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ABSTRACT

Several possible associations between different types of autoimmune diseases have been
reported, therefore this study aimed to investigate the relationship between celiac disease
(CD) and some related autoimmune diseases by determining the effect of gluten on severity of
these diseases. Two hundred blood samples were collected, 50 samples were withdrawn from
healthy donors as a control group, 75 were collected from newly diagnosed (ND) CD patients,
while the remaining blood samples (75) were obtained from the same patients after 4 months
of gluten free diet (GFD) regime. Sera were separated to measure the level of anti-tissue
transglutaminase IgA (tTg-IgA), anti-pituitary IgG, anti- thyroid peroxidase IgG (TPO- IgG),
anti-islet IgG and anti-ganglioside IgG (IU/ml) by enzyme linked immunosorbent assay
(ELISA). The results recorded high significant elevation (p>0.0001) in the concentrations of all
autoantibodies of both ND and GFD groups compared with their concentrations in the control
group. Furthermore, after 4 months of GFD, concentrations of all autoantibodies revealed
highly significant decreases (p>0.0001) as compared with ND. Regarding the correlation of all
studied autoantibodies with anti tTG-IgA, only anti-ganglioside IgG levels were weakly
correlated in pre-GFD treatment patients, meanwhile anti-ganglioside IgG and anti-pituitary
IgG were also recorded weak correlations in post- GFD of CD patients. This study concluded
that GFD helps to reduce the severity of endocrine and neuron autoimmune disorders in
addition to CD, which have been proved by decreasing in the level of their diagnostic
autoantibodies.

INTRODUCTION

Celiac disease (CD) is an autoimmune disease that cause intestinal chronic
inflammation and it is one of the most common cause of food intolerances in the world,
with a prevalence ranged from 0.5%to 2.0% in the general population with minor
regional differences [1]. Early CD diagnosis and treatment based on a gluten free diet
(GFD), which help to avoid a number of problems such as the emergence of other
autoimmune illnesses, osteoporosis, or cancer (especially T-cell lymphoma) [2, 3].

Gluten is an ethanol soluble protein and constituted from many immunogenic peptides.
These components have the ability to resist digestive enzymes to trigger the
inflammatory process which could be harmful with a long-standing complication [4].
Gluten is found in some grains, including wheat, barley and rye [4].

First-degree relatives of CD patients, those with type 1 diabetes mellitus (T1DM),
autoimmune thyroiditis, autoimmune hepatitis, selective IgA deficiency, and other
genetic disorders are among people who are at high risk for CD [5]. Compared to 0.5%
of the general population, patients with T1IDM had a prevalence of CD ranging from 4.4
to 11.1% [6] . TIDM is associated with other organ specific antibody mainly thyroid,
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adrenal glands and CD, which reinforces the necessity of CD and thyroid screening in
T1DM subjects [7].

In a recent investigation, insulin autoantibodies were revealed to be the most often
occurring islets autoantibodies, followed by glutamic acid decarboxylase and zinc
transporter 8. The quantity of antibodies present may affect future risk of CD but not
future risk of Hashimoto's disease [8]. The relationship of two illnesses may have
significant clinical ramifications. One hypothesis refers to the cross reaction of anti-
tissue transglutaminase IgA (tTg-IgA) with thyroid tissue [9]. Clinically identifying CD
may be challenging in people with hypothyroidism since the amount of circulating
thyroid hormone is reduced, which may result in fluid retention or less severe diarrhea
or weight loss. Additionally, CD decreases the tiny intestinal surface area that can
absorb nutrients, which prevents hypothyroid patients from responding to oral thyroid
replacement medication. Additionally, decreased absorption and an accelerated transit
rate in hyperthyroidism may be to blame for an apparent inability to respond to a GFD
in CD patients. The use GFD is controversial; some studies found no benefit, while
others found that utilizing a GFD can normalize thyroid function and decrease
thyroxine dosage with recovery from autoimmune thyroid disease that is either
subclinical or clinical [10].

Gluten sensitivity can be demonstrated with several neurological dysfunctions
including neuropathy, encephalopathy, and ataxia with or without associated CD.
Gluten sensitivity also correlate with central nervous system hyperexcitability which is
often associated with refractory CD [11].

The purpose of this study was to determine whether a GFD has a significant effect on
the levels of autoantibodies resulting from an immune disorder in some parts of
endocrine system (anti-pituitary IgG, TPO- IgG and anti-islet IgG) and nervous system
(anti-ganglioside IgG) that may be associated with CD. Furthermore, the present study
investigated the correlation of these autoantibodies with tTG- IgG having pre and post
GFD treatment.

