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Abstract
None of these hypotheses have been firmly
Earlier studies regarding possible proved to date. Much more has been shown
primary immune disturbances participat- about the amplification of the inflammatory
ing in the pathogenesis of Crohn's disease response involving the arachidonic acid casyielded conflicting results. Peripheral cade, cytokines such as interleukins and interblood lymphocyte subsets and lymphocyte ferons, oxydative radicals, and the complex
proliferative responses to five soluble interaction of various subpopulations of
recall antigens and to the polyclonal lymphocytes, specifically T lymphocytes, which
stimulator phythaemagglutinin were seem to orchestrate the destructive inflammatherefore measured in 17 patients with tory processes.5-8
active Crohn's disease, before and six
The increased percentage of T9 antigen
months after surgical resection of the bearing circulating lymphocytes9 and the
inflamed intestine and in 16 healthy increased concentration of circulating intercontrols. Lymphocyte proliferation in leukin-2 receptor, shed from the surface of
response to all five recall antigens was activated T cells and macrophages7 reflect an
significantly lower in patients than in increased lymphocyte activation state. Further
controls. No significant differences with analysis of the immune response in Crohn's
controls were detected after surgery. disease showed a generalised defective K cell
Addition of indomethacin to phythaemag- and natural killer cell function, which is
glutinin stimulated lymphocyte cultures worse in patients with active disease.1-11 The
had a stronger proliferation enhancing relevance of this to the pathogenesis of Crohn's
effect in patients than in controls, result- disease is still unclear.
Earlier studies regarding possible primary
ing in comparable proliferative responses
in both groups. When both indomethacin immune disturbances entailed in the pathoand prostaglandin E2 were added, inhibi- genesis of Crohn's disease yielded conflicting
tion of reactivity by prostaglandin E2 was results. These experiments assessed the
stronger in patients' cultures. This immune competence of Crohn's disease
suggests a higher sensitivity to inflamma- patients by measuring reactivity to purified
tory prostaglandins in Crohn's disease. protein derivative (Mantoux tests),'2 lymphoThe degree of lymphocyte stimulation by cyte responses to non-specific mitogens such
antigens correlated positively with the as phytohaemagglutinin,15'5 and lymphocyte
percentage of circulating memory T cells subsets by means of monoclonal antibodies.16 17
(CD 45 RA-). The percentage of activated Poor nutritional state and different types of
(HLA-DR+) CD8 cells was higher in immunomodulatory treatments, however, also
patients than in controls. The CD4/CD8 induce certain changes in the immune function;
ratio, which was not significantly different therefore it is difficult to draw conclusions about
between patients and controls, correlated primary immune dysftunctions.
In this study we focused on the cellular
significantly with disease activity and
characteristics, even in the postoperative immune function in active Crohn's disease
phase. These findings suggest that before and after surgical resection of the
immune abnormalities in Crohn's disease inflamed intestinal segments. Disease activity
fluctuate with and are probably secondary before (clinical score) and six months after
to inflammatory activity.
(endoscopic score) surgical resection were also
determined. This approach would permit us to
(Gut 1994; 35: 1728-1733)
find out if immunological abnormalities were
'primary', and possibly important in the pathoCrohn's disease is a chronic inflammatory genesis of the disease, or 'secondary' to the
bowel disease of unknown origin. Hypotheses inflammatory processes. We investigated the
regarding possible pathogenetic mechanisms immune competence by measuring lymphocyte
include infectious agents such as mycobacteria, subsets in peripheral blood and by using in vitro
autoimmune dysfunction perhaps based on lymphocyte proliferation tests in response to five
'molecular mimicry' with bacteria or bacterial recall antigens, both before and after surgery,
products, 'vasculitis', with the endothelial wall and in control subjects. This was combined
as the primary target of the immune attack, per- with measurements of in vitro proliferative
meability disorders of the intestinal mucosa, responses to phytohaemagglutinin in combinapossibly genetically mediated, and primary tion with indomethacin and prostaglandin E2,
immune dysfunctions, especially with regard to to clarify the role of prostaglandins released in
immunological suppressor mechanisms. 1A the inflammatory cascade.
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TABLE I Patients' characteristics
Crohn's disease
(bowel segment Activity
Sex affected)
score
Type

