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Defective suppression in the autologous mixed
lymphocyte reaction in patients with Crohn's disease
D KELLEHER, A MURPHY, C A WHELAN, C FEIGHERY, D G WEIR,
AND P W N KEELING

From the Departments of Clinical Medicine and Immunology, Trinity College Dublin, Medical School and St
James' Hospital, Dublin

SUMMARY T helper and suppressor cell control of autologous immunoglobulin production was

measured in 14 patients with Crohn's disease (CD) using autologous B cells or monocytes to stimulate
regulatory T-cell activity. A pronounced defect in suppressor cell function was observed in the
patient group but not in matched controls irrespective of whether B cells or monocytes were used as

the stimulus. This defect was observed for IgG,A and M. This defect was seen both in patients with
active disease and with inactive CD suggesting the possibility that a primary regulatory defect might
exist in this disease. The patient group displayed normal helper cell function.

The autologous mixed lymphocyte reaction (AMLR)
is an in vitro proliferative response that occurs when
isolated T cells are cocultured with autologous non-T
cells - for example, B cells or monocytes - expressing
class II major histocompatibility complex (MHC)
antigens.' T cells activated in the AMLR are desig-
nated autoreactive T cells (Ta) and function pre-
dominately as suppressor cells2" for such functions as
T cell proliferation and T cell assisted B cell immuno-
globulin production.5 Recent work has suggested that
the generation of suppression in the AMLR may
represent an in vivo feedback inhibition mechanism
in the regulation of activated lymphocyte prolifera-
tion.6 This reaction has both memory and specificity.

Defects in the AMLR have been described in
conditions such as systemic lupus erythematosis,7
primary biliary cirrhosis,8 Sjogren's syndrome,9
and autoimmune thrombocytopenic purpura. '°
Abnormal T cell suppression has been reported in
inflammatory bowel disease using concanavalin A
(con A) generated short lived suppressor cells."
Auer et al have shown that in patients with active, but
not inactive Crohn's disease, there is impaired sup-
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pression of lymphocyte proliferation in the con A
generated irradiated suppressor cell assay and in the
spontaneous suppressor cell assay.'2 Defective sup-
pression might explain such features as lymphocyte
cytotoxicity for colonic epithelial cells'3 and increased
immunoglobulin secretion by colonic B lympho-
cytes.'4 The aims of our study were to examine the
generation of help and suppression of B cell immuno-
globulin secretion by peripheral bloodT lymphocytes
activated by autologous accessory cells. As the AMLR
is highly sensitive to corticosteroid therapy,5'5
patients studied were not using steroids.

Methods

PATIENTS
We studied 14 patients with Crohn's disease and 14
normal age matched controls. Six patients were aged
15-30 years, five 30-45, two 45-60, and one over 60.
Patients did not receive corticosteroids for at least
three weeks before and during the study period. Five
patients were receiving sulphasalazine during the
study. Three patients had colonic disease, five ileo-
colonic and six ileal disease Six patients had active
disease requiring inpatient hospital management
at the time of the study and eight patients were
asymptomatic with inactive disease. Two patients
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had had previous surgery, one a total colectomy, and
the second a right hemicolectomy. No patients were
studied who were anaemic. One patients was hypo-
albuminaemic but disease was otherwise clinically
inactive. Two of these patients were malnourished
(body weight<lOth percentile for height and age) at
the time of study.

AUIOLOGOUS MIXED LYMPHOCYTIE REACIION
Peripheral blood mononuclear cells were isolated
from fresh heparinised venous blood obtained from
patients and controls by density centrifugation on
Ficoll-Paque (Pharmacia) gradients. All samples
were drawn in the early morning to avoid circadian
variation. Cells were suspended in PRMI 1640
medium containing 20 mM 1-glutamine, gentamicin
20 mM, and 10% fetal calf serum. The cell suspension
was cultured in plastic flasks (Flow Laboratories) to
deplete adherent cells and monocytes were harvested
from plastic by scraping with a rubber policeman.
The monocyte depleted suspension was then passed
through two sequential nylon wool columns to obtain
a purified T cell population. B cells were harvested by
agitation of the nylon wool columns. Purity was
assessed using monoclonal antibodies to monocytes
(M02, Coulterclone) (80-85% pure), T cells (Leu la
Becton Dickinson) (95-98% pure), and B cells (B1,
Coulterclone) (60-65% pure). The remaining cells in
the B cell fraction were null cells and 10-20% T cells.

