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Abstract

Background: The pathological conditions of UC and CD involved in inflammatory bowel disease-unclassified (IBD-
U), UC with primary sclerosing cholangitis (PSC-UC), and UC with autoimmune pancreatitis type 2 (AIP-UC) remain
unclear. Therefore, it is difficult to decide the appropriate treatments for these subtypes of UC. Our aim was to exam-
ine whether the discriminant equation using the mucosally expressed mediators designed as our previous study for
IBD, could characterize IBD-U, PSC-UC, or AIP-UC.

Methods: A total of 56 patients including UC (n=24), CD (n=15), IBD-U (n=10), PSC-UC (n=4), and AIP-UC (n=3),
along with 9 control patients were enrolled in this study. Mucosally expressed inflammatory mediators related to Th1,
Th2,Th17,and Treg were measured using quantitative PCR in endoscopic biopsies from the inflamed intestines of
the patients. The IBD-U, PSC-UC or AIP-UC were characterized using discriminant analysis and principle component
analysis.

Results: Through discriminant analyses, combinations of 3 to 7 inflammatory mediators were used to discriminate
between UC and CD. Moreover, the identified 3 markers could diagnose patients with IBD-U as UC or CD with high
accuracy. The distribution graph of inflammatory mediators using the principal component analysis revealed that
PSC-UC and AIP-UC exhibited CD-like and UC-like features, respectively.

Conclusions: The discriminant equation using mucosally expressed mediators of IL-13, IL-21 and T-bet can be used
as a universal diagnostic tool not only for IBD-U but also to assess pathological conditions in PSC-UC and AIP-UC.
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Background

Inflammatory bowel diseases (IBD) have been classified

as either ulcerative colitis (UC) or Crohn’s disease (CD),

which are diagnosed based on a comprehensive assess-
- ; Rt s PR : ment of the clinical course, endoscopy, and pathological
Depatiment of Medine and Borequitony cence, racute School findings [1]. However, UC and CD are heterogeneous
of Medical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, diseases, including a variety of complex phenotypes.

Fukuoka 812-8582, Japan Therefore, approximately 2—9% of the patients with IBD
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do not meet the diagnostic criteria of UC or CD [2, 3].
These cases are classified as inflammatory bowel disease-
unclassified (IBD-U) [4].

Although the underlying pathogenesis of IBD-U
remains unclear, it could be considered as an early stage
of UC or CD. It is difficult to decide which treatment of
UC or CD is appropriate for patients with IBD-U. Indeed,
there are significant differences in the therapeutic agents
including applicable biologicals between UC and CD.
Owing to the failure of established diagnosis and treat-
ment of IBD-U, the prognosis of patients with IBD-U is
worse than those with the conventional IBD, resulting
in poor surgery outcomes and a higher risk of chronic
pouchitis [5-7]. Thus, it is important to make a differen-
tial diagnosis of IBD-U, if applicable, to improve clinical
outcomes and quality of life of the patients with IBD-U.

Furthermore, a special case of IBD that reflects the
heterogeneity of pathogenesis is not only IBD-U but also
UC, along with primary sclerosing cholangitis (PSC-UC)
and autoimmune pancreatitis (AIP-UC). Especially, PSC-
UC is reported to have characteristics different from
those of conventional UC with regard to both clinical
characteristics and immune reaction [8, 9]. In addition to
IBD-U, it is important to evaluate the characteristics of
PSC and AIP-UC.

We have previously reported that mucosally expressed
inflammatory mediators can be distinguished between
UC and CD [10]. On the basis of the difference in the
expression of CD4% T cell subsets in the intestinal
mucosa between UC and CD [11], we created the discri-
minant equation to distinguish between them using the
expression levels of inflammatory mediators from the
inflammatory mucosa. Although this discriminant analy-
sis using mucosally expressed inflammatory mediators
is expected to be useful for diagnosis, monitoring, and
defining the distinctive characteristics of IBD, it needs
to be improved further. In particular, it is not clear what
portion of the mucosa from the rectum to terminal ileum
should be selected for the analysis as it is not known
whether the expressions of inflammatory mediators were
different between the colorectum and ileum in one of the
patients.

