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(57) ABSTRACT 

Disclosed are methods for conducting diagnostic tests for 
the detection of the in?ammatory boWel diseases, such as 
Crohn’s disease and ulcerative colitis. Also described are 
methods for monitoring a patient by administering tests of 
the present invention. Also described are methods for moni 
toring patient’s treatment by administering tests of the 
present invention. Also described are methods for evaluating 
the effectiveness of a drug or a drug candidate by adminis 
tering tests of the present invention to samples from patients, 
animal models, and cell cultures treated With a drug or a drug 
candidate. Also disclosed are methods for determining the 
usefulness of analytes, e.g. cytokines, for acting as diagnos 
tic and monitoring markers for in?ammatory boWel disease 
in the various methods of the invention. 
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DIAGNOSTIC TEST 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/634,590, ?led Dec. 9, 2004. 

FIELD OF THE INVENTION 

[0002] This application relates to assay methods, modules, 
and kits for conducting diagnostic assays for in?ammatory 
diseases. 

BACKGROUND OF THE INVENTION 

[0003] In?ammatory boWel disease (IBD) encompasses a 
group of diseases such as ulcerative colitis (UC) and 
Crohn’s disease (CD). IBDs can be di?icult to diagnose. An 
initial diagnosis, made on the basis of medical history and 
physical examination, is generally con?rmed via imaging 
tests to look at the intestines and laboratory culture tests to 
rule out bacterial, viral and parasitic infections. The condi 
tions may go undiagnosed for years because symptoms 
usually develop gradually and less than all of the intestines 
may be involved. 

[0004] Colonoscopy can be used to image the intestines 
and colon. A doctor uses a thin, lighted endoscope to look at 
the entire intestines and distinguish betWeen IBDs on the 
basis of the location of ulcerations. Crohn’s disease a?‘ects 
some areas of the intestines and skips over others. Ulcerative 
colitis is more indiscriminate. Endoscopy is also used to take 
a biopsy of intestinal tissue, Which can be used to identify 
the deep in?ammation of the boWel that is characteristic of 
Crohn’s disease. X-rays (after oral or rectal ingestion of 
Barium), computed tomography (CT) scan, and magnetic 
resonance imaging (MRI) may be helpful in locating ?stu 
las. 

[0005] A stool analysis (including a test for blood in the 
stool) is often performed, depending on symptoms, to look 
for blood and signs of bacterial infection. Blood and urine 
tests may be done to check for anemia, high White cell 
counts, or malnutritioniall signs of IBDs. 

[0006] Currently there is no reliable biochemical test 
available for IBD. Up-regulation of certain cytokines has 
been detected in tissue and mucosal samples surgically 
removed from diseased boWel in IBD patients (Indaram A. 
V. et al., Mucosal cytokine production in radiation-induced 
proctosigmoiditis compared With in?ammatory boWel dis 
ease, Am J Gaslroenlerol. 2000 95(5):l22l-5; McCormack 
G, et al., Tissue cytokine and chemokine expression in 
in?ammatory boWel disease, In?amm Res. 2001 50(l0):49l 
5). Up-regulation of a membrane-bound cytokine receptor 
Was also observed in diseased boWel tissue from Crohn’s 
patients (Holtmann M. H. et al., Tumor necrosis factor 
receptor 2 is up-regulated on lamina propria T cells in 
Crohn’s disease and promotes experimental colitis in vivo, 
Eur Jlmmunol. 2002 32(1 l):3l42-5l). The collection of the 
tissue and mucosal samples requires the use of invasive and 
potentially dangerous surgical techniques, thus limiting the 
practical applicability of these measurements for diagnos 
tics. The diagnostic utility of these measurements is also 
unknoWn. In addition, at least one report found that cytokine 
levels do not discriminate betWeen Crohn’s disease and 
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ulcerative colitis (Banks C, et al., Chemokine expression in 
IBD. Mucosal chemokine expression is unselectively 
increased in both ulcerative colitis and Crohn’s disease, J 
Pathol. 2003 l99(l):28-35). 

[0007] Increased levels of IL-l[3, IL-6 and soluble TNF 
receptor II Were observed in stool samples from mice With 
chemically induced colitis (Lindsay J. O., et al., IL-l0 gene 
therapy is therapeutic for dextran sodium sulfate-induced 
murine colitis, Dig Dis Sci. 2004 49(7-8): 1327-34). It is not 
clear Whether similar effects occur in human CD and UC 
patients. 

