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(57) ABSTRACT 

Detection of toxic gluten oligopeptides refractory to diges 
tion and antibodies and T cells responsive thereto can be used 
to diagnose Celiac Sprue. Analogs of such oligopeptides are 
useful in the inhibition of immune responses. 
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FIG. 5 
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Figure 11 
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Figure 12 
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PEPTDES FOR DAGNOSTIC AND 
THERAPEUTIC METHODS FOR CELIAC 

SPRUE 

0001. In 1953, it was first recognized that ingestion of 
gluten, a common dietary protein present in wheat, barley and 
rye causes disease in sensitive individuals. Gluten is a com 
plex mixture of glutamine- and proline-rich glutenin and 
prolamine molecules, which is thought to be responsible for 
disease induction. Ingestion of Such proteins by sensitive 
individuals produces flattening of the normally luxurious, 
rug-like, epithelial lining of the Small intestine known to be 
responsible for efficient and extensive terminal digestion of 
peptides and other nutrients. Clinical symptoms of Celiac 
Sprue include fatigue, chronic diarrhea, malabsorption of 
nutrients, weight loss, abdominal distension, anemia, as well 
as a substantially enhanced risk for the development of 
osteoporosis and intestinal malignancies (lymphoma and car 
cinoma). The disease has an incidence of approximately 1 in 
200 in European populations. 
0002. A related disease is dermatitis herpetiformis, which 

is a chronic eruption characterized by clusters of intensely 
pruritic vesicles, papules, and urticaria-like lesions. IgA 
deposits occur in almost all normal appearing and perile 
sional skin. Asymptomatic gluten-sensitive enteropathy is 
found in 75 to 90% of patients and in some of their relatives. 
Onset is usually gradual. Itching and burning are severe, and 
scratching often obscures the primary lesions with eczemati 
Zation of nearby skin, leading to an erroneous diagnosis of 
eczema. Strict adherence to a gluten-free diet for prolonged 
periods may control the disease in some patients, obviating or 
reducing the requirement for drug therapy. Dapsone, Sulfapy 
ridine and colchicines are sometimes prescribed for relief of 
itching. 
0003 Celiac Sprue is generally considered to be an 
autoimmune disease and the antibodies found in the serum of 
the patients Support a theory of an immunological nature of 
the disease. Antibodies to tissue transglutaminase (tTG) and 
gliadin appear in almost 100% of the patients with active CS, 
and the presence of Such antibodies, particularly of the IgA 
class, has been used in diagnosis of the disease. 
0004. The large majority of patients express the HLA 
DQ2 DQ(a1*0501, b1*02) and/or DQ8 DQ(a1*0301, 
b1*0302) molecules. It is believed that intestinal damage is 
caused by interactions between specific gliadin oligopeptides 
and the HLA-DQ2 or DQ8 antigen, which in turn induce 
proliferation of T lymphocytes in the sub-epithelial layers. T 
helper 1 cells and cytokines apparently play a major role in a 
local inflammatory process leading to villous atrophy of the 
Small intestine. 
0005. At the present time there is no good therapy for the 
disease, except to completely avoid all foods containing glu 
ten. Although gluten withdrawal has transformed the progno 
sis for children and substantially improved it for adults, some 
people still die of the disease, mainly adults who had severe 
disease at the outset. An important cause of death is lym 
phoreticular disease (especially intestinal lymphoma). It is 
not known whether a gluten-free diet diminishes this risk. 
Apparent clinical remission is often associated with histo 
logic relapse that is detected only by review biopsies or by 
increased EMA titers. 
0006 Gluten is so widely used, for examples in commer 
cial Soups, sauces, ice creams, hot dogs, etc., that patients 
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need detailed lists of foodstuffs to avoid and expert advice 
from a dietitian familiar with celiac disease. Ingesting even 
Small amounts of gluten may prevent remission or induce 
relapse. Supplementary vitamins, minerals, and hematinics 
may also be required, depending on deficiency. A few patients 
respond poorly or not at all to gluten withdrawal, either 
because the diagnosis is incorrect or because the disease is 
refractory. In the latter case, oral corticosteroids (e.g., pred 
nisone 10 to 20 mg bid) may induce response. 
0007 Current diagnostic methods for Celiac Sprue are 
expensive and not very accurate. These methods include 
ELISA-based methods in which either anti-gliadin or anti 
tTG antibodies in the patient's serum are detected and in 
which T cell proliferation upon stimulation with gliadin is 
observed. Often, however, these methods are not sensitive 
enough to detect the diagnostic antibodies in the blood or, as 
is the case for T cell proliferation assays, are deemed to be too 
expensive for routine use. Typically, even if an individual 
tests positive in the diagnostic test, the individual must be 
re-challenged with gliadin (typically after maintaining a glu 
ten-free diet for an extended period of time) and examined by 
endoscopy, an invasive and often painful procedure. 
0008 PCT publication No. WO 01/25793, published 12 
Apr. 2001, describes peptides derived from epitope mapping 
of alpha-gliadin and methods for diagnosing Celiac Sprue 
using Such peptides. Those methods, however, do not appear 
to be significantly more sensitive than methods currently 
employed and so do not overcome the limitations of diagnos 
tic methods currently in use. 
0009 PCT publication No. WO 02/083722 describes 
HLA-DQ restricted T cells receptors capable of recognizing 
prolamine-derived peptides involved in food-related immune 
enteropathy. 
0010. There remains a need for better diagnostic methods 
for Celiac Sprue, methods that are more sensitive than current 
methods, that do not require confirmation by endoscopy, and 
that do not require that an individual be challenged with a 
gluten-containing diet for accuracy. The present invention 
addresses this need. 

SUMMARY OF THE INVENTION 

0011 Methods are provided for diagnosing Celiac Sprue, 
and/or dermatitis herpetiformis, by detecting multivalent 
toxic gluten oligopeptides in a patient; antibodies that bind to 
the toxic gluten oligopeptides; or T cell proliferation elicited 
by Such oligopeptides in a patient. Novel peptides are pro 
vided, which interact strongly with gluten reactive T cells 
and/or HLA molecules. Certain peptides, particularly modi 
fied peptides, are shown to bind strongly to the HLA mol 
ecule, without activating T cells, thereby blocking reactivity. 
Such peptides find use in diagnostic and therapeutic methods. 
0012. In one aspect, the present invention provides meth 
ods for treating Celiac Sprue and/or dermatitis herpetiformis 
and the symptoms thereof by administration of an HLA 
binding peptide inhibitor to the patient. In one embodiment, 
the HLA-binding peptide inhibitor employed in the method is 
an analog of an immunogenic gluten peptide, where an immu 
nogenic gluten peptide is altered by the replacement of one or 
more amino acids, where the replacement may be another 
naturally occurring amino acid, non-naturally occurring 
amino acids, modified amino acids, amino acid mimetics, and 
the like. Analogs of immunogenic gluten peptides that (i) 
retain the ability to bind tightly to HLA molecules; (ii) retain 
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the proteolytic stability of these peptides; but (iii) are unable 
to activate disease-specific or other T cells, are useful agents 
to treat Celiac Sprue. 
0013. In another aspect, the present invention provides 
novel HLA-binding peptide inhibitors and methods for treat 
ing Celiac Sprue and/or dermatitis herpetiformis by admin 
istering those compounds. 
0014. In another aspect, the invention provides pharma 
ceutical formulations comprising an HLA-binding peptide 
inhibitor and a pharmaceutically acceptable carrier. In one 
embodiment, such formulations comprise an enteric coating 
that allows delivery of the active agent to the intestine, and the 
agents are stabilized to resist digestion or acid-catalyzed 
modification in acidic stomach conditions. In another 
embodiment, the formulation also comprises one or more 
glutenases, as described in U.S. Provisional Application 
60/392.782 filed Jun. 28, 2002; and U.S. Provisional Appli 
cation 60/428,033, filed Nov. 20, 2002, both of which are 
incorporated herein by reference. The invention also provides 
methods for the administration of enteric formulations of one 
or more HLA-binding peptide inhibitors to treat Celiac Sprue. 
0015 These and other aspects and embodiments of the 
invention and methods for making and using the invention are 
described in more detail in the description of the drawings and 
the invention, the examples, the claims, and the drawings that 
follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIGS. 1A-1B. Brush border membrane catalyzed 
digestion of the immunodominant gliadin peptide. FIG. 1A: 
LC-MS traces of (SEQ ID NO: 1) QLQPFPQPQLPY after 
digestion with 27 ng/ul rat brush border membrane (BBM) 
protein for the indicated time. Reaction products were sepa 
rated by reversed phase HPLC and detected by mass spec 
troscopy (ion counts m/z 300-2000 g/mol). The indicated 
peptide fragments were confirmed by characteristic tandem 
MS fragmentation patterns. The SEQID NO:2 pyroQLQPF 
PQPQLPY peak corresponds to an N-terminally pyro 
glutaminated species, which is generated during HPLC puri 
fication of the synthetic starting material. FIG. 1 BAbundance 
of individual digestion products as a function of time. The 
peptide fragments in FIG. 1A were quantified by integrating 
the corresponding MS peak area (m/z 300-2000 g/mol). The 
resulting MS intensities are plotted as a function of digestion 
time (with BBM only, colored bars). The digestion experi 
ment was repeated in the presence of exogenous DPP IV from 
Aspergillus fumigatus (Chemicon International, CA, 0.28 U. 
DPP IV/ng BBM protein) and analyzed as above (open bars). 
The relative abundance of different intermediates could be 
estimated from the UVso traces and control experiments 
using authentic standards. The inserted Scheme shows an 
interpretative diagram of the digestion pathways of (SEQID 
NO: 1) QLQPFPQPQLPY and its intermediates, the BBM 
peptidases involved in each step, and the amino acid residues 
that are released. The color code for labeling the peptides is 
similar to that used in A. The preferred breakdown pathway is 
indicated in bold. APN-aminopeptidase N, 
CPP-carboxypeptidase P, DPP IV-dipeptidyl dipeptidase 
IV. 
0017 FIG. 2A-2B. C-terminal digestion of the immun 
odominant gliadin peptide by brush border membrane. FIG. 
2A: (SEQ ID NO:3) PQPQLPYPQPQLPY was digested by 
27 ng/ul brush border membrane (BBM) protein preparations 
for the indicated time and analyzed as in FIG. 1A. The iden 
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tity of the starting material and the product (SEQ ID NO:4) 
PQPQLPYPQPQLP was corroborated by MSMS fragmenta 
tion. The intrinsic mass intensities of the two peptides were 
identical, and the UVs extinction coefficient of (SEQ ID 
NO:4) PQPQLPYPQPQLP was half of the starting material 
in accordance with the loss of one tyrosine. All other inter 
mediates were below is 1%. The scheme below shows the 
proposed BBM digestion pathway of (SEQ ID NO:3) 
PQPQLPYPQPQLPY with no observed N-terminal process 
ing (crossed arrow) and the removal of the C-terminal 
tyrosine by carboxypeptidase P (CPP) in bold. Further C-ter 
minal processing by dipeptidyl carboxypeptidase (DCP) was 
too slow to permit analysis of the Subsequent digestion steps 
(dotted arrows). FIG. 2B: Influence of dipeptidyl carbox 
ypeptidase on C-terminal digestion. (SEQ ID NO:3) 
PQPQLPYPQPQLPY in phosphate buffered saline:Tris buff 
ered saline=9:1 was digested by BBM alone or with addition 
of exogenous rabbit lung DCP (Cortex Biochemicals, CA) or 
captopril. After overnight incubation, the fraction of accumu 
lated SEQID NO:4) PQPQLPYPQPQLP (compared to ini 
tial amounts of (SEQID NO:3) PQPQLPYPQPQLPY at t=0 
min) was analyzed as in FIG. 2A, but with an acetonitrile 
gradient of 20-65% in 6-35 minutes. 
(0018 FIG.3. Dose dependent acceleration of brush border 
mediated digestion by exogenous endoproteases. As seen 
from FIG. 2A-2B, the peptide (SEQ ID NO:4) 
PQPQLPYPQPQLP is stable toward further digestion. This 
peptide was digested with 27 ng/ul brush border membranes, 
either alone, with increasing amounts of exogenous prolyl 
endopeptidase (PEP. specific activity 28 uU/pg) from Fla 
vobacterium meningosepticum (US Biological, MA), or with 
additional elastase (E-1250. Sigma, Mo.), bromelain 
(B-5144, Sigma, Mo.) or papain (P-5306, Sigma, Mo.). After 
one hour, the fraction of remaining (SEQ ID NO:4) 
PQPQLPYPQPQLP (compared to the initial amount at t=0 
min) was analyzed and quantified as in FIG. 1. 
0019 FIG. 4. Products of gastric and pancreatic protease 
mediated digestion of C2-gliadin under physiological condi 
tions. Analysis was performed by LC-MS. The longest pep 
tides are highlighted by arrows and also in the sequence of 
C2-gliadin (inset). 
(0020 FIG. 5. In vivo brush border membrane digestion of 
peptides. LC-UVs traces of 25 uM of (SEQ ID NO:12) 
LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF before 
perfusion and after perfusion (residence time=20 min). LC 
UV, traces of 50M of (SEQID NO: 1) QLQPFPQPQLPY 
before perfusion and after perfusion (residence time=20 
min). 
0021 FIG. 6. Alignment of representative glutenand non 
gluten peptides homologous to (SEQID NO:12) LQLQPF 
PQPQLPYPQPQLPYPQPQLPYPQPQPF. 
0022 FIG. 7. Breakdown and detoxification of 33-mer 
gliadin peptide with PEP. In vitro incubation of PEP (540 
mu/ml) with the 33-mer gliadin peptide (100 LM) for the 
indicated time. In vivo digestion of the 33-mergliadin peptide 
(25 uM) with PEP (25 mU/ml) and the rat's intestine (resi 
dence time=20 min). 
0023 FIG. 8. Equilibrium occupancy of individual pep 
tides shown in FIG. 10 in the DQ2 binding pocket, as mea 
Sured by peptide exchange assays. Measurements were made 
at (A) pH 5.5 and (B) pH 7.3. 4.7 uM DQ2 was mixed with 
0.18 uM fluorescein-conjugated peptide at 37° C. for 45 h, 
and the abundance of DQ2 bound peptide was calculated as a 
percentage of total peptide. 
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0024 FIG.9A-9B. Stimulation of T cell proliferation by 
three peptides, the 33-mer 1 (A), peptide 3 (), and the 20-mer 
5 (()). Paraformaldehyde-fixed DQ2 cells were used as anti 
gen presenting cells. (A) Proliferation of a polyclonal T cell 
line that recognizes all a epitopes. (B) Proliferation of a clonal 
T cell line that recognizes the CII epitope (peptide 3). 
0025 FIG. 10. Structures of candidate DQ2 blocking 
agents 19-22. 
0026 FIG. 11A-11C. Kinetic analysis of exchange of 
compounds 17-21 in the DQ2 binding pocket. (A) Exchange 
of compounds 17 (A) and 19 () onto DQ2 at pH 5.5 (filled 
circles) and pH 7.3 (open circles). (B) Exchange of com 
pounds 18 (A) and 20 () onto DQ2 at pH 5.5 (filled circles) 
and pH 7.3 (open circles). (C) Comparative kinetics of DQ2 
binding of compounds 5 (), 19 (A), 20 (V), and 21 (()) at pH 
5.5 and 37° C. 
0027 FIG. 12. Kinetic analysis of exchange of compound 
22 (filled) and 33-mer 1 (filled A) at pH 5.5. Data at pH 7.3 
was similar; at this pH peptide 1 reaches a maximum occu 
pancy of 28% (45 h), whereas peptide 22 reaches a maximum 
occupancy of 40% (20 h). 
0028 FIG. 13 A-13B. Comparison of T cell proliferation 
in the presence of modified peptides 19, 20, 21, and 22. All 
peptides were tested at a concentration of 3 LM, except com 
pound 22 was tested at 5uM. DQ2 APCs were y-irradiated 
before incubation with peptide. 
0029 FIG. 14. T cell response to various concentrations of 
antigen peptide 5 co-incubated without any blocker peptide or 
in the presence of compound 21 or compound 22 (5uMeach) 
as reversible inhibitors of DQ2 antigen presentation. DQ2 
APCs were fixed prior to incubation with peptide. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0030 Celiac Sprue and/or dermatitis herpetiformis are 
diagnosed by detecting antibodies that bind to digestion 
refractory gluten oligopeptides and/or T-cell proliferation 
produced by Such oligopeptides in Celiac Sprue individuals. 
Gluten oligopeptides are highly resistant to cleavage by gas 
tric and pancreatic peptidases Such as pepsin, trypsin, chy 
motrypsin, and the like.-By providing for detection of Such 
gluten oligopeptides; of antibodies specifically reactive 
thereto; and/or of T-cell proliferation produced by such oli 
gopeptides in individuals, improved methods of diagnosing 
Celiac Sprue and/or dermatitis herpetiformis are provided. 
0031 Celiac Sprue and/or dermatitis herpetiformis may 
also be treated by interfering with HLA binding of immuno 
genic gluten peptides. Therapeutic benefit can also be 
enhanced in some individuals by increasing the digestion of 
gluten oligopeptides, whether by pretreatment of foodstuffs 
to be ingested or by administration of an enzyme capable of 
digesting the gluten oligopeptides, together with administra 
tion of an HLA-binding peptide inhibitor. Gluten oligopep 
tides are highly resistant to cleavage by gastric and pancreatic 
peptidases such as pepsin, trypsin, chymotrypsin, and the 
like, and their prolonged presence in the digestive tract can 
induce an autoimmune response. The antigenicity of gluten 
oligopeptides and the ill effects caused by an immune 
response thereto can be decreased by administration of an 
HLA-binding peptide inhibitor. Such inhibitors are analogs 
of immunogenic gluten peptides and (i) retain the ability to 
bind tightly to HLA molecules; (ii) retain the proteolytic 
stability of these peptides; but (iii) are unable to activate 
disease-specific or other T cells. 
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0032. In some embodiments and for some individuals, the 
methods of the invention remove the requirement that absten 
tion from ingestion of glutens be maintained to keep the 
disease in remission. The compositions of the invention 
include formulations of tTGase inhibitors that comprise an 
enteric coating that allows delivery of the agents to the intes 
tine in an active form; the agents are stabilized to resist 
digestion or alternative chemical transformations in acidic 
stomach conditions. In another embodiment, food is pre 
treated or combined with glutenase, or a glutenase is co 
administered (whether in time or in a formulation of the 
invention) with an HLA-binding peptide inhibitor of the 
invention. 