The aim of this study was to examine the discriminant
equation, using mucosally expressed mediators that we
designed in accordance with our previous study for IBD,
that could determine IBD-U, PSC-UC or AIP-UC.

Methods

Patients

Between April 2013 and October 2018, a total of 163
patients with IBD who had undergone colonoscopy at
Kyushu University Hospital and three other referral cent-
ers were primarily enrolled. Patients were divided into
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four groups at the first consultation: 146 patients with
IBD (108 with UC, 38 with CD), 11 patients with IBD-U,
4 patients with PSC-UC, and 3 patients with AIP-UC. We
excluded 74 patients with IBD who were considered to
be in an inactive state, whose Rachmilewitz endoscopic
index (REI) was 3 or less, whose simple endoscopic score
for CD (SES-CD) was 3 or less, or in whom biopsy was
performed from a noninflamed region. In addition, 13
patients, from whom an ulcer biopsy sample was taken,
were excluded since the biopsy samples had necrotic tis-
sue. One patient with IBD-U who has not been clinically
diagnosed during this study was also excluded. Further-
more, 19 patients with IBD were excluded because their
endoscopic reports contained an insufficient description
of the properties of the biopsy site. Finally, 24 patients
with UC, 15 patients with CD, 10 patients with IBD-U, 4
patients with PSC-UC, and 3 patients with AIP-UC were
included (Fig. 1).

Classifications and definitions

After excluding infections, ischemia, and other specific
forms of colitis, the diagnoses of UC and CD were made
base on conventionally clinical, laboratory, imaging, and
endoscopic parameters, including histopathology [1, 12,
13]. All patients underwent esophagogastroduodenos-
copy and total colonoscopy at the first visit. Computed
tomography and/or magnetic resonance imaging were
also performed consecutively on patients as soon as pos-
sible after the first visit. Additionally, in patients with
suspected CD or IBD-U, double-balloon enteroscopy
or barium examination of the small intestine was per-
formed. Patients who did not meet all the criteria but had
the features of IBD that cannot be classified as UC or CD
were designated as IBD-U [1, 3]. According to the Mon-
treal classification, IBD-U is suggested for patients in
whom there is clinical and endoscopic evidence for IBD
affecting the colon, without small bowel involvement [4].
However, recently, there have been a number of patients
with UC who had small bowel lesions like backwash ile-
itis [14]. Therefore, in this study, even if there was a lesion
in the terminal ileum, it was defined as IBD-U when it did
not meet the diagnostic criteria for UC or CD. Patients
with IBD-U who met the criteria for UC or CD within
a long-term observation of their clinical course, endo-
scopic parameters, pathology, and surgery were defined
as candidates for this study. PSC and AIP were diagnosed
following the relevant criteria [15, 16].

We calculated the REI, which is evaluated using several
endoscopic parameters, namely, vascular pattern, granu-
lation, mucosal vulnerability, fibrin, exudate, erosion, and
ulcers, for patients with UC [17], and we also evaluated
SES-CD, which is based on the ulcer size, ulcerated sur-
face, affected surface, and presence of luminal narrowing,
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IBD patients who had undergone biopsy by colonoscopy
between April 2013 and October 2018 [N =163]
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Fig. 1 Patients flow-chart. IBD inflammatory bowel disease, UC ulcerative colitis, CD Crohn’s disease, RE/ Rachmilewitz endoscopic index, SES-CD
simple endoscopic score for Crohn’s disease

for patients with CD [18]. In addition, we collected infor-
mation regarding the age, sex, disease duration, disease
type, and treatment received of individual patients.

