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Abstract

Aim: the study aimed to investigate IncRNA IFNG-AS1 in Hashimoto’s thyroiditis (HT)
and to evaluate its predictive and diagnostic values of Celiac disease (CD) among patients

with HT.

Patients and Methods One hundred voluntary subjects: 50 healthy controls and 50
patients with HT;39 without CD and 11 with CD. Routine labs, including anti-TG, anti-
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TPO, and anti-TTG-IgA, investigated all subjects. IncRNA IFNG-AS1 expression was

analyzed using Quantitative real-time RT-PCR.

Results

Patients with CD had significantly overexpressed IncRNA IFNG-AS1(4.17+0.618)
compared to patients without CD (1.92+0.52) and control group (0.98+0.21), p <0.001*.
It correlated considerably with intestinal and extra-intestinal manifestations and
laboratory tests, including anti-TG, anti-TPO, and TTG IgA. Multivariate regression
confirmed that the only variables independently associated with IncRNA IFNG-AS1 in
the prediction of CD among studied parameters were anti-TG, anti-TPO, and TTG IgA.
We found high sensitivity and specificity of 96% and 94% among HT, respectively.
Concerning CD, the predictive power of IFENG-AS1 had sensitivity and specificity of
63.3% and 53%, respectively.

Conclusion: IncRNA IFNG-AS1 level was overexpressed in patients with HT, particularly

those with CD, and correlated to clinical and laboratory parameters. Accordingly, it may

be a promising predictive biomarker for HT and CD.

Keywords: anti-TPO; anti-TG; IncRNAs; CD; TTG IgA; HT; IFNG-AS1; RT-PCR; gluten

intolerance; enteropathy
Introduction

Hashimoto thyroiditis (HT) is an autoimmune thyroid disease characterized by
increased thyroid volume, lymphocyte infiltration of parenchyma, and antibodies specific
to thyroid antigens [1]. Although the exact etiology has not been fully explained, HT is
related to an interaction among genetic elements, environmental factors, and epigenetic

influences [2].

Due to immune tolerance loss, HT is a pivotal disease associated with endocrine and
nonendocrine autoimmune disorders [3]. From a clinical point of view, the functional and
morphological alterations related to thyroid-enter-gastric autoimmunity may lead to
potentially serious clinical consequences like anemia [4], micronutrient deficiencies [5],

and drug malabsorption [6] as well as to increased risk for the development of gastric,
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intestinal, and thyroid malignancies [7]. These clinical manifestations frequently present

underhand, leading to diagnostic and treatment delays [8].

Celiac disease is a complex, chronic, immune-mediated disease that affects about
1% of the population and develops in genetically susceptible individuals in response to
ingested gluten proteins [9]. There is no single gold standard test for the diagnosis of CD,
and the diagnosis of CD is based on a combination of clinical manifestations, the presence
of the celiac-specific serological test, and the demonstration of villous abnormality on

intestinal mucosal biopsies [10].

Long non-coding RNAs (IncRNAs) have been documented as a class of non-coding
RNAs >200 nucleotides in size [11]. Numerous studies have reported that IncRNAs serve
critical roles in the pathogenesis of various diseases and regulation of the immune system
[12]. However, the expression profiles and function of IncRNAs in patients with HT are
yet to be elucidated. Thus, the current research aimed to assess InCRNA IFNG-AS1 in HT

and evaluate its predictive and diagnostic CD values among patients with HT.
Subjects and methods

This research conducted 50 patients with HT and 50 sex - and age-matched controls.
The diagnostic criteria for HT were obtained based on clinical findings, positive serum
antibodies to thyroid peroxidase (TPO Ab), and thyroglobulin (Tg Ab). Among 50 patients
with HT,11 patients had CD. CD was diagnosed according to the criteria established by the
European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN)
[13]. The study design is shown in the flowchart Fig 1.
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Exclusion criteria Prior erosive, ulcerative or
Enrollment malignant disease of the gastrointestinal tract,
Inclusion criteria: The diagnostic Previous  gastrointestinal  surgery.  Overt
criteria for HT was obtained # gastrointestinal bleeding within the past 3
based on clinical findings, positive |Assessed for eligibility (n=130) | months. Inability to access the duodenum for

serum TPO Ab and/or Tg Ab. biopsy.

