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OBJECTIVE: Tissue transglutaminase is the autoantigen reca characteristic IgA autoantibody recognizing the endomy-
ognized by the sera of celiac patients. An enzyme-linkedsium is produced. These autoantibodies can be identified by
immunosorbent assay (ELISA) based on guinea-pig tissuan immunofluorescence assay, using either monkey esoph-
transglutaminase was recently used to measure serum tissagus or human umbilical cord as tissue substrate, with a
transglutaminase antibodies for the diagnosis of celiac disdiagnostic sensitivity of 68 —100% and a specificity of 100%
ease. We determine the sensitivity and specificity of arwhen compared with intestinal biopsy (5). The antigen
ELISA test based on the use of human recombinant trangecognized by IgA endomysium antibody (AEA) has re-
glutaminase, compared with the guinea pig transglutamieently been identified as tissue transglutaminase (tTG) (6).
nase ELISA and IgA antiendomysium antibodies. It has recently been reported that the guinea-pig transglu-
. . .. taminase-based (gp-tTG) enzyme-linked immunosorbent as-
METHODS: Serum samples were tested from 65 patients WlthSay (ELISA) used for diagnosis of CD has a sensitivity

intestinal biopsy proven celiac disease, from 10 patients_’ . 0 0 e .
with Crohn’s disease, and from 150 healthy blood donors ranging from 86.6% to 98% and a specificity ranging from

90% to 98% (7-10). However, this test presents limitations
RESULTS: Human transglutaminase ELISA identified 64 of that would prevent its use as an alternative to the AEA assay
65 celiac patients, whereas the guinea pig transglutaminagél). In a recent communication, the IgA gp-tTG ELISA
ELISA and IgA antiendomysium antibodies identified 58 of gave false-positive results in as many as 50% of patients at
65 and 60 of 65 subjects, respectively. The three testask for CD with autoimmune hepatitis or primary biliary
showed comparable specificity. cirrosis, due to the presence of hepatic proteins in the
CONCLUSIONS: These results proved that the human tissuecommerCIaI G obtamgd from guinea-pig Ilyer (12). One
. . Tecent report (13) described better results using human tTG.
transglutaminase-based ELISA represents a cost-effectlvlgi o -
. e . . owever, the proposed radioisotope-based binding assay,
strategy for identifying both symptomatic and atypical .

. . . . .~ involving in vitro translation and immunoprecipitation, is
forms of celiac disease and could mean that intestinal b|opsx . . ) . .
-hot suitable for routine diagnostic use. Therefore, despite

- - . e these new diagnostic developments, the intestinal biopsy
clinical condition. Furthermore, early identification and . . .
remains the gold standard assay for the diagnosis of CD.

treqtment of patients .W't.h. cella(; d|§ea§e n an OUtpa.t'enlt—Iere we describe the use of human recombinant tTG (h-
setting could have significant implications for reducing

long-term morbidity and can produce major savings in fu-tTG) in an ELISA that showed a higher sensitivity, com-

ture health care costs. (Am J Gastroenterol 2000;951_)ared with both gp-ITG and AEA assays.

1253-1257. © 2000 by Am. Coll. of Gastroenterology)

MATERIALS AND METHODS

INTRODUCTION
Subjects

Celiac disease (CD) is an autoimmune enteropathy triggere8erum samples from 65 untreated, biopsy confirmed CD
by the ingestion of gluten in susceptible individuals. Thepatients (31 men, 34 women; median age, 12 yr; range,
disease is associated with HLA alleles BTJ0501/ 2-60 yr) diagnosed during the period June 1997 to May
DQB1*0201, and is self-perpetuating with continued expo-1999, following the revised ESPGHAN criteria for CD (14),
sure to gluten (1). Although initially thought to be relatively were used as the disease group. Forty-seven untreated celi-
uncommon, it has now been found to be one the mosacs were diagnosed on the basis of subtotal villous atrophy
frequent genetically based disease (prevalence, 1:250) in ttend 18 on the basis of total villous atrophy in intestinal
general population (2, 3), often manifesting itself by vaguespecimen. The patients were diagnosed and followed up at
nongastrointestinal symptoms (4). During the active phasehe Department of Pediatrics of the “Burlo Garofolo” Chil-
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Table 1. Comparison of Sensitivity and Specificity of AEA, gp-tTG, and h-tTG Assays

gp-tTG+ h-tTG+
Groups n AEA+ IgG IgA 1gG/IgA IgG IgA IgG/IgA
Patients with CD 65*% 60 40 53 58 44 59 64
Sensitivity 93% 61.5% 84% 90% 67.6% 91.5% 98.5%
Patients with Crohn’s disease 20 0 0 0 0 0 0 0
Blood donors 150 0 3 3 6 7 1 8
Specificity 100% 98% 98% 96% 96% 99% 95%

