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SUmmARY To evaluate the pathogenetic significance of impaired cellular immunity in inflam-
matory bowel disease (IBD), we have measured the cutaneous responsiveness to dinitrochloro-
benzene (DNCB) among 58 patients with IBD, 33 with Crohn's disease and 25 with ulcerative
colitis, 63 of their clinically normal relatives, 24 additional ileitis and colitis patients who had under-
gone resection of all visibly diseased bowel, and 23 control subjects. Cutaneous anergy to DNCB
was demonstrated among 70% of the patients with CD and 48% of those with UC, as against only
9% of controls (p < 0 001). There was no increased incidence of anergy among either 44 first-degree
relatives (7%) or 19 spouses (0 %), nor was there any special proclivity toward anergy among six
pairs of patients with familial inflammatory bowel disease. In Crohn's disease, anergy was still
present after bowel resection in six of 10 patients (60 %), while in ulcerative colitis anergy was found
after colectomy in only two of 14 patients (14%). Our data suggest that the immune defect in
patients with inflammatory bowel disease may be a secondary phenomenon. In ulcerative colitis, the
defect appears to reverse after colectomy, but in Crohn's disease it persists despite resection. This
finding is consistent with the observed tendency of Crohn's disease, but not ulcerative colitis, to
inexorable postoperative recurrence.

Patients with inflammatory bowel disease have been
reported to manifest various defects in their cellular
immune system (Jones et al., 1969; Strickland et al.,
1974; Meuwissen et al., 1975). Although there has
been controversy over this subject (Sachar et al.,
1977; Strickland and Sachar, 1977) our studies have
consistently noted impaired lymphocyte responsive-
ness in vitro, depressed T-lymphocyte counts, and
cutaneous anergy to dinitrochlorobenzene (DNCB)
among many patients with Crohn's disease and with
ulcerative colitis (Sachar et al., 1973; Sachar et al.,
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1976; Meyers et al., 1976).
The pathogenetic significance of these findings

remains uncertain. It appears that these immuno-
logical defects are not simple secondary manifesta-
tions of disease severity, as they do not correlate
with activity, duration, or anatomical extent of
disease. We still do not know, however, if these
defects are secondary to an as yet unrecognised facet
of disease or if they represent some pre-existing,
perhaps genetic, abnormality. In an attempt to
clarify this issue, we have performed DNCB tests on
58 patients with Crohn's disease and ulcerative
colitis, on 63 of their clinically normal relatives, and
on an additional 24 patients with ileitis and colitis.

Methods

PATIENTS
We performed DNCB skin tests on 33 patients with
Crohn's disease and 25 with ulcerative colitis, about
half of whom have been included in a previous
report (Meyers et al., 1976). The Ctohn's disease
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group included five with only colonic disease, which
was differentiated from ulcerative colitis by sparing
of the rectum and by histological demonstration of
granulomas in endoscopic biopsies or surgical
specimens. The remaining 28 patients had obvious
small intestinal disease, either ileitis or ileocolitis.
The 25 ulcerative colitis patients had typical proto-
colitis with no clinical or radiological features of
Crohn's disease. Many of the patients were taking
sulphasalazine at the time of the study, but none had
received ACTH, corticosteroids, or other immuno-
suppressive therapy, or had undergone any surgery,
within the preceding month. All of the patients were
ambulatory and not hospitalised, and none was
considered clinically malnourished, hypoalbumin-
aemic, or lymphopenic.
We also tested 63 relatives of 25 ileitis and colitis

patients. Thirty-one subjects were related to 13
propositi with Crohn's disease, six of whom were
themselves anergic to dinitrochlorobenzene. These 31
relatives included four parents, nine children, seven
siblings, and 11 spouses. The other 32 relatives were
provided by 12 ulcerative colitis propositi, four of
whom were anergic, and they comprised 10 parents,
seven children, seven siblings, and eight spouses. The
relatives had no histories of bowel disease and were
in apparently good health at the time of study.
The 24 postoperative subjects were studied two

