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A diagnosis of idiopathic inflammatory bowel disease requires synthesis of clinical, radiographic, endoscopic,

surgical, and histologic data. While most cases of inflammatory bowel disease can be specifically classified as

either ulcerative colitis or Crohns disease, 5–10% of patients have equivocal features placing them into the

indeterminate colitis category. This study examines whether microRNA biomarkers assist in the classification

of classically diagnosed indeterminate inflammatory bowel disease. Fresh frozen colonic mucosa from the

distal-most part of the colectomy from 53 patients was used (16 indeterminate colitis, 14 Crohns disease, 12

ulcerative colitis, and 11 diverticular disease controls). Total RNA extraction and quantitative reverse-

transcription-PCR was performed using five pairs of microRNA primers (miR-19b, miR-23b, miR-106a, miR-191,

and miR-629). Analysis of variance was performed assessing differences among the groups. A significant

difference in expressions of miR-19b, miR-106a, and miR-629 was detected between ulcerative colitis and

Crohns disease groups (Po0.05). The average expression level of all five microRNAs was statistically different

between indeterminate colitis and Crohns disease groups (Po0.05); no significant difference was present between

indeterminate and ulcerative colitis groups. Among the 16 indeterminate colitis patients, 15 showed ulcerative

colitis-like and one Crohns disease-like microRNA pattern. MicroRNA expression patterns in indeterminate

colitis are far more similar to those of ulcerative colitis than Crohns disease. MicroRNA expression patterns of

indeterminate colitis provide molecular evidence indicating that most cases are probably ulcerative colitis—

similar to the data from long-term clinical follow-up studies. Validation of microRNA results by additional long-

term outcome data is needed, but the data presented show promise for improved classification of indeterminate

inflammatory bowel disease.
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Knowledge of indeterminate colitis continues to
evolve as the concept was first introduced by Dr
Ashley Price in 1978.1 While most of inflammatory
bowel disease cases are further classified into either
ulcerative colitis or Crohns disease, 5–10% of
inflammatory bowel disease patients bear equivocal
features, falling into the category of indeterminate
colitis.2–4

According to the World Congress of Gastroenter-
ology Montreal Recommendations,5 the diagnosis of
indeterminate inflammatory bowel disease should
be made only after colectomy, in cases where
definitive features of Crohns disease and ulcerative
colitis are absent. Although the nature of disease of
most indeterminate inflammatory bowel disease
patients becomes evident over time, a portion of
patients remain indeterminate. As Crohns disease
is an important contradiction for ileal pouch-anal
anastomosis for continence restoration after colec-
tomy, more precise classification of indeterminate
inflammatory bowel disease is a highly sought after
clinical goal.

Some serological markers, such as anti-Sacchar-
omyces cerevisiae and perinuclear antineutrophil
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cytoplasmic antibodies, have been applied to attempt
improved classification of indeterminate inflamma-
tory bowel disease.6 However, these markers have
low specificity and sensitivity as born out by long-
term clinical outcomes. Better markers are greatly
needed.

MicroRNAs, are small noncoding RNAs, that have
an important role in cellular processes of differen-
tiation and apoptosis.7 Furthermore, microRNAs
have been shown to regulate chronic inflammation
in autoimmune disease.8,9 microRNAs were reported
to be differentially expressed in colonic mucosal
tissue of Crohns disease patients in a microRNA
microarray study, compared with the normal nonin-
flammatory bowel disease controls or ulcerative
colitis patients.10,11 This study now examines the
role of five differentially expressed microRNA between
ulcerative colitis and Crohns disease for distingui-
shing classically diagnosed indeterminate inflam-
matory bowel disease.