MATERIALS AND METHODS
Study participants

This longitudinal clinical intervention study was performed where enrolled patients
were diagnosed clinically in Raparin Children’s hospital and Rizgary Teaching hospital
in Erbil city, Iraq. Serologically, CD patients identified according to tTG IgA test with a
weak positive level of tTG IgA were excluded. The study included the withdrawing of
150 blood samples from CD patients, which were divided as 75 blood samples from ND
of CD patients and 75 samples from the same patients after 4 months of GFD treatment.
In addition, 50 blood samples were collected from apparently healthy persons. The
duration of the study was 13 months (from July 2021 to October 2022).

The study proposal was confirmed by the ethics committee of Erbil Technical Health
and Medical College, Erbil Polytechnic University, Iraq, according to the document
number, REC 2/84.

Sample collection and laboratory measurements

Firstly, 5 ml of blood was collected from all participants then sera were separated and
kept at - 20 °C until used. Serum levels of anti-tTG IgA, anti-pituitary IgG, anti-TPO IgG,
anti-islet IgG and anti-ganglioside IgG antibodies were measured by ELISA technique
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using commercially available kits (MyBiosource- California, USA) where standard and
sera were added to microtitration plate to detect each antibody in a separate well. A
plate was read at 450nm using a plate reader (BIO-TEK - USA) after several steps of
incubation and washing, these procedures were repeated to determine the
concentration of each antibody under study.

Statistical analysis

All obtained data were analyzed using GraphPad Prism program version 8. Normality
test, Mann-Whitney test, Wilcoxon test in addition to spearman’s correlation test were
performed to determine the significance alterations. The results were recorded as mean
+ standard deviation (SD) and significant differences were reported when the P value
was less than 0.05.

RESULTS
Serum levels of different autoantibodies in CD patients

Results elucidated in Table 1 revealed that the serum level of anti-tTG IgA (116.6 + 54.26
IU/ml), anti-pituitary IgG (116.0+93.62 IU/ml), anti-TPO IgG (32.90+34.11 IU/ml), anti-
islet IgG (50.54+48.07 IU/ml) and anti-ganglioside IgG (10.72+11.27 IU/ml) were
significantly higher (P < 0.05) in ND group of CD patients than control (3.170 + 1.637,
19.11+16.49, 10.38+6.597, 3.546 + 2.300 and 4.942 + 3.045 IU/ml), respectively.

Table 1. Comparison of autoantibodies between ND group of CD patients and control.

Autoantibodies ND (n=75) Control (n=50) p value
Mean (IU/ml)+SD  Range Mean (IU/ml)+SD  Range

Anti-tTG IgA 116.6+54.26 51.00-310.3  3.170 + 1.637 0.500-6.400  <0.0001

Anti-pituitary IgG 116.0+93.62 2.670-277.5 19.11+16.49 2.400-66.50 <0.0001

Anti-TPO IgG 32.90+34.11 10.20-144.5  10.38+6.597 2.500- 29.40  <0.0001

Anti-islet IgG 50.54+48.07 2.030-177.6  3.546 +2.300 0.850-8.540  <0.0001

Anti-ganglioside IgG 10.72+11.27 3.050-73.40  4.942 +3.045 1.030-13.40  <0.0001

ND: Newly diagnosed CD patients.

Effect of GFD treatment on autoantibodies in CD patients

Serum anti-tTG IgA (67.03+28.781U/ml), anti-pituitary IgG (85.75+71.93 IU/ml), anti-
TPO IgG (21.86+23.80 IU/ml), anti-islet IgG (40.76+39.96 IU/ml) and anti-ganglioside
IgG (8.370+£8.346 1U/ml) levels were significantly higher (P < 0.05) in the CD patients
under GFD group as compared with control (3.170 + 1.637, 19.11+16.49, 10.38+6.597,
3.546 +2.300 and 4.942 + 3.045 IU/ml, respectively) (Table 2).

Table 2. Comparison autoantibodies between GFD group of CD patients and control.