0033. The subject methods are useful for both prophylac 
tic and therapeutic purposes. Thus, as used herein, the term 
“treating is used to refer to both prevention of disease, and 
treatment of a pre-existing condition. The treatment of ongo 
ing disease, to stabilize or improve the clinical symptoms of 
the patient, is a particularly important benefit provided by the 
present invention. Such treatment is desirably performed 
prior to loss of function in the affected tissues; consequently, 
the prophylactic therapeutic benefits provided by the inven 
tion are also important. Evidence of therapeutic effect may be 
any diminution in the severity of disease, particularly dimi 
nution of the severity of Such symptoms as fatigue, chronic 
diarrhea, malabsorption of nutrients, weight loss, abdominal 
distension, and anemia. Other disease indicia include the 
presence of antibodies specific for glutens, antibodies spe 
cific for tissue transglutaminase, the presence of pro-inflam 
matory T cells and cytokines, and degradation of the villus 
structure of the small intestine. Application of the methods 
and compositions of the invention can result in the improve 
ment of any and all of these disease indicia of Celiac Sprue. 
0034 Patients that can benefit from the present invention 
include both adults and children. Children in particular ben 
efit from prophylactic treatment, as prevention of early expo 
Sure to toxic gluten peptides can prevent development of the 
disease into its more severe forms. Children suitable for pro 
phylaxis in accordance with the methods of the invention can 
be identified by genetic testing for predisposition, e.g. by 
HLA typing; by family history, and by other methods known 
in the art. As is known in the art for other medications, and in 
accordance with the teachings herein, dosages of the HLA 
binding peptide inhibitors of the invention can be adjusted for 
pediatric use. 
0035. Because most proteases and peptidases are unable to 
hydrolyze the amide bonds of proline residues, the abundance 
of proline residues in gliadins and related proteins from 
wheat, rye and barley can constitute a major digestive 
obstacle for the enzymes involved. This leads to an increased 
concentration of relatively stable gluten derived oligopep 
tides in the gut. These stable gluten derived oligopeptides, 
called “immunogenic oligopeptides’ herein, bind to MHC 
molecules, including HLA HLA-DQ2 or DQ8 molecules, to 
stimulate an immune response that results in the autoimmune 
disease aspects of Celiac Sprue. In some cases the enzyme 
tissue transglutaminase selectively deamidates certain 
glutamine residues in these peptides, thereby enhancing their 
potency for the DQ2 ligand binding pocket. 
0036 Peptides of particular interest for these purposes are 
analogs of SEQ ID NO:12 LQLQPF 
PQPQLPYPQPQLPYPQPQLPYPQPQPF. Such analogs 
may comprise one or more of the modifications set forth 
herein. Analogs may be truncated of 5, 10, 12, 13 or more 
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amino acids, which truncation may be from the amino or the 
carboxy terminus. Analogs may be deamidated at one, two, 
three or more glutamine residues, by substitution with 
glutamic acid at these positions, where deamidation of resi 
dues 10, 17 and 24 are of particular interest. Analogs may be 
substituted at one, two three or more leucine residues for 
lysine, where substitution of positions 11 and 18 are of par 
ticular interest; and/or modification of the substituted lysine 
residues with a sterically hindered conjugate to the e-amine 
group. 
0037 Deamidated, and in some instances truncated, ana 
logs of SEQID NO:12 include: 

ID Number 

SEO ID NO: 12 1 LQLQPFPQPELPYPOPELPYPOPELPYPQPQPF 

SEO ID NO: 17 2 PFPOPELPY 

SEO ID NO: 18 3 POPELPYPQ 

SEO ID NO: 19 4 LOLOPFPOPELPYPQ 

SEO ID NO: 2O 5 LOLOPFPOPELPYPOPELPY 

SEO ID NO: 21 6 PQPELPYPOPELPY 

SEO ID NO: 22 7 PQPELPYPQPELPYPQPELPY 

SEO ID NO: 23 8 PFPOPELPYPOPELPYPOPELPYPOPOP 

SEO ID NO: 24 9 LOPFPOPELPYPOPELPYPOPELPYPOPOP 

SEO ID NO: 25 10 QLOPFPOPELPYPOPELPYPOPELPYPOPOP 

SEO ID NO: 26 11 LOLOPFPOPELPYPOPOLPYPQPQLPYPOPOPF 

SEO ID NO: 27 12 LOLOPFPQPQLPYPOPELPYPQPQLPYPOPOPF 

SEO ID NO: 28 13 LOLOPFPQPQLPYPOPOLPYPOPELPYPOPOPF 

SEO ID NO: 29 14 LOLOPFPOPELPYPOPELPYPQPQLPYPOPOPF 

SEO ID NO:3O 15 LOLOPFPOPELPYPOPOLPYPOPELPYPOPOPF 

SEO ID NO:31, 16 LOLOPFPQPQLPYPOPELPYPOPELPYPOPOPF 

0038. It can be seen from these sequences that analogs 
comprising various combinations of deamidated residues can 
be produced (SEQID NO:17-23), and will bind to the HLA 
molecule DQ2. Additional modifications include deletion of 
terminal residues, for example SEQ ID NO:24-SEQ ID 
NO:30. The antigenic response of the 33mer is principally 
centered around the (SEQ ID NO:31) (SEQ ID NO: 18) 
PQPELPYPQ epitope (residues 7-15), but that the N-terminal 
sequence (SEQ ID NO:32) LQLQPF as well as a C-termi 
nally located secondary Glu (e.g. E17 or E24) residue further 
enhance DQ2 affinity of the 33mer. 
0039. In one embodiment of the invention, a peptide of at 
least about 14 amino acids, at least 18 amino acids, at least 20 
amino acids, at least 22 amino acids, and not more than about 
33 amino acids, not more than about 28, not more than about 
26, or not more than about 24 amino acids is provided, 
wherein said peptide comprises the epitope sequence (SEQ 
ID NO: 18) PQPELPYPQ. The peptide may optionally com 
prise as the amino terminal sequence, (SEQ ID NO:32), 
LQLQPF. For example, such a peptide may comprise the 
sequence of SEQ ID NO:27, and may further comprise a 
C-terminally located secondary glu residue. In some embodi 
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ments, the carboxy terminal sequence is SEQ ID NO:44 
PELPY, or SEQ ID NO:45 PEKPY, e.g. (SEQ ID NO:34), 
LQLQPFPQPELPYPQPEKPY 
0040. In another embodiment, the peptide of interest 
described above comprises the epitope sequence (SEQ ID 
NO:43) PQPEKPYPQ, wherein the leucine has been 
replaced with a lysine residue. Such peptides may optionally 
comprise as the amino terminal sequence, SEQ ID NO:32, 
LQLQPF, for example SEQ ID NO:33 LQLQPFPQPE 
KPYPQPELPY. Such peptide may optionally comprise a 
C-terminally located secondary glu residue. In some embodi 
ments, the carboxy terminal sequence is SEQ ID NO:44 
PELPY, or SEQ ID NO:45 PEKPY, for example SEQ ID 
NO:35 LQLQPFPQPEKPYPQPEKPY. 
0041. The e-amine of the lysine is generally reactive to 
electrophiles, and can readily by modified. The lysine resi 
dues in the peptides described above may be conjugated to a 
group that provides for Steric hindrance of interactions 
between the peptide and a cognate receptor. Such conjugates 
may include, without limitation, Succinic acid; glutaric acid; 
y-aminobutyric acid; benzyloxycarbonyl group; t-Butoxycar 
bonyl group; 9-fluorenylmethoxycarbonyl group; phthalim 
ides; polyethylene glycol; secondary and tertiary amines. 
Peptides thus modified have been found to bind very well to 
HLA antigens, but do not activate T cells that proliferate in 
response to SEQID NO:12. Such peptides therefore find use 
as inhibitors of immune responses involved in Celiac Sprue 
and/or dermatitis herpetiformis. 
0042 Peptides as described above, including, without 
limitation, those comprising or consisting of SEQID NO:43, 
SEQID NO:33, SEQID NO:35, may additionally be substi 
tuted with cysteine. Sites for cysteine substitution include the 
sites of lysine substitution (residue 11 and 18 with respect to 
SEQ ID NOL35). Such analogs are transformed into DQ2 
blockers through intramolecular cyclization via disulfide 
bond formation. Cyclic DQ2 binding molecules may further 
be modified by altering the bridge lengths, e.g. replacing 
cysteine with analogues such as homocysteine. More stable 
analogues are prepared by replacing disulfide bonds with 
other flexible cyclization tethers. Two strategies of interest 
are replacement of disulfide bridges with thioether linkages 
Robey, F. A. (2000) Selective and Facile Cyclization of 
Nchloroacetylated Peptides from the C4 Domain of HIV 
Gp120 in LiCl/DMF Solvent Systems. J. Peptide Res. 56, 
115-120: Oligino, L.; Lung, F.-D. T.; Sastry, L.; Bigelow, J.; 
Cao, T.: Curran, M.; Burke, T. R., Jr.; Wang, S.; Krag, D.; 
Roller, P. P. King, C. R. (1997) Nonphosphorylated Peptide 
Ligands for the Grb2Src Homology 2 Domain. J. Biol. Chem. 
272, 29046-29052 and olefin metathesis Blackwell, H. E.; 
Grubbs, R. H. (1998) Highly Efficient Synthesis of 
Covalently Cross-linked Peptide Helices by Ring-Closing 
Metathesis. Angew. Chem. Int. Ed. 37, 3281-3284; 
Schafmeister C. E.; Po, J.; Verdine, G. L. (2000) An All 
Hydrocarbon Cross-Linking System for Enhancing the 
Helicity and Metabolic Stability of Peptides. J. Am. Chem. 
Soc. 122, 5891-5892. Alternatively, a wide range of bis 
alkylating agents such as dibromoketones are used, since the 
resulting macrocyclic products, if active, will contain an 
orthogonal ketone functional group for further modification 
0043. In another embodiment, an immunogenic glutenoli 
gopeptide analog is an analog of a peptide that comprises at 
least about 8 residues, and may comprise at least about 10 
residues; at least about 11 residues, at least about 12 residues, 
at least about 13 residues, at least about 14 residues, or more, 
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where the term “residue' refers to naturally occurring amino 
acids, non-naturally occurring amino acids, and amino acid 
mimetics or derivatives; and where the gluten peptide is 
altered by the replacement of one or more amino acids. The 
replacement may be another naturally occurring amino acid, 
non-naturally occurring amino acids, modified amino acids, 
amino acid mimetics, and the like; and may further be deriv 
itized to further reduce the affinity of these ligands for dis 
ease-specific T cell receptors. The sequence of immunogenic 
gluten oligopeptides can be determined by one of skill in the 
art. Immunogenic gliadin oligopeptides are peptides derived 
during normal human digestion of gliadins and related Stor 
age proteins as described above, from dietary cereals, e.g. 
wheat, rye, barley, and the like. Such oligopeptides act as 
antigens for T cells in Celiac Sprue. For binding to Class II 
MHC proteins, immunogenic peptides are usually from about 
8 to 20 amino acids in length, more usually from about 10 to 
18 amino acids. Such peptides may include PXP motifs, such 
as the motif (SEQ ID NO: 8) PQPQLP. Determination of 
whether an oligopeptide is immunogenic for a particular 
patient is readily determined by standard T cell activation and 
other assays known to those of skill in the art. 
0044 Among gluten proteins with potential harmful effect 
to Celiac Sprue patients are included the storage proteins of 
wheat, species of which include Triticum aestivum, Triticum 
aethiopicum, Triticum baeoticum, Triticum militinae, Triti 
cum monococcum, Triticum sinskaiae, Triticum timopheevi, 
Triticum turgidium, Triticum urartu, Triticum vavilovii; Triti 
cum Zhukovskyi, etc. A review of the genes encoding wheat 
storage proteins may be found in Colot (1990) Genet Eng (N 
Y) 12:225-41. Gliadin is the alcohol-soluble protein fraction 
of wheat gluten. Gliadins are typically rich in glutamine and 
proline, particularly in the N-terminal part. For example, the 
first 100 amino acids of C- and Y-gliadins contain -35% and 
~20% of glutamine and proline residues, respectively. Many 
wheatgliadins have been characterized, and as there are many 
strains of wheat and other cereals, it is anticipated that many 
more sequences will be identified using routine methods of 
molecular biology. Examples of gliadin sequences include 
but are not limited to wheat alpha gliadin sequences, for 
example as provided in Genbank, accession numbers 
AJ133612; AJ133611; AJ133610; AJ133609; AJ133608: 
AJ133607; AJ133606; AJ133605; AJ133604; AJ133603; 
AJ133602; D84341.1; U51307; U51306: U51304, U51303; 
U50984; and U08287. A sequence of wheat omegagliadin is 
set forth in Genbank accession number AF280605. 
0.045 Among the immunogenic gluten oligopeptides that 
may be modified to generate an HLA-binding peptide inhibi 
tor are included the peptide sequence (SEQ ID NO:44) 
QLQPFPQPELPYP; the sequence (SEQ ID NO:36) 
PQPELPY; the sequence (SEQ ID NO:46) PFPQPELPYP. 
(SEQ ID NO.47) PQPELPYPQPQLP (SEQ ID NO:48) 
PQQSFPEQQPP (SEQ ID NO:49) VQGQGIIQPEQPAQ, 
(SEQ ID NO:50) FPEQPQQPYPQQP (SEQ ID NO:51) 
FPQQPEQPYPQQP (SEQ ID NO:52) FSQPEQEFPQPQ 
and longer peptides containing Such sequences or multiple 
copies of Such sequences. Gliadins, secalins and hordeins 
contain several (SEQ ID NO:53) PQPQLPY sequences or 
sequences similar thereto rich in Pro-Gln residues that are 
high-affinity substrates for tTGase. The tTGase catalyzed 
deamidation of Such sequences increases their affinity for 
HLA-DQ2, the class II MHC allele present in >90% Celiac 
Sprue patients. Presentation of these deamidated sequences 
by DQ2 positive antigen presenting cells effectively stimu 
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lates proliferation of gliadin-specific T cells from intestinal 
biopsies of most Celiac Sprue patients, providing evidence 
for the proposed mechanism of disease progression in Celiac 
Sprue. 
004.6 Analog oligopeptides of the invention comprise at 
least one difference in amino acid sequence from a native 
gluten peptide, by the replacement of an amino acid with a 
different amino acid; a non-naturally occurring amino acid, a 
peptidomimetics, Substituted amino acid, and the like. An 
L-amino acid from the native peptide may be altered to any 
other one of the 20 L-amino acids commonly found in pro 
teins, any one of the corresponding D-amino acids, rare 
amino acids, such as 4-hydroxyproline, and hydroxylysine, 
or a non-protein amino acid, such as B-alanine, ornithine and 
homoserine. Also included with the scope of the present 
invention are amino acids that have been altered by chemical 
means such as methylation (e.g., C.-methylvaline), deamida 
tion, amidation of the C-terminal amino acid by an alky 
lamine Such as ethylamine, ethanolamine, and ethylene 
diamine, and acylation or methylation of an amino acid side 
chain function (e.g., acylation of the epsilon amino group of 
lysine), deimination of arginine to citrulline, isoaspartylation, 
orphosphorylation on serine, threonine, tyrosine or histidine 
residues. Importantly, each of these altered amino acids pro 
vide a functional handle, e.g. amine, alcohol, aryl halide, and 
the like, which can be regioselectively derivatized to further 
reduce the affinity of these ligands for disease-specific T cell 
receptors. Peptide analogs may be further derivatized with 
Substitutions, including, without limitation, ethers, amines, 
esters, amides, carbonates, carbamates, carbazates, ureas and 
C C coupled derivatives. Other examples include oxidation 
of alcohols to ketones, followed by further modifications of 
the resulting carbonyl group, e.g. via preparation of Oximes) 
or the carbon atom adjacent to the ketone. Such derivatives 
are encompassed by the term “analog. 
0047. The proteolytic stability of gluten oligopeptides can 
be attributed, at least in part, to the presence of PXP motifs, 
which are resistant to enzymatic degradation. Preferred ana 
logs of immunogenic gluten oligopeptides will comprise one 
or more proline residues, and may comprise one or more PXP 
motifs. 

0048 One inhibitor of interest is an oligopeptide or pep 
tidomimetic that comprises the sequence PXPOPELPY. 
where X is Gly, Ala, Tyr, Trp, Arg, Lys, p-iodo-Phe, 3-iodo 
Tyr, p-amino-Phe, 3-amino-Tyr, hydroxylysine, ornithine, 
Asp, Glu, or any residue that is substantially bulkier or hydro 
philic than Phe. Examples of suitable modifications include 
ethers, amines, esters, amides, carbonates, carbamates, car 
bazates, ureas and C C coupled derivatives. Other examples 
include oxidation of alcohols to ketones, followed by further 
modifications of the resulting carbonyl group (e.g. via prepa 
ration of oximes) or the carbon atom adjacent to the ketone. 
The peptide may comprise modifications that increase bind 
ing potency to an MHC molecule, by varying residues that 
facilitate peptide docking into the binding cleft. Examples of 
such residues include Gln-4, Glu-6, Leu-7, and Tyr-9 (num 
bering based on the epitope (SEQID NO:17) PFPQPELPY). 
Each of these residues interacts closely with several residues 
in the DQ2 binding pocket. By using structure-based molecu 
lar design methods, these interactions can be optimized. 
0049. Another inhibitor of interest is a oligopeptide or 
peptidomimetic that comprises the Sequence 
PFPQXELXY, where X and X are independently selected 
from 4-hydroxy-Pro (either isomer at C-4), 4-amino-Pro (ei 
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ther isomer atC-4), or 3-hydroxy-Pro (either isomer atC-3), 
and proline, with the proviso that at least one of X and X is 
a residue other than proline. 
0050. As described above, the sequence of gluten peptides 
may be altered in various ways known in the art to generate 
targeted changes in sequence. The sequence changes may be 
Substitutions, insertions or deletions. Such alterations may be 
used to alter properties of the protein, by affecting the stabil 
ity, specificity, etc. Techniques for in vitro mutagenesis of 
cloned genes are known. Examples of protocols for scanning 
mutations may be found in Gustin et al., Biotechniques 14:22 
(1993); Barany, Gene 37:111-23 (1985); Colicelli et al., Mol 
Gen Genet. 199:537-9 (1985); and Prentki et al., Gene 
29:303-13 (1984). Methods for site specific mutagenesis can 
be found in Sambrook et al., Molecular Cloning: A Labora 
tory Manual, CSH Press 1989, pp. 15.3-15.108; Weiner et al., 
Gene 126:35-41 (1993); Sayers et al., Biotechniques 
13:592-6 (1992); Jones and Winistorfer, Biotechniques 
12:528-30 (1992); Barton et al., Nucleic Acids Res 18:7349 
55 (1990); Marotti and Tomich, Gene Anal Tech 6:67-70 
(1989); and Zhu Anal Biochem 177:120-4 (1989). 
0051. The peptides may be joined to a wide variety of 
other oligopeptides or proteins for a variety of purposes. By 
providing for expression of the Subject peptides, various post 
expression modifications may be achieved. For example, by 
employing the appropriate coding sequences, one may pro 
vide farnesylation or prenylation. The peptides may be 
PEGylated, where the polyethyleneoxy group provides for 
enhanced lifetime in the blood stream. The peptides may also 
be combined with other proteins, such as the Fc of an IgG 
isotype, which may be complement binding, with a toxin, 
Such as ricin, abrin, diphtheria toxin, or the like, or with 
specific binding agents that allow targeting to specific moi 
eties on a target cell. 
0052 Modifications of interest that do not alter primary 
sequence include chemical derivatization of polypeptides, 
e.g., acetylation, acylation, carboxylation, etc. Also 
embraced are sequences that have phosphorylated amino acid 
residues, e.g. phosphotyrosine, phosphoserine, or phospho 
threonine. 

