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Abstract 

Background: Anti-endomysial antibodies are sensitive 

and specific markers for celiac disease. This antibody has 

recently been identified as an antibody to tissue transglu-

taminase, an enzyme that cross-links and stabilizes ex-

tracellular matrix proteins.  

Objectives: To evaluate the clinical usefulness of an 

enzyme-linked immunoassay for anti-transglutaminase 

antibodies, and to compare the results with those of AEA, 

the current gold standard serological test for celiac dis-

ease. 

Methods: Serum samples were collected from 33 pa-

tients with biopsy-proven celiac disease and AEA tests 

were performed. Control samples for anti-

transglutaminase were obtained from 155 patients. An 

ELISA test for immunoglobulin A anti-transglutaminase 

utilizing guinea pig liver  transglutaminase was developed 

and performed on all sera.  Cutoff values for the test were 

performed using logistic regression and receiver operating 

curves analysis.  

Results:  An optical density cutoff value of 0.34 was 

established for the assay. The mean value was 0.18±0.19 

optical density for controls, and 1.65±1.14 for patients 

with celiac disease (P<0.001). Sensitivity and specificity 

of the assay were both 90%, while AEA had a sensitivity 

and specificity of 100% and 94%, respectively. 

Conclusions:  A tissue transglutaminase-based ELISA 

test is both sensitive and specific for  detection of celiac 

disease.  
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AEA = anti-endomysial antibody 

Celiac disease is a disorder characterized by small intesti-

nal inflammation, damage to villi, and ensuing malabsorp-

tion. It can present with intestinal or extra-intestinal 

manifestations [1]. The gold standard for diagnosis is 

small intestinal biopsy demonstrating inflammation and 

villous atrophy. Serological indicators, which are markers 

of active disease, are used for initial diagnosis prior to bi-

opsy, and for follow-up of compliance with a gluten-free 

diet. Tests currently in use rely on detection of circulating 

antibodies, and include anti-endomysial antibody and anti-

gliadin antibody. The sensitivity and specificity of AEA 

approach 95%–100% and are considered to be significantly 

better than those of AGA with sensitivity and specificity 

ranging between 65% and 97% [2–5]. However, AEA is an 

indirect immunofluorescence test requiring monkey 

esophagus or human umbilical cord.  

Dietrich et al. [6] recently discovered that AEA is di-

rected against tissue transglutaminase, an enzyme that 

cross-links glutamine and lysine residues in extracellular 

matrix proteins. To test this hypothesis, they developed 

an ELISA for detection of IgA anti-tTG
3
 antibodies and 

tested it on 12 patients with celiac disease and a positive 

AEA. These findings are of major importance in under-

standing the pathogenesis of the disease and the presence 

of AEA. Since our aim was to evaluate the clinical utility of 

this test, we performed it in a larger group of patients and 

in controls to establish the sensitivity and specificity of 

the assay. 

Methods 

Samples of serum from two pediatric gastroenterology 

clinics in the Tel Aviv area in Israel  (Wolfson Medical 

                                                           
AGA = anti-gliadin antibodies 

tTG = tissue transglutaminase 



Gastroenterology 

IMAJ • Vol 2 • February 2000 Anti-transglutaminase Assay in Celiac Disease 123 

Center in Holon, and Dana Children’s Medical Center in 

Tel Aviv) that were sent for AEA testing were frozen at 

-20°C. Celiac disease was diagnosed by positive AEA, by 

small intestinal biopsy showing typical findings of villous 

atrophy and inflammation, and by clinical and serological 

response to a gluten-free diet. Remnants of blood sent for 

blood chemistry from a pediatric emergency room were 

collected, and serum was frozen at -20°C. Samples col-

lected from patients aged 1–18, without known celiac dis-

ease, presenting with an acute febrile illness or trauma, 

were used as controls. AEA testing was performed in con-

trol sera if tTGA was high. Patient recall was performed in 

controls if both tTGA and AEA were elevated. AEA re-

sults were scored as positive, negative or borderline (de-

tectable and weak at a titer of 1/5, negative <1/5). AGA 

was considered positive if both IgA and IgG were ele-

vated. The study was approved by our hospital’s ethics 

committee. 

AEA was performed using the AEA Test (IMCO Diag-

nostics, Buffalo, NY, USA). ELISA for the detection of IgA 

antibodies to tTG was performed according to the method 

of Dietrich et al. [6], and modified. Briefly, 96-well micro-

titer plates (Nunc, Denmark) were incubated with tTG 

(Sigma, USA) using 1 µg tTG/100 µl phosphate-buffered 

saline/well, for 2 hours at 37°C. Unsaturated sites were 

blocked using PBS containing 1% bovine serum albumin, 

and incubated overnight at 4°C. Sera were diluted (1/100) 

with PBS 0.1% Tween-20 (ICN Biomedicals Inc. Ohio, 

USA) and incubated for an hour at room temperature. Fol-

lowing three washes with PBS 0.1% Tween-20/0.1% azid, 

                                                           
tTGA = tTG antibodies 

PBS = phosphate-buffered saline 

wells were reacted with 100 µl of peroxidase conjugated 

anti-human IgA (Jackson Immunoresearch Laboratories, 

PA, USA) diluted in PBS 0.1% Tween-20/0.1% azid for an 

hour at room temperature. Unbound conjugate was re-

moved by three washes with PBS 0.1% Tween-20/0.1% 

azid. Color reaction was developed by the addition of sub-

strate buffer 100 µl/well containing 0.4 mg/ml 0-

phenylenediamine-hydrochloride in 0.05 M phosphate-

citrate buffer pH5 and 40 µl fresh 30% hydrogen perox-

ide/100 µl of substrate buffer solution added prior to use. 

