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Association of Serum TNF-o and HSP-70 with Serologic
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Celiac disease is a gluten-triggered chronic autoimmune disorder occurring in
genetically susceptible individuals. Several inflammatory cytokines, including tumor necrosis
factor (TNF-0), showed elevated levels, contributing to CD pathogenesis and its aggravation.
Heat shock protein -70 (HSP-70) is stress-induced chaperones that protect cells against injurious
extracellular factors and have emerged as drug targets for autoimmune syndromes. We aimed
to examine the role of TNF-o. and HSPs in the pathophysiology of CD. Thirty-five children
with celiac disease (22 females and 13 males) and 40 healthy controls matching age and sex
were included in this case-control study. Using commercially available kits, serum anti-tissue
transglutaminase antibodies, TNF-o, and HSP-70 were measured by ELISA, and HPLC measured
total IgA. The mean patients’ age at diagnosis was (5 + 3.11) years. They mainly presented with
gastrointestinal symptoms. The mean serum levels of TNF-a (157.36+18.87 pg/ml) and Heat
shock protein—70 (113.34+18.77 ng/ml) were significantly increased (p= 0.001) in children
with celiac disease compared to healthy controls (101.11+15.39, 62.79% 21.31) respectively.
A significant positive correlation between TNF-o, HSP-70, and anti-tissue transglutaminase
antibodies was delineated in children with celiac disease. Skin manifestations were present
in 34.3% of CD patients. Despite the relatively small sample size, this study elucidates the
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association of elevated TNF-alpha and HSP-70 with celiac disease in children. Additionally,
the present results elucidated the association between CD and skin manifestations.

Keywords: Anti-tissue transglutaminase antibodies, Celiac disease, Immunoglobulin A,
Heat shock protein- 70, Tumor necrosis factor-a

Celiac disease is a chronic autoimmune-
mediated enteropathy lifelong multi-system
disease initiated by the consumption of gluten in
genetically susceptible persons. It is estimated
that one percent of people worldwide has celiac
disease. ! It is characterized by variable clinical
manifestations, mucosal inflammation, villous
atrophy and crypt hyperplasia, and infiltration of
the lamina propria by immune cells. **3

Gastrointestinal and extra-intestinal
manifestations represent celiac disease. The main
gastrointestinal symptoms are chronic diarrhea,
which occurs in nearly 50% of patients, frequent
abdominal pain, abdominal distension, nausea, and
vomiting. ¢ All of them result in the malabsorption
of vital nutrients, such as iron, vitamin B12,
folate, fat-soluble vitamins, and micronutrients.>
The extra-intestinal manifestations include
osteoporosis, osteopenia, short stature, failure
to thrive, delayed puberty, chronic anemia,
amenorrhea, increased liver enzymes, dental
enamel defect, arthritis, and arthralgia.’

The most common dermatological
manifestation is dermatitis herpetiformis (DH) as
both CD and DH have the same genetic prone with
HLA-DQ8 and HLA-DQ?2 alleles. Grouped itchy
papules and vesicles with crusting or excoriations
on an erythematous base are the hallmark of DH.
The elbows, knees, buttocks, and lower back are
examples of extensor surfaces where they are
initially symmetrically represented.®

The current gold standard for verifying
DH diagnosis is tissue pathology from skin biopsy
and direct immunofluorescence (DIF) microscopy.
Granular Immunoglobulin A deposits within the
dermal papillae are a hallmark of DIF. Lesional skin
biopsies frequently yield false-negative results,
hence it is essential for DIF that the sample be
taken from normal-looking skin close to a lesion. ®

Urticaria, linear IgA bullous dermatosis,
hereditary angioneurotic edema, cutaneous
vasculitis, erythema nodosum, vitiligo disease,
Bechet’s disease, oral lichen planus, and
dermatomyositis are less frequent dermatological
signs of CD with various connections. Additionally,
it is believed that CD is linked to certain
dermatological conditions. These include aphthous
stomatitis, psoriasis, eczema, and alopecia areata.
9

The diagnosis of celiac disease in children
is based on clinical and serological assessment of
anti-tissue transglutaminase antibodies test and
total IgA test combination. ' Recent Guidelines
for the diagnosis of Celiac disease in Adolescents
& Pediatrics by European Society for Pediatric
Gastroenterology, Hepatology and Nutrition
(ESPGHAN) reveal for the primary diagnosis,
The most reliable and economical method is the
combination of total IgA and IgA class antibodies
against transglutaminase 2 (TGA-IgA). Initially,
neither DGP-IgG nor EMA-IgA are required.
Additionally, children with high TGA-IgA values
eH10 times the upper limit of normal have been
shown to be safe with the no-biopsy strategy for
CD diagnosis using precise, suitable testing.