0053 Also included in the subject invention are peptides 
that have been modified using ordinary molecular biological 
techniques and synthetic chemistry So as to improve their 
resistance to proteolytic degradation or to optimize solubility 
properties or to render them more Suitable as a therapeutic 
agent. Analogs of such polypeptides include those containing 
residues other than naturally occurring L-amino acids, e.g. 
D-amino acids or non-naturally occurring synthetic amino 
acids. D-amino acids may be substituted for some or all of the 
amino acid residues. 
0054 Peptides and peptide analogs may be synthesized by 
standard chemistry techniques, including synthesis by auto 
mated procedure. In general, peptide analogs are prepared by 
Solid-phase peptide synthesis methodology which involves 
coupling each protected amino acid residue to a resin Support, 
preferably a 4-methylbenzhydrylamine resin, by activation 
with dicyclohexylcarbodiimide to yield a peptide with a 
C-terminal amide. Alternatively, a chloromethyl resin (Mer 
rifield resin) may be used to yield a peptide with a free 
carboxylic acid at the C-terminus. After the last residue has 
been attached, the protected peptide-resin is treated with 
hydrogen fluoride to cleave the peptide from the resin, as well 
as deprotect the side chain functional groups. Crude product 
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can be further purified by gel filtration, HPLC, partition chro 
matography, or ion-exchange chromatography. 
0055. If desired, various groups may be introduced into 
the peptide during synthesis or during expression, which 
allow for linking to other molecules or to a surface. Thus 
cysteines can be used to make thioethers, histidines for link 
ing to a metal ion complex, carboxyl groups for forming 
amides or esters, amino groups for forming amides, and the 
like. 
0056. The polypeptides may also be isolated and purified 
in accordance with conventional methods of recombinant 
synthesis. A lysate may be prepared of the expression host 
and the lysate purified using HPLC, exclusion chromatogra 
phy, gel electrophoresis, affinity chromatography, or other 
purification technique. For the most part, the compositions 
which are used will comprise at least 20% by weight of the 
desired product, more usually at least about 75% by weight, 
preferably at least about 95% by weight, and for therapeutic 
purposes, usually at least about 99.5% by weight, in relation 
to contaminants related to the method of preparation of the 
product and its purification. Usually, the percentages will be 
based upon total protein. 
0057. In one embodiment of the invention, the peptide 
consists essentially of a polypeptide sequence as set forth in 
any one of the SEQID NOS provided herein. By “consisting 
essentially of in the context of a polypeptide described 
herein, it is meant that the polypeptide is composed of the 
gluten sequence, which sequence may be flanked by one or 
more amino acid or other residues that do not materially affect 
the basic characteristic(s) of the polypeptide. 

Interactions with Immune System Receptors 
0.058 Preferably, antigenic oligopeptides of interest for 
use in the methods of the invention are as described above, 
and comprise at least one epitope. As used herein, the term 
“epitope” refers to the portion of an antigen bound by an 
antibody or T cell receptor, which portion is sufficient for high 
affinity binding. In polypeptide antigens, generally a linear 
epitope for recognition will be at least about 7 amino acids in 
length, and may be 8 amino acids, 9 amino acids, 10 amino 
acids, or more. 
0059 Antibodies may recognize linear determinants or 
conformational determinants formed by non-contiguous resi 
dues on an antigen, and an epitope can therefore require a 
larger fragment of the antigen to be present for binding, e.g. a 
protein domain, or Substantially all of a protein sequence. The 
binding site of antibodies typically utilizes multiple non 
covalent interactions to achieve high affinity binding. While a 
few contact residues of the antigen may be brought into close 
proximity to the binding pocket, other parts of the antigen 
molecule can also be required for maintaining a conformation 
that permits binding. In order to consider an antibody inter 
action to be “specific', the affinity will be at least about 107 
M, usually about 10M to 10M, and may be up to 10' M 
or higher for the epitope of interest. It will be understood by 
those of skill in the art that the term “specificity' refers to such 
a high affinity binding, and is not intended to mean that the 
antibody cannot bind to other molecules as well. One may 
find cross-reactivity with different epitopes, due, e.g. to a 
relatedness of antigen sequence or structure, or to the struc 
ture of the antibody binding pocket itself. 
0060. The T cell receptor recognizes a more complex 
structure than antibodies, and requires both a major histocom 
patibility antigen binding pocket and an antigenic peptide to 
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be present. The binding affinity of T cell receptors is lower 
than that of antibodies, and will usually be at least about 10 
M, more usually at least about 10 M. 
0061 Affinity and stability are different measures of bind 
ing interaction. The definition of affinity is a thermodynamic 
expression of the strength of interaction between a single 
antigen binding site and a single antigenic determinant (and 
thus of the stereochemical compatibility between them). 
Affinity does not change with Valency, because it is the mea 
Sure of interaction between a single binding site and a single 
antigenic determinant. In contrast to affinity, avidity (which 
relates to thet of an interaction) is defined as the strength of 
binding, usually of a small molecule with multiple binding 
sites by a larger molecule, and in particular, the binding of a 
complex antigen by an antibody. Therefore, it is avidity that 
takes into account the effect of multiple interactions, and it is 
the change in avidity that may provides the hyperantigenicity 
observed with the oligopeptide of SEQID NO:12. 
0062 Certain of the gluten oligopeptides analogs 
described herein are useful in stimulating T cells from Celiac 
Sprue patients for diagnostic purposes, while others are 
shown to inhibit T cell stimulation. Such peptides are pro 
vided by the present invention in isolated and highly purified 
forms. Further, the gluten oligopeptides analogs described 
herein are useful in diagnostic assays for detecting antibodies 
against Such oligopeptides or for producing antibodies that 
bind specifically to such oligopeptides for their detection. 

Diagnostic Methods 
0063. The present invention provides a variety of methods 
for diagnosing Celiac Sprue. In one embodiment, the diag 
nosis involves detecting the presence of a gluten oligopep 
tides digestion product, e.g. SEQ ID NO:12; deamidated 
counterparts there; a tTGase-linked counterpart thereof, etc., 
in a tissue, bodily fluid, or stool of an individual. The detect 
ing step can be accomplished by use of a reagent, e.g. an 
antibody, that recognizes the indicated antigen, or by a cell 
that proliferates in the presence of the indicated antigen and 
Suitable antigen presenting cells, wherein said antigen pre 
senting cells are compatible with the MHC type of the pro 
liferating cell, e.g. allogeneic cells, autologous cells, etc. 
0064. In another embodiment, the diagnosis involves 
detecting the presence of an antibody, one or more T cells 
reactive with the 33-mer or a deamidated counterpart thereof, 
or a tTGase-linked counterpart thereof in a tissue, bodily 
fluid, or stool of an individual. In one embodiment, an anti 
body is detected by, for example, an agglutination assay using 
an antigen provided by the present invention. In another 
embodiment, a T cell is detected by its proliferation in 
response to exposure to a multivalent gluten oligopeptide 
provided by the present invention and presented by autolo 
gous or Suitable allogeneic antigen presenting cells. 
0065. In one aspect, the methods and reagents of the 
present invention are capable of detecting the toxic oligopep 
tides of gluten proteins of wheat, barley, oats and rye remain 
ing after digestion or partial digestion of the same by a Celiac 
Sprue individual. Gluten is the protein fraction in cereal 
dough, which can be Subdivided into glutenins and prola 
mines, which can be further Subclassified as gliadins, seca 
lins, hordeins, avenins from wheat, rye, barley and oat, 
respectively. For further discussion of gluten proteins, see the 
review by Wieser (1996) Acta Paediatr Suppl. 412:3-9: herein 
incorporated by reference. Among gluten proteins of interest 
are included the storage proteins of wheat, species of which 
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include Triticum aestivum, Triticum aethiopicum, Triticum 
baeoticum, Triticum militinae, Triticum monococcum, Triti 
cum sinskaiae, Triticum timopheevi, Triticum turgidium, 
Triticum urartu, Triticum vavilovii; Triticum Zhukovskyi; and 
the like. A review of the genes encoding wheat storage pro 
teins may be found in Colot (1990) Genet Eng (NY) 12:225 
41. 

0066. Of particular interest is gliadin, which is the alcohol 
soluble protein fraction of wheat gluten. Gliadins are typi 
cally rich in glutamine and proline, particularly in the N-ter 
minal part. For example, the first 100 amino acids of C- and 
Y-gliadins contain -35% and ~20% of glutamine and proline 
residues, respectively. Many wheat gliadins have been char 
acterized, and as there are many strains of wheat and other 
cereals, it is anticipated that many more sequences will be 
obtained using routine methods of molecular biology. 
Examples of sequenced gliadins include wheat alpha gliadin 
sequences, for example as provided in Genbank, accession 
numbers AJ133612; AJ133611; AJ133610; AJ133609: 
AJ133608: AJ133607; AJ133606; AJ133605; AJ133604; 
AJ133603; AJ133602; D84341.1; U51307; U51306; 
U51304, U51303; U50984; and U08287. A sequence of 
wheat omegagliadin is set forth in Genbank accession num 
ber AF280605. 

0067 For the purposes of the present invention, toxic glia 
din oligopeptides are peptides derived during normal diges 
tion of gliadins and related storage proteins as described 
above, from dietary cereals, e.g. wheat, rye, barley, and the 
like, by a Celiac Sprue individual. Such oligopeptides are 
believed to act as antigens for T cells in Celiac Sprue indi 
viduals. For binding to Class II MHC proteins, immunogenic 
peptides are usually from about 6 to 20 amino acids in length, 
more usually from about 10 to 18 amino acids, and as dem 
onstrated herein, a particularly stimulatory toxic gliadin oli 
gopeptide is the multivalent 33-mer described above. Such 
peptides include PXP motifs, for example the motif PQPQLP 
(SEQID NO:8). Determination of whetheran oligopeptide is 
immunogenic for a particular patient is readily determined by 
standard T cell activation assays known to those of skill in the 
art. Illustrative toxic gliadin oligopeptides of the invention are 
described in Examples 1 and 2 below. The 33-mer gliadin 
oligopeptide of Example 2 and its deamidated counterpart 
formed by tTGase are preferred toxic gliadin oligopeptides of 
the invention. 

0068 Samples may be obtained from patient tissue, which 
may be a mucosal tissue, including but not limited to oral, 
nasal, lung, and intestinal mucosal tissue, a bodily fluid, e.g. 
blood, sputum, urine, phlegm, lymph, and tears. One advan 
tage of the present invention is that the antigens provided are 
Such potent antigens, both for antibody-binding and T-cell 
stimulation, that the diagnostic methods of the invention can 
be employed with samples (tissue, bodily fluid, or stool) in 
which a Celiac Sprue diagnostic antibody, peptide, or T cell is 
present in very low abundance. This allows the methods of the 
invention to be practiced in ways that are much less invasive, 
much less expensive, and much less harmful to the Celiac 
Sprue individual. 
0069 Patients may be monitored for the presence of reac 
tive T cells, using one or more multivalent oligopeptides as 
described above. The presence of such reactive T cells indi 
cates the presence of an on-going immune response. The 
antigen used in the assays is a gluten oligopeptide analog as 
described above; including, without limitation, SEQ ID 
NO:12; deamidated counterparts; tTGase fusions thereof; 



US 2009/0156490 A1 

and derivatives. Cocktails comprising multiple oligopep 
tides; panels of peptides; etc. may be also used. Overlapping 
peptides may be generated, where each peptide is frame 
shifted from 1 to 5 amino acids, thereby generating a set of 
epitopes. 
0070 The diagnosis may determine the level of reactivity, 
e.g. based on the number of reactive T cells found in a sample, 
as compared to a negative control from a naive host, or stan 
dardized to a data curve obtained from one or more positive 
controls. In addition to detecting the qualitative and quanti 
tative presence of antigen reactive T cells, the T cells may be 
typed as to the expression of cytokines known to increase or 
Suppress inflammatory responses. While not necessary for 
diagnostic purposes, it may also be desirable to type the 
epitopic specificity of the reactive T cells, particularly for use 
in therapeutic administration of peptides. 
0071 T cells may be isolated from patient peripheral 
blood, lymph nodes, including peyer's patches and other gut 
related lymph nodes, or from tissue samples as described 
above. Reactivity assays may be performed on primary T 
cells, or the cells may be fused to generate hybridomas. Such 
reactive T cells may also be used for further analysis of 
disease progression, by monitoring their in situ location, T 
cell receptor utilization, MHC cross-reactivity, etc. Assays 
for monitoring T cell responsiveness are known in the art, and 
include proliferation assays and cytokine release assays. Also 
of interest is an ELISA spot assay. 
0072 Proliferation assays measure the level of T cell pro 
liferation in response to a specific antigen, and are widely 
used in the art. In one Such assay, recipientlymph node, blood 
or spleen cells are obtained at one or more time points after 
transplantation. A suspension of from about 10 to 107 cells, 
usually from about 10 to 10° cells is prepared and washed, 
then cultured in the presence of a control antigen, and test 
antigens, as described above. The cells are usually cultured 
for several days. Antigen-induced proliferation is assessed by 
the monitoring the synthesis of DNA by the cultures, e.g. 
incorporation of H-thymidine during the last 18H of culture. 
0073 T cell cytotoxic assays measure the numbers of 
cytotoxic T cells having specificity for the testantigen. Lym 
phocytes are obtained at different time points after transplan 
tation. Alloreactive cytotoxic T cells are tested for their ability 
to kill target cells bearing recipient MHC class 1 molecules 
associated with peptides derived from a test antigen. In an 
exemplary assay, target cells presenting peptides from the test 
antigen, or a control antigen, are labeled with NaCrO. The 
target cells are then added to a Suspension of candidate reac 
tive lymphocytes. The cytotoxicity is measured by quantitat 
ing the release of NaCrO from lysed cells. Controls for 
spontaneous and total release are typically included in the 
assay. Percent specific 'Cr release may be calculated as 
follows: 100x(release by CTL-spontaneous release)/(total 
release-spontaneous release). 
0074 Enzyme linked immunosorbent assay (ELISA) and 
ELISA spotassays are used to determine the cytokine profile 
of reactive T cells, and may be used to monitor for the expres 
sion of such cytokines as IL-2, IL-4, IL-5, YIFN, etc. The 
capture antibodies may be any antibody specific for a cytok 
ine of interest, where supernatants from the T cell prolifera 
tion assays, as described above, are conveniently used as a 
Source of antigen. After blocking and washing, labeled detec 
tor antibodies are added, and the concentrations of protein 
present determined as a function of the label that is bound. 
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0075. In one embodiment of the invention, the presence of 
reactive T cells is determined by injecting a dose of the 
33-mer peptide, or a derivative or fragment thereof as 
described above, Subcutaneously or Sub-mucosally into a 
patient, for example into the oral mucosa (see Lahteenoja et 
al. (2000) Am. J. Gastroenterology 95:2880, herein incorpo 
rated by reference). A control comprising medium alone, or 
an unrelated protein is usually injected nearby at the same 
time. The site of injection is examined after a period of time, 
by biopsy or for the presence of a wheal. 
0076 A wheal at the site of injection is compared to that at 
the site of the control injection, usually by measuring the size 
of the wheal. The skin test readings may be assessed by a 
variety of objective grading systems. A positive result for the 
presence of an immune response will show an increased 
diameter at the site of polypeptide injection as compared to 
the control. 
0077. Where a biopsy is performed, the specimen is exam 
ined for the presence of increased numbers of immunologi 
cally active cells, e.g. T cells, B cells, mast cells, and the like. 
For example, methods of histochemistry and/or immunohis 
tochemistry may be used, as is known in the art. The densities 
of cells, including antigen specific T cells, mast cells, B cells, 
etc. may be examined. It has been reported that increased 
numbers of intraepithelial CD8 T cells may correlate with 
gliadin reactivity. 
0078. An alternative method relies on the detection of 
circulating antibodies in a patient. Methods of detecting spe 
cific antibodies are well-known in the art. Antibodies specific 
for multivalent gluten oligopeptides as described above may 
be used in screening immunoassays. A sample is taken from 
the patient. Samples, as used herein, include biological fluids 
Such as blood, tears, saliva, lymph, dialysis fluid and the like; 
organ or tissue culture derived fluids; and fluids extracted 
from physiological tissues. Also included in the term are 
derivatives and fractions of such fluids. Blood samples and 
derivatives thereof are of particular interest. 
0079 Measuring the concentration of specific antibodies 
in a sample or fraction thereof may be accomplished by a 
variety of specific assays. In general, the assay will measure 
the reactivity between a patient sample, usually blood 
derived, generally in the form of plasma or serum. The patient 
sample may be used directly, or diluted as appropriate, usu 
ally about 1:10 and usually not more than about 1:10,000. 
Immunoassays may be performed in any physiological 
buffer, e.g. PBS, normal saline, HBSS, dPBS, etc. 
0080. In one embodiment, a conventional sandwich type 
assay is used. A sandwich assay is performed by first attach 
ing the peptide to an insoluble surface or Support. The peptide 
may be bound to the Surface by any convenient means, 
depending upon the nature of the Surface, either directly or 
through specific antibodies. The particular manner of binding 
is not crucialso long as it is compatible with the reagents and 
overall methods of the invention. They may be bound to the 
plates covalently or non-covalently, preferably non-co 
valently. 
I0081. The insoluble supports may be any composition to 
which peptides can be bound, which is readily separated from 
soluble material, and which is otherwise compatible with the 
overall method of measuring antibodies. The surface of such 
Supports may be solid or porous and of any convenient shape. 
Examples of suitable insoluble supports to which the receptor 
is bound include beads, e.g. magnetic beads, membranes and 
microtiter plates. These are typically made of glass, plastic 
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(e.g. polystyrene), polysaccharides, nylon or nitrocellulose. 
Microtiter plates are especially convenient because a large 
number of assays can be carried out simultaneously, using 
Small amounts of reagents and samples. 
0082 Before adding patient samples or fractions thereof, 
the non-specific binding sites on the insoluble Support i.e. 
those not occupied by antigen, are generally blocked. Pre 
ferred blocking agents include non-interfering proteins such 
as bovine serum albumin, casein, gelatin, and the like. Alter 
natively, several detergents at non-interfering concentrations, 
such as Tween, NP40, TX100, and the like may be used. 
0083 Samples, fractions or aliquots thereof are then 
added to separately assayable Supports (for example, separate 
wells of a microtiter plate) containing Support-bound anti 
genic peptide. Preferably, a series of Standards, containing 
known concentrations of antibodies is assayed in parallel with 
the samples or aliquots thereof to serve as controls. 
0084 Generally from about 0.001 to 1 ml of sample, 
diluted or otherwise, is sufficient, usually about 0.01 ml suf 
ficing. Preferably, each sample and standard will be added to 
multiple wells so that mean values can be obtained for each. 
The incubation time should be sufficient for antibodies mol 
ecules to bind the insoluble antigenic peptide. Generally, 
from about 0.1 to 3 hr is sufficient, usually 1 hr sufficing. 
0085. After incubation, the insoluble support is generally 
washed of non-bound components. Generally, a dilute non 
ionic detergent medium at an appropriate pH, generally 7-8, is 
used as a wash medium. From one to six washes may be 
employed, with sufficient volume to thoroughly wash non 
specifically bound proteins present in the sample. 
I0086. After washing, a solution containing a second 
receptor specific for the patient antibodies is applied. The 
receptor may be any compound that binds patient antibodies 
with sufficient specificity such that it can be distinguished 
from other components present. In a preferred embodiment, 
second receptors are antibodies specific for patient antibod 
ies, either monoclonal or polyclonal Sera, e.g. mouse anti 
human antibodies, mouse anti-dog antibodies, rabbit anti-cat 
antibodies, etc. Such second stage antibodies may be labeled 
to facilitate direct, or indirect quantification of binding. 
Examples of labels which permit direct measurement of sec 
ond receptor binding include radiolabels, such as H or 'I, 
fluorescers, dyes, beads, chemilumninescers, colloidal par 
ticles, and the like. Examples of labels that permit indirect 
measurement of binding include enzymes where the Substrate 
may provide for a colored or fluorescent product. In a pre 
ferred embodiment, the second receptors are antibodies 
labeled with a covalently bound enzyme capable of providing 
a detectable product signal after addition of suitable substrate. 
Examples of Suitable enzymes for use in conjugates include 
horseradish peroxidase, alkaline phosphatase, malate dehy 
drogenase and the like. Where not commercially available, 
Such antibody-enzyme conjugates are readily produced by 
techniques known to those skilled in the art. Alternatively, the 
second stage may be unlabeled, and a labeled third stage is 
used. Examples of second receptor/second receptor-specific 
molecule pairs include antibody/anti-antibody and avidin (or 
streptavidin)/biotin. Since the resultant signal is thus ampli 
fied, this technique may be advantageous where only a small 
amount of antibodies is present. 
0087. After the second stage has bound, the insoluble Sup 
port is generally again washed free of non-specifically bound 
molecules, and the signal produced by the bound conjugate is 
detected by conventional means. Where an enzyme conjugate 
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is used, an appropriate enzyme Substrate is provided so a 
detectable product is formed. More specifically, where a per 
oxidase is the selected enzyme conjugate, a preferred Sub 
strate combination is HO and is O-phenylenediamine, 
which yields a colored product under appropriate reaction 
conditions. Appropriate Substrates for other enzyme conju 
gates Such as those disclosed above are known to those skilled 
in the art. Suitable reaction conditions as well as means for 
detecting the various useful conjugates or their products are 
also known to those skilled in the art. For the product of the 
Substrate O-phenylenediamine for example, light absorbance 
at 490-495 nm is conveniently measured with a spectropho 
tOmeter. 

