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Patients with inflammatory bowel disease may have a transforming
growth factor-p-, interleukin (IL)-2- or IL-10-deficient state induced
by intrinsic neutralizing antibodies

immunologg}

do0i:10.1111/j.1365-2249.2008.03802.X

E. C. Ebert,* A. Panja,* K. M. Das,*
R. Praveen,* X. Geng,* C. Rezac,” and
M. Bajpai*

Departments of *Medicine and "Surgery,
UMDN]-Robert Wood Johnson Medical School,
New Brunswick, NJ, USA

Summary

Ulcerative colitis (UC) and Crohn’s disease (CD) are considered to be immu-
nologically mediated disorders that share certain features with murine models
of colitis. Whether any of these models are physiologically relevant to the
human condition remains controversial. The hypothesis is that increased
amounts of antibodies neutralizing transforming growth factor (TGF)-B,
interleukin (IL)-2 or IL-10 create a relative immunodeficient state in inflam-
matory bowel disease (IBD) that predisposes to disease. To evaluate this,
serum samples from patients with UC or CD and from normal healthy indi-
viduals were studied by enzyme-linked immunosorbent assays. Antibodies
recognizing TGF-P were most prevalent in UC (P < 0-01); anti-IL-10 antibod-
ies were elevated in CD (P < 0-05), while anti-IL-2 antibodies were the same
for all three groups. Importantly, the percentage of IBD patients with at least
one of the antibody levels greater than any control value was 30% for UC and
33% for CD. To verify the presence of these antibodies, immobilized TGF-f3
was exposed to UC sera and the attached proteins identified by Western blot
assay. The proteins proved to be exclusively immunoglobulin (Ig) G. To evalu-
ate the neutralizing activity of these antibodies, cytokine-specific IgG from
subjects in each group of patients was incubated with TGF-B, IL-2 or IL-10
before addition to a bioassay with changes in viability determined by a colo-
rimetric analysis. Antibodies from most individuals in all three groups neu-
tralized the action of each cytokine. This study shows that about one-third of
IBD patients may have a relative deficiency of TGF-f, IL-2 or IL-10 due to an
increase in neutralizing antibodies in their sera.
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inactive complex consisting of a TGF-f dimer linked non-
covalently to latency associated peptide (LAP). LAP inhibits
binding of TGF-P to its receptors. When LAP is removed by
proteases, a biologically active form of TGF-B is formed.

Introduction

Inflammatory bowel disease (IBD) is an immunologically

mediated disorder of unknown origin. In order to gain a
clearer understanding of the aetiopathogenesis of this
disease, numerous animal models have been established that
mimic some of the aspects of IBD. Which one of these, if any,
are relevant to the human condition is unknown. The
premise of this study is that IBD patients have increased
amounts of antibodies neutralizing transforming growth
factor (TGF)-J, interleukin (IL)-2 or IL-10, as deficiencies of
these cytokines in mouse lead to enteritis.

The TGF-B is one of the most widely distributed
cytokines. It affects virtually all cell types and carries out
pleiotropic functions [1,2]. TGF-B is secreted as a latent

TGF-B inhibits the differentiation of T helper type 1 (Th1)
and Th2 cells and is important in the generation and main-
tenance of peripheral tolerance mediated by T regulatory
(Theg) cells [1,2].

The TGF-B1-deficient mice develop a severe multiple
organ inflammatory disease with increased synthesis of
tumour necrosis factor-oo and interferon (IFN)-y [3].
However, when TGF-B signalling was inactivated in the
intestinal epithelium, the mice showed increased susceptibil-
ity to dextran sodium sulphate-induced colitis, autoantibody
production and uncontrolled matrix metalloproteinase
enzyme activity [4]. In other experimental models of colitis,
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neutralization of TGF-P resulted in development or aggra-
vation of disease [5]. These findings indicate that the decline
in TGF-f signalling increases susceptibility to IBD.

There are three isoforms of TGF-f. Although they are
localized to distinct chromosomes and have minor varia-
tions in sequence, TGF-B1, TGF-B2 and TGF-B3 have
nearly identical biological activity and compete for the
same receptors [2,6,7]. Intestinal TGF-B1 mRNA is more
abundant than mRNA for the other isoforms, although
protein expression is similar [8-10]. In IBD, TGF-f2 and
TGF-B3, but not TGF-B1, are found in inflammatory cells
in active disease.