TI
TI+C
TI
TI
TI
TI+C
TI
TI+C
TI+C
TI
TI+C
TI
TI+C
TI+C
TI
I
TI+C

Al
A4
A2
Al
A2
A3
A4
A2
A3
A2
A4
AO
A2
A4
A2
AO
A4

NP
P
NP
NP
P
P
P
P
NP
NP
P
NP
P
P
P
NP
P

2Y
4Y
4Y
1Y
6Y
2Y
4Y
2Y
10Y
4Y
6M
16Y
6Y
13Y
9Y
4Y
6Y

0
I
0
0
0
O+A
A
0
I
0
A
0
O+A
O+A+I
0
0
0

S+M
S
S
S+M
S
5ASA
S
S+M

S
M
S
S+M
S
S

N
Y
N
N
N
N
N
N
N
N
N
N
Y
Y
N
N
Y

Endoscopic
recurrence

I2
I4
13
I3
I4
I4
I2
I2
-

12
I1
I0
12
I2
I1
I2

TI=terminal ileum, C=colon. Activity score: AO=short or longstanding mild disease,
A1 =active disease (short duration (<2 years), A2=longstanding disease with few flare ups,
A3=longstanding disease with frequent flare ups, A4=longstanding disease, continuously active.
P=perforating, NP=non-perforating. Interval Dx-surgery=time interval in years (Y) or months
(M) between the initial diagnosis of Crohn's disease and surgical resection. Indication for
surgery: O =obstruction, I=inflammation, A= abscess. Treatment: S = sulphasalazine.
ASA=aminosalicylic acid, M=metronidazol. Endoscopic recurrence: I0=no lesions. I1= <5
aphthous lesions, I2=>5 aphthous lesions with normal mucosa in between, I3=diffuse
aphthous ileitis, I4 =diffuse ileitis with large ulcers.

Methods
PATIENTS AND CONTROLS

Seventeen Crohn's disease patients (9 males, 8
females; mean age 33 7, range 22-67) with a
firmly established diagnosis of Crohn's disease,
based upon endoscopic and histological criteria,
were studied (Table I). Patients receiving
immune modulatory drugs such as corticosteroids, azathioprine or 6-mercaptopurine
were excluded. Most patients were treated with
aminosalicylates or sulphasalazine. Disease
activity was assessed by means of a clinical score
based upon duration and severity of the disease.
Peripheral blood was obtained for lymphocyte
proliferation and subset determination.
All patients underwent surgical resection of
the terminal ileum and caecum with removal of
the entire inflamed segment. There was no
evidence of Crohn's disease in other parts of
the gastrointestinal tract. Twelve of 17 patients
(70.6%) had surgery because of 'perforating'
disease with abscess or fistula formation or
with 'perivisceritis' and five of 17 (29A4%)
because of 'stricturing' disease with signs of
(sub)obstruction.
Endoscopy was performed six months postoperatively to assess recurrent disease, which
was present in all but one patient. Four of 17
patients also had clinical recurrence. An 'endoscopic score' was used based on the severity of
the observed lesions (Table I). The endoscopists classifying the disease were blinded to
the results of all laboratory tests. Blood
samples were taken again for the same set of
immunological tests. In addition, peripheral
blood was obtained from 16 control subjects (8
males, 8 females; mean age 32-8, range
25-45). These were employees of the gastrointestinal endoscopy unit, were not taking any
drugs, and were considered healthy.
LYMPHOCYTE SUBSET DETERMINATION
Fluorescein or phytoerythrin conjugated

monoclonal antibodies (mAb) were purchased
from Becton-Dickinson (Mountain View,
CA). Combinations of mAbs were selected to
determine the following lymphocyte subsets:
CD 19 + and CD20 + B cells; CD3 + total T
cells; CD4+ helper/inducer cells; CD8+ suppressor/cytotoxic cells; CD45RA+ virgin CD4
cells and CD45RA- memory CD4 cells;
HLA-DR+ (activated) CD4 cells; HLA-DR+
(activated) CD8 cells. Monocytes were
enumerated by immunofluorescence with
phytoerythrin anti-CD 14. Fifty microlitres of
heparinised blood was incubated with an
appropriate dilution of an fluorescein and
a phytoerythrin conjugated mAb at 40C.
After haemolysis of erythrocytes (twice
repeated addition of NH4Cl, pH=7.3), cells
were washed twice in phosphate buffered
saline and resuspended in 1 ml of 1%
paraformaldehyde.
Two colour immunofluorescence analysis
was carried out on a Becton-Dickinson FACS
scan flow cytometer. Lymphocytes were
gated on the basis of forward and 900 light
scatter.
In each analysis 2000-5000 lymphocytes
were counted. Cells were scored positive or
negative according to their fluorescence with
reference to that of control samples, incubated

with fluorescein and phytoerythrin conjugated
mouse IgG. The number of positive cells was
expressed as percentage of the total lymphocyte count.
ISOLATION OF PERIPHERAL BLOOD
MONONUCLEAR CELLS

