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Autologous Mixed Lymphocyte Reaction in the Peripheral
Blood and Pleural Effusions of Cancer Patients

ATSUSHI UCHIDA and MICHAELMICKSCHE, Institute for Cancer Research,
University of Vienna, A-1090 Vienna, Austria

A B S T R A C T T cells proliferate in response to autol-
ogous non-T cells in the autologous mixed lymphocyte
reaction (AMLR). AMLRwas impaired in the periph-
eral blood of patients with advanced lung cancer
(4,159±3,878 Acpm vs. 11,221±4,156 Acpm for nor-
mal donors) but normal or even higher in their ma-
lignant pleural effusions (13,257±7,075 Acpm vs.
10,870±5,013 Acpm for nonmalignant control effu-
sions). Blood T cells also failed to respond to autologous
effusion non-T cells, while effusion T cells strongly
responded to autologous blood non-T cells. The pres-
ence of blood T cells did not inhibit effusion AMLR
of the same patients. A subset of T cells that form
rosettes with autologous erythrocytes is found to pro-
liferate in AMLR. The number of autorosette-forming
cells was lower in blood T cells of cancer patients than
in blood T cells of normal donors and in effusion T
cells of the patients. After enrichment of autorosette-
forming cells, there was no difference in AMLR of
normal blood and cancer blood and effusions. These
results indicate that the loss of AMLRin the blood of
cancer patients is due to a reduction of number of
autoreactive T cells and not to a defect of autologous
stimulator non-T cells.

INTRODUCTION

The depression of cell-mediated immnunity, demon-
strated by various in vivo and in vitro assays, is known
to be associated with malignancy (1, 2). Patients with
lung cancer have been shown to have impairment of
lymphoproliferative response to mitogens and alloan-
tigens (3, 4). Some of these defects appear to be due
to the presence of suppressor cells in the circulation
(5-8). These findings suggest that immunoregulatory
functions might be disturbed in cancer patients.

There is increasing evidence that a subpopulation
of human non-T cells stimulates the proliferation of
autologous T cells in the autologous mixed lymphocyte
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reaction (AMLR)' (9, 10). Although the biologic sig-
nificance of this phenomenon is not yet clarified, the
reaction can be demonstrated reproducibly in normal
individuals and exhibits immunologic memory and
specificity (11). The AMLRhas been demonstrated to
represent a natural defense mechanism against neo-
plastic transformation (12), to provide a proliferative
stimulus for the generation of cytotoxic lymphocytes
(11), and to regulate various immunologic functions
such as production of antibody by B cells (13) and T
cell response to mitogens and antigens (14, 15). Al-
though there is general agreement that the responding
population in the AMLRis T cells, the nature of the
stimulator cells has been reported variously as B cells
(10), null cells (16), and monocytes (17). It has recently
been demonstrated that a subset of T cells that can
form rosettes with autologous erythrocytes is involved
in the AMLR (18, 19) and concanavalin A-induced
suppressor cell function (18).

The impairment of AMLRhas been documented in
patients with systemic lupus erythematosus (20, 21),
chronic lymphocytic leukemia (22), Hodgkin's disease
(23), and Sj6gren's syndrome (24). It is difficult to
know which cell population is responsible for the
depression of AMLR because both responding and
stimulating cells are from the same patients and there-
fore T cells and non-T cells from healthy individuals
with HLA-A, B, and DR locus identical to each pa-
tients' are required for exact determination. Our study
was designed to investigate the AMLRin the periph-
eral blood and pleural effusions of patients with ad-
vanced lung cancer as well as to characterize the cells
involved in the depression of blood AMLR.

METHODS
Patient population. Peripheral blood and pleural ef-

fusions were obtained from 20 patients with carcinomatous

I Abbreviations used in this paper: AMLR, autologous
mixed lymphocyte reaction; Acpm, difference between the
counts per minute of responding cells in the presence and
absence of stimulation cells.
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pleural effusions in which the presence of tumor cells were
confirmed with routine cytologic techniques by independent
pathologists. The 13 male and 7 female patients ranging in
age from 31 to 50 yr were histologically diagnosed as having
lung carcinoma. No patients had had previous anticancer
therapy. Effusion specimens from eight patients with conges-
tive heart failure were studied as controls for the pleural
effusions. Peripheral blood specimens of 20 healthy normal
donors were used as roughly age- and sex-matched controls
for the peripheral blood.