* Two subjects with serum IgA deficiency.
AEA = IgA endomysium antibody; gp-tTG- guinea-pig transglutaminase; h-tT&& human recombinant transglutaminase; €Dceliac disease.

dren’s Hospital in Trieste (35 CD patients: 17 men and 18Antiendomysium Antibody Assay
women) and at the Division of Pediatrics, University of Serum IgA AEA levels were measured by means of indirect
Maryland at Baltimore (30 CD patients: 14 men and 16immunofluorescence, using cryostat sections of human um-
women). Serum samples from 20 Italian patients withbilical cord, as previously described (16). Briefly, the sec-
Crohn’s disease with normal jejunal biopsy (15 males; fivetions were incubated with the subject’s serum diluted 1:5 for
females; age 12-18 yr) and from 150 blood donors (10B0 min. After washing, sections were incubated with fluo-
Americans and 50 Italians, 80 men, 70 women; age 18—60@escein-labeled antihuman IgA antibodies for 30 min. The
yr) were also analyzed for antibodies to gp-tTG, h-tTG, andslides were washed and examined by fluorescent micros-
AEA. copy.

The immunological tests were performed by three oper-

Human Recombinant Transglutaminase _ _ ators (I.B., C.T., and A.T.) unaware of the clinical and
The h-tTG gene was amplified from the intestinal biopsy Oflaboratory findings of the subjects tested.

a patient with active CD using primers specific for the
coding region of the gene (15). The cDNA was cloned into
an expression vector (pET28b, Novagen, Madison, WI)RESULTS
expressed in bacteria, and purified under nondenaturin
conditions using IMAC (Qiagen, Valencia, CA). Purity of

the recombinant protein was assessed by sodium dodec
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).

Ellhe results of the ELISA on patients with CD, patients with
rohn’s disease, and healthy controls are shown in Table 1;
-tTG—based ELISA was positive in all but one of the

biopsy confirmed CD patients. When subdivided according

ELISA to immunoglobulin class, 59 of 65 CD patients were positive

Microtiter plates (EIA/RIA 2580, Costar, Cambridge, MA) by IgA (sensitivity, 91.5%) and 44 of 65 by 1gG ELISA

were coated with Jug h-tTG or gp-tTG (Sigma T5398, lot (sensitivity, 75.6%). Although the sensitivity of the IgG

18H7820, St. Louis, MO) in 10QL of 50 mmol/L Tris-  ELISA alone was rather low, it proved very effective in
buffered saline (TBS) with 5 mmol/L Cag&lpH 7.5. The  combination with the IgA ELISA, as it identified five of the
plates were washed 3 times with TBS, 10 mmol/L EDTA, six patients negative to the IgA assay, giving a combined

0.1% Tween 20 (TTBS). Serum samples diluted 1:100 irsensitivity for the h-tTG ELISA of 98.5% (Table 1). The

TTBS were incubated for 1 h at room temperature (RT). Thaliagnostic efficiency of the gp-tTG ELISA, on the other

plates were washed, and incubatedXd at RTwith either  hand, was lower, with a sensitivity of 84.4% for IgA (53/

1:3000 phosphatase-conjugated antihuman IgA (Sigmé5), 72.2% for IgG (40/65), and 90.2% for IgA and IgG

A-3062) or 1:7000 antihuman IgG (Sigma A-8542) diluted combined (58/65). Even though the AEA assay identified

in TTBS. The immune reaction was developed by addingwo CD patients who were missed with the gp-tTG ELISA

substrate solution and the absorbance was read in a micr¢0/65), its sensitivity (93%; 60/65) was still lower than that

plate reader at 405 nm. The positive control, made by a poadf the h-tTG ELISA (98.5%; 64/65).

of CD patient’s sera positive for tTG, reaches an optical Of the CD patients testing positive by h-tTG ELISA and

density value of 2 for IgA and 1.5 for IgG in about 30 min. negative by either AEA or gp-tTG ELISA, 11 of 12 com-

At that point each sample’s optical density (OD) is used toplained of the symptoms typical of CD. Two of the five

calculate the percentage results, based on this formula: [(OBeliacs who tested negative by AEA had serum IgA defi-

sample— OD blank)/(OD positive controt- OD blank)] X ciency with total villous atrophy, whereas the other three

100. Normal values were taken &s13% IgA and<<30%  had normal serum IgA levels and subtotal villous atrophy

IgG for h-tTG, and<7% IgA and<16% IgG for gp-tTG. (Table 2).