Materials and methods

Human Colonic Tissues

Fresh frozen colonic mucosa was sampled from
colectomies of the following patient groups: 16 inde-
terminate inflammatory bowel disease, 14 Crohns
disease, 12 ulcerative colitis, and a normal control
group of 11 patients with diverticular disease. Insti-
tutional review board approval was strictly main-
tained. The biopsy samples were obtained from the
distal-most involved part of the colectomy specimens,
snap frozen in liquid nitrogen, and held at � 801C.
Frozen sections were performed to confirm the non-
dysplastic histology and to evaluate the degree of the
inflammation in each sample. Patients had a medical
diagnosis of ulcerative colitis, Crohns disease, inde-
terminate inflammatory bowel disease, or diverticu-
lar disease and the pathologic colectomy diagnosis
was confirmed in each. The slides were reviewed by
two gastrointestinal pathologists (JL and MPB).

The demographic features were summarized in
Table 1. The mean time from initial presentation of
inflammatory bowel disease to colectomy in inde-
terminate inflammatory bowel disease group was
9 years 3 months, ranging from 3 months to 27 years.
The mean postcolectomy follow-up time of indeter-
minate inflammatory bowel disease patients was
4 years 5 months, with a range from 1 year 1 month
to 7 years 9 months. Seven indeterminate colitis
patients had pouch constructed with a follow-up
period ranging from 21 months to 93 months
(Table 3). Most of them had no pouch complications
during follow-up, except one patient whose pouch
ultimately failed and was resected 1 year and 9
months later due to recurrent inflammatory bowel
disease (patient 13).

Diagnostic Criteria for Ulcerative Colitis, Crohns
Disease, and Indeterminate Inflammatory Bowel
Disease

Briefly, the cardinal pathologic features of ulcerative
colitis are those of a chronic colitis with superficial
disease that is usually diffuse but occasionally
patchy. Ulcerative colitis may develop fulminant
deep ulcers but it lacks the transmural discrete
lymphoid aggregates remote from ulcers and non-
crypt rupture granulomas typical of Crohns disease.
Ileal involvement as backwash ileitis in direct
continuity with pancolonic ulcerative colitis was
also permitted for the diagnosis of ulcerative colitis,
as validated by long-term pouch outcome studies,12

but it lacked the diagnostic mural features of Crohns
disease (discrete lymphoid aggregates remote from
ulcers and/or strictures, adhesions or fistula). The
diagnosis of Crohns disease required chronic colitis
with transmural discrete lymphoid aggregates remote
from ulcers, with or without noncrypt rupture gra-
nulomas, strictures, adhesions, or fistula. Diverted
rectal specimens were not used to differentiate
ulcerative colitis and Crohns disease, due to their
well reported tendency to nonspecifically mimic
the transmural features of Crohns disease.13–16

Table 1 Demographic and pathologic characteristics

Normal controls Crohns disease Ulcerative colitis Indeterminate IBD

Number of cases 11 14 12 16
Sex (% of male) 9 36 75 54
Mean age, years (range) 55 (41–69) 40 (23–61) 46 (26–70) 38 (19–57)
Diffuse chronic colitis 0 0 91.7% 62.5%
Segmental chronic colitis 0 100% 8.3% 37.5%
Ileitis NA 78.6% 8.3% 25%
Ileal/colonic transmural discrete lymphoid
aggregates remote from ulcers

0 100% 0 43.8%

Strictures 0 42.9% 0 12.5%
Fistula 0 42.9% 0 31.3%
Granulomas (Non-foreign body or nonmucin) 0 35.7% 0 12.5%