Isolation of blood mononuclear cells. Lymphocyte-rich
mononuclear cells were isolated from 50 to 80 ml heparin-
ized peripheral blood by centrifugation on a Ficoll-Hypaque
gradient (Lymphoprep, sp g 1.077, Nyegaard & Co., Oslo,
Norway) (25). The mononuclear cells were collected from
the interface, washed, and resuspended in RMPI 1640 sup-
plemented with 2 mML-glutamine, 25 mMHepes, 100 U
penicillin/ml, 100 Ag streptomycin/ml, and 10% heat-in-
activated fetal calf serum [Gibco Bio-Cult, Glasgow, Scotland
(designated as complete medium)].

Isolation of effusion mononuclear cells. Specimens of
pleural effusions (500-1,000 ml) were obtained from the
patients by thoracentesis and immediately centrifuged at
400 g for 10 min. The cell pellet was then washed five times,
and the cells were adjusted at a concentration of 1 X 106/
ml in complete medium. This cell suspension was layered
on a discontinuous gradient consisting of 10 ml of 100% and
15 ml of 75% Ficoll-Hypaque in a 50-ml plastic tube (Falcon
Labware, Div. of Becton Dickinson & Co., Oxnard, CA), and
centrifuged at 400g for 30 min at room temperature, as
described (26, 27). Lymphocyte-rich mononuclear cells were
collected from the 100% interface, tumor, and mesothelial
cells from the 75% interface, and erythrocytes, polymor-
phonuclear cells, and aggregated tumor cells from the bot-
tom. The procedure was repeated one to four times if sep-
aration was not successful as judged by morphologic
examination and Wright-Giemsa staining. The cells were
washed and resuspended in complete medium. Mononuclear
cells having <5% tumor cells as judged by morphologic ex-
amination of Wright-Giemsa-stained smears were accepted
for use. The mean yield of mononuclear cells consisting of
80-95% lymphocytes, 0-15% monocyte/macrophages, and
0-5% tumor cells was 4.5 X 105/ml.

Cell fractionation. Lymphocyte-rich mononuclear cells
were fractionated as described elsewhere (7, 8, 26). Mononu-
clear cells (4 X 106/ml) were mixed with the same volume
of 1% sheep erythrocyte suspension, incubated for 10 min
at 370C, then centrifuged at 200 g for 5 min, and further
incubated at 4°C for 18 h. The cell pellet was gently resus-
pended, and the suspension was layered over 15 ml Ficoll-
Hypaque in a 50-ml polycarbonate tube and centrifuged at
400 g 30 min at 4°C. The cells forming rosettes with sheep
erythrocytes were collected from the bottom of the tube,
treated with 0.83% Tris-buffered ammonium chrolide to lyse
the attached erythrocytes, washed, and resuspended in com-
plete medium. The cell preparation consisted of 90-97% T
cells as judged by rerosetting with sheep erythrocytes, 0-3%
B cells by determination of surface immunoglobulin-bearing
cells with a direct immunofluorescence assay, and is here-
after referred to as T cells. The unrosetted cells were col-
lected from the interface, washed, rerosetted with sheep
erythrocytes, and separated from rosetting cells by centrif-
ugation on another Ficoll-Hypaque gradient. The sheep
erythrocyte nonrosetting cells were collected from the in-
terface, washed, and resuspended in complete medium. The
cell preparation contained 36-65% B cells, 30-60% mono-
cytes, and 0-5% T cells as judged by the above methods, and

is hereafter referred to as non-T cells. Both cell preparations
were >96% viable according to the trypan blue dye exclusion
test.