. Excluded (n=30):
Testing * ettt ()

Meeting exclusion criteria (n=22)
,‘, Declined to participate (n=8)

Participants enrolled in testing {(n=100):50 healthy control and 50 patients with HT |

¥

The diagnosis of CD was made according to the diagnostic criteria established by the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN) [13]. Upper gastrointestinal endoscopy was performed in
patients with elevated anti-tTG IgA antibody levels regardless of the presence of typical or atypical symptoms. CD was
diagnosed in patients with Marsh scores > 2 in the histopathological examination of their duodenal biopsy samples.

¥

HT patients were divided into two subgroups
A- 39 patients without CD

B-11 patients with HT.
Quantitative real-time RT-PCR for assessment of IncRNA IFNG-AS1 expression

Fig1. Study flow chart.

Laboratory evaluation was done for the studied participants enrolled from the
Departments of Internal Medicine and Tropical Medicine. Written informed consent was
obtained from all participants, and the research ethical committee of the Faculty of
Medicine, Zagazig University, authorized the study. (Ethics number. 11101), The work has
been conducted by the Code of Ethics of the World Medical Association (Declaration of

Helsinki) for students involving humans.

RNA Isolation and qRT-PCR

According to the manufacturer's instructions, total RNA was isolated from the PBMCs with
TRIzol reagent (Invitrogen, California, USA). The cDNA was synthesized with random
primers and a ReverTra Ace®qPCR RT kit (Toyobo, Osaka, Japan). qRT-PCR was
performed in triplicate using Bio-Rad SYBR Green Super Mix (Bio-Rad, Hercules, USA).
The primer sequences are shown in. B-Actin was used as a reference gene to analyze the

genes of interest in the study quantitatively. The primers were as follows.
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Forward primer Reverse primer

INcRNA GCTGATGATGGTGGTGGCAATCT | TTAGCAGTTGGTGGGCTTCT
IFNG-AS1

B-Actin GAGTGTGGAGACCATCAAGGA TGTATTGCTTTGCGTTGGAC

Statistical analyses

Results were reported as mean = standard deviation for the numerical variables and
as % (n) for categorical variables. The normality of variables was confirmed with the
Kolmogorov-Smirnov test. The Mann-Whitney U test was used for variables that are not
normally distributed. For three or more groups. One-way ANOVA or Kruskal Walles test
was applied according to normality. The p-values of less than 0.05 were accepted as
significant for all tests. All statistical analyses were performed using IBM Corp. Released

in 2019. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp.
Results

We enrolled one hundred participants;50 control and 50 patients with HT were
matched regarding age and sex. Among patients with HT(N=50), there were 11 patients
with CD [54.5 % were male and 45.5% were female; their mean age was 34.75+5.3]. And
39 patients without CD [64.1% were male, and 35.9% were female; their mean age was
34.89+6.2 years, as shown in Tab 1. Interestingly, studied participants had significant
differences regarding the co-existence of autoimmune diseases, mainly T1DM and vitiligo,
p <0.001%*. There were meaningfully higher values of ALT, AST, HbAlc, TSH, Anti-TG,
anti-TPO, and TTG IgA in patients with CD compared to other studied groups. On the other
hand, there were meaningfully lower Hb, FT3, and FT4 values in patients with CD
compared to other studied groups, p <0.001* (Tab 1).
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Tab1. Clinical and laboratory characteristics of studied groups

Control group HT group  HT group with P value

Variable N=50 WIthO_Ut CD, CD, n=11
n=39

Age 34.86+4.8 34.89+6.2 34.7545.3 0.145
Sex: Male/Female 32/19 25/14 6/5 X20.617

i i 0, %
H_|st0ry of other autoimmune i 5(12.8%) 7(63.6%)  X2<0.001
disease
BMI 23.6+1.8 23.8+1.2 23.7£1.3 0.865
ALT 25.86+2.3 22.89+3.5 50.75£5.9%, & <0.001*
AST 14.86+3.1 21.89+5.26# 49.75+9.3%, & <0.001*
Hb 12.4+0.2 10.89+1.6# 8.75+1.8%, & <0.001*
HbAlc 4.7+0.3 5.9+1.1# 6.7 +0.9%, &  <0.001*
FT3 (pg/mL) 1.7+0.9 0.9+0.44# 0.7£0.11%, & <0.001*
FT4 (ng/dL) 1.4+0.6 0.6+0.26# 0.5+0.77%, & <0.001*
TSH (uU/mL) 3.4+1.1 5.8+1.5# 6.7£2.6%, &  <0.001*
Anti TPO(1U/ml) 28.3+8.3 206.5 +11.4# 365.1 £18.2%, & <0.001*
Anti TG(IU/ml) 45.6+22.3 393.4+24.6# 398.4+34.5%  <0.001*
Anti TTG IgA (U/ml) 1.26+0.8 7.89+4.5# 20.15+9.6%, & <0.001*

