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ORIGINAL ARTICLE

Activation of REG family proteins in colitis
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Abstract
Aims. To do a genome-wide gene expression study of active and inactive ulcerative colitis and Crohn’s disease (inflammatory
bowel disease – IBD) and examine the most differentially expressed genes. As the study showed an extreme upregulation of all
regenerating islet-derived genes (REG proteins) in active IBD, we further studied the expression of REGs on protein level in
active and inactive IBD, as well as in non-IBD (pseudomembranous) colitis.Methods.Microarray analysis was done on a total
of 100 pinch biopsy samples from healthy controls and patients with Crohn’s disease or ulcerative colitis. Tissue samples from
IBD and pseudomembranous colitis were examined with routine histology and immunohistochemical analysis for REGIa,
REGIV, DEFA6, and serotonin.Results.REGmRNAs were up to 83 times overexpressed in diseased mucosa compared with
mucosa from healthy individuals. REGIa and REGIV were overexpressed at immunohistochemistry and located to different
mucosal cell types. REGIa was expressed in basal half of crypts, REGIV in mid and outer parts of crypts and in surface
epithelium and seems to be stored in, and secreted from, goblets. Pseudomembranous colitis samples showed similar staining
patterns, and some IBD samples stained REG positive without inflammation on routine histology. Conclusions. All REG
family mRNAs are upregulated in IBD. REGIa and REGIV have different cellular localization, possibly reflecting different
biological functions. REG protein expression also in pseudomembranous colitis shows that REG family proteins are regulated
in inflammatory injury and repair, not specifically for IBD as previously thought.

Key Words: inflammatory bowel diseases, REGIA protein human, REGIV protein human

Introduction

Regenerating gene (REG) family proteins are struc-
turally similar proteins belonging to the calcium-
dependent (C-type) lectin gene superfamily. In
humans, the family has four known members;
REGIa, REGIb, REGIII, and REGIV. The first
REG protein was discovered in regenerating pancre-
atic islets in rats [1], and REG proteins have since
been found involved in other physiological and path-
ophysiological processes [2]. Their basic biological
effects seem to be induction of cellular proliferation

and inhibition of apoptosis. REGIa seems to have a
physiological role in the gastric mucosa, related to the
general trophic effect of gastrin on the gastric oxyntic
mucosa [3]. Elsewhere in the gastrointestinal system,
these proteins are found during tissue injury and
neoplasia. They are overexpressed in gastric and colo-
rectal cancers [4], and in colorectal cancer cell lines
[5]. Lawrance et al. [6] first showed overexpression of
REGIa and REGIb mRNA in resected colonic tissue
from both Crohn’s disease (CD) and ulcerative colitis
(UC). Subsequent studies have found that REGIa,
REGIb and REGIII mRNAs are overexpressed in the
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colon in inflammatory bowel disease (IBD) [7,8] and
that REGIa is overexpressed in CD [9]. Sekikawa
et al. found that REGIa mRNA and protein are
overexpressed in UC [10], in particular in dysplasia
or cancer, and a more recent study also shows a
possible role for REG1a as a marker for UC associ-
ated neoplasia [11]. Very recent studies indicate a
mechanism for IL-22 stimulated expression of
REG1a through the IL-22R1 receptor [12].
In a microarray-based genome-wide gene expres-

sion study on CD and UC performed in our labora-
tory (unpublished), genes coding for REG family
proteins and for Paneth-cell-specific defensins con-
stituted six of the seven top genes on the list of
differentially expressed genes in active CD. REG
genes were up to 83 times overexpressed on
mRNA level compared with tissue from healthy indi-
viduals. This finding prompted us to carry out a
systematic study on the expression of all REG classes
in affected and unaffected mucosa from patients with
IBD. The expression of REGIa and REGIV was
further investigated using immunohistochemistry
(IHC). Since IBD specificity of REG gene induction
is assumed but not proven, we also included an
immunohistochemical analysis of REG proteins in
pseudomembranous colitis (PC). This work thus
describes the expression of REGIa, REGIb, REGIIIb
and REGIV on mRNA level, and REGIa and REGIV
proteins by IHC. Cellular localization of REGIa is
studied by co-staining for the Paneth-cell-specific
defensin alpha 6 (DEFA6), and of REGIV by co-
staining with serotonin as a marker for enteroendo-
crine cells.

