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Significance of interleukin-6 in patients with inflammatory bowel disease

Keiichi MITSUYAMA, Michio SATA, and Kyuichi TANIKAWA
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Summary: The significance of interleukin-6 (IL-6) in patients with inflammatory bowel disease (IBD) was
studied by measuring the IL-6 level in serum and colonic tissue by means of an enzyme-linked immunosor-
bent assay (ELISA), and by examining its localization using an immunohistochemical method. The serum
IL-6 level reflected the degree of disease activity, and the extent of affected area, and was also correlated with
the serum C-reactive protein (CRP) level. In the colonic mucosa of active IBD, the tissue IL-6 level was
markedly elevated, and immunoreactive products of anti-IL-6 antibody were present in infiltrative mononu-
clear cells in the lamina propria. This indicates that IL-6 production in these cells is enhanced at the site of
affected intestine. These results, together with its biological activity and the type of cell producing it, suggest
that IL-6 is an available marker to assess disease conditions of IBD and that it might be also involved in the
pathophysiology of IBD. Gastroenterol Jpn 1991;26:20-28
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Introduction

The recent progress in gene engineering led to
separation of a large number of cytokines by
cloning, allowing clarification of their structures
and functions. These soluble factors were shown
to play important roles in the biological defense
mechanism. Interleukin-6 (IL-6) is produced by
a variety of cells, including monocytes/macro-
phages, T cells, and B cells', and acts to induce
acute phase protein synthesis in hepatocytes*?®,
differentiation of B cells”®, growth and differen-
tiation of T cells”!®, and maturation of mega-
karyocytes'*!'>. Therefore, this molecule has been
regarded as one of the cytokines essential for in-
flammatory reactions and immune responses' .
Recently, clinical studies on IL-6 were also con-
ducted, revealing their important role in various
inflammatory conditions and autoimmune dis-
eases'®?2, Inflammatory bowel disease (IBD)
is a chronic inflammatory disorder of unkonwn
etiology associated with immunological abnor-
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malities*>**. The type of cell producing IL-6, as
well as its biological activity, suggests that IL-6
might be involved in the pathophysiology of IBD.
In the present study, to assess its significance in
IBD, the IL-6 level in serum and colonic tissue
was measured using enzyme-linked immuno-
sorbent assay (ELISA). Furthermore, immuno-
histochemical study was also performed.

Subjects and Methods

' Subjects

Patients with ulcerative colitis (UC) and
Crohn’s disease (CD) were included in this study.
In all patients, the diagnoses were established on
the basis of clinical, radiologic, endoscopic, and
histologic findings at the Second Department of
medicine, Kurume University Hospital and af-
filiated hospitals.

Patients with UC lacking clinical and labora-
tory abnormalities were defined as having inactive
disease. Patients with active UC were divided into
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Table 1 Clinical details of subjects
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ulcerative colitis

Crohn’s disease Normal controls

No. of cases 47

Age [yr] (range) 35.8 (13-68)

Sex [M:F] 20:27

Activity Active 1 34
Inactive 13

Extent of lesion Proctitis : 10
Left-sided colitis : 16
Entire colitis 221

29 61

26.9 (13-63) 29.0 (21-46)
14:15 29:32
Active . 20 —

Inactive : 9 —

lleitis 6 —

Colitis 5 -
lleocolitis .18 —

3 degrees of severity according to the criteria by
Truelove and Witts*; mild, moderate, and severe
disease. In patients with CD, disease activity in-
dexes were calculated according to the score of
the International Organization for the Study of
Inflammatory Bowel Disease (IOIBD)?®; a total
score of IOIBD = 1 was defined as corresponding
to inactive disease, and a score = 2 was active
disease.

Serum samples were obtained from 47 patients
with UC (20 males and 27 females, mean age 35.8
years, range 13-68 years), and 29 patients with CD
(14 males and 15 females, mean age 26.9 years,
range 13-63 years) for serological study (Table 1).
Among the 47 UC patients, the disease was active
in 34 (consisting of 16 mild, 14 moderate, and 4
severe diseases), and inactive in 13. Ten patients
had proctitis, 16 patients had left-sided colitis,
and 21 patients had entire colitis. Thirty-six pa-
tients had received salazosulfapyridine and/or
corticosteroids, and 11 patients were untreated.
Among the 29 CD patients, the disease was active
in 20 and inactive in 9. Six patients had ileitis, 5
patients had colitis, and 18 patients had ileo-
colitis. Twenty-two patients had received salazo-
sulfapyridine and/or corticosteroids, and 7 pa-
tients were untreated. Follow-up blood sampling
was conducted in 11 patients with active UC and 8
patients with active CD. Serum samples obtained
from 61 healthy volunteers (29 males and 32 fe-
males, mean age 29.0 years, range 21-46 years)
served as controls.