BMI; body mass index, ALT; alanine transaminase, AST; aspartate aminotransferase, Hb; hemoglobin, HBA1C;
hemoglobin Alc, FT3; free triiodothyronine, FT4; free thyroxine, TSH, thyroid stimulating hormone; Anti-TG; anti-
thyroglobulin antibodies, anti-TPO; anti-thyroid peroxidase antibodies, Anti-TTG IgA; tissue transglutaminase IgA
antibodies, X2; Chi-square test, * = statistically significant * P< 0.05 =when compared with control group by ANOVA test
and post hoc test:# Significant P values (P < 0.05) when comparing the control group with patients without CD
S Significant P values (P < 0.05) when comparing the control group with patients with CD &Statistically significant P
values (P < 0.05) when comparing patients without CD with patients with CD.

It is well established that CD is associated with intestinal and extra-intestinal
manifestations. Based on these findings, we investigated these manifestations to assess
the severity and complications of CD. The differences between HT groups regard

intestinal manifestations, as demonstrated in Fig 2. Among patients with CD (n=11) there

was significantly higher prevalence of anorexia(n=9), heartburn(n==8), dyspepsia(n=9),
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nausea(n=9), abdominal distension(n=9) and abdominal pain(n=6) compared to patients

without CD(n=39) as the prevalence of anorexia(n=2), heartburn(n=3), dyspepsia(n=3),
nausea(n=3 ), abdominal distension(n=4) and abdominal pain(n=3), p <0.001*,(Fig 2).

Intestinal manifestation of CD
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o o | o o |
Anorexia Heartburmn Dyspepsia Nausea Abdominal  Abdominal pain
distension

[ HT seronegative B HT sero-positive

Fig2. Distribution of Intestinal manifestations in patients with HT

Regards the extra -intestinal manifestations, patients with CD(n=11) there was
significantly higher prevalence of weight loss(n=5), anemia(n=8), bleeding
tendency(n=4),bone aches(n=7), dental enamel hypoplasia(n=5), and oral ulcers(n=6)
compared to patients without CD(n=39) as the frequency of weight loss(n=2),
anemia(n=2),bleeding tendency(n=1),bone aches(n=6), dental enamel hypoplasia(n=2),

and oral ulcers(n=1) , p <0.001*,(Fig 3).
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Fig3. Distribution of Extra Intestinal manifestations in patients with HT

The most important findings of the current research were the results of RT-PCR,
which assesses the level of IncRNA IFNG-AST1relative expression; there were significantly
higher values in patients with CD (4.17+0.618) compared to patients without CD
(1.92+0.52) and control group (0.98+0.21), p <0.001%*, (Fig4).
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Fig4. Comparison of IncRNA IFNG-AS1 relative expression level in studied groups

This study analyzed the correlation between IncRNA IFNG-AST1relative expression

and intestinal and extra-intestinal manifestations in both case groups. Among HT, patients

with CD had significantly positive associations with anorexia, heartburn, dyspepsia,

nausea, abdominal distension, abdominal pain, diarrhea, weight loss, anemia, bone aches,

dental enamel hypoplasia, and oral ulcers, P<0.001*. Concerning laboratory parameters,

patients with CD had significantly positive associations with ALT, AST, HbAlc, TSH, anti-

TG, anti-TPO, and anti-TTG IgA. On the other hand, there was a significantly negative
correlation with Hb, FT3, and FT4, p <0.001* (Tab2).