I0088 Generally the amount of bound antibodies detected 
will be compared to control samples from normal patients. 
The presence of increased levels of the antigen specific anti 
bodies is indicative of disease, usually at least about a 5 fold, 
10 fold, or 100 fold increase will be taken as a positive 
reaction. 
I0089. In some cases, a competitive assay will be used. In 
addition to the patient sample, a competitor to the antibodies 
is added to the reaction mix. The competitor and the antibod 
ies compete for binding to the antigenic peptide. Usually, the 
competitor molecule will be labeled and detected as previ 
ously described, where the amount of competitor binding will 
be proportional to the amount of antibodies present. The 
concentration of competitor molecule will be from about 10 
times the maximum anticipated antibodies concentration to 
about equal concentration in order to make the most sensitive 
and linear range of detection. 
0090. An alternative protocol is to provide anti-patient 
antibodies bound to the insoluble surface. After adding the 
sample and washing away non-specifically bound proteins, 
one or a combination of the testantigens are added, where the 
antigens are labeled, so as not to interfere with binding to the 
antibodies. Conveniently, fused proteins may be employed, 
where the peptide sequence is fused to an enzyme sequence, 
e.g. f-galactosidase. 
0091. It is particularly convenient in a clinical setting to 
perform the immunoassay in a self-contained apparatus. A 
number of Such methods are known in the art. The apparatus 
will generally employ a continuous flow-path of a Suitable 
filter or membrane, having at least three regions, a fluid trans 
port region, a sample region, and a measuring region. The 
sample region is prevented from fluid transfer contact with 
the other portions of the flow path prior to receiving the 
sample. After the sample region receives the sample, it is 
brought into fluid transfer relationship with the other regions, 
and the fluid transfer region contacted with fluid to permit a 
reagent solution to pass through the sample region and into 
the measuring region. The measuring region may have bound 
to it the antigenic peptide, with a conjugate of an enzyme with 
an antibodies specific antibody employed as a reagent, gen 
erally added to the sample before application. Alternatively, 
the antigenic peptide may be conjugated to an enzyme, with 
antibodies specific antibody bound to the measurement 
region. 
0092. Thus, in one aspect, the present invention provides a 
method for diagnosing Celiac Sprue in an individual who has 
not consumed gluten for an extended period of time, such 
time including but not limited to one day, one week, one 
month, and one year prior to the performance of the diagnos 
tic method. The advantage conferred by this aspect of the 
invention is that current diagnosis of a Celiac Sprue indi 
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vidual typically involves a preliminary diagnosis, after which 
the individual is placed on a gluten-free diet. If the individu 
al’s symptoms abate after initiation of the gluten-free diet, 
then the individual is challenged with gluten, and another 
diagnostic test, such as an endoscopy or T cell proliferation 
assay, is performed to confirm the preliminary diagnosis. This 
re-challenge with gluten causes extreme discomfort to the 
Celiac Sprue individual. One important benefit provided by 
certain embodiments of the invention is that Such a re-chal 
lenge need not be performed to diagnose Celiac Sprue, 
because even very low levels of 33-mer specific antibodies 
and T cell responders can be identified using the methods of 
the invention. 
0093. In another aspect, the present invention provides a 
method for diagnosing Celiac Sprue by detecting the pres 
ence of a 33-mer specific antibody or a T cell responder in a 
bodily tissue or fluid other than intestinal mucosa. In this 
aspect of the invention, the diagnostic methods are performed 
without recourse to endoscopy or intestinal biopsy, thus 
avoiding the discomfort, pain, and expense attendant on Such 
procedures in common use today. 
0094. The subject methods are useful not only for diag 
nosing Celiac Sprue individuals but also for determining the 
efficacy of prophylactic or therapeutic methods for Celiac 
Sprue as well as the efficacy of food preparation or treatment 
methods aimed at removing glutens or similar substances 
from food sources. Thus, a Celiac Sprue individual effica 
ciously treated with a prophylactic or therapeutic drug or 
other therapy for Celiac Sprue tests more like a non-Celiac 
Sprue individual with the methods of the invention. Likewise, 
the antibodies or T cell responders, e.g. T cell lines, of the 
invention that detect the toxic gluten oligopeptides of the 
invention are useful in detecting gluten and gluten-like Sub 
stances in food and so can be used to determine whether a 
food treated to remove such substances has been efficaciously 
treated. 

0095. As used herein, the term “treating is used to refer to 
both prevention of disease, and treatment of pre-existing con 
ditions. The treatment of ongoing disease, to stabilize or 
improve the clinical symptoms of the patient, is of particular 
interest. Such treatment is desirably performed prior to loss of 
function in the affected tissues. Evidence of therapeutic effect 
may be any diminution in the severity of disease, particularly 
measuring the severity of Such symptoms as fatigue, chronic 
diarrhea, malabsorption of nutrients, weight loss, abdominal 
distension, and anemia. Other disease indicia include the 
presence of antibodies specific for the 33-mer of the invention 
or its deamidated counterparts, glutens, antibodies specific 
for tissue transglutaminase or tTGase linked to the 33-mer of 
the invention or its deamidated counterparts, the presence of 
pro-inflammatory T cells and cytokines, histological exami 
nation of the villus structure of the small intestine, and the 
like. Patients may be adult or child, where children in particu 
lar benefit from prophylactic treatment, as prevention of early 
exposure to toxic gluten peptides may prevent initial devel 
opment of the disease. Children suitable for prophylaxis can 
be identified by genetic testing for predisposition, e.g. by 
HLA typing; by family history, and, preferably, by the diag 
nostic methods of the present invention. 
0096. The various methods and reagents of the invention 
can be prepared and modified as described below. Although 
specific methods and reagents are exemplified in the discus 
sion below, it is understood that any of a number of alternative 
methods, including those described above are equally appli 

Jun. 18, 2009 

cable and suitable for use in practicing the invention. It will 
also be understood that an evaluation of the methods of the 
invention may be carried out using procedures standard in the 
art, including the diagnostic and assessment methods 
described above. 
0097. The practice of the present invention may employ 
conventional techniques of molecular biology (including 
recombinant techniques), microbiology, cell biology, bio 
chemistry and immunology, which are within the scope of 
those of skill in the art. Such techniques are explained fully in 
the literature, such as, “Molecular Cloning: A Laboratory 
Manual, second edition (Sambrook et al., 1989); “Oligo 
nucleotide Synthesis” (M. J. Gait, ed., 1984); 'Animal Cell 
Culture' (R. I. Freshney, ed., 1987); “Methods in Enzymol 
ogy” (Academic Press, Inc.); “Handbook of Experimental 
Immunology' (D. M. Weir & C. C. Blackwell, eds.); “Gene 
Transfer Vectors for Mammalian Cells” (J. M. Miller & M. P. 
Calos, eds., 1987); "Current Protocols in Molecular Biology’ 
(F. M. Ausubel et al., eds., 1987); "PCR: The Polymerase 
Chain Reaction” (Mullis et al., eds., 1994); and “Current 
Protocols in Immunology” (J. E. Coligan et al., eds., 1991). 
0098. As noted above, the subject methods are useful to 
monitor the progress and efficacy of therapies to treat indi 
viduals suffering from Celiac Sprue and/or dermatitis herpe 
tiformis. Such therapies can involve administration of an 
effective dose of glutenase and/or tTGase inhibitor, through a 
pharmaceutical formulation, incorporating glutenase into 
food products, administering live organisms that express glu 
tenase, and the like. As these therapies may not have been 
approved by the FDA or an equivalent other regulatory 
agency, the methods of the invention have application in 
clinical trials conducted to evaluate the safety and efficacy of 
Such therapies. Diagnosis of Suitable patients may utilize a 
variety of criteria known to those of skill in the art in addition 
to those methods described herein. A quantitative increase in 
antibodies specific for gliadin, and/or tissue transglutaminase 
is indicative of the disease. Family histories and the presence 
of the HLA alleles HLA-DQ2 DQ(a1*0501, b1*02) and/or 
DQ8 DQ(a1*0301, b1*0302) are indicative of a suscepti 
bility to the disease. 
0099. In addition to employing the diagnostic methods of 
the invention, the therapeutic effect may be measured interms 
of clinical outcome, or may rely on immunological or bio 
chemical tests. Suppression of the deleterious T-cell activity 
can be measured by enumeration of reactive Th1 cells, by 
quantitating the release of cytokines at the sites of lesions, or 
using other assays for the presence of autoimmune T cells 
known in the art. Alternatively, one may look for a reduction 
in Symptoms of a disease. 

Pharmaceutical Compositions 

0100. The HLA-binding peptide inhibitors are incorpo 
rated into a variety of formulations for therapeutic adminis 
tration. In one aspect, the agents are formulated into pharma 
ceutical compositions by combination with appropriate, 
pharmaceutically acceptable carriers or diluents, and may be 
formulated into preparations in Solid, semi-solid, liquid or 
gaseous forms, such as tablets, capsules, powders, granules, 
ointments, Solutions, Suppositories, injections, inhalants, 
gels, microspheres, and aerosols. As such, administration can 
be achieved in various ways, usually by oral administration. 
The HLA-binding peptide inhibitors may be systemic after 
administration or may be localized by virtue of the formula 
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tion, or by the use of an implant that acts to retain the active 
dose at the site of implantation. 
0101. In pharmaceutical dosage forms, the HLA-binding 
peptide inhibitors may be administered in the form of their 
pharmaceutically acceptable salts, or they may also be used 
alone or in appropriate association, as well as in combination 
with other pharmaceutically active compounds. The agents 
may be combined, as previously described, to provide a cock 
tail of activities. The following methods and excipients are 
merely exemplary and are in no way limiting. 
0102 For oral preparations, the agents can be used alone 
or in combination with appropriate additives to make tablets, 
powders, granules or capsules, for example, with conven 
tional additives, such as lactose, mannitol, corn Starch or 
potato starch; with binders, such as crystalline cellulose, cel 
lulose derivatives, acacia, corn starch or gelatins; with disin 
tegrators, such as corn starch, potato starch or sodium car 
boxymethylcellulose; with lubricants, such as talc or 
magnesium Stearate; and if desired, with diluents, buffering 
agents, moistening agents, preservatives and flavoring agents. 
0103. In one embodiment of the invention, the oral formu 
lations comprise enteric coatings, so that the active agent is 
delivered to the intestinal tract. Enteric formulations are often 
used to protect an active ingredient from the strongly acid 
contents of the stomach. Such formulations are created by 
coating a solid dosage form with a film of a polymer that is 
insoluble in acid environments, and soluble in basic environ 
ments. Exemplary films are cellulose acetate phthalate, poly 
vinyl acetate phthalate, hydroxypropyl methylcellulose 
phthalate and hydroxypropyl methylcellulose acetate Succi 
nate, methacrylate copolymers, and cellulose acetate phtha 
late. 
0104. Other enteric formulation comprise engineered 
polymer microspheres made of biologically erodable poly 
mers, which display strong adhesive interactions with gas 
trointestinal mucus and cellular linings, can traverse both the 
mucosal absorptive epithelium and the follicle-associated 
epithelium covering the lymphoid tissue of Peyer's patches. 
The polymers maintain contact with intestinal epithelium for 
extended periods of time and actually penetrate it, through 
and between cells. See, for example, Mathiowitz et al. (1997) 
Nature 386 (6623): 410-414. Drug delivery systems can also 
utilize a core of superporous hydrogels (SPH) and SPH com 
posite (SPHC), as described by Dorkoosh et al. (2001) J 
Control Release 71(3):307-18. 
0105 Formulations are typically provided in a unit dosage 
form, where the term “unit dosage form,” refers to physically 
discrete units Suitable as unitary dosages for human Subjects, 
each unit containing a predetermined quantity of glutenase 
calculated in an amount Sufficient to produce the desired 
effect in association with a pharmaceutically acceptable dilu 
ent, carrier or vehicle. The specifications for the unit dosage 
forms of the present invention depend on the particular com 
plex employed and the effect to be achieved, and the pharma 
codynamics associated with each complex in the host. 
0106 The pharmaceutically acceptable excipients, such 
as vehicles, adjuvants, carriers or diluents, are readily avail 
able to the public. Moreover, pharmaceutically acceptable 
auxiliary Substances, such as pH adjusting and buffering 
agents, tonicity adjusting agents, stabilizers, wetting agents 
and the like, are readily available to the public. 

Methods of Treatment 

0107 The subject methods are used to treat individuals 
suffering from Celiac Sprue and/or dermatitis herpetiformis, 
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by administering an effective dose through a pharmaceutical 
formulation. Diagnosis of suitable patients may utilize a vari 
ety of criteria known to those of skill in the art. A quantitative 
increase in antibodies specific for gliadin, and/or tissue trans 
glutaminase is indicative of the disease. Family histories and 
the presence of the HLA alleles HLA-DQ2 DQ(a1*05, 
b1*02) and/or DQ8 DQ(a1*03, b1*0302) are indicative of 
a Susceptibility to the disease. Specific peptide analogs may 
be administered therapeutically to decrease inflammation, 
and/or to induce antigen-specific tolerance to treat autoim 
munity. Methods for the delivery of peptides that are altered 
from a native peptide are known in the art. Alteration of native 
peptides with selective changes of crucial residues can induce 
unresponsiveness or change the responsiveness of antigen 
specific autoreactive T cells. 
0108. The therapeutic effect may be measured in terms of 
clinical outcome, or may rely on immunological or biochemi 
cal tests. Suppression of the deleterious T-cell activity can be 
measured by enumeration of reactive Th1 cells, by quantitat 
ing the release of cytokines at the sites of lesions, or using 
other assays for the presence of autoimmune T cells known in 
the art. Alternatively, one may look for a reduction in Symp 
toms of a disease. 

0109 Various methods for administration may be 
employed. The dosage of the therapeutic formulation will 
vary widely, depending upon the nature of the disease, the 
frequency of administration, the manner of administration, 
the clearance of the agent from the host, and the like. Such 
treatment could either be before meals or on a once-a-day 
basis or on a once-a-week basis, depending on the half-life of 
the inhibitor. A typical dose is at least about 1 g, usually at 
least about 101g, more usually at least about 0.1 mg, and not 
more than about 10 mg, usually not more than about 1 mg. 
Enteric coating of these peptides may also enhance their 
lifetimes in the gut, thereby permitting delivery to the proxi 
mal and distal small intestinal tissue. Treatment of other 
autoimmune disorders such as Type I diabetes with Such 
ligands may involve oral, intravenous or intramuscular 
administration. The initial dose may be larger, followed by 
Smaller maintenance doses. The dose may be administered as 
infrequently as weekly or biweekly, or more often fraction 
ated into Smaller doses and administered daily, with meals, 
semi-weekly, etc. to maintain an effective dosage level. 
0110. The HLA-binding peptide inhibitors of the inven 
tion may be administered in the treatment of Type 1 diabetes 
(IDDM). IDDM and celiac disease are both immunologic 
disorders where specific HLA alleles are associated with 
disease risk. Transglutaminase autoantibodies can be found 
in some patients with IDDM. The prevalence of transglutami 
nase autoantibodies is higher in diabetic patients with HLA 
DQ2 or DQ8. 
0111 Human type I or insulin-dependent diabetes melli 
tus (IDDM) is characterized by autoimmune destruction of 
the B cells in the pancreatic islets of Langerhans. The deple 
tion of B cells results in an inability to regulate levels of 
glucose in the blood. Overt diabetes occurs when the level of 
glucose in the blood rises above a specific level, usually about 
250 mg/dl. In humans along presymptomatic period precedes 
the onset of diabetes. During this period there is a gradual loss 
of pancreatic beta cell function. IDDM is currently treated by 
monitoring blood glucose levels to guide injection, or pump 
based delivery, of recombinant insulin. Diet and exercise 
regimens contribute to achieving adequate blood glucose 
control. The inhibitors of the invention may be administered 
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alone, or in combination with other therapies. The route of 
administration may be oral, as described for treatment of 
Celiac Sprue, or may be injected, e.g. i.v., i.m., etc. Admin 
istration may be performed during the pre-symptomatic 
phase, or in overt diabetes. 
0112 Related applications include U.S. Provisional appli 
cation 60/357,238 filed Feb. 14, 2002: to U.S. Provisional 
Application 60/380,761 filed May 14, 2002: to U.S. Provi 
sional Application 60/392.782 filed Jun. 28, 2002; and U.S. 
Provisional application No. 60/422,933, filed Oct. 31, 2002, 
each of which are herein specifically incorporated by refer 
CCC. 