Endoscopic biopsy specimens of the colon were
obtained from 10 patients with UC (4 active and 6

inactive) and 4 patients with CD (3 active and 1
inactive). All these patients were subjected to the
above serological study. IL-6 levels in the mucosal
tissue were measured in all specimens. Some of
them underwent immunohistochemical staining
of IL-6. In cases with active disease, the biopsy
specimen was obtained from the site where the
most intense inflammation was macroscopically
observed. When there were ulcerative lesions, the
mucosal tissue near the lesion was obtained. In
cases with inactive disease, the specimen was
obtained from the site where inflammation had
been evident during the active phase. Specimens
obtained from 9 patients having no endoscopic
abnormality in the colon served as controls. This
biopsy was performed after informed consent was
obtained. It was confirmed before use that all
these control tissues were histologically normal.

Methods
1. Measurement of serum IL-6 levels

Blood samples were obtained from patients
with IBD and from healthy control subjects by
standard venipuncture. The sera were immedi-
ately separated by centrifugation, frozen, and
stored at —20°C until analyzed for IL-6%7. ELISA
(SRL Inc., Tokyo) was employed to determine
IL-6 level. Mouse anti-human IL-6 monoclonal
antibody (aBSF2-166, provided by Dr. T. Kishi-
moto, Osaka University, Osaka) was coated on a
96-well microplate (Nunc, Roskilde, Denmark)
and treated for blocking. Test sample or IL-6
standard (Ajinomoto Co., Inc., Tokyo) was ad-
ded to each well. The plate was incubated for
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18 hours at 4°C, and then the well was rinsed.
Goat anti-IL-6 polyclonal antibody*® (Fujirevio
Inc., Tokyo) was added to the well, the plate
was incubated for 3 hours at room temperature,
and then the well was rinsed again. Horseradish
peroxidase-labelled anti-goat IgG (Tago Inc.,
Burlingame, U.S.A.) was added to the well.
After incubation for 2 hours at room tempera-
ture, the well was rinsed. After addition of a sub-
strate solution, the plate was incubated for 30
minutes at room temperature, and optical density
was measured at 490 nm. IL-6 levels were deter-
mined according to the standard curve prepared
concurrently. Intra-assay and inter-assay repli-
cates gave results with a coefficient of variation of
less than 3% and 6% , respectively. Furthermore,
the specificity of the ELISA result was confirmed
by using recombinant human IL-1¢a, IL-1p, IL-3
IL-4, tumor necrosis factor a, granulocyte/macro-
phage-colony stimulating factor (CSF), macro-
phage-CSF, and granulocyte-CSF. Quantitation
of serum C-reactive protein (CRP) levels was per-
formed by laser nephelometry (NA latex CRP kit,
Hoechst Japan, Tokyo).

2. Measurement of IL-6 contents in the colonic

mucosa

Tissue samples obtained by biopsy were sus-
pended in 0.7 ml of 0.01 M phosphate buffered
saline and homogenized in a glass homogenizer.
The homogenate was centrifuged at 4°C at
10,000x g for 30 minutes and filter sterilized be-
fore assay?. IL-6 was measured with the filtrate
by ELISA as described above for serum samples.
Total protein in the filtrate was also measured by
the pyrogallol-red method (Micro TP test, Wako
Pure Chemical Industries, Ltd., Osaka). The
content of IL-6 (pg/mg protein) was calculated.