Abbreviations: IBD, inflammatory bowel disease; NA, not applicable.
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Indeterminate inflammatory bowel disease was dia-
gnosed in cases with overlapping or poorly formed
features of ulcerative colitis and Crohns disease.
This typically entailed some diffuse superficial
chronic active colitis but with focal poorly develo-
ped transmural lymphoid aggregates away from
ulcers, or with nonmucin granulomas, or poorly
formed strictures. Fulminant inflammatory bowel
disease with diffuse colonic ulceration making it
impossible to assess for transmural discrete lymph-
oid aggregates remote from ulcers or impossible to
assess the significance of fistula, was other findings
considered indeterminate. The demographic and
pathologic features of the study and control groups
are summarized in Table 1. Among sixteen selected
indeterminate colitis patients, seven were initially
thought having indeterminate inflammatory bowel
disease clinically. Five of them were thought to have
ulcerative colitis, and four of them were thought to
have Crohns disease clinically. The involvement of
the pathologic features in the sixteen selected
indeterminate colitis patients, including diffuse or
segmental chronic colitis, ileitis, transmural lym-
phoid aggregates remote from ulcers, strictures,
fistula and granulomas, do fall between the groups
of ulcerative colitis and Crohns disease. This
demonstrates that the selected cases in our study
do fit the definition of indeterminate inflammatory
bowel disease.

Total Small RNA Extraction

The frozen tissues were dissolved in 700 ml of Qiazol
reagent (Qiagen, USA) and total small RNA was
extracted using miRNeasy mini isolation kit (Qia-
gen, USA) according to the manufacturers’ instruc-
tions. The RNA samples were stored at � 801C.

Quantitative Reverse-Transcription-PCR

The microRNA enrichment from the study and
control groups was performed using TaqMans

microRNA Reverse Transcription Kit (Applied
Biosystems by Life Technologies, USA) and Taq-
Mans Universal PCR Master Mix system (Applied
Biosystems by Life Technologies, USA). Briefly,
50 ng of small RNA was converted to complemen-
tary DNA. Commercially available microRNA
primers were used (Applied Biosystems by Life
Technologies, USA). The expression of each
microRNA in the sampled colonic mucosa was
calculated as a value relative to U6B, a ubiqui-
tously expressed small nuclear RNA that has been
widely accepted as a stably expressed internal
control. The levels of each target microRNA in the
study groups were normalized to the mean value
of the control group. Each sample was performed
in duplicate.

Statistical Analysis

Experimental results were expressed as mean va-
lues. Univariate analysis of variance was performed
to investigate differences in microRNA expression
between the study and control groups. The SAS Proc
General Linear Model was used to fit analysis of
variance models because the sample sizes of the
groups compared were different (ie, unbalanced
data). If there was an overall statistically significant
difference, post hoc pairwise comparisons would be
performed to test which specific pairs were signifi-
cant. A P value of o0.05 was considered significant.
Discriminant analysis was conducted to evaluate the
capacity of five markers, as a whole, to differentiate
and classify the diseases of interest. All analyses
were performed with SAS (version 9.2, SAS Institute
Inc., Cary, NC, USA).

Results

MicroRNAs Differentially Expressed in Colonic Tissue
Between Ulcerative Colitis and Crohns Disease
Patients

In this study, we first confirmed the expression
pattern of five microRNAs, miR-19b, miR-23b, miR-
106a, miR-191, and miR-629, in the colonic mucosal
tissue from patients with ulcerative colitis, Crohns
disease and the control group. The expression of
each microRNAwas normalized to its internal control,
U6B, and then each value in the study groups was
standardized to the mean value of the control group
(Table 2). Analysis of variance showed significant
difference in expression of miR-19b, miR-23b, miR-
106a, and miR-629 between the Crohns disease
group and control group (Po0.05, data not shown).
No differences were observed between the ulcerative
colitis and control groups in all five microRNAs
(P40.05, data not shown), which is consistent with
the finding in the previous study.11 Finally, three
microRNAs, miR-19b, miR-106a, and miR-629, were
statistically differentially expressed in colonic tissue
between ulcerative colitis and Crohns disease
groups, respectively (Po0.05).