Autoantibodies GEFD (n=75) Control (n=50) p value
Mean (IU/ml)xSD  Range Mean (IU/ml)+SD  Range

Anti-tTG IgA 67.03+28.78 18.40-153.0  3.170 + 1.637 0.500-6.400  <0.0001

Anti-pituitary IgG 85.75+71.93 2.500-207.4  19.11+16.4 2.400-66.50  <0.0001

Anti-TPO IgG 21.86+23.80 6.120-99.00  10.38+6.597 2.500- 29.40  <0.0001

Anti-islet IgG 40.76+39.96 2.700-150.3  3.546 +2.300 0.850-8.540  <0.0001

Anti-ganglioside IgG 8.370+8.346 2.200-60.40  4.942 + 3.045 1.030-13.40  <0.0001

GFD: Gluten free diet
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A comparison between CD patients, pre and post treatment for 4 months with GFD,
was conducted with respect to the concentrations of autoantibodies (anti-tTG IgA, anti-
Pituitary IgG, anti-TPO IgG, anti-Islet IgG and anti-ganglioside IgG). The result
exhibited that the mean levels of all tested autoantibodies in CD patients were
significantly (p < 0.0001) decreased after 4 months of GFD regime compared with ND
CD patients before starting the regime (116.6+54.26 vs 67.03+28.78; 116.0+93.62 vs
85.75+71.93; 32.90+34.11 vs 21.86+23.80; 50.54+48.07 vs 40.76+39.96; 10.72+11.27 vs
8.370+8.346 IU/ml, respectively) (Table 3).

Table 3. Comparison of autoantibodies according to pre and post GFD regime.

Autoantibodies ND (n=75) GEFD (n=75) p value
Mean (IU/ml)+SD  Range Mean (IU/ml)*SD  Range

Anti-tTG IgA 116.6+54.26 51.00-310.3  67.03+28.78 18.40-153.0  <0.0001

Anti-pituitary IgG 116.0+93.62 2.670-277.5 85.75+71.93 2.500-207.4  <0.0001

Anti-TPO IgG 32.90+34.11 10.20-144.5  21.86+23.80 6.120-99.00  <0.0001

Anti-islet IgG 50.54+48.07 2.030-177.6  40.76+39.96 2.700-150.3  <0.0001

Anti-ganglioside IgG 10.72+11.27 3.050-73.40  8.370+8.346 2.200-60.40  <0.0001

Correlations between serum anti-tTG IgA level and other autoantibodies in patients

To assess the correlations between anti-tTG IgA and other autoimmune antibodies
(anti-Pituitary IgG, anti-TPO IgG, anti-Islet IgG, and anti-ganglioside IgG), Spearman's
correlation coefficient (rs) was estimated in ND and GFD patients with CD. In ND
group, anti-tTG level showed a significant positive correlation with anti-ganglioside
(r=0.2379, p = 0.0399), however no significant correlation was observed with anti-
pituitary IgG, anti-TPO IgG, and anti-islet IgG. Meanwhile, in GFD, anti-tTG IgA
confirmed the significant positive correlation with anti-ganglioside (rs=0. 2310, p =
0.0461) as well as with anti-pituitary (1rs=0. 2796, p = 0.0151). Both anti-TPO and anti-islet
showed no correlation with anti-tTG IgA level in GFD group (Table 4).

Furthermore, a correlation matrix was created to determine the relationships between
all assessed autoantibodies in the ND and GFD groups. Weak correlations were
recorded between anti-ganglioside IgG and anti-islet IgG (rs== 0.244, p= 0.034), anti-islet
IgG and anti-TPO IgG (rs= 0.252, p= 0.028), whereas anti-pituitary IgG was moderately
correlated with anti-islet (rs== 0.586, p=0.000) and anti TPO (rs== 0.426, p=0.000) in ND of
CD patients (Figure 1).

Table 4. Correlation of anti-tTG IgA and other autoantibodies of ND with GFD patients.

Autoantibodies ND GFD

P r P r
Anti-pituitary 0.492 0.080 0.002* 0.340
Anti-TPO 0.416 0.095 0.203 0.149
Anti-islet 0.068 -0.211 0.547 -0.071
Anti-ganglioside 0.039* 0.238 0.046* 0.231

p:p value ; r: Person’s correlation value ; * Refers to significant correlation.

After 4 months of GFD, correlation status was as follows: anti-pituitary IgG was still in
moderate correlation with anti-islet IgG (rs== 0.501, p=0.000) and anti TPO IgG (rs= 0.426,
p=0.000) while anti-islet IgG maintained weak correlation with anti TPO IgG (rs= 0.252,
p=0.028) (Figure 2).
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Figure 1. Multiple correlation (r value) of association between different auto-immune antibodies among ND

(Newly Diagnosed) group.
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Figure 2. Multiple correlation (r value) of association between different auto-immune antibodies among GFD
(Gluten Free Diet) group.
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DISCUSSION

It has been demonstrated that a GFD may reduce the signs and symptoms of several
autoimmune non-endocrine diseases as well as some underlying endocrine disorders
[12]. The present work investigated the influence of gluten on the level of the number of
autoantibodies associated with CD-related autoimmune illnesses, including anti-
pituitary IgG, anti-TPO-IgG, anti-islet IgG, and anti-ganglioside IgG, and analyzed the
correlation between anti-tTG-IgA and the mentioned autoantibodies.

