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ABSTRACT 

Gluten sensitivity typically presents as celiac disease, a chronic, autoimmune mediated, 

small-intestinal disorder. Neurological disorders occur with a frequency of up to 10% 

in these patients. However, neurological disorders can also be the sole presenting 

feature of gluten sensitivity. Development of autoimmunity directed toward different 

members of the Transglutaminase gene family could offer an explanation for the 

diversity in manifestations of gluten sensitivity. Antibodies against Transglutaminase 6 

(anti-TG6) represent a new marker associated with gluten-related neurological 

dysfunction. The aim of this study was to investigate the prevalence of anti-TG6 

antibodies in this group of individuals with an early neurological injury resulting in 

CP. Materials and Methods: 60 children with different forms of cerebral palsy and 40 

healthy control children were included and investigated for IgA/IgG class anti-TG6 by 

ELISA. Results: Anti-TG6 antibodies were found in 9/60 (15%) of patients with CP 

compared to 3/40 (7.5%) in controls. The quadriplegic subgroup of CP had a 

significantly higher prevalence of anti-TG6 antibodies 7/15 (46.7%) compared to the 

other subgroups and controls. Conclusions: An early brain insult and associated 

inflammation may predispose to future development of TG6 autoimmunity. 

  

INTRODUCTION 

    Cerebral palsy is an umbrella 

term that refers to a group of 

disorders affecting a person’s 

ability to move. It is due to 

damage to the developing brain 

either during pregnancy or shortly 

after birth (Panteliadis et al; 2013). 

     Cerebral palsy affects people in 

different ways and can affect body 

movement, muscle control, muscle 

coordination, muscle tone, reflex, 

posture and balance. Although 

cerebral palsy is a permanent life-

long condition, some of these 

signs of cerebral palsy can 

improve or worsen over time. 

People who have cerebral palsy 

may also have visual, learning, 

hearing, speech, epilepsy and 

intellectual impairments (Novak et 

al; 2012). 
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    While in certain cases there is 

no identifiable cause, typical 

causes include problems in 

intrauterine development (e.g. 

exposure to radiation, infection, 

fetal growth restriction), hypoxia 

of the brain (thrombotic events, 

placental conditions), birth trauma 

during labor and delivery, and 

complications around birth or 

during childhood(Nelson and 

Blair,2015).  

    Most people familiar with celiac 

disease know that gastrointestinal 

discomfort is one of the most 

common symptoms. The antibody 

most commonly associated with 

such discomfort is called anti-

transglutaminase 1361 discomfort 

is called anti-transglutaminase 2 

IgA. This is one of the main 

antibodies that doctors commonly 

look for when evaluating possible 

cases of celiac disease (Cascella et 

al; 2011).  

    Increasing numbers of studies 

have reported that gluten-related 

disorders include extra intestinal 

manifestations, for example, 

involving skin (dermatitis herpeti-

formis) and brain (gluten Ataxia) 

(Sárdy et al;2002). Such manifes-

tations may occur in the absence 

of overt gastrointestinal involve-

ment and patients may be sero-

negative for anti-TG2 IgA auto-

antibodies, the commonly used 

diagnostic marker for celiac 

disease (CD). Diagnosis of such 

cases is very difficult depending 

on family history of CD together 

with exclusion of other etiology 

(Hadjivassiliou et al; 2008).  

    Another enzyme in the 

transglutaminase family that is 

primarily expressed in the central 

nervous system is transgluta-

minase 6 (TG6). Recent studies 

demonstrated the presence of 

circulating anti-TG6 antibodies in 

adults with gluten Ataxia, 

independent of intestinal involve-

ment. This may suggest a bias of 

the immune response towards 

different TG isozymes in extra-

intestinal manifestations (i.e., TG6 

in gluten Ataxia and TG3 in 

dermatitis herpetiformis) (Thomas 

et al; 2013). 

    The aim of this study was to 

investigate the prevalence of 

antibodies against TG6 in patients 

with CP and to study the relation 

between TG6 and type and 

severity of CP. 

MATERIAL AND METHODS 

Patients: 

     The study recruited 60 children 

and with different forms of CP 

https://en.wikipedia.org/wiki/Hypoxia_%28medical%29
javascript:void(0)
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visiting pediatric neurology unit 

and pediatric department at AL- 

Hussein university hospital in the 

period between March and 

November, 2014. 