Table 2 Normalized and averaged microRNA expression by qRT-
PCR in patients with indeterminate inflammatory bowel disease,
Crohns disease, ulcerative colitis, and normal controls

miR-
19b

miR-
23b

miR-
106a

miR-
191

miR-
629

Controls (n¼ 11) 1 1 1 1 1
CD (n¼14) 14.19 12.53 4.82 3.03 190.82
UC (n¼12) 1.32* 1.28 1.14* 1.10 1.29*
Indeterminate IBD
(n¼16)

1.48* 1.91* 1.17* 0.93* 2.60*

Abbreviations: CD, Crohns disease; IBD, inflammatory bowel disease;
qRT-PCR, quantitative reverse-transcription-PCR; UC, ulcerative colitis.
*Po0.05 compared with the CD group.
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Five MicroRNAs Differentially Expressed in Colonic
Tissue Between Indeterminate Inflammatory Bowel
Disease and Crohns Disease Patients, but not Between
Indeterminate Inflammatory Bowel Disease and
Ulcerative Colitis Patients

The differential expression of the five tested micro-
RNAs between ulcerative colitis and Crohns disease
groups makes them suitable markers to characterize
the features of indeterminate inflammatory bowel
disease. As shown in Table 2, the expression of all
five microRNAs was significantly different between
indeterminate inflammatory bowel disease and
Crohns disease groups (Po0.05), respectively. Inter-
estingly, there was no difference between indeter-
minate inflammatory bowel disease and ulcerative
colitis groups in any of these microRNAs (P40.05,
data not shown). Thus, the expression level of the
five selected microRNAs in indeterminate inflam-
matory bowel disease, as a whole, is similar to that
of ulcerative colitis, not Crohns disease.

Discriminant Analysis of Five MicroRNAs to
Distinguish Crohns Disease-Like Pattern From
Ulcerative Colitis-Like Expression Pattern

Discriminant analysis was performed to study
whether, as a whole, the five microRNA markers
had a good capacity in distinguishing diseases of
interest. Nine of 14 Crohns disease patients had
Crohns disease-like microRNA expression pattern;
the prediction accuracy was 64.3%. All ulcerative
colitis patients had ulcerative colitis-like microRNA
expression pattern with 100% prediction accuracy.

Five Panel MicroRNA Expression Pattern in
Indeterminate Inflammatory Bowel Disease

Among the 16 indeterminate inflammatory bowel
disease patients, fifteen showed ulcerative colitis-

like and one Crohns disease-like microRNA expres-
sion pattern (patient 10 in Table 3 without pouch
construction.

The Degree of Inflammation of the Frozen Tissue

The involvement of inflammation of each frozen
sample was evaluated based on the degree of
inflammation and was classified into no inflamma-
tion, cryptitis, crypt abscess, numerous crypt ab-
scesses (43/high-power field) and ulceration. As
shown in Table 4, most of the controls showed no
active inflammation; however, most of the speci-
mens of the study groups, including Crohns disease,
ulcerative colitis and indeterminate colitis demon-
strated variable degrees of inflammation, ranging
from cryptitis, crypt abscess, to ulceration. The
expression levels of five miRNAs were not asso-
ciated with the degree of inflammation in the
current study (data not shown).

Discussion

Idiopathic inflammatory bowel disease of indeter-
minate type represents a heterogenous group of
patients that bear equivocal features of both ulcera-
tive colitis and Crohns disease. These patients mani-
fest a spectrum of disease with classical ulcerative
colitis and classical Crohns disease at either end.
Knowledge of indeterminate inflammatory bowel
disease patients accumulates from clinical observa-
tion and long-term follow-up that can delay or even
prevent definitive pouch surgery to restore con-
tinence. Thus, the most pertinent question regarding
the surgical decisions in indeterminate inflamma-
tory bowel disease patients is whether to provide an
ileal pouch-anal anastomosis for continence restora-
tion. Ileal pouch-anal anastomosis is most clearly
indicated for ulcerative colitis patients, but remains

Table 3 The miRNA expression in the 16 patients with indeterminate inflammatory bowel disease, the pattern predicted using
discriminant analysis and the pouch follow-up

Patient miR-19b miR-23b miR-106a miR-191 miR-629 MiRNA pattern Pouch, follow-up time and result