Sample collection

Biopsy samples were obtained by colonoscopy from
inflamed areas of the colorectum and/or terminal ileum
in patients with UC or CD. Inflamed areas were defined
as areas with the most severe inflammation, with typi-
cally edema, friable granular mucosae, marked erythema,
disappearance of vascular patterns, erosions, sponta-
neous bleeding, or the margin of ulcer formation [10].
Biopsy samples were collected from two different loca-
tions: exclusively from the colorectum in 6 patients with
UC and from the colorectum and/or terminal ileum in 4
patients with CD. The samples were analyzed to confirm
whether there was a difference in the pattern of inflam-
matory mediator expression at different locations. Con-
trol patients were defined as those scheduled to undergo
colonoscopy for the treatment of colon polyps, and their
biopsy samples were taken from normal mucosa of the
colorectum. All samples obtained from the patients were
immediately soaked in RNAlater (Ambion, Austin, TX,

USA) after biopsy and stored at—30°C after overnight
incubation at 4°C.

Extraction of RNA and quantitative real-time PCR

Gene expression analysis was performed in the same
methods as we previously reported [19]. Total RNA was
extracted from the biopsy tissues using TRIzol reagents
(Invitrogen, Carlsbad, CA, USA), and RNA concentra-
tions were measured at 260/280 nm using UV spectro-
photometry. RNA (2 mg) from each sample was reverse
transcribed using the QuantiTect Reverse Transcription
Kit (Qiagen, Valencia, CA, USA). Synthesized comple-
mentary DNA equivalent to 20 ng of RNA was mixed
with TagMan Universal PCR Master Mix, No AmpkEr-
ase UNG (Applied Biosystems, Foster City, CA, USA),
in wells up to a volume of 20 pL. Quantitative real-time
PCR was performed on a CFX96 Real-Time PCR Detec-
tion System (Bio-Rad, Hercules, CA, USA) in a 96-well
format. The expression levels of genes encoding the fol-
lowing inflammatory mediators were determined using
FAM-labeled TagMan Gene Expression Assay reagents
(Applied Biosystems); TNF-a, IFN-y, IL-12 p35, IL-12
p40, T-bet, IL-5, IL-13, IL-33, GATA3, IL-17A, IL-17F,
IL-21, IL-22, IL-23 p19, IL-6, RORC, TGEF-f, and FoxP3.
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Additional file 1: Table S1 shows the product numbers of
the kits used to evaluate the expression of all genes.

The reaction conditions used for the quantitative real-
time PCR were as follows: 95°C for 10 min followed by 40
cycles of 95°C for 15 s and 60°C for 60 s. All assays were
performed in duplicate. 18S ribosomal RNA, as detected
using gene expression assay Hs99999901 s1 (Applied
Biosystems), was used to normalize the expression levels
of the target genes. Standard curves were prepared for
each assay using 10 different standard preparations and
were considered sufficiently stable.

Data and statistical analysis

First, ACq values were acquired by subtracting the
threshold cycle (Cq) of the 18S ribosomal RNA from
those of the target genes. Next, we divided 1 by the ACq
values to calculate the reciprocal ACq values, which we
then used for subsequent statistical analyses. Reciprocal
ACq values were defined as 0 when the target genes were
not detected in 40 cycles of real-time PCR.

Analysis of the distribution of inflammatory media-
tor expression in different location of the lesions was
performed using principal component analysis (PCA).
Principal component analysis (PCA) can help simplify
large datasets by creating new uncorrelated variables that
continuously maximize the variance. It can also improve
interpretability without the loss of valuable information.
In addition, drawing 3D scatterplots of principal compo-
nents (PCs) helped visualize the parameter distribution
in UC and CD.

