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and Related Receptors in Patients with Gastrointestinal Dysfunction
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ABSTRACT: Gonadotropin-releasing hormone (GnRH) 1 and 2 and luteinizing hormone (LH) receptors have been described in the gastrointestinal
tract. We have previously demonstrated antibodies in serum against GnRH1 in patients with gastrointestinal dysfunction and diabetes mellitus, and anti-
bodies against GnRH receptor, LH, and LH receptor in patients with infertility. The aim of this study was to search for the expression of serum antibodies
against GnRH1 with an improved enzyme-linked immune sorbent assay (ELISA), and antibodies against progonadoliberin-2, GnRH2, GnRH receptor,
LH, and LH receptor with newly developed ELISAs, in patients with gastrointestinal dysfunction or diabetes mellitus. Healthy blood donors served as
controls. Medical records were scrutinized. Our conclusion was that IgM antibodies against GnRH1, progonadoliberin-2, and/or GnRH receptors were
more prevalent in patients with functional gastrointestinal disorders, gastrointestinal dysmotility, and/or diabetes mellitus, whereas IgG antibodies against

these peptides, and LH- and LH receptor antibodies, were expressed in the same magnitude as in controls.
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Introduction
Irritable bowel syndrome (IBS) is a common gastrointestinal
disorder, occurring in 10-15% of the population. The etiology
is unknown, and no organic, pathognomonic changes have
been established so far.! Relatively severe gastrointestinal dys-
motility is often found as a complication in diabetes mellitus
and rheumatologic and neurologic diseases.>® As women are
affected by these disorders more often than men, hormonal
influences on the gastrointestinal tract have been assumed.*
We have recently described the expression of gonadotropin-
releasing hormone (GnRH, 1 and 2) and receptors for luteinizing

hormone (LH) in the human enteric nervous system (ENS).>#
The effects of these peptides are not known, but a few stud-
ies have described an influence by GnRH and LH on the
migrating motor complex (MMC).* ! We have developed an
in-house enzyme-linked immune sorbent assay (ELISA) to
describe the presence of serum antibodies against GnRH1 in
patients with IBS, dysmotility, and diabetes mellitus, but not
in inflammatory bowel disease (IBD) or celiac disease,'?!3 as
well as in patients with functional gastrointestinal complaints
in association with primary Sjégren’s syndrome.>* The patho-
physiological role of these antibodies is unknown. The original
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ELISA was associated with a high degree of background
signaling.>>61213 The method has now been further improved
and we have also developed ELISAs for the GnRH receptor,
LH, and LH receptor.}*1¢ Furthermore, we have developed an
ELISA for measurement of antibodies against GnRH2 and its
precursor, progonadoliberin-2, as these peptides are abundantly
expressed in the ENS,®!7 and could hypothetically be more
important for gastrointestinal function than GnRH1.

Theaim ofthe presentstudywasto search for the expression
of antibodies against GnRH1, progonadoliberin-2, GnRH2,
GnRH receptor, LH, and LH receptor with new, sensitive
ELISAs, in a population of patients with symptoms and signs
of functional gastrointestinal disorders or gastrointestinal
dysmotility, and/or diabetes mellitus, and compare these to
healthy blood donors, to confirm the presence of autoantibod-
ies in these patients.

Materials and Methods

The study was performed in accordance with the Helsinki
declaration and after approval by the ethics review board of
Lund University. Consecutive patients visiting the out-patient
clinic of the Departments of Gastroenterology or Endocrinol-
ogy, Skiane University Hospital, Malmo, were included. All
patients and blood donors had given their written, informed
consent to participate in the study.

Patients suffering from IBS or gastrointestinal
dysmotility. Consecutive patients suffering from gastrointes-
tinal symptoms suggesting IBS or dysmotility over a 2-year
period (2003-2004) were investigated depending on the
severity of the symptoms.!? They underwent extensive exami-
nations to exclude organic gastrointestinal disorders, eg endos-
copy, radiologic examination, and abdominal ultrasound.
'This had been performed repeatedly for several years in some
cases. Routine blood and urine samples were analyzed. The
gastrointestinal examination was then further complemented
in order to evaluate gastrointestinal motility by manometry,
gastric transit time, and full-thickness biopsies of the bowel
wall, depending on the clinical picture.>!¥22 Patients with
functional sub-occlusion without mechanical obstruction, but
abnormality in the antroduodenal manometry, were diagnosed
as having chronic intestinal pseudo-obstruction (CIPO).?3
The criterion for enteric dysmotility (ED) was abnormality
in the small bowel manometry, without sub-occlusion epi-
sodes.?* The diagnosis idiopathic gastroparesis was set when
delayed gastric emptying rate was the only finding, without
engagement of other segments. Patients with gastrointestinal
symptoms fulfilling the Rome-III criteria, with no abnor-
mal pattern on antroduodenal manometry, were diagnosed as
having IBS.! Patients were invited to participate in the study
when organic, gastrointestinal diseases were excluded, and
one of the above-mentioned diagnoses was set.

