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(57) ABSTRACT 

The invention provides a method of diagnosing or predicting 
susceptibility to a clinical subtype of Crohn’s disease in a 
subject having Crohn’s disease by determining the presence 
or absence of IgA anti-I2 antibodies in the subject, Where the 
presence of the IgA anti-I2 antibodies indicates that the 
subject has a clinical subtype of Crohn’s disease. In one 
embodiment, a method of the invention is practiced by 
further determining the presence or absence in the subject of 
a NOD2 variant, anti-Saccharomyces cerevisiae antibodies 
(ASCA), IgA anti-OmpC antibodies, or perinuclear anti 
neutrophil cytoplasmic antibodies (pANCA). The methods 
of the invention can be used to diagnose or predict suscep 
tibility to a clinical subtype of Crohn’s disease, for example, 
a ?brostenotic subtype, a subtype characterized by the need 
for small boWel surgery, or a subtype characterized by the 
absence of features of ulcerative colitis. 
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atgaaagtta 
cgcagcaaac 
tgtacggtaa 
gatggcgacc 
tactgaccag 
acagcgctga 
ctgaaattcc 
tgtttatgac 
acacctacgg 
acctaccgta 
tgttcagtac 
gtggcgtaac 
gtcggcggtt 
gatctccagc 
gtaacggcga 
aacaacatct 
cgtaggttcc 
ctcagtacca 
tctaaaggta 
atatgttgat 
acgttgacta 
gctggcatca 
ID NO: 9 

aagtactgtc 
gctgctgaag 
agtagacggc 
agacctacat 
ctgaccggtt 
aaacgaaaac 
aggatqtqgg 
gtaacttcct 
ttctgacaac 
acactgactt 
cagggtaaaa 
taacaacggt 
ctatcactta 
tccaaacgta 
ccgtgctgaa 
acctggctgc 
ctgqqttgqq 
gttcgacttc 
aaaacctggg 
gttggtgcta 
caaaatcaac 
acactgataa 

cctcctggtc 
tttacaacaa 
ct'gcactatt 
gcgtcttggc 
acggccagtg 
aactcctgga 
ttctttcgac 
ggaccgacgt 
ttcatgcagc 
cttcggtctg 
acggcaaccc 
cgtgacgcac 
tgattacgaa 
ctgatgctca 
acctacactg 
tcagtacacc 
cgaacaaagc 
ggtctgcgtc 
tcgtggctac 
cctactactt 
ctgctggacg 
catcgtagct 
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c‘cagctctgc 
agacggcaac 
tctctgacaa 
ttcaaaggtg 
ggaatatcag 
cccgtgtggc 
tacggtcgta 
actgccagaa 
agcgtggtaa 
gttgacggcc 
atctggtgaa 
tgcgtcaaaa 
ggtttcggta 
gaacaccgct 
gtggtctgaa 
cagacctaca 
acagaacttc 
cgtccctggc 
gacgacgaag 
caacaaaaac 

acaaccagtt 
ctgggtctgg 

FIGURE 3A 
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tqgtagcagg 
aaattagatc 
caaagatgta 
aaactcaggt 
atccagggca 
attcgcaggt 
actacggcgt 
ttcggtggtg 
cggcttcgcg 
tgaactttgc 
ggctttacta 
Cggcgacggc 
tcgqtggtqc 
gcttacatcg 
atacgacgct 
acgcaactcg 
gaagctgttg 
ttacct'gcag 
atatcctgaa 
atgtccacct 
cactcgtgac 
tttaccagtt c SEQ 
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MKVKVLSLLVPALLVAGAANAAEVYNKDGNKLDLYGKVDGLHYFSDNKDVDGDQTY 
MRLGFKGETQVTDQLTGYGQWEYQIQGNSAENENNSWTRVAFAGLKFQDVGSFDYGR 
NYGVVYDVTSWTDVLPEFGGDTYGSDNFMQQRGNGFATYRNTDFFGLVDGLNFAVQY 
QGKNGNPSGEGFTSGVTNNGRDALRQNGDGVGGSITYDYEGFGIGGAISSSKRTDAQNT 
AAYIGNGDRAETYTGGLKYDANNIYLAAQYTQTYNATRVGSLGWANKAQNFEAVAQY 
QFDFGLRPSLAYLQSKGKNLGRGYDDEDILKYVDVGATYYFNKNMSTYVDYKINLLDD 
NQFTRDAGINTDNIVALGLVYQF 

SEQID NO: 10 

FIGURE 3B 
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METHODS OF ASSESSING CROHN’S DISEASE 
PATIENT PHENOTYPE BY I2, OMPC AND ASCA 

SEROLOGIC RESPONSE 

[0001] This application is a continuation-in-part under 
CFR 1.53(b)(2) of prior application Ser. No. 10/413,501, 
?led Apr. 11, 2003. 

[0002] This invention Was made With government support 
under grant number DK 46763 aWarded by the National 
Institutes of Health. The United States Government has 
certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates generally to the ?elds of 
diagnostics and autoimmune disease and, more speci?cally, 
to serologic and genetic methods for diagnosing clinical 
subtypes of Crohn’s disease. 

[0004] In?ammatory boWel disease (IBD) is the collective 
term used to describe tWo gastrointestinal disorders of 
unknoWn etiology: Crohn’s disease (CD) and ulcerative 
colitis (UC). The course and prognosis of IBD, Which occurs 
World-Wide and is reported to afflict as many as tWo million 
people, varies Widely. Onset of IBD is predominantly in 
young adulthood With diarrhea, abdominal pain, and fever 
the three most common presenting symptoms. The diarrhea 
may range from mild to severe, and anemia and Weight loss 
are additional common signs of IBD. Of all patients With 
IBD, ten percent to ?fteen percent Will require surgery over 
a ten year period. In addition, patients With IBD are at 
increased risk for the development of intestinal cancer. 
Reports of an increasing occurrence of psychological prob 
lems, including anxiety and depression, are perhaps not 
surprising symptoms of What is often a debilitating disease 
that strikes people in the prime of life. 