Peripheral blood mononuclear cells were
isolated from heparinised blood on FicollHypaque (density 1 077) gradients (Pharmacia,
Uppsala, Sweden). After three washings in
Hanks's balanced salt solution, the cells were
resuspended in culture medium: RPMI 1640
(Gibco, Paisley, Scotland) supplemented with
2 mM L-glutamine, penicillin (100 U/ml),
streptomycin (100 microg/ml), and 5 % normal
human serum.
IN VITRO STIMULATION OF PERIPHERAL BLOOD
MONONUCLEAR CELLS WITH ANTIGENS AND
THE MITOGEN PHYTHAEMAGGLUTININ

Cells (1 X 105) were cultured in 96 well round
plates
bottomed
(Costar
Europe,
Badhoevedorp, The Netherlands) with a
variety of soluble antigens: streptokinase-

streptodornase (streptococcal antigen, 100
IU/ml final concentration, Lederle, Belgium),
cytomegalovirus (0-05 IU/ml, Boehring
Hoechst, Belgium), herpes simplex virus
(0.015 IU/ml, Boehring Hoechst, Belgium),
tetanus toxoid (0 5 LFU/ml, Wyeth, USA),
and Candida albicans (100 ,ug/ml, Haarlem
allergenen laboratorium, The Netherlands),
and also in the presence of the mitogen phytohaemaglutinin (0d12, 0-25, and 0 50 ,ug/ml,
Wellcome Research, Tuckahoe, NY) and
control medium. To block prostaglandin
synthesis by the cyclooxygenase arm of
the arachidonic acid cascade, we added
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LYMPHOCYTE REACTIVITY TO ANTIGENS AND
MITOGENS

Preoperatively, the proliferative response to the
bacterial
antigens
streptokinasestreptodornase (p=0-014) and tetanus toxoid
(p=0 024) and to three different concentrations of phythaemagglutinin (p=0007, 0-008,
and 0 019 respectively) was significantly lower
in patients with active Crohn's disease than in
controls (Figs 1 and 2). Responses to the viral
(CMV and herpes) and the fungal (candida)
recall antigens were lower in patients than in
controls, but this difference was not statistically significant. Within the patient group,
there was a correlation between disease activity
and reactivity to candida (p=002). Reactivity
to the other recall antigens or to phythaemagglutinin did not correlate with disease activity.
No differences in lymphocytic reactivity were
noted between patients with perforating or
non-perforating Crohn's disease.
Six months after surgery, all proliferative
responses were still somewhat lower in patients
than in controls, but the difference did not
reach statistical significance. No correlation
two
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Figure 1: Lymphocyte proliferative responses to recall antigens before (A) and after (B)
resection (median, 25th, and 75th percentile), measured by [3H-thymidine] incorporation
in lymphocyte cultures and expressed in CPM (counts per minute). Comparison between
patients and controls: p values for Wilcoxon two sample test. SK-SD: streptokinasestreptodornase, streptococcal antigen.

20000

0

indomethacin (1 ,ug/ml, Sigma, St Louis, MO)
to cultures that had been stimulated with
phythaemagglutinin 0-25 ,ug/ml. In addition,
we again supplemented prostaglandin E2
(3.10-8 M, Upjohn, Puurs, Belgium) to the
indomethacin treated cultures.
Cultures were incubated in quadruplicate at
370C in a 50/o carbon dioxide atmosphere for
six days, and eight hours after a 1 milliCi
[3H]thymidine pulse (sp act, 2 Ci/mmol;
Amersham, Buckinghamshire, England), cells
were harvested and processed for the determination of [3H]thymidine incorporation.
STATISTICAL ANALYSIS

