and more
than 812 mo in blastic crisis. The corresponding
median survival times in the patients with elevated
serum Clq-binding activity were much lower: 64 days
in AML, 135 days in ALL, and 90 days ill blastic
crisis. For the patients with AML followed during
6 mo, survival rate at this tirne was 21/35 (60%) in
those without detectable immune complexes and 7/30
(23%) in those with circulating immune complexes
(P < 0.005). In the relapsing patients, the survival times
from the onset of relapse were short and bore no

TABLE V
Combined Prognostic Value of Age and Circulating

Immune Complexes in Patients with AML

Incidence of complete remission

Patients Patients
Patients Total with IC* without IC*

no. % no. % no. %

All patients 33/67 (49) 9/30 (30) 24/37 (65)
More than 60 years old 6/26 (23) 1/10 (10) 5/16 (31)
Less than 60 years old 27/41 (66) 8/20 (40) 19/21 (90)

* Patients with or without circulating immune complexes (IC)
at the onset of acute leukemia and who achieved a complete
remission.
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FIGURE 6 Graphical representation of individual survival to
date of (A) 67 patients with AML, (B) 21 patients with ALL,
and (C) 22 patients with blastic crisis of CML, according to
their serum Clq-binding activity (Clq-BA) during the blastic
stage of acute leukemia. Each point corresponds to one pa-
tient. A = patient who continues in complete remission;
O = patient who continues in incomplete remission; A
= patient who relapsed and died after achieved complete
remission; * = patient who died during attempt of remis-
sion induction; * = patient who died during incomplete
remission.
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relation to the serum Clq-binding activity of the pa-
tients. The time interval between diagnosis and the
serum sampling was short and did not influence
these findings.

DISCUSSION

The occurrence of circulating immune complexes
in cancer patients has been suggested first by the
demonstration of serum blocking factors possibly
related to immune complexes, and secondly by the
direct detection of material similar to antigen-
antibody complexes in some patients with various types
of malignancy (18, 20-28, 39). In human leukemia,
the presence of immune complexes has been sug-
gested by the finding of renal glomerular deposits
of Ig and complement in a few cases (29). Serological
studies using methods for direct detection of immune
complexes have so far been limited (18, 23, 24, 27).

The present data indicate that a material involving
Ig and C3, and capable of reacting with Clq, may
be present in relatively large amounts in the serum
from many patients with acute leukemia. Physico-
chemical properties of this material indicate also that
it may consist of circulating immune complexes. In
density gradient experiments, the material sedimented
as a 14-28s macromolecule, acid dissociation of
which led to the appearance of a 7s peak con-
taining IgG. Removal of IgG from the material
either by immunoabsorption or by acid dissociation,
or alteration of serum Ig molecules by a mild reduc-
tion-alkylation treatment, abolished the ability of the
material to bind Clq. The possibility that some un-
known polyanionic substances account for the serum
Clq binding of some leukemic patients cannot be
rules out. Interference of DNAin the present results
was excluded, however, by the DNase treatment of
the serum samples, and that of endotoxins or C-
reactive protein complexes by the test conditions.

The fact that the immune complexes were found
mostly in sera from patients at the blastic stage of
leukemia, regardless of the type of acute leukemia,
should be considered in relation to the nature of
antigens possibly involved in the complexes. The lack
of correlation between the presence of immune com-
plexes and evident sepsis in the patients minimizes
the possibility of a bacterial origin of the complexed
antigen. Clinically inapparent bacterial infections or
slow virus infections may account, however, for
formation of bacterial or viral antigen-antibody com-
plexes. Thus, the course of the infection would be
closely associated with the blastic stage of the leuke-
mia, with a rapid disappearance during complete
remission. Antibodies reacting with the major histo-
compatibility antigens, possibly induced by repeated
blood transfusion, do not appear to be a major

source of circulating immune complexes in leukemia.
Antigens with a specificity unrelated to the leukemic
cells, or related to the blastic state of the cells,
may be considered. DNAanti-DNA (40) or Ig anti-
Ig (41-43) complexes, as well as nuclear antigen(s)
(expressed in proliferating cells and capable of induc-
ing specific antibodies), have been demonstrated,
especially in leukemia (44-46). Correlation between
the presence in serum of immune complexes and the
blastic cell proliferation is also in agreement with a
possible involvement of leukemia-associated antigens
(5-13, 47). However, the destruction of many malig-
nant cells by chemotherapy does not increase the
level of circulating immune complexes.

The clinical relevance of circulating immune com-
plexes in patients with leukemia is still difficult
to assess. These complexes may be a secondary
phenomenon of the disease particularly associated with
the most severe forms of leukemia. The occurrence
and persistence of circulating immune complexes in
some patients with acute leukemia may also reflect
a particular immune status of these patients (48, 11),
since the persistence of antigen-antibody complexes
may be favored by the production of antibodies of
low avidity (49) or of low titer (50). However, circulat-
ing immune complexes may favor the progression of
leukemia by modulating the immune response of
the host against the malignant cells. Indeed, antigen-
antibody complexes can enhance or suppress lympho-
cyte activation (51-54) and modulate functions of B
lymphocytes (55) or T lymphocytes (56-62). In animals
bearing growing tumors, at least some of the serum
blocking factors consist of immune complexes (15-
17).

The present data show that patients with acute
leukemia and circulating immune complexes have a
worse prognosis than those without such complexes.
It is proposed that the assessment of the prognosis
in patients with acute leukemia would be improved
by the determination of this new parameter in combina-
tion with some other classical prognostic factors (63),
such as the age of the patients.
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