[0008] Up-regulation of cytokine levels in the boWel often 
does not lead to corresponding changes in blood (Abstract of 
Kmiec Z., Cytokines in in?ammatory boWel disease. Arch. 
Immunol. Then Exp. (Warsz). 1998 46(3):l43-55). In one 
study that did report a change in the serum level of a 
cytokine in IBD, the average serum eotaxin levels for a 
population of CD and UC patients Was shoWn to be signi? 
cantly different than the average value calculated for a 
normal population (Mir A, et al., Elevated serum eotaxin 
levels in patients With in?ammatory boWel disease, Am J 
Gaslroenlerol. 2002 June; 97(6):l452-7). No statistical dif 
ference Was observed betWeen the CD and UC populations. 
The results shoWed a signi?cant overlap in the distribution 
of levels in the normal and diseased population; the serum 
level of eotaxin Would therefore be expected to be a rela 
tively poor predictor of IBD. 

SUMMARY OF THE INVENTION 

[0009] Disclosed herein are inventive assay methods com 
prising measuring the levels of one or more cytokines in the 
sample. In some embodiments of the invention, the method 
may involve determining from measured cytokine levels if 
the patient has an in?ammatory disease and/ or determining 
from measured cytokine levels, the level of in?ammation 
due to an in?ammatory disease and/or obtaining and mea 
suring samples at different times to monitor the progression 
of an in?ammatory disease or the effectiveness of treatments 
for such disease. In one embodiment, the method includes 
measuring the level of sTNFRII. In certain embodiments, 
the method includes measuring a plurality of cytokines and 
may also include comparing the levels of these cytokines to 
cytokine pro?les determined to be indicative of the disease. 
A variety of samples may be analyZed. In certain embodi 
ments, the samples may be obtained by a non-surgically 
invasive procedure from a human patient and may, for 
example, include blood, serum, plasma, fecal, or urine 
samples. 

[0010] In some embodiments of the invention, determin 
ing the presence or extent of disease may comprise com 
paring the levels of one or more cytokines to cytokine 
pro?les indicative of the presence or extent of the disease. In 
one example, the levels of one or more cytokines in blood, 
serum and plasma samples are compared to cytokine pro?les 
indicative of the presence or extent of the disease. The step 
of comparing may comprise comparing cytokine levels to 
detection cut-off values, comparing ratios of cytokine levels 
to detection cut-off ratio values; comparing levels of tWo 
cytokines to detection cut-olf lines in correlation plots of the 
tWo analytes, comparing levels of multiple cytokines to 
detection cut-off curves or surfaces in multi-analyte corre 
lation plots and/ or comparing levels of multiple cytokines to 
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detection Zones (e.g., detection areas or detection volumes) 
in multi-analyte correlation plots. 

[0011] One embodiment of the invention includes a 
method for diagnosing in?ammatory bowel disease com 
prising: measuring the level of sTNFRII in a sample, for 
example, a sample obtained from a patient suspected of 
having in?ammatory boWel disease; and diagnosing from 
the measured level the presence or absence in the patient of 
in?ammatory boWel disease. The cytokine (e.g. sTNFRII) 
level can be measured by a variety of techniques available 
to a skilled artisan, including binding assay techniques such 
as immunoassays, solid-phase binding assays and/or agglu 
tination assays. Determination may comprise comparing this 
measured level to a detection cut-off value, Wherein the 
sTNFRII level above the detection cut-o? value is consid 
ered indicative of in?ammatory boWel disease. In one 
embodiment, the sample is a blood, serum or plasma sample. 

[0012] One embodiment of the invention involves a 
method for diagnosing ulcerative colitis comprising: mea 
suring the level of sTNFRII in a sample, for example, a 
sample obtained from a patient suspected of having ulcer 
ative colitis; and diagnosing from the measured level the 
presence or absence in said patient of ulcerative colitis. In 
one embodiment, the sample is a blood, serum or plasma 
sample. 
[0013] In another speci?c example, the cytokines for diag 
nosing ulcerative colitis disease comprise one or more 
cytokines selected from the group consisting of RANTES, 
sIL-6R, sTNFRII, IL-l[3, IL-l3, and IL-6. Yet in another 
speci?c example, the cytokines for diagnosing ulcerative 
colitis disease are selected from one or more of the group 

consisting of RANTES, sIL-6R, sTNFRII, and IL-lB. 