Optical density at 490 nm was measured by ELISA Reader 

(Molecular Devices, Israel). 

Statistical analysis 

ANOVA was performed to find significant differences be-

tween groups. Square root transformation of TG values 

was performed prior to ANOVA to improve distribution of 

values. P values <0.05 were considered significant. Logis-

tic regression and receiver operating curves (ROC Analy-

sis) were performed to determine the cutoff point for TG 

providing the optimal levels of sensitivity and specificity. 

All calculations were performed using BMDP statistical 

software (BMDP Statistical Software, 1990, University of 

California Press, USA). 

Results 

Sera from 33 celiac patients and 155 controls were available 

for tTGA analysis. Three celiac patients compliant with a 

gluten-free diet had negative AEA and low tTGA levels.  

These patients were excluded from further analysis. 

                                                           
TG = transglutaminase 
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Figure 1. Distribution of TTGA values in celiac disease and controls. 
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Using ROC analysis, the cutoff level for a positive test 

chosen was an OD reading  of >0.34, in order to achieve 

the maximum specificity with a minimal sensitivity and 

specificity exceeding 85%.The mean value for controls 

(mean±standard deviation) was 0.19±0.22 OD vs 

1.67±1.15 OD for patients with active disease (P<0.001). 

Data from patients and controls are presented in Figure 1. 

Anti-endomysial results were available from 80 pa-

tients. Results for AGA as well as tTGA and AEA were 

available from 44 control patients. 

All 30 patients with celiac disease had detectable AEA. 

Three patients (10%) with AEA-positive celiac disease 

had normal or borderline tTGA results. In two of three, 

AEA was also borderline. Positive tTGA in excess of 0.34 

was found in 15 of 155 (10%) controls. Three of these con-

trol patients (3 of 15 positive tTGA) had positive AEA.  

Two patients with positive AEA had the test repeated 

twice and small intestinal biopsies were interpreted as 

completely normal. Another patient with a borderline AEA 

refused biopsy. These patients were considered controls 

for statistical evaluation.  Sensitivity and specificity were 

calculated for the three assays and are shown in Table 1.  

Discussion 

Current diagnostic criteria for the diagnosis of celiac dis-

ease were outlined in 1990 by ESPGAN (European Soci-

ety for Pediatric Gastroenterology and Nutrition) and in-

clude the requirement of a small bowel biopsy demon-

strating the characteristic histology of celiac disease and 

clinical resolution on a gluten-free diet [7]. Serological 

markers serve as useful screening tools to select patients 

for biopsy and to follow compliance with a gluten-free diet. 

Cataldo et al. [8] demonstrated that AEA is the most use-

ful marker for both these indications. The problems asso-

ciated with AEA testing are the use of monkey esophagus 

and the relative expense of the kits. An alternative test 

using human umbilical cord as a substrate for AEA has 

sensitivity and specificity equivalent to conventional tests 

using monkey esophagus [4]. 

With the identification of tTG as the major autoantigen 

of celiac disease, along with a method for measuring tTGA 

[6], a test that directly detects antibodies considered spe-

cific for the disease could become clinically useful. With 

that in mind we evaluated the clinical utility of the assay. 

tTGA in fact can differentiate between patients with ce-

liac disease and controls. Mean tTGA values in patients 

                                                           
ROC = receiver operating curves 

were significantly higher  (1.65±1.14 OD vs. 0.18±0.19 

OD, P<0.001) for patients with active disease. Patients 

compliant with a gluten-free diet had low tTGA, as well as 

negative AEA. The specificity was high (90% at a cutoff 

value of 0.34), though lower than that of AEA (94%). For 

patients with a value of 1.0 or greater, specificity was 

94%, equal to that of AEA. Even though tTGA might have 

a slightly lower specificity than AEA, an additional higher 

numerical cutoff point could be used to achieve higher 

specificity in selected patients.  

tTGA, however, is less sensitive than AEA.  tTGA was 

negative in 10% (3 of 30) of active celiac patients, while 

AEA was positive (though weakly so in 2 of 3) in these 

patients. Guinea pig liver tTG has 80% homology for hu-

man tTG [6], and this conceivably may play a role in de-

creased binding of tTGA to tTG in the assay. This may be 

more significant with low level titers, such as demon-

strated in our study. An AEA titer of <1/5 is considered 

negative by many laboratories, and these patients would 

be read as negative by AEA as well.  IgA deficiency, re-

ported in approximately 2% of celiac disease patients 

[9,10], and cited as a reason for decreased sensitivity of 

AEA, is unlikely to have played a role since all patients 

with celiac disease included in the study were IgA AEA 

positive. We did not assess quantitative IgA levels, and it 

is possible that IgA levels were lower in these three pa-

tients. Use of a cutoff point of 0.1 such as used by Tron-

cone et al. [11] would have detected these patients, but in 

our assay would have lowered specificity below the tar-

geted 85%. 