Tab2. correlations between IncRNA IFNG-AS1 relative expression level and clinical and laboratory characteristics of HT

groups.
Characteristics HT group without CD, HT group with CD,
n=11
r p r p
Anorexia 0.384 <0.001* 0.483 <0.001*
Heartburn 0.377 <0.001* 0.449 <0.001*
Dyspepsia 0.363 <0.001* 0.487 <0.001*
Nausea 0.569 <0.001* 0.456 <0.001*
Abdominal distension 0.164 0.103 0.538 <0.001*
Abdominal pain 0.500. <0.001* 0.454 <0.001*
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Diarrhea 0.031 0.670 0.523 <0.001*
Constipation 0.568 <0.001* 0.123 0.224

Weight loss 0.652 <0.001* 0.547 <0.001*
Anemia 0.069 0.497 0.456 <0.001*
Bleeding tendency 0.108 0.285 0.127 0.207

Bone aches 0.500. <0.001* 0.654 <0.001*
Dental enamel hypoplasia 0.030 0.765 0.523 <0.001*
Oral ulcers 0.011 0.911 0.453 <0.001*
BMI 0.067 0.506 0.026 0.801

ALT 0.670 <0.001* 0.715 <0.001*
AST 0.665 <0.001* 0.718 <0.001*
Hb -0.094 0.352 -0.617 <0.001*
HbAlc 0.585 <0.001* 0.506 <0.001*
FTs (pg/mL) -0.769 <0.001* -0.699 <0.001*
FT4 (ng/dL) -0.682 <0.001* -0.583 <0.001*
TSH (pU/mL) 0.491 <0.001* 0.468 <0.001*
Anti-Tg (IU/mL) 0.474 <0.001* 0.532 <0.001*
Anti-TPO (IU/mL) 0.603 <0.001* 0.734 <0.001*
Anti TTG IgA (U/ml) 0.943 <0.001* 0.837 <0.001*

p<0.05

Regarding patients without CD, there were significantly positive correlations with
anorexia, heartburn, dyspepsia, nausea, abdominal pain, constipation, weight loss, anemia,
and bone aches, P <0.001*. About laboratory parameters, patients without CD had
significantly positive associations with ALT, AST, HbAlc, TSH, anti-TG, anti-TPO, and
TTG IgA. Conversely, there was a profoundly negative correlation with FT3 and FT4, p

<0.001* (Tab 2).

As shown in Table 3, the Multivariate Regression test detected that the only
variables independently associated with IncRNA IFNG-ASI1 relative expression in the

prediction of CD among studied parameters were anti-TG, anti-TPO, and TTG IgA.

Tab3. A multivariate regression test was used to evaluate the independent variable associated with IncRNA IFNG-AS1

relative expression in the prediction of CD.

Unstandardized  Standardized

Coefficients Coefficients
Std.
Model B Error Beta t
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(Constant) 0.484  0.346 1400 0.165 -0.202 1.171
Anti TTG IgA 0.041  0.020 0.239 2.101  <0.05* 0.002 0.081
TSH -0.062  0.062 -0.087 -1.013 0.314 -0.185 0.060
Anti-Tg -0.003 0.001 -0.472 -4.014  <0.001* -0.004 -0.001
Anti-TPO 0.012  0.001 1.309 7.836  <0.001* 0.009 00.014
FT4 0.311  0.187 0.119 1.659 0.101 -0.061 .683

As shown in figure 5a and 5b, respectively. It is necessary to identify new
biomarkers for HT patients. Hence, we explored the potential diagnostic value of IFNG-
AS1 in HT. Our findings detected that the AUC was up to 0.974 with C.1(0.937-1.000), and
the sensitivity and specificity were 96% and 94%, respectively, at a cutoff of 1.67.
Although, the predictive power of IFNG-AS1 for CD. Our results perceived that the AUC
was up to 0.683 with C.1(0.537-0.828), and the sensitivity and specificity were 63.3% and
53%, respectively, at a cutoff of 1.77.
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Fig5a. The accuracy of IncRNA IFNG-AS1 expression for distinguishing patients with HT from the control group.
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Fig6b. The accuracy of IncRNA IFNG-AS1 expression for recognizing patients with CD from others without CD among HT
patients.

Discussion

It has been observed that the distribution of CD is increasing worldwide, especially
in our region, as the prevalence of CD in Egypt is about 0.53%. Although the prevalence
of CD is increasing, the diagnosis rate is low. In some nations, this could contribute to a
need for disease recognition and restricted investigative capabilities. Therefore, early CD

diagnosis is crucial, as it might prevent complications [14].