Autologous mixed lymphocyte cultures. Autologous mixed
lymphocyte cultures were performed in triplicate using flat-
bottomed microtiter plates (Falcon Labware) with 1 X 105
responder T cells and 1 X 105 mitomycin C-treated (50 ug/
ml for 30 min) stimulator non-T cells in a total volume of
0.2 ml, as described (18). Culture medium consisted of RPMI
1640 supplemented with 25 mMHepes, 2 mML-glutamine,
100 U penicillin/ml, 100 jig streptomycin/ml and heat-in-
activated human AB serum. Cultures were incubated for
144 h at 37°C in a humidified atmosphere of 5% CO2 in air.
1 ,uCi [3H]thymidine (5 Ci/mmol, Radiochemical Centre,
Amersham, England) was added to each well for the last 20
h of the culture. The cultures were harvested on filter papers
by a multiple automated sample harvester (MASH II, Mi-
crobiological Associates, Bethesda, MD). The incorporation
of tritiated thymidine into newly synthesized DNA was
measured with a liquid scintilation counter (Packard Instru-
ment Co., Inc., Downers Grove, IL). The results are ex-
pressed as the difference between the counts per minute of
responding cells in the presence and absence of stimulating
cells (Acpm).

Autorosette-forming cells. After mononuclear cells were
isolated from the peripheral blood (see above), the remaining
erythrocytes were collected, washed three times in phos-
phate-bufferred saline, and resuspended in RPMI 1640 into
1% cell suspension as described (18). Mononuclear cells at
a concentration of 2 X 106/ml in 0.1 ml RPMI 1640 were
mixed with the same volume of autologous erythrocytes sus-
pension and 0.2 ml human AB serum. The mixture was in-
cubated for 10 min at 37°C, then centrifuged for 5 min at
200 g, and further incubated for 2 h at 4°C. The cell pellet
was then gently resuspended, and one drop of the cell sus-
pension was placed in a hemocytometer chamber, and >200
lymphocytes were counted under a microscopic examina-
tion. The percentage of lymphocytes forming rosettes with
three or more erythrocytes was calculated.

To separate the autorosette-forming cells and nonrosetting
cells, the autorosettes (see above) in 2 ml RPMI 1640 sup-
plemented with 50% human AB serum were incubated for
18 h at 4°C, then gently resuspended and layered on a Ficoll-
Hypaque gradient as described (18). After centrifugation at
400 g for 30 min, the autorosette-forming cells were col-
lected from the pellet, gently resuspended in cold RPMI
1640, and purified by another Ficoll-Hypaque centrifuga-
tion. The cell pellet was resuspended in warm RPMI 1640,
incubated for 15 min at 37°C, and then vortexed to disrupt
the autorosettes. The cell suspension was layered on a warm
Ficoll-Hypaque gradient and centrifuged for 15 min at 400
g to eliminate the autologous erythrocytes. The cell suspen-
sion collected from the interface contained 75-97% auto-
rosette-forming cells.

RESULTS

AMLR in peripheral blood and pleural effusion.
The AMLRbetween T cells and non-T cells were stud-
ied in the peripheral blood of 20 normal donors, in the
peripheral blood and carcinomatous pleural effusions
of 20 patients with lung cancer, and in nonmalignant
pleural effusions of 8 patients with congestive heart
failure (Fig. 1). Blood T cells from normal controls
vigorously responded to autologous non-T cells with
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* the depression of blood AMLRof cancer patients was
considered. Kinetic studies in which T cells were stim-
ulated by autologous non-T cells for time intervals
varying from 0 to 9 d revealed that (3H)-thymidine
incorporation became noticeable on day 5, peaked on
days 6-8, then decreased (Fig. 2). No significant dif-
ferences were observed in kinetics of AMLRof the

* peripheral blood of normal controls and in the pe-
ripheral blood and pleural effusions of cancer patients,

* indicating that the impairment of blood AMLRof can-
cer patients cannot be explained by altered kinetics.

