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Increased suppressor cell activity in inflammatory
bowel disease
G HOLDSTOCK, BETTE F CHASTENAY, AND E L KRAWITT*

From the Department ofMedicine, University of Vermont, Burlington, USA

SUMMARY We studied the in vitro effect of indomethacin, hydrocortisone, sulphasalazine, and its
metabolites sulphapyridine (SP) and 5-amino salicylic acid (5-ASA) on peripheral blood mononuclear
cells (PBMC) from 49 patients with inflammatory bowel disease and 34 controls. Indomethacin
caused a highly significant increase in the PBM.C response to the mitogen PHA-P compared with
controls (p < 0.01), indicating increased activity of a prostaglandin-producing suppressor cell system.
On the contrary, sulphasalazine resulted in a reduced response which was significantly great-r for
the group with inflammatory bowel disease than the control group (p<0.05). This reduction was

also produced by 5-ASA (p <005) but not by sulphapyridine. Addition of indomethacin to PBMC
incubated with sulphasalazine significantly reduced the effect of sulphasalazine (P<O001). Hydro-
cortisone resulted in a reduced response which was similar to that of controls and was not altered by
the addition of indomethacin. The response to indomethacin, hydrocortisone, sulphasalazine,
sulphapyridine, and 5-ASA was not dependent on the HLA type of the patients, disease activity, or

drug therapy. The results suggest that increased suppression by a population of prostaglandin-
producing suppressor cells plays a role in the immunopathology of inflammatory bowel disease, but
that sulphasalazine does not exert its therapeutic effect by acting on this step of the immunoregulatory
system. Any trials of indomethacin therapy in inflammatory bowel disease should take into account
that, in vitro, sulphasalazine and indomethacin have opposing mechanisms of action in this system.

The discovery of increased levels of prostaglandin-
like material in rectal biopsy material1-4 and in the
faecal content5 of patients with inflammatory bowel
disease has led to suggestions for a possible role for
prostaglandins in the pathogenesis of the disease6.
Reports of the beneficial effect of indomethacin in
conditions such as post-radiation colitis7, food
allergies8, and irritable bowel disease" have stimu-
lated further interest in the effects of prostaglandin
synthetase inhibitors in inflammatory bowel disease.
Similarly, although the mode of action of sul-
phasalazine is unknown, it has been postulated that
sulphasalazine itself may act as a prostaglandin
synthetase inhibitor6.

After the description of prostaglandin producing
suppressor cells, sensitive to indomethacin10, in a
variety of conditions including sarcoidosis"l and
Hodgkin's disease12, we have used this system to
study the in vitro effect of indomethacin, hydro-
cortisone, and sulphasalazine and its metabolites
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sulphapyridine and 5-amino salicylic acid (5-ASA)
on peripheral blood mononuclear cells (PBMC)
from patients with inflammatory bowel disease.
We hoped to be able to compare and contrast the
actions of the drugs to gain insight into the mode of
action of sulphasalazine, particularly to investigate
the possibility that it may act as a prostaglandin
synthetase inhibitor.

Methods

PATIENTS
Forty-nine patients with iniflammatory bowel disease
and 34 controls were studied. All patients were
classified on evidence gained from radiographic
studies, sigmoidoscopy, and biopsy material.
Patients were classified on clinical grounds as being
in an active stage of the disease or in remission. A
record of the patient's medication was taken with
particular reference to sulphasalazine and corti-
costeroid use. The study conformed to the guide-
lines of, and was approved by, the Committee on
Human Experimentation at the University of
Vermont.
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PREPARATION AND CULTURE OF PBMC

Peripheral venous blood was drawn into syringes
containing preservative-free heparin (10 U/ml).
Mononuclear cells were isolated by centrifugation
over Ficoll/Hypaque and were washed twice in
phosphate buffered saline. All suspensions were

made in RPMI 1640 with 25 mM hepes (Gibco
Laboratories), supplemented with penicillin (100
U/ml), streptomycin (100 pg/ml), and 2 mM gluta-
mine. Fifty microlitres containing 1 x 105 PBMC
was added to individual wells of flat bottom micro-
titre plates (Costar, Cambridge, MA. 6.4mm well
diameter). Tests were performed on triplicate
cultures in a final volume of 0.25 ml containing 10%
heat-inactivated AB serum with mitogens and drugs
as indicated below. After incubation at 37°C in 5%
CO2 in a fully humid atmosphere for 72 hours, 1

microcurie per well 3H thymidine (New England
Nuclear Sp. Act 6.7 C/mmol aqueous solution)
was added. After an additional 18 hours incubation,
cells were harvested on glass fibre filters using a

Skatron apparatus. The dried filters were counted in
minivials by liquid scintillation spectrometry in a

Packard Tri-Carb.