0113. The following examples are put forth so as to pro 
vide those of ordinary skill in the art with a complete disclo 
Sure and description of how to make and use the present 
invention, and are not intended to limit the scope of what the 
inventors regard as their invention nor are they intended to 
represent that the experiments below are all or the only 
experiments performed. Efforts have been made to ensure 
accuracy with respect to numbers used (e.g., amounts, tem 
perature, etc.) but some experimental errors and deviations 
should be accounted for. Unless indicated otherwise, parts are 
parts by weight, molecular weight is weight average molecu 
lar weight, temperature is in degrees Centigrade, and pressure 
is at or near atmospheric. 

Example 1 

Immunodominant Peptides of Gliadin are Protease 
Resistant 

0114 Recent studies have identified a small number of 
immunodominant peptides from gliadin, which account for 
most of the stimulatory activity of dietary gluten on intestinal 
and peripheral T lymphocytes found in Celiac patients. The 
proteolytic kinetics of these immunodominant peptides were 
analyzed at the small intestinal surface. Using brush border 
membrane vesicles from adult rat intestines, it was shown that 
these proline-glutamine-rich peptides are exceptionally resis 
tant to enzymatic processing, and that dipeptidyl peptidase IV 
and dipeptidyl carboxypeptidase are the rate-limiting 
enzymes in their digestion. These results Support the conclu 
sions drawn from the tests described in Example 2 that incom 
plete digestion of gliadin, which results in the formation of 
the 33-mer oligopeptide and its deamidated counterpart 
formed by tTGase action, contributes to the disease symp 
toms of Celiac Sprue and can be employed in improved 
diagnostic methods for Celiac Sprue. 
0115 To dissect this complex process, liquid chromatog 
raphy coupled mass spectroscopy analysis (LC-MS-MS) was 
utilized to investigate the pathways and associated kinetics of 
hydrolysis of immunodominant gliadin peptides treated with 
rat BBM preparations. Because the rodent is an excellent 
Small animal model for human intestinal structure and func 
tion, rat BBM was chosen as a suitable model system for these 
studies. 
0116 BBM fractions were prepared from rat small intes 

tinal mucosa as described by Ahnen et al. (1982) J. Biol. 
Chem. 257, 12129-35. Using standard assays, the specific 
activities of the known BB peptidases were determined to be 
127 uU/ug for Aminopeptidase N (APN, EC 3.4.11.2), 60 
uU/ug for dipeptidyl peptidase IV (DPP IV, EC 3.4.14.5), and 
41 uU/ug for dipeptidyl carboxypeptidase (DCP, EC 3.4.15. 
1). No proline aminopeptidase (EC 3.4.11.5) or prolyl 
endopeptidase activity (PEP, EC 3.4.21.26) activity was 
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detectable (<5 uU/ug). Alkaline phosphatase and Sucrase 
were used as control BBM enzymes with activities of 66 
LU/ug and 350 uU/ug, respectively. 
0117 BBM fractions were partially purified from the 
Small intestinal mucosa of adult female rats maintained on an 
ad libitum diet of wheat-based standard rodent chow. Total 
protein content was determined by a modified method of 
Lowry with BSA as a standard. Alkaline phosphatase activity 
was determined with nitrophenylphosphate. Sucrase activity 
was measured using a coupled glucose assay. DPP IV, proline 
aminopeptidase and APN were assayed continuously at 30° 
C. in 0.1M Tris-HCl, pH 8.0, containing 1 mM of the p-ni 
troanilides (e=8,800 M' cm) Gly-Pro-pNA, Pro-pNA or 
Leu-pNA, the latter in additional 1% DMSO to improve solu 
bility. DCP activity was measured in a 100 ul reaction as the 
release of hippuric acid from Hip-His-Leu. PEP activity was 
determined continuously with 0.4 mM Z-Gly-Pro-pNA in 
PBS:HO:dioxane (8:12:0.8) at 30° C. One unit is defined as 
the consumption of 1 Jumol Substrate per minute. 
0118. DPP IV and DCP are both up-regulated by a high 
proline content in the diet. However, APN activity using 
standard substrates was found to be higher than DPP IV even 
when fed extreme proline rich diets. Also, although a higher 
DCP vs. CPP activity has been observed with the model 
peptide Z-GPLAP at saturating concentrations, a difference 
in Kim values could easily account the reversed ratio mea 
sured in this study. 100 uM was chosen as the initial peptide 
concentration, since non-Saturating kinetics (k/K) were 
considered to be physiologically more relevant than the maxi 
mal rates of hydrolysis (k). 
0119 Proteolysis with the BBM preparation was investi 
gated using the peptide (SEQ ID NO: 1) (SEQ ID NO:1) 
QLQPFPQPQLPY, a product of chymotryptic digestion of 
C-9 gliadin (Arentz-Hansen et al. (2000) J. Exp. Med. 191, 
603-12). This peptide has been shown to stimulate prolifera 
tion of T cells isolated from most Celiac Sprue patients, and 
hence is considered to possess an immunodominant epitope. 
It was subjected to BBM digestion, followed by LC-MS-MS 
analysis. A standard 50 ul digestion mixture contained 100 
uM of synthetic peptide, 10 uM tryptophan and Cbz-tryp 
tophanas internal standards, and resuspended BBM prepara 
tions with a final protein content of 27 ng/ul and exogenous 
proteins, as indicated, in phosphate buffered Saline. After 
incubation at 37°C. for the indicated time, the enzymes were 
inactivated by heating to 95°C. for 3 minutes. The reaction 
mixtures were analyzed by LC-MS (SpectraSystem, Ther 
moFinnigan) using a C18 reversed phase column (Vydac 
218TP5215, 2.1 x 150 mm) with water:acetonitrile:formic 
acid (0.1%):trifluoroacetic acid (0.025%) as the mobile phase 
(flow: 0.2 ml/min) and a gradient of 10% acetonitrile for 3 
minutes, 10-20% for 3 minutes, 20-25% for 21 minutes fol 
lowed by a 95% wash. Peptide fragments in the mass range of 
m/z 300-2000 were detected by electrospray ionization mass 
spectroscopy using a LCQ ion trap, and their identities were 
confirmed by MSMS fragmentation patterns. 
I0120 While the parent peptide (SEQID NO: 1) QLQPF 
PQPQLPY disappeared with an apparent halftime of 35 min, 
several intermediates were observed to accumulate over pro 
longed periods (FIG. 1A). The MS intensities (m/z 300-2000 
g/mol) and UVso absorbances of the parent peptides (SEQ 
ID NO:1) QLQPFPQPQLPY and (SEQ ID NO:3) 
PQPQLPYPQPQLPY were found to dependlinearly on con 
centration in the range of 6-100 uM. The reference peptides 
(SEQ ID NO:4) PQPQLPYPQPQLP (SEQ ID NO:5) 
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QLQPFPQPQLP (SEQ ID NO:6) QPQFPQPQLPY and 
(SEQ ID NO:7) QPFPQPQLP were generated individually 
by limited proteolysis of the parent peptides with 10 ug/ml 
carboxypeptidase A (C-0261, Sigma) and/or 5.9 ug/ml leu 
cine aminopeptidase (L-5006, Sigma) for 160 min. at 37°C. 
and analyzed by LC-MS as in FIG. 1. 
0121 Indeed, the subsequent processing of the peptide 
was substantially retarded (FIG. 1B). The identities of the 
major intermediates were confirmed by tandem MS, and Sug 
gested an unusually high degree of stability of the (SEQ ID 
NO:8) PQPQLP sequence, a common motif in T cell stimu 
lating peptides. Based on this data and the known amino acid 
preferences of the BBM peptidases, the digestive breakdown 
of (SEQ ID NO: 1) QLQPFPQPQLPY was reconstructed, as 
shown in the insert of FIG. 1B. The preferred pathway 
involves serial cleavage of the N-terminal glutamine and leu 
cine residues by aminopeptidase N (APN), followed by 
removal of the C-terminal tyrosine by carboxypeptidase P 
(CPP) and hydrolysis of the remaining N-terminal QP-dipep 
tide by DPP IV. As seen in FIG. 1B, the intermediate (SEQID 
NO:6) QPFPQPQLPY (formed by APN attack on the first two 
N-terminal residues) and its derivatives are increasingly 
resistant to further hydrolysis. Because the high proline con 
tent seemed to be a major cause for this proteolytic resistance, 
digestion was compared with a commercially available non 
proline control peptide (SEQID NO:9) RRLIEDNEYTARG 
(Sigma, St. Louis, Mo.). Initial hydrolysis was much faster 
(t. 10 min). More importantly, digestive intermediates 
were only transiently observed and cleared completely within 
one hour, reflecting a continuing high specificity of the BBM 
for the intermediate peptides. 
0122 Because the three major intermediate products 
(SEQ ID NO:6) QPFPQPQLPY, (SEQ ID NO:7) QPF 
PQPQLP (SEQ ID NO:11) FPQPQLP) observed during 
BBM mediated digestion of (SEQ ID NO:1) QLQPF 
PQPQLPY are substrates for DPP IV, the experiment was 
repeated in the presence of a 6-fold excess activity of exog 
enous fungal DPP IV. Whereas the relatively rapid decrease of 
the parent peptide and the intermediate levels of (SEQ ID 
NO:5) QLQPFPQPQLP were largely unchanged, the accu 
mulation of DPP IV substrates was entirely suppressed and 
complete digestion was observed within four hours. (FIG.1B, 
open bars). 
0123 To investigate the rate-limiting steps in BBM medi 
ated digestion of gliadin peptides from the C-terminal end, 
another known immunodominant peptide derived from wheat 
C-gliadin, (SEQ ID NO:3) PQPQLPYPQPQLPY, was used. 
Although peptides with N-terminal proline residues are 
unlikely to form in the small intestine (none were observed 
during BBM digestion of (SEQID NO: 1) QLQPFPQPQLPY, 
FIG. 1A), they serve as a useful model for the analysis of 
C-terminal processing since the N-terminal end of this pep 
tide can be considered proteolytically inaccessible due to 
minimal proline aminopeptidase activity in the BBM. As 
shown in FIG. 2, this peptide is even more stable than (SEQ 
ID NO:1) QLQPFPQPQLPY. In particular, removal of the 
C-terminal tyrosine residue by carboxypeptidase P (CPP) is 
the first event in its breakdown, and more than four times 
slower than APN activity on (SEQ ID NO: 1) QLQPF 
PQPQLPY (FIG. 1B). The DCP substrate (SEQ ID NO:4) 
PQPQLPYPQPQLP emerges as a major intermediate follow 
ing carboxypeptidase P catalysis, and is highly resistant to 
further digestion, presumably due to the low level of endog 
enous DCP activity naturally associated with the BBM. To 
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confirm the role of DCP as a rate-limiting enzyme in the 
C-terminal processing of immunodominant gliadin peptides, 
the reaction mixtures were supplemented with rabbit lung 
DCP. Exogenous DCP significantly reduced the accumula 
tion of (SEQID NO:4) PQPQLPYPQPQLP after overnight 
incubation in a dose dependent manner (FIG. 2C). Con 
versely, the amount of accumulated (SEQ ID NO:4) 
PQPQLPYPQPQLP increased more than 2-fold in the pres 
ence of 10 uM of captopril, a DCP-specific inhibitor, as com 
pared with unsupplemented BBM. 
0.124. Together, the above results demonstrate that (i) 
immunodominant gliadin peptides are exceptionally stable 
toward breakdown catalyzed by BBM peptidases, and (ii) 
DPP IV and especially DCP are rate-limiting steps in this 
breakdown process at the N- and C-terminal ends of the 
peptides, respectively. Because BBM exopeptidases are 
restricted to N- or C-terminal processing, it was investigated 
if generation of additional free peptide ends by pancreatic 
enzymes would accelerate digestion. Of the pancreatic pro 
teases tested, only elastase at a high (non-physiological) con 
centration of 100 ng/ul was capable of hydrolyzing (SEQID 
NO:3) PQPQLPYPQPQ'LPY. No proteolysis was detected 
with trypsin or chymotrypsin. 
0.125. The above data demonstrates that proline-rich glia 
din peptides are extraordinarily resistant to digestion by Small 
intestinal endo- and exopeptidases, and therefore are likely to 
accumulate at high concentrations in the intestinal cavity 
after a gluten rich meal. The pathological implication of 
digestive resistance is strengthened by the observed close 
correlation of proline content and celiac toxicity as observed 
in the various common cereals (Schuppan (2000) Gastroen 
terology 1 19, 234–42). 

Example 2 

Immunodominant Peptide of Wheat Gliadin 

I0126. It has long been known that the principal toxic com 
ponents of wheat gluten are a family of closely related Pro 
Gln rich proteins called gliadins. Recent reports have Sug 
gested that peptides from a short segment of C-gliadin appear 
to account for most of the gluten-specific recognition by 
CD4+ T cells from Celiac Sprue patients. These peptides are 
Substrates of tissue transglutaminase (tTGase), the primary 
auto-antigen in Celiac Sprue, and the products of this enzy 
matic reaction bind to the class II HLA DQ2 molecule. This 
example demonstrates, using a combination of in vitro and in 
Vivo animal and human studies, that this “immunodominant 
region of C-gliadin is part of an unusually long proteolytic 
product generated by the digestive process that: (a) is excep 
tionally resistant to further breakdown by gastric, pancreatic 
and intestinal brush border proteases; (b) is the highest speci 
ficity Substrate of human tissue transglutaminase (tTGase) 
discovered to date; (c) contains at least six overlapping copies 
of epitopes known to be recognized by patient derived T cells; 
(d) stimulates representative T cell clones that recognize 
these epitopes with Sub-micromolar efficacy; and (e) has 
homologs in proteins from all toxic foodgrains but no 
homologs in non-toxic foodgrain proteins. In aggregate, these 
findings demonstrate that the onset of symptoms upon gluten 
exposure can be traced back to a small segment of C-gliadin. 
Finally, it is shown that this 'Super-antigenic’ long peptide 
can be detoxified in vitro and in vivo by treatment with 
bacterial prolyl endopeptidase, providing a strategy for pep 
tidase therapy for Celiac Sprue. 
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0127. Identification of stable peptides from gastric pro 
tease, pancreatic protease and brush border membrane pepti 
dase catalyzed digestion of recombinant C2-gliadin: C2-glia 
din, a representative C-gliadin (Arentz-Hansen et al. (2000) 
Gut 46:46), was expressed in recombinant form and purified 
from E. coli. The C2-gliadin gene was cloned in pET28a 
plasmid (Novagen) and transformed into the expression host 
BL21 (DE3) (Novagen). The transformed cells were grown in 
1-liter cultures of LB media containing 50 g/ml of kanamy 
cinat37°C. until the OD6000.6-1 was achieved. The expres 
sion of C2-gliadin protein was induced with the addition of 
0.4 mM isopropyl B-D-thiogalactoside (Sigma), and the cul 
tures were further incubated at 37° C. for 20 hours. The cells 
expressing the recombinant C2-gliadin were centrifuged at 
3600rpm for 30 minutes. The pellet was resuspended in 15 ml 
of disruption buffer (200 mM sodium phosphate; 200 mM 
NaCl; 2.5 mMDTT; 1.5 mMbenzamidine; 2.5 mM EDTA; 2 
mg/L pepstatin; 2 mg/L leupeptin; 30% V/V glycerol) and 
lysed by sonication (1 minute; output control set to 6). After 
centrifugation at 45000 g for 45 min, the supernatant was 
discarded and the pellet containing gliadin protein was resus 
pended in 50 ml of 7M urea in 50 mM Tris (pH=8.0). The 
Suspension was again centrifuged at 45000 g for 45 min and 
the Supernatant was harvested for purification. 
0128. The Supernatant containing C2-gliadin was incu 
bated with 1 ml of nickel-nitrilotriacetic acid resin (Ni-NTA; 
Qiagen) overnight and then batch-loaded on a column with 2 
ml of Ni-NTA. The column was washed with 7 Murea in 50 
mM Tris (pH-8.0), and C2-gliadin was eluted with 200 mM 
imidazole, 7 Murea in 50 mM Tris (pH-4.5). The fractions 
containing C2-gliadin were pooled into a final concentration 
of 70% ethanol solution, and two volumes of 1.5 M NaCl 
were added to precipitate the protein. The solution was incu 
bated at 4° C. overnight, and the final precipitate was col 
lected by centrifugation at 45000 g for 30 min., rinsed in 
water, and re-centrifuged to remove the urea. The final puri 
fication step of the C-2 gliadin was developed with reverse 
phase HPLC. The Ni-NTA purified protein fractions were 
pooled in 7 Murea buffer and injected to a Vydac (Hesperia, 
Calif.) polystyrene reverse-phase column (i.d. 4.6 mmx25 
cm) with the starting solvent (30% of solvent B: 1:1 HPLC 
grade acetonitrilefisopropanol:0.1% TFA). Solvent A was an 
aqueous solution with 0.1% TFA. The separation gradient 
extended from 30-100% of solvent B over 120 min. at a flow 
rate of 0.8 ml/min. 