IC 1 0.64 0.58 0.50 0.54 1.09 UC-like Yes, 62 months, fine
IC 2 0.80 4.84 1.05 0.32 2.27 UC-like Yes, 93 months, fine
IC 3 0.05 0.59 0.42 0.22 1.12 UC-like Yes, 70 months, fine
IC 4 3.24 2.50 2.30 1.14 3.71 UC-like Yes, 84 months, fine
IC 5 3.87 2.68 2.43 1.97 3.40 UC-like Yes, 69 months, fine
IC 6 1.23 1.01 1.06 0.48 2.18 UC-like No
IC 7 0.51 0.69 0.79 0.32 0.51 UC-like No
IC 8 0.94 3.05 0.54 0.53 2.32 UC-like No
IC 9 0.87 0.89 0.79 0.61 1.61 UC-like No
IC 10 4.62 4.98 3.33 3.27 8.44 CD-like No
IC 11 2.77 1.46 1.85 1.62 7.82 UC-like Yes, 39 months, fine
IC 12 0.28 0.47 0.23 0.27 0.57 UC-like No
IC 13 0.68 1.00 0.48 0.26 1.71 UC-like Yes, 21 months, failed
IC 14 0.48 1.59 0.52 0.41 0.79 UC-like No
IC 15 2.40 3.36 2.09 2.58 3.27 UC-like No
IC 16 0.32 0.88 0.28 0.27 0.78 UC-like No

Abbreviations: CD, Crohns disease; IC, indeterminate inflammatory bowel disease; UC, ulcerative colitis.
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contraindicated in most if not all Crohns disease
patients, as pouch complication rates are markedly
elevated and typically severe in known Crohns
disease.17–19 Based on long-term clinical outcome
studies, it appears that most indeterminate inflam-
matory bowel disease patients will ultimately
behave clinically like ulcerative colitis patients.20,21

Accordingly, indeterminate inflammatory bowel disease
patients are often deemed appropriate candidates
for ileal pouch-anal anastomosis, although they have
an increased complication rate compared with ulcera-
tive colitis.17,22 Ultimately, the best means of selecting
ileal pouch-anal anastomosis candidates within the
indeterminate inflammatory bowel disease popula-
tion remains an important clinical question. To
further advance this clinical need, a simple strategy
by sorting microRNA expression patterns of indeter-
minate inflammatory bowel disease into Crohns
disease-like versus ulcerative colitis-like would be
practical. Based on this rationale, we applied dis-
criminant analysis of microRNA expression of a
panel of five markers in each indeterminate inflam-
matory bowel disease patient studied.

The underlying molecular mechanism governing
the diagnoses of ulcerative colitis, Crohns disease
and indeterminate inflammatory bowel disease remain
a mystery. In this paper, we explored the expression
pattern of microRNAs in indeterminate inflam-
matory bowel disease in comparison to the other
two major groups of inflammatory bowel disease,
namely ulcerative colitis and Crohns disease. Our
data provide molecular evidence, for the first time to
our knowledge, that microRNA expression patterns
in indeterminate inflammatory bowel disease, as a
whole, are similar to those of ulcerative colitis and
not Crohns disease. Clinically, most indeterminate
inflammatory bowel disease patients behave simi-
larly to those of ulcerative colitis patients in long-
term follow-up, which is supported by the parallel
microRNA background in both, as demonstrated in
this paper. The advantage of microRNA analysis is
its immediate determination at the time of colect-
omy without the need for long-term clinical out-
come validation of ulcerative colitis-like biology.