Patients suffering from diabetes mellitus. Consecutive
patients suffering from gastrointestinal complaints in addition
to diabetes mellitus were examined during 2003-2004.%12

The patients were examined by gastroduodenoscopy,
esophageal manometry, and/or gastric emptying scintigra-
phy to evaluate the gastrointestinal motility.182%22 Patients
diagnosed as suffering from diabetes-related dysmotility, or
who fulfilled the criteria for IBS, were invited to participate
in the study.

In addition, consecutive patients with diabetes mellitus,
independent of the presence or absence of gastrointestinal
symptoms, were considered for inclusion for a further 2-year
period. Inclusion criteria for the study were age >18 years and
diabetes mellitus. The first patient who fulfilled the criteria
at each consultation at the Section of Endocrinology, Skine
University Hospital, Malmé, January 2008—February 2010,
was asked to take part in the study when visiting the clinic
for routine follow-up. Exclusion criteria were renal failure
requiring dialysis and severe cardiac morbidity. Examina-
tions of esophageal motility and gastric emptying were per-
formed.182%22 For further description of the patients, see
Berntorp et al.!3

At the time of inclusion, all patients with diabetes mel-
litus completed a questionnaire concerning symptoms related
to disturbances of the gastrointestinal tract (“loss of appetite,
swallowing disturbances, meal-related cough, early satiety,
nausea, vomiting, weight loss, abdominal fullness, bloating,
regurgitation, constipation, diarrhea, evacuation incontinence,
symptomatic postprandial hypoglycemia, and postpran-
dial perspiration”), which had previously been used for these
patients.>?>2

Controls. Blood samples from 200 consecutive, healthy
blood donors (100 women), mean age of 42 £ 13 years, were
collected at Skine University Hospital, Malmg, and provided
a control group for the antibody analyses.

Study design. The patients and controls gave a blood
sample, which consisted of 5.0 mL blood drawn into SST-
tubes (366566, BD Vacutainer, Plymouth, UK) containing gel
and a coagulation activator. After the tubes had been turned
10 times, they were centrifuged for 15 minutes at 1,500 G.
Serum was separated, measured into aliquots, and frozen
at —20°C and analyzed for the expression of antibodies. Med-
ical records were reviewed concerning duration of gastroin-
testinal symptoms, co-existing diseases, therapy treatments,
hereditary factors, and routine laboratory analyses.

Measurement of antibodies. Analyses of antibodies
(IgM and IgG) against GnRH1, LH, and their receptors
were carried out by ELISAs developed in-house as described
previously.>1® Serum was chosen because heparin and citrate
can affect the analyses and because serum had been taken
from the control group. The method has been improved from
the original ELISA for GnRH antibodies,>>®1>1% and we
now use GnRH conjugated to ovalbumin (OVA) (90215.02,
Innovagen, Lund, Sweden) with 16 mol GnRH/mol OVA
instead of a small peptide, ie 10 amino acids, as antigen.
This provides a more stable and efficient analysis. Another
improvement is the calculation of relative units (RU) from a
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constructed standard curve generated from 200 blood donors,