3. Immunohistochemistry of IL-6

The biopsy specimen was embedded in OCT
compound (Miles Inc., Elkhart, U.S.A.) immedi-
ately after the removal, and frozen quickly with
dry ice ethanol. Thin sections, 6 um thick, were
cut on a cryostat, and immunohistochemical
staining of IL-6 was performed by the immuno-
peroxidase method utilizing the Biotin-Strepta-
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vidin Amplified System (Biogenex Laboratories,
San Ramon, U.S.A.). Goat anti-human IL-6
polyclonal antibody?® (provided by Drs. T. Kishi-
moto and T. Matsuda, Osaka University, Osaka)
was used as the first antibody. After incubation
with this antibody, the tissue was treated with
3,3’-diaminobenzidine 4HCl (DAB) in 0.1 M
Tris-HCI buffered solution, and then the nuclei
were stained with hematoxylin. The preparations
were observed under light microscopy. To block
endogenous peroxidase activity, the tissue was
immersed in 5 mM periodic acid solution for 10
minutes and then 3 mM sodium borohydride so-
lution for 30 minutes and was treated with DAB
solution containing 10 mM sodium azide. Sections
incubated with preimmune goat serum in place of
the first antibody served as controls.

4. Statistical analysis

The chi-square test was used for comparison of
serum IL-6 levels, and Student’s t-test for serum
CREP levels and IL-6 levels in the colonic mucosa.
All observed values were expressed as meant
standard error (mean*SE). P values of <0.05
were considered significant.

Results

1. IL-6 levels in the serum

Serum samples containing IL-6 at the level of
4.0 pg/ml or higher were considered IL-6 positive,
and those containing less than 4.0 pg/ml, nega-
tive; the level of 4.0 pg/ml being the detection
limit of the ELISA. IL-6 was positive in only 9.8%
(6/61) of the healthy controls, and IL-6 levels
among positive cases ranged from 5.5 to 14.9 pg/
ml. In contrast, the positive rates in patients with
active UC and CD were 41.2% (14/34) and 90.0%
(18/20), respectively. Both rates were significant-
ly higher than that of the healthy controls
(P<0.001 in both groups). The levels among posi-
tive cases ranged from 4.7 to 218.3 pg/ml in pa-
tients with active UC and from 4.2 to 84.1 pg/ml in
patients with active CD. The high serum level was
found more frequently in patients with active
disease than in healthy controls. The positive
rates in patients with inactive UC and CD were
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Fig. 1 Serum IL-6 levels in patients with ulcerative colitis and
Crohn’s disease. IL-6 levels were determined by ELISA.
Each point represents the value in a different individual.
The horizontal dotted line represents the detection limit
of the assay (4.0 pg/ml).

7.7% (1/13) and 22.2% (2/9), respectively. The
level was 4.4 pg/ml in the patient with inactive UC
and ranged from 7.2 t0 9.7 pg/ml in patients with
inactive CD. The low serum level was found more
frequently in patients with inactive disease than in
those with active disease (Fig. 1).

Serum IL-6 levels were determined during both
the active phase and inactive phase after treat-
ment in 11 and 8 patients with UC and CD, re-
spectively. Comparison of individual levels be-
fore and after treatment revealed that the serum
IL-6 level during the inactive phase was lower
than that during the active phase in all patients
except two UC patients whose serum samples
contained no detectable IL-6 during the active
phase (UC: P<0.01, CD: P<0.05) (Fig. 2).

In classifying the severity among patients with
active UC, serum IL-6 was positive in 1 (6.3% ) of
16 patients with mild disease, 9 (64.3%) of 14 pa-
tients with moderate disease, and in all (100%)
4 patients with severe disease. The positive rates
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Fig. 2 Individual serum IL-6 levels during the active and inactive
phase in 11 patients with ulcerative colitis (left panel) and
8 patients with Crohn’s disease (right panel).
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Fig. 3 Serum IL-6 levels in patients with active ulcerative colitis
according to the severity of disease evaluated by the
criteria described by Truelove and Witts.

of moderate and severe disease were significantly
higher than the rate of mild disease (P<0.01 in
both severities of disease). The serum level
among positive cases also tended to rise as the
severity of the disease increased (Fig. 3).
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Fig. 4 Serum IL-6 levels in patients with active ulcerative colitis
according to the extent of the affected area.

In classifying the extent of affected area among
patients with active UC, serum IL-6 was positive
in none (0%) of 7 patients with proctitis, 4
(44.4%) of 9 patients with left-sided colitis, and
10 (55.6%) of the 18 patients with entire colitis.
The positive rate of entire colitis was significantly
higher than that of proctitis (P<<0.05). The serum
level also tended to rise as the affected area
expanded (Fig. 4).

