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SUMMARY

Background

Medically confirmed hypersensitivity reactions to food are usually IgE-med-
iated. Non-IgE-mediated reactions are not only seldom recognized but also
more difficult to diagnose.

Aim

To examine B cell-activating factor (BAFF) in serum and gut lavage fluid of
patients with self-reported food hypersensitivity, and to study its relation-
ship to atopic disease.

Methods

Gut lavage fluid was obtained from 60 and serum from another 17 patients
with self-reported food hypersensitivity. Twenty healthy volunteers served
as controls, gut lavage fluid was obtained in all, serum from 11 of 20. The
patients were divided into atopic and non-atopic subgroups. BAFF was
measured by ELISA in both serum and gut lavage fluid.

Results

B cell-activating factor levels in serum and gut lavage fluid were signifi-
cantly higher in patients than in controls (P < 0.03 and P < 0.002 respec-
tively). Non-atopic patients had significantly higher levels of BAFF in
serum than both atopic patients (P < 0.05) and controls (P < 0.05). There
was no significant correlation between serum levels of BAFF and IgE.

Conclusions

The results suggest that BAFF might be a new mediating mechanism in
food hypersensitivity reactions. Significantly higher levels in non-atopic
compared with atopic patients, and no correlation between BAFF and IgE,
suggest that BAFF might be involved particularly in non-IgE-mediated
reactions.
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INTRODUCTION

Food hypersensitivity is an ‘umbrella term’ which refers
to all types of adverse reactions to food, both allergic
and non-allergic (food intolerance) reactions. While food
allergy involves immunological mechanisms, non-allergic
food hypersensitivity does not.” > Food allergy can be
IgE-mediated (type I) or non-IgE-mediated (type III or
IV). Type I hypersensitivity is characterized by an imme-
diate reaction shortly after contact with the allergen
(within minutes - up to 2 h). Here, high-affinity IgE
receptor (FceRI)-bearing mast cells and basophils are
key effector cells. After cross-linking FceRI receptors by
antigen-specific IgE molecules, mast cells and basophils
release various mediators such as histamine, heparin, leu-
cotriens, prostaglandins and cytokines. Delayed-type
hypersensitivity reactions occur 2-24 h after allergen
exposure without involvement of IgE and can be both
immune and non-immune-mediated.> *

B cell-activating factor (BAFF) is a member of the
tumour necrosis factor (TNF) superfamily (TNFSF13B)
and an important regulator of peripheral B cell survival,
maturation and immunoglobulin class-switch recombina-
tion (CSR).> CSR is a biological mechanism by which
activated B cells (plasma cells) change their antibody
production from one isotype to another, for example,
from IgM to IgG. Naive mature B cells produce both
IgM and IgD, which contain the first two heavy chain
segments of the immunoglobulins. To make a new iso-
type of antibody, CSR requires two signals. The first sig-
nal normally comes through T cell cytokines (IL-4, IL-
10, IL-13 and TGF-p), while the second is delivered by
engagement of CD40 on B cells. In addition, BAFF
impact is involved in this process by one of its specific
receptors, called TACI. Despite the fact that CSR is gen-
erally restricted to lymphoid organs, previous studies
show that local immunoglobulin CSR and IgE produc-
tion also occur in the nasal and airway mucosa of
patients with allergic asthma and allergic rhinitis, as well
as in the oesophageal mucosa of patients with eosino-
philic oesophagitis.” ®

B cell-activating factor is mainly produced and
secreted not only by myeloid cells (macrophages, mono-
cytes and dendritic cells) but also by non lymphoid cell
types (salivary gland epithelial cells, astrocytes and fibro-
blast-like synoviocytes) and epithelial cells including
bronchial and nasal epithelial cells. The biological role of
BAFF is mediated through the specific receptors; two
high-affinity receptors, BAFF receptor (BAFF-R) and
transmembrane and

activator-calcium  modulator

cyclophilin ligand interactor (TACI), and a low-affinity
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receptor, B cell maturation antigen (BCMA). BAFF-R
present on the surface of effector T cells is a potent regu-
lator of mature B-cell survival and IgE production by
BAFF, whereas TACI on surfaces of B cells is critical for
CSR>H!