3,5,6,12,13

while in earlier studies any value above 0 was consid-

ered positive. The absorbance was measured at 405 nm after
30 minutes (GnRH1, GnRH receptor, LH receptor, and LH
IgM) or 60 minutes (LH IgG) of incubation at room tem-
perature (RT). The grades of anti-LH-, anti-GnRH1-, and
anti-GnRH receptor antibodies were calculated as RU based
on each standard curve. To construct standard curves, rabbit
anti-human LH antibodies (MBS535386, MyBiosource, San
Diego, CA, USA) were diluted from 1:3,000 to 1:192,000,
mouse anti-human GnRH antibodies (ab62432, Abcam,
Cambridge, USA) were diluted from 1:2,000 to 1:32,000,
and rabbit anti-human GnRH receptor antibodies (90217.09,
Innovagen) were diluted from 1:8,000 to 1:128,000. Anti-
LH receptor antibodies were calculated as absorbance values
multiplied by 1,000. In both cases, the background values of
each sample were subtracted before calculation. The cut-off
value for the presence of antibodies in healthy blood donors
was set as RU >97.5th percentile. The intra-assay correlation
coefficient of variation (CV) of GnRH and GnRH receptor
IgM antibodies was 10% and 8%, respectively (z = 6), and the
inter-assay CV was 11% and 6%, respectively (z = 12). Because
of the lack of positive serum, no intra-assay or inter-assay CV
of IgG antibodies was calculated. The intra-assay CV of LH
IgG and LH IgM was 5.6% and 9.2%, respectively (7 =8), and
the inter-assay CV was 7.7% and 6.1%, respectively (n = 17).
Because of the lack of an appropriate commercial antibody, no
intra-assay or inter-assay CV of LH receptor was calculated.
Since antibodies against LH and LH receptors were not
expressed in patients with diabetes mellitus, these analyses
were omitted in our IBS and dysmotility patients.

To perform competitive ELISA, sera from patients with
antibodies above the cut-off level were incubated with 0.5%
bovine serum albumin (BSA) in phosphate-buffered saline
(PBS)-T with various amounts of GnRH1, GnRH receptor,
or LH receptor, all three both conjugated and unconjugated
with an OVA peptide (Innovagen) or LH (IMBS537383,
MyBiosource), ie 50, 100, or 200 ng/100 uL, 30 minutes prior
to the application to the microtiter plates.

A new in-house ELISA was set up for the analysis of
IgM antibodies against progonadoliberin-2, the precursor of
GnRH2.Y7 The microtiter plates (456537, Nunc, Roskilde,
Denmark) were provided with a layer of recombinant
progonadoliberin-2 (MBS1014236, MyBiosource) in PBS or
PBS only (an internal blank). After an overnight incubation
at 4°C, the plates were washed three times with PBS-T and
thereafter blocked with 0.5% BSA (A7030, Sigma, St Louis,
USA) in PBS-T. Sera from patients and healthy blood donors
diluted to 1:400, or IgG antibodies against human GnRH2
raised in rabbits (MBS6004097, MyBiosource) in serial dilu-
tion (to provide a standard curve) with BSA in PBS-T, were
added to the plates in triplicate (two wells coated with progo-
nadoliberin-2 and one well coated with PBS) and incubated at
RT for 2 hours. The washing procedure was repeated, and the

deposition of autoantibodies directed to progonadoliberin-2
was detected using biotinylated, rabbit anti-human IgM
(673211, MP Biomedicals, Santa Ana, California, USA),
or goat anti-rabbit IgG (B7389, Sigma), diluted in PBS-T.
A phosphatase substrate kit (37620, Pierce, Rockford, IL,
USA) was used to develop a color reaction. The absorbance
was measured at 405 mm after 30 minutes of incubation at
RT. Antibody levels are presented as RU (values after sub-
tracted background), and the concentration in each doublet
is interpolated from the standard curve. The cut-off value
to define the expression of antibodies in the healthy blood
donors was set to RU >97.5th percentile. The intra-assay CV
was 5.7% (n = 8) and inter-assay CV was 8.3% (n = 8). As
IgG antibodies against GnRH1 or its receptor have not been
shown to be of importance in any previous study, those were
not analyzed for progonadoliberin-2.

Statistical methods. Data are described as mean + standard
deviation (SD) or median (interquartile range [IQR]).
Fischer’s exact test was used for dichotomous variables and the
Mann-Whitney U-test for continuous variables. P < 0.05 was
considered as statistically significant.

Results

Patients suffering from IBS or dysmotility. Forty-five
patients (37 women [82%]), mean age 43 £ 17 years, were
included. The mean duration of the gastrointestinal symptoms
was 16 £ 15 years. Twenty-five patients were diagnosed as hav-
ing IBS, 11 of these patients had the alternating type of IBS
(IBS-A), eight had constipation-predominant IBS (IBS-C),
and six had diarrhea-predominant IBS (IBS-D). Twelve
patients suffered from ED, five from CIPO, and three from
idiopathic gastroparesis (Table 1).