PRIMARY CULTURF.

Generation ofautoreactiv,e T cells
The AMLR was carried out by incubating 2x 106 T
cells with 1x 106 irradiated B cells or 1x 106 irradiated
monocytes per well or medium alone in a total
volume of 2 mls of supplemented RPMI 1640 in 24
well tissue culture plates (Linbro, Flow Labora-
tories). Cultures of B cells, monocytes or T cells
alone were set up as controls. Cells were incubated at
37°C in a humidified CO2 incubator for seven days.
They were then harvested, washed and counted
before addition to the secondary culture which func-
tioned as the indicator system for help and suppres-
sion. Ta cells activated by monocytes are designated
TM and by B cells as TB.

SECONDARY CULTURE

Indicator system
On day 7 patients and controls were again venesected
and the heparinised blood was then fractionated into
individual cell types as described above. T cells were
divided into two fractions, one of which (Tj) was
irradiated (2500 rads) to deplete suppressor cells and
block proliferation, while the other cells were used

untreated. cells from the primary culture (1x 106ml)
were then added to the secondary culture in 96 well
microtitre round bottom plates to a final volume of
200 [tl. Twenty microlitres of pokeweed mitogen
(Sigma) at a final dilution of 1:200 were added to each
well. Culture supernatants were coded and assayed
blindly for IgG, IgA, and IgM using enzyme linked
immunosorbent assay (ELISA) as previously des-
cribed.' Help was assayed by measuring the increase
in immunoglobulin synthesis when TA cells (TB or
TM) were added to fresh B cells. When autoreactive
T cells were added to cultures containing Tx and B
cells, quantitation of the reduction from the maximal
immunoglobulin secretion allowed assay of suppres-
sion.

CALCUJLATIIONS AND STATISTICS
Immunoglobulin production is expressed as mean
and standard deviation of ng/ml immunoglobulin
isotype produced. Student's t test was used for
statistical analysis. Suppression of immunoglobulin
secretion was calculated using the formula:

[Ta+ (Tx+ B)]
% Suppression= 100X 1-

(Tx+B)
where Ta+(Tx+B) is the immunoglobulin produc-
tion by B cells in the presence of irradiated T cells and
added autoreactive T cells. Help was calculated from
the formula

[B alone]
% Help=100xl- a+oe(Ta+B)

where B represents immunoglobulin secretion by B
cells alone and Ta+B represents immunoglobulin
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Fig. 1 IgM secretion by B cells under various conditions.
TM and TB are T cells activated in the AMLR by monocytes
and B cells respectively. TX are fresh irradiated T cells and T
are fresh T cells which have not been incubated in an AMLR
and which have not been irradiated. Statistical significance is
designated as follows. a: p<O-OI, +: p<OOOI, *: p<O.OOOJ.
Solid bars represent normal controls: hatched bars Crohn's
disease.
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Fig. 2 IgA secretion by B cells under varying co-culture
conditions. Abbreviations and statistical significance are as

outlined in the legend to Fig. 1.

production on addition of autoreactive T cells.
Results of percentage help and suppression are
expressed as median and range. Statistics were calcu-
lated using the Mann-Whitney test.

Results

HELP FOR IMMUNOGLOBULIN PRODUCTION
B cell IgM production in the presence of autoreactive
T cells (Th or Tm) was significantly higher in patients
with CD relative to normal controls whether T cells
were activated with B cells or monocytes (Fig. 1).
IgA production by isolated B cells was significantly
enhanced in patients with CD (Fig. 2). IgA produc-
tion in the presence of TM was also enhanced.
There were no significant differences in quantity of
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Fig. 3 IgG secretion by B cells under varying co-culture
conditions. Abbreviations and statistical significance are as

outlined in the legend to Fig. 1.

IgG secretion (Fig. 3) between individuals with CD
and normal controls when autoreactive T cells were
added. Monocytes alone added to B cells did not
significantly alter immunoglobulin secretion (data
not shown). When irradiated T cells were added to B
cells, IgA (Fig. 2) but not IgG or IgM secretion was

significantly enhanced relative to controls. The per-
centage help by TB and TM for IgG, A, and M in
patients with CD did not differ significantly from
controls (data not shown).