     There were 28 girls and 32 

boys. At the time of enrolment the 

age ranged from 18 months to 12 

years (median age 6 years). There 

was no comorbidity for CD such 

as diabetes mellitus or dermatitis 

herpetiformis at the time of 

inclusion. The diagnosis of CP 

subgroups was based on studies by 

(Mutch et al.1992). A functional 

assessment of each child was 

made on the basis of the Gross 

Motor Function Classification 

System (GMFCS), graded I–V, 

where GMFCS V represent the 

most severe disability (Palisano et 

al; 1997). Medical data of the CP 

patients were reviewed retrospec-

tively in medical files. Twelve 

children had treatment for gastro 

esophageal reflux disease 

(GERD). 

     All patients with CP in this 

study were subjected to: 

- Full history taking including 

prenatal history, mode of 

delivery and suspected cause of 

CP. 

- Detailed physical examination 

including full neurological 

assessment, assessment of 

growth and development, 

nutritional status and BMI. 

- Revisions of the patient's file 

including findings of CT/MRI 

reports.  

Controls: 

     40 children, aged 2–11 years 

(22 boys and 18 girls), were 

included in the serological 

analysis as controls. These 

children had no past history of 

neurological disorders, intestinal 

diseases and apparently healthy by 

clinical examination. 

TG6 Antibody ELISA 

(Hadjivassiliou et al; 2013): 

      Enzyme-Linked Immuno-Sor-

bent Assay (ELISA) is intended 

for the quantitative or qualitative 

determination of IgA/ IgG anti-

bodies in human serum, directed 

against TG6. The immobilized 

antigen is a highly purified 

preparation of human recombinant 

TG6. Plain solid phase is provided 

to assess the degree of unspecific 

binding. The test is fast 

(incubation time 30 / 30 / 30 

minutes) and flexible (divisible 

solid phase, ready-to-use reagents). 

Six calibrators allow quantitative 

measurements; a negative and a 
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positive control check the assay 

performance. 

     The sample buffer, calibrators 

and controls contain Na-azide as 

preservative. The wash buffer 

contains bromonitrodioxane and 

the conjugate methylisothiazolone 

/ bromonitrodioxane as preserva-

tive. The substrate contains 3, 3', 

5, 5'-tetramethylbenzidine (TMB) 

and hydrogen peroxide (H2O2). 

The stop solution, 0,5 M sulfuric 

acid (H2SO4), is acidic and 

corrosive. 

Principle of the test 

The wells of the solid phase are 

coated with TG6. 

1st reaction: TG6-specific anti-

bodies present in the sample bind 

to the immobilised antigen, form-

ing the antigen-antibody complex. 

2nd reaction: A second antibody, 

directed at human IgA/ IgG 

antibodies and labeled with horse-

radish peroxidase (HRP), binds to 

the complex. 

3rd reaction: The enzyme-label-

led complex converts a substrate 

into a blue product. Samples 

containing IgA/ IgG antibodies 

against TG6 develop the blue 

color, whereas samples without 

these antibodies remain colorless. 

    Control wells without TG6 

antigen are intended to determine 

unspecific binding of immune 

globulins. They are treated in the 

same way as the TG6-coated 

wells. The signal difference 

between TG6-coated and plain 

wells reflects the binding of TG6-

specific IgA/ IgG antibodies. 

Preparation of the samples: 

Handle patient specimens as if 

capable of transmitting infectious 

agents. Prepare sera using normal 

laboratory techniques and dilute 

them 1/100, e.g. 10 μL serum + 

990 μL sample buffer. Mix 

thoroughly. Take care to avoid any 

contamination of the buffer by 

serum. 

     Dispense the calibrators (2,0 

mL each, ready-to-use, gradually 

blue), the negative and positive 

control (2,0 mL each, ready-to-

use, green and red, respectively) 

and the diluted samples rapidly 

into the TG6-coated and control 

microwells; 100 μL per well. 

Quantitative evaluation: The data 

obtained are quantitatively evalua-

ted with the standard curve. 