Apart from the gastrointestinal diagnosis, five patients
had current or recent treatment for depression, and two cases of
each of the following diseases were noted: asthma bronchialis,

Table 1. The expression of IgM antibodies in patients with IBS or
dysmotility.

PROGONADOLIBERIN-2 GnRH

n (%) RECEPTOR

n (%)
IBS-A(n=11) 4 (36) 3(27) 2 (18)
IBS-C (n=8) 1(12)
IBS-D (n=6)
ED (n=12) 2(17) 1(8)
CIPO (n=5) 1(2)
Gastroparesis
(n=3)

Note: The cut-off value to define the expression of antibodies in the healthy
blood donors was set to relative unit (RU) >97.5th percentile.
Abbreviations: CIPO, chronic intestinal pseudo-obstruction; ED, enteric
dysmotility; GnRH, gonadotropin-releasing hormone; IBS-A , alternating type
of IBS; IBS-C, constipation-predominant IBS; IBS-D, diarrhea-predominant
IBS; n, number.
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endometriosis, hypertension, hypothyroidism, and rheumatologic
diseases. Other sporadic diseases were migraine, panic attacks,
Parkinson’s disease, and thyrotoxicosis. All routine blood samples
were within the reference values (data not shown).

Patients suffering from diabetes mellitus and gastroin-
testinal complaints. Nineteen patients with diabetes mellitus
and gastrointestinal complaints (10 women [53%]), mean age
50 £ 11 years, were included. The mean duration of diabetes
mellitus was 31 + 12 years, and of gastrointestinal complaints
was 5 £ 4 years.

Seventeen patients had type 1 diabetes and two had type 2
diabetes. All were on insulin treatment and were under
acceptable metabolic control (HbAlc: 64.9 = 10.1 mmol/mol).
All 19 patients were examined using gastric emptying scin-
tigraphy, and 12 using esophageal manometry. Gastroparesis
was found in 10 patients and esophageal dysmotility in eight
patients. Six of the patients had abnormal findings in both
examinations, with no correlation between the abnormalities
in the two organs. Most of the patients also suffered from sec-
ondary complications of diabetes mellitus, such as retinopathy
(79%), autonomic neuropathy (53%), and peripheral neuropa-
thy (47%). As some of the patients with diabetes mellitus and
gastrointestinal complaints had no pathological changes as
found in the examinations (» = 3), they were diagnosed as
IBS patients. The most common symptoms were abdominal
fullness (95%), bloating (79%), early satiety (68%), and con-
stipation (68%). Four of the patients had hypertension, two
had hypothyroditis, two had chronic pancreatitis, and one had
atrophic gastritis, depression, hypopituitarism, and rheuma-
toid arthritis, respectively.

Patients suffering from diabetes mellitus. Forty patients
with diabetes mellitus (27 women [68%]), mean age 51 +
13 years, were included in the study. The patients were insulin-
treated (type 1 diabetes: 37 patients [92%]) and were under
acceptable metabolic control (HbAlc: 65.2 £ 9.5 mmol/mol).
'The duration of diabetes mellitus was 26 + 13 years. Esopha-
geal dysmotility was more often found (60%) than gastropare-
sis (20%). Twelve percent had dysmotility in both esophagus
and the stomach. The most common diabetes complication was
retinopathy (65%), followed by peripheral neuropathy (48%)
and angiopathy (28%). Although the patients were included

consecutively, regardless of gastrointestinal symptoms, the
majority reported symptoms related to food intake and the
gastrointestinal tract. The most common symptoms were
bloating (48%), abdominal fullness (40%), and early satiety
(35%). Apart from diabetes mellitus, three patients suffered
from hypothyroidism and one from Addison’s disease, atoxic
adenoma, celiac disease, pernicious anemia, Sjogren’s syn-
drome, thyrotoxicosis, and vitiligo, respectively.

Serum antibodies. The distribution of antibodies among
subgroups of IBS or dysmotility patients is shown in Table 1.
When calculated as awhole group, they had a higher prevalence
of IgM antibodies against GnRH1 and progonadoliberin-2,
and a tendency to a higher prevalence of IgM antibodies
against GnRH receptor, than healthy controls (Table 2). The
expression of IgG antibodies against GnRH1 and GnRH
receptor did not differ from that of the controls (p = 1.000 and
p =0.625, respectively). The expression of any of the antibod-
ies was not associated with age (p = 0.311), duration of symp-
toms (p = 0.743), or subgroup of patients (p = 0.353). When
comparing patients with IBS and dysmotility, the prevalence
of antibodies was equal (p = 1.000).