Methods

Clinical material

Patients admitted to the Gastrointestinal Endoscopy
Unit, Department of Gastroenterology, St. Olav’s
University Hospital, for colonoscopy were included
after informed consent. The patients had CD or
ulcerative colitis/proctitis (UC/UP), or underwent
colonoscopy due to gastrointestinal symptoms. The
UC group also included six patients with an associ-
ated diagnosis of primary sclerosing cholangitis
(PSC). Normal controls were defined by clinically
indicated examinations finding no signs of gastroin-
testinal disease. Endoscopic biopsies were taken from
macroscopically maximally inflamed mucosa, span-
ning the whole colon from rectum to ascending colon,
and macroscopically normal tissue always from the
hepatic flexure. Four adjacent biopsies taken from
each location were either immediately snap frozen and
stored on liquid nitrogen, or fixed on 4% buffered

formaldehyde. For the IHC analysis, biopsies taken
from patients with UP and antibiotic-induced PC
were also included in the study. The Regional Med-
ical Research Ethics Committee approved the study
(no 5.2007.910), which was registered in the Clin-
icalTrials Protocol Registration System (identifier
NCT00516776).

Microarray analysis

The microarray analysis included a total of 100 sam-
ples, representing CD diseased/normal (7/19), UC
diseased/normal (24/31), and normal controls (19).
Frozen biopsies were homogenized and total RNA
extracted using the Ambion mirVana� miRNA Iso-
lation Kit (Applied Biosystems, CA, USA). RNA
quality was determined using NanoDrop� Spectro-
photometer (Thermo Scientific, DE, USA) and Bio-
analyzer (Agilent Technologies, CA, USA). All
samples used were of high quality (Rin value >7).
Microarray analysis followed standard protocols,
using Illumina human HT-12 expression BeadChips
(Illumina, San Diego, CA, USA) and an Illumina
BeadStation.
The R software environment and the Bioconductor

package were used for the analysis of the Illumina data
[13]. Differential expression was assessed using linear
models with least squares regression and empirical
Bayes moderated t-statistics [14]. p Values were
adjusted for multiple comparisons using Benjamini–
Hochberg false discovery rate correction.

Real-time RT-PCR

From the seven top differentially expressed genes
(Table I), these six were verified by real-time RT-
PCR: REGIa, REGIb, REGIIIb, REGIV, DEFA5,
and DEFA6. Seven samples were randomly selected
from each of five groups: CD (diseased and unaf-
fected mucosa), UC (diseased and unaffected
mucosa), and healthy individuals. Primer sequences
(RefSeq Build 36.1) are given in Table II. The iScript
cDNA synthesis kit (Bio-Rad, Hercules, CA, USA)
was used to prepare cDNA, and real-time RT-PCR
performed using a FastStart SYBR Green Master mix
(Roche Diagnostics, Basel, Switzerland). Reference
gene was b-actin (ACTB). PCRs were run in triplicate
on an MX3000P� System (Stratagene, La Jolla, CA,
USA). The DD-Ct method was used [15] to analyze
PCR data.
Expression levels for unaffected and affected

mucosa in UC or CD were compared with normal
controls, using one-way ANOVA with Dunnett’s post
test. Statistical analyses were done and graphs
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generated using GraphPad Prism version 4.00 for
Windows (GraphPad Software, San Diego, CA,
USA).