MITOGENS AND DRUGS
Preliminary data showed that the optimum con-
centration of purified phytohaemagglutinin-P (PHA-
P) was 1 pg/well, concanavalin-A (Con-A) 5 pg/
well, and pokeweed (PWM) 10 pg/well and these
concentrations were used throughout. Similarly,
optimum concentrations for indomethacin appeared
to be 250 pg/well, as reported' by Goodwin in his
original description of the assay19. The concen-
tration of hydrocortisone used was 250 pg/well.
Incubation of PBMC with increasing doses of
sulphasalazine and its metabolites showed that the
response to PHA-P fell off rapidly with increasing
drug levels, indicating toxicity. For these experi-
ments, concentrations similar to pharmacologically

achieved blood levels were chosen which resulted in
minimal reduction of the response to PHA-P in
controls and were 25 pg/well for sulphasalazine and
its two metabolites sulphapyridine and 5-ASA.

PRESENTATION AND ANALYSIS OF DATA
Results of the response to the mitogens are ex-
pressed as counts per minute, plus or minus one
standard deviation. Each reading was a mean of
triplicate experiments. The reading in each tripli-
cate was generally within 10% of the mean. The
effects of the drugs on the response to PHA-P was
recorded as a percentage of the original response
to PHA-P in the absence of the drug. One-way
analysis of variance and Student's t test were used
for statistical analysis.

Results

Thirty-four patients with Crohn's disease, 15
patients with ulcerative colitis, and 34 controls were
studied. Twenty-five of the patients had active
disease and 24 were in remission. Eleven were
taking sulphasalazine alone, 19 prednisone alone,
and 18 were on no treatment. The remaining patient
was taking both drugs. The results of the response
to PHA-P, Con-A, PWM, and the effects of indo-
methacin, sulphasalazine, sulphapyridine, and 5-
ASA are shown in Table 1 and Fig. 1. There was a
significant reduction in the response of PBMC to
PHA-P in Crohn's disease compared with controls
(p < 0.05) but otherwise there was no difference
between controls, and patients with Crohn's disease
or ulcerative colitis in the response to the other
mitogens.
As illustrated in Table 1 and Fig. 2, there was a

highly significant increase in the response to indo-
methacin, indicating increased prostaglandin-
producing cell activity in the Crohn's disease group
(13*47 % ±23 1) and ulcerative colitis group (7.8 % ±

Table 1 Result of mitogen and drug responses in inflammatory bowel disease and control subjects
Group Total PHA Response ConA Response PWM Response IND HC SS SP 5 ASA

number CPM CPM CPM % Control % Control % Control % Control % Control
studied Mean ± SD Mean ± SD Mean t SD

Total 34 96377 34862 16769 2.12 -19.8 -13-3 - 69 - 5.3
controls ±87864 ±19578 ±16454 ±16 8 ±23.2 ±11-52 ±10-8 ±18-6

(n= 16) (n= 15) (n= 16) (n= 15)

Crohn's 34 71488* 34819 19680 13.47$ -19.6 -20-4 -10.3 -19.4*
disease ±38797 ±23063 ±14945 ±23.1 ±28.3 ±24.4 ±16-2 ±22.3

(n=31) (n= 30) (n= 30) (n= 32)

Ulcerative 15 76224 30873 20134 7-8t -28-3 -24.2* - 8-6 -30.3*
colitis ±40732 ±21392 ±10268 ±12.4 ±14.1 ±25.1 ±15:9 ±20-2

(n= 1 1)