The discriminant ability between UC and CD was
analyzed using discriminant equations with 7 param-
eters (TNF-a, IL-12 p40, T-bet, IL-13, GATA3, IL-21,
and RORC), with 5 parameters (IFN-y, T-bet, IL-12
p35, GATA3, and IL-21), and with 3 parameters (T-bet,
IL-13, and IL-21) that were created using linear discri-
minant analysis (LDA) in our previous research. In each
discriminant equation, an appropriate coefficient was
determined using LDA. As indices of discrimination, we
calculated the areas under the receiver operating charac-
teristic curves (AUCs) and 95% confidence intervals (95%
ClIs). After establishing updated discriminant equations,
we applied the reciprocal ACq values of IBD-U to each
discriminant equation to confirm the prediction accu-
racy. Finally, we analyzed the distribution of inflamma-
tory mediators in PSC-UC and AIP-UC by performing a
PCA.

All statistical analyses were performed using JMP Pro
14.0.0 (SAS Institute, Inc., Cary, NC, USA). Statistical
significance for differences in the target gene expres-
sion ratios was evaluated using the Kruskal-Wallis test
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and Dunn’s test, and P values<0.05 were considered
statistically significant.

Results

Patient characteristics

Table 1 shows the baseline clinical characteristics of the
patients. In total, 65 patients were enrolled: 24 patients
with UC, 15 patients with CD, 10 patients with IBD-U,
4 patients with PSC-UC, 3 patients with AIP-UC, and
9 patients included in the control group. Patients with
UC, CD, IBD-U, PSC-UC, and AIP-UC were younger
than those in the control group. Biopsy specimens were
taken from the colorectum from all patients with UC,
whereas specimens were taken from the terminal ileum
in 5 out of the 15 patients with CD. In addition, 11 out
of the 24 (45.8%) patients with UC showed pancolitis,
whereas no patients with PSC-UC or AIP-UC had
pancolitis. Ileocolitis was observed in 4 out of the 10
(40%) patients with IBD-U. Additional file 1: Table S2
shows the clinical course of IBD-U patients. Finally,
three patients with IBD-U were diagnosed with UC and
seven with CD. One biopsy sample from each patient
was used for subsequent analyses. No significant endo-
scopic complications were observed during the study
period.

Expression patterns of inflammatory mediators based

on different intestinal locations

We examined whether there was any difference in the
expression patterns of inflammatory mediators based on
the different locations, including the ileum, ascending
colon, transverse colon, descending colon, sigmoid colon,
and rectum in one patient each with UC or CD, where
the ileum was evaluated exclusively in CD. PCA revealed
that there are similar expression patterns of inflammatory
mediators among them (Fig. 2). For CD, even between
the colorectum and the ileum, there was no significant
difference in the expression patterns of inflammatory
mediators. From these results, all subsequent analyses
were performed using one sample per patient.

Evaluation of the differences in mRNA expression levels
between UC and CD samples

Almost none of the inflammatory mediators showed sig-
nificant differences the UC and the CD groups. However,
the expression of IL-13 and IL-21 in the UC group was
significantly higher than in the CD group (Additional
file 1: Fig. S1). These results are consistent with those of
our previous study [10], despite the subjects enrolled in a
different period.
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Table 1 Clinical characteristics of patients
uc cD IBD-U PSC-UC AIP-UC Control
N 24 15 10 4 3 9
Sex
Male/female 11/13 10/5 7/3 4/0 2/1 8/1
Age* 41.0 (26.7-55.3) 33.0(27.0-39.0) 36.5(30.4-42.6) 33.5(24.8-42.2) 49,0 (35.0-63.0) 68.0 (62.3-70.7)
Duration [years}f 75(3.2-11.8) 1.0 (0-3.5) 4.5 (0-9.0) 8.0(1.1-14.9) 6.0 (2.5-8.5)
Disease types
Proctitis 6 (25.0%) 2 (50.0%) 2 (66.7%)
Left-sided colitis 7 (29.2%) 0 (0%) 1(33.3%)
Right-sided colitis 0 (0%) 2 (50.0%) 0 (0%)
Pancolitis 11 (45.8%)
lleitis 4(26.7%)
lleocolitis 7 (46.7%) 4 (40%)
Colitis 4(26.7%) 6 (60%)
Part of biopsy
[R/S/D/T/A/ 14/7/2/1/0/0 1/2/1/2/4/5 2/1/1/0/3/3 1/1/0/0/2/0 2/1/0/0/0/0 6/1/0/0/2/0
Endoscopic index
REI 6.5 (5.0-8.0) 5.0 (3.6-6.4) 5.0(2.5-75)
SES-CD 10.0 (7.5-12.5)
Treatment
None 1 2 3 0 1 9
5-ASA 20 7 7 4 2 0
Corticosteroid 5 1 1 2 1 0
Thiopurine 1 0 1 0 1 0
Tacrolimus 1 0 0 0 0 0
Anti-TNFa 3 6 4 0 0 0