This value is>2 SD above the mean of 100 healthy Italian  All 20 patients with Crohn’s disease were negative for

subjects tested previously to obtain normal cut-off valuedoth the gp-tTG and h-tTG ELISA tests (Table 1). Of the

(60 males, 40 females, aged 1-16 yr) for both h-tTG andl50 healthy controls, seven were identified as positive by

gp-tTG. h-tTG 1gG ELISA (specificity, 95.5%) and one by IgA
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Table 2. Clinical Features and Degree of Histological Abnormality in Intestinal Biopsies of Untreated Celiac Patients Identified Using
h-tTG ELISA, But Not Using Either Guinea Pig-tTG ELISA or IgA Antiendomysium Antibodies

Age
(Yn) Gender Clinical Findings gp-tTG ELISA IgA AEA HLA Type Intestinal Biopsy
1 M Failure to thrive + — DQal,81 Subtotal VA
9 F Down’s syndrome, recurrent abdominal + — ND Total VA
pain, total serum IgA deficiency
24 F Total serum IgA deficiency, daughter of + — DQal,81 Total VA
type-1 diabetic subject
45 F Anemia, dental enamel defects + — DQal,81 Subtotal VA
64 F Anemia, Sjogren’s syndrome + - DQal,81 Subtotal VA
2 F Recurrent abdominal pain — + DQal,81 Subtotal VA
6 F Diarrhea, failure to thrive — + DQal,81 Subtotal VA
7 F Recurrent abdominal pain - + ND Subtotal VA
8 M Diarrhea - + ND Total VA
9 M Diarrhea — + ND Subtotal VA
30 M Anemia — + ND Subtotal VA
35 F Asymptomatic, mother of children with CD - + ND Subtotal VA

ELISA = enzyme-linked immunosorbent assay; fAvillous atrophy; M= male; F= female; CD= celiac disease; NB= not done; other abbreviations as in Table 1.

ELISA (specificity, 99%), whereas with gp-tTG ELISA the DISCUSSION
specificity was 98% with both IgA and IgG (Table 1). The . ) , .
six gp-tTG—positive healthy subjects were also h-tTG pos-'” this paper we described the development of an innovative

itive. At this stage, we cannot establish whether these sifuman-based tTG ELISA, which allowed us to identify a

subjects were truly healthy or asymptomatic celiacs, pelotal of 12 CD patients missed with the other two currently

cause the samples from blood donors were covered bgvailable noninvasive serological tests (seven patients
confidentiality that prevented us from proposing an intesti-Missed by gp-{TG and five missed by AEA). These results

nal biopsy to confirm the diagnosis. All healthy controls andSUPPOTrt previously reported concerns regarding the use of
all patients with Crohn’s disease were found to be negativ&onhuman TG as an alternative test to the AEA assay (10,

by AEA (Table 1). The better performance of the h-tTG 11)., and may explain the smallibut consistent number of
ELISA, compared with the gp-tTG assay, may be related tdatients with CD who test negative by AEA. In our study,
the purity of the recombinant human transglutaminase, comWe Of these patients were affected by IgA deficiency, a
pared with commercially available guinea-pig protein. Ascondition often associated with CD (17), and the remaining
shown in Figure 1, the h-tTG recombinant protein appearedrée had low specific anti-h-TG IgA antibodies (13%,
as a single band of 82 kD on SDS-PAGE, whereas thd4%, and 20%). The less sensitive subjective AEA assay

gp-tTG showed multiple bands, probably due to contami-May have missed the latter three cases precisely because of
nation and/or protein degradation. the low quantity of antibody in the serum. Of note, all five
of these patients showed high levels of specific anti—h-tTG
1gG (40%, 45%, 56%, 75%, and 97%).