Histological and immunohistochemical examinations

Formaldehyde-fixed samples were embedded in par-
affin, and 4-mm sections were cut and stained with
hematoxylin–eosin (H–E) for histological evaluation
by an experienced pathologist to assess inflammation.
Biopsies used for immunohistochemical analysis were
taken adjacent to those for gene expression analysis.
Biopsies from PC were archival material; otherwise
the biopsies were handled as for those in the IBD
groups.
These commercially available antibodies were used:

REGIa – polyclonal rabbit antibody (Cat No
RD181078100, BioVendor, Midrice, Czech Repub-
lic, dilution 1:500), REGIV – polyclonal goat anti-
body (Cat No AF1379, R&D Systems, Minneapolis,
MN, USA, dilution 1:400), DEFA6 – polyclonal
rabbit antibody (Cat no HPA019462, Sigma, St.
Louis, MO, dilution 1:1000), and serotonin – mono-
clonal mouse antibody (Cat no AB16007, Abcam plc,
Cambridge, UK). REGIa DEFA6 and serotonin
were detected with the Dako EnVision peroxidase
kit (Dako, Glostrup, Denmark) and REGIV with
the Vectastain ABC kit (Vector Laboratories,

Burlingame, CA, USA), all combined with Dako
DAB+ as chromogen. Sections were counterstained
with hematoxylin. Serial (neighboring) sections were
made to assess co-localization of REGIa and DEFA6,
or REGIV and serotonin. A comprehensive study of
REGIa protein expression was performed on a total of
147 samples, including samples from UC diseased/
normal (32/34) (including 4/5 patients with associated
PSC diagnosis), CD diseased/normal (12/21), UP
diseased/normal (11/13), and normal controls (23).

Results

Patients and biopsy specimens

Among the UC patients, 12 were using corticoster-
oids and 42 were using 5-aminosalicylic preparations,
among the CD patients 6 and 5, respectively. All data
were thoroughly assessed for correlation between
medication and REG gene or protein expression.
No such correlation was found. No patients used
immunomodulants such as azathioprine or metho-
trexate, or TNFa blockers. Six patients were
excluded due to a clinicopathological diagnosis of
indeterminate colitis.

Microarray and real-time RT-PCR analysis

Contrasting diseased CD or diseased UC against
normal controls (CDD/N or UCD/N) generated lists
of differentially expressed genes. Controlling the false
discovery rate at 0.05, the number of significant genes
was 4201 and 6935, respectively. The top genes when
sorted according to gene expression ratio are shown
in Table I. Gene expression levels were all signifi-
cantly different from controls, adjusted p values rang-
ing from 2.8 � 10-10 to 3.5 � 10-6. RT-PCR analysis
confirmed the findings from microarray, mean gene
expression ratio (log2) between diseased tissues versus
normal controls varying from 3.8 for DEFA5 expres-
sion in UCD versus N to 11.7 for REGIb expression
in CDD versus N.

Table I. Microarray gene expression results – top 7 genes CDD/N.

Gene
CDD/N (ratio
given as log2) No – CDD

UCD/N (ratio
given as log2) No – UCD

REGIa 6,38 1 5,34 1
REGIb 6,33 2 5,26 2
REGIIIa 6,14 3 4,58 4
DEFA6 5,45 4 2,89 29
DEFA5 5,29 5 2,80 30
LCN2 3,76 6 3,99 9
REGIV 3,73 7 3,48 13

UCD = diseased ulcerative colitis, CDD = diseased Crohn’s dis-
ease, N = healthy controls. No – CDD = gene expression rank
number on CDD prioritized list, No –UCD = gene expression rank
number on UCD prioritized list.

Table II. Primer sequences for real-time RT-PCR verification of microarray results.