* Median (interquartile range)

R rectum, S sigmoid colon, D descending colon, T transverse colon, A ascending colon, | ileum, REI Rachmilewitz endoscopic index, SES-CD simple endoscopic activity

score for Crohn’s disease

Assessing the discriminant ability of IBD using multiple
parameters of mucosally expressed inflammatory
mediators

The seven-parameter discriminant equation (using
TNF-a, IL-12 p40, T-bet, IL-13, GATA3, IL-21, and
RORC), which were created using linear discriminant
analysis (LDA) in our previous research [10], showed
high accuracy in distinguishing between the UC and
CD groups, achieving an AUC of 0.978. The seven-
parameter discriminant equation enabled us to distin-
guish between UC and UD groups with a sensitivity
of 95.8% and specificity of 93.3%. Similarly, the five-
parameter discriminant equation (using IFN-y, T-bet,
IL-12 p35, GATA3, and IL-21) and the three-parameter
discriminant equation (using T-bet, IL-13, and IL-21)
also showed a high accuracy in distinguishing between
the UC and CD groups, with AUC values of 0.972
and 0.95, respectively (Fig. 3). The five- and three-
parameter discriminant equation enabled us to distin-
guish between UC and CD group with a sensitivity of

95.8% and 87.5%, and specificity of 86.7% and 100%,
respectively.

In addition, 3D-scatterplots, analyzed using PCA,
showed higher IL-13 and IL-21, and lower T-bet pat-
terns in UC than the CD group (Additional file 1: Fig. S2),
which was also consistent with our previous study [10].
From these results, it was considered that UC and CD
can be distinguished only using reciprocal ACq values
without using a calibrator sample.

Ability of the three-parameter discriminant equation

to diagnose IBD-U patients as UC or CD

It was found that the seven- and five-parameter discrimi-
nant equations diagnosed IBD-U patients as UC or CD
correctly with a moderate probability of 60—70%, whereas
the three-parameter discriminant equation achieved
results with a high probability of 90% (Table 2).
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mediators. B, Scatterplot of PC2 and PC3 obtained using 18 inflammatory mediators. Even in the colorectum and the ileum, where the mucosal
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Discriminant analysis for PSC-UC and AIP-UC using
mucosally expressed inflammatory mediators

Figure 4 shows 3D scatterplots of PCs with mucosally
expressed inflammatory mediators along with the UC,
CD, PSC-UC, and AIP-UC groups. The scatterplots of
PSC-UC show lower IL-21 and higher T-bet than those
of the UC, which are similar to those of CD. In contrast,
the scatterplots of AIP-UC show higher IL-21 and lower
T-bet than CD, which are similar to those of UC.

Discussion
In the present study, we verified our previous results,
where we described a model to discriminate between UC
and CD [10]. We also showed that the three-parameter
discriminant equation using T-bet, IL-13, and IL-21 had
the potential to diagnose IBD-U as UC or CD with high
accuracy, and assess the pathological conditions of IBD-
like PSC-UC and AIP-UC. To our knowledge, this is the
first study to create a diagnostic tool for IBD-U and the
analysis of a specific type of IBD.