However, the depicted curve can 

only serve as a model. It can not 

substitute the measurement of the 

calibrators, together with the 

controls and actual samples. The 
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curve has been constructed with a 

conventional ELISA evaluation 

program, using a 4-parameter 

function. The Spline approxima-

tion is also appropriate. 

Qualitative evaluation: The test 

may also be evaluated in a qualita-

tive manner. This requires 

measurement of only the positive 

control. Nevertheless, measure-

ment and examination of the 

negative control is recommended. 

   A measurement >14 U/mL for 

IgA or >34 U/mL for IgG was 

considered positive.   

Ethics: 

     The study was approved by 

AL-Azhar University Ethical 

Review Board .Parents of enrolled 

patients signed written informed 

consent. 

Statistical Analyses: 

    All data were analyzed using 

the Statistical Package for the 

Social sciences (SPSS) program, 

version 15. Differences between 

groups were evaluated with 

Pearson’s Ӽ²  test in cross 

tabulations and when appropriate 

Fisher’s Exact Test. An 

independent t- test was used for 

body mass index (BMI) (standard 

deviation, SD), height (SD), and 

weight (SD), using 2-tailed 

significance (Bryman et al; 2011). 

P< 0.05 was considered signifi-

cant. 

RESULTS 

Sera from 60 patients with CP and 

40 controls (children from same 

geographical area) were available 

for analysis of autoantibodies 

against TG6. We found elevated 

levels of anti-TG6 antibodies (IgG 

and/or IgA) in 9/60 (15%) in the 

CP-group and 3/40 (7.5%) in the 

control group and the difference 

between both groups was 

statistically significant (P= 0.03). 

(Figure 1) However, a positive test 

for TG6 antibodies was 

significantly more frequent in the 

quadriplegic subgroup of CP 

(46.7%) compared to the control 

group 7.5% (P=0.01). We also 

found statistical significance when 

the quadriplegic subgroup was 

compared to the other CP 

subgroups (P=0.006) (Figure 2). 

IgA anti-TG6 antibodies were 

found in 4/60 (6.6%) compared to 

1/40 (2.5%) in the control 

group.(P=0.43) IgG anti-TG6 

antibodies were found in 5/60 

(8.3%) compared to 2/40 (5%) in 

the control group (P=0.64). 
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Figure 1: Analysis of serum for antibodies against transglutaminase type 6 

(TG6) by ELISA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (1): Analysis of serum for antibodies against transglutaminase type 6 (TG6) by ELISA. 

Relative concentration of antibodies in children (n=60) with cerebral palsy (CP) and controls 

(n=40 ) is given in arbitrary units. Bolded line represents the mean titre of the group and dotted 

line the threshold for a positive test. 

 

Figure 2: Percentage of patients testing positive for IgA/IgG antibodies to TG6 

in different CP subgroups and in a control group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Percentage of patients testing positive for IgA/IgG antibodies to TG6 in different CP 

subgroups and in a control group. The quadriplegic subgroup compared to the other CP 

subgroups (p=0.006) and to controls (p=0.01) 

HP: CP-Hemiplegia, DP: CP-Diplegia, QP: CP-qudriaplegia and A: CP-Ataxia. 
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In the present study, 77.8% of the 

patients with positive TG6 

antibody had history of perinatal 

asphyxia   in contrast to 74.5% in 

TG6 antibody negative group and 

the difference between both 

groups was statistically 

insignificant( P= 0.322). 

     All patients with positive TG6 

antibodies (100%) has variable 

degrees of mental retardation and 

positive finding in CT/MRI while 

in negative group, 96.1% were 

mentally retarded and 88.2% had 

CT/MRI changes  and the 

difference between both groups 

were statistically insignificant  (p 

value 0.380 and 0.189 respec-

tively) 

8 patients in TG6 positive group 

were on regular antiepileptic drugs 

(88.9%) while in negative group, 

they were 39(76.5%)(p=0.035). 

     Patients in both groups were 

underweight and BMI in TG6 

positive group was (17.3±0.528) 

and in TG6 antibody negative 

group (15.9±0.549) and the 

difference was statistically 

insignificant (p= 0.285). 

     There was a significant 

statistical difference between TG6 

antibody positive and negative 

groups as regard GERD, 11.1% in 

positive group and 21.6% in 

negative group (P=0.03)( table 1). 