Since consumption of gluten can cause autoimmune disorders, Lerner et al.
hypothesized that protein-glutamine--glutamyl-transferases may play a role in the
emergence of autoimmune diseases [13]. By enzymatically altering peptides in the gut
lumen, endogenous protein-glutamine-glutamyl-transferases released by the gut
microbiota have the potential to trigger systemic autoimmunity. These actions resulted
in the cross-linking of naive proteins, which may produce immunogenic neo-epitopes
and be the cause of pathogenic autoimmune diseases [14]. Therefore, persistent
consumption of dietary gluten in people who are prone to autoimmunity may set off a
chain of harmful events that either causes autoimmune illnesses or favors their
progression, whereas gluten abstinence may help to halt this chain of events [15].

Different immunological tests including tTG-IgA should be utilized for follow-up care,
according to new guidelines on the diagnosis and treatment of CD issued by the North
American Society for Pediatric Gastroenterology, Hepatology, and Nutrition [16].
Additionally, it correlates with the severity of intestinal harm and villous abnormalities
[17]. The detection of positive serology early-onset CD can be facilitated by In-situ
analysis of tTG-IgA immune deposits [18]. Due to the fact that most CD patients have
symptomatic improvement with treatment, where follow-up is crucial. The results are
consistent with earlier research which demonstrated a clear increase in antibody
concentration in individuals with managed CD after a gluten challenge [19]. Similar to
that, this study observed the levels of antibody drop sharply in the first few months
after beginning GFD supports the findings of earlier investigations [20]. Our results
came in parallel with a previous study [21] which proved tTG-IgA undergoes remission
after months from starting a GFD. The correlation between tTG-IgA and other
biomarkers in CD showed significant association before and after adherence to GFD.
GFD markedly reduced the level of tTG-IgA [12]. Another study showed that after 1
and 2 years on GFD, a significant number of CD patients were normalized their level of
tTG-IgA [22].

According to Shamriz et al. [15], a GFD may have several beneficial impacts on
autoimmune illnesses other than CD, including the regulation of the microbiome,
reduction of oxidative stress, and changes in epigenetic variables. It was observed that
GFD may result in a considerable decrease in anti-pituitary antibody titers and a
restoration of anterior pituitary function in individuals with lymphocytic hypophysitis
in the preclinical stage and CD, or it may stop the condition from progressing from
subclinical to clinically overt [23]. Numerous research has examined how GFD affects
thyroid disease in individuals who also have CD. GFD could reverse thyroid problems
in certain individuals, according to an Italian multicenter study that examined the
thyroid function of 128 ND of CD patients before and one year after the introduction of
a GFD [24]. In a recent study by Velija et al [25], participants were had been divided
into two groups: those who consumed selenium along with a GFD and those who used
selenium supplements alone, without any other dietary changes. At the conclusion of
the research, more GFD participants —37/50 (74%), compared to 28/48 (58.3%) of the
control group—had reached euthyroid status, suggesting that a prolonged GFD could
induce progressive disappearance of anti-pituitary antibody with recovery of normal
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pituitary function when previously impaired. The GFD group experienced a greater
drop in serum anti-TPO (by 49%) than the control group (34%). Both groups
experienced a decline in thyroid-stimulating hormone (TSH) and anti-tTG levels,
although gluten exclusion increased anti-TPO levels, antibodies are specific diagnostic
marker for Hashimoto thyroiditis [26]. According to Krysiak and his collagenase's
findings, women with autoimmune thyroid illness may benefit clinically from the GFD
[27]. These results come in parallel with present study which indicated the decreasing
of anti-pituitary IgG and anti-TPO IgG at significant level only during 4 months of
treatment. This is plausible given the ability of GFD to restore pituitary cells by
preventing the gluten immunogenic activity, inhibiting vascular hyperpermeability,
and blocking cytokines—all factors that initiate and sustain the autoimmune
inflammatory pituitary process with the potential for remission [23].