IBD-U is considered to be classified in several sub-
types, depending on the clinical course and endoscopic

findings. Those subtypes include a mixed phenotype
between UC and CD, a UC-like phenotype with CD fea-
tures, a CD-like phenotype with UC features, and tran-
sition phenotypes from UC to CD or CD to UC in the
clinical course. However, it is difficult to classify IBD-U
as UC or CD when the clinical findings are not typical
for IBD. As the dysregulation of immune responses,
resulting from the genetic background and environ-
mental factors, plays a crucial role in the pathogenesis
of IBD, it is reasonable that the analysis of the immune
reactions enables us to make a differential diagnosis of
IBD-U as UC or CD.

It is widely known that various Th-related genes are
involved in IBDs [20-23], where UC and CD are a Th2/
Th17 cells-related disease and a Th1/Th1l7 cell-related
disease, respectively, according to the basic studies car-
ried out using murine IBD models [24—27]. Furthermore,
recent studies have revealed that Th17 cells can change
their phenotype and repolarize towards a different condi-
tion, which is referred to as plasticity. For example, IL-12
and IL-23 can induce IFN-y in IL-17-secreting Th17
cells, which are referred to as Th17/Thl cells [28, 29].
The expressions of most Th-related genes in UC and CD
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Table 2 IBD-U patient identification results and accuracy
rate

No Final 7 5
diagnosis parameters parameters

3 parameters

and CD (Additional file 1: Fig. S1). Even IL-13 and IL-21,
which showed significant differences, could not differen-
tiate UC from CD clearly by themselves [10]. Therefore,
LDA was performed using seven, five, and three inflam-
matory mediators, and it was again verified that UC and

1 D e . . . .
c Correct Correct Correct CD can be distinguished with a high accuracy (Fig. 3). In
2 uc Correct Incorrect Correct - c . .
, o c c c addition, we created the discriminant equation using the
. o Cowea Corred Corred reciprocal of ACq of each sample. Therefore, it should be
: o / orrect Correct Corred noted that the discriminant equation that we created in
neorrect orrect orrect this study could be a diagnostic tool that can be univer-
6 uc Incorrect Incorrect Incorrect . . .. .
o c / c sally and directly used in clinical practice.
/ o / orrect gcorrect Correct In this study, we analyzed the patients with IBD-U, who
8 neorrect orrect orrect were eventually diagnosed with UC or CD after surgical
9 @D) Incorrect Correct Correct . . .
operation, pathological results, and the clinical course
10 ue Correct Correct Correct of the disease. Notably, the seven- and five-parameter
Correctratio  60% 70% 90%

overlap, and it was difficult to classify them via only the
expression of specific genes.

We herein also showed that there is no significant dif-
ference in most inflammatory mediators between UC

discriminant equations diagnosed patients with IBD-U
as UC or CD correctly with a probability of 60-70%,
whereas the three-parameter discriminant equation
diagnosed patients correctly but with a high probability
of 90%. The reason why the three-parameter discrimi-
nant equation showed higher probability than those of
the seven- and five-parameter ones may be attributed to
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of PCs obtained by the reconstruction of T-bet, IL-12 p35, INFy, IL-21, and GATA3. UC ulcerative colitis, CD Crohn's disease, PSC primary sclerosing
cholangitis, AIP autoimmune pancreatitis, PC principal component

the diversity and heterogeneity of the population with
IBD-U. Patients with IBD are considered a heterogene-
ous population; patients with IBD-U exhibit more het-
erozygous subtypes, such as CD-like UC and UC-like CD
[1], although the characteristics of expression patterns of
inflammatory genes in IBD-U has remain unclear. There-
fore, IBD-U has phenotypic characteristics overlapping
those of UC or CD may show genetic overlap in terms
of inflammatory gene expression. In total, 5 items out
of the seven-parameter discriminant Eq. (71.4%) and 4
items out of the five-parameter discriminant Eq. (80.0%)
did not show significant differences between UC and CD
(Additional file 1: Fig. S1). The greater the heterogeneous
population is, such as IBD-U, the greater is the adverse
effect of the proportion of parameters that are not signifi-
cantly different between UC and CD. In contrast, in the
three-parameter discriminant equation, only 1 out of the
3 parameters (33.3%) did not show significant differences
between UC and CD (Additional file 1: Fig. S1, Fig. 3).
Accordingly, the three-parameter discriminant equation,