High levels of BAFF have been reported in patients
with allergic disease (asthma) and autoimmune diseases
such as systemic lupus erythematosus, Sjogren‘s syn-
drome, rheumatoid arthritis, systemic sclerosis, mixed
cryoglobulinaemia, myasthenia gravis and coeliac dis-
ease.'*”'® Overexpression of BAFF in animal models
leads to B-cell hyperplasia, lymphoproliferation, hyper-
gammaglobulinaemia and symptoms of autoimmunity.
BAFF-deficient exhibit defects
in peripheral B-cell maturation and decreased levels of

Conversely, animals
immunoglobulins.” '° Recently, BAFF has emerged also
as an important regulator of T-cell function, particularly
during T-cell-mediated reactions.'®

Patients with self-reported food hypersensitivity com-
plain of a wide range of unexplained somatic symptoms
related to the intake of food. Often, the patients feel
quite ill with considerably impaired quality of life.'”
The condition is common. In the general population,
approximately 1 of 5 (20%) adults reports food-related
hypersensitivity reactions. Food allergy is confirmed in
only 3-5% and the confirmed reactions are usually IgE-
mediated." Non-IgE-mediated reactions are seldom rec-
ognized. Thus, in most cases, the cause of self-reported
food hypersensitivity remains elusive. A possible role of
BAFF has not yet been investigated in these patients. In
the present explorative study, we therefore wanted to
investigate whether BAFF could be determined in blood
and gut lavage fluid in patients with self-reported food
hypersensitivity. Retrospectively, we investigated the rela-
tionship between BAFF and atopic disease in the
patients.

MATERIALS AND METHODS

Patients

Eighty consecutive patients referred to Haukeland Uni-
versity Hospital for abdominal complaints self-attributed
to food hypersensitivity were eligible for the study.
Patients with organic diseases, such as inflammatory
bowel disease (n = 1), patients reporting severe anaphy-
lactic reactions (n = 2), and pregnant or lactating women
were excluded. The remaining 77 patients went through
an extensive clinical examination programme including
allergological as well as gastroenterological examinations
as reported previously.'”® BAFF was examined in gut
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lavage fluid obtained from 60 of the patients and in
serum from the other 17 patients.

Briefly, the allergological examination consisted of a
tull medical history including atopy, family history, sus-
pected food items, serum levels of total and food-specific
IgE and skin prick tests using a panel of inhalant and
food antigens. Open provocation test and double-blind
placebo-controlled provocation test (DBPCFC) were per-
formed by a dietician in some patients when indicated
according to medical history and results of skin prick
test and serum food-specific IgE levels. The gastroentero-
logical examination included a screening questionnaire
based on the Rome II criteria for the diagnosis of irrita-
ble bowel syndrome (IBS)"® and gastroscopy with gastric
and duodenal biopsies to diagnose Helicobacter pylori
infection and coeliac disease respectively. Stool tests were
performed to exclude gastrointestinal infections. Inflam-
matory bowel disease was ruled out by measuring intesti-
nal permeability and levels of calprotectin in gut lavage
fluid.*® The method for intestinal lavage is described in
detail below.

The study was approved by the Western Norway
Regional Committee for Medical Research Ethics.

Controls

The control group consisted of 20 volunteers who
claimed to be healthy. Gut lavage fluid was obtained
from all 20, while serum was obtained from only 11 of
them. They filled in questionnaires regarding abdominal
complaints (IBS-SSS)*' and allergic diseases including a
history of atopy, but they were not examined otherwise.

Intestinal lavage procedure

Intestinal lavage was performed primarily to measure
mucosal permeability, but the permeability results are
not reported here. The method has been described previ-
ously.”® Briefly, after an overnight fast, a thin nasoduode-
nal feeding tube (Freka Feeding Tube, Fresenius Kabi,
GmbH, Germany) was positioned with its tip in the dis-
tal part of the duodenum by a gastroscope. Two litres of
isotonic polyethylene glycol solution (PEG) (MW 3350
Tika,
through the nasoduodenal feeding tube over a period of

daltons, Laxabon, Sweden) was administered
40 min using a peristaltic pump (Watson Marlow
505S/RL, Falmouth, UK). Approximately 50 uCi of >'Cr-
labelled (°'CrEDTA,
Amersham international, Amersham, UK) was added to
the solution. Depending on intestinal permeability, trace