Islet autoantibody testing is primarily used to distinguish T1IDM from diabetes caused
by other non-autoimmune issues [28]. Autoimmune diseases are very common in
people with CD. Additionally, it has been discovered that the prevalence of organ-
specific autoantibodies like islet-specific autoimmunity is higher than expected in CD
patients who are untreated [29]. Depending on reference values, all ND patients were
detected positive for islet antibodies and diagnosed with T1IDM [30]. Most studies
revealed that the prevalence of islet-specific autoimmune antibodies increased in CD,
besides these specific antibodies appear to be dependent on gluten and frequently
vanished after a GFD [31]. Various research showed that GFD highly affect the anti-islet
antibodies level especially in CD patients diagnosed with T1IDM [32]. At the time of
diagnosis, around 6% of people with CD have at least one of the primary pancreatic
islet autoantibodies that define TIDM [33]. The question of whether GFD could lessen
the islet-specific autoimmunity identified in patients upon CD diagnosis is one that has
received little research. In 71% of CD patients, GFD (median duration 39 months) was
linked to a decline or absence of the islet-specific autoantibodies. At CD diagnosis, only
one of the islet-specific autoimmune markers was positive in over 80% of the patients
who went on to become autoantibody-negative during the GFD, and none of them
went on to acquire diabetes [34]. The findings of this study revealed that in all of
examined patients, islet-specific autoantibodies appeared to be gluten-dependent and
tended to diminish after a GFD. Moreover, Hansen et al. [35] cited a GFD has a
preventive effect on T1IDM via modifying the systemic immune system and lowers
autoimmune inflammation in salivary glands and the pancreas in NOD mice. When
both illnesses are present in the same patient, T1D typically begins before CD and only
about 5% of people with T1D will also have CD [36]. Human lymphocyte antigen (HLA)
genotypes (DR-DQ) that are shared by both of these illnesses have historically been
thought to explain their co-occurrence. However, data indicates that non-genetic or
environmental factors may have a significant impact on the connection between these
illnesses [37].

Anti-ganglioside was distinguished as antibodies reacted with cerebellar cells.
Autoimmune neuropathies which contain antiganglioside antibodies that respond to
self-gangliosides [38]. Many studies denoted the association of CD and anti-ganglioside
antibodies, however in most cases the secretion of anti-ganglioside is highly correlated
with neurological dysfunction in CD patients [39, 40]. In CD patients, gluten-sensitive
enteropathy has been connected to sleep and neurological issues. However, much
research described the presence of these antibodies in patients with CD, especially
those with neuropathy disorders [41]. Anti-ganglioside antibodies and neurological
symptoms were observed to disappear in roughly half of patients after GFD [42]. In 64%
of patients with CD and neurological symptoms, anti-ganglioside antibodies were
detected, and 50% of these individuals had blood levels that were undetectable after a
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year of following GFD [43]. The same result was appeared in our study, anti-
ganglioside IgG declined after abstracting gluten eating for 4 months. Anti-ganglioside
IgG are especially important in systemic immune responses that start in the gut mucosa.
Hadjivassiliou et al referred to there are clinical indications of the autoimmune reaction
against the neural anti-transglutaminases may primarily impact the brain or the
peripheral nervous system, with minimal stomach involvement [44]. Experimental data
points to the possibility of antibody cross-reactivity between gluten peptides and
antigenic epitopes on Purkinje cells [45]. Moreover, cross-reactivity with Purkinje cell
epitopes is seen in serum from CD patients without neurological symptoms [44].

The elevated level of tTG-IgA in CD patients was confirmed with the elevation of anti-
ganglioside level in positive correlation. For this reason, adherence to GFD for more
than 1 year markedly decreased the level of tTG-IgA which in consequence dropped
the level of anti-ganglioside. On another hand, many reports proved that the
concentration of antiganglioside antibodies was not dependent on adherence to GFD
[46]. While a study suggested that the processes for producing these antibodies don't
depend on consuming gluten [47]. Even without intestinal abnormalities, circulating.
anti-ganglioside and tTG may be found in patients with neurological symptoms [48]
due to the expression of transglutaminase 6 in the central nervous system by activated
astrocytes, microglia, and neurons and is regarded as an autoantigen and the first sign
of neurological involvement in gluten-related illnesses, particularly in gluten ataxia [49].
Anti-pituitary antibodies were observed to developed in CD patients especially those
with pituitary gland disorders. Many studies revealed the correlation of CD and anti-
pituitary antibodies , in addition, strict adherence to GFD showed a significant drop in
tTG-IgA and anti-pituitary antibodies which enable the CD patients with short stature
to catch-up growth after 1 to 2 years strict GFD [50], these results have been reinforced
by the resulting significant positive correlation between tTG-IgA and anti-pituitary
antibodies levels despite of the short duration treatment with GFD regime.

CONCLUSIONS

In addition to the fact that abstaining from eating food containing gluten, which is the
main treatment of CD. The present study concluded that gluten free meals have a
significant impact on many autoimmune disorders by affecting the disease severity
depending on the reduction in the levels of autoantibodies specific for diagnosis of each
disease. Therefore, it's critical to identify autoantibodies that have developed against
the neurological system's and endocrine system's organs both at the start of CD and in
follow up cases.
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