[0005] Unfortunately, the available therapies for in?am 
matory boWel disease are feW, and both diagnosis and 
treatment have been hampered by a lack of knoWledge 
regarding the etiology of the disease. HoWever, it is thought 
that a combination of genetic factors, eXogenous triggers 
and endogenous micro?ora can contribute to the immune 
mediated damage to the intestinal mucosa seen in in?am 
matory boWel disease. In Crohn’s disease, bacteria have 
been implicated in initiation and progression of the disease: 
the intestinal in?ammation in Crohn’s disease is notable for 
its frequent responsiveness to antibiotics and susceptibility 
to bacterial fecal ?oW. Common intestinal colonists and 
novel pathogens have been implicated in Crohn’s by direct 
detection or by disease associated anti-microbial immune 
responses. Furthermore, in many genetically susceptible 
animal models of chronic colitis, lumenal micro-organisms 
are a necessary cofactor for disease; animals housed in a 
germ-free environment do not develop colitis. 

[0006] It is increasingly apparent that Crohn’s disease is a 
classi?cation representing a number of heterogeneous dis 
ease subtypes that affect the gastrointestinal tract and pro 
duce similar symptoms. Both environmental and genetic 
factors likely contribute to the etiology of such disease 
subtypes. Patients With Crohn’s disease can be classi?ed, for 
eXample, into subtypes based on the presence of ?bros 
tenotic disease, internal-perforating disease, perianal ?stu 
liZing disease or ulcerative colitis-like disease according to 
previously described criteria. The eXtensive and often pro 
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tracted clinical testing required to determine Crohn’s disease 
subtypes may delay optimal treatment and involves invasive 
procedures such as endoscopy. 

[0007] Identi?cation of serologic and genetic markers 
Which are closely associated With a clinical subtype of 
Crohn’s disease Would provide the basis for novel diagnostic 
tests and eliminate or reduce the need for the battery of 
laboratory, radiological, and endoscopic evaluations typi 
cally required to determine disease subtype. The availability 
of methods for diagnosing clinical subtypes of Crohn’s 
disease Would represent a major clinical advance that Would 
aid in the therapeutic management of Crohn’s disease and 
Would further lay the groundWork for the design of treatment 
modalities Which are speci?c to a particular disease subtype. 
Such methods can reduce costs associated With treatment of 
unresponsive disease subtypes and eliminate the disappoint 
ment of those needlessly undergoing ineffective therapy. In 
particular, a reliable genetic test for the ?brostenotic subtype 
of Crohn’s disease Would be highly priZed as a non-invasive 
method for the early diagnosis of this disease subtype and 
Would also be useful for predicting susceptibility to the 
?brostenotic subtype of Crohn’s disease in asymptomatic 
individuals, making prophylactic therapy possible. The 
present invention satis?es this need and provides related 
advantages as Well. 

SUMMARY OF THE INVENTION 

[0008] The invention provides a method of diagnosing or 
predicting susceptibility to a clinical subtype of Crohn’s 
disease in a subject having Crohn’s disease by determining 
the presence or absence of IgA anti-I2 antibodies in the 
subject, Where the presence of the IgA anti-I2 antibodies 
indicates that the subject has a clinical subtype of Crohn’s 
disease. In one embodiment, a method of the invention is 
practiced by further determining the presence or absence in 
the subject of a NOD2 variant, anti-Saccharomyces cerevi 
siae antibodies (ASCA), IgA anti-OmpC antibodies, or 
perinuclear anti-neutrophil cytoplasmic antibodies 
(pANCA). The methods of the invention can be used to 
diagnose or predict susceptibility to a clinical subtype of 
Crohn’s disease, for eXample, a ?brostenotic subtype, a 
subtype characteriZed by the need for small boWel surgery, 
or a subtype characteriZed by the absence of features of 
ulcerative colitis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 shoWs an I2 nucleotide sequence (SEQ ID 
NO: 1) and predicted amino acid sequence (SEQ ID NO: 2) 

[0010] FIG. 2A shoWs an illustration of the NOD2 gene 
locus. The location of selected NOD2 variants is indicated. 
FIG. 2B shoWs the nucleotide sequence of the NOD2 gene 
surrounding the R702W NOD2 variant. The top strand is 
labeled as SEQ ID NO:3 and the bottom strand is labeled as 
SEQ ID NO:4. Nucleotide sequences Which can be used as 
primers for PCR ampli?cation are indicated. FIG. 2C shoWs 
the nucleotide sequence of the NOD2 gene surrounding the 
G908R NOD2 variant. The top strand is labeled as SEQ ID 
N05 and the bottom strand is labeled as SEQ ID NO:6. 
Nucleotide sequences Which can be used as primers for PCR 
ampli?cation are indicated. FIG. 2D shoWs the nucleotide 
sequence of the NOD2 gene surrounding the 1007fs NOD2 
variant. The top strand is labeled as SEQ ID NO:7 and the 
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bottom strand is labeled as SEQ ID NO:8. Nucleotide 
sequences Which can be used as primers for PCR ampli? 
cation are indicated. In FIGS. 2B, C and D, the position of 
a nucleotide sequence Which can be used as a probe in an 
allelic discrimination assay is boxed and the position of the 
polymorphic site is underlined. 

[0011] FIG. 3A shoWs the nucleotide sequence (SEQ ID 
NO:9) of an E. coli outer membrane protein c (OmpC) 
precursor and FIG. 3B shoWs the corresponding amino acid 
sequence (SEQ ID NO:10). 
[0012] FIG. 4 shoWs scatter graphs of the level of patient 
serum reactivity toWards microbial and autoantigens in a 
Crohn’s disease cohort of 303 patients. (A) IgA anti-I2, (B) 

IgA anti-OmpC, (C) IgA ASCA, (D) IgG ASCA and AN CA. In each panel, the shaded Zone at the bottom 

indicates negative serum reactivity. Circles shoW I2-, 
OmpC-, ASCA-, and pANCA-positive reactivity. In panel E, 
the open circles in the left-side portion represent a peri 
nuclear staining pattern While the black circles shoWn in the 
right-side portion represent AN CA-positive samples With a 
cytoplasmic indirect immuno?uorescent (IIF) staining pat 
tern. 

[0013] FIG. 5 is a Venn diagram shoWing the relationship 
betWeen microbial marker antibodies in the Crohn’s disease 
cohort of 303 patients. ShoWn are the percentage of patients 
positive for a single marker, the three combinations of tWo 
markers, and all three markers. 

[0014] FIG. 6 shoWs that no signi?cant changes in sero 
logic response to microbial and autoantigens occurred over 
time. Serologic responses Were determined folloWing small 
boWel surgery (time 0) in 26 patients With at least one 
sequential folloW up analysis six months or more after the 
surgery. The dotted line represents the demarcation betWeen 
positive and negative values. 

