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ABSTRACT

Objectives: Crohn disease (CD) is a heterogeneous disorder.
The nucleotide oligomerization domain 2/caspase activating
recruitment domain 15 (NOD2/CARD15) gene located at 16q12
is strongly associated with susceptibility to CD in white people
but is absent in adult Asian patients, whereas the role of Toll-
like receptor 4 (TLR4) polymorphisms has also been reported.
Because clinical and genetic data in Asian children with CD are
lacking, the aim of this study was to elucidate the clinical and
genetic characteristics of Taiwanese children with CD.
Patients and Methods: All of the children hospitalized at the
National Taiwan University Hospital between January 2000 and
July 2005 who fulfilled the diagnostic criteria for CD were
enrolled. Their clinical characteristics were recorded, and geno-
mic DNA was extracted from their white blood cells. After
polymerase chain reaction was performed, direct sequenc-
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Results: CD was diagnosed in 10 children (6 boys and 4 girls;
age range at diagnosis, 14 months to 13 years; median age,
11.1 years). There were 5 children with ileocolonic region
involvement, 3 with colonic region involvement, 2 with ileal
region involvement, 4 with additional upper gastrointestinal
tract involvement, and 2 with additional perianal fistula. Half of
the children had growth retardation at diagnosis. Neither NOD2/
CARD15 mutations nor TLR4 polymorphisms were found in the
10 patients.
Conclusions: Ileocolonic location and inflammatory behavior
constitute the most frequent phenotype of CD in Taiwan.
Mutations in the NOD2/CARD15 and TLR4 genes that are
common in the West are not associated with CD in Taiwanese
children.JPGN44:342–346,2007.KeyWords:Crohndisease—
NOD2/CARD15—Toll-like receptor 4—Children. # 2007 by
terology, Hepatology,
tect the 4 NOD2 hotspot mutations European Society for Pediatric Gastroen

(P268S, R702W, G908R, 1007fs) and TLR4 polymorphisms
(Asp299Gly, Thr399Ile).

and Nutrition and North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition
INTRODUCTION

Crohn disease (CD) is a chronic intestinal inflamma-
tory disorder whose pathogenesis and etiology are still
largely unknown. Accumulating evidence suggests that it
is a heterogeneous disease composed of host genetic
components and environmental factors that trigger abnor-
mal immune responses (1,2). Genome-wide linkage
analysis and positional cloning have detected the gene
Four single-nucleotide polymorphisms in the leucine-
rich region of the NOD2/CARD15 gene on chromosome
16q12 have been reported to be the hotspots of NOD2/
CARD15mutations, including 1 frameshift cytosine-
insertion mutation in exon 11 at position 3020
(3020insC/1007fs) encoding a truncated protein and 2
missense mutations, a C-to-T substitution in exon 4 at
position 802 (C802T/P268S), a C-to-T substitution in
exon 4 at position 2104(C2104T/R702W), and a G-to-C
substitution in exon 8 at position 2722(G2722C/G908R)
resulting in an amino acid substitution (4–6).

The Toll-like receptor 4 (TLR4), the main receptor for
lipopolysaccharide of gram-negative bacteria, is
expressed in macrophages and in dendritic, endothelial,
and intestinal epithelial cells, which are partly tolerant to
lipopolysaccharide (7–8). TLR4 prevents an exaggerated
authorized reproduction of this article is prohibited.

immune response caused by the large number of bacteria
in the intestinal lumen and is suggested to play an
important role in the pathogenesis of inflammatory bowel
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disease. Recently, 2 TLR4 polymorphisms (Asp299Gly
and Thr399Ile) have been described, with a 2-fold in-
crease in the frequency of the TLR4 Asp299Gly in CD
patients as compared with healthy control individuals (9).

Several genotype-phenotype studies have linked
NOD2/CARD15 mutations to CD affecting the ileum
and to an early onset of the disease (6,10–12). Patients
with homozygous NOD2 mutations represent 34% of
those with an onset before 10 years of age, compared
with 3% with an onset beyond 40 years. This fact justifies
the need to study NOD2 mutations in an early-onset
population (13). A series of studies showed that the
NOD2/CARD15 mutations were present in 25% to 40%
of European patients with CD (6,10,12,14–15).