The IL-2, produced by activated T cells, mediates intercel-
lular communication, promoting T cell proliferation, differ-
entiation of B cells, and activation of macrophages and
natural killer cells. IL-2-deficient mice fail to generate the
CD4'CD25" T, subset, known to play a key role in mainte-
nance of self-tolerance. They develop a wide spectrum of
organ-specific autoimmune diseases as well as an unremit-
ting pancolitis [11,12].

The IL-10 is produced mainly by antigen-presenting cells
(APCs), but also by epithelial cells and activated T and B
cells. It inhibits the antigen-presenting function of APCs,
thereby reducing T cell activation. IL-10-deficient mice lack
Tregr cells as well as TGF-f/Smad signalling due to pathogenic
CD4" T cells [13]. The Thl-mediated inflammation is most
severe in the colon, but also involves the small intestine.

One of the possible mechanisms by which cytokine levels
can be decreased is through the neutralizing effects of intrin-
sically produced antibodies against specific cytokines. In
fact, anti-cytokine antibodies have been found in autoim-
mune diseases (such as rheumatoid arthritis and systemic
lupus erythematosus) and infectious diseases (such as hepa-
titis and varicella). Such antibodies have not been studied in
IBD [14,15]. The most commonly described autoantibodies
are directed against IL-1ot and IFN-o [16]. Autoantibodies
against TGF-§ have not been described. Neutralizing anti-
IL-2 antibodies have been found in some studies, but not
others [17,18]. Antibodies against IL-10 are either rare or of
low avidity [19,20]. This study shows that a subset of IBD
patients have increased amounts of neutralizing antibodies
against TGF-3, IL-2 and IL-10, which may predispose them
to disease.

Methods

Patient population

Serum samples were obtained from patients with ulcerative
colitis (UC) (n=136), Crohn’s disease (CD) (n=281) and
normal individuals (# = 58) and stored at —70°C in aliquots
until use. Informed consent and approval by the Institu-
tional Review Board for UMDN] were obtained. Results were
correlated with age (more or less than 40 years old) and
duration of disease (greater or less than 10 years). These

separations were chosen because they resulted in similar
numbers of patients in each group. Extent of disease was
defined as proctitis (disease limited to the first 15 cm from
the anus), left-sided colitis (from the rectum to the splenic
flexure) or pan-colitis (extending proximal to the splenic
flexure) according to endoscopic and histological changes.
Active UC was defined as a disease activity index score of
greater than 2, and for CD a CD activity index score of
greater than 150. Immunomodulators were defined as pred-
nisone (at least 15 mg daily), 6-mercaptopurine (6-MP),
infliximab or their equivalents. The ages of the patients aver-
aged 43 = 10 years for UC, 45 = 8 for CD and 44 = 8 for
normal individuals. The male-to-female ratio averaged 1-1
for UC, 1-2 for CD and 0-9 for normal individuals.

Enzyme-linked immunosorbent assay

Flat-bottomed microtitre wells were coated overnight at 4°C
with TGF-f (isoforms 1, 2 or 3), IL-2, IL-4, IL-6, IL-8, IL-10,
IL-12, IL-18, IFN-o. or IFN-y (0-5ug/ml each) (R&D
Systems, Minneapolis, MN, USA) suspended in 50 mM
sodium carbonate buffer (pH 9-6). The excess cytokines were
removed by washing with phosphate-buffered saline (PBS)
lacking detergent in order not to dissociate the cytokines
from the plastic surface. RPMI-1640 with 10% fetal calf
serum (0-04 ml) (GiBco, Grand Island, NY, USA) was then
added to each well for blocking. Test sera (1:200 dilution)
were then added, and the plate was incubated for 1 h at room
temperature before washing with PBS. This dilution pro-
vided the greatest difference between IBD and NI serum
values. The next step was the addition of goat anti-human
immunoglobulin (Ig)G (1:5000 dilution) or murine anti-
human IgG1 or IgG2a (both at 1:250 dilution) conjugated to
alkaline phosphatase followed by a 1-h incubation. After
washing with PBS, phosphatase substrate solution (Sigma-
Aldrich, St Louis, MO, USA) was introduced and, after
30 min, colour development (optical density: OD) was
read spectrophotometrically by absorbance at 405 nm. The
control value (without serum) was subtracted from each test
value to obtain the final reading. Each serum sample was
tested in at least three different experiments and the results
averaged. In general, the intra-experimental variation in OD
levels averaged 0-015 % 0-005, while the interexperimental
variation was 0-025 * 0-01.