IND: indomethacin. HC: hydrocortisone. SS:sulphasalazine. SP: sulphapyridine. 5 ASA: 5-amino-salicylic acid.
Compared with the control group: *P 0.05. -P 0.02. +P 0.01.
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significant difference between the patients and
controls in their response to hydrocortisone.
Sulphasalazine caused a significantly greater de-
crease in 3H thymidine uptake in Crohn's disease
(-2Q.4%±24A4) and ulcerative colitis (-242%±
25i.1) compared with controls (-13-3%±11 52,
p <0.05). This relationship was also present for 5-
ASA (p < 0.05) but not for sulphapyridine. In
another group of disease controls (chronic active
hepatitis, four; coeliac disease, seven; scleroderma,
three), the effects of sulphasalazine, sulphapyridine
and 5-ASA were -11.7%±11.4, -1166%±8-5,
and -11.9%± 16.1 respectively and these results
were similar to those obtained in the normal controls
and significantly less than those in inflammatory
bowel disease for both sulphasalazine and 5-ASA
(p < 0.05).
Table 2 shows the results obtained in patients

grouped according to disease activity and drug
therapy. There was no significant difference be-
tween these groups. The response to hydrocortisone,
sulphasalazine, sulphapyridine, and 5-ASA from
patients with a positive in vitro response to indo-
methacin was similar to that from patients with a
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Fig. 2 Effect of sulphasalazine (SS), sulphapyrdine (SP), 5 amino-salicylic acid (5-ASA), and hydrocortisone (HC)
on lymphocyte response to PHA-P. (CD:Crohn's disease. UC:ulcerative colitis. CON:controls).
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Fig. 1 Effect ofindomethacin on lymphocyte response to
PHA-P (the prostaglandin-producing suppressor cell
activity) CD: Crohn's disease. UC: ulcerative colitis.
CON: control).
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negative response (Table 3). Thirty of the patients
had been HLA A and B typed, and we were able to
evaluate the effects of indomethacin with reference
to HLA types in these patients. We looked specifi-
cally at those that were B12 positive (n= 7) and com-
pared them with those who were B8 positive (n=6)
and those who were positive to neither of these anti-
gens (n=17). Results were 124%±60, 12.8%±
14.6 and 14.2%±29.9 for the three groups. These
values were not significantly different from one
another.
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Fig. 3 Effects of sulphasalazine (SS) and indomethacin
(IND) separately and together on the lymphocyte response
to PHA-P in 16 patients.

Finally, we studied the effect of adding sulpha-
salazine and indomethacin at the same time on the
PHA-P response in 16 patients (Fig. 3). In these
patients, indomethacin alone resulted in an in-
crease of 1144%±13 4 and sulphasalazine alone in
a decrease of 2155%±18.4, values that were
comparable with those obtained in the entire
patient population. Addition of indomethacin
to PBMC incubated with sulphasalazine resulted
in a reduction of the PHA-P response to only
8.4%±14.1. This was significantly less than for
sulphasalazinealone(p < 001), showing that sulpha-
salazine does not abolish the in vitro effect of
indomethacin. Simultaneous incubation of indo-
methacin with hydrocortisone did not result in the
same effect, the results being similar to incubation
with hydrocortisone alone (-17.2%±16.1 vs-

18.4%±13 9).

Discussion

We have shown that patients with inflammatory
bowel disease have increased indomethacin-
sensitive, prostaglandin-producing suppressor cells
compared with the control group. This is consistent
with, and could explain, the known mild reduction
in the lymphocyte response to mitogens in patients
with inflammatory bowel disease"3 14. Although
we did not investigate this in our patients, previous
studies have shown that this suppressor cell is pro-
bably a prostaglandin-producing monocyte9ll-, data
compatible with the growing number of reports

Table 2 Results of mitogen and effects ofIND, SS, and HC in different patient groups
Group No. PHA response ConA response PWM response IND SS HC

CPM CPM CPM %' Control % Control % Control
Mean + SD Mean ± SD Mean ± SD

Active 25 71554 33240 18434 15S2 -21-1 -19.4
disease ±31520 ±15442 ±12040 ±21 8 ±254 ±158

In remission 24 80417 36424 18240 10.1 -21.7 -24.4
±32480 ±18432 ±14840 ±26.3 ±23.4 ±12-4

Sulphasalazine 11 78243 31277 12517 9.4 -16.2 -27.6
only ±36554 ±12987 ±8816 ±10 7 ±21 1 ±11 2

Prednisone 19 77653 30072 27593 19.0 -21.6 -18.3
only ±32711 ±25443 ±24990 ±24.2 ±24.0 ±153

No treatment 18 77910 42078 18083 12-8 -26-4 -22.0
±33995 ±24917 ±9830 ±13 4 ±21*6 ±16 4