AMLRbetween blood and effusion cells. To ex-
amine whether the depression of AMLR in the pe-

*t * ripheral blood of cancer patients is attributable to a

IS t defect of responding T cells, stimulating non-T cells,
* * or both, AMLR was performed between blood and

effusion lymphocytes from the same patients. In these
* * studies blood T cells and effusion T cells were cultured

with the same number of autologous non-T cells from
either peripheral blood or pleural effusions for 6 d
(Table I). Effusion T cells responded to autologous

Cancer Control blood non-T cells as vigorously as to autologous effu-
Eff usion sion non-T cells, suggesting that the capacity to stim-

ulate autologous T cells of non-T cells from cancer
lood of normal donors patients is not affected and the non-T cell population
if usions of cancer pa- has no suppressive activity to AMLR. On the other

iO' T cells were cul-
cells f or 6 d. Results hand, blood T cells from the patients failed to prolif-

icate samples. erate in response to autologous non-T cells from both

the mean response of 11,221+4,156 Acpm (5,000-
24,000 Acpm). In contrast, the peripheral blood of
cancer patients showed impairment of AMLRwith the
average response being 4,159±3,878 Acpm. This mean
value is significantly different from that of normal
controls (P < 0.001). Effusion T cells from the same
cancer patients strongly proliferated in response to
autologous effusion non-T cells with the mean response
of 13,257±7,075 Acpm, which was comparable to or
even higher than that of normal blood and control
nonmalignant pleural effusions (10,870±5,013 Acpm).
The AMLRof malignant pleural effusions was always
higher than that of the peripheral blood of the same
cancer patients and the mean value of the effusions
was significantly different from that of the blood (P
< 0.001). There were no significant differences in the
background counts per minute of blood lymphocytes
from normal donors and cancer patients and effusion
lymphocytes from cancer patients and nonmalignant
patients. These results indicate that the AMLRis im-
paired in the peripheral blood of advanced lung cancer
patients but normal or even higher in their pleural
effusions.

Kinetics of AMLR. The possibility that delayed or
accelerated kinetics of AMLRmight be responsible for
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TABLE I
AMLRbetween Blood and Effusion Lymphocytes

[HJThymidine incorporation in response to

Responding
Patient T cells Blood non-T cells Effusion non-T cells

Acpm Acpm

1 Blood 3,153±293 2,820±432
effusion 13,916±1,429 12,956±1,853

2 Blood 968±132 1,204+118
effusion 7,808±712 8,774±969

3 Blood 4,352±631 4,708±492
effusion 16,315±2,154 14,493±1,438

4 Blood 389±82 547±106
effusion 3,508±473 2,968±265

5 Blood 2,490±222 2,297+179
effusion 11,224±1,315 11,810±1,404

6 Blood 1,415+186 1,637±148
effusion 4,697±634 5,688±705

Blood and effusion T cells were cultured for 6 d with either blood
or effusion non-T cells from the same patients, and the reactivity
was measured by the incorporation of [3H]thymidine into DNA.
Results are expressed as mean Acpm±SD for triplicate samples.

peripheral blood and pleural effusions. These results
indicate that the responding T cell population but not
the stimulating non-T cell population is responsible for
the impairment of AMLRin the peripheral blood of
cancer patients.

Possible role of suppressor cells. To test the pos-
sible presence of cells capable of suppressing AMLR
in the circulation of cancer patients, effusion AMLR
was performed in the presence or absence of blood
lymphocytes from the same patients. The addition of
either untreated or mitomycin-treated blood T cells
resulted in no inhibition of effusion AMLRof the same
patients (Table II). The blood T cell populations were
also found not to contain suppressor cells for AMLR
as described above. These results suggest that the im-
pairment of blood AMLRof cancer patients is not at-
tributable to the presence of suppressor cells in their
circulation.