Celiac disease involves adaptive and
innate immune responses, leading to increased
levels of inflammatory cytokines like TNF-a,
which contribute to the disease’s pathogenesis and
progression. '

Heat shock proteins (HSPs) have formerly
appeared as drugs targeting other autoimmune
diseases. They are highly preserved stress-induced
chaperones protecting cells against destructive
extracellular factors. HSPs are expressed in
gastrointestinal tract tissues, considerably
increasing their levels under stressful situations.
HSPs have an immuno-modulatory effect and
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play a vital role in the function and preservation
of epithelial cells. They are in charge of proper
protein folding, have an impact on post-destruction
cell repair mechanisms, and modify cell signaling,
apoptosis, and proliferation. *

The HSP-70 family is the most
predominant and is of particular interest concerning
the major histocompatibility complex (MHC)’s role
in a person’s vulnerability to disease.

Previous studies reported that the
expression of HSP-70 mRNAs, IL-10, TNF-o and
was significantly raised in the celiac groups when
compared with controls irrespective of the diet. 2
The present study investigated the involvement of
TNF-a and HSP-70 in CD pathophysiology which
might represent an advantageous therapeutic target
for the treatment of CD due to the anti-apoptotic,
immunomodulatory and cytoprotective impacts on
the intestinal mucosal barrier. To the best of our
knowledge this is the first study addressing this
point.

MATERIALS AND METHODS

The study participants and settings: This
study included 35 children with newly diagnosed
celiac disease (according to recent guidelines)
and 40 healthy controls matching age and sex.
They were recruited from the Clinical Genetics
Clinic, National Research Centre, Egypt, during
the period from June 2024 to March 2025.
Patients were included based on characteristic
clinical and biochemical disease manifestations.
A thorough medical history was documented.
A three-generation pedigree was analyzed, and
demographic information, a history of current
sickness, and the course of the disease were
evaluated, along with a dermatological examination
and thorough clinical assessment. After obtaining
informed written consent in accordance with the
1975 Helsinki Declaration, as amended in 1983,
and the Institutional Review Board, National
Research Center approval number (No. 19267),
samples were collected. The parents or legal
guardians of any participant under the age of
sixteen gave their informed consent to participate.
Calculation of sample size

Using PASS 11th release, set the power
= 0.80 and o = 0.05, '* a minimal sample size of 8
cases in each group was needed to get statistical
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significance between assumed tumor Necrosis
Factor-alpha (TNF-a) levels (pg/mL) in celiac
disease group (43.985+21.782) than in the control
group (15.510 + 12.294)."+15 We included 35 cases
in patients’ group and 40 children in the control
group for further analysis.

Inclusion criteria comprised elevated
antibody levels, specifically tissue transglutaminase
IgA (tTG-IgA) and total serum IgA, which
are typically assessed together to exclude IgA
deficiency. For symptomatic pediatric patients, a
biopsy-free diagnosis is considered reliable when
tTG-IgA levels are at least 10 times the upper
limit of normal and endomysial antibodies (EMA)
are positive. Patients with other concomitant
autoimmune disorders were excluded. The control
group is healthy children matching age and gender.

Laboratory investigations: 5Sml of blood
were collected, allow whole blood to coagulate at
room temperature (2 h). Centrifuge at 1000 x g for
20 min and collect the supernatant and used for:
1. Assessment of Anti-tissue transglutaminase
antibodies: The ELISA kit (SUN- LONG Biotech
Co., Ltd.), catalog number SL0269 HU-1, was used
to measure Anti-tissue transglutaminase antibodies
in accordance with the manufacturer’s instructions.
Precision: Intra-Assay: CV<10%, Inter-Assay:
CV<12 %. Range: 31.2 pg/ml — 2000 ng/ml.

2. Assessment of total IgA serum levels:
Conventional serologic techniques separated
IgA using high-pressure liquid chromatography
(HPLC) to detect specific antibodies. Following
filtration, 250 microliter serum samples were
fractionated on an HPLC protein column for use in
the rubella hemagglutination inhibition procedure
following pre-absorption with kaolin. We checked
the protein fractions for cross-contamination and
IgA content. After kaolin absorption, the relative
recovery was good: IgA greater than 90%.

3. Assessment of tumor necrosis factor- o. (TNF- o):
The ELISA kit (SUN- LONG Biotech Co., Ltd.),
catalog number SL1761 HU-1, was used to measure
TNF-a in accordance with the manufacturer’s
instructions. Precision: Intra-Assay: CV<10%,
Inter-Assay: CV<I2 %. Range: 5 pg/ml — 300
ng/ml.