amounts of this substance is absorbed and excreted in

ethylenediaminetetraacetic  acid

the urine. Urine was collected for 5h (ie. 4 h and
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40 min. after finishing the infusion) and analysed for
radioactivity using a gamma counter (Wallac, 1282 Com-
pugamma Counter, Norway). When the PEG solution
reached the distal colon, bowel movements started. The
first clear fluid passed per rectum was collected and
passed through gaze to remove solid particles. Aliquots
(4.5 mL) were added to tubes containing 0.5 mL of an
antiseptic and antiproteolytic solution. A stock solution
of the latter was prepared by adding 1 mL of 10%
sodium azid (NaN3;) to 50 mL of soybean trypsin inhibi-
tor (Sigma, Steinheim, Germany). The samples were
stored frozen at —80 °C until assayed. Repeated freeze-
thaw cycles were avoided.

Blood samples

Blood samples were taken for analysis of serum IgE and
BAFF while the patients were on their customary diet.
Levels of serum total and food-specific IgE were analysed
by ImmunoCap-System (Phadia, Uppsala, Sweden) at the
Laboratory of Clinical Biochemistry (LKB), Haukeland
University Hospital at the same day. Remaining blood
samples were centrifuged for 10 min at 3000 rpm at
4 °C and serum was stored frozen at —80 °C until the
assay of BAFF was performed.

Analysis of BAFF

The gut lavage fluid specimens were thawed and centri-
fuged for 10 min at 3000 rpm at 4 °C and the superna-
tants were used to analyse BAFF levels.

The BAFF levels in serum and gut lavage fluid were
measured by enzyme-linked immunosorbent assay
(ELISA) (R&D System, Abingdon, England). The Quanti-
kine Human BAFF Immunoassay is designed to measure
human BAFF in cell culture supernates, serum and
plasma. It contains E. coli-expressed recombinant human
BAFF and has been shown to quantify the recombinant
factor accurately. The analysis of BAFF was performed
according to the manufacturer’s manual. Briefly, a mono-
clonal antibody specific for BAFF was pre-coated onto a
microplate. Standards and samples were pipetted into the
wells and any BAFF present was bound by the immobi-
lized antibody. After washing away any unbound sub-
stances, an enzyme-linked polyclonal antibody specific
for BAFF was added to the wells. Following a wash to
remove any unbound antibody-enzyme reagent, a sub-
strate solution was added to the wells and colour devel-
oped in proportion to the amount of BAFF bound in the
initial step. The colour development was stopped and the
intensity of the colour (absorbance) was measured at
450 nm for 96-well plates. The results of the test samples
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were calculated from the standard curves and expressed
as picogram per mL (pg/mL) fluid or serum.

Statistical analysis

Data were analysed using the GraphPad Prism 5 (Graph-
Pad Software Inc., San Diego, CA, USA) statistical soft-
ware package. The values were reported as individual
data and medians with interquartile ranges (IQR). Differ-
ences between groups were evaluated by Mann-Whitney
U-test and one-way ANOVA test. Spearman’s correlation
coefficient was used to evaluate correlation between
BAFF levels and serum total IgE levels. A P-value of less
than 0.05 was considered statistically significant.

RESULTS

Subject characteristics

Gut lavage fluid was collected from 60 patients (lavage
group: 43 women, 17 men, age range: 20-73 years, mean
age 41) and 20 controls (13 women, 7 men, age range:
24-44 years, mean age 32), while blood samples were
drawn from another group of 17 patients (serum group:
13 women, 4 men, age range: 20-62 years, mean age 40)
and from 11 of the 20 controls (7 women, 4 men, age
range: 24-42 years, mean age 34). The mean of total IgE
levels in serum were 465 kU/L (range: 2-9600 kU/L) in
the lavage group (n=60), 351 kU/L (range: 5-
3106 kU/L) in the serum group (n = 17) and 102 kU/L
(range: 2-555 kU/L) in controls.

The patients were divided into atopic and non-atopic
subgroups, according to history, serum-specific IgE and
skin prick tests: atopic individuals were defined as having
at least one positive skin prick test and/or elevated levels
of serum specific IgE to at least one allergen, as well as
personal history of at least one of the following atopic
symptoms: dermatitis, asthma or rhinoconjunctivitis.**
Thirty-two of 60 patients in the lavage group and 8 of
17 patients in the serum group were classified as having
atopic disease (altogether 40 individuals).