[0014] In another speci?c example, the cytokines for diag 
nosing Crohn’s disease comprise one or more cytokines 
selected from the list consisting of RANTES, sIL-6R, sTN 
FRII, IL-2, IL-4, IL-5, IL-8, and TNF. In yet another speci?c 
example, the cytokines for diagnosing Crohn’s disease com 
prise one or more cytokines selected from the group con 
sisting of RANTES, sIL-6R, and sTNFRII. 

[0015] Certain embodiments of the methods of the inven 
tion may further distinguish ulcerative colitis from Crohn’s 
disease on the basis of the measured level of a selected 
cytokine, eg the measured sTNFRII level. For example, 
distinguishing ulcerative colitis from Crohn’s disease may 
comprise comparing measured sTNFRII level to a discrimi 
nation cut-o? value, Wherein the measured level beloW the 
discrimination cut-o? value is considered indicative of 
Crohn’s disease and above the discrimination cut-o? value 
is considered indicative of ulcerative colitis. 

[0016] In one embodiment of the present invention, the 
detection cut-o? value is set betWeen 5 and 7 ng per ml of 
sample volume and the discrimination cut-o? value is set 
betWeen 8 and 10 ng per ml of sample volume. 

[0017] One embodiment of the invention relates to a 
method for diagnosing in?ammatory boWel disease com 
prising: measuring the level of a ?rst cytokine, for example, 
in a sample obtained from a patient suspected of having 
in?ammatory boWel disease; measuring the level of one or 
more additional cytokines, Wherein the one or more addi 
tional cytokines are di?‘erent form the ?rst cytokine; and 
diagnosing from the ?rst cytokine level and from the one or 
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more additional cytokine levels the presence of absence in 
said patient of in?ammatory boWel disease. In one embodi 
ment, the sample is a sample collected via a non-surgically 
invasive procedure from a patient. In certain cases, the 
sample comprises a serum, plasma or blood sample. In other 
cases, the sample comprises a fecal or urine sample. 

[0018] According to one embodiment of the invention, 
diagnostically valuable cytokines may be selected from a 
group comprising IL-lB, IL-l2p70, IL-lO, IL-2, GM-CSF, 
TNF, IL-8, IL-4, IL-5, IL-6, Eotaxin, IFN-ot, IFN-y, sIL-6R, 
IL-l2(total), IL-l3, MIP-IB, MCP-l, RANTES and sTN 
FRII. In one speci?c example, the cytokines are selected 
from the group consisting of IL-l2p70, IL-lO, IL-2, TNF, 
IL-8, IL-4, IL-5, IL-6, Eotaxin, sIL-6R, IL-l2(total), MIP 
l[3, MCP-l, RANTES and sTNFRII. In another speci?c 
example, the cytokines are selected from the group consist 
ing of Eotaxin, sIL-6R, MIP-IB, MCP-l, and RANTES. In 
another speci?c example, the ?rst cytokine is MCP-l and the 
additional cytokine is MIP-IB. 

[0019] In one embodiment of the invention, sTNFRII is 
selected as the ?rst cytokine. Thus, the invention is a method 
for diagnosing in?ammatory boWel disease comprising: 
measuring the sTNFRII level in a sample, for example, a 
sample obtained from a patient suspected of having in?am 
matory boWel disease; measuring one or more additional 
cytokines (e.g., levels of one or more of IL-l[3, IL-l2p70, 
IL-lO, IL-2, GM-CSF, TNF, IL-8, IL-4, IL-5, IL-6, Eotaxin, 
IFN-(x, IFN-Y, sIL-6R, IL-l2(total), IL-l3, MIP-l[3, MCP-l 
and/or RANTES); and diagnosing from the sTNFRII level 
and from one or more additional cytokine levels the pres 
ence or absence of in?ammatory boWel disease in the 
patient. In one speci?c example, the additional cytokine(s) 
are selected from the group consisting of one or more of 

IL-l2p70, IL-lO, IL-2, TNF, IL-8, IL-4, IL-5, IL-6, Eotaxin, 
sIL-6R, IL-l2(total), MIP-IB, MCP-l and RANTES. In 
another speci?c example, the additional cytokines are 
selected from the group consisting of one or more of 
Eotaxin, sIL-6R, MIP-IB, MCP-l, and RANTES. In another 
speci?c example, the additional cytokine is MIP-IB. 