 

Table (1): Clinical and radiologic characteristics of TG6 antibody positive and 

TG6 antibody  negative groups.  

 TG6 antibody 

positive 9/60 (15%) 

TG6 antibody negative 

51/60 (85%) 
P value 

Perinatal asphyxia 7(77.8%) 40(74.5%) 0.322 

MR 9(100%) 49(96.1%) 0.380 

CT/MRI findings 9(100%) 45(88.2%) 0.189 

Regular anti-

epileptics 

8(88.9%) 39(76.5%) 0.035 

BMI 15.9±0.528 17.3±0.549 0.285 

GERD 1(11.1%) 11(21.6%) * 0.03 
Table 1 clinical and radiologic characteristic of TG6 antibody positive and negative groups. 

Abbreviations:   GERD: gastroesophageal reflux disease; MRI: magnetic resonance imaging; 

CT: computer tomography. 

* Significant difference. 

Patients were classified according 

to GMFCS classification of motor 

functions in both groups, the 

statistical difference between 

patients as regard levels I,II,III 

were in- significant while this 

difference between TG6 antibody 
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positive and TG6 antibody 

negative group were significant as 

regard level IV(p=0.01) and level 

V(p=0.02)( figure3). 
 

Figure (3): Gross motor function classification system in TG6 positive and 

TG6 negative groups. 

 

 

 

 

 

 

 

 

 

 

*GMFCS: gross motor function classification system. 

 

 

DISCUSSION 

    Cerebral palsy (CP) is a group 

of permanent movement disorders 

that appear in early childhood. 

Signs and symptoms vary among 

people. Often, symptoms include 

poor coordination, stiff muscles, 

weak muscles, and tremors. There 

may be problems with sensation, 

vision, hearing, swallowing, and 

speaking. Often babies with 

cerebral palsy do not roll over, sit, 

crawl, or walk as early as other 

children their age. Difficulty with 

the ability to think or reason and 

seizures each occurs in about one 

third of people with CP. While the 

symptoms may get more 

noticeable over the first few years 

of life, the underlying problems do 

not worsen over time (Panteliadis 

et al.; 2013). 

     In a large European study 

including 818 children, Beckung et 

al 2002 report intellectual 

disabilities in 53%, seizures of the 

latest year in 21%, and blindness 

or no useful vision in 7% of the 

children. Communication problems 

of varying degrees were found in 

42%. Pain was related to CP type, 

severity of motor function both 

gross and fine, feeding disabilities 

and seizures. Hearing impairment 
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was found in 2%. Twenty percent 

of individuals with CP have 

psychosocial and behavioral 

problems and 9% have an autistic 

spectrum disorder, (Pakula et al 

2009). 

    Children with CP have many 

gastro intestinal problems. 

Gastrointestinal motility disorders 

result in various problems such as 

constipation, oral motor dysfunc-

tion, rumination, delayed gastric 

emptying, and especially gastro-

esophageal reflux disease 

(GERD). In studies of children 

with neurological impairments, 

GERD has been reported in a 

range of 14- 75%.This indicates 

the difficulties in diagnosing this 

disease in neurologically impaired 

children (Sullivan et al; 2002). 

    Coeliac disease is an immune-

mediated small bowel disorder 

precipitated by ingestion of gluten 

and related prolamines in 

genetically susceptible individuals, 

affecting approximately 1% of the 

general population (Husby et al; 

2012). 

     Gluten sensitivity is thought to 

be due to gluten-mediated mecha-

nisms that are different from the 

immune reactions in CD. 

However, due to lack of a clear 

definition and criteria, this field is 

controversial and confusing. Only 

a few years ago, researchers stated 

that gluten is harmful only with 

regard to CD pathology, i.e. 

enteropathy. It has, however, 

become apparent that gluten can 

have a negative impact on organs 

other than the gut, which may 

explain extra-intestinal 

manifestations (Hadjivassiliou et 

al; 2010). 

   Transglutaminase family involved 

in the neuronal process is the 

newly identified TG6. It is 

expressed in humans where the 

enzyme is probably associated 

carcinoma cell line with neuronal 

characteristics and with neuro-

genesis in mouse brain. In situ 

hybridization of newborn and 

embryonal mouse brain has shown 

that TG6 is wide spread in the 

brain and most commonly in the 

cerebral cortex, olfactory lobe and 

cerebellum. TG6 mRNA expres-

sion has been found to be 

prominent in regions undergoing 

neuronal differentiation (Thomas 

et al; 2011). 