4. Assessment of heat shock protein- 70 (HSP- 70):
Heat Shock Protein-70 was estimated using ELISA
kit, and the serum concentrations of HSP-70 were
measured twice according to SUN- LONG Biotech
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Co., Ltd., catalog number SL0831 HU. Allow
whole blood to coagulate at room temperature (2
h). Centrifuge at 1000 % g for 20 min and collect
the supernatant. Precision: Intra-Assay: CV<10%,
Inter-Assay: CV<8%. Range: 0.8 ng/ml — 40 ng/
ml.
Statistical Analysis

The data was analyzed using SPSS 20.0
(SPSS, Chicago, IL, USA), and the findings are
displayed as mean =+ standard deviation (SD). The
results were deemed significant at P < 0.05. The
Pearson correlation test was used for parametric
data and the Spearman test for non-parametric
data to determine the association between the
inflammatory indicators. The student’s t-test was
used to compare two groups. A two-sided p-value
of less than 0.05 was considered statistically
significant.
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RESULTS

Thirty-five children with celiac disease
(22 females and 13 males) were included in the
study. The mean age at diagnosis was (5 + 3.11)
y. They mainly presented with gastrointestinal
symptoms as shown in (Table 1).

All patients were diagnosed based on
their clinical symptoms, Demonstration of Anti-
tissue Transglutaminase titters of more than 10
times upper limit of normal (4 -10 U/ml) along
with positive Anti-Endomysial IgA antibodies
in a separate blood sample. Elevated anti-tissue
transglutaminase antibodies, and IgA (Table 1).
The mean serum levels of TNF-a and Heat shock
protein-70 was were significantly increased (p
= 0.001, for both) in children with celiac disease
compared to healthy controls (Table 2).

Table 1. Demographic, clinical, and serologic characteristics of patients with Celiac disease

Characteristic Patients (N=35) Controls (N=40)
Age (year) 5+3.11 5.6+2.88
Gender

Male 13 (37.1%) 18 (45%)
Female 22 (62.9%) 22 (55%)
+ve Consanguinity 13 (37.1 %) 16 (40 %)
similarly affected family members 4 (11.4% 0 (0%)
Presenting symptoms

* Abdominal pain 29 (82.9%) 0 (0%)

* Diarrhea 22 (62.9%) 0 (0%)

* Nausea 19 (54.3%) 0 (0%)

» Vomiting 12 (34.3%) 0 (0%)

* Failure to thrive 4 (11.4%) 0 (0%)

* Short stature 4 (11.4%) 0 (0%)
Skin manifestations: 12 (34.3%) 0 (0%)

* Chronic urticaria 5(14.3%)

* Atopic dermatitis 4 (11.4%)

* Dermatitis Herpetiformis 3 (8.6%)

Anti-tissue transglutaminase antibodies (U/mL)

>100.0 U/mL 430.5+£19.87 3.442.8
Total IgA (gm/L) 44.2+2.6 2.9+1.7

(normal: 6.1 — 35.6 gm/dL)

Table 2. Comparison of laboratory findings in patients with Celiac disease and controls

Parameters Patients N= 35 Controls N= 40 P-value Mean diff (95% CI)
TNF-a (pg/ml) 157.36+18.87 101.11+£15.39 0.001 56.25 (48.35-64.15)
Heat shock 113.34+18.77 62.79+21.31 0.001 50.55 (41.46-59.65)

protein-70 (ng/ml)

Student’s T test, P < 0.05 = significant
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Table 3. Correlation of TNF-a and Heat shock protein-70, with Anti-tissue transglutaminase antibodies
and total IgA in patients with Celiac disease

Parameter TNF- a Heat shock protein- 70
Pearson Correlation test p R p

IgA 0.850 0.001 0.805 0.001
Anti-tissue transglutaminase antibodies 0.736 0.003 0.678 0.001

Pearson correlation test, r= correlation coefficient, p <0.05 = significance.

Table 4. Correlations of skin manifestations with TNF, HSP-70, and IgA

Parameters TNF-a Heat shock protein- 70 IgA
Skin manifestations r p r p r p
0.456 0.02 0.578 0.001 0.676 0.001

Spearman rank correlation test, p < 0.05 = significance.

In children with celiac disease, TNF-o
and heat shock protein-70 levels showed a
significant positive correlation with anti-tissue
transglutaminase antibodies (P=0.003, P=0.001),
respectively (Table 3). A significant positive
correlation was also observed between TNF-a and
heat shock protein-70 levels and total IgA.