which had a high proportion of IL-13 and IL-21, was con-
sidered to be suitable for diagnosing IBD-U. Considering
that bowel damage increases in patients with CD, it is
important to apply an appropriate treatment as early as
possible to prevent the progression of bowel damage [30].
Based on our findings, the three-parameter discriminant
equation is useful for determining timely and appropri-
ate treatment to patients with IBD-U long before a defini-
tive diagnosis of CD is reached and can help avoid bowel
damage progression.

In, addition to IBD-U, we also analyzed PSC-UC and
AIP-UC which have unique pathological conditions of
IBD. We visually analyzed the mucosal expression of
inflammatory mediators in PSC-UC and AIP-UC using
3D scatterplots of PCs. As a result, the distribution graph
of PSC-UC showing low IL-21 and high T-bet indicated
that it was similar to conventional CD rather than con-
ventional UC. This result is consistent with the findings
reported previously [8, 9]. PSC-UC represents a differ-
ent immunological disorder from UC, characterized by
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an increased intestinal Th1 response [8]. In contrast, the
distribution graph of AIP-UC showing high IL-21 and
low T-bet indicated that it was similar to conventional
UC. These results indicate that UC may exhibit different
inflammatory gene expressions depending on the com-
plications and different subtypes. The visual distribution
graph analysis may enable us to consider the treatment
strategies for each subtype.

It was considered that mucosally expressed patterns
of inflammatory genes in patients with IBD may differ
depending on the intestinal portions including ileum,
ascending colon, transverse colon, sigmoid colon and
rectum. There are some differences in mucosal struc-
ture and environmental factors such as luminal contents
and the microbiota. Surprisingly, however, the results of
analysis for inflammatory genes in different intestinal
portions of one patient have shown no significant differ-
ences in the mucosal expression patterns of inflamma-
tory genes among the intestinal portion mentioned above
(Fig. 2). Importantly, it indicates that any intestinal por-
tion could be used for the discriminant analysis to make a
differential diagnosis of IBD.

In addition, we investigated whether patient age was
associated with the mucosal expression of inflammatory
mediators. Correlation analysis revealed that age was
not correlated with the mucosal expression of inflam-
matory mediators in UC (Additional file 1: Fig. S3A) or
in CD (Additional file 1: Fig. S3B). Therefore, age does
not affect the expression of inflammatory mediators. We
also investigated whether anti-TNFa antibody treatment
affected the mucosal expression of inflammatory media-
tors. Among the 49 patients with UC, CD, and IBD-U,
13 were treated with anti-TNF« antibody. No significant
differences were observed in the mucosal expression of
inflammatory mediators between patients subjected to
anti-TNFa antibody treatment and those not subjected
to anti-TNFa antibody treatment (Additional file 1: Fig.
S4). There are several limitations to the present study.
First, this was a retrospective study. Second, to obtain
a more appropriate discriminant coefficient, it is neces-
sary to use a larger number of patients. Furthermore,
we herein analyzed only 18 genes. Finally, the relatively
small number of patients with IBD-U enrolled in this
study may have introduced bias. Based on our results, a
large-scale prospective study is required to confirm that
the three-parameter discriminant equations are useful in
clinical practice.

Conclusion

The discriminant equation using mucosally expressed
cytokines of IL-13, IL-21, and T-bet created in this study
can be used as a universal diagnostic tool not only to
make a differential diagnosis of IBD, UC or CD for IBD-U
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but also to assess pathological conditions in PSC-UC and
AIP-UC. We propose that the discriminant analysis has a
potential for becoming an objective universal diagnostic
tool for subtypes of IBD in future clinical practice.
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