[0015] FIG. 7 shoWs quartile analysis of the 303 Crohn’s 
disease patient cohort for three microbial antigens: I2, 
OmpC and ASCA. The population Was subdivided into four 
quartiles by I2 (top left), OmpC (middle left), and ASCA 
(bottom left) binding levels. Values for binding levels are in 
ELISA units. Quartile sums Were calculated by the addition 
of each individual’s quartile values for the three microbial 
antigens to give a quartile sum ranging from 3 to 12. Patients 
With the loWest level reactivity toWards all three antigens 
had a quartile sum score of 3 While patients With the highest 
level antibody reactivity toWards all three had a quartile sum 
score of 12. The distribution of quartile sums for the 303 
patient cohort is shoWn in the right panel. 

[0016] FIG. 8 shoWs that the frequency of complicated 
small boWel disease increases With antibody reactivity, as 
represented by the quartile sum score against all three 
antigens (* denotes negative ptrend). Those patients With the 
highest level antibody reactivity toWards all three microbial 
antigens have the highest association With complicated small 
boWel disease phenotypes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] The present invention is directed to the exciting 
discovery of serologic and genetic markers that are closely 
associated With the ?brostenotic subtype of Crohn’s disease. 
These markers can be used to diagnose or predict suscepti 
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bility to the ?brostenotic subtype of Crohn’s disease in a 
subject having Crohn’s disease. 

[0018] As disclosed herein, ELISAs for IgA anti-I2 anti 
bodies and anti-Saccharomyces cerevisiae antibodies 
(ASCA) Were performed on258 Crohn’s disease patients 
(Examples II and III, respectively). In addition, genotyping 
Was performed on these patients for three Crohn’s disease 
associated variants of the NOD2 gene, R702W, G908R, 
and1007 fs, using the Taqman® MGB system as described 
in Example IV. 

[0019] The results disclosed herein demonstrate that IgA 
antibodies to I2 Were present in 56.5% of the Crohn’s 
disease patients in the study (see Example I). Patients 
expressing these IgA anti-I2 antibodies Were signi?cantly 
more likely to have a ?brostenotic subtype of Crohn’s 
disease than those not expressing IgA anti-I2 antibodies 
(71.4% vs. 43.3%, p<0.001) and signi?cantly more likely to 
require small boWel surgery (66.7% vs. 37.1%, p<0.001). In 
addition, IgA anti-I2 antibody expression Was negatively 
associated With ulcerative colitis-like Crohn’s disease 
(20.6% vs. 41.24%, p<0.001). Quartile analyses revealed 
that higher levels of IgA anti-I2 antibodies Were more 
strongly associated With the ?brostenotic subtype of Crohn’s 
disease (p for the trend <0.001) and small boWel involve 
ment (p=0.023), and inversely associated With ulcerative 
colitis-like Crohn’s disease (p=0.005) compared to loWer 
levels of IgA anti-I2 antibodies. In addition, as disclosed in 
Example I, conditional analysis performed on NOD2 vari 
ants and ASCA indicated that IgA anti-I2 antibodies Were 
independently associated With the ?brostenotic subtype of 
Crohn’disease (p=0.001 and p=0.005, respectively). Simi 
larly, IgA anti-I2 Was independently associated With small 
boWel surgery When conditioned on NOD2 variation 
(p=0.001) or ASCA (p=0.002). These results indicate that 
the presence of IgA anti-I2 antibodies can be used to 
diagnose or predict susceptibility to a clinical subtype of 
Crohn’s disease, such as the ?brostenotic subtype, in a 
subject having Crohn’s disease. 

[0020] As further disclosed in Example I, patients With all 
three markers, IgA anti-I2 antibodies, one of the three NOD2 
variants, and ASCA shoWed a greater risk of the ?bros 
tenotic subtype of Crohn’s disease (82%, odds ratio=9.7, 
p<0.000001), compared With patients With tWo markers 
(74%, odds ratio=6.0), one marker (48%, odds ratio=1.9), or 
none of these markers (33%, odds ratio=reference group). 
These results indicate that the presence of IgA anti-I2 
antibodies in combination With the presence of other mark 
ers can be used to diagnose or predict susceptibility to a 
?brostenotic subtype Crohn’s disease in a patient having 
Crohn’s disease. 

[0021] The results disclosed herein in Example VII With a 
cohort of 303 Crohn’s disease patients corroborate that 
anti-I2 reactivity is signi?cantly associated With ?brosteno 
sis and small boWel surgery in patients With Crohn’s disease, 
and additionally shoW that anti-I2 reactivity is signi?cantly 
associated With the occurrence of small boWel disease in 
these patients (Table 4). Furthermore, anti-OmpC reactivity 
Was associated With subtypes of Crohn’s disease character 
iZed by ?brostenosis, internal perforating disease, or the 
need for small boWel surgery (see Table 4). Reactivity 
against both of these antigens Was negatively associated 
With ulcerative colitis-like disease in Crohn’s patients. 
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[0022] As additionally disclosed herein, the relationship 
between serum reactivity toWards one, tWo, or three micro 
bial antigens (I2, oligomannan and OmpC) and clinical 
phenotype Was analyZed irrespective of pAN CA and NOD2 
status. Table 6 shoWs that CD patients With all three asso 
ciated markers Were more likely to have ?brostenotic dis 
ease, internal perforating disease and to require small boWel 
surgery, as compared With CD patients having serum reac 
tivity With feWer of these markers (p for all 20.001). These 
results indicate that Crohn’s disease patients Who have 
antibody responses toWards a greater number of the micro 
bial antigens I2, oligomannan and OmpC are at increased 
risk for ?brostenosis, internal perforating disease, and the 
need for small boWel surgery as compared With patients With 
a serologic response toWards a smaller number of these 
antigens. 

[0023] The importance of quantitative antibody response 
against I2, oligomannan, or OmpC to frequency of various 
Crohn’s disease clinical subtypes is further disclosed herein. 
Table 7A shoWs the results of quartile analysis for anti-I2, 
ASCA and anti-OmpC for each disease characteristic. As 
disclosed herein in Example VII, there Was an increasing 
percentage of Crohn’s disease patients With small boWel 
disease, ?brostenotic disease, internal perforating disease, 
small boWel surgery, and a decreasing likelihood of UC-like 
disease, as the magnitude of an antibody response toWard a 
microbial antigen increased. Thus, these results demonstrate 
that a greater antibody response toWards I2, OmpC, or 
oligomannan is associated With increasing frequency of 
complicated small boWel Crohn’s disease. 