Gene Sense primer (5¢ – 3¢) Antisense primer (5¢ – 3¢)

REGIa TCCATGACCCCAAAAAGAAC TTAACAAGGCAAACTCAGCA
REGIb CACTGATGACAGCAATGTCT GAAGGTACTGAAGATCAGCG
REGIII GGAGTAGCAGTGATGTGATG TAAAGCCTTAGGCCGTATGA
REGIV CTCCTGGATGGTTTTACCAC GATTCTTGCTCTATGGTCGG
DEFA5 GAAAGAGCTGATGAGGCTAC TTGCACTGCTTTGGTTTCTA
DEFA6 GGATGCAAGCTCAAGTCTTA TTGATGGCAATGTATGGGAC
ACTB AAGATCATTGCCTCCTCCTGA AATCTCATCTTGTTTCTGCG
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Immunohistochemical analyses

Normal colonic mucosa had no REGIa immunore-
activity (Figure 1A). In patients with CD and UC
biopsies from mucosa histologically assessed as nor-
mal, immunoreactivity for REGIa ranged from neg-
ative to moderate positively stained crypt epithelium
(Figure 2A–D). The staining pattern for PC samples
(Figure 3A) was similar. Diseased mucosa from all
patient groups revealed strong REGIa immunostain-
ing in cytoplasm of crypt cells whereas surface epi-
thelium was negative (Figure 2D (insert)).
DEFA6 immunoreactive epithelial cells were local-
ized in the basal parts of the crypts. REGIa was
expressed in both Paneth cells and crypt epithelium,
in Paneth cells at a higher level (Figure 2G–H). The
results from REGIa immunostaining of the extended
set of samples are shown in Table III.
A correlation analysis investigating the relationship

between REGIa gene expression detected in micro-
array analysis and REGIa protein expression
observed during IHC showed a significant correla-
tion, with a squared correlation coefficient (R2) of
0.76 and p value < 0.0001. A plot of the correlation
with the regression line fitted is shown in Figure 4.

Slight REGIV immunoreactivity was observed in
crypts and surface epithelium of all control biopsies
(Figure 1B). Biopsies from IBD cases assessed as
normal revealed negative to weakly positive immu-
noreactivity (Figure 5A–D), often exceeding that of
controls. Inflamed mucosal biopsies from both IBD
(Figure 5E and F) and PC (Figure 3B) showed
moderate to strong REGIV immunostaining with
similar histological distribution. In goblet cells,
immunoreactivity was localized to the mucin contents
and excreted material (Figure 5D (insert)). Addition-
ally, REGIV immunoreactivity was found in both
healthy and diseased individuals in cells that
co-stained for serotonin (Figure 5G–H), indicating
that these were enterochromaffin cells. This
co-staining pattern was similar in healthy individuals
and in normal and inflamed mucosa of IBD and
PC patients.

Discussion

This study shows a massive overexpression of REG
family mRNAs in diseased colonic mucosa with CD
or UC. As there are no commercially available

Table III. Summary of results from immunohistochemical evaluation of REGIa levels in biopsies.

Sample Group Number of samples

IHC evaluated REGIa level

Mean REGIa level
Different from
normal group (p value)P 0 1 2 3

N 23 1 22 0 0 0 0.0 –

CDN 21 5 14 0 1 1 0.4 NS
UCN 34 4 27 1 1 1 0.2 NS
UPN 13 3 10 0 0 0 0.1 NS
CDD 12 1 3 1 5 2 1.5 <0.01
UCD 32 2 5 5 13 8 1.7 <0.01
UPD 11 0 2 4 3 2 1.4 <0.01

N = healthy controls; CDN, UCN, or UPN = histologically normal mucosa from patients with known Crohn’s disease, ulcerative colitis, or
ulcerative proctitis; CDD, UCD, or UPD – histologically diseased mucosa from patients with Crohn’s disease, ulcerative colitis, or ulcerative
proctitis.
REGIa expression level: “P”: only Paneth cells were stained, “0” to “3”: an increasing level of staining. 0: No staining; 1: <20% of crypt
epithelial cells stained; 2: 20–50% of crypt epithelial cells stained; 3: >50% of crypt epithelial cells stained. Difference from normal group is
evaluated using two-tailed Welch t-test and result given as the p value for this test.