In the patients, cow’s milk was the most commonly
suspected food item (71%), followed by wheat flour
(61%), and diarrhoea was the most common gastrointes-
tinal symptom (78%), followed by abdominal pain
(70%). All 40 patients with atopic disease were sensitized
to at least one inhalant allergen, as verified by skin prick
test and/or serum specific IgE, whereas 34 of the atopic
patients were sensitized to at least one food allergen.
Birch (75%) and timothy grass (70%) were the most
common inhalant allergen, whereas wheat flour (45%)
and peanuts (30%) were the most common food allergen.
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Thirty-three of the atopic patients (83%) reported atopic
diseases (rhinoconjunctivitis 78%, atopic dermatitis 40%
and asthma 25%). DBPCFC was performed in seven
patients and came out positive in three persons (4% of
the whole study population), all having non-IgE-medi-
ated allergy or non-allergic food hypersensitivity. Hence,
none of the patients had IgE-mediated food allergy as
confirmed by both skin prick test, food-specific IgE levels
in serum and DBPCFC with the same food item. Major-
ity of patients (96%) had gastrointestinal symptoms con-
sistent with a functional gastrointestinal disorder,
predominantly IBS, according to the Rome II criteria.
None of the controls had IBS, but one had borderline
score for IBS on the IBS-SSS questionnaire. Three con-

trols had seasonal pollen allergy.

BAFF in gut lavage fluid
The concentration of BAFF in gut lavage fluid in the

patients (n = 60; median, 34 pg/mL; IQR, 24.3-
44.8 pg/mL) was significantly higher than in the controls
(n =20; median, 0 pg/mL; IQR, 0-26.8 pg/mL;

P < 0.002) (Figure 1). There were no significant differ-
ences in BAFF concentration between atopic and non-
atopic patients. The highest BAFF value in gut lavage
fluid was seen in the control person who had the border-
line scoring for IBS (see above). To eliminate the possi-
bility that high concentrations of BAFF merely reflects
vascular leakage (7), we normalized the BAFF values to
the concentration of albumin by dividing median BAFF
levels to the respective median albumin level. The thus
calculated BAFF-to-albumin ratio in lavage fluid (median
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Figure 1| B cell-activating factor concentrations in gut
lavage fluid in patients with self-reported food hyper-
sensitivity (n = 60) and in healthy controls (n = 20).
Individual results are reported with median values

(P < 0.002).
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albumin 1.7 x 10™* g/mL) was approximately 180 times
higher than that in blood (median albumin 40 g/L), sug-
gesting that BAFF in gut lavage is not derived from
blood.

BAFF in serum

The concentration of BAFF in serum was significantly
higher in the patients (n = 17; median, 1249 pg/mL;
IQR, 959-1507 pg/mL) than in the controls (n = 11;
median, 914 pg/mL; IQR, 780-1106 pg/mL; P < 0.03)
(Figure 2). Non-atopic  patients (n =9; median,
1435 pg/mL; IQR, 1036-1828 pg/mL) had significantly
higher concentrations of BAFF in serum than both ato-
pic patients (n = 8; median, 1012 pg/mL; IQR, 917.8-
1278 pg/mL; P < 0.05) and controls (n = 11; median,
914 pg/mL; IQR, 780-1106 pg/mL; P < 0.05) (Figure 3).
Serum total IgE levels were generally lower in non-atopic
patients (median, 39 kU/L; IQR, 18-265 kU/L) than in
both atopic patients (median, 221 kU/L; IQR, 79-441
kU/L) and controls (median, 43 kU/L; IQR, 10-101
kU/L), but the differences were not significant.

Relationship between BAFF concentration and total IgE
levels

There was no significant correlation either between
serum BAFF concentration and serum total IgE levels
(r=0.07, P =0.79) or between BAFF concentration in
gut lavage fluids and serum total IgE levels (r = —0.003,
P =0.98) (Figures 4 and 5).
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Figure 2 | B cell-activating factor concentrations in
serum in patients with self-reported food hypersensitiv-
ity (n = 17) and in healthy controls (n = 11). Individual
results are reported with median values (P < 0.03).