[0024] Further disclosed herein in Example VII is an 
analysis of the total level of antibody response toWards all 
three microbial antigens. Quartile sum analysis (sum of 
quartile scores for anti-I2, ASCA and anti-OmpC) Was 
performed in order to evaluate a possible association 
betWeen the level of combined immune response toWards I2, 
oligomannan and OmpC, and disease characteristics for an 
individual Crohn’s patient. As shoWn in FIG. 7, individual 
serologic responses Were broken doWn by quartiles and 
assigned scores of 1 to 4 based on their designated quartile. 
Individual quartile scores for each microbial antigen Were 
added to obtain a quartile sum score, ranging from 3 to 12, 
Which represented the cumulative quantitative immune 
response toWards the three microbial antigens. As revealed 
in FIG. 8, Crohn’s disease patients With greater quartile sum 
scores had an increasing likelihood of small boWel disease, 
?brostenotic disease, and internal perforating disease, an 
increasing need for small boWel surgery, and a decreasing 
frequency of UC-like disease. These results demonstrate that 
the presence of multiple high-level antibody responses 
toWards the microbial antigens I2, oligomannan and OmpC 
is associated With a higher frequency of complicated small 
boWel disease. 

[0025] Based on these ?ndings, the present invention 
provides a method of diagnosing or predicting susceptibility 
to a clinical subtype of Crohn’s disease in a subject having 
Crohn’s disease by determining the presence or absence of 
IgA anti-I2 antibodies in the subject, Where the presence of 
the IgA anti-I2 antibodies indicates that the subject has a 
clinical subtype of Crohn’s disease. The methods of the 
invention can be advantageous in that they are noninvasive 
and can be conveniently practiced, for example, With a blood 
sample from the subject. The methods of the invention can 
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be used to quickly, easily and reliably diagnose or predict 
susceptibility to a clinical subtype of Crohn’s disease, for 
example, a ?brostenotic subtype, a subtype characteriZed by 
the need for small boWel surgery, or a subtype characteriZed 
by the absence of features of ulcerative colitis, as described 
herein. The methods of the invention can also be advanta 
geous in that they can be useful for predicting hoW a subject 
Will respond to a certain therapy. 

[0026] In one embodiment, a method of the invention is 
practiced by determining the presence or absence of IgA 
anti-I2 antibodies in a subject having Crohn’s disease and 
further determining the presence or absence in the subject of 
a NOD2 variant, anti-Saccharomyces cerevisiae antibodies 
(ASCA), IgA anti-OmpC antibodies, or perinuclear anti 
neutrophil cytoplasmic antibodies (pAN CA). Such a NOD2 
variant can be, for example, R702W, G908R, or 1007fs. In 
a further embodiment, determining the presence or absence 
of IgA anti-I2 antibodies in the subject is practiced by 
contacting a sample from the subject With an I2 antigen, or 
immunoreactive fragment thereof, under conditions suitable 
to form a complex of I2 antigen, or immunoreactive frag 
ment thereof, and antibody against the I2 antigen; contacting 
the complex With a labeled secondary antibody; and detect 
ing the presence or absence of the complex, Where the 
presence of the complex indicates the presence of the anti-I2 
antibodies in the subject. 

[0027] The invention: also provides a method of diagnos 
ing or predicting susceptibility to a ?brostenotic subtype of 
Crohn’s disease by determining the presence or absence of 
IgA anti-I2 antibodies in a subject having Crohn’s disease, 
Where the presence of IgA anti-I2 antibodies indicates that 
the subject has the ?brostenotic subtype of Crohn’s disease. 
In one embodiment, a method of the invention is practiced 
by further determining the presence or absence in the subject 
of one or more of the folloWing ?brostenotic markers: a 
NOD2 variant, anti-Saccharomyces cerevisiae antibodies 
(ASCA), or IgA anti-OmpC antibodies. Such a NOD2 
variant can be, for example, R702W, G908R, or 1007fs 
NOD2 variant. In a further embodiment, a method of the 
invention is practiced by determining the presence or 
absence of anti-I2 antibodies, a NOD2 variant and ASCA. In 
yet a further embodiment, determining the presence or 
absence of IgA anti-I2 antibodies in the subject is practiced 
by contacting a sample from the subject With an I2 antigen, 
or immunoreactive fragment thereof, under conditions suit 
able to form a complex of I2 antigen, or immunoreactive 
fragment thereof, and antibody against the I2 antigen; con 
tacting the complex With a labeled secondary antibody; and 
detecting the presence or absence of the complex, Where the 
presence of the complex indicates the presence of the IgA 
anti-I2 antibodies in the subject. 

[0028] In one embodiment, a method of the invention is 
practiced by determining the presence or absence in the 
subject of IgA anti-I2 antibodies and further determining the 
presence or absence of a NOD2 variant, Where the presence 
of IgA anti-I2 antibodies and the presence of a NOD2 variant 
in the subject indicates that the subject has the ?brostenotic 
subtype of Crohn’s disease. In a related embodiment, the 
combined presence of the IgA anti-I2 antibodies and the 
NOD2 variant in the subject is associated With the ?bros 
tenotic subtype of Crohn’s disease With an odds ratio of at 
least 6. In another embodiment, the invention is practiced by 
determining the presence or absence of IgA anti-I2 antibod 
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ies and further determining the presence or absence of 
ASCA in the subject, Where the presence of the IgA anti-I2 
antibodies and the presence of ASCA in the subject indicates 
that the subject has the ?brostenotic subtype of Crohn’s 
disease. In a related embodiment, the combined presence of 
the anti-I2 antibodies and ASCA in the subject is associated 
With the ?brostenotic subtype of Crohn’s disease With an 
odds ratio of at least 6. In a further embodiment, the 
invention is practiced by determining the presence or 
absence of IgA anti-I2 antibodies and further determining 
the presence or absence of a NOD2 variant and ASCA in the 
subject, Where the combined presence of IgA anti-I2 anti 
bodies, the NOD2 variant, and ASCA in the subject indicates 
that the subject has the ?brostenotic subtype of Crohn’s 
disease. In a related embodiment, the combined presence of 
the anti-I2 antibodies, the NOD2 variant, and ASCA in the 
subject is associated With the ?brostenotic subtype of 
Crohn’s disease With an odds ratio of at least 9. 