Our data emphasize the diagnostic value of h-tTG IgG
antibodies, which were able to identify all the celiac subjects
missed by both IgA AEA and IgA h-tTG. These antibodies

SRR not only increase the sensitivity of the test to levels com-
97— _ parable to the gold standard, intestinal biopsy (see earlier),
but also make it possible to identify CD patients with IgA
66— ‘ deficiency whose immunological defect (often complicated
by recurrent infections) may be corrected by a gluten-free
diet (17).
45— - The partial purity of the gp-tTG (see Fig. 1) may account
for the variability in sensitivity and specificity of the gp-tTG
ELISA reported in the literature (7—10). Furthermore, the
better results obtained with h-tTG may also reflect the 7%
amino acid difference between h-tTG and GP-tTG, suggest-
Figure 1. SDS-PAGE analysis of both guinea-pig transglutaminasemg.that. more .than one e.plt.ope Is recognized by p.atllents
protein (left lane) and recombinant human transglutaminase proant'bOd'eS' Th's hy_pOthes'S IS supported bY our prehmmary
tein (right lane). Positions of molecular weight standards arg€sults obtained with anti-htTG single chain antibodies se-
indicated. lected from a phage library derived from CD patients, show-
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ing that some clones recognize both gp-tTG and h-tTG,
whereas others recognize only the human form (18).

The h-tTG—based ELISA offers a series of advantages™
over the currently available diagnostic tests for CD. The
routine use of the AEA assay is limited by elevated costs, a4,
time-consuming protocol unsuitable for testing large num-
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undiagnosed celiac disease in 5280 ltalian students screened
by antigliadin antibodies. Acta Paediatr 1995;84:672—6.

3. Not T, Horvath K, Hill I, et al. Celiac disease risk in the USA:

High prevalence of antiendomysium antibodies in healthy
blood donors. Scan J Gastroenterol 1998;33:494—-8.

Hin H, Bird G, Fisher P, et al. Coeliac disease in primary care:
Case finding study. Br Med J 1999;318:164—7.

bers of samples, and use of the esophagus of an endangered Scott H, Brandtzaeg P. Endomysial antibodies. In: Peter JB,

species (such as the monkey) as the substrate for the im-
munofluorescence analysis. Even if we (3) and others (19,
20) resolved this last issue by using human umbilical cord as
a valid alternative to monkey esophagus, it has been recently
reported that the subjective interpretation of the AEA assay?7.
may lead to unacceptable variability among laboratories that
perform this test (21). The h-tTG ELISA also offers indis-
putable advantages over the costly, time-consuming, andg
invasive intestinal biopsy. Thanks to its high sensitivity and
specificity, and its low costs, compared with presently used
diagnostic methods, this simple test may be considered arp.
excellent diagnostic tool for both symptomatic and asymp-
tomatic CD patients. Furthermore, the higher sensitivity of
our IgA-1gG h-tTG ELISA, compared to IgA AEA, might
address the recently reported limitations of the IgA-AEA

test in untreated celiac patients with partial villous atrophy11.

(Marsh llla criteria), infiltrative lesion (Marsh | criteria), or
hyperplastic lesion (Marsh Il criteria) of the jejunal intestine
(22). In these conditions, it may be that the related celiac

antibodies are much more present in jejunal fluid than in thg 3.

serum specimens (23), and that, therefore, the low quantity
of these antibodies in the serum failed to be identified by
low-sensitivity immunological techniques such as indirect
immunofluorescence assay. 1
If our results are confirmed on a large scale, it is possible
to predict that the diagnosis of CD will be reduced to a

simple ELISA test for almost all patients, with significant 15.

advantages in terms of savings for the community, less
discomfort for the patients, and reduced risk of the serious
complications, such as intestinal lymphoma (24) or other
autoimmune diseases (25), arising from prolonged gluten
exposure.

17.

ACKNOWLEDGMENT

This work was supported by grant 46/98 from Istituto peris.

I'Infanzia I.R.C.C.S. “Burlo Garofolo,” Trieste, Italy.

Reprint requests and correspondence:Tarcisio Not, M.D.,
Clinica Pediatrica, Istituto per I'lnfanzia I.R.C.C.S. “Burlo Garo-
folo,” Via dell'lstria 65/1, 34100 Trieste, Italy.

Received Aug. 17, 1999; accepted Jan. 6, 2000.