[0020] Determining from the sTNFRII level and from one 
or more additional cytokine levels if the patient has in?am 
matory boWel disease may comprise comparing the sTN 
FRII level and one or more additional levels to a cytokine 
pro?le determined to be indicative of in?ammatory boWel 
disease. The step of comparing may comprise comparing 
cytokine levels to detection cut-o? values, comparing ratios 
of levels to detection cut-o? ratio values and/or comparing 
levels to detection cut-off lines, curves or surfaces in multi 
analyte correlation plots. In one embodiment, a sTNFRII 
level above a sTNFRII detection cut-o? value and a level of 
an additional cytokine beloW a cytokine detection cut-o? 
value are considered indicative of in?ammatory boWel dis 
ease. In another embodiment, a ratio of the sTNFRII level to 
one additional cytokine level above a detection cut-o? ratio 
value is considered indicative of in?ammatory boWel dis 
ease. In yet another embodiment, a sTNFRII level above a 
sTNFRII detection cut-o? line is considered indicative of 
in?ammatory boWel disease. In yet another embodiment 
IL-6 is selected as a ?rst cytokine and IL-l3 as a second 
cytokine. 

[0021] One speci?c example of the invention also relates 
to a method for diagnosing in?ammatory boWel disease by 
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measuring pair-Wise cytokine level pro?les selected from 
the group consisting of sTNFRII/RANTES, sTNFRII/sIL 
6R, sIL-6R/RANTES, IL-5/sIL-6R and sTNFRII/IL-4. 

[0022] According to one embodiment of the invention, the 
method may comprise distinguishing ulcerative colitis from 
Crohn’s disease for patients having an in?ammatory boWel 
disease on the basis of a measured sTNFRII level and one or 
more additional measured cytokine levels. In one example, 
the sTNFRII level and one or more additional cytokine 
levels are blood, serum or plasma levels. For example, 
ulcerative colitis can be distinguished from Crohn’s disease, 
according to the invention, by comparing the sTNFRII level 
and one or more additional cytokine levels to pro?les 
determined to be indicative of Crohn’s disease or ulcerative 
colitis. The step of comparing may comprise comparing 
levels to discrimination cut-o? values, comparing ratios of 
levels to discrimination cut-o? ratio values, and/or compar 
ing levels to discrimination cut-o? lines. In one embodi 
ment, ulcerative colitis is distinguished from Crohn’s dis 
ease by comparing the sTNFRII level to a sTNFRII 
discrimination cut-o? value, Wherein a sTNFRII level beloW 
said sTNFRII discrimination cut-o? value is considered 
indicative of Crohn’s disease and above the sTNFRII dis 
crimination cut-o? value is considered indicative of ulcer 
ative colitis. In yet another embodiment, ulcerative colitis is 
distinguished from Crohn’s disease by comparing the sTN 
FRII level to a sTNFRII discrimination cut-o? line, Wherein 
sTNFRII level beloW the sTNFRII discrimination cut-o? 
line is considered indicative of Crohn’s disease and above 
the sTNFRII discrimination cut-off line is considered indica 
tive of ulcerative colitis. 

[0023] In yet another embodiment, ulcerative colitis is 
distinguished from Crohn’s disease by comparing a mea 
sured sTNFRII level to a cytokine pro?le de?ned as areas 
situated betWeen a ?rst detection cut-o? line and a second 
discrimination cut-o? line on a correlation plot. 

[0024] In one embodiment, ulcerative colitis is distin 
guished from Crohn’s disease by comparing tWo or more 
cytokines measured in a patient to a pro?le of these tWo or 
more cytokines, e.g., values, ratios, lines or Zones on the 
correlation plot, indicative of a patient having ulcerative 
colitis, a patient having Crohn’s disease and a healthy 
individual. In one speci?c example, pare-Wise cytokine 
pro?les are selected from the group consisting of, but not 
limited to, sTNFRII/RANTES, sTNFRII/sIL-6R, and sTN 
FRII/IL-4. 

[0025] Another embodiment of the invention relates to 
methods for measuring the extent of in?ammation due to 
IBDs. The inventive methods may include an assay method 
comprising: measuring the level of sTNFRII in a sample, for 
example, a sample obtained from a patient that has or is 
suspected to have an in?ammatory disease; and determining 
from the level of sTNFRII the extent of in?ammation from 
the disease. 