However, subsequent studies revealed a lack of NOD2/
CARD15 mutations in Japanese (16), Korean (17), and
Chinese (18) patients with CD. It had also been reported
that significantly lower frequencies of NOD2/CARD15
mutations were seen in African American and Hispanic
children with CD than in white children with CD (19).
Although CD is relatively uncommon in Asia, there is a
rising trend in Japan and Taiwan (16,20). The aim of this
study was to clarify the clinical and genetic character-
istics of children with CD in Taiwan.

PATIENTS AND METHODS

Between January 2000 and July 2005, 10 children with
diagnoses of CD in the National Taiwan University Hospital,
a tertiary medical referral center with an annual admission of
approximately 7000 pediatric patients, were recruited. Their
clinical data were collected, including age at diagnosis, interval
from onset of disease to diagnosis, symptoms, and abnormal
laboratory data at CD diagnosis. History of laparotomy and/or
appendectomy, and the presence of fistula, amenorrhea, and
growth retardation defined as body weight and/or body height
less than the third percentile of normal population in Taiwan,
were also checked.

The anatomic distribution of the disease at the time of
diagnosis and during follow-up, and the disease behavior, were
determined by endoscopic and/or radiologic evaluation and/or
surgical intervention. Follow-up began at the time of diagnosis
and ended in September 2005.

DNA for sequence analysis was extracted from the patients’
white blood cells. The study protocol was approved by the
institutional review board of the hospital’s ethics committee.

Criteria for CD Diagnosis

All of the patients underwent colonoscopic examination
with multiple biopsies, and 9 underwent upper endoscopy or
upper gastrointestinal (GI) tract series of barium radiographs.
For evaluation of the terminal ileum, small bowel follow-
through barium radiographs and/or colonoscopy and ileoscopy
were performed. Stool studies were also checked in all cases to
exclude parasitic and bacterial causes. A diagnosis of CD
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required the presence of at least 2 of the following: history
of diarrhea and/or abdominal pain for more than 3 months,
endoscopic identification of segmental lesions of cobblestone
appearance and/or radiologic evidence of stenosis in the small
and/or large bowel, histological findings of transmural lym-
phocytic infiltration and/or occurrence of epithelial granulomas
with giant cells of the Langhans type (21), and the presence of
fistulas and/or abscesses in relation to the intestinal lesion (22).

Anatomic Extent of the Disease and
Disease Behavior

All of our cases were categorized in 1 of the following
3 groups, depending on the anatomic extent of the disease: ileal,
with gross involvement of the ileum without colonic disease;
ileocolonic, with gross involvement of both the ileum and the
colon; and colonic, with gross involvement of the colon without
small bowel involvement. In addition, 2 separate categories
could be added to any of the aforementioned groups: perianal
disease, with perianal fistulas and/or perianal abscesses, not
merely perianal fissures or tags; and upper GI tract involvement,
with gross involvement of the upper GI tract, including the
esophageal, gastric, or duodenal regions.

In each case, all areas of anatomic involvement were
confirmed by histological evidence, except for jejunal and
perianal lesions. Moreover, all of our patients were categorized
into 1 of the 3 groups by the Vienna classification guidelines
criteria (23): fistulizing (penetrating), stricturing (fibrostenos-
ing), and inflammatory disease behavior. We also evaluated the
patients’ conditions at the time of diagnosis and at the end of
follow-up according to the Pediatric Crohn Disease Activity
Index (PCDAI) scores (24). The minimum total index score is
0, and the maximum is 100. Inactive, mild, moderate, and severe
disease were defined as PCDAI scores �15, 16–30, 31–45, and
>45, respectively.