Role of autorosette-forming cells in AMLR. As lym-
phocytes forming rosettes with autologous erythro-
cytes have been shown to respond in AMLR(18, 19),
the frequency of autorosette-forming cells in the re-
sponding T cell population was determined. The num-
ber of blood T cells binding autologous erythrocytes
from cancer patients averaged 16±9%, which was sig-
nificantly lower (P < 0.001) than that of normal con-
trols (31±11%). In contrast, the percentage of auto-
rosette-forming cells of effusion T cells (34±12%) was

TABLE II
Effect of Blood T Cells on Effusion AMLR

[5HJThymidine incorporation

Untreated blood Mitomycin-treated
Patient Effusion AMLR T cells added blood T cells added

Acpm

1 16,741±1,558 17,541+1,378 16,537±1,592
2 3,863±499 4,527±689 4,108±391
3 21,926±2,183 22,573±2,368 21,716±1,748
4 13,402±1,433 14,495±1,582 12,579±1,356
5 9,405±773 10,420±967 9,849±847
6 15,380±1,644 14,516±1,584 15,283±1,732

Effusion T cells were cultured with the same number of autologous
effusion non-T cells either in the presence or absence of the same
number of mitomycin-treated or untreated autologous blood T cells
for 6 d. Results are expressed as mean Acpm±SD of triplicate
samples.

comparable to that of normal blood T cells and always
higher than that of blood T cells from the same pa-
tients. Then, the response index that indicates
[3H]thymidine incorporation per autorosette-forming
cell in AMLRwas calculated (Fig. 3). No significant
differences were observed in the response indices of
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was expressed in response index calculated as follows: re-
sponse index = ([3H]thymidine incorporation by 1 X 105 T
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blood lymphocytes from normal donors and blood and
effusion lymphocytes from cancer patients, while tri-
tiated thymidine incorporation by T cells was signif-
icantly lower in the blood of cancer patients than in
the blood of normal donors and in the effusions of the
patients. These results suggest that the depression of
blood AMLRof cancer patients results from the re-
duction of number of T cells forming rosettes with
autologous erythrocytes.

To confirm the above suggestion, autorosette-form-
ing cells were purified by density gradient centrifu-
gation and cultured for 6 d with the same number of
autologous non-T cells (Table III). The cell population
enriched for autorosette-forming cells vigorously re-
sponded in the AMLR. There was no significant dif-
ference in tritiated thymidine incorporation by auto-
rosette-forming cells from the peripheral blood of
normal donors and from the peripheral blood and
pleural effusions of cancer patients, while tritiated thy-
midine incorporation by blood T cells of cancer pa-
tients was depressed.

DISCUSSION

This paper has demonstrated that T cells from the
peripheral blood of patients with advanced lung can-
cer poorly respond to autologous non-T cells while T
cells from carcinomatous pleural effusions of the same
patients vigorously proliferate in response to autolo-
gous non-T cells. The impaired blood AMLRof cancer
patients seems to be derived from the disease itself
because the patients had no previous history of anti-
cancer chemotherapy or radiation therapy at the time
of the study and were <50 yr old. Similarly, pro-
nounced depression of AMLRhas been reported in the
peripheral blood of patients with systemic lupus ery-
thematosus (20, 21), chronic lymphocytic leukemia
(22), Hodgkin's disease (23), infectious mononucleosis
(28), and Sj6gren's syndrome (24).

TABLE III
Response of Autorosette-forming Cells in AMLR

[rH]Thymidine incorporation

T cells Autorosetting cells

Acpm

Normal blood 10,982±3,487 16,028±4,593
Cancer blood 4,645±3,425° 12,175±3,965
Cancer effusion 13,420±7,439 17,239±6,701

T cells and autorosette-forming cells (1 X 105) were cultured with
the same number of autologous non-T cells for 6 d. Results are
expressed as mean±SD of five individuals.
° Value is significantly lower compared to other groups by Student's
t test (P < 0.05).

It is difficult but important to know which cell pop-
ulation is involved in the impairment of AMLR in
patients because both responder T cells and stimulator
non-T cells are from the same patients. For the exact
determination some investigators have used mixing
experiments between patients and their healthy HLA-
identical siblings and reported that the depressed
AMLRin patients with systemic lupus erythematosus
is attributed to defective stimulator non-T cells in
three cases (21), and the impaired AMLRin patients
with Hodgkin's disease is due to the responder T cell
population in two cases (23). However, the usage of
such mixing experiments between patients and their
healthy HLA-identical siblings is generally limited
because of the limited number of HLA-identical sib-
lings. In our study we have performed mixing experi-
ments between lymphocytes from the peripheral blood
and pleural effusions of the same patients in most cases.
Effusion T cells from cancer patients vigorously re-
sponded to autologous blood non-T cells as well as au-
tologous effusion non-T cells. In contrast, blood T cells
failed to proliferate in response to both blood and ef-
fusion non-T cells from the same cancer patients. The
findings indicate that the defect in the peripheral
blood of cancer patients is in the responding T cell
population rather than in the stimulating non-T cells.