Skin manifestations were present in 34.3%
of CD patients distributed as shown in table 1.
The percentage of skin manifestations correlated
positively with the serum level of TNF, HSP-70 and
IgA (p=0.02,0.001, 0.001) respectively (Table 4).

DISCUSSION

Celiac disease is a gluten-induced auto-
inflammation of the small intestine associated
with gastrointestinal symptoms.'® In this study,
35 children were diagnosed with celiac disease
by clinical spectrum and immune tests. One well-
established risk factor for CD development is
consanguinity. Egypt’s most culturally favored
type of marriage is still consanguineous.'” In
this cohort, (37.14 %) of the patients resulted
from consanguineous marriages, and there were
similarly affected family members in 11.42 % of
patients. Accordingly, this cincides with a previous
study reported that relatives of afflicted sibling
pairs had a greater prevalence (17.2%). '8

All patients had high anti-tissue
glutaminase antibodies and IgA levels. There was

female preponderance (62.65%); which is parallel
to a previous study reported that females comprise
60—-70% of patients diagnosed with celiac disease.
8 The presenting symptoms included abdominal
pain (82.9%), diarrhea (62.9%), nausea (54.3%),
vomiting (34.3%), failure to thrive (11.4%), and
short stature (11.4%). These results align with the
findings of previous researchers.'*

Previous guidelines suggest that
symptomatic and serological tests are sufficient
to diagnose celiac disease in children and prevent
invasive duodenal biopsies. 22!

Sometimes, the only symptoms of celiac
disease are cutaneous. Previous research has
connected celiac disease to several other skin
conditions, including chronic urticaria, atopic
dermatitis, and psoriasis.”* In our study, 12 cases
(34.3%) had cutaneous manifestations; 5 cases
(14.3%) had chronic urticaria, 4 (11.4%) had
atopic dermatitis and 3 (8.6 %) had dermatitis
herpetiformis.

Similarly, previous study reported skin
manifestations in 35% of their patients, but they
found atopic dermatitis to be the most common
skin finding.?® Ludvigsson et al., described that
2.48% of Celiac disease is associated with chronic
urticaria, which is frequently linked to substantial
morbidity and a lower quality of life. **** Shibahara
et al., mentioned that one well-known cutaneous
sign of celiac disease is dermatitis herpetiformis,
which affects 13% of celiac disease patients. %
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The current study detected increased
anti-tissue transglutaminase antibodies and total
IgA levels in all patients. Celiac disease is an
inflammatory disorder initiated by dietary exposure
to gluten. ¥’

In the current study, the TNF-a. levels were
significantly increased (p=0.001) in children with
celiac disease. Previously, inflammatory processes
in CD and cytokine levels have been proven to be
significant markers of disease activity. TNF-a. may
be a sensitive potential biomarker for monitoring
disease activity in celiac disease; this aligns with
the results of earlier research.?® This study suggests
that TNF-a plays a potential role in celiac disease.”

According to earlier research, CD may
have altered HSP-70 expression. HSP-70 is an
essential cytoprotective protein that shields the
intestinal mucosa from the harmful effects of
various stimuli. HSP-70 maintains the intestinal
barrier’s tight junction integrity so that it can
function in stressful situations. [5]

Heat shock proteins (HSPs) have
been targeted for the treatment of autoimmune
illnesses due to their known immunomodulatory,
cytoprotective, and anti-apoptotic properties.*
In the present study, heat shock protein- 70 was
significantly increased (p=0.001) in children with
celiac disease compared to healthy controls. TNF-o
overexpression has been associated with the clinical
figures of various autoimmune and inflammatory
disorders, including rheumatoid arthritis, psoriasis,
and inflammatory bowel diseases. Inflammatory
bowel diseases, psoriasis, rheumatoid arthritis, and
other autoimmune and inflammatory conditions
have all been linked to TNF-o upregulation. *'-
Limitations of the study

The small sample size is a limitation of
our study. Another limitation is that we didn’t
investigate the patients for typel diabetes which
is a common comorbidity in children with celiac
disease. Moreover, the cross-sectional design,
single-center recruitment, lack of longitudinal
follow-up after gluten-free diet initiation, lack of
adjustment for potential confounders, multiple
statistical comparisons, absence of tissue-level
measurements, lack of mechanistic experiments,
and uncertainty regarding the specificity of TNF-o/
HSP-70 elevation for celiac disease are additional
limitations of our study.
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CONCLUSION

This study elucidates the role of TNF-a
and HSP-70 in the pathogenesis of celiac disease
in children. Moreover, the present results reported
the association between skin diseases and CD in our
study sample. Further larger longitudinal studies
are recommended to investigate the presence of
a causal relationship of HSP-70 and TNF-a with
celiac disease.
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