DNA Purification From Whole Blood
and Genotyping

Genomic DNA was purified from whole blood with use of
the Genomic DNA Mini Kit (Geneaid, Tao-Yuan, Taiwan)
according to the manufacturer’s instruction. With a GeneAmp
PCR System 9600 thermal cycler (Applied Biosystems, Foster
City, CA), polymerase chain reaction (PCR) with appropriate
primers (Table 1) was performed with an initial denaturation at
948C for 5 minutes, followed by 35 cycles of denaturing at 948C
for 1 minute, annealing at 508C in NOD2 analysis and at 588C in
TLR4 analysis for 2 minutes, extension at 728C for 1 minute,
and final incubation at 728C for 7 minutes. The PCR products
were purified by use of a PCR purification kit (Geneaid,
Tao-Yuan, Taiwan) according to the manufacturer’s instructions.

After PCR, direct sequencing was performed at the specific
regions of the NOD2 gene, including a frame-shift C-insertion
mutation 3020ins C/1007fs in exon 11; and 3 missense
mutations, 802C-to-T/P268S in exon 4, 2104C-to-T/R702W
in exon 4, and 2722G-to-C/G908R in exon 8. In addition,
2 nucleotide polymorphisms of the TLR4 gene resulting in
the Asp299Gly and Thr399Ile amino acid substitutions were
determined by use of a previously described assay (25) that
creates specific NcoI and HinfI restriction sites for the TLR4
Asp299Gly and Thr399Ile polymorphisms, respectively. If
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no restricted bands occurred, additional PCR followed by
direct sequencing was also performed to confirm the results.
The sequence primers were the same as those in the PCR
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TABLE 1. Primers used for the polymerase chain reaction (PCR) of NOD2 and TLR4 genes

Primers Sequence PCR product size

NOD2 SNP5(F) 50-tgc,ctc,ttc,ttc,tgc,ctt,cc-30 422 bp
SNP5(R) 50-agt,aga,gtc,cgc,aca,gag,ag-30

R702W(F) 50-gtg,ctt,ctt,tgc,cgc,gtt,cta,c-30 437 bp
R702W(R) 50-gct,cct,cct,gca,tct,cgt,aca,g-30

G908R(F) 50-gtg,agg,cca,ctc,tgg,gat,tga,g-30 345 bp
G908R(R) 50-ttt,cct,tac,tcc,att,gcc,taa,c-30

1007fs(F) 50-ctg,agc,ctt,tgt,tga,tga,gc-30 533 bp
1007fs(R) 50-tct,tca,acc,aca,tcc,cca,tt-30

TLR4 sequencing F 50-aca,aat,ctg,ctc,tag,agg,gcc,tg-30 619 bp
50-gc

344 NI ET AL.
amplifications. Last, the cycle-sequencing products were pur-
ified by ethanol precipitation and analyzed by Genetic Analyzer
ABI PRISM 3100 (Applied Biosystems, Alexandria, VA)
according to the manufacturer’s instructions.

Statistical Analysis

The Fisher exact test for categorical variables and the
Student t test for continuous variables were used. P< 0.05
was considered statistically significant.

RESULTS

Clinical Manifestations

From January 2000 to July 2005, 10 children with
diagnoses of CD were enrolled in our study (the male:
female ratio was 6:4). The median age at diagnosis was
11.1 years (range 1.2–13.2 years), and half had onset
before the age of 10 years. The median interval from
onset of disease to diagnosis was 9.0 months (range 3–36
months). The clinical manifestations and phenotype of
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each patient are given in Table 2.
The clinical symptoms, signs, and laboratory results in

the 10 children at diagnosis are summarized in Table 3.

TABLE 2. Summary of the pediatric C

Patient Sex Age, y
Age at
onset, y

Age at
diagnosis, y

Duration
between onset

and diagnosis, mo Site

1 M 12.9 12.3 12.9 7 Ileum
2 F 11.3 9.5 11.2 20 Ileum
3 M 12.1 10.8 12.1 16 Colo
4 F 12.3 11.7 12.1 5 Colo
5 F 14.3 12.8 13.2 4 Ileum
6 M 5.1 0.3 1.2 11 Ileum
7 M 25.2 4.1 4.5 5 Ileum
8 M 16.3 10.8 11.0 3 Ileum
9 F 24.8 7.8 10.8 36 Ileum

10 M 4.8 2.5 3.6 13 Colo

PCDAI indicates Pediatric Crohn Disease Activity Index; GI, gastrointesti�
According to Vienna classification guidelines criteria.

y The patient had received bowel resection.
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Four patients had extraintestinal symptoms, such as skin
rash, arthralgia, and episcleritis. The family history was
positive in 1 patient (10%), whose maternal grandmother
had also received a diagnosis of CD.