Reproducibility and stability of the BAFF assay

Gut lavage fluid from 10 patients was re-analysed to
determine reproducibility and stability of BAFF in gut
lavage fluid. The correlation between the first (test) mea-
surement and the second (retest) measurement (r = 0.77,
P =0.009) indicated good inter-assay precision. Stability
was analysed by preparing two samples (sample 1 and
sample 2) from each of 10 patients. Exogenous BAFF
(250 pg/mL) 0.075 mL was added to gut lavage fluid
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Figure 3 | Serum BAFF concentrations in atopic patients
(n = 8), non-atopic patients (n = 9) and in controls

(n = 11). Individual results are reported with median
values (atopic vs. non-atopic P < 0.05, non-atopic vs.
controls P < 0.05).
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Figure 4 | Correlation between serum BAFF concentra-
tion and serum total IgE levels (n = 17; P = not
significant).
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Figure 5 | Correlation between BAFF concentrations in
gut lavage fluid and serum total IgE levels (n = 60;
P = not significant).

0.150 mL (sample 1) and left on the bench at room tem-
perature for 2 h. Then, sample 2 was prepared similarly
and analysed immediately together with sample 1 on one
ELISA-plate. Mean BAFF concentrations in sample 1
and 2 were equal (84.3 pg/mL and 84.2 pg/mL respec-
tively), indicating good stability of BAFF in gut lavage
fluid over 2 h at room temperature and good intra-assay
precision (coefficient of variation 2.7%).

DISCUSSION

A relationship between food intolerance and IBS is well
recognized.”> Up to 70% of the IBS patients report
adverse reactions to one or more food items.”* *> The
prevalence of self-reported food hypersensitivity differs
greatly, however, from that of medically confirmed food
allergy. A reason for the discrepancy could be that cur-
rent tests of food allergy are inadequate. While the diag-
nosis of IgE-mediated allergy is based primarily on
history, blood concentration of specific IgE and skin
prick tests, non-IgE-mediated or delayed-type hypersen-
sitivity is much more difficult to diagnose®® and, maybe
as a consequence, seldom recognized in clinical practice.
Patients with self-reported food hypersensitivity usually
present with IBS-like symptoms in response to food
ingestion. In addition, systemic, non gastrointestinal
symptoms like joint pain and chronic fatigue are often
reported.'® This widespread somatic symptomatology is
often associated with anxiety and depression, and much
attention has been paid to the possibility that somatisa-
tion could be a major explanatory mechanism.”” How-
ever, in a recent study, only around 10% of the total
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variance in somatic symptoms could be explained by
psychological factors. Ninety percent of the variance
remained unexplained.”® Hence, neither classical IgE-
mediated allergy nor psychological factors seem to be the
major cause of self-reported food hypersensitivity.

This
increased concentration of BAFF in serum and gut

study provides the first demonstration of
lavage fluid of patients with self-reported food hypersen-
sitivity. The fact that the increase in BAFF was seen par-
ticularly in patients without indications of IgE-mediated
atopic disease is interesting. BAFF is an important regu-
lator of B-cell activation, proliferation, immunoglobulin
CSR and immunoglobulin production.” Increased BAFF
and B-cell activation are typically seen in patients with
rheumatic diseases like rheumatoid arthritis and systemic
lupus erythematosus, i.e. diseases with widespread symp-
tomatology and often sparse findings, at least initially, a
situation that, to some extent, is reminiscent of the con-
dition of the present patient population. An exciting
question is whether BAFF-mediated immunological reac-
tions can explain the systemic symptoms in patients with
self-reported food hypersensitivity.

In vitro experiments indicated good test-retest perfor-
mance and good stability of BAFF in gut lavage fluid at
room temperature for 2 h. A much higher ratio of BAFF
to albumin in gut lavage fluid than in blood suggests that
BAFF is produced locally in the intestines. Local BAFF
may thus contribute to intestinal accumulation of B-lym-
phocytes and local production of immunoglobulins in
patients with self-reported food hypersensitivity. As
BAFF is able to induce CSR, the locally produced immu-
noglobulins may well be of another isotype than IgE.