The presence of blood lymphocytes from cancer
patients was found not to inhibit the AMLRof effusion
lymphocytes from the same patients. The findings sug-
gest that suppressor cells are not involved in the im-
paired blood AMLRof cancer patients. It might be
possible that effusion T cells are already activated and
then blood T cells cannot inhibit their proliferation in
AMLR. However, proliferative response to mitogens
and alloantigens of effusion T cells has been shown to
be suppressed by blood T cells of the same cancer
patients (26). Furthermore, pretreatment of blood T
cells from cancer patients and normal donors with
OKT8 monoclonal antibody (defining suppressor/cy-
totoxic T cells) in the presence of complement did not
augment their response in AMLR (data not shown).
This is in agreement with other observations that treat-
ment of T cells from normal donors with OKT8 an-
tibody and complement has no (or slight) inhibitory
effect on their proliferative response in AMLR(29).

It has recently been demonstrated that T cells form-
ing rosettes with autologous erythrocytes proliferate
in response to autologous non-T cells in AMLR (18,
19, 30). The number of autorosette-forming cells in
the responding T cell population was significantly
lower in the peripheral blood of cancer patients than
in the blood of normal individuals and in the pleural
effusions of the patients. Whenthe response index was
calculated by dividing [3H]thymidine incorporation by
T cells by the number of autorosette-forming cells,
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there was no significant difference in the response in-
dices in the blood of normal donors and in the blood
and effusions of cancer patients. Then, AMLR was
performed between autorosette-forming cells and au-
tologous non-T cells. The cell population enriched for
autorosette-forming cells of the peripheral blood of
cancer patients responded to autologous non-T cells
as strongly as that of the blood of normal controls and
that of the effusions of the same patients. It is evident
from these findings that the reduction of number of
autorosette-forming cells is responsible for the im-
paired AMLR in the peripheral blood of cancer pa-
tients.

This study has demonstrated that the AMLRin car-
cinomatous pleural effusions is comparable to or even
higher than that in the peripheral blood of normal
controls and that in nonmalignant pleural effusions of
patients with congestive heart failure. Normal or
higher levels of AMLRin malignant effusions is un-
likely to be due to the contamination of tumor cells
in the stimulator non-T cell population because effu-
sion T cells responded to autologous blood non-T cells
as strongly as to autologous effusion non-T cells. In
addition, the frequency of autorosette-forming cells
in the responder T cell population of pleural effusions
of cancer patients was higher than that of their pe-
ripheral blood and similar to, or higher than that of
normal donors. Furthermore, in patients with ad-
vanced lung cancer effusion, T cells have been shown
to be able to mediate suppressor function after acti-
vation with concanavalin A, whereas blood T cells are
not (26). These findings are in keeping with previous
reports that T cells capable of responding to autologous
non-T cells are enriched in T cells capable of prolif-
erating (24) and developing suppressor activity in re-
sponse to concanavalin A (15, 18).

It has been demonstrated that the AMLRprovides
a proliferative stimulus for the generation of cytotoxic
T cells (11, 30) and represents a defense mechanism
against neoplastic transformation (12). Although the
actual biological significance of the phenomenon is
unclear, it may be important in host resistance against
autologous tumor cells. The most potent antitumor
activity may logically be expected to be present within
or around the site of tumor growth. Therefore, it seems
likely that the high AMLR in carcinomatous pleural
effusions and low AMLR in the peripheral blood of
cancer patients result from the migration of autoreac-
tive T cells from the circulation into the site of tumor
growth.
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