Statistical probabilities were assigned by using
the Wilcoxon two sample test or by the two
tailed Fisher exact test. Signed rank tests were
used for paired comparison of non-equally
distributed groups. The Spearman rank
correlation coefficient (Rs) was calculated to
determine correlations. All analysis were
performed using the SAS program.
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Figure 2: Lymphocyte proliferative response before (A) and
after (B) resection to phythaemagglutinin 0-12, 0 25, and
0 50 ,ug/ml (median, 25th, and 75th percentile), measured
by [3H-thymidine] incorporation in lymphocyte cultures
and expressed in CPM (counts per minute). Comparison
between patients and controls: p values from Wilcoxon two
sample test.
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TABLE ii Lymphocyte subsets in Crohn 's disease patients before and after surgery and in
controls (mean and range)
Before resection
CD 4 total
CD 8 total
CD 4/CD 8
HIA DR+T4
HLADR+T8
Memory cells
After resection
CD 4 total
CD 8 total
CD 4/CD 8
HIA DR+T4
HIA DR+T8
Memory cells

Patients

Controls

p Value

47-73 (28-71)
31-31 (16-51)
1-78 (0 59-444)
2-41 (0-6)
4-41 (0-18)
37-16 (11-71)

50 00 (37-61)
27-74 (13-43)
2-05 (0 88-4 38)
183 (1-4)
1-67 (0-3)
37-32 (18-61)

0-516

44-63 (30-61)
33-84 (22-55)
1-43 (0 62-2 77)
3-00 (0-10)
3-37 (0-11)
29-16 (15-53)

47-79
30 68
1-69
2-00
2-00
30-89

(33-63)
(17-44)
(0-75-3-71)
(1-4)
(0-5)
(21-63)

0230

p Values show differences between patients and controls, calculated with the

0229
0-422

0-326

0 028

0-976
0.222

0-215

0 148
0.121

0-614

S;tudent's t test.

LYMPHOCYTE SUBSETS

Analysis of lymphocyte subsets did not show
any significant differences between patients

and controls except for the percentages of activated CD8 (HLA DR+) suppressor/cytotoxic
cells, which were clearly higher in patients
before (p=0028), but not after (p=0121)
surgery (Table II). Furthermore, when subsets
of patients were analysed, it became clear that
the CD4/CD8 ratio, which was not significantly different between patients and controls,
correlated with both clinical (preoperatively,
p=001) and endoscopic (postoperatively,
p=004) disease activity scores, with higher
ratios in patients with perforating than in those
with non-perforating disease (Fig 4). Other
lymphocyte subsets did not correlate with
disease activity or characteristics.
Correlations were analysed between
lymphocyte subsets and proliferative responses
to antigens and phythaemagglutinin to find
possible explanations for the decreased
lymphocyte reactivity. Stimulation by antigens
in Crohn's disease patients significantly
correlated with the percentage of circulating
memory cells (p=002): a higher percentage of
memory cells resulted in stronger proliferative
responses to the five recall antigens (Fig 5).

could be detected between the endoscopic
recurrence score and the level of lymphocyte

Discussion
Our results clearly showed that Crohn's
disease patients before surgery had significantly lower lymphocytic reactivity, when
measured by means of proliferative responses
EFFECT OF INDOMETHACIN AND
to recall antigens and phythaemagglutinin,
PROSTAGLANDIN E2 ON LYMPHOCYTIC
than matched control subjects. This decreased
REACTIVITY
The low proliferative responses to reactivity disappeared after surgical resection,
phythaemagglutinin were further explored by although a slight, not significant difference
studying the effect of indomethacin and of between patients and controls persisted. The
prostaglandin E2 (Fig 3). Indomethacin, which finding that the immune abnormalities are
blocks monocyte prostaglandin production, more pronounced in patients having an active
reactivity.
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Figure 4: Correlation between disease activity score, disease characteristics, and endoscopic recurrence score (see Table Ifor
definitions) and CD4/CD8 ratio. p Values calculated with Spearrnan rank test.
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restored phythaemagglutinin induced proliferation of patients' lymphocytes to almost
normal values. After adding prostaglandin
to the cultures already containing indoControlsE2
methacin, phythaemagglutinin induced proliferative responses in patients' cultures were
Patients more strongly suppressed than in controls,
suggesting an increased lymphocytic sensitivity
to prostaglandin E2 in Crohn's disease.
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as the number of antigens (out offive) in response to which
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cut off value. (Spearman rank, p~=0002.)