TABLE 2 

Amount of Peptides Digested after 15 hours 

33-mer Control A Control B 

H1PO &20% >90% >90% 
H2PO &20% >61% >85% 
H3PO &20% >87% >95% 
H4PO &20% >96% >95% 
HSPO &20% >96% >95% 

0129. The purity of the recombinant gliadin was >95%, 
which allowed for facile identification and assignment of 
proteolytic products by LC-MS/MS/UV. Although many pre 
vious studies utilized pepsin/trypsin treated gliadins, it was 
found that, among gastric and pancreatic proteases, chymot 
rypsin played a major role in the breakdown of C2-gliadin, 
resulting in many Small peptides from the C-terminal half of 
the protein and a few longer (>8 residues) peptides from the 
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N-terminal half, the most noteworthy being a relatively large 
fragment, the 33-mer (SEQ ID NO:12) LQLQPF 
PQPQLPYPQPQLPYPQPQLPYPQPQPF (residues 57-89). 
This peptide was of particular interest for two reasons: (a) 
whereas most other relatively stable proteolytic fragments 
were cleaved to Smaller fragments when the reaction times 
were extended, the 33-mer peptide remained intact despite 
prolonged exposure to proteases; and (b) three distinct 
patient-specific T cell epitopes identified previously are 
present in this peptide, namely, SEQID NO:59PFPQPQLPY. 
SEQID NO:60 PQPQLPYPQ (3 copies), and SEQID NO:61 
PYPQPQLPY (2 copies). 
0.130. To establish the physiological relevance of this pep 
tide, composite gastric/pancreatic enzymatic digestion of C2 
gliadin was then examined. As expected, enzymatic digestion 
with pepsin (1:100 w/w ratio), trypsin (1:100), chymotrypsin 
(1:100), elastase (1:500) and carboxypeptidase (1:100) was 
quite efficient, leaving behind only a few peptides longer than 
9 residues (the minimum size for a peptide to show class II 
MHC mediated antigenicity) (FIG. 4). In addition to the 
above-mentioned 33-mer, the peptide (SEQ ID NO:10) 
WQIPEQSR was also identified, and was used as a control in 
many of the following studies. The stability of the 33-mer 
peptide can also be appreciated, when comparing the results 
of a similar experiment using myoglobin (another common 
dietary protein). Under similar proteolytic conditions, myo 
globin is rapidly broken down into much smaller products. 
No long intermediate is observed to accumulate. 
0131 The small intestinal brush-border membrane 
(BBM) enzymes are known to be vital for breaking down any 
remaining peptides from gastric/pancreatic digestion into 
amino acids, dipeptides or tripeptides for nutritional uptake. 
Therefore a comprehensive analysis of gliadin metabolism 
also required investigations into BBM processing of gliadin 
peptides of reasonable length derived from gastric and pan 
creatic protease treatment. BBM fractions were prepared 
from rat Small intestinal mucosa. The specific activities of 
known BBM peptidases were verified to be within the previ 
ously reported range. Whereas the half-life of disappearance 
of (SEQ ID NO:10) WQIPEQSR was -60 min. in the pres 
ence of 12 ng/ul BBM protein, the half-life of (SEQ ID 
NO:12) LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF 
digestion was >20 h. Therefore, the latter peptide remains 
intact throughout the digestive process in the stomach and 
upper Small intestine, and is poised to act as a potential 
antigen for T cell proliferation and intestinal toxicity in 
genetically susceptible individuals. 
0.132. Verification of proteolytic resistance of the 33-mer 
gliadin peptide with brush border membrane preparations 
from human intestinal biopsies: To validate the above con 
clusions, derived from studies with rat BBM preparations, in 
the context of human intestinal digestion, BBM preparations 
were prepared from a panel of adult human Volunteers, one of 
whom was a Celiac Sprue patient in remission, while the rest 
were found to have normal intestinal histology. (SEQ ID 
NO:12) LQLQPFPQPQLPYPQPQLPYPQP 
QLPYPQPQPF, (SEQ ID NO: 1) QLQPFPQPQLPY (an 
internal sequence from the 33-mer used as a control), (SEQ 
ID NO:10) WQIPEQSR and other control peptides (100 uM) 
were incubated with BBM prepared from each human biopsy 
(final aminopeptidase N activity of 13 U/ul) at 37° C. for 
varying time periods. While (SEQ ID NO:1) QLQPF 
PQPQLPY, (SEQID NO:10) WQIPEQSR and other control 
peptides were completely pro 
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teolyzed within 1-5 h, the long peptide remained largely 
intact for at 19 hours. These results confirm the equivalence 
between the rat and human BBM for the purpose of this study. 
0133) Verification of proteolytic resistance of the 33-mer 
gliadin peptide in intact animals: The proteolytic resistance of 
the 33-mer gliadin peptide, observed in vitro using BBM 
from rats and humans, was confirmed in vivo using a perfu 
sion protocol in intact adult rats (Smithson and Gray (1977).J. 
Clin. Invest. 60:665). Purified peptide solutions were per 
fused through a 15-20 cm segment of jejunum in a sedated rat 
with a residence time of 20 min., and the products were 
collected and subjected to LC-MS analysis. Whereas >90% 
of (SEQID NO:1) QLQPFPQPQLPY was proteolyzed in the 
perfusion experiment, most of the 33-mer gliadin peptide 
remained intact. These results demonstrate that the 33-mer 
peptide is very stable as it is transported through the mam 
malian upper Small intestine. 
0134. The 33-mer gliadin peptide is an excellent substrate 
for tTGase, and the resulting product is a highly potent acti 
vator of patient-derived T cells. A number of recent studies 
have demonstrated that regiospecific deamidation of immu 
nogenic gliadin peptides by tTGase increases their affinity for 
HLA-DQ2 as well as the potency with which they activate 
patient-derived gluten-specific T cells. It has been shown the 
specificity of tTGase for certain short antigenic peptides 
derived from gliadin is higher than its specificity toward its 
physiological target site in fibronectin, for example, the speci 
ficity of tTGase for the C-gliadin derived peptide (SEQ ID 
NO:3) PQPQLPYPQPQLPY is 5-fold higher than that for its 
target peptide sequence in fibrinogen, its natural Substrate. 
The kinetics and regiospecificity of deamidation of the 
33-mer C.-gliadin peptide identified as above were therefore 
measured. Thek/K was higher than that reported for any 
peptide studied thus far:k/K-440 min-1 mM-1 for (SEQ 
ID NO:12) LQLQPF 
PQPQLPYPQPQLPYPQPQLPYPQPQPF compared to 
kcat/KM=82 min-1 mM-1 for PQPQLPY and kcat/ 
KM=350 min-1 mM-1 for (SEQ ID NO: 3) 
PQPQLPYPQPQLPY. 
0135 Moreover, LC-MS-MS analysis revealed that (SEQ 
ID NO:12) LQLQPF 
PQPQLPYPQPQLPYPQPQLPYPQPQPF was selectively 
deamidated by tTGase at the underlined residues. Since 
tTGase activity is associated with the brush border membrane 
of intestinal enterocytes, it is likely that dietary uptake of even 
small quantities of wheat gluten will lead to the build-up of 
sufficient quantities of this 33-mer gliadin peptide in the 
intestinal lumen so as to be recognized and processed by 
tTGase. 

0.136 Structural characteristics of the 33-mer gliadin pep 
tide and its naturally occurring homologs: Sequence align 
ment searches using BLASTP in all non-redundant protein 
databases revealed several homologs (E-value <0.001) of the 
33-mer gliadin peptide. Interestingly, foodgrain derived 
homologs were only foundingliadins (from wheat), hordeins 
(from barley) and secalins (from rye), all of which have been 
proven to be toxic to Celiac patients. See FIG. 6. Nontoxic 
foodgrain proteins, such as avenins (in oats), rice and maize, 
do not contain homologous sequences to the 33-mer gliadin. 
In contrast, a BLASTP search with the entire C2-gliadin 
sequence identified foodgrain protein homologs from both 
toxic and nontoxic proteins. Based on available information 
regarding the Substrate specificities of gastric, pancreatic and 
BBM proteases and peptidases, it is predicted that, although 
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most gluten homologs to the 33-mer gliadin peptide con 
tained multiple proteolytic sites and are therefore unlikely to 
be completely stable toward digestion, several sequences 
from wheat, rye and barley are expected to be comparably 
resistant to gastric and intestinal proteolysis. The stable pep 
tide homologs to the 33-mer O2-gliadin peptide are (SEQID 
NO:13) QPQPFPPQLPYPQTQPFP 
PQQPYPQPQPQYPQPQ (from C.1- and C.6-gliadins): (SEQ 
ID NO:14) QQQPF 
PQQPIPQQPQPYPQQPQPYPQQPFPPQQPF (from B1 
hordein); (SEQ ID NO: 15) QPFPQPQQTFPQQPQLPF 
PQQPQQPFPQPQ (from Y-gliadin); (SEQID NO:16) QPF 
PQPQQPTPIQPQQPFPQRPQQPFPQPQ (from co-secalin). 
These stable peptides are all located at the N-terminal region 
of the corresponding proteins. The presence of proline resi 
dues after otherwise cleavable residues in these peptides 
would contribute to their proteolytic stability. 
0.137 The unique primary sequence of the 33-mer gliadin 
peptide also had homologs among a few non-gluten proteins. 
Among the strongest homologs were internal sequences from 
pertactin (a highly immunogenic protein from Bordetella per 
tussis) and a mammalian inositol-polyphosphate 5-phos 
phatase of unknown function. In both cases available infor 
mation Suggested that the homology could have biologically 
relevance. For example, the region of pertactin that is 
homologous to the 33-mergliadin peptide is known to be part 
of the immunodominant segment of the protein. In the case of 
the homologous phosphatase, the corresponding peptide 
region of the phosphatase is known to be responsible for 
vesicular trafficking of the phosphatase to the cytoplasmic 
Golgi. In analogy with the current picture of how gliadin 
peptides are presented to HLA-DQ2 via a tTGase mediated 
pathway, these Pro-Gln-rich segments of both pertactin and 
the phosphatase are likely to be good tTGase substrates. To 
test this hypothesis, the corresponding peptides were synthe 
sized, and the selectivity of tTGase for these peptides was 
measured. As predicted, both peptides were found to be good 
substrates of tTGase. The tTGase enzyme plays a central role 
in receptor mediated endocytosis of several biologically 
important proteins. The biological activities of both pertactin 
and the phosphatase may depend on tTGase mediated traf 
ficking. 
0.138. Secondary structural studies using circular dichro 
ism spectroscopy on the 33-mer gliadin peptide as well as its 
homologs from pertactin and the inositol-polyphosphate 
5-phosphatase demonstrate that these peptides have strong 
type II polyproline helical character. In addition to reinforc 
ing the proteolytic resistance of these peptides, the type II 
polyproline helical conformation is also likely to enhance 
their affinity for class II MHC proteins. 
0.139. Although gluten proteins from foodgrains such as 
wheat, rye and barley are central components of a nutritious 
diet, they can be extremely toxic for patients suffering from 
Celiac Sprue. To elucidate the structural basis of gluten tox 
icity in Celiac Sprue, comprehensive proteolytic analysis was 
performed on a representative recombinant gliadin under 
physiologically relevant conditions. An unusually long and 
proteolytically stable peptide product was discovered, whose 
physiological relevance was confirmed by Studies involving 
brush border membrane proteins from rat and human intes 
tines as well as intestinal perfusion assays in live rats. In 
aggregate, these data demonstrate that this peptide and its 
homologs found in other wheat, rye and barley proteins are 
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the “root cause of the initial inflammatory response to 
dietary wheat in Celiac Sprue patients in remission. 

Example 3 

0140 Human leukocyte antigen DQ2 is a class II major 
histocompatibility complex protein that plays a critical role in 
the pathogenesis of Celiac Sprue by binding to epitopes 
derived from dietary gluten and triggering the inflammatory 
response of disease-specific T cells. Inhibition of DQ2 medi 
ated antigen presentation in the Small intestinal mucosa of 
Celiac Sprue patients therefore represents a potentially attrac 
tive mode of therapy for this widespread but unmet medical 
need. Starting from a pro-inflammatory, proteolytically resis 
tant, 33-residue peptide, (SEQ ID NO:12) LQLQPFPQPEL 
PYPQPELPYPQPELPYPQPQPF, we embarked upon a sys 
tematic effort to dissect the relationships between peptide 
structure and DQ2 affinity, and to translate these insights into 
prototypical DQ2 blocking agents. Three structural determi 
nants within the first 20 residues of this 33-mer peptide, 
including a (SEQ ID NO: 18) PQPELPYPQ epitope, its 
N-terminal flanking sequence and a downstream Glu residue, 
were found to be critical for DQ2 recognition. Guided by the 
X-ray crystal structure of DQ2, the L11 and L18 residues in 
the truncated 20-mer analogue were replaced with sterically 
bulky groups so as to retain high DQ2 affinity but abrogate T 
cell recognition. A dimeric ligand synthesized by regiospe 
cific coupling of the 20-mer peptide with a bifunctional 
linker, was identified as an especially potent DQ2 binding 
agent. Two such ligands were able to attenuate the prolifera 
tion of disease-specific T cell lines in response to gluten 
antigens, and therefore represent prototypical examples of 
pharmacologically Suitable DQ2 blocking agents for the 
potential treatment of Celiac Sprue. 
0141 Inhibition of antigen presentation by blocking a dis 
ease-specific MHC on antigen presenting cells with peptide 
(and occasionally non-peptide) ligands has been previously 
explored as a therapeutic strategy for autoimmune diseases 
Such as multiple Sclerosis, rheumatoid arthritis, diabetes, and 
experimental autoimmune encephalomyelitis. Such therapy 
is of particular interest for the treatment of Celiac Sprue. First, 
to date no non-dietary treatment has been developed for this 
widespread, lifelong disease; as Such, there is an acute unmet 
need. Second, in contrast to the organs affected by most other 
autoimmune diseases, the Small intestine is readily accessible 
via oral administration of a therapeutic candidate. Finally, 
and perhaps most importantly, among HLA mediated dis 
eases, Celiac Sprue is unique in that an environmental trigger 
(dietary gluten) has been identified and extensively dissected 
at an immunological level. In turn, these studies have led to 
the identification of proteolytically resistant gluten peptides 
that are generated by physiological processes and are effi 
ciently presented to disease associated T cells in a DQ2 
restricted fashion. Thus, if these naturally occurring T cell 
stimulatory agents can be transformed into inhibitors of DQ2 
mediated antigen presentation, they can be considered as 
appropriate medicinal leads for Celiac Sprue. 
0142 A Pro- and Gln-rich 33-mer peptide from C2-glia 
din, (SEQ ID NO:12) LQLQPFPQPELPYPQPE 
LPYPQPELPYPQPQPF (transglutaminase-catalyzed Gln 
>Glu changes underlined), is a particularly interesting lead 
peptide for this purpose. Its extreme resistance to breakdown 
by luminal proteases and intestinal brush-border enzymes 
allows it to persist for a considerable duration in the upper 
Small intestine, the primary affected region of the gastrointes 
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tinal tract in a Celiac Sprue patient. Not only does this peptide 
have a high affinity for HLA-DQ2, it is displayed on the 
Surface of antigen presenting cells with unusual robustness. 
Not Surprisingly, it is a potent proliferative trigger of gluten 
responsive T cells from small intestinal biopsy samples of all 
DQ2 Celiac Sprue patients tested thus far. Although this pep 
tide is multivalent (it has 6 overlapping copies of 3 epitopes), 
it binds to HLA-DQ2 with a 1:1 stoichiometry. It has a con 
siderably higher affinity for DQ2 than any of its constituent 
epitopes (SEQ ID NO:17) PFPQPELPY, (SEQ ID NO:18) 
PQPELPYPQ and (SEQID NO:58) PYPQPELPY. Together, 
these observations led us to hypothesize that the 33-mer pep 
tide harbors secondary interactions with DQ2 outside the core 
antigen binding pocket. Understanding the precise nature of 
these interactions would therefore be a critical prerequisite 
for exploiting its potential as a medicinal lead in the design of 
DQ2 blocking agents. 
0143. In this report we have dissected the structural deter 
minants of the high-affinity interaction between the 33-mer 
peptide and HLA-DQ2. Based on these findings, we designed 
and synthesized simple analogues of the 33-mer peptide that 
retain its strong affinity for DQ2 but are not recognized by 
33-mer responsive T cells from Celiac biopsies. The ability of 
these putative blocking agents to inhibit T cell proliferation in 
response to gluten antigens was also demonstrated. These 
peptides represent the first prototypical examples of pharma 
cologically relevant DQ2 blocking agents for potential treat 
ment of Celiac Sprue. 

Experimental Section 
0144. DQ2 expression and purification. Soluble DQ2 mol 
ecules were expressed and purified as previously described. 
Briefly, the soluble extracellular domains of the DQ2 C. and B 
chains were co-expressed in High Five insect cells using a 
pAcAB3 baculovirus expression system, and were affinity 
purified using the anti-DQ2 mAb 2.12.E11. The sequence 
(SEQ ID NO:55) QLQPFPQPELPY was fused to the N-ter 
minus of the DQ2 B-chain by a 15-residue linker (SEQ ID 
NO:56) (GAGSLVPRGSGGGGS), which includes a throm 
bin site. A complementary Fos/Jun leucine Zipper pair was 
engineered at the C-terminal ends of C. and B chains, respec 
tively, with intervening factor Xa proteolysis sites, to increase 
the heterodimer stability during protein expression. 
0145 The concentration of HLA-DQ2 was determined by 
UV spectrophotometry at 280 nm using the absorption coef 
ficient factor 75,700 cm'M' as calculated from the contents 
of tyrosine, tryptophan and cystine in the DQ2 sequence (22). 
Prior to use in binding experiments with exogenous ligands, 
the DQ2-ligand fusion protein was first treated with ~2% w/w 
thrombin in pH 7.3 PBS at 0°C. for 2 h. 
0146 Peptide synthesis, labeling and purification. All 
peptides used in this study were synthesized using Boc/ 
HBTU chemistry starting from N-C-t-Boc-L-aminoacyl-phe 
nylacetamidomethyl (PAM) resin. Peptides were labeled at 
their N-termini while still attached to the resin with 5-(and 6-) 
carboxyfluorescein, 1-(3-Dimethylaminopropyl)-3-ethyl 
carbodiimide hydrochloride (EDC.HCl), and 1-Hydroxy-7- 
aZabenzotriazole (HOAt) in 1:1:1 ratio in dimethylforma 
mide as the solvent. Following cleavage of the peptidyl resin 
in trifluoroacetic acid/trifluoromethanesulfonic acid/thioani 
sole (TFA/TFMSA/thioanisole 10:1:1, v/v/v) for 4 h, the 
crude peptides were precipitated in cold ether and dissolved 
in 1:1 V/v acetonitrile/water. The peptides were purified by 
reverse-phase HPLC on a semi-preparative Cs column using 
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a water-acetonitrile gradient in 0.1% (v/v) TFA. The identity 
and purity of the peptides were confirmed by electrospray 
mass spectrometry and analytical reverse-phase HPLC. The 
peptides were lyophilized and stored at -20°C. Prior to use, 
peptide stock solutions were prepared in 10 mM PBS with 
0.02% sodium azide, and their concentrations were deter 
mined by UV-Vis spectrophotometry at 495 nm using the 
absorption coefficient factor 80.200 cm'M' for the fluores 
cein-labeled peptide. The integrity of the peptide stocks was 
monitored by analytical HPLC every several months. 
0147 Peptide derivatives 17-22 (see FIG. 10) were syn 
thesized with N-C-t-Boc-N-e-Fmoc-L-lysine. The Fmoc 
protected side chain of lysine was deprotected after synthesis 
of the full-length peptide by washing the resin twice in 20% 
piperidine in dimethylformamide for 15 min. Then 1 g of 
succinimide anhydride dissolved in 2 ml dimethylformamide 
was added to the resin for 30 min. The extent of amide 
formation was monitored by the ninhydrin test. 
0148. The dimeric peptide 22 was synthesized from pure 
monomeric fluorescein labeled peptide 17. Fluorescein-con 
jugated 17 was mixed with bis-d PEG 6 NHS ester (Quanta 
Biodesign) in 2:1 ratio in either dimethylformamide with 
10% V/v diisopropylethylamine as base, or in pH 9 phosphate 
Solution. The reaction was monitored by analytical reverse 
phase HPLC using a Cs column. The product peak eluted 2 
min after the monomeric starting material, and was purified 
by preparative reverse phase HPLC. Mass spectrometric 
analysis revealed that it had the expected molecular weight of 
5858.8 (22+Na", exp. MW 5858). The concentration of this 
fluorescent dimeric peptide was quantified by using the 
absorption coefficient factor 160,400 cm'M' at 495 nm. 
0149 Peptide exchange assay. For peptide exchange 
experiments, the DQ2 heterodimer purified as described 
above was incubated with fluorescein-conjugated ligands in a 
25:1 ratio (i.e. 4.7 uM DQ2 with 0.18 uM fluorescent pep 
tide). Incubations were performed at 37°C. in a 1:1 mixture 
of PBS buffer (10 mM Pi, 150 mM. NaCl, pH 7.3, supple 
mented with 0.02% NaNs) and McIlvaine's citrate-phosphate 
buffers (pH 5 or pH 7) such that the final pH was either 5.5 or 
7.3, respectively. Peptide binding was measured by high per 
formance size exclusion chromatography (HPSEC) (17). 1 ul 
of reaction mixture was diluted into 14 ul PBS. 12.5ul of the 
diluted material was injected onto a BioSeptember 3000 size 
exclusion column (Phenomenex), and eluted with PBS buffer 
at 1 ml/min. The DQ2-peptide complex eluted at 8.5 min, 
with free peptides emerging ~2 min later. The fluorescence 
signal was recorded using an in-line Shimadzu RA35 fluo 
rescent detector with excitation wavelength set at 495 nm and 
emission detection set at 520 nm. Peak areas corresponding to 
the DQ2-peptide complex and the free peptide were used to 
calculate the fractional yield of the DQ2-fluoresceinated pep 
tide complex. 
0150 Peptide dissociation assay. For dissociation experi 
ments, DQ2-fluoresceinated peptide complexes were pre 
pared by incubating thrombin treated DQ2 (3-5 uM) with 
20-fold excess fluorescein-conjugated peptides at pH 5.5 for 
25 hours. The buffer composition was a 1:1 mixture of 10 mM 
PBS buffer and pH 5.1 McIlvaine's citrate-phosphate buffer 
(24), such that the final pH was 5.5. Excess free peptide was 
separated from the complex on a chilled spin column (Bio 
Rad) packed with Sephadex G50 superfine medium and 
blocked with 1% BSA solution to minimize the binding of 
DQ2 to the column. Spin columns were pre-washed with pH 
7.3 PBS buffer, and the fluorescein-conjugated peptide--DQ2 
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mixture was applied to the column. The DQ2-fluoresceinated 
peptide complex was eluted in a volume of -230 ul in pH 7.3 
PBS buffer. Typically, this DQ2-peptide fraction contained 
<10% of free peptide. The solution was immediately adjusted 
to pH 5.5 or pH 7.3, and 20 uMofa tight DQ2 binding peptide 
(SEQ ID NO:57) (AAIAAVKEEAF) was added to prevent 
the re-binding of dissociated fluorescent peptide to DQ2. 
Kinetic measurements of ligand dissociation were performed 
at 37°C., and a time course was obtained by injecting 20 ul 
aliquots into HPSEC column. 
0151 T cell proliferation assays. The DQ2 homozygous 
B-lymphoma cell line (LCL)VAVY cells were irradiated with 
12,000 rads of Y-irradiation or fixed with 1% paraformalde 
hyde for 10 minutes as indicated, and incubated with the 
appropriate peptides overnight in media containing 10% fetal 
bovine serum, 2% human serum, penicillin and streptomycin 
at a cell density of 2x10 cells/ml in 96-well plates. The next 
day, the volume was doubled to yield a cell density of 1x10° 
cells/ml, 50 ul of which was placed into a U-bottom 96-well 
plate. An equal volume of T-cells (50 ul of 1x10 cells/ml) 
was added to each well, and cells were incubated at 37°C. and 
5% CO, for 48 h, at which point 0.5uCi/well of methyl-H 
thymidine (Amersham, TRK120) was added. Cells were 
incubated for an additional 12-14 h and then frozen. After 
thawing, incorporated thymidine was collected on a filter mat 
(Wallac, 1205-401) using a Tomtec cell harvester, and 
counted using a Wallac 1205 Betaplate liquid scintillation 
COunter. 