A B

Figure 1. Representative samples with immunohistochemistry for REGIa (A) and REGIV (B) in control colonic biopsies from healthy
individuals. REGIa staining is absent; REGIV shows slight staining in crypt and superficial mucosal cells.
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antibodies for REGIb and REGIIIa, only REGIa and
REGIV were also studied by IHC. For these two
REGs, the overexpression of REG mRNAs was con-
firmed on protein level, with strong staining for
REGIa and REGIV in all cases of active IBD. Cor-
relation analysis showed a strong correlation between

microarray measurement and IHC evaluation of
REGIa, indicating that the mRNA levels indeed
reflect protein levels. Samples from healthy indivi-
duals were negative for REGIa, but had a slight
background staining for REGIV. A corresponding
overexpression on protein level was seen in some

A B

C D

E F

G H

Figure 2. (A)/(B): Immunohistochemistry (IHC) for REGIa in non-inflamed mucosa from patients with known Crohn’s disease (CD)
(panel A, negative immunostaining; B, positive). (C)/(D): REGIa in non-inflamed mucosa from patients with ulcerative colitis (UC) (panel C,
negative immunostaining; D, positive). Insert C shows negative staining in non-inflamed mucosa and insert D shows REGIa in cytoplasma of
goblet cells but no staining inside gobletseF: Positive IHC for REGIa in inflamed mucosa from patients with CD (E) and UC (F). (G)/(H):
Basal colonic crypts from non-diseased mucosa in ulcerative colitis stained for REGIa (G) or DEFA6 (H). Crypt epithelial cells show a general
cytoplasmic staining for REGIa, and REGIa staining is clearly stronger in the DEFA6-positive Paneth cells.
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samples from patients with known IBD but no inflam-
mation on routine histology and in non-IBD colitis
samples. These findings have not been reported
previously.
The cellular localization of REGIa and REGIV is

different. REGIa positivity is seen in basal crypt cells,
REGIV mainly in the mid-gland areas. REGIa was
located to the cytoplasm, increasing during inflam-
mation. Cytoplasmic REGIV was not clearly different
between biopsies from healthy individuals, active IBD
or inactive IBD. However, REGIV was clearly
increased in goblets in active disease and seemed to
be secreted with the mucus. The observation that
REGIV is located to goblets corresponds to previous
findings by Kamarainen and coworkers [16], and a
recent study on appendiceal mucinous cystadenoma
and pseudomyxoma peritonei [17] also found REGIV
in goblets and mucus. This suggests that REGIV is
secreted and may have a luminal mode of action.
Additionally, REGIV is clearly localized to
serotonin-positive enteroendocrine cells of the colon
as has previously been observed in the upper GI tract
and in the ileum [16]. This is of potential interest
since serotonin seems to have an unclarified role in

IBD [18]. At least one study suggests that REGIa is
found solely in Paneth cells [8]. In our study, REGIa
is found in both Paneth and goblet cells and Paneth
cells staining stronger than other crypt cells. Thus,
both Paneth and goblet cells express REGIa but at a
higher level in Paneth cells. Interestingly, REGIa
staining is seen in some cases with CD or UC, where
routine histological examination concluded with nor-
mal colonic mucosa. The positivity was mainly seen in
Paneth cells, but in a few cases also in other cells of the
epithelium (see Table III for details). This suggests
that REGIa IHC could aid in the diagnosis of IBD
when biopsies are taken in the quiescent phase of the
diseases.
REG proteins are antiapoptotic and stimulate pro-

liferation and repair [2], and apparently have roles in
the trophic response to gastrin and in colorectal
cancer. This indicates that REG proteins are involved
in injury, repair, and growth on a general level. This
assumption is supported by a REGIa expression
pattern in pseudomembranous colitis indistinguish-
able from that in IBD samples. It is possible that
REGIV has functions distinct from other REG pro-
teins. It is less regulated than any other REG mRNA
species in IBD; it is localized to another population of
epithelial cells and is also found in enteroendocrine
cells. Contrary to REGIa this protein seems to be
constitutively expressed, at least in serotonin-
positive enteroendocrine cells. Another highly inter-
esting aspect of REG proteins in the gut is that
RegIIIg in the mouse and its human ortholog
REGIIIa are considered to be antimicrobial peptides
with a lectin-like mode of action [19]. There are no
reports of this function for other REG proteins, but
with REGIV seemingly being excreted to the lumen,
further studies on the antimicrobial effects of REG
proteins are certainly warranted.
This is the first study with a comprehensive eval-

uation of REG proteins in IBD, which also includes
non-diseased IBD samples and a non-IBD inflam-
matory disease of the colon. We conclude that REG
family proteins are strongly regulated in IBD and
most likely involved in injury and repair. At least