[0026] One embodiment of the invention includes a 
method comprising: measuring a level of a ?rst cytokine, for 
example, measuring in a sample obtained from a patient that 
has or is suspected to have an in?ammatory disease; mea 
suring the level of one or more additional cytokines, Wherein 
the one or more additional cytokines di?er from the ?rst 
cytokine; and determining from measured levels the extent 
of in?ammation from the disease. In one embodiment, the 
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cytokines comprise one or more cytokines selected from the 
group consisting of IL-l[3, IL-l2p70, IL-lO, IL-2, GM-CSF, 
TNF, IL-8, IL-4, IL-5, IL-6, Eotaxin, IFN-ot, IFN-y, sIL-6R, 
IL-l2(total), IL-l3, MIP-IB, MCP-l, RANTES and sTN 
FRII. In another embodiment, the cytokines are selected 
from the group consisting of IL-l2p70, IL-lO, IL-2, TNF, 
IL-8, IL-4, IL-5, IL-6, Eotaxin, sIL-6R, IL-l2(total), MIP 
l[3, MCP-l, RANTES and sTNFRII. In another embodi 
ment, the cytokines comprise one or more cytokines selected 
from the group consisting of Eotaxin, sIL-6R, MIP-IB, 
MCP-l, and RANTES. In another embodiment, the ?rst 
cytokine is MCP-l and the second cytokine is MIP-l[3. 

[0027] In yet another embodiment, the ?rst cytokine is 
sTNFRII. In one speci?c example of this embodiment, the 
additional cytokine(s) are selected from the group consisting 
of IL-l2p70, IL-lO, IL-2, TNF, IL-8, IL-4, IL-5, IL-6, 
Eotaxin, sIL-6R, IL-l2(total), MIP-IB, MCP-l and 
RANTES. In another speci?c example, the additional cytok 
ine(s) are selected from the group consisting of Eotaxin, 
sIL-6R, MIP-l[3, MCP-l, and RANTES. In another speci?c 
example, the additional cytokine is MIP-IB. In another 
speci?c example, a pair of cytokines is selected from the 
group consisting of, but not limited to, sTNFRII/RANTES, 
sTNFRII/sIL-6R, and sTNFRII/IL-4. 

[0028] Another embodiment of the invention relates to 
methods for monitoring the progression or treatment of 
IBDs. The invention includes a method for monitoring the 
progression or treatment of an IBD comprising: measuring 
the levels of sTNFRII in samples obtained at di?‘erent times, 
for example, samples obtained from a patient that has or is 
suspected to have an in?ammatory disease; and determining 
from the levels of sTNFRII the progression or e?icacy of 
treatment of the disease. 

[0029] One embodiment of the invention includes a 
method for monitoring the progression or treatment of an 
IBD comprising: measuring the levels of a ?rst cytokine in 
samples obtained at di?‘erent times, for example, samples 
obtained from a patient that has or is suspected to have an 
in?ammatory disease; measuring the levels of one or more 
additional cytokines in the samples from the same patient 
obtained at the same times as samples for the ?rst cytokine, 
for example, the same samples, Wherein the one or more 
additional cytokines di?er from the ?rst cytokine; and 
determining from measured levels the progression or e?i 
cacy of treatment of the disease. In one embodiment, the 
cytokines comprise one or more cytokines selected from the 
group consisting of IL-l[3, IL-l2p70, IL-lO, IL-2, GM-CSF, 
TNF, IL-8, IL-4, IL-5, IL-6, Eotaxin, IFN-ot, IFN-y, sIL-6R, 
IL-l2(total), IL-l3, MIP-IB, MCP-l, RANTES and sTN 
FRII. In another embodiment, the cytokines comprise one or 
more cytokines selected from the group consisting of 
IL-l2p70, IL-lO, IL-2, TNF, IL-8, IL-4, IL-5, IL-6, Eotaxin, 
sIL-6R, IL-l2(total), MIP-IB, MCP-l, RANTES and sTN 
FRII. In another embodiment, the cytokines comprise one or 
more cytokines selected from the group consisting of 
Eotaxin, sIL-6R, MIP-l, MCP-l, and RANTES. In another 
embodiment, the ?rst cytokine is MCP-l and the second 
cytokine is MIP-IB. 

[0030] In yet another embodiment, the ?rst cytokine is 
sTNFRII. In one speci?c example of this embodiment, the 
additional cytokine(s) are selected from the group consisting 
of IL-l2p70, IL-lO, IL-2, TNF, IL-8, IL-4, IL-5, IL-6, 


