2. Association between serum IL-6 and CRP
levels
Serum CRP levels in serum IL-6 positive pa-
tients were compared with those in negative pa-
tients in Table 2. Among patients with UC, the

Pred: prednisolone, SASP: salazosulfapyridine.

serum CRP level was 27,748.7+9,308.7 ng/ml for
the IL-6 positive group (n=15) and 2,955.2+
1,126.5 ng/ml for the IL-6 negative group (n=32).
Among patients with CD, CRP levels for positive
(n=20) and negative (n=9) groups were 29,843.0
+5,347.8 and 3,142.4+951.3 ng/ml, respectively.
In both groups of patients with UC and CD, IL-6
positive patients had significantly higher serum
CRP levels than IL-6 negative patients (P<<0.0005
and P<0.005, respectively).

Serial changes in serum IL-6 and CRP levels
along the clinical course in a 30-year-old female
patient with UC involving the entire colon are
shown in Figure 5A. The patterns of a 23-year-old
female patient with CD involving both small and
large bowel are shown in Figure 5B. In both cases,

Table 2 CRP levels in IL-6 positive and negative sera collected from patients with ulcerative colitis and Crohn’s disease

IL-6
disease positive negative P
ulcerative colitis 27748.7+9308.7 2955.2+1126.5 <0.0005
(n=47) (n=15) (n=32)

CRP (ng/ml)
Crohn’s disease
(n=29)

29843.0+5347.8
(n=20)

3142.4+951.3 <0.005

(n=9)

The values are expressed as mean+SE.
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Fig. 6 IL-6 content in the colonic mucosa obtained from normal
controls (M) and patients with inflammatory bowel dis-
ease (@ ulcerative colitis, O Crohn’s disease). The hori-
zontal bars represent mean values. IBD: inflammatory
bowel disease, NS: not significant.

changes in IL-6 levels were correlated with those
in CRP levels.

3. IL-6 contents in the colonic mucosa

The tissue IL-6 content was 5.5+ 1.0 pg/mg pro-
tein (n=9) in the healthy control subjects, 54.1+
21.9 pg/mg protein (n=7) in patients with active
IBD, and 3.7+0.7 pg/mg protein (n=7) in pa-
tients with inactive IBD. The content was signifi-
cantly higher in active IBD than in inactive IBD
or controls (P<<0.05 in both groups) (Fig. 6).

4. Immunohistochemistry of 1L-6

In order to examine the localization of IL-6 in
the colonic mucosa of IBD, an immunohisto-
chemical study was performed. As shown in Table
3, immunoreactive products of goat anti-human
IL-6 polyclonal antibody were observed in many
infiltrative mononuclear cells in the lamina pro-
pria in all four cases of active IBD (Fig. 7). How-
ever, all tissues of inactive IBD (n=3) and normal
controls (n=3) were negative for anti-IL-6 anti-
body.
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Table 3 Expression of IL-6 in the colonic mucosa obtained from
patients with inflammatory bowel disease

Tissue No. of positive cases /
no. of cases examined
active IBD ulcerative colitis 2/2 44
Crohn’s disease 2/2
inactive IBD ulcerative colitis 0/2 0/3
Crohn’s disease on
normal controls 0/3

IBD: inflammatory bowel! disease.

Discussion

IL-6 was originally identified by Kishimoto and
Hirano™ as T cell-derived B cell stimulatory fac-
tor 2 (BSF-2) that induced terminal differentia-
tion of activated B cells into antibody producing
cells. Subsequent studies have revealed that IL-6
is produced by a variety of cells and has a wide
range of biological activities' 2. The present study
was conducted to determine its significance in
patients with IBD.

Serum IL-6 levels were elevated in patients
with active IBD. The level was associated with the
severity of disease, especially in patients with UC,
indicating that the serum IL-6 level may reflect
the degree of disease activity. The elevation with
expansion of disease as observed in patients with
UC suggests that the serum IL-6 level may reflect
the extent of affected area as well. Recent in
vitro*> and in vivo® studies with the recombinant
molecule have shown that IL-6 is the most impor-
tant factor which regulates induction of acute
phase protein synthesis in hepatocytes. Clinical
studies on rheumatoid arthritis'” and Kawasaki
disease?' also revealed a close correlation be-
tween 1L-6 and acute phase proteins in the blood.
In this study on IBD, the serum CRP level was
significantly higher in IL-6 seropositive patients
than seronegative patients. In individual patients,
serum IL-6 and CRP levels altered following
courses of similar pattern, suggesting a relation-
ship between them. Nishimoto et al.*' analyzed
serum levels of IL-6 and CRP following surgical
operation. Detectable IL-6 levels were already
observed within 3 hours of surgery, reached maxi-
mum in 24 hours, and leveled off within 48 hours.
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On the other hand, CRP could not be detected
within the first 6 hours, rose to the highest in 48
hours, and then declined gradually. Nijsten et
al.*? reported an elevation of the serum IL-6 level
preceding an elevation of the CRP level in pa-
tients with severe burns. These findings may sug-
gest that IL-6 acts to induce acute phase protein
synthesis such as CRP in humans. Consequently,
the measurement of serum IL-6 may be available
for rapid and precise evaluation of inflammatory
status, and it may be used to assess disease con-
ditions in IBD as well.