A two-tier system of classifying indeterminate
inflammatory bowel disease into Crohns disease-
like versus ulcerative colitis-like microRNA expres-
sion pattern using discriminant analysis, although

simple, could be of practical value from the clinical
point of view. In this study, most of the indetermi-
nate inflammatory bowel disease patients had no
pouch complications during follow-up, except one
patient whose pouch ultimately failed because of
the severe pouchitis and was resected 1 year and
9 months postcolectomy (patient 13). Of course,
Crohns disease is only one of many reasons that
pouches fail. Owing to the small size of the current
study, further validation of microRNA expression
patterns in large series with the long-term pouch
and overall clinical outcomes will be essential.
Ideally, we want to establish a discriminant analysis
model to distinguish each individual indeterminate
inflammatory bowel disease patients by combining
both clinicopathologic and microRNA data to aid
treatment decisions as whether they should or
should not receive pouch surgery. The added molec-
ular evidence could therefore provide further assur-
ance that indeterminate inflammatory bowel disease
patients have been correctly selected for pouch
restorative surgery.

All five selected miRNAs show differential ex-
pression pattern between the Crohns disease and the
ulcerative colitis groups, which makes them useful
markers to distinguish the two major subclass of
inflammatory bowel disease. No differences were
observed between the ulcerative colitis and control
groups in all five microRNAs, which is consistent
with the finding in the previous study.11 All five
markers are upregulated in Crohns disease group in
the current study; however, two of them, miR-19b
and miR-629, showed decreased expression in Wu’s
study.11 These two miRNAs demonstrate good
differential expression with solid controls in our
study; however, we don’t know how to explain the
difference compared with the prior study. May be it
is confounded by the different sample cohorts, the
different location of the colon from where the frozen
tissue was sampled, or the different degree of in-
flammation of the frozen tissue. As shown in our
study, there is no association between the expres-
sion levels of miRNAs and the degree of inflam-
mation.

Among the five selected microRNAs studied,
aberrant expression of miR-106a is known to be
associated with a variety of diseases, including in-
flammatory diseases in the other organ system and

Table 4 The degree of inflammation of the frozen tissue in patients with indeterminate inflammatory bowel disease, Crohns disease,
ulcerative colitis, and normal controls

No inflammation Cryptitis (%) Crypt abscess (%)
Numerous crypt
abscess (43/HPF) Ulcerated (%)

Controls 54.5% 27.3 9.1 0 0
CD 7.1% 71.4 7.1 0 14.3
UC 0 33.3 41.7 8.3% 16.7
Indeterminate IBD 0 25.0 43.7 12.5% 18.8

Abbreviations: CD, Crohns disease; HPF, high-power field; IBD, inflammatory bowel disease; UC, ulcerative colitis.
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colon cancer.23–26 miR-106a posttranscriptionally
regulates the expression of interleukine-10 (IL-10),
which is a key modulator of the immune system. On
the other hand, miR-106a expression is regulated by
tumor necrosis factor alpha and lipopolysaccha-
ride.24 The role of miR-106a seems to be involved in
finely tuning the critical expression of IL-10 in
response to particular external stimuli. Thus, miR-
106a and its regulators comprise a complex regu-
latory network. The overexpression of microRNAs,
including miR-106a, and their subsequent down-
stream target protein expression in Crohns disease,
not in ulcerative colitis and most indeterminate
inflammatory bowel disease, may be associated with
the particular clinical presentation of Crohns disease
and its related clinical outcome. As such, microRNAs
are potential molecular markers to classify the
subtype of inflammatory bowel disease, especially
at an early stage when the disease has not clarified
itself.

In summary, microRNA expression patterns for
the five-marker panel used in this study provide
molecular evidence that most indeterminate inflam-
matory bowel disease cases are probably ulcerative
colitis. This parallels the established clinical find-
ings, but has the considerable advantage of being
testable at the time of colectomy for improved pouch
surgery selection. Our study did find one indeter-
minate patient with a Crohns disease-like micro-
RNA expression pattern, and the utility of this type
of analysis will be to better define such patients
for pouch selection. Long-term clinical validation
remains a necessity, but these microRNA results are
promising for improving the classification of in-
determinate inflammatory bowel disease. MicroRNA
may be a potential diagnostic and prognostic marker
to better delineate indeterminate inflammatory bowel
disease patients, and prevent possible Crohns-related
pouch complications.
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