Biochemical characterization of detected anti-cytokine
antibodies

To determine which serum proteins bind TGF-f3, beads were
coated with TGF-3, IFN-y or no protein. To accomplish this,
magnetic beads (Dynal, Oslo, Norway) were washed with
0-1 M sodium phosphate buffer (pH 7-4). They were then
resuspended in the same buffer containing TGF-3, IFN-y
(100 ng/50 x 10° beads) or no cytokine and incubated while
rotating at 4°C for 72 h and blocked by 100 ng/0-1 ml of

66 © 2008 British Society for Immunology, Clinical and Experimental Immunology, 155: 65-71



bovine serum albumin. The washed beads were incubated
for 1 h with pooled sera from three UC patients or three
normal individuals, all with the greatest values for anti-
TGF-B or anti-IFN-yantibodies by enzyme-linked immuno-
sorbent assay (ELISA). After washing, the beads were
suspended in Laemli buffer and boiled for 10 min. The
dissociated proteins were subjected to non-reduced 10%
sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) followed by transfer to nitrocellulose paper.
Total proteins were visualized by ponceau staining (Sigma-
Aldrich). The presence of IgG that bound to TGF-f or IFN-y
was detected by staining the blot with an alkaline
phosphatase-conjugated goat anti-human IgG (Sigma-
Aldrich) (1:40 000 dilution) and visualized by enhanced
chemiluminescence light detection kit (Perkin Elmer,
Boston, MA, USA).

In order to obtain IgG specific for TGF-, IL-2, IL-4 or
IL-10, magnetic beads were coated with each cytokine as
described above. IgG fractions from seven patients with UC,
seven with CD or seven normal individuals were obtained
using a Protein G column (Sigma Aldrich) and then incu-
bated with the cytokine-coated beads. The beads were
washed, and the bound IgG eluted using 0-1 M glycine, pH 3.
The recovered protein was neutralized, concentrated and the
quantity determined by spectrophotometry.

Determination of bioactivity of anti-cytokine
antibodies using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay

HT-29 colonic adenocarcinoma cells (1 x 10* cells/0-1 ml)
(ATCC, Manassas, VA, USA) were incubated with TGF-3
(10 ng/ml) in the presence or absence of TGF--specific IgG
(10 pg/ml). Alternatively, cytotoxic T cell line (CTLL) cells
(ATCC) were incubated with IL-2 or IL-10 (10 ng/ml) in the
presence or absence of cytokine-specific IgG (10 ug/ml).
After 18 h for TGF-f or IL-10 or 48 h for IL-2, MTT (Sigma-
Aldrich) (final concentration of 0-5 mg/ml) was added, and
the cells incubated for 6 h at 37°C. Colour development was
initiated by the addition of dimethylsulphoxide (0-1 ml) to
0-1 ml in each well. The amount of yellow MTT that was
reduced to purple formazan was measured spectrophoto-
metrically at an absorbance of 550 nm. This reduction takes
place only when mitochondrial reductase enzymes are active,
and relates directly to the number of viable cells. The results
were categorized as complete inhibition of the cytokine
action (60-100%), partial inhibition (31-59%) and minimal
inhibition (0-30%).

Statistical analysis

Two groups of data were compared with the Student’s r-test
if the distribution was Gaussian; otherwise the Wilcoxon
rank sum test was used. For more than two groups of data,
analysis of variance was used with the Tukey test to compare
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pairs of data sets. The median values are shown in the graphs
involving patient numbers.