Results 

0152 SAR analysis of the binding of the 33-mer peptide to 
HLA-DQ2. Earlier studies have demonstrated that the highly 
immunogenic 33-mer peptide from C2-gliadin, (SEQ ID 
NO:12) LQLQPFPQPELPYPQPELPYPQPELPYPQPQPF, 
potently displaces pre-bound ligands from the DQ2 binding 
pocket and also has a long dissociation half-life. These fea 
tures, together with its natural proteolytic resistance, make 
this 33-mer peptide an attractive target for engineering an 
HLA-DQ2 blocking agent. To dissect its structure-activity 
relationships (SAR), several analogues were synthesized and 
initially evaluated in peptide exchange assays overa period of 
45 h (FIG. 1). Although the percentage of bound peptide is 
only reported at the 45 h end-point (i.e. at equilibrium), the 
half-maximum binding times for several of these peptides 
were obtained, and found to be similar. Therefore, the equi 
librium occupancy is representative of DQ2 avidity. 
0153. Several noteworthy observations emerge from the 
data summarized in FIG.8. First, consistent with earlier data, 
it is evident that the CII epitope (SEQ ID NO:18) 
(PQPELPYPQ) is the primary binding site in the 33-mer 
peptide 1. For example, the minimal C.II epitope bearing 
peptide 3, has a binding maximum of 7% at pH 5.5, whereas 
the minimal C.I epitope bearing peptide 2 saturates at less than 
1% at pH 5.5 and is undetectable at pH 7.3. Second, compari 
son of the DQ2 binding properties of the minimal C.II epitope 
3 with longer analogues (e.g. 6 and 7) reveals that binding 
efficiency increases as a greater proportion of the 33-mer 
sequence is included at the C-terminal side of the epitope. 
Similarly, comparison of the binding properties of the mini 
mal peptide 3 with the N-terminally elongated peptide 4 
Suggests that the N-terminus of the 33-mer contributes sig 
nificantly to its DQ2 binding potency. Together, these find 
ings argue that structural determinants on both sides of the 
core C.II epitope sequence of the 33-mer influence its immu 
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nological characteristics. The importance of flanking 
sequences is also reinforced when one compares 21-mer pep 
tide 7 with analogues that are incrementally extended on both 
sides (8, 9, 10 and 1). Interestingly, the difference between 
peptides 7 and 8 is more pronounced at pH 7 than at pH 5. 
0154 The 33-mer peptide 1 contains three Glu residues 
corresponding to three transglutaminase-catalyzed deamida 
tion sites. To investigate the role of multiple deamidation 
sites, we synthesized and tested all possible deamidation 
analogues of the 33-mer (peptides 11-16). Q10E (11) has 
higher affinity for DQ2 than either Q17E (12) or Q24E (13) at 
both pH 5 and pH 7, arguing that DQ2 binding of the 33-mer 
is primarily centered at the N-terminal C.II epitope, although 
the other CII epitopes can also bind effectively in the MHC 
pocket. Notably however, introduction of a second deamida 
tion site (e.g. Q10EQ17E (14) or Q10EQ24E (15)) signifi 
cantly enhances affinity relative to Q10E (11), Suggesting that 
a second acidic residue C-terminal to the core C.II epitope is 
important for the optimal immunological properties of the 
33-mer. This is also supported by the observation that the 
doubly deamidated analogue Q17EQ24E (16) approximates 
the 33-mer binding characteristics. 
0155 Taken together, the above data support that a peptide 
comprising: (i) the first CII epitope of the 33-mer, (ii) the 
N-terminal sequence, and (iii) adequate C-terminal sequence 
to include at least one additional deamidation site, would be 
the shortest 33-mer analogue that could capture the essential 
DQ2 binding characteristics of the natural product. To test 
this hypothesis, we synthesized the 20-mer peptide 5, and 
quantitatively compared its ability to bind DQ2 in peptide 
exchange and dissociation assays. The results, Summarized in 
FIG. 8, show that peptide 5 is comparable to the 33-mer 
peptide 1 in all in vitro assays. The immunological relevance 
of these biochemical findings was verified in T cell prolifera 
tion assays using a polyclonal T-cell line that responds to all 
three a epitopes equally well and a clonal T-cell line that 
responds to the all epitope exclusively. As shown in FIG.9A, 
the T cell stimulatory characteristics of peptides 1 and 5 are 
very similar, both of which are substantially more potent T 
cellantigens than the minimal C.II epitope peptide 3. To verify 
that the enhanced T cell antigenicity of peptides 1 and 5 is due 
to superior DQ2 binding affinity rather than the ability of 
these peptides to stimulate a larger population of C-epitope 
responsive T cells, the experiment was repeated using a clonal 
T cell line specific for the CII epitope. FIG. 2B shows that 
peptides 1 and 5 again have a comparable T cell stimulatory 
capacity that exceeds that of peptide 3. Thus, in view of its 
considerably shorter length, peptide 5 serves as a lead for the 
design of HLA-DQ2 blocking ligands for treatment of Celiac 
Sprue. 
0156 Design and in vitro evaluation of DQ2 blocking 
peptides. A major goal of this research is to design and char 
acterize medicinally appropriate ligands that form tight, long 
lived complexes with HLA-DQ2 on the surface of antigen 
presenting cells in the Celiac Small intestine, but are not 
recognized by disease specific T cells. Toward this end we 
synthesized analogues of the 20-mer peptide 5, and evaluated 
their DQ2 binding properties. Our initial design targeted L11 
and L18 residues of peptide 5 as modification sites. L11 was 
chosen based on the crystal structure of the CI-DQ2 complex, 
which suggested that the residue at the corresponding posi 
tion (i.e. the P5 Pro residue) points away from the DQ2 
protein Surface. Consistent with this observation, epitope 
scanning experiments have also shown that the antigenbind 
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ing pocket of DQ2 can accommodate a spectrum of amino 
acids at the P5 position. Therefore, the L11 Kanalogue (17) 
shown in FIG. 10 was synthesized. In addition, since peptide 
5 can bind to HLA-DQ2 in the CI (SEQ ID NO:17) (PF 
PQPELPY) and cII (SEQ ID NO:18) (PQPELPYPQ) 
epitope registers, we also wished to introduce modifications 
in the downstream C.III epitope. For this reason L18K (18) 
was also synthesized. (Like the P5 residue, the P7 residue also 
points away from the DQ2 protein surface.) 
(O157 Surprisingly, both 17 and 18 bound poorly to DQ2 at 
either pH 5 or pH 7 (FIGS. 11A and 11B). We speculated that 
this poor affinity may be due to formation of a salt bridge 
between the Lys residue at positions 11 or 18 and the critical 
Glu residue at the preceding position. To test this hypothesis, 
the Lys side chains in both compounds were extended with a 
succinyl group, yielding peptides 19 and 20 (FIG. 3) with a 
negative charge at residues 11 and 18, respectively. As shown 
in FIGS. 11A and 11B, peptides 19 and 20 bound to DQ2 with 
considerably higher affinity. We therefore also synthesized 
peptide 21, which possesses the above changes at both posi 
tions 11 and 18. Peptide 21 bound comparably well with DQ2 
as peptide 5, both in exchange experiments (FIG. 4C) and 
dissociation experiments. 
0158. A number of independent investigations have high 
lighted the feasibility of greatly enhancing ligandavidity to a 
biological target by the engineering of multivalent ligands. 
Therefore, in an attempt to further improve DQ2 affinity, a 
dimeric ligand (22) was synthesized by crosslinking mono 
meric L11K via a hexa-ethylene glycol (6-PEG) bifunctional 
linker through the Lys side chains (FIG.10). Remarkably, this 
ligand has considerably improved binding affinity for DQ2 as 
compared to all gluten peptides evaluated thus far, including 
the 33-mer peptide 1 (FIG. 12). 
0159. Since the modified side-chains of ligands 19-22 are 
oriented toward the T cell face of the DQ2-peptide complex, 
we anticipated that these modifications were likely to alter the 
T cell recognition properties of these peptides. As an initial 
test of this hypothesis, peptides 5 and 19-21 were labeled with 
biotin at their N termini and mixed with live VAVY (DQ2 
homozygous) antigen presenting cells. The extent to which 
these peptides were presented on the cell Surface was visual 
ized using fluorescent streptavidin. After 24h, the intensity of 
staining of the VAVY cell surface was found to be comparable 
by confocal microscopy in the presence of all labeled pep 
tides. 

0160 Next, we wished to investigate the extent to which 
compounds 19-22 were able to elicit a proliferative response 
from gluten responsive polyclonal T cell lines derived from 
small intestinal biopsies of Celiac Sprue patients. For this 
experiment, a T cell line that is strongly responsive to the 
33-mer peptide 1 (or alternately peptide 5) was used. As 
shown in FIG. 13, peptide 20 elicited the strongest T cell 
response, presumably because it contained an unmodified all 
(SEQID NO:18) (PQPELPYPQ) epitope. A low but measur 
able T cell response was also observed for peptides 19 and 22, 
perhaps because they contained an unmodified C.III (SEQID 
NO:58) (PYPQPELPY) epitope. In contrast, the doubly 
modified peptide 21, which lacks any of the intact C.-gliadin 
epitopes, completely abrogates T cell recognition. Together, 
these results suggest that compounds 21 and 22 can be pre 
sented on the Surface of DQ2 antigen presenting cells, but are 
relatively unrecognized by gluten specific T cells found in the 
small intestines of Celiac Sprue patients. Given their intrinsic 
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proteolytic stability, these peptides were therefore evaluated 
as prototypical DQ2 blocking agents. 
0161 To assess the DQ2 blocking properties of the most 
promising compounds, 21 and 22, paraformaldehyde-fixed 
VAVY cells were incubated for 12 hours with varying con 
centrations of antigenic peptide 5 in the presence or absence 
of 5 uM blocker peptide, and the resulting antigen presenting 
cells were then mixed with gluten responsive T cells under 
appropriate culture conditions (FIG. 14). A significant 
increase in ECso was observed in the presence of compounds 
21 and 22, indicating that these synthetic peptides were 
indeed capable of competitively blocking T cell proliferation 
by potent glutenantigens such as peptide 5. 

Discussion 

0162 Several recent reports have highlighted the excep 
tional pathogenic characteristics of a 33-mer peptide from O2 
gliadin, (SEQ ID NO:12) LQLQPF 
PQPELPYPQPELPYPQPELPYPQPQPF, using disease 
specific T cells derived from small intestinal biopsies of 
Celiac Sprue patients. The goal of this research is to evaluate 
the feasibility of transforming this potent pro-inflammatory 
natural product into a fundamentally new type of anti-inflam 
matory agent for potential use in Celiac Sprue patients. To this 
end we have dissected the structure-function relationships of 
the 33-mer peptide, and have harnessed these insights, 
together with our recent X-ray crystal structure of HLA-DQ2. 
to design prototypical DQ2 blocking ligands. 
0163 The 33-mer peptide is a multivalent antigen possess 
ing at least six overlapping copies of three distinct epitopes 
(designated earlier as C.I, CII and C.III epitopes, correspond 
ing to the sequences (SEQIDNO:17)PFPQPELPY. (SEQID 
NO:18) PQPELPYPQ and (SEQ ID NO:58) PYPQPELPY, 
respectively). However, its predominant mode of DQ2 inter 
action involves formation of stable monomeric complexes 
(1:1 stoichiometry). Detailed equilibrium binding and kinetic 
analysis of the 33-mer peptide to HLA-DQ2 led us to hypoth 
esize that this peptide derives its DQ2 avidity through a com 
bination of interactions between one or more core epitopes as 
well as flanking sequences. Therefore, a first objective of this 
study was to identify the preferred binding epitope(s), the 
structural determinants in the flanking sequences, and the 
precise contributions of the three Glu residues, each of which 
is generated by post-translational deamidation of a naturally 
occurring Gln residue by the human transglutaminase 2 
enzyme. 
0164. We synthesized truncated analogues (peptides 2, 3, 
6-10) as well as site-directed variants (peptides 11-16) of the 
33-mer peptide 1, and tested their ability to displace a pre 
existing ligand in the binding pocket of a purified, soluble 
form of HLA-DQ2 (FIG. 8). Our findings suggest that the CII 
epitope centered at E10 is the most preferred register for 
33-mer binding to DQ2. This is presumably due to the higher 
avidity of the CII epitope for DQ2 as compared to CI and C.III 
epitopes, as well as the fact that the first CII epitope in the 
33-mer peptide can uniquely leverage secondary interactions 
between the N-terminal (SEQID NO:32) LQLQPF sequence 
and a yet to be determined binding site on HLA-DQ2. Addi 
tionally, a second deamidation site located in the C-terminal 
sequence also facilitates DQ2 binding of this CII epitope. 
Thus, the 20-mer peptide 5 binds to DQ2 equally well as the 
33-mer peptide 1, whereas peptide 6 (which lacks the N-ter 
minal flank) has a considerably lower affinity for DQ2 than 
peptide 5 (which has this flanking sequence). The good cor 
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relation between DQ2 binding and T cell proliferative capac 
ity was also verified by showing that peptide 5 has compa 
rable T cell antigenicity as 1 (FIG. 9). 
0.165. The X-ray crystal structure of HLA-DQ2 bound to 
the C.Igliadin epitope had revealed that Some amino acid side 
chains from the epitope are deeply buried in the DQ2 binding 
pocket, whereas others face outward, presumably in the direc 
tion of the T cell receptor. L11 and L18 in peptide 5 are 
examples of the latter category of residues, regardless of 
whether they are recognized by DQ2 as part of an OII epitope 
(where they bind in the P5 binding pocket) or the C.I or C.III 
epitopes (where they bind in the P7 pocket). Leu->Lys sub 
stitutions at these positions therefore provided functional 
handles for further modification. Several analogues (17-21) 
of peptide 5 were evaluated; of these, compounds 19, 20, and 
21 had similar affinity for HLA-DQ2 as unsubstituted peptide 
5 (FIG. 11). In T cell assays, whereas peptides 19 and 20 did 
retain some ability to stimulate the proliferation of gluten 
specific T cells from intestinal biopsies of Celiac Sprue 
patients, the doubly modified peptide 21 is unable to stimulate 
an C.I, CII, and C.III epitope responsive T cell line (FIG. 13). 
In the presence of 5 uM 21, the ECso of antigenic peptide 5 
against gluten specific T cells is increased. 
0166 An alternative design of potential DQ2 blocking 
agents involved dimerization of peptide 17 through the Lys 
11 side chain. This strategy has borne fruit in the study of 
protein-protein interactions in other biological contexts. Our 
prototypical dimeric peptide 22 with a hexa-ethylene glycol 
bifunctional linker had a substantially enhanced affinity for 
HLA-DQ2 than both peptides 1 and 5 at pH 5 or pH 7. 
Moreover, compound 22 showed remarkably enhanced bind 
ing kinetics, reaching half maximal DQ2 occupancy at 2.5 hr 
instead of -8 hr for the 33-mer peptide 1 (FIG. 5). This rapid 
binding capacity could be a pharmacologically useful prop 
erty in the context of inhibiting antigen presentation. In Sup 
port of this anti-inflammatory potential, addition of 5 uM 
compound 22 also resulted in a significant elevation of the 
ECso of antigenic peptide 5. 
0167. In summary, our studies reported here have led to the 
development of an improved insight into the structure-activ 
ity relationships of the highly immunogenic 33-mer peptide 
from C2-gliadin, and in turn, to the design of peptidic ana 
logues of this peptide that bind tightly to HLA-DQ2 but are 
not recognized by Celiac Sprue associated T cells. The design 
of future generations of Such DQ2 blocking agents will 
require in-depth biological evaluations of these promising 
synthetic agents. 
0168 All publications and patent applications cited in this 
specification are herein incorporated by reference as if each 
individual publication or patent application were specifically 
and individually indicated to be incorporated by reference. 
0169. The present invention has been described interms of 
particular embodiments found or proposed by the present 
inventor to comprise preferred modes for the practice of the 
invention. It will be appreciated by those of skill in the art that, 
in light of the present disclosure, numerous modifications and 
changes can be made in the particular embodiments exempli 
fied without departing from the intended scope of the inven 
tion. Moreover, due to biological functional equivalency con 
siderations, changes can be made in protein structure without 
affecting the biological action in kind or amount. All Such 
modifications are intended to be included within the scope of 
the appended claims. 
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SEQUENCE LISTING 