[0029] The present invention also provides a method of 
determining a risk of having or developing a clinical subtype 
of Crohn’s disease characteriZed by ?brostenosis, internal 
perforating disease or the need for small boWel surgery in a 
subject having Crohn’s disease by determining the presence 
or absence of three markers in the subject, the three markers 
being IgA anti-I2, ASCA and IgA anti-OmpC antibodies, 
Where the presence of the three markers indicates a ?rst risk 
of having or developing the clinical subtype of Crohn’s 
disease, the presence of exactly tWo of the three markers 
indicates a second risk of having or developing the clinical 
subtype of Crohn’s disease, the presence of exactly one of 
the three markers indicates a third risk of having or devel 
oping the clinical subtype of Crohn’s disease, and the 
absence of the three markers indicates a fourth risk of having 
or developing the clinical subtype of Crohn’s disease, and 
Where the ?rst risk is greater than the second risk, the second 
risk is greater than the third risk, and the third risk is greater 
than the fourth risk. 

[0030] Further provided herein is a method of determining 
a risk of having or developing a clinical subtype of Crohn’s 
disease characteriZed by the need for small boWel surgery in 
a subject having Crohn’s disease by determining the pres 
ence or absence of three markers in the subject, the three 
markers being IgA anti-I2 antibodies, ASCA and IgA anti 
OmpC antibodies, Where the presence of the three markers 
indicates a ?rst risk of having or developing the clinical 
subtype of Crohn’s disease, the presence of exactly tWo of 
the three markers indicates a second risk of having or 
developing the clinical subtype of Crohn’s disease, the 
presence of exactly one of the three markers indicates a third 
risk of having or developing the clinical subtype of Crohn’s 
disease, and the absence of the three markers indicates a 
fourth risk of having or developing the clinical subtype of 
Crohn’s disease, and Where the ?rst risk is greater than the 
second risk, the second risk is greater than the third risk, and 
the third risk is greater than the fourth risk. 

[0031] The present invention additionally provides a 
method of determining a risk of having or developing a 
clinical subtype of Crohn’s disease characteriZed by ?bros 
tenosis or the need for small boWel surgery in a subject 
having Crohn’s disease by determining the presence and 
magnitude of IgA anti-I2 antibody response in the subject, 
Where a greater magnitude of IgA anti-I2 antibody response 
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indicates a greater risk of having or developing the clinical 
subtype characteriZed by ?brostenosis or the need for small 
boWel surgery. 

[0032] Further provided herein is a method of determining 
a risk of having or developing a clinical subtype of Crohn’s 
disease characteriZed by ?brostenosis, internal perforating 
disease or the need for small boWel surgery in a subject 
having Crohn’s disease by determining the presence and 
magnitude of IgA anti-OmpC antibody response in the 
subject, Where a greater magnitude of IgA anti-OmpC anti 
body response indicates a greater risk of having or devel 
oping the clinical subtype characteriZed by ?brostenosis, 
internal perforating disease or the need for small boWel 
surgery. 

[0033] The invention additionally provides a method of 
determining a risk of having or developing a clinical subtype 
of Crohn’s disease characteriZed by ?brostenosis, internal 
perforating disease or the need for small boWel surgery in a 
subject having Crohn’s disease by determining the presence 
and magnitude of three markers in the subject, the three 
markers being IgA anti-I2 antibodies, anti-Saccharomyces 
cerevisiae antibodies (ASCA), and IgA anti-OmpC antibod 
ies, Where a greater magnitude of the three markers com 
bined indicates a greater risk of having or developing the 
clinical subtype characteriZed by ?brostenosis, internal per 
forating disease or the need for small boWel surgery. 

[0034] The methods of the invention relate to the diagno 
sis and treatment of Crohn’s disease (regional enteritis), 
Which is a disease of chronic in?ammation that can involve 
any part of the gastrointestinal tract. Commonly the distal 
portion of the small intestine (ileum) and cecum are affected. 
In other cases, the disease is con?ned to the small intestine, 
colon or anorectal region. Crohn’s disease occasionally 
involves the duodenum and stomach, and more rarely the 
esophagus and oral cavity. 

[0035] The variable clinical manifestations of Crohn’s 
disease are, in part, a result of the varying anatomic local 
iZation of the disease. The most frequent symptoms of 
Crohn’s disease are abdominal pain, diarrhea and recurrent 
fever. Crohn’s disease is commonly associated With intes 
tinal obstruction or ?stula, Which is an abnormal passage, for 
example, betWeen diseased loops of boWel. Crohn’s disease 
also may include complications such as in?ammation of the 
eye, joints and skin; liver disease; kidney stones or amyloi 
dosis. In addition, Crohn’s disease is associated With an 
increased risk of intestinal cancer. 

[0036] Several features are characteristic of the pathology 
of Crohn’s disease. The in?ammation associated With 
Crohn’s disease, knoWn as transmural in?ammation, 
involves all layers of the boWel Wall. Thickening and edema, 
for example, typically also appear throughout the boWel 
Wall, With ?brosis also present in long-standing disease. The 
in?ammation characteristic of Crohn’s disease also is dis 
continuous in that segments of in?amed tissue, knoWn as 
“skip lesions,” are separated by apparently normal intestine. 
Furthermore, linear ulcerations, edema, and in?ammation of 
the intervening tissue lead to a “cobblestone” appearance of 
the intestinal mucosa, Which is distinctive of Crohn’s dis 
ease. 

[0037] A hallmark of Crohn’s disease is the presence of 
discrete aggregations of in?ammatory cells, knoWn as 



US 2005/0054021 A1 

granulomas, Which are generally found in the submucosa. 
Some Crohn’s disease cases display the typical discrete 
granulomas, While others shoW a diffuse granulomatous 
reaction or nonspeci?c transmural in?ammation. As a result, 
the presence of discrete granulomas is indicative of Crohn’s 
disease, although the absence of granulomas also is consis 
tent With the disease. Thus, transmural or discontinuous 
in?ammation, rather than the presence of granulomas, is a 
preferred diagnostic indicator of Crohn’s disease (Rubin and 
Farber, Pathology (Second Edition) Philadelphia: J .B. Lip 
pincott Company (1994)). 

[0038] In contrast to ulcerative colitis, Which is character 
iZed by a continuous in?ammation of the colon that usually 
is more severe distally than proXimally, Crohn’s disease is a 
patchy disease With frequent sparing of the rectum. Further 
more, the in?ammation in Crohn’s disease is distinct from 
the super?cial in?ammation seen in ulcerative colitis, Which 
is usually limited to the mucosal layer and characteriZed by 
an acute in?ammatory in?ltrate With neutrophils and crypt 
abscesses. Instead, Crohn’s disease affects the entire thick 
ness of the boWel Wall With granulomas often, although not 
alWays, present. Furthermore, involvement of the terminal 
ileum, a cobblestone-like appearance, discrete ulcers or 
?stulas suggest Crohn’s disease. 