Results

The presence of anti-cytokine antibodies in the serum of
IBD patients was determined by ELISA (Fig. 1). For anti-
TGF-B antibodies, the OD reading, corresponding to the
concentration of anti-TGF-B antibodies in the serum, was
significantly higher (P < 0-01) with UC, but not CD, com-
pared with normal sera. Importantly, the percentage of IBD
patients with OD values greater than the highest normal
value (those above the dotted line in Fig. 1a) was 17% for UC
and 8% for CD (Table 1).

Similar to TGF-f, anti-IL-2 antibodies in IBD patients and
normal individuals were determined by ELISA. When the
groups were compared, the corresponding OD levels were
not statistically different among the three patient groups
(Fig. 1b). However, the percentage of IBD patients with OD
values greater than the highest value in the normal control
group was 6% for UC and 21% for CD (Table 1).

Anti-IL-10 antibody levels were also measured by ELISA
and found to be greater (P <0-01) in CD than in normal
individuals (Fig. 1¢). Again, the percentage of IBD patients
with OD values greater than the highest normal value was
11% for UC and 17% for CD (Table 1).

There were no differences in the median antibody levels
among the three groups when studying IL-2, IL-6, IL-8,
IL-12, IL-18, IFN-o. and IFN-y (not shown). With IL-4,
however, there was a significant difference among the groups
with values for CD patients exceeding those for normal
individuals (Fig. 1). In addition, with IL-4, there were IBD
patients with OD values greater than the highest normal
value (9:9% with UC and 10-5% with CD).

When TGF-3, IL-2 and IL-10 were compared, 30% of UC
patients and 33% of CD patients had at least one antibody
level that was greater than the highest normal value
(Table 1). This indicates that 4% of UC patients and 13% of
CD patients had more than one antibody. Patients with high
antibody levels did not differ clinically from those with anti-
body levels within the normal range when examining disease

Table 1. Percentage of ulcerative colitis (UC) and Crohn’s disease (CD)
patients with anti-cytokine antibodies (measured by OD) greater than
the highest normal value.

ucC CD

% of sera
TGF-B 17 8
1L-2 6 21
IL-10 11 17
Any of the three cytokines 30 33

This table shows the percentage of UC and CD sera that have values
greater than the highest normal values (those lying above the dotted
lines in Fig. 1). IL, interleukin; TGE, transforming growth factor.
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Fig. 1. Serum samples (1:200 dilution) from patients with ulcerative colitis or Crohn’s disease or from normal individuals were tested by
enzyme-linked immunosorbent assay for antibodies recognizing (a) transforming growth factor-3, (b) interleukin (IL)-2, (c) IL-10 or (d) IL-4. The
solid horizontal lines are median values. The dotted lines are the highest values reached by normal sera. Statistical analysis was performed using
analysis of variance followed by the Tukey test to evaluate pairs of data within the group.

duration, extent of disease, age and use of immunosuppres-
sive medications.

To confirm the presence of anti-cytokine antibodies in the
serum, TGF-f or IFN-y were linked to beads, then incubated
with pooled sera from either three UC patients or three
normal individuals, with the highest OD readings for each
cytokine. IFN-y was chosen as a negative control because its
antibody levels in all three groups of patients were low. The
bound proteins were collected by boiling, then run on SDS-
PAGE followed by Western blot analysis with anti-human
IgG (Fig. 2). The ponceau stain showed that the major pro-
teins that bound TGF-f or IFEN-y were at the molecular
weight corresponding to IgG, specifically about 140 kD.
Western blot analysis confirmed that these proteins were
human IgG. UC patients had more TGF-f antibodies than
did normal individuals in this analysis.

It has been reported that the three isoforms of TGF-f3
differ in their concentration in IBD [8—10]. In order to evalu-
ate such preferential isotype specific antibodies in IBD sera,
ELISAs were performed with TGF-B1, -B2 or -B3 attached to
the bottom of microwells (Fig. 3). Using sera from patients
with UC, there proved to be no difference in the median
values of antibodies for each TGF-f isotype. In only a few
cases were there wide individual variations in antibody levels

for each isotype. For the most part, however, antibody levels
for the three isotypes were similar for each individual. When
serum samples from patients with CD or normal individuals
were tested, the same results for the three isoforms of TGF-3
were obtained (not shown).