A wealth of research highlights the interaction between genetic susceptibility and
environmental triggers in the pathogenesis of HT and CD [15]. This is unsurprising given
the well-recognized connection between CD and HT [16]. According to the existing
research, the shared genetic background is the key factor influencing the association's high
incidence. IncRNAs show a significant function in the regulation of immunity. Therefore,
we conducted this case-control study to investigate the IncRNA IFNG-AS1 level in HT and
evaluate its predictive and diagnostic CD values among patients with HT. Among one

hundred age and sex-matched participants, 50 were subjected as control and 50 patients
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with HT (39 patients without CD and 11 patients with CD). Notably, patients with CD had

a higher thyroid autoantibody titer than HT patients without CD.

This is in keeping with the evidence that the prevalence of CD in patients with
autoimmune disease is four times the prevalence of CD in general populations [17]. Similar
results were observed in the Turkish study, which examined the distribution of CD among
patients with thyroiditis, and they found that about 3 % of patients with thyroiditis had CD
[18]. In contrast, a study conducted by Elfstrom et al. observed a lower prevalence of CD
in patients with thyroiditis [19]. This discrepancy could be due to differences in the
diagnostic test as they used an antigliadin antibodies test, and this test sensitivity is low, as

confirmed by another study [20].

This work investigates HT and CD's potential clinical and laboratory
characteristics. It is confirmed that CD is associated with intestinal and extra-intestinal
manifestations. In keeping with the evidence, we examined these manifestations to assess
the severity and complications of CD. We detected a high prevalence of intestinal
manifestations of anorexia, heartburn, dyspepsia, nausea, and abdominal distension, and
concerning the extra-intestinal manifestations, patients with CD had a higher prevalence of
weight loss, anemia, bleeding tendency, bone aches, dental enamel hypoplasia, and oral

ulcers.

It has been shown that IncRNAs perform essential functions in various diseases,
particularly autoimmune diseases [ 21]. The most important findings of the current research
were that patients with CD had significantly higher values of IncRNA relative expression
and considerably higher values in patients with CD compared to other groups. This notion
is supported by Peng et al., who detected meaningfully higher levels of IncRNA IFNG-
AS1 in HT patients [22].

Additionally, in the CD group, IncRNA IFNG-AS1 levels were positively
associated with anorexia, heartburn, dyspepsia, nausea, abdominal distension, abdominal

pain, diarrhea, weight loss, anemia, bone aches, dental enamel hypoplasia, and oral ulcers.

Rashad NM et al.2024 123



African Journal
of Gostroenterciogy &

African journal of gastroenterology and hepatology

Furthermore, IncRNA IFNG-ASI1 levels were positively associated with ALT, AST,
HbAlc, TSH, anti-TG, anti-TPO, and TTG IgA. On the contrary, it was negatively

correlated with FT3 and FT4. Interestingly, our results confirmed that the only variables
independently associated with IncRNA IFNG-ASI relative expression in the prediction of
CD among studied parameters were anti-TG, anti-TPO, and TTG IgA. Some intriguing
similarities have been found with Peng et al., who observed positive relationships between

IncRNA IFNG-AS1 and thyroid autoantibodies [22].

For further assessment of the diagnostic value of IFNG-AS1 in HT, we found high
sensitivity and specificity of 96% and 94%, respectively. Concerning CD, the predictive
power of IFNG-AS1 had sensitivity and specificity of 63.3% and 53%, respectively. These
data suggested that IFNG-AS1 expression could significantly predict HT and CD.

The conduction of these studies would cover the future usage of these techniques
in clinical settings. Integrative assessment of omics data, including IncRNA signature,
could facilitate the identification of new pathways and biomarkers and empathy of targets

for prediction and treatment of HT and CD.
The strengths and limitations of the study

The current study has unique strengths. It is the first Egyptian study ever published
aiming to investigate whether IFNG-AS1 expression levels could be used as a diagnostic

marker of CD in HT patients. The diagnosis of CD is based on serology and endoscopy.

The limitations of our study are the small sample size of the research and patients with CD.
Still, as mentioned before, we depend on both serology and endoscopy to diagnose CD.
Also, in the current study, we included only Egyptian patients, and therefore, it remains

unclear whether our findings apply to other ethnic groups.
Conclusions

Our results demonstrated that IFNG-ASI1 1is significantly enhanced in patients with HT,

specifically patients with CD. The significant correlation between overexpressed IFNG-
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AS1 and clinical and laboratory parameters indicates that it could be used as a noninvasive

predictive prognostic marker of HT and CD. The prevalence of celiac disease is increasing
worldwide, and many patients with celiac disease remain undiagnosed and have many
complications. Highlighting the need for Further studies with a larger sample size is very

important.
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