months to 25 years after resection of their inflam-
matory bowel disease. All were free of gastro-
intestinal symptoms at the time of study and had had
radiological confirmation of the absence of detect-
able inflammatory bowel disease within the preceding
six months. Patients studied earlier than six months
after operation had grossly normal remaining bowel
and histologically normal margins of resected tissue.
Ten patients had had Crohn's disease and 14 ulcera-
tive colitis. Nine of the 10 Crohn's disease subjects
had undergone segmental resection with internal
anastomosis, while one with granulomatous colitis
had undergone total proctocolectomy and ileostomy.
All 14 ulcerative colitis subjects had also had total
proctocolectomy and ileostomy.
Twelve healthy normal control subjects and 11

subjects with various other digestive disorders con-
stituted the control groups. These other digestive dis-
orders included lactase deficiency (one), irritable
bowel syndrome (two), coeliac sprue (one), acute
salmonella enteritis (three), active schistosomal
colitis (one), and peptic ulcer (three). Patient and
control groups were of similar age and sex com-
position.

Before study, the research nature and possible
adverse effects of the dinitrochlorobenzene test were
fully discussed with the subjects, all of whom gave
their informed consent.

DINITROCHLOROBENZENE (DNCB) TESTING
The method for DNCB testing was described by
Catalona et al. (1972). A sensitising dose of 2000 ,ug
DNCB in 0-1 ml acetone was applied evenly over a
circular area of 2 cm in diameter on the volar surface
of the forearm. The solvent was allowed to evaporate
and the area was covered with a dry dressing for 24
hours. If no primary response occurred, a challenge
dose of 100 ,ug DNCB was applied 12 to 14 days
later. All tests were performed by the same physician.
A positive response consisted of induration and
erythema at the test site 10 to 12 days after primary
sensitisation or two to three days after secondary
challenge. Even if skin irritation and itching occurred,
the response was not considered positive unless
induration was noted. In order to avoid problems of
bias and of possible false negative readings, any
equivocal reaction was automatically recorded as
positive.

STATISTICAL METHODS
Analysis of significance was carried out using the chi-
square test.

Results

The results ofDNCB tests in the 58 ileitis and colitis
patients are shown in Table 1. All subjects demon-
strated a primary irritant response, manifested by
erythema and frequently by itching and vesiculation.

Table 1 Anergy to DNCB in Crohn's disease and
ulcerative colitis

Diagnosis Patients

No. Anergik

(no.) ( %)

Crohn's disease 33 23 70*
Ulcerative colitis 25 12 48*
Normal controls 12 1 8-5
Digestive disease controls 111 9

Significant difference from controls: *P < 0-001.

Delayed hypersensitivity was not considered to be
present unless induration occurred. Anergy was
demonstrated in 70% of the Crohn's disease patients
and 48% of those with ulcerative colitis. Although
anergy tended to be more common in Crohn's
disease than in ulcerative colitis, this difference does
not achieve statistical significance. On the other
hand, the prevalence of anergy in both Crohn's
disease and ulcerative colitis patients was very much
greater than the 8-5% frequency in 12 normal
control subjects and the 9% frequency in 11 control
patients with other digestive disorders (p < 0-001).
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The responses of the patients' relatives are listed in
Tables 2 and 3. None of the relatives of those with
Crohn's disease demonstrated anergy (Table 2).
Among the relatives of the ulcerative colitis patients
(Table 3), only three were anergic, two of them
related to normally reactive propositi and one to an
anergic propositus. The incidence of anergy among
first-degree relatives and spouses was therefore no
higher than in control groups.

Table 2 Anergy to DNCB among relatives of 13
patients with Crohn's disease

Relation Relatives

No. No. with anergy

Parents 4 0
Children 9 0
Siblings 7 0
Spouses 11 0
Total 31 0

Table 3 Anergy to DNCB among relatives of 12
patients with ulcerative colitis

Relation Relatives

No. No. with anergy

Parents 10 2
Children 7 0
Siblings 7 1
Spouises 8 0
Total 32 3

There were six familial cases among our patients
with inflammatory bowel disease-that is, five pairs
of first degree relatives and one husband-wife pair
both of whom had ileitis or colitis. Table 4 analyses
theDNCB results in this specific subgroup of patients.
Cutaneous reactivity was either completely normal
or else discordant in five of the pairs, with only one
father-daughter pair concordant for anergy. Thus,
anergy to DNCB appears not to have any special
predilection for familial cases of inflammatory bowel
disease.