form of Crohn's disease suggests that they are
probably secondary to and fluctuate with the
general inflammatory activity. It would indeed
be expected that 'primary' immune dysfunctions persist independently of the actual
activity of the disease. The persisting though
non-significant differences between patients in
the postoperative phase and controls could be
explained by the presence of recurrent Crohn's
disease in all but one patient, as it was
discovered by routine endoscopic and histological examinations.
We tried to explain the diminished immune
competence in Crohn's disease patients by
measuring lymphocyte subsets. The most
significant finding regarding the subsets was
that the proportion of activated suppressor/
cytotoxic CD8 cells (CD8 HLA DR') was
higher in patients than in controls, which may
be one clue to explain the altered immune
reactivity.'8 This activation of peripheral blood
and also of intestinal lamina propria lymphocytes was shown before by Pallone et al,'9 as
was an enhanced T cell cytotoxicity in the
peripheral blood from inflammatory bowel
disease patients.20 Despite endoscopically
proved recurrence six months after surgical
resection, the proportion of activated CD8
cells was not significantly higher in patients
than in controls, probably because of low
disease activity. The CD4/CD8 ratio was not
significantly different between patients and
controls, but correlated with the disease
activity and was higher in patients with
perforating Crohn's disease, reflecting an
imbalance between helper/inducer and suppressor/cytotoxic cells in subjects with active
inflammation. CD4/CD8 ratios also correlated
with the severity of endoscopically confirmed
recurrence, suggesting that this ratio is a very
sensitive parameter in the early stages of

inflammatory activity.
In our study we measured the CD45 RA

(memory) CD4 lymphocytes, which have the
ability to proliferate vigorously when stimulated by antigens to which the donor has been
primed in vivo (so called 'recall' antigens).2'

There was no difference in size of this
subgroup between patients and controls, but
within the patient group a correlation was

to phythaemagglutinin in Crohn's disease
patients when compared with controls. These

differences between patients and controls were

no longer significant after surgical resection.
When indomethacin, a potent inhibitor of

prostaglandin synthesis by the cyclooxygenase
pathway,23 was added to the 0O25 ,ug/ml
phythaemagglutinin stimulated cultures, a
stronger impact (growth stimulation) was
noted in cultures from patients compared with
the controls, so that patients' cultures, in the
presence of indomethacin, did not in fact
proliferate differently from controls. Inhibition
of proliferation by adding prostaglandin E2 in
the next step, was again stronger in patients
than in controls. All this suggests a higher sensitivity of patients' lymphocyte cultures to
prostaglandins. There may also have been a
higher activity of prostaglandin producing
suppressor cells in cultures from Crohn's
disease patients, but prostaglandin production
was not routinely measured in our study. It
indeed has been shown extensively that
intestinal inflammation is accompanied by an
increased prostaglandin production, which can
be measured in stool, venous blood, and rectal
mucosa,24 25 and it was suggested that the
decreased lymphocyte responsiveness may be

explained by it.26

The lower CD4/CD8 ratio in non-perforating Crohn's disease corresponds with findings
in fibrosing forms of rheumatoid arthritis.27
The immunological analogy between Crohn's
disease and rheumatoid arthritis is striking.
Not only is there a distinct correlation between
the activity of the synovial inflammation and

both the CD4/CD8 ratio and lymphocyte proliferation in response to recall antigens, but
these responses correlate with the percentage
of circulating memory cells as well.28 Similar to
Crohn's disease, circulating memory cells are
pooled in the inflamed tissues (synovia) in
rheumatoid arthritis.29 30
The most recent data regarding the
immunological events in Crohn's disease focus
upon the intestinal lymphocyte compartment.
An enhanced state of intestinal B and T
lymphocyte activation has been shown in a
growing number of experiments.3' 32 Most
intestinal lymphocytes seem to be Leu-8-,
CD4+ and functionally enhance B cell activation.33 34 There may seem to be a paradox
between the highly active state of intestinal
lymphocytes and the defective proliferative
response of peripheral blood lymphocytes to
recall antigens and phythaemagglutinin. It is
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found between lymphocyte reactivity to the
recall antigens and the number of circulating
memory cells. This could well be a result of the
inflammatory processes in the gut, where
memory cells are pooled in sites of disease
activity, and partly return into the peripheral
blood.
Lymphocyte reactivity to phythaemagglutinin in different concentrations has been
determined in a number of previous experiments, but significant differences between
patients and controls were not systematically
detected.'4 15 22 Our experiments, however,
clearly show a decreased proliferative response
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probable, however, that part of the immune
activation of lymphocytes takes place after their
entry into the intestinal compartment.'9 35
Some (but apparently not all) particular
activated subpopulations, however, could
migrate back into the systemic compartment.
The diminished immune competence of
circulating lymphocytes could therefore be
caused by the loss of certain groups of immune
competent lymphocytes to the intestinal
tissues. Future research will further resolve this
puzzling relation between peripheral blood and
intestinal wall immunology.
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