[0039] The methods of the invention are practiced in a 
subject having Crohn’s disease. As used herein, the term 
“subject” means any animal, such as a human or other 
mammal, capable of having Crohn’s disease. A subject 
having Crohn’s disease can have one or more symptoms of 
Crohn’s disease or can be asymptomatic, having been pre 
viously diagnosed as having Crohn’s disease by one or more 
Well established criteria. The methods of the invention can 
be useful, for eXample, for diagnosing a subtype of Crohn’s 
disease in a subject With one or more symptoms of Crohn’s 
disease. In one embodiment, the methods of the invention 
are used to determine the presence or absence of the ?bros 
tenotic subtype of Crohn’s disease in a subject knoWn to 
have Crohn’s disease. One skilled in the art understands that 
the methods of the invention also can be practiced in an 
individual not yet diagnosed as having Crohn’s disease, for 
eXample, an individual at risk for having Crohn’s disease. 
Such an individual can be, for eXample, genetically related 
to a subject With Crohn’s disease or can belong to a 
population that is knoWn to be at increased risk for having 
Crohn’s disease such as the AshkenaZi JeWish population. 

[0040] Several of the methods of the invention are prac 
ticed by determining the presence or absence of IgA anti-I2 
antibodies in a subject having Crohn’s disease. As used 
herein, the term “IgA anti-I2 antibodies” means IgA anti 
bodies that selectively bind to an I2 antigen, as Well as 
fragments of antibodies that retain a selective binding activ 
ity for an I2 antigen of at least about 1><105 M-1. Antibodies 
that selectively bind an I2 antigen bind With substantially 
higher af?nity to that antigen than to an unrelated antigen. 
One skilled in the art understands that other isotypes of 
anti-I2 antibodies, such as IgG, IgM, IgE, and IgD anti-I2 
antibodies, also can be useful in the methods of the inven 
tion. 

[0041] An I2 antigen is a polypeptide having substantially 
the same amino acid sequence as the microbial I2 polypep 
tide (SEQ ID NO: 2) shoWn in FIG. 1. The naturally 
occurring microbial I2 antigen SEQ ID NO: 2 is a polypep 
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tide of 100 amino acids sharing some similarity to bacterial 
transcriptional regulators, With the greatest similarity in the 
amino-terminal 30 amino acids. The naturally occurring I2 
SEQ ID NO:2 shares Weak homology With the predicted 
protein 4 from C. pasteurianum; Rv3557c from Mycobac 
terium tuberculosis; and a transcriptional regulator from 
Aquifex aeolicus. 

[0042] The I2 antigen (SEQ ID NO:2) Was originally 
identi?ed by overeXpression of the encoding nucleic acid 
sequence in colonic microbes harbored in in?amed lesions 
in Crohn’s disease patients (Sutton et al., Gastroenterology 
119:23-31 (2000)). ELISA analysis shoWed frequent IgA 
serum seroreactivity to a recombinant I2 antigen in patients 
With Crohn’s disease but infrequent seroreactivity in patients 
With ulcerative colitis, other in?ammatory enteric disease, or 
normal individuals (Sutton et al., supra, 2000). The I2 
antigen is also knoWn to induce a proliferative and IL-10 
response by CD4(+) T cells in unimmuniZed mice (DalWadi 
et al., Immunity 15:149-158 (2001)). The I2 response is 
dependent on MHC classII-mediated recognition and does 
not require antigen processing. Furthermore, activation is 
observed for the TCR-Vbeta5 subpopulation of cells, indi 
cating that the I2 antigen is a T cell superantigen (DalWadi 
et al., supra, 2001). A microbial homologue of I2, PA2885, 
has been identi?ed in the Pseudomonas aeruginosa genome 
(Wei et al., Infect. Immun. 70:6567-6575 (2002)). Further 
more, genomic cloning identi?ed a locus containing the 
full-length I2 gene (p?T) in P aeruginosa (Wei et al., supra, 
2002). 
[0043] An I2 antigen can be the naturally occurring I2 
antigen SEQ ID NO: 2 or a related polypeptide having 
substantial amino acid sequence similarity to this sequence. 
Such related polypeptides generally exhibit greater sequence 
similarity to the I2 antigen SEQ ID NO: 2 than to related 
sequences such as the predicted protein 4 from C. pasteur 
ianum and include isotype variants or homologs of the 
amino acid sequence shoWn in FIG. 1. As used herein, the 
term I2 antigen generally describes polypeptides having an 
amino acid sequence With greater than about 60% identity, 
greater than about 70% identity, greater than about 80% 
identity, and can be a polypeptide having greater than about 
90%, 95%, 97%, or 99% amino acid sequence identity With 
SEQ ID NO: 2, said amino acid identity determined With 
CLUSTALW using the BLOSUM 62 matrix With default 
parameters. The Cpasteurianum protein4 has about 21% 
amino acid identity With the I2 antigen SEQ ID NO: 2 and, 
therefore, is not an I2 antigen as de?ned herein. 

[0044] As disclosed above, the invention provides a 
method of diagnosing or predicting susceptibility to a clini 
cal subtype of Crohn’s disease in a subject having Crohn’s 
disease by determining the presence or absence of IgA 
anti-I2 antibodies in the subject, Where the presence of the 
IgA anti-I2 antibodies indicates that the subject has a clinical 
subtype of Crohn’s disease. In one embodiment, the clinical 
subtype of Crohn’s disease is a ?brostenotic subtype of 
Crohn’s disease. In another embodiment, the clinical sub 
type of Crohn’s disease is characteriZed by the need for 
small boWel surgery. In a further embodiment, the clinical 
subtype of Crohn’s disease is characteriZed by the absence 
of features of ulcerative colitis. 

[0045] Crohn’s disease represents a number of heteroge 
neous disease subtypes that affect the gastrointestinal tract 
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and may produce similar symptoms. As used herein in 
reference to Crohn’s disease, the term “clinical subtype” 
means a classi?cation of Crohn’s disease de?ned by a set of 
clinical criteria that distinguish one classi?cation of Crohn’s 
disease from another. As non-limiting examples, subjects 
With Crohn’s disease can be classi?ed as having ?bros 
tenotic disease, internal-perforating disease, perianal ?stu 
liZing disease, ulcerative colitis (UC)-like disease, the need 
for small boWel surgery or the absence of features of 
ulcerative colitis. Subjects With Crohn’s disease further can 
be classi?ed as having complicated Crohn’s disease, Which 
is a clinical subtype characteriZed by one or more of the 
folloWing complications: ?brostenosis, internal perforating 
disease and the need for small boWel surgery. Criteria 
relating to these subtypes have been described, for example, 
in Gasche et al., In?ammatory Bowel Diseases 618-15 
(2000); Vasiliauskas et al., Gut 471487-496 (2000); Vasil 
iauskas et al., Gastroenterology 11011810-1819 (1996); and 
Greenstein et al., Gut 291588-592 (1988). 