     Elevated levels of antibodies 

were found in patients with 

cerebral palsy rather than 

apparently healthy group, the 

relation between higher levels of 

this gliadin seromarker and brain 

injury may be attributed to 

autoimmunity which developed 

due to severe hypoxia in early life.  

     Patients with quadriplegic type 

of CP showed higher levels of 

TG6 antibodies than other types 
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and this explained by the relation 

of this type of autoimmunity to the 

severity of CP which may be due 

to the extensive inflammation and 

hypoxia which with time leads to 

this autoimmunity. Another study 

done by Stenberg et al., 2009, 

showed children with dyskinetic 

and quadriplegic type CP have 

significantly higher levels of 

gliadin related seromarker. 

     This was supported by study 

the level of gross motor function 

classification system (GMFCS), 

Patients with marked motor 

disability as level IV and V 

GMFCS Classification has signifi-

cantly higher levels of TG6 

antibodies than milder levels 

I,II,III and the differences  

between group with high levels of 

TG6 and lower  levels were 

statistically significant 

     Patients with positive TG6 

antibodies are underweight have 

lower BMI than other group but 

the difference was insignificant.  

In Another study by Sullivan et 

al;2002,  The children with 

elevated levels of gluten-related 

seromarkers had significantly 

lower weight, height and BMI 

than the children with low levels 

and this can be explained either by 

severe disability which interfere 

with feeding or gluten auto-

immunity worsen the neurological 

dysfunction. 

    Gastrointestinal manifestations 

as abdominal pain, distension, 

persistent vomiting and GERD are 

characteristics of celiac disease. In 

patients with higher levels of TG6 

antibodies GERD was lower than 

other group and this may be due to 

early manifestations of celiac 

disease in this group also 

excluding celiac disease in the 

group with high levels of TG6. 

     The interpretation of this data 

may indicate that an early brain 

insult and associated inflammation 

may predispose to future develop-

ment of TG6 autoimmunity. More 

studies, however, are required to 

address the interpretation and 

clinical relevance of these 

findings. 

CONCLUSION/ 
RECOMMENDATIONS 

     This study group of children 

with CP has more frequent 

immuno-reactivity to gluten. Here, 

we report significantly increased 

prevalence of anti-TG6 auto-

antibodies in the quadriplegic 

subgroup of patients with CP and 

also in patients with severe motor 

dysfunction. This antibody 

response seems not to be 

correlated with low body weight 

but GERD were prominent in 

patients with low levels of TG6. 

The etiology of anti-TG6 

antibodies in this CP subgroup 

remains unclear, but the results 
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could support the hypothesis of a 

primary brain insult leading to 

TG6 autoimmunity. 

     It is recommended to repeat 

this study on larger scale of 

patients and also follow up these 

patients for many years for 

development of celiac disease or 

other neurological complications. 
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 كدلالة على إصابات الجهاز 6دور مضادات الترانسجلوتاميناز 
 العصبي المرتبطة بالجلوتين في الأطفال مرضى الشلل الدماغي

 

   **د/ محمد عبد المنعم عطية - *د/ ايهاب ابراهيم سرور

 جامعة الأزهر -كلية الطب  -** الأمراض العصبية* وطفالالأ طب قسمى

الحساسية للجلوتين الموجود بالقمح تظهر  ارادف  رك  راء داز ال وارك  الر    رو 

 ابارف ان م ض م من له خلفية منااية تصيب الأمعاز الدايقة.

% مررن الم  ررم المصررابين بررداز ال واررك اعررابوت مررن ا رر  ابا  بالجهررا  10

الجهرا  العصربك  رك الممارء الو يرد  العصبك  اد ظهر   بعرا الحراو  تابرا اترابا 

 للحساسية من مادف الجلوتين.