<16O NUMBER OF SEO ID NOS: 58 

<210 SEQ ID NO 1 
<211 LENGTH: 12 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 1 

Gln Leu Gln Pro Phe Pro Gln Pro Gln Leu Pro Tyr 
1. 5 1O 

<210 SEQ ID NO 2 
<211 LENGTH: 12 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 
&220s FEATURE: 

<221 NAME/KEY: PYRROLIDONE CARBOXYLIC ACID 
<222> LOCATION: (1) . . . (1) 
<223> OTHER INFORMATION: N terminal pyroglutaminate 

<4 OO SEQUENCE: 2 

Gln Leu Gln Pro Phe Pro Gln Pro Gln Leu Pro Tyr 
1. 5 1O 

<210 SEQ ID NO 3 
<211 LENGTH: 14 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 3 

Pro Gln Pro Gln Leu Pro Tyr Pro Gln Pro Gln Leu Pro Tyr 
1. 5 1O 

<210 SEQ ID NO 4 
<211 LENGTH: 13 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 4 

Pro Gln Pro Gln Leu Pro Tyr Pro Gln Pro Gln Leu Pro 
1. 5 1O 

<210 SEQ ID NO 5 
<211 LENGTH: 11 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 5 

Glin Leul Glin Pro Phe Pro Glin Pro Gln Lieu. Pro 
1. 5 1O 

<210 SEQ ID NO 6 
<211 LENGTH: 11 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 6 

Gln Pro Glin Phe Pro Glin Pro Gln Leu Pro Tyr 
1. 5 1O 

<210 SEQ ID NO 7 

Jun. 18, 2009 
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- Continued 

<211 LENGTH: 9 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 7 

Glin Pro Phe Pro Glin Pro Glin Lieu Pro 
1. 5 

<210 SEQ ID NO 8 
<211 LENGTH: 6 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 8 

Pro Glin Pro Glin Leu Pro 
1. 5 

<210 SEQ ID NO 9 
<211 LENGTH: 13 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 9 

Arg Arg Lieu. Ile Glu Asp Asn. Glu Tyr Thr Ala Arg Gly 
1. 5 1O 

<210 SEQ ID NO 10 
<211 LENGTH: 8 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 10 

Trp Glin Ile Pro Glu Gln Ser Arg 
1. 5 

<210 SEQ ID NO 11 
<211 LENGTH: 7 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 11 

Phe Pro Glin Pro Glin Leu Pro 
1. 5 

<210 SEQ ID NO 12 
<211 LENGTH: 33 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 12 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glin Leu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Gln Leu Pro Tyr Pro Glin Pro Gln Leu Pro Tyr Pro Gln Pro Glin Pro 
2O 25 3O 

Phe 

<210 SEQ ID NO 13 
<211 LENGTH: 34 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 13 
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- Continued 

Gln Pro Gln Pro Phe Pro Pro Gln Leu Pro Tyr Pro Gln Thr Glin Pro 
1. 5 1O 15 

Phe Pro Pro Glin Gln Pro Tyr Pro Gln Pro Gln Pro Glin Tyr Pro Glin 
2O 25 3O 

Pro Glin 

<210 SEQ ID NO 14 
<211 LENGTH: 35 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 14 

Glin Glin Gln Pro Phe Pro Glin Gln Pro Ile Pro Glin Glin Pro Glin Pro 
1. 5 1O 15 

Tyr Pro Glin Gln Pro Gln Pro Tyr Pro Glin Gln Pro Phe Pro Pro Glin 
2O 25 3O 

Glin Pro Phe 
35 

<210 SEQ ID NO 15 
<211 LENGTH: 30 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 15 

Glin Pro Phe Pro Glin Pro Glin Glin. Thir Phe Pro Glin Glin Pro Glin Lieu. 
1. 5 1O 15 

Pro Phe Pro Glin Glin Pro Glin Glin Pro Phe Pro Glin Pro Glin 
2O 25 3O 

<210 SEQ ID NO 16 
<211 LENGTH: 30 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 

Glin Pro Phe Pro 
1. 

Pro Phe Pro Glin 
2O 

<210 SEQ ID NO 
<211 LENGTH: 9 
&212> TYPE: PRT 
<213> ORGANISM: 

<4 OO SEQUENCE: 

Pro Phe Pro Glin 
1. 

<210 SEQ ID NO 
<211 LENGTH: 9 
&212> TYPE: PRT 
<213> ORGANISM: 

<4 OO SEQUENCE: 

Pro Glin Pro Glu 
1. 

16 

Glin Pro Glin Gln Pro Thr Pro Ile Glin Pro Glin Glin 
5 1O 15 

Arg Pro Glin Gln Pro Phe Pro Gln Pro Glin 
25 3O 

Criticum aestivum 

Pro Glu Lieu Pro Tyr 
5 

Criticum aestivum 

Leu Pro Tyr Pro Glin 
5 
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<210 SEQ ID NO 19 
<211 LENGTH: 15 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 19 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Glin 
1. 5 1O 15 

<210 SEQ ID NO 2 O 
<211 LENGTH: 2O 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 2O 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Glu Lieu Pro Tyr 
2O 

<210 SEQ ID NO 21 
<211 LENGTH: 14 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 21 

Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro Glu Lieu Pro Tyr 
1. 5 1O 

<210 SEQ ID NO 22 
<211 LENGTH: 21 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 22 

Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro Glu Lieu Pro Tyr Pro Glin 
1. 5 1O 15 

Pro Glu Lieu Pro Tyr 
2O 

<210 SEQ ID NO 23 
<211 LENGTH: 28 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 23 

Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro Glu Lieu. Pro Tyr 
1. 5 1O 15 

Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro Gln Pro 
2O 25 

<210 SEQ ID NO 24 
<211 LENGTH: 30 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 24 

Lieu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro Glu Lieu. 
1. 5 1O 15 

Pro Tyr Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro Gln Pro 
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2O 25 3O 

<210 SEQ ID NO 25 
<211 LENGTH: 31 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 25 

Gln Leu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Glin Pro Glu 
1. 5 1O 15 

Lieu Pro Tyr Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro Glin Pro 
2O 25 3O 

<210 SEQ ID NO 26 
<211 LENGTH: 33 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 26 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Gln Leu Pro Tyr Pro Glin Pro Gln Leu Pro Tyr Pro Gln Pro Glin Pro 
2O 25 3O 

Phe 

<210 SEQ ID NO 27 
<211 LENGTH: 33 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 27 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glin Leu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Glu Lieu Pro Tyr Pro Glin Pro Gln Leu Pro Tyr Pro Gln Pro Glin Pro 
2O 25 3O 

Phe 

<210 SEQ ID NO 28 
<211 LENGTH: 33 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 28 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glin Leu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Gln Leu Pro Tyr Pro Glin Pro Glu Lieu Pro Tyr Pro Gln Pro Glin Pro 
2O 25 3O 

Phe 

<210 SEQ ID NO 29 
<211 LENGTH: 33 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 29 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Glu Lieu Pro Tyr Pro Glin Pro Gln Leu Pro Tyr Pro Gln Pro Glin Pro 
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- Continued 

2O 25 3O 

Phe 

<210 SEQ ID NO 3 O 
<211 LENGTH: 33 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 30 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Gln Leu Pro Tyr Pro Glin Pro Glu Lieu Pro Tyr Pro Gln Pro Glin Pro 
2O 25 3O 

Phe 

<210 SEQ ID NO 31 
<211 LENGTH: 33 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 31 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glin Leu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Glu Lieu Pro Tyr Pro Glin Pro Glu Lieu Pro Tyr Pro Gln Pro Glin Pro 
2O 25 3O 

Phe 

<210 SEQ ID NO 32 
<211 LENGTH: 6 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 32 

Leul Glin Leul Glin Pro Phe 
1. 5 

<210 SEQ ID NO 33 
<211 LENGTH: 2O 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 33 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glu Lys Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Glu Lieu Pro Tyr 
2O 

<210 SEQ ID NO 34 
<211 LENGTH: 2O 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 34 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Glu Lys Pro Tyr 
2O 
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<210 SEQ ID NO 35 
<211 LENGTH: 2O 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 35 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glu Lys Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Glu Lys Pro Tyr 
2O 

<210 SEQ ID NO 36 
<211 LENGTH: 7 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 36 

Pro Gln Pro Glu Lieu Pro Tyr 
1. 5 

<210 SEQ ID NO 37 

<4 OO SEQUENCE: 37 

OOO 

<210 SEQ ID NO 38 

<4 OO SEQUENCE: 38 

OOO 

<210 SEQ ID NO 39 

<4 OO SEQUENCE: 39 

OOO 

<210 SEQ ID NO 4 O 

<4 OO SEQUENCE: 40 

OOO 

<210 SEQ ID NO 41 

<4 OO SEQUENCE: 41 

OOO 

<210 SEQ ID NO 42 

<4 OO SEQUENCE: 42 

OOO 

<210 SEQ ID NO 43 
<211 LENGTH: 9 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 43 

Pro Gln Pro Glu Lys Pro Tyr Pro Glin 
1. 5 
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<210 SEQ ID NO 44 
<211 LENGTH: 5 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 44 

Pro Glu Lieu Pro Tyr 
1. 5 

<210 SEQ ID NO 45 
<211 LENGTH: 5 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 45 

Pro Glu Lys Pro Tyr 
1. 5 

<210 SEQ ID NO 46 
<211 LENGTH: 10 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 46 

Pro Phe Pro Gln Pro Glu Lieu Pro Tyr Pro 
1. 5 1O 

<210 SEQ ID NO 47 
<211 LENGTH: 13 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 47 

Pro Gln Pro Glu Lieu Pro Tyr Pro Gln Pro Gln Leu Pro 
1. 5 1O 

<210 SEQ ID NO 48 
<211 LENGTH: 11 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 48 

Pro Glin Glin Ser Phe Pro Glu Glin Glin Pro Pro 
1. 5 1O 

<210 SEQ ID NO 49 
<211 LENGTH: 14 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 49 

Val Glin Gly Glin Gly Ile Ile Glin Pro Glu Gln Pro Ala Glin 
1. 5 1O 

<210 SEQ ID NO 50 
<211 LENGTH: 13 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 5 O 

Phe Pro Glu Gln Pro Glin Gln Pro Tyr Pro Glin Gln Pro 
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<210 SEQ ID NO 51 
<211 LENGTH: 13 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 51 

Phe Pro Glin Gln Pro Glu Gln Pro Tyr Pro Glin Gln Pro 
1. 5 1O 

<210 SEQ ID NO 52 
<211 LENGTH: 12 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 52 

Phe Ser Glin Pro Glu Glin Glu Phe Pro Glin Pro Glin 
1. 5 1O 

<210 SEQ ID NO 53 
<211 LENGTH: 7 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 53 

Pro Gln Pro Gln Leu Pro Tyr 
1. 5 

<210 SEQ ID NO 54 
<211 LENGTH: 9 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 54 

Pro Tyr Pro Gln Pro Glu Lieu Pro Tyr 
1. 5 

<210 SEQ ID NO 55 
<211 LENGTH: 12 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 55 

Gln Leu Gln Pro Phe Pro Gln Pro Glu Lieu Pro Tyr 
1. 5 1O 

<210 SEQ ID NO 56 
<211 LENGTH: 15 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 56 

Gly Ala Gly Ser Lieu Val Pro Arg Gly Ser Gly Gly Gly Gly Ser 
1. 5 1O 15 

<210 SEQ ID NO 57 
<211 LENGTH: 11 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 57 
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Ala Ala Ile Ala Ala Wall Lys Glu Glu Ala Phe 
1. 5 1O 

<210 SEQ ID NO 58 
<211 LENGTH: 9 
&212> TYPE: PRT 
<213> ORGANISM: Triticum aestivum 

<4 OO SEQUENCE: 58 

Pro Tyr Pro Gln Pro Glu Lieu Pro Tyr 
1. 5 

What is claimed is: 

1. A purified oligopeptide of from about 14 amino acids in 
length to about 33 amino acids in length, comprising the 
epitope sequence (SEQ ID NO:43) PQPEKPYPQ. 

2. The purified oligopeptide of claim 1, wherein said pep 
tide comprises as the amino terminal sequence, SEQ ID 
NO:32, LQLQPF. 

3. The purified oligopeptide of claim 1, wherein the car 
boxy terminal sequence is SEQID NO:44 PELPY, or SEQID 
NO:45 PEKPY. 

4. The purified oligopeptide of claim 1, wherein one or 
more lysine residues are conjugated to a group that provides 
for steric hindrance of interactions between the peptide and a 
cognate receptor. 

5. The purified oligopeptide of claim 4, wherein said lysine 
residue is conjugated to Succinic acid; benzyloxycarbonyl 
group; t-Butoxycarbonyl group; 9-fluorenylmethoxycarbo 
nyl group; phthalimides; or polyethylene glycol. 

6. A pharmaceutical composition comprising the oligopep 
tides of claim 1, and a pharmaceutically acceptable excipient. 

7. A method for diagnosing Celiac Sprue in an individual, 
said method comprising determining whether an oligopep 
tide of claim 1 stimulates agglutination of anti-gliadin anti 
bodies, anti-tTGase antibodies, or combinations thereoffrom 
said individual, and correlating an ability to stimulate agglu 
tination with a positive diagnosis of Celiac Sprue. 

8. The method of claim 7, wherein said tissue is a mucosal 
tissue selected from the group consisting of oral, nasal, lung, 
and intestinal mucosal tissue. 

9. The method of claim 7, wherein said bodily fluid is 
selected from the group consisting of blood, sputum, urine, 
phlegm, lymph, and tears. 

10. The method of claim 7, wherein said individual has not 
consumed gluten for an extended period of time. 

11. The method of claim 10, wherein said extended period 
of time is selected from the group consisting of one day, one 
week, one month, and one year prior to the performance of the 
diagnostic method. 

12. The method of claim 7, wherein said individual has not 
had an endoscopy. 

13. The method of claim 7, wherein said individual is the 
subject of a therapy intended to treat Celiac Sprue or is in a 
clinical trial conducted to evaluate such a therapy. 

14. An HLA-binding peptide inhibitor; wherein said 
inhibitor is an analog of an immunogenic gluten oligopeptide 
of at least about 8 residues in length, wherein the immuno 
genic gluten oligopeptide is altered by the replacement of one 

or more amino acids; and wherein said analog binds tightly to 
HLA molecules; is proteolytically stable; and does not acti 
vate disease-specific T cells. 

15. The HLA-binding peptide inhibitor of claim 14, 
wherein said analog comprises one or more naturally occur 
ring amino acids, non-naturally occurring amino acids, modi 
fied amino acids, or amino acid mimetics. 

16. The HLA-binding peptide inhibitor of claim 15, 
wherein said analog is further derivatized to reduce the affin 
ity of the analog for disease-specific T cell receptors. 

17. The HLA-binding peptide inhibitor of claim 16, 
wherein said immunogenic gluten oligopeptides comprises at 
least one PXP motif. 

18. The HLA-binding peptide inhibitor of claim 14, 
wherein said immunogenic gluten oligopeptides comprises a 
sequence selected from the group consisting of: (SEQID NO: 
36) PQPELPY; PFPQPELPYP (SEQ ID NO: 47) 
PQPELPYPQPQLP (SEQ ID NO: 48) PQQSFPEQQPP. 
(SEQ ID NO: 49) VQGQGIIQPEQPAQ, (SEQID NO: 50) 
FPEQPQQPYPQQP (SEQID NO:51) FPQQPEQPYPQQP. 
FSQPEQEFPQPQ; PFPQPQLPY, PQPQLPYPQ, (SEQ ID 
NO:17) PFPQPELPY: (SEQ ID NO:58) PYPQPELPY and 
PYPQPQLPY. 

19. The HLA-binding peptide inhibitor of claim 14, 
wherein said inhibitor comprises the sequence PXPOPELPY. 
where X is Tyr, Trp, Arg, Lys, p-iodo-Phe, 3-iodo-Tyr, 
p-amino-Phe, 3-amino-Tyr, hydroxylysine, ornithine, Asp or 
Glu. 

20. The HLA-binding peptide inhibitor of claim 19, 
wherein said inhibitor is further derivatized to reduce the 
affinity of the analog for disease-specific T cell receptors. 

21. The HLA-binding peptide inhibitor of claim 14, 
wherein said inhibitor is further modified to increase binding 
potency to an MHC molecule. 

22. The HLA-binding peptide inhibitor of claim 14, 
wherein said inhibitor comprises the sequence 
PFPQXELXY, where X and X are independently selected 
from 4-hydroxy-Pro, 4-amino-Pro, or 3-hydroxy-Pro, and 
proline, with the proviso that at least one of X and X is a 
residue other than proline. 

23. The HLA-binding peptide inhibitor of claim 22, 
wherein said inhibitor is further derivatized to reduce the 
affinity of the analog for disease-specific T cell receptors. 

24. The HLA-binding peptide inhibitor of claim 22, 
wherein said inhibitor is further modified to increase binding 
potency to an MHC molecule. 

25. A method of treating Celiac Sprue and/or dermatitis 
herpetiformis, the method comprising: 
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administering to a patient an effective dose of an HLA 
binding peptide inhibitor; 

wherein said HLA-binding peptide inhibitor attenuates 
gluten toxicity in said patient. 

26. The method of claim 25, wherein said HLA-binding 
peptide inhibitor is administered with a glutenase. 

27. The method according to claim 25 wherein said HLA 
binding peptide inhibitor is administered orally. 

28. The method according to claim 25, wherein said HLA 
binding peptide inhibitor is contained in a formulation that 
comprises an enteric coating. 

30 
Jun. 18, 2009 

29. A formulation for use in treatment of Celiac Sprue 
and/or dermatitis herpetiformis, comprising: 

an effective dose of an HLA-binding peptide inhibitor and 
a pharmaceutically acceptable excipient. 

30. The formulation according to claim 29, further com 
prising an enteric coating. 

31. Use of an HLA-binding peptide inhibitor in the treat 
ment of HLA-DQ2 positive individuals who are either pre 
disposed to type I diabetes or have developed symptoms of 
type I diabetes. 