REFERENCES

1. Sollid L, Thorsby E. HLA susceptibility genes in celiac
disease: Genetic mapping and role in pathogenesis. Gastroen-
terology 1993;105:910-22.

2. Catassi C, Ratsch I, Fabiani E, et al. High prevalence of

19.

20.

21.

22.

Shoenfeld Y, eds. Autoantibodies. Amsterdam: Elsevier Sci-
ence, 1996:237-4.

6. Dieterich W, Ehnis T, Bauer M, et al. Identification of tissue

transglutaminase as the autoantigen of celiac disease. Nat Med
1997;3:797-801.

Sulkanen S, Halttunen T, Laurila K, et al. Tissue transglu-
taminase autoantibody enzyme-linked immunosorbent assay
in detecting celiac disease. Gastroenterology 1998;115:
1322-8.

. Dieterich W, Laag E, Schopper H, et al. Autoantibodies to

tissue transglutaminase as predictors of celiac disease. Gas-
troenterology 1998;115:1317-21.

Troncone R, Maurano F, Rossi M, et al. IgA antibodies to
tissue transglutaminase: An effective diagnostic test for celiac
disease. J Pediatr 1999;134:166-71.

10. Biagi F, Ellis H, Yannakou J, et al. Tissue transglutaminase

antibodies in celiac disease. Am J Gastroenterol 1999;94:
2187-92.

Sollid L, Scott H. New tool to predict celiac disease on its way
to the clinics. Gastroenterology 1998;115:1584-94.

12. Clemente MG, Frau F, Musu MP, et al. Antibodies to tissue

transglutaminase outside coeliac disease. Ital J Gastroenterol
Hepatol 1999;6:546 (abstract).

Lampasona V, Bazigaluppi E, Barera G, et al. Tissue trans-
glutaminase and combined screening for coeliac disease and
type 1 diabetes-associated autoantibodies. Lancet 1998;352:
1002-3.

4. Walker-Smith J, Guandalini S, Schmitz J, et al. Report of

Working Group of European Society for Pediatric Gastroen-
terology and Nutrition: Revised criteria for diagnosis of coe-
liac disease. Arch Dis Child 1990;65:909-11.

Gentile V, Saydak M, Chiocca EA, et al. Isolation and char-
acterization of cDNA clones to mouse macrophage and human
endothelial cell tissue transglutaminase. J Biol Chem 1991;
266:478-80.

6. Not T, CittaA, Lucchesi A, et al. Antiendomysium antibody

on human umbilical cord vein tissue: An inexpensive and
sensitive diagnostic tool for the screening of coeliac disease.
Eur J Pediatr 1997;156:616—38.

Cataldo F, Marino V, Ventura A, et al. Prevalence and clinical
features of selective immunoglobulin A deficiency in coeliac
disease. Gut 1998;42:362-5.

Sblattero D, Not T, Marzari R, et al. Phage antibody library
from celiac disease patient. J Pediatr Gatroenterol Nutr 1999;
28:568 (abstract).

Ladinser B, Rossipal E, Pittschieler K. Endomysium antibod-
ies in coeliac disease: An improved method. Gut 1994;35:
776-8.

Kolho K, Savilahti E. IgA endomysium antibodies on hu-
man umbilical cord: An excellent diagnostic tool for celiac
disease in childhood. J Pediatr Gastroenterol Nutr 1997;24:
563-7.

Murray J, Herlein J, Gocken J. Multicenter comparison of
serological tests for celiac disease in the USA: Results of
phase 1 serological comparison. Gastroenterology 1997;112:
A389 (abstract).

Rostami K, Kerckhaert J, Tiemessen R, et al. Sensitivity of
antiendomysium and antigliadin antibodies in untreated celiac



AJG - May, 2000 h-tTG ELISA to Diagnose Celiac Disease 1257

disease: Disappointing in clinical practice. Am J Gastroenterol24. Holmes G, Prior P, Lane M, et al. Malignancy in coeliac
1999:94:888-94. disease-effect of gluten free diet. Gut 1989;30:333-8.

23. O'Mahony S, Vestey J, Ferguson A. Similarities in intestinal 25. Ventura A, Magazzu G, Greco L. Duration of exposure to
humoral immunity in dermatitis herpetiformis without enter- gluten and risk for autoimmune disorders in celiac patients.
opathy and in coeliac disease. Lancet 1990;335:1487-90. Gastroenterology 1999;117:297-303.