Three (30%) patients had CD associated with other
diseases, including gallstones in 1, unilateral congenital
hydroureter in 1, and incontinentia pigmenti and uro-
lithiasis of calcium oxalate in 1. Four (40%) patients had
been breast-fed for at least 1 week after birth. None had a
significant delay of developmental milestones at diag-
nosis, except 1 with language delay. Before the diagnosis
of CD, antituberculous therapy had been received by
2 (20%) patients, appendectomy by 2, laparotomy by 3,
and antiamoeba therapy by 1.

Anatomic Extent of the Disease
and Disease Behavior

According to the anatomic involvement of CD, the
most common disease location was the ileocolonic region
in 5 patients (50%), colonic region in 3, ileal region in 2,

c,att,ttc,aag,act,tcg,aga,ctg,g-30
authorized reproduction of this article is prohibited.

perianal disease in 2, and upper GI involvement in 4. In
the aspect of disease behavior according to the Vienna
classification (23), fistulizing disease was identified in

rohn disease patients in this study

and extent of disease
Disease
behavior

�

PCDAI
scores at
diagnosis

PCDAI scores
at end of
follow-up

Inflammatory 47.5 5
þ upper GI Inflammatory 40 7.5

n Inflammatory 45 0
n þ upper GI Inflammatory 60 5
þ colon Inflammatory 52.5 0
þ colon þ upper GI Inflammatory 50 5
þ colon þ perianal Fistulizingy 65 17.5
þ colon Fistulizing 70 10
þ colon Fistulizingy 55 25

n þ upper GI þ perianal Fistulizingy 65 10

nal.
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TABLE 3. Clinical symptoms, signs, and laboratory findings
in 10 children with CD at diagnosis

Clinical manifestations Patient

Symptoms and signs
Abdominal pain 10
Diarrhea 6
Rectal bleeding 6
Vomiting 3
Oral ulcer 3
Weight loss 6
Fever 5
Extraintestinal symptoms/signs 4

Skin rash 3
Arthralgia/arthritis 2
Episcleritis 1

Fistula 4
Growth retardation 5

Body weight <3rd percentile 4
Body height <3rd percentile 3

Amenorrhea 1
History of laparotomy/appendectomy 4
Laboratory findings

ESR >20 mm/h
�

10
Anemia (Hct)

�,y 7
CRP >1.2 mg/dL

�
8

Albumin <3.5 g/dL
�

5
Leukocytosis >15,000/mL 6

Hct indicates hematocrit; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein.�

The limits are the laboratory reference in the Pediatric Crohn
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4 patients, inflammatory disease in 6, and stricturing
disease in none (Table 2). Three patients had undergone
surgical resection of the bowel, including either colect-
omy or ileal resection. Patients with fistulizing behavior
had significantly higher potential for the development of
growth retardation (100% vs 16.7%, P¼ 0.024) and more
need for bowel resection (75% vs 0%, P¼ 0.033) than
those with inflammatory behavior.

Children with fistulizing CD had a more frequent onset
before 10 years of age than those with inflammatory CD
(75% vs 33.3%, P¼ 0.238). The mean PCDAI scores at
diagnosis among patients with fistulizing behavior were
63.8� 6.2 (range 55–70), which were significantly
higher than those among patients with inflammatory
behavior (49.2� 5.5, range: 40–60, P¼ 0.009). Simi-
larly, at the end of follow-up, the mean PCDAI scores
among patients with fistulizing behavior were 15.6� 7.0
(range 10–25), which were also significantly higher than
those among patients with inflammatory behavior
(3.8� 2.4, range 0–7.5, P¼ 0.023).