الشلء الدماغك ابارف ان م ض اصيب الجها  العصربك  الح ترك نانراز م ا رء 

بمو المخ سواز  ك م  لرة النمرو الجنينرك ن   رك م ا رء النمرو المبار ف  لره نسربا  اداردف 

الر غ  مرن نت بلراهذ  ر ا  ن ه  ا بقص الأتسجين  تر ل  الللروا الوليرد   غي  را  الرم

الم ض غي  مبش ف او نبه سجلا بعا الحاو  اللك  دا  يها بعا اللحسن  رك الأداز 

 الح تك ن  بعا الوظاهف ال  نية.

ينا   ررك نجسرراا مضررادف لأبرروا  م للفررة مررن  رر ا الأبرر ا  مضررادا  الل ابسررجلوتام

 .......الخ. 3-2-1تظه   ك الم  م المصابين بالحساسية للجلوتين ماء ت اسجلوتامينا 

ظهرر   بنسررب االيررة مرربخ ا  ررك بعررا امرر اض  6مضررادا  ت ابسررجلوتامينا  

عررا ماررء مرر ض اللرر بح  ترر ل  اللهررا  الأاصررا  ال   يررة  ب الجهررا  العصرربك الم منررة

 الأم اض النفسية ماء ابفصاا الش صية 

مرررن  نرررا ترررات الدررر ض مرررن الدراسرررة  رررك محا لرررة اتلشرررا  ا ارررة  جرررود  ررر   

المضادا   ك الم  م المصابين بالشلء الدماغك بحساسية الجلروتين  رك الم  رم الر ان 

 و اعابوت من داز ال واك.

أبوااره  درجرا  طف  م اضرا بالشرلء الردماغك ب 60 اد ا ل ك  ك     الدراسة 

 طف  من الأتحاز اتلينيايا تمجمواة  اب ة  اتمة. 40الإتابة الم للفة  ت ل  

 اد تما     الدراسة بقسر  الأطفراو    ردف ناصرا  الأطفراو بمسلشرفم الحسرين 

 .2015الجامعك  ك الفل ف ما بين مارس  بو مب  

اراخ الحمررء  اررد ترر  نخرر  اللرراراخ الم  ررم لحرراو  الشررلء الرردماغك   ررمء  لرر  ترر

  الوودف  نسبا   د ا الم ض.
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تمررا ترر   حررص الم  ررم سرر ا اا   ررمء  لرر   حررص الجهررا  العصرربك  الح تررك 

  الحالة اللد  اة للم  م  ت ك بو  الإتابة   دتها.

 اد نظه       الدراسة نت ادد م  م الشلء الدماغك     مسلواا  مضادا  

 راو   قرم مرن المجموارة  3% ك مقابء 15  او  بنسبة 9العالية  6الل ابسجلوتامينا  

 %.75الضاب ة بنسبة 

 رك  6 ناك اخرل      دولرة ا صراهية برين ارتفرا  مضرادا  الل ابسرجلوتامينا  

الأطفرراو المصررابين بالشررلء ال بررااك  ترر ل  الحرراو  الم  ررية الشرردادف  بررين بقيررة نبرروا  

 الم  م  ت ل  مسلواا  الإتابة الح تية الأاء  دف.

ناضررا نت الإتررابة بارتجررا  المرر ك تابررا نتارر   ررك الم  ررم     النلرراهذ  جررد 

مما اشي  الم ا لماليرة اترابة  ربوز  رك المسرلقبء  6السلبية لمضادا  الل ابسجلوتامينا  

 بداز ال واك د ت بقية الم  م.

 بسل لص من     الدراسة نت م  م الشلء الردماغك  خاترة الحراو  الشردادف 

ا تة من الحساسية للجلروتين  ر   الحساسرية تظهر   رك  راء ا ر  ابا  لداه  درجا  ملف

بالجهررا  العصرربك  الح تررك  لرري   ررك داز ال واررك  رر   الحساسررية ربمررا تارروت سررببا  ررك 

تد ور الم ض  ربما تنلذ من بشوز  الرة مرن  راو  المناارة ال اتيرة  رد خ ارا الجهرا  

 العصبك الم تب ة بحساسية الجلوتين.

  الدراسة بعمء دراسا  نخ ى الم ناداد نتب  من الم  م لردا  تما توتك تل

  رية نوا  لبحر  اماابيرة ظهرور ا مرا  متل  النلاهذ  تر ل  ملابعرة الم  رم لعردف سر

 نخ ى لداز ال واك.
 