SUPPRESSION OF IMMUNOGLOBULIN

PRODUCTION BY AUTOREACTIVE T CELLS

Addition of irradiated T cells significantly enhanced
immunoglobulin production by B lymphocytes
(Tx+B) in patients with Crohn's disease and normal
controls (Figs 1, 2, 3). Addition of autoreactive T
cells (TB and TM) to this system markedly reduced
IgM, IgA, and IgG secretion in normal controls but
not in CD (Figs 1, 2, 3). Furthermore, the percentage
suppression of IgG, IgA, and IgM production by TB
and TM was significantly reduced relative to controls
(Table). Suppression of all isotypes by TM was

Table Suppression by Ta cells

NCt CD;t CD active CD inactive SP§ No sp Low alb Malnutrition

IgGIrm 90 (1-99) 24 (0-75) 21-5 (0-50) 27-5 (0-75) 6 (0-75) 26 (0-50) 0 17,49
p<O-O1 p<O-OOl p<O-OOl p<O-OOl p<O-OOl

IgGITb 86 (0-97) 29 (0-77) 52 (5-69) 29.5 (0-75) 11 (0-77) 29 (5-69) 0 21,52
p<0-001 p<0-01 p<0-001 p<0-02 p<0-00

IgM/Tm 755 (5-94) 39(0-73) 58(0-73) 195 (0-64) 22 (0-61) 51(0-73) 22 17,61
p<0-01 NS p<0-001 p<0-01 p<0-01

IgMITb 70 (0-90) 36 (0-76) 41-5 (0-51) 29 (0-76) 17 (0-32) 44 (0-76) 28 32,43
p<0-001 p<0.002 p<0o001 p<0-001 p<0-002

IgAITm 59 (3-90) 25 (6-75) 59 (18-75) 15 (6-30) 18 (6-59) 30 (12-75) 14 75,59
p<0-02 p<0.05 p<0-02 p<0.05 p<0.05

IgAiTb 69 (17-35) 30.5 (17-70) 38 (25-70) 27 (17-40) 31 (22-38) 30 (17-70) 31 70,38
p<0-001 NS p<0-001 p<0-005 p<0-01

*Expressed as median and range ( ) percentage suppression as derived from formula in Methods; tNC - normal controls; *CD - Crohn's
disease; §SP Salazopyrine.
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significantly reduced in patients with inactive disease.
Suppression of IgA and IgM, however, was not
significantly reduced in individuals with active
disease. Suppression by TB of IgG and IgM secretion
was significantly reduced in this group, however.
While suppression in patients receiving therapy with
salazopyrine was generally slightly lower than in
those not receiving such therapy, this did not reach
statistical significance. The data involving individuals
with hypoalbuminemia and malnutrition are illus-
trated in the Table. The numbers of such patients,
however, are insufficient for statistical analysis.
Neither individually precultured T cells, B cells, or

monocyte controls significantly altered immunoglo-
bulin production in this system (data not shown).

Discussion

Immunoregulatory defects may play a role in the
pathogenesis of chronic autoimmune and inflamma-
tory processes. In this study we have utilised the
AMLR in which the autologous class II antigens on B
cells and monocytes stimulate T cell proliferation.
While the physiological importance of the AMLR
has not been fully elucidated, the establishment of
cloned lines of autoreactive cells clearly establishes
that there is a subset of cells in peripheral blood
which respond to autologous class II antigens by
proliferation or by cytotoxicity. ' This population is
xenoantigen independent2'022 although it may be
augmented by xenoantigen in certain individuals who
have previously been sensitised.22 While suppression

is ultimately the dominant effector mechanism
generated in the seven day AMLR, it has been
demonstrated that the responder cell lies within the
CD4 positive T cell population.2623 A subpopulation
ofCD4 positive cells with suppressor inducer proper-
ties has been identified using a variety of monoclonal
antibodies.23 Furthermore it has been demonstrated
using depletion studies that AMLR inducible and con

A inducible suppressor cells lie within the same

population.4
In this study, we have examined the generation of

help and suppression of pokeweed mitogen driven
immunoglobulin secretion by T cells activated in the
seven day AMLR. T cells from normal individuals
stimulated in the AMLR clearly suppress immuno-
globulin secretion by B cells cultured with fresh
irradiated T cells. This effect requires the presence of
maximal help provided by fresh irradiated T cells and
is not seen when fresh T cells not stimulated in the
AMLR (non-irradiated) are added. By contrast, the
help generated by activated autoreactive T cells for
immunoglobulin secretion is not maximal, suggesting
that the population of T cells providing help for
immunoglobulin secretion is not expanded in the