Results of the postoperative studies are listed in
Table 5. In Crohn's disease, anergy was present in
just about the same frequency with disease in situ
(70%) and post-resection (60%). The situation was
quite different in ulcerative colitis, however. While
48% of unoperated ulcerative colitis patients were
anergic, anergy was present in only 14% of the post-
colectomy group, a statistically significant difference
(p < 0-05). Indeed, the 14% frequency ofanergy post-
colectomy in ulcerative colitis patients is not
statistically significantly different from the frequency
in control subjects.

Table 4 DNCB responses in familial inflammatory
bowel disease

Responses Familial Disease
relationships

Normal Brother Ulcerative colitis
Brother
Mother Ulcerative colitis
Son
Father Crohn's disease
Son

Anergic Father Crohn's disease
Daughter

Discordant Mother Crohn's disease
Daughter
Husband Ulcerative colitis
Wife Crohn's disease

Table 5 Anergy to DNCB with and without resection
of disease

Disease Patients

No. Anergic

(no.) (%)

Crohn's disease
No resection 33 23 70*
Resection 10 6 60*

Ulcerative colitis
No resection 25 12 48*
Resection 14 2 14

Significant difference from controls: *P < 0-001.

Discussion

While this study further supports our contention that
cellular immunity is impaired in most patients with
inflammatory bowel disease, it does not identify the
defective step in the pathway of cutaneous contact
sensitivity. The DNCB test involves both induction
de novo of contact sensitivity and the elicitation of a
cutaneous contact sensitivity reaction. As all patients
mounted a primary irritant response, it is not likely
that the anergy to DNCB was attributable to the
defective acute inflammatory response demon-
strated in Crohn's disease (Segal and Loewi, 1976).
Reports of normal conventional skin responses in
ulcerative colitis (Binder et al., 1966; Bolton et al.,
1974) suggest that the defect might be in primary
sensitisation to new antigens. Impaired conventional
skin responses in Crohn's disease (Meuwissen et al.,
1975) may point to a more extensive defect, including
the recall of sensitivities acquired before the onset of
disease.

In any event, our family studies indicate that, while
cutaneous anergy to DNCB is present in most
patients with inflammatory bowel disease, it does not
occur with increased frequency among their relatives
or with any special predilection for familial cases of
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ileitis and colitis. These results suggest that, while
inflammatory bowel disease does have a distinct
familial tendency and also manifests interactions of
genetic and immune factors (Kirsner, 1973; Lewkonia
and McConnell, 1976), the cellular immune deficiency
observed in ileitis and colitis patients has no demon-
strable primary role in producing genetic predis-
position to these diseases.
An increased prevalence of lymphocytotoxic anti-

body has been noted in patients with inflammatory
bowel disease and their household contacts (Kors-
meyer et al., 1975), and this has been taken as pos-
sible evidence for the presence of a common environ-
mental agent. In contrast, the normal DNCB
reactivity among every one of the 19 spouses in our
report, and even in one member of the husband-wife
pair with inflammatory bowel disease, indicates that,
whatever factor may elicit the lymphocytotoxic anti-
body, it is not operative in the induction of the
cellular immune deficiency.
Our postoperative studies indicate that removal of

the target organ may reverse the cutaneous anergy in
ulcerative colitis. This observation, coupled with the
failure to demonstrate any increased frequency of
anergy among patients' relatives, suggests that the
immune defect may be a secondary phenomenon.
On the other hand, surgical resection of all visibly
diseased tissue in Crohn's disease has no apparent
influence on the immune deficiency. Of course, it
would have been ideal to study the same individuals
both pre and postoperatively, but this was not
feasible because the patients who required resection
were generally receiving ACTH, corticosteroid, or
other immunosuppressive therapy. In the one patient
with Crohn's colitis who was serially studied before
and after surgery, however, anergy was, in fact,
demonstrated on both occasions. In any event, our
observations in Crohn's disease suggest that the
anergy-inducing factor in these patients persists
despite bowel resection. This concept is consistent
with recent observations that Crohn's disease seems
to produce subtle microscopic and physiological
abnormalities throughout the entire gut (Goodman
et al., 1976; Dunne et al., 1977) and it may be
reflected in the known tendency of Crohn's disease to
recur inexorably after operation (Greenstein et al.,
1975).

The authors are grateful to Diane Gaffield for
invaluable help both in contacting patients and in the
preparation of the manuscript.
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