The UC is characterized by a predominance of IgG1-
secreting inflammatory cells in the mucosa, so an

i
Fig. 2. Transforming growth factor (TGF)-B or interferon (IFN)-y
were attached to beads, then incubated with serum samples from
normal individuals or patients with ulcerative colitis (UC) (pooled
samples from three patients each). The bound proteins were subjected
to sodium dodecyl sulphate-polyacrylamide gel electrophoresis.

A Western blot assay shown below was accomplished with goat
anti-human immunoglobulin G. Lane 1: immobilized TGF-B1 with
normal sera. Lane 2: immobilized TGF-1 with UC sera. Lane 3:
beads with no cytokine or sera. Lane 4: immobilized IFN-y with
normal sera. Lane 5: immobilized IFN-y with UC sera.
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Fig. 3. Serum samples from patients with ulcerative colitis were tested
by enzyme-linked immunosorbent assay for antibodies against the
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Fig. 4. Serum samples from patients with ulcerative colitis were tested
by enzyme-linked immunosorbent assay for immunoglobulin (Ig)G,
IgG1 or IgG2a using the appropriate alkaline phosphatase-conjugated
anti-human antibody. The horizontal lines represent median values.
This shows that the majority of the IgG was IgG1.
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abnormally high level of anti-TGF- antibodies could be
derived from such cells. To evaluate the IgG isotype of anti-
TGF-B antibodies, an ELISA was developed using murine
antibody to human IgG1 and IgG2a conjugated with alkaline
phosphatase (Fig. 4). These experiments showed that 1gG1
predominated, although IgG2a was present in a few
individuals. This parameter was the same for CD and normal
individuals. Similarly, anti-IL-2 and anti-IL-10 antibodies
were predominantly, but not exclusively, IgG1 (not shown).

To determine whether there is a relationship between the
amounts of anti-cytokine antibodies and clinical features,
comparisons were made between the OD readings represent-
ing the amounts of anti-cytokine antibodies and age, disease
duration, extent of disease, the presence or absence of
immunosuppressive drugs and disease activity. In addition,
comparisons were made between the OD readings and the
date of collection of the samples as IgG is known for aggre-
gating with time, giving variable results. These analyses all
proved to be negative (not shown), indicating that the rise in
anti-cytokine antibodies was not found in particular patient
subsets.

Finally, the neutralizing ability of the anti-cytokine anti-
bodies from seven UC patients, seven CD patients and seven
normal individuals was investigated. TGF-3, IL-2 and IL-10
were studied because depletion of these cytokines led to
intestinal inflammation. IL-4 was not studied, as depletion of
this cytokine has been found to ameliorate colitis [20]. First,
TGF-B (10 ng/ml) was preincubated for 10 min with TGF-
B-specific IgG antibodies from each subject before addition
to HT-29 colon adenocarcinoma cells. The TGF-B-induced
reduction in the number of viable cells, as measured by the
MTT assay after 18 h, was reversed by TGF-B-specific IgG
from most individuals in all three patient groups (Table 2).
Next, IL-2 was preincubated for 10 min with anti-IL-2 anti-
bodies from each subject before addition to the CTLL cells.
The associated increase in numbers of viable cells with IL-2
was reversed by the cytokine-specific IgG from most indi-
viduals in all three patient groups. Finally, IL-10 was prein-
cubated for 10 min with anti-IL-10 antibodies from each
subject before addition to the CTLL cells. The associated
increase in numbers of viable cells with IL-10 was reversed
by the cytokine-specific IgG from most individuals in all
three patient groups.

Table 2. Numbers of ulcerative colitis (UC) or Crohn’s disease (CD) patients or normal individuals (NI) with neutralizing antibodies against

transforming growth factor (TGF)-, interleukin (IL)-2 or IL-10.