[0046] The “?brostenotic subtype” of Crohn’s disease is a 
classi?cation of Crohn’s disease characteriZed by one or 
more accepted characteristics of ?brostenosing disease. 
Such characteristics of ?brostenosing disease include, for 
example, documented persistent intestinal obstruction or an 
intestinal resection for an intestinal obstruction. The ?bros 
tenotic subtype of Crohn’s disease can be accompanied by 
other symptoms such as perforations, abscesses or ?stulae, 
and further can be characteriZed by persistent symptoms of 
intestinal blockage such as nausea, vomiting, abdominal 
distention and inability to eat solid food. Intestinal X-rays of 
patients With the ?brostenotic subtype of Crohn’s disease 
can shoW, for example, distention of the boWel before the 
point of blockage. 

[0047] The requirement for small boWel surgery in a 
subject With the ?brostenotic subtype of Crohn’s disease can 
indicate a more aggressive form of this subtype. As shoWn 
in Example I, patients expressing IgA ant-I2 antibodies Were 
signi?cantly more likely to have the ?brostenotic subtype of 
Crohn’s disease and signi?cantly more likely to require 
small boWel surgery than those not expressing IgA anti-I2 
antibodies. In addition, the amplitude or level of IgA anti-I2 
antibodies in a subject can be correlated With the likelihood 
of having a particular clinical subtype of Crohn’s disease. As 
shoWn in Example I, quartile analyses revealed that higher 
levels of IgA anti-I2 antibodies Were more strongly associ 
ated With the ?brostenotic subtype of Crohn’s disease and 
small boWel involvement and Were negatively associated 
With ulcerative colitis-like Crohn’s disease than Were loWer 
levels. Furthermore, the greater the number of ?brostenotic 
markers that a subject possesses, the greater chance that the 
subject Will have an aggressive form of the ?brostenotic 
subtype of Crohn’s disease requiring small boWel surgery 
(see Example I). For example, a subject With tWo or more 
markers can have a more severe form of the ?brostenotic 
subtype than a patient With one marker. 

[0048] Additional subtypes of Crohn’s disease also are 
knoWn in the art and can be identi?ed using de?ned clinical 
criteria. For example, internal perforating disease is a clini 
cal subtype of Crohn’s disease de?ned by current or previ 
ous evidence of entero-enteric or entero-vesicular ?stulae, 
intra-abdominal abscesses, or small boWel perforation. 
Perianal perforating disease is a clinical subtype of Crohn’s 
disease de?ned by current or previous evidence of either 
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perianal ?stulae or abscesses or rectovaginal ?stula. The 
UC-like clinical subtype of Crohn’s disease can be de?ned 
by current or previous evidence of left-sided colonic 
involvement, symptoms of bleeding or urgency, and crypt 
abscesses on colonic biopsies. Disease location can be 
classi?ed based on one or more endoscopic, radiologic or 
pathologic studies. 

[0049] One skilled in the art understands that overlap can 
exist betWeen clinical subtypes of Crohn’s disease and that 
a subject having Crohn’s disease can have more than one 
clinical subtype of Crohn’s disease. For example, a subject 
having Crohn’s disease can have the ?brostenotic subtype of 
Crohn’s disease and can also meet clinical criteria for a 
clinical subtype characteriZed by the need for small boWel 
surgery or the internal perforating disease subtype. Simi 
larly, the markers described herein can be associated With 
more than one clinical subtype. For example, IgA anti 
OmpC antibodies can be associated With the ?brostenotic 
subtype, need for small boWel surgery, and internal perfo 
rating disease subtypes, and can be independently associated 
With the internal perforating disease subtype. Also, for 
example, ASCA can be independently associated With the 
?brostenotic subtype, a clinical subtype characteriZed by the 
need for small boWel surgery, and the internal perforating 
disease subtype. 

[0050] The invention further provides a method of diag 
nosing or predicting suspectibility to a clinical subtype of 
Crohn’s disease in a subject having Crohn’s disease by 
contacting a sample from the subject With an I2 antigen, or 
immunoreactive fragment thereof, under conditions suitable 
to form a complex of I2 antigen, or immunoreactive frag 
ment thereof, and antibody against the I2 antigen; contacting 
the complex With a labeled secondary antibody; and detect 
ing the presence or absence of the complex, Where the 
presence of the complex indicates the presence of the IgA 
anti-I2 antibodies in the subject, thereby indicating that the 
subject has a clinical subtype of Crohn’s disease. 

[0051] The invention additionally provides a method of 
diagnosing or predicting suspectibility to a ?brostenotic 
subtype of Crohn’s disease in a subject having Crohn’s 
disease by contacting a sample from the subject With an I2 
antigen, or immunoreactive fragment thereof, under condi 
tions suitable to form a complex of I2 antigen, or immu 
noreactive fragment thereof, and antibody against the I2 
antigen; contacting the complex With a labeled secondary 
antibody; and detecting the presence or absence of the 
complex, Where the presence of the complex indicates the 
presence of the IgA anti-I2 antibodies in the subject, thereby 
indicating that the subject has the ?brostenotic subtype of 
Crohn’s disease. 

[0052] A sample useful in the methods of the invention 
can be obtained from any biological ?uid having antibodies 
such as, for example, Whole blood, plasma, saliva, or other 
bodily ?uid or tissue, such as serum. It is understood that a 
sample to be assayed according to the methods of the 
invention can be a fresh or preserved sample obtained from 
a subject to be diagnosed. 

[0053] As used herein, the term “complex” is synonymous 
With “immune complex” and means an aggregate of tWo or 
more molecules that results from speci?c binding betWeen 
an antigen, such as a protein or peptide, and an antibody. In 
a method of the invention, a complex is formed, for 
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example, by speci?c binding of an antibody and an I2 
antigen or immunoreaction fragment thereof. 