It has been already reported that high levels of
IL-6 are detected in synovial fluid of patients with
rheumatoid arthritis'%!” and in cerebrospinal fluid
of patients with acute infection of the central
nervous system>. These results indicate that pro-
duction of IL-6 is enhanced topically at the site of
inflammation. In the present investigation, homo-
genized tissues of the intestine obtained from pa-
tients with active IBD contained IL-6 at signifi-
cantly higher levels than those from patients with
inactive disease or from healthy controls, suggest-
ing increased local IL-6 production in the affected
intestine. In addition, the presence of IL-6 in
many infiltrative mononuclear cells in the lamina
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Fig. 7

Immunohistochemical localiza-
tion of IL-6 in the colonic mu-
cosa of active Crohn’s disease
(x100). (A) Immunoreactive
products of goat anti-human IL-
6 antibody are observed in the
lamina propria. (B} The control
section incubated with preim-
mune goat serum. Specific
staining is not observed.

propria, as demonstrated by immunohistochem-
ical methods, indicated that these cells were
mainly responsible for the production. IL-6 ob-
served in the intestinal tissue may be involved in
an increased number of immunoglobulin-produc-
ing cells** and in autoantibody production®*%*, as
observed in the intestine of IBD, because IL-6 is
known to regulate terminal differentiation of B
cells”®. Additionally, IL-6 also has been known
to have effects on T cells, leading to their growth
and differentiation®!3. Therefore, IL-6 may be
involved in a wide range of immunological ab-
normalities observed locally in the intestine of
IBD23,24.

Frei et al.>® stated that in mice with experi-
mentally induced viral meningitis, the IL-6 level
rose more rapidly in the cerebrospinal fluid than
in the serum and that the level in the cerebro-
spinal fluid was far higher than that in the serum.
This difference may suggest that the circulating
level of IL-6 is raised by the transfer of IL-6 from
the inflammatory site where it is produced. In the
present study, IL-6 levels were elevated both in
serum and colonic tissue in patients with active
IBD, suggesting a linkage between IL-6 in the
circulation and that at the inflammatory site. The
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occurrence of transcription of the gene for IL-6
at high levels in the spleen, liver, kidney, and
peripheral blood leucocytes of normal individu-
als has been reported recently*®. In addition, en-
hanced IL-6 production has been observed in
cultured peripheral blood mononuclear cells from
patients with alcoholic liver cirrhosis®*. Although
these findings cannot be linked directly to changes
in IL-6 production in the body, tissues, other than
inflammatory sites, may also produce IL-6. Con-
sequently, it remains to be clarified yet whether
IL-6 in the circulation arises solely from the tissue
involved in inflammation.

Hirano®’ reported that the mechanism of regu-
lating the expression of the gene for 1L.-6 may be
impaired by unknown causes, leading to persis-
tent expression of the gene and to a subsequent
chronic inflammatory process. In addition, as a
result of interaction among cytokines including
IL-6, the individual activities are either enhanced
or suppressed to control biologic reactions in the
body?. If this system become disordered due to
some causes, it may induce another disorder, trig-
gering off a series of events leading to persistence
of inflammation. These possible mechanisms may
also contribute to the chronicity of the inflamma-
tory process in IBD.

It is therefore concluded that IL-6 is an avail-
able marker to assess disease conditions of IBD
and that it also might be involved in the patho-
physiology of IBD. If the mechanism of the IL-6
gene expression and the cytokine network are
elucidated in future, the findings will provide new
insights into the mechanisms of the pathogenesis
of IBD.
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