A B

Figure 3. Immunohistochemistry for REGIa (A) and REGIV (B) in mucosa from patients with known pseudomembranous colitis. Positive
immunostaining is shown for both antibodies, in a pattern similar to the one observed in IBD samples (Figures 3 and 4).
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Figure 4. Correlation plot of REGIamRNA levels measured using
microarray and REGIa staining levels observed using immunohis-
tochemistry (IHC; as given in Table III). Correlation analysis
showed a strong correlation with squared correlation coefficient
(R2) of 0.76 and p value < 0.0001.
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one protein in the family, REGIV, may have a topical
mode of action and be involved in the enteroendo-
crine aspect of IBD pathophysiology. The REG pro-
tein response is not specific for IBD, but can be found
also in pseudomembranous colitis. Finally, REGIa is
a hitherto unrecognized and possibly useful and sen-
sitive marker for mucosal injury and repair.

Acknowledgements

Atle vB Granlund is the recipient of a PhD grant from
the Norwegian University of Science and Technology
(NTNU) and Ann Elisabeth Østvik of a PhD grant
from The Liaison Committee between the Central
Norway Regional Health Authority (RHA) and

A B

C D

E F

G H

Figure 5. (A)/(B): Immunohistochemistry (IHC) for REGIV in non-inflamed mucosa from patients with known Crohn’s disease (CD). (C)/
(D): REGIV in non-inflamed mucosa from patients with ulcerative colitis (UC) (panel C, negative immunostaining; D, positive). Insert C
shows empty goblets in non-inflamed mucosa and insert D shows REGIV-filled goblets and REGIV-positive material being extruded into the
lumen. (E)/(F): Positive IHC for REGIV in inflamed mucosa from patients with CD (E) and UC (F). (G)/(H): Basal colonic crypts from non-
diseased mucosa in Crohn’s disease stained for REGIV (G) or serotonin (H), showing that serotonin-positive enteroendocrine cells are also
positive for REGIV.

1322 A. V. B. Granlund et al.



NTNU. This work was also supported by a research
grant from The Liaison Committee between
St. Olav’s University Hospital and the Faculty of
Medicine, NTNU. Bjørn Munkvold, Kari Slørdahl
and Britt Schulze provided excellent technical assis-
tance. The microarray work was carried out with the
support from the National Technology Microarray
Platform (Norwegian Microarray Consortium)
funded by the Functional Genomics Programme
(FUGE) of the Norwegian Research Council. This
work was supported in part by a research grant from
The Liaison Committee between St. Olav’s Univer-
sity Hospital and the Faculty of Medicine, NTNU.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] Yonemura Y, Takashima T, Miwa K, Miyazaki I,
Yamamoto H, Okamoto H. Amelioration of diabetes mellitus
in partially depancreatized rats by poly(ADP-ribose) synthe-
tase inhibitors. Evidence of islet B-cell regeneration. Diabetes
1984;33:401–4.

[2] Zhang YW, Ding LS, Lai MD. Reg gene family and human
diseases. World J Gastroenterol 2003;9:2635–41.

[3] Fukui H, Kinoshita Y, Maekawa T, Okada A, Waki S,
Hassan S, et al. Regenerating gene protein may mediate
gastric mucosal proliferation induced by hypergastrinemia
in rats. Gastroenterology 1998;115:1483–93.