Patients with gastrointestinal complaints related to dia-
betes mellitus only expressed IgM antibodies against GnRH1,
prevalence of which tended to be significantly elevated com-
pared with controls (Table 2). Consecutive patients with
diabetes mellitus had a higher prevalence of IgM antibodies
against progonadoliberin-2 than controls (Table 2), whereas
the expression of IgM and IgG antibodies against GnRH1
was equal (p = 1.000 and p = 1.000, respectively). Except for
a tendency toward a shorter half-time of gastric emptying rate
in patients with antibodies against progonadoliberin-2 (27.0
[26.0-50.5] and 52.5 [36.2-71.438], respectively, p = 0.056),
no other clinical associations could be found. None of the
patients with diabetes mellitus showed antibodies against the
GnRH receptor, LH, or LH receptor.

'The ELISA for the analysis of GnRH2 was unstable, and
for this reason these data are not shown.

The distribution of antibodies was equal in men and
women among controls and patients with diabetes mellitus.
In patients with IBS and dysmotility, all antibodies were
expressed in women.

Table 2. The expression of IgM antibodies in patients with IBS, dysmotility, and/or diabetes mellitus.

GnRH1 n (%) P-VALUE PROGONADOLIBERIN-2 n (%) P-VALUE GnRH RECEPTOR n (%) P-VALUE
IBS/dysmotility (n = 45) 6 (13) 0.007 4 (9) 0.040 4(9) 0.087
Diabetes mellitus with 2 (11) 0.088 0 1.000 0 1.000
Gl complaints (n = 19)
Consecutive patients 1(2) 1.000 5(12) 0.008 0 1.000
with diabetes mellitus
(n=40)

Notes: Fischer’s exact test was used for the comparisons between the prevalence of antibodies in the different groups and healthy controls. The cut-off value to
define the expression of antibodies in the healthy blood donors was set to relative unit (RU) >97.5th percentile. P =< 0.05 was considered as statistically significant.
Abbreviations: Gl, gastrointestinal; GnRH, gonadotropin-releasing hormone; n, number.
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Discussion
'The major finding in our present study was that the expression
in serum of IgM antibodies against GnRH1 was higher in
patients with IBS or dysmotility, and tended to be higher in
patients with gastrointestinal complaints related to diabetes
mellitus, compared to controls. The prevalence of IglM antibod-
ies against progonadoliberin-2 was higher in patients with IBS
or dysmotility and in consecutive patients with diabetes mel-
litus, and the prevalence of IgM antibodies against the GnRH
receptor tended to be higher in patients with IBS or dysmotil-
ity, compared to controls. Although these three diseases are
classified as different entities, they have gastrointestinal pain
and dysfunction in common. The difference in antibody preva-
lence between the two diabetes cohorts may be because of the
fact that the patients with gastrointestinal complaints had a
more severe gastrointestinal disorder with gastroparesis in
53% of the patients, compared to 20% in consecutive diabetes
patients, and a higher prevalence of gastrointestinal symptoms.

The present study confirms previous results that IgM
antibodies against GnRH1 and GnRH receptors are pres-
ent in a subgroup of patients suffering from functional disor-
ders and dysmotility,>1>* as well as in patients with diabetes
mellitus.!>13 In the present ELISA, a titer above the 97.5th
percentile of the standard curves in controls was considered
positive. In the former ELISA, we classified all antibody lev-
els above 0 in absorbance, after subtraction of background lev-
els, as positive, and therefore the prevalence was lower in both
controls and patients. 31213

We have previously reported gastrointestinal compli-
cations and expression of GnRH antibodies in serum and
a reduced number of GnRH-containing enteric neurons in