Recently, Kato et al. reported that BAFF is up-regu-
lated in the airways of allergic subjects after allergen
exposure.” They collected bronchoalveolar lavage fluids
from 12 patients with allergic asthma and four patients
with allergic rhinitis after challenge with an allergen. The
concentration of BAFF was significantly increased in the
bronchoalveolar lavage fluid 20-24 h after challenge, sug-
gesting that BAFF production occurs locally within the
airways. BAFF can also be measured in synovial fluids of
patients with rheumatoid arthritis.>* The results thus
support the notion that BAFF is produced locally in dif-
ferent compartments of the body like synovium, airway
and gut during inflammation and allergic reactions.

Previous results in patients with asthma resemble to
some extent the present results. Asthma might be both
IgE- and non-IgE-mediated, and high serum levels of
BAFF were shown in patients with non-IgE-mediated
disease, possibly explaining the airway hyper-responsive-
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ness in these patients.'> Anti-asthmatic therapy for 3-
6 months reduced the serum BAFF levels significantly,
suggesting that BAFF could be a novel parameter to
monitor the severity of asthma. Likewise, in patients with
coeliac disease, serum BAFF levels correlated with anti-
transglutaminase antibody levels, and significant reduc-
tion in BAFF was observed after a gluten-free diet.'®
Thus, changes in BAFF levels may be valuable for the
follow-up of patients with coeliac disease while on glu-
ten-free diet. In autoimmune diseases, BAFF was corre-
lated with the number of swollen joints in patients with
rheumatoid arthritis and treatment with methotrexate
reduced the serum levels of BAFF in parallel with
improvements in clinical activity and fall in autoantibody
titres (IgM rheumatoid factor and anti-cyclic citrullinated
peptide).”® BAFF-targeting therapy by BAFF antagonists
are therefore promising new therapeutic agents, currently
being tried in B-cell-related autoimmune diseases, espe-
cially rheumatoid arthritis and systemic lupus erythemat-
osus.”' In a previous study, 12% of the patients with self-
reported food hypersensitivity also reported joint pain,'®
but whether there exists an association between joint pain
and BAFF in these patients remains to be investigated.
Establishment of tolerance is important for preventing
the development of food hypersensitivity. In children
with cow’s milk allergy and in mice models of oral toler-
ance, IgG subgroups (IgG, and IgG,, respectively)
appear to play a role in the induction of tolerance.”***
Specific IgG is able to block the binding of IgE to aller-
gen, leading to inhibition of mast cell degranulation and
attenuation of IgE-facilitated allergen presentation to spe-
cific T cells. Increased specific IgG production as a result
of BAFF-induced immunoglobulin CSR may thus be
partly responsible for the development of oral tolerance.
Dysregulation of Thl and Th2 responses may contrib-
ute to the pathogenesis of inflammation, autoimmune
diseases and asthma. BAFF over-expression in transgenic
mice enhances Thl-driven delayed-type hypersensitivity

and inhibits Th2 cell-mediated allergy, resulting in
increased secretion of Thl cytokines like INFy and less
secretion of Th2 cytokines like IL-4 and IL-5.”> Previous
studies have shown that inflammatory Thl cytokines
trigger BAFF secretion in affected tissues and that BAFF
in turn stimulates B cell and T cell responses locally as
well as in neighbouring lymph nodes. In chronic inflam-
mation, BAFF levels may gradually increase in the blood
to levels that affect B cell maturation and immune toler-
ance.’® Some patients with IBS have indications of low-
grade chronic inflammation in the intestine.”” Although
BAFF signalling may contribute to intestinal inflamma-
tion, the mucosal inflammation in patients with IBS is
usually subtle’® and the inflammation may not itself be a
direct cause of the symptoms, which seem rather related
to colonic malfermentation.”® Hence, the possible role of
BAFF in symptom generation needs further studies.

In conclusion, increased levels of BAFF in blood and
gut lavage fluid suggest that BAFF might be a new medi-
ating mechanism of hypersensitivity reactions to food.
Significantly higher levels in non-atopic compared with
atopic patients and no correlation between BAFF and
IgE levels suggest that BAFF might be particularly
involved in non-IgE-mediated reactions. Locally and/or
systemically distributed BAFF affects Thl and Th2
responses and might have an impact on both local (gas-
trointestinal) and systemic (extraintestinal) symptoms in
patients with self-reported food hypersensitivity.
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