AMLR. It is notable that irradiated T cells from
patients with Crohn's disease provided significantly
greater help for lgA production than the normals.
This might suggest that their T cells are enriched in
the T cells which secrete interleukin 4 and interleukin
5, both of which factors significantly augment IgA
secretion.2425 Our data indicate a defect in the genera-
tion of suppression of IgG, A, and M synthesis in
patients with Crohn's disease. Deficiencies in inter-
leukin 2 secretion with decreased expansion of the
responder population might partially explain these
results.2627 It is also possible, however that these cells
are deficient in the production of undefined suppres-
sor factors. An alternative explanation for these
findings is defective or aberrant expression of class II
antigens on B cells or monocytes of patients with
Crohn's disease as has been previously described in
patients with rheumatoid arthritis.26 Patients with
active Crohn's disease have increased expression of
DR antigen on intestinal epithelial cells29 and it is
possible that pre-activation, by contact with these or
other cells may enhance the generation of T cell
suppression in this group of patients.

In a previous study of proliferative responses in the
AMLR in inflammatory bowel disease, McDermott
et al showed normal responses in the seven day
AMLR.` Of note, however, is the fact that reduced
responses were noted in six day cultures in patients
with inactive disease. It is clear, however, that there
are major technical differences between our studies.
These findings of normal proliferative responses in
the seven day AMLR are not inconsistent with our
data because the generation of lymphokines by T
cells is not dependent on proliferation. Our study
examines the generation of functional responses and
not proliferative responses in the AMLR. Two
studies have shown, however, reduced proliferative
responses in the AMLR in patients with CIBD263'
which were associated with reduced numbers of IL2
receptors on circulating T cells in one study.26 The
defective proliferation was partially reversed by
addition of interleukin 2. It is of note that IL2
secretion by intestinal mononuclear cells has been
shown to be reduced in CIBD.2' Ginsburg and
Falchuk have also shown decreased suppression of
the allogeneic mixed lymphocyte response by T cells
activated in an autologous mixed lymphocyte
response in six patients with inflammatory bowel
disease.`3
The aetiology of defective suppression in patients

with CIBD is unexplained. Genetic factors could play
a role but studies ofHLA haplotypes in inflammatory
bowel disease have not shown convincing evidence of
disease association. Crohn's disease has been associ-
ated with particular immunoglobulin allotypes.12 It is
difficult, however, to associate this with a T cell
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defect. An alternative hypothesis is that a selective
lymphotropic agent may deplete a particular subset
of T cells in these patients. While, this pattern of
depletion has been shown in HIV infection,33
lymphocyte subsets, including numbers of the
suppressor inducer subset appear to be normal in
patients with Crohn's disease.' A further possibility
is that lymphocytophilic antibodies may functionally
interfere with a subpopulation of T lymphocytes.
Finally it is possible that this defect which is apparent
in peripheral blood may reflect a mirror image of
what is occurring at the intestinal level. Thus migra-
tion of a subset of suppressor lymphocyte to the
intestine may deplete the peripheral circulation of
these cells. In this regard, it is notable that intestinal
epithelial cells are capable of presenting antigen to T
lymphocytes and appear to selectively activate sup-
pressor cells.3" Our finding that this defect is more
marked in patients with inactive disease in this study,
however, suggests that this defect is not based on
intestinal T cell migration.

Defects in suppression have been implicated in the
pathogenesis of autoimmune disease such as systemic
lupus erythematosis. Defective suppression could
allow the persistence of an uncontrolled immune
response even when the antigenic stimulus has been
removed. In this regard it is notable that transfer of
suppressor T lymphocyte clones is capable of inhibit-
ing the development of disease in animal models of
autoimmune disease, such as experimental allergic
encephalomyelitis and adjuvant arthritis.3"37 The
mucosal immune system has important suppressor
functions inhibiting unwanted systemic immuno-
logical responses to environmental antigens.:
Defective suppression in the AMLR may indicate an
immunoregulatory imbalance at the mucosal level,
which could permit persistence of an inflammatory
response induced by resident or ingested antigens.
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