5.6.27 However,

patients after treatment with GnRH analogs.
the patients who expressed antibodies against GnRH1 in the
present study cohort have not been treated by any GnRH ana-
logs. Both GnRH1 and GnRH2 are expressed in enteric neu-
rons of the human ENS.>¢827 The antibodies may represent a
primary, autoimmune disease rendering neuronal damage and
gastrointestinal complaints. Another possibility is that the
antibodies are secondary to all kinds of damage of the ENS
exposing GnRH to immune-reactive cells.?® Our hypothesisis,
taking all studies in this field into consideration,**¢:12-14.16,27.29
that the antibodies are secondary to the neuronal damage in
a subgroup of patients, and not causal. Full-thickness biop-
sies are not considered in patients with IBS. Thus, we cannot
examine the expression of GnRH in the bowel wall in these
patients. However, as GnRH is expressed in enteric neu-
rons, and the number of GnRH-containing enteric neurons
is reduced in patients suffering from dysmotility with serum
antibodies against GnRH and progonadoliberin-2,>¢%27 we
postulate that neuronal damage exposes GnRH and progo-
nadoliberin-2 to immune-presenting cells, resulting in anti-
body formation. The antibodies could thus be markers of
enteric neuron damage. We know from animal trials that in
spite of a marked loss of 50% of enteric neurons after treatment

with the GnRH analog buserelin, the gastrointestinal func-
tion is well preserved with unaffected weight and healthy
rats.?? Thus, a subgroup of IBS patients may have enteric neu-
ropathy, which remains undiscovered by non-sensitive, clini-
cal examinations.

Furthermore, we know neither the time relation in the
development of symptomatology and antibodies nor the dif-
ference between the formation of antibodies against GnRH1
and progonadoliberin-2. It could possibly reflect a difference
in time, one antibody appearing early in the disease process
and one appearing later. All blood samples were collected
several years after the debut of gastrointestinal complaints,
which can influence the results, as the titer declines with
time.> No organic changes exist that are pathognomonic for
IBS, although inflammatory mediators have been discussed
in recent years,’® and active immune responses have been
found in subpopulations of IBS patients.3! Antibodies against
GnRH and its receptor are the first specific, organic param-
eter found so far, and could represent a subpopulation of IBS.
'That only female patients with IBS and dysmotility expressed
antibodies may depend on the female predominance in this
group, and does not exclude the possibility that male patients
may express antibodies as well.

IBS is associated with affective disturbances and psy-
chiatric disorders.* Functional magnetic resonance imaging
(fMRI) reveals significant differences in the neural processing
of pain between IBS patients and controls, further underlining
the importance of central mechanisms in the pathophysiology
of visceral hypersensitivity in these patients.3?** Both diabetes
mellitus and primary Sjogren’s syndrome are associated with

autonomic neuropathy and gastrointestinal complaints.?!%25:26

Since GnRH1 and GnRH2 are found in both the central and

817,34 we do not know whether the

peripheral nervous systems,
antibody formation originates from a central or a peripheral
neural injury. The association between autonomic neuropathy
and lowered body mass index (BMI), and the occurrence of
GnRH antibodies in the initial ELISA,™ could not be con-
firmed. The present and former small studies do not allow a

search for clinical associations with the antibody occurrence. 3

The effect of GnRH and LH on the ENS is not thoroughly
evaluated, but seems to affect motility and secretion.” % No
patient with diabetes mellitus in the present study, or primary
Sjogren’s syndrome in a previous study,!* expressed antibodies
against LH or its receptor, as has previously been described
in patients with infertility.!® Autoantibodies against follicle-
stimulating hormone (FSH), LH, and ovarian factors have also
been found by others in infertile women, and could indicate
an autoimmune disorder targeting the ovary.3® This suggests
that antibodies against LH or its receptor are more frequent
in gynecological disorders than in gastrointestinal disorders.
Nevertheless, the presence of LH receptors in genital organs

t7’8’34

and the gastrointestinal trac could be a plausible explana-

tion for the observed connection between dysfunction of the

digestive tract and diseases of the genital organs in women.3”~%
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"

In conclusion, we confirm previous results that IgM
antibodies against GnRH1 are elevated in serum in patients
with IBS, dysmotility, and/or diabetes mellitus compared to
controls. Furthermore, also IgM antibodies against progonad-
oliberin-2 and GnRH receptors are elevated in these patients,
whereas IgG antibodies against these peptides, or antibod-
ies against LH or LH receptor, are not present. It remains to
explain the mechanisms behind the antibody formation and
to examine whether the gastrointestinal complaints, the auto-
nomic neuropathy, or the psychological factors are associated
with the formation.
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