[0054] As used herein, the term “I2 antigen” means a 
polypeptide Which is immunoreactive With IgA anti-I2 anti 
bodies that immunoreact With SEQ ID NO:2. For example, 
the amino acid sequence SEQ ID NO:2 can be an I2 antigen. 
An immunoreactive fragment of the I2 antigen also can be 
used in the methods of the invention. As used herein, the 
term “immunoreactive fragment” means a portion of a 
full-length I2 antigen that retains the ability to form a 
speci?c complex With IgA anti-I2 antibodies. 

[0055] An I2 antigen, or immunoreactive fragment 
thereof, useful in the invention can be produced or synthe 
siZed using methods Well knoWn in the art. Such methods 
include recombinant DNA methods and chemical synthesis 
methods for production of a peptide. Recombinant methods 
for producing a polypeptide antigen through expression of a 
nucleic acid sequence encoding the polypeptide in a suitable 
host cell are Well knoWn in the art and are described, for 
example, in Ausubel et al., supra,1999. 

[0056] An I2 antigen, or immunoreactive fragment 
thereof, useful in the invention also can be produced by 
chemical synthesis, for example, by the solid phase peptide 
synthesis method of Merri?eld et al., J. Am. Chem. Soc. 
85:2149 (1964). Standard solution methods Well knoWn in 
the art also can be used to synthesiZe an I2 antigen, or 
immunoreactive fragment thereof (see, for example, Bodan 
sZky, Principles of Peptide Synthesis, Springer-Verlag, Ber 
lin (1984) and BodansZky, Peptide Chemistry, Springer 
Verlag, Berlin (1993)). A neWly synthesiZed polypeptide 
antigen or immunogenic fragment thereof can be puri?ed, 
for example, by high performance liquid chromatography 
(HPLC), and can be characteriZed using, for example, mass 
spectrometry or amino acid sequence analysis. 

[0057] It is understood that limited modi?cations can be 
made to an I2 antigen Without destroying its ability to bind 
to IgA anti-I2 antibodies. Similarly, limited modi?cations 
can be made to an immunoreactive fragment of an I2 antigen 
Without destroying its immunoreactivity. A modi?cation of 
an antigen disclosed herein that does not destroy its reac 
tivity With IgA antibodies in the sera of patients having 
Crohn’s disease is Within the de?nition of an I2 antigen. 
Similarly, a modi?cation of an immunoreactive fragment of 
an I2 antigen disclosed herein that does not destroy its ability 
to form a complex With IgA antibodies in the sera of a patient 
having Crohn’s disease is Within the de?nition of an immu 
noreactive fragment. Amodi?cation can be, for example, an 
addition, deletion, or substitution of amino acid residues; 
substitution of a compound that mimics amino acid structure 
or function; or addition of chemical moieties such as amino 
or acetyl groups. The activity of a modi?ed I2 antigen or a 
modi?ed immunoreactive fragment of an I2 antigen can be 
assayed, for example, using one of the assays for immu 
noreactivity disclosed herein. 

[0058] A useful modi?cation, for example, is one that 
confers increased stability. Incorporation of one or more 
D-amino acids is a modi?cation useful in increasing stability 
of an I2 antigen or immunoreactive fragment thereof. Simi 
larly, deletion or substitution of lysine can increase stability 
by protecting against degradation. For example, such a 
substitution can increase stability of an I2 antigen or an 
immunoreactive fragment thereof, provided that the substi 
tution does not signi?cantly impair immunoreactive activity. 
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[0059] In the methods of the invention, a complex can be 
detected With a labeled secondary antibody, for example, 
that has speci?city for a class determining portion of an 
anti-I2 antibody. Such a secondary antibody can be, Without 
limitation, an anti-IgA secondary antibody, an anti-IgG 
secondary antibody, or a combination of anti-IgA and anti 
IgG secondary antibodies. 

[0060] As used herein, the term “secondary antibody” 
means an antibody or combination of antibodies, Which 
binds an antibody that speci?cally binds an I2 antigen, or an 
immunoreactive fragment thereof. One skilled in the art 
understands that, preferably, a secondary antibody does not 
compete With the I2 antigen for binding to the primary 
antibody. A secondary antibody can bind any epitope of an 
anti-I2 antibody. Aparticularly useful secondary antibody is 
an anti-IgA or anti-IgG antibody having speci?city for the 
class determining portion of the primary antibody. 

[0061] It is understood that a useful secondary antibody is 
speci?c for the species from Which the sample Was obtained. 
For example, if human serum is the sample to be assayed, 
mouse anti-human IgA or IgG can be a useful secondary 
antibody. A combination of different antibodies, Which can 
be useful in the methods of the invention, also is encom 
passed Within the meaning of the term secondary antibody, 
provided that at least one antibody of the combination reacts 
With an antibody that speci?cally binds an I2 antigen. 

[0062] The term class determining portion, When used in 
reference to a secondary antibody, means the heavy chain 
constant-region sequence of an antibody that determines the 
isotype, such as IgA, IgD, IgE, IgG or IgM. Thus, a 
secondary antibody that has speci?city for the class deter 
mining portion of an IgA molecule, for example, binds IgA 
in preference to other antibody isotypes. 

[0063] A secondary antibody useful in the invention can 
be obtained commercially or by techniques Well knoWn in 
the art. Such an antibody can be a polyclonal or a mono 
clonal antibody. For example, IgA reactive polyclonal anti 
bodies can be prepared using IgA or Fc fragments of IgA as 
an immunogen to stimulate the production of antibodies in 
the antisera of an animal such as a rabbit, goat, sheep or 
rodent, as described in HarloW and Lane, Antibodies: A 
Laboratory Manual NeW York: Cold Spring Harbor Labo 
ratory (1988). Monoclonal secondary antibodies, Which are 
a population of antibody molecules that contain only one 
species of idiotope capable of binding a particular antigen 
epitope also can be produced by routine methods (see, for 
example, HarloW and Lane, supra, 1988) or obtained com 
mercially. 

[0064] The term “labeled secondary antibody” means a 
secondary antibody, as de?ned above, that can be detected or 
measured by analytical methods. Thus, the term labeled 
secondary antibody includes an antibody labeled directly or 
indirectly With a detectable marker that can be detected or 
measured and used in a convenient assay such as an enZyme 
linked immunosorbent assay (ELISA), ?uorescent assay, 
radioimmunoassay, radial immunodiffusion assay or West 
ern blotting assay. A secondary antibody can be labeled, for 
example, With an enZyme, radioisotope, ?uorochrome or 
chemiluminescent marker. In addition, a secondary antibody 
can be rendered detectable using a biotin-avidin linkage 
such that a detectable marker is associated With the second 
ary antibody. Labeling of the secondary antibody, hoWever, 






















