TGF-B IL-2 IL-10
ucC CD NI uC CD NI uC CD NI
Degree of neutralization Numbers of individuals
Complete 5 4 3 6 5 5 5 4 3
Partial 1 2 3 0 2 1 2 2 1
None 1 1 1 0 1 0 1 3

Antibodies against IL-2, IL-4, IL-10 and TGF-P were isolated from seven individuals in each patient group and tested for their ability to neutralize

the actions of these cytokines in bioassays.
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Discussion

The role of autoantibodies against cytokines is unknown
[14,15]. They may arise due to an imperfect discrimination
between self and non-self, a process that dictates the balance
between immunity and autoimmunity. Alternatively, there
may be a break in tolerance by molecular mimicry, such
as the IL-10-like molecules encoded by some poxviruses
[14,15]. Cytokines may serve as haptens on proteins, eliciting
an immune response. An alternative thought is that these
autoantibodies serve a function. They may act as carrier
proteins for cytokines, extending their circulation time from
minutes to hours. This would be due to protection against
proteolytic degradation as well as delayed glomerular filtra-
tion by the kidney. In addition, these antibodies may buffer
rapid changes in the concentrations of cytokines. Finally,
autoantibodies may inhibit, activate or have no effects on
cytokine actions.

The presence of antibodies against TGF-f3, IL-2 or IL-10
was determined initially by ELISA. This is an efficient and
sensitive assay to screen large numbers of patients. The
results may be altered, however, by other components of
the serum and by the non-specific binding of IgG. There-
fore, biochemical means were utilized to prove the presence
of anti-TGF-B antibodies. The proteins in UC sera that
bound to immobilized TGF-B were identified by Western
blot assay; only IgG bound TGF-B. Although LAP also
attaches to TGF-P, there was no band at 100 kDa, the
molecular weight of LAP. This could be due to a greater
affinity of TGF-P for anti-TGF-P autoantibodies than for
LAP or to an inability of the autoantibodies to select TGF-3
already bound to LAP.

The TGF-B inhibits the proliferation of most epithelial
cells and some cancer cells [7]. In the present study, TGF-3
reduced the numbers of viable HT-29 cells. Antibodies from
most individuals neutralized this effect. It is possible that this
contributes to the development of cancer, particularly in
those IBD patients with high levels of TGF-f3 antibodies. IL-2
or IL-10 increased the numbers of viable CTLL cells. This,
too, was neutralized by antibodies from most individuals.
There is no difference in neutralizing capacity among the
three patient groups.

The TGF-B transcripts and protein have been found to be
elevated in active IBD, as demonstrated by Northern blot
analysis, immunohistochemistry and in situ hybridization
[8-10], although one study showed no increase [21]. The
TGF-B-producing cells were found mainly in the lamina
propria. This may not, in fact, be accompanied by increased
TGF-P activity if high concentrations of neutralizing anti-
bodies are present locally. TGF-[ has divergent effects in the
bowel. While it promotes epithelial cell healing and sup-
presses the immune response, it could be pathogenic by
causing intramural fibrosis.

The amount of IL-2 in the mucosa of IBD patients is
controversial. In some studies, messenger RNA has been

shown to be increased in active CD while both mRNA and
protein are reduced in both CD and UC in other studies
[21-24]. Although the present analysis shows no difference
in the amounts of anti-IL-2 antibodies between the different
patient groups, there was a substantial number of CD
patients with levels greater than the highest normal value.
This may reduce the availability of active IL-2 in CD.

The IL-10 mRNA and protein are elevated in active IBD
mucosal tissues due to excess production by CD4* T cells and
macrophages in the intestine [21,22,25]. In the present study,
CD, as a group, had a higher average amount of anti-IL-10
antibodies in the serum than did normal individuals. One
explanation for this dichotomy is that the elevated IL-10
production by mucosal leucocytes may be a feedback
response to excess anti-IL-10 antibodies in the sera. Alterna-
tively, IL-10 may be generated with chronic inflammation in
response to stimuli such as IL-12. It may be less effective in
those with neutralizing anti-IL-10 antibodies.

This study shows that a subset of IBD patients have high
amounts of neutralizing antibodies against TGF-f, IL-2 or
IL-10. This suggests that IBD is not a uniform process,
but rather one associated with a variety of immune
abnormalities. The lack of variation with disease activity is
consistent with the idea that the excess anti-cytokine anti-
bodies represent an innate characteristic of certain patients,
perhaps predisposing these individuals to destructive
mucosal inflammation. Although this study does not prove
conclusively that the anti-cytokine antibodies are patho-
genic, they are easily measurable in serum and may affect
cytokine actions. The degree of cytokine action, rather than
its production, would be a true measure of its deficiency or
excess in IBD.
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