Table 3 Comparisons of effects of SS, SP, and HC on response to indomethacin

Group No. SS SP 5 ASA HC
%/ Control %. Control % Control % Control

Positive response to 39 -18.3±16 9 -11-3±13-5 -22-6±14-4 -19-0±17-4
indomethacin

Negative 10 -21-8±16-4 -13-0±11-8 -27.4±17-3 -253±105

1028
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of 'activated macrophages' in inflammatory bowel
disease'5. Whether the increased activity of this
suppressor cell system in inflammatory bowel
disease is primary and of importance immuno-
pathogenetically, or is an epiphenomenon cannot
be determined from this study. The observation
that levels were similar in patients with active or
quiescent disease suggests that it is primary, al-
though its occurrence in other conditions" 12
suggests that it may be a secondary phenomenon.
We failed to confirm the suggestion, based on
studies in normal controls, that this system is HLA-
dependent'6.
Our results suggest that neither sulphasalazine

nor corticosteroids exert their therapeutic effect by
affecting this limb of the immunoregulatory system.
The results might explain the increased levels of
prostaglandins that have been found in rectal
biopsies in patients with inflammatory bowel disease,
as it may be macrophages and not the colonic
epithelial cells which produce the prostaglandins.
The presence of increased prostaglandin-producing
suppressor cell activity suggests a possible role for indo-
methacin in patients with inflammatory bowel disease
and provides additional justification for trials with
drugs such as indomethacin, although the observa-
tion that concurrent incubation of PBMC with
indomethacin and sulphasalazine reduces the effects
of sulphasalazine suggests that these two drugs
may have antagonistic, although possibly un-
related, modes of action6. Indeed, sulphasalazine
may act on the monocyte and influence lymphocyte
response, possibly by prostaglandin release. Thus,
in clinical trials the effect of indomethacin on
patients not concurrently taking sulphasalazine
should receive special attention. It should also be
remembered that, if the increased PgSS is a com-
pensatory response, then blocking it with indo-
methacin may have a detrimental effect.
Reports have suggested that sulphasalazine may

inhibit prostaglandin synthetases5' . Our results do
not support this, but suggest that it has an immuno-
suppressant effect which is not dependent on the
response to indomethacin. Furthermore, this in
vitro effect of indomethacin is not blocked by
coincubation with sulphasalazine. Corticosteroids
are also thought to have antiprostaglandin pro-
perties, possibly by reducing the availability of
substrate for prostaglandin synthesis'7. The in vitro
response to hydrocortisone that we observed does
not support the suggestion that the main therapeutic
role of corticosteroids in inflammatory bowel disease
is to reduce prostaglandin synthesis. The coincuba-
tion experiments are difficult to interpret but
suggest that hydrocortisone, sulphasalazine, and
indomethacin all have different modes of activity.

In our view, it is of interest that the reduction of
lymphocyte response caused by sulphasalazine is
greater in patients with inflammatory bowel disease
than in controls, particularly as its effect seemed to
be most marked for its metabolite 5-ASA, which
appears to be the active metabolitel8s20 and is not
seen with sulphapyridine. However, the difference
is small and previous work on the effect of sulpha-
salazine on lymphocyte responses has failed to
show this specificity in inflammatory bowel disease21-
23. Although our finding needs to be confirmed by
others, the results are compatible with the hypothesis
that sulphasalazine acts on the monocyte which is
known to circulate in increased numbers in inflam-
matory bowel disease.
The response to mitogens of patients receiving

sulphasalazine was not reduced compared with
those on no treatment. This might argue against an
immunosuppressant effect, but nor was there a
significant reduction in patients on corticosteroids,
which is known to be a potent immunosuppressant.
Drug levels of sulphasalazine are particularly high
in colonic mucosa and it may be that a local
immunosuppressant effect accounts for the beneficial
effect of the drug.

In conclusion, the results suggest that there is an
increased population of prostaglandin-producing
suppressor cells in inflammatory bowel disease,
which may play a role in the immunopathogenesis
of the disease. There is no evidence in this system
that sulphasalazine acts as a prostaglandin syn-
thetase inhibitor. Trials of indomethacin in
inflammatory bowel disease will help to determine
whether this suppressor cell system is of immuno-
pathogenic importance but should take into account
the possibility that indomethacin and sulphasalazine
have different and possibly antagonistic modes of
action in vivo as well as in vitro. These findings are
supported by recent studies on gastrointestinal
smooth muscle24 which also show that the two drugs
have opposite effects.

Supported in part by USPHS grant GCRC RRI09
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Pharmacia Laboratoriesand indomethacin by Merck,
Sharp and Dohme Research Laboratories. G H is in
receipt of a Fulbright Travelling Fellowship.
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