[4] Watanabe T, Yonekura H, Terazono K, Yamamoto H,
Okamoto H. Complete nucleotide sequence of human reg
gene and its expression in normal and tumoral tissues.
The reg protein, pancreatic stone protein, and pancreatic
thread protein are one and the same product of the gene.
J Biol Chem 1990;265:7432–9.

[5] Bernard-Perrone FR, Renaud WP, Guy-Crotte OM,
Bernard P, Figarella CG, Okamoto H, et al. Expression of
REG protein during cell growth and differentiation of two
human colon carcinoma cell lines. J Histochem Cytochem
1999;47:863–70.

[6] Lawrance IC, Fiocchi C, Chakravarti S. Ulcerative colitis and
Crohn’s disease: distinctive gene expression profiles and

novel susceptibility candidate genes. Hum Mol Genet
2001;10:445–56.

[7] Wu F, Dassopoulos T, Cope L, Maitra A, Brant SR,
Harris ML, et al. Genome-wide gene expression differences
in Crohn’s disease and ulcerative colitis from endoscopic
pinch biopsies: insights into distinctive pathogenesis.
Inflamm Bowel Dis 2007;13:807–21.

[8] Dieckgraefe BK, Crimmins DL, Landt V, Houchen C,
Anant S, Porche-Sorbet R, et al. Expression of the regener-
ating gene family in inflammatory bowel disease mucosa: Reg
Ialpha upregulation, processing, and antiapoptotic activity.
J Investig Med 2002;50:421–34.

[9] Csillag C, Nielsen OH, Vainer B, Olsen J, Dieckgraefe BK,
Hendel J, et al. Expression of the genes dual oxidase 2,
lipocalin 2 and regenerating islet-derived 1 alpha in Crohn’s
disease. Scand J Gastroenterol 2007;42:454–63.

[10] Sekikawa A, Fukui H, Fujii S, Nanakin A, Kanda N,
Uenoyama Y, et al. Possible role of REG Ialpha protein in
ulcerative colitis and colitic cancer. Gut 2005;54:1437–44.

[11] Tanaka H, Fukui H, Fujii S, Sekikawa A, Yamagishi H,
Ichikawa K, et al. Immunohistochemical Analysis of REG
IÎ ± Expression in Ulcerative Colitis-Associated Neoplastic
Lesions. Digestion 2011;83:204–9.

[12] Sekikawa A, Fukui H, Suzuki K, Karibe T, Fujii S,
Ichikawa K, et al. Involvement of the IL-22/REG I[alpha]
axis in ulcerative colitis. Lab Invest 2010;90:496–505.

[13] Gentleman RC, Carey VJ, Bates DM, Bolstad B,
Dettling M, Dudoit S, et al. Bioconductor: open software
development for computational biology and bioinformatics.
Genome Biol 2004;5:R80.

[14] Smyth GK. Linear models and empirical bayes methods for
assessing differential expression in microarray experiments.
Stat Appl Genet Mol Biol 2004;3:Article3.

[15] Livak KJ, Schmittgen TD. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta
Delta C(T)) Method. Methods 2001;25:402–8.

[16] Kamarainen M, Heiskala K, Knuutila S, Heiskala M,
Winqvist O, Andersson LC. RELP, a novel human REG-like
protein with up-regulated expression in inflammatory andmeta-
plastic gastrointestinal mucosa. Am J Pathol 2003;163:11–20.

[17] Heiskala K, Giles-Komar J, Heiskala M, Andersson LC.
High expression of RELP (Reg IV) in neoplastic goblet cells
of appendiceal mucinous cystadenoma and pseudomyxoma
peritonei. Virchows Arch 2006;448:295–300.

[18] Spiller R. Serotonin and GI clinical disorders. Neurophar-
macology 2008;55:1072–80.

[19] Cash HL, Whitham CV, Behrendt CL, Hooper LV. Sym-
biotic Bacteria Direct Expression of an Intestinal Bactericidal
Lectin. Science 2006;313:1126–30.

Activation of REG family in colitis 1323



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