In comparison to AGA, albeit with lower numbers ex-

amined, tTGA had superior specificity but lower sensitiv-

ity. The high sensitivity of AGA in our study may be bi-

ased, as AGA was included for analysis only in patients 

with both AGA and AEA. Positive AGA may have led  to 

subsequent performance of AEA for confirmation. The fact 

that AEA was performed in only 80 patients and in tTGA- 

positive controls may also have added to a bias in the data. 

It is interesting to note that the two patients from the 

control group who had repeatedly positive AEA had ele-

vated tTGA as well. Small bowel biopsies were normal in 

both patients, and there was no apparent increase in intra-

epithelial lymphocytes.  This could reflect either non-

specific elevation of the antibody or latent celiac disease. 

Troncone [12], reviewing latent celiac disease in Italy, 

noted cases with apparent normal biopsy, without an in-

crease in intra-epithelial antibodies [12]. In a study pub-

lished by Cataldo et al. [8], five patients in a control group 

with positive AEA and normal biopsies had second biop-

sies within 18 months and were found to have flat mucosa, 

indicative of celiac disease. We did not apply other mark-

ers for latent celiac disease. 

Our results are very similar to those recently published 

by Troncone and colleagues [11]. They found a concor-

dance rate of 95% between tTGA and AEA, with sensitiv-

ity and positive predictive values >90%, but slightly less 

Table 1. Sensitivity, specificity and predictive values for serologic tests in 

celiac disease 

 
Sensitivity (%) Specificity 

(%) 

Positive 

predictive 

value 

Negative 

predictive 

value 

tTGA 90 90 64 91 

AEA 100 94 98 100 

AGA 100 75   
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than AEA. Our assay provided a lower positive predictive 

value and similar negative predictive value to those pub-

lished in Troncone’s study.  

tTGA is a useful test for the detection of celiac disease 

and may replace AEA testing in the future. An ELISA test 

with high sensitivity and specificity could be superior to 

assays in use today, and may overcome obstacles such as 

ethical issues related to the use of monkeys, subjectivity 

in interpretation, and higher costs related to these tests. 

Though sensitivity and specificity of an IGA ELISA test 

for tTGA in our study were high, they were still slightly 

inferior to those of AEA.  
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Pinpointing 'Rsks' 

During development, some neurons undergo cell death if 

they are deprived of growth factors. Signals that contrib-

ute to such growth factor-dependent survival are medi-

ated, at least in part, by activation of mitogen-activated 

protein kinases (MAPKs), but the crucial target of the 

MAPKs has been unknown. Bonni et al. report that the 

protein kinase Rsk2 (a member of the pp90 ribosomal 

protein S6 kinase family), which is phosphorylated and 

activated by MAPKs, may mediate the effects on cell sur-

vival in cerebellar granule neurons exposed to brain-

derived neurotrophic factor. Rsk 2 appears to have two 

ways of influencing cell survival: It phosphorylates and 

thus suppresses the effects of BAD, a protein that pro-

motes apoptosis. Rsk2 also phosphorylates and activates 

the transcription factor CREB (cAMP response element 

binding protein). Activation of CREB may in turn enhance 

expression of Bcl2, a protein that promotes cell survival. 

Nebreda and Gavin discuss these findings and those 

from a pair of reports that define another role of Rsks  

vertebrate eggs are at metaphase of meiosis II. Cytostatic 

factor (CSF) is the name given to an enzymatic activity 

present in such eggs, which, when injected into dividing 

embryos, causes mitotic arrest in metaphase. Such "CSF 

arrest" can be initiated by the protein kinase Mos, which 

activates the sequential activation of MAPK kinase MEK 

and the p42 MAPK. The critical target.of p42 MAPK has 

now been identified as the protein kinase p90 Rsk. 

Bhatt and Ferrell show that depletion of Rsk from 

Xenopus egg extracts prevents mitotic arrest in response 

to activated Mos. Cross et al. demonstrate that activation 

of Rsk requires its phosphorylation by p42 MAPK and the 

3-phosphatidylinositol-dependent kinase-1 (PDK-1). They 

also constructed a constitutively active form of Rsk that 

caused metaphase arrest when infected into blastomeres 

of two-cell Xenopus embryos. Activation of Rsk is thus 

necessary and sufficient to cause CSF arrest. 

Science 1999;286:1362, 1365 

 