Treatment and Follow-up

Disease Activity Index.
y Male and female <10 y, Hct <33%; 11–14 y male, Hct <35%; 15–

18 y male, Hct <37%; 11–18 y female, Hct <34%.
yright © 2007 by Lippincott Williams & Wilkins.U

Until September 2005, the mean duration of follow-up
was 5.5� 4.7 years (range 0.3–25.2 years). Under
medical treatment with 5-aminosalicylic acid, corticos-
teroids, and semielemental diet, occasionally combined
with antibiotics (metronidazole) and total or partial par-
enteral nutrition, all 10 patients survived. Four (40%)
received immunosuppressive drugs (tacrolimus) or
immunomodulatory medicine (azathioprine and 6-mer-
captopurine) to help control disease activity and taper
down the corticosteroids. Three (30%) patients required
surgical intervention, including repeated fistulectomy
and resection of either the colon or the ileum.

According to the PCDAI scores, although severe dis-
ease was identified at diagnosis in 8 patients (80%) and
moderate disease in 2 (20%), most had improved after
therapy. Eight (80%) had inactive disease and only
2 (20%) had mild disease at the end of follow-up. In
addition, although 5 (50%) had growth retardation at
diagnosis, most had caught up after treatment, and only
1 experienced persistent growth failure and osteoporosis
at the end of follow-up. This patient received multiple
fistulectomy and ileoectomy, and she had primary delayed
puberty with amenorrhea until she was 24 years old.

Genotyping

In our study, none of the common mutations of NOD2/
CARD15 gene in whites (P268S, R702W, G908R,
1007fs) and TLR4(Asp299Gly, Thr399Ile) polymorph-
isms were detected in our Taiwanese children with CD.
All of their DNA sequences showed the wild-type in
these regions.

DISCUSSION

Crohn disease is a heterogeneous disease with different
causes of genetic background and environmental factors.
There are various clinical presentations among different
ethnic groups. In our study the characteristics of Taiwa-
nese children with CD included ileocolonic involvement
as the most common phenotype (50%), male predomi-
nance (M:F 1.5:1), and rare familial aggregation.

Polito et al (26) showed that if the diagnosis was made
before the age of 20, CD usually ran a more complicated
course, including a higher incidence of small bowel
involvement, more bowel strictures, and more chances
of surgical intervention. In our study half of the children
with CD had early onset at less than 10 years of age and
70% had small bowel involvement. However, only 30%
needed surgery for bowel resection, whereas 40% needed
other immunosuppressive or immunomodulatory medi-
cine to complement the corticosteroid treatment. Further-
more, the severity of CD in our children according to
PCDAI scores seemed higher than in the Western reports
(22). Growth retardation was common in children with
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inflammatory bowel disease, particularly CD (27). In our
study, although 50% had growth retardation at diagnosis,
most caught up later after adequate treatment.
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The recent discovery of NOD2/CARD15 on chromo-
some 16 explains approximately 20% of the genetic
susceptibility in Western countries (13). Several studies
have shown that NOD2/CARD15 mutations were
strongly associated with CD, in particular affecting the
ileum and having earlier onset (6,10–12). Most of our
patients had the characteristics of early onset, great
proportion of ileal involvement, and severe disease
activity at diagnosis. These manifestations led us to
speculate that there would be a high proportion of
CARD15 mutations. However, CARD15 mutations were
not the cause. Thus, genetic susceptibility of CD seems to
vary in different ethnic populations.

Brand et al (9) showed that approximately 15% of 204
German patients with CD were heterozygous for the TLR4
mutations (Asp299Gly and Thr399Ile), suggesting that
TLR4 polymorphisms play a role in a minority of patients
with CD. In our study, none had TLR4 mutations. Some
specific regions of class II HLA on chromosome 6, which
were associated with susceptibility to CD, had been ident-
ified among the Japanese population and in whites (28,29).
Whether this gene plays an important role in Asian chil-
dren with CD remains unknown. The susceptibility gene of
CD in Asian people mandates additional studies.

A limitation of this study is that we surveyed only the
hotspots of NOD2/CARD15 genes instead of the full-
length gene sequencing. Hence, the possibility of variants
other than the 4 hotspots in this gene cannot be excluded.

In conclusion, ileocolonic involvement and inflamma-
tory behavior were the characteristics of Taiwanese
children with CD, but mutations of NOD2/CARD15
and TLR4 genes were not found.
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