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Abstract

Background Chronic enteropathy associated with SLCO2AT gene (CEAS) is a unique type of inflammatory bowel dis-
ease. CEAS is monogenic disease and is thought to develop from childhood, but studies on pediatric CEAS are scarce.
We analyzed characteristics of pediatric CEAS.

Methods Eleven patients diagnosed with CEAS at Seoul National University Children’s Hospital were identified
and analyzed. Clinical data of patients were collected. Sanger sequencing of SLCO2AT was performed on all patients.

Results Patients were diagnosed at a median age of 16.0 years (IQR 11.0~20.0), and the median age at symptoms
onset was only 4.0 years (IQR 2.5~6.0). Growth delay was observed at the time of diagnosis. Patients showed multi-
ple ulcers or strictures in the small intestine, while the esophagus and colon were unaffected in any patients. Almost
half of the patients underwent small intestine resection. The major laboratory features of pediatric CEAS include iron
deficiency anemia (IDA), hypoalbuminemia, and near-normal levels of C-reactive protein (CRP). Two novel mutations
of SLCO2AT were identified. The most prevalent symptoms were abdominal pain and pale face. None of the immu-
nomodulatory drugs showed a significant effect on CEAS.

Conclusions Pediatric CEAS typically develop from very young age, suggesting it as one type of monogenic very
early onset inflammatory bowel disease. CEAS can cause growth delay in children but there is no effective treatment
currently. We recommend screening for SLCO2AT mutations to pediatric patients with chronic IDA from a young age
and small intestine ulcers without elevation of CRP levels.
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Background

The incidence of inflammatory bowel disease (IBD) in
children is steadily increasing worldwide, and many stud-
ies are currently being conducted to find the genetic sus-
ceptibility of IBD. [1-4] Chronic enteropathy associated
with SLCO2A1 gene (CEAS) is a recently reported rare
type of IBD caused by recessive mutations in SLCO2A1.
In 1968, Okabe et al. first described a unique type of
chronic enteropathy with multiple shallow ulcers in the
small intestine, called chronic nonspecific multiple ulcers
of the small intestine (CNSU). [5, 6] Cryptogenic multifo-
cal ulcerous stenosing enteritis (CMUSE), which has sim-
ilar clinical features with CNSU, has also been reported
in Korea. [7] In 2015, Umeno et al. found recessive muta-
tions of SLCO2A1 in some CNSU patients, and the dis-
ease called CEAS was established. [8—10] Furthermore,
SLCO2A1 mutation is also known as the cause of primary
hypertrophic osteoarthropathy (PHO) characterized by
pachydermia, digital clubbing, and periostosis. [11, 12].

CEAS is known to cause multiple ulcers and stric-
ture in the gastrointestinal (GI) tract. In addition, CEAS
is considered to be underdiagnosed or misdiagnosed,
because this disease is not well known and characteristics
are similar to those of other GI diseases such as eosino-
philic gastrointestinal disease (EGID) or Crohn’s disease.
Until now, most reports on CEAS have been primarily
from Asia, with only one case reported in Europe so far.
(8,10, 13-21].

Over 80 monogenic variants known to cause IBD have
been identified to date, and they are referred to as mono-
genic IBD. It typically manifests from early childhood,
making it a crucial factor in pediatric IBD. [22] CEAS is
also a monogenic GI tract disease but in the 2020 posi-
tion paper on very early onset inflammatory bowel dis-
ease (VEO-IBD) by the North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition,
CEAS was not included. [23] Recently, based on a single
case series from Japan, CEAS is gradually being recog-
nized as a subtype of VEO-IBD. [24, 25] Nevertheless, the
identified cases of pediatric CEAS are still limited, and
the literature remains scarce.

In light of this, this study was aimed to identify pedi-
atric CEAS in Seoul National University Children’s Hos-
pital (SNUCH). Additionally, we conducted a detailed
analysis of the characteristics and clinical response to
treatment of pediatric CEAS to gain a clear perspective
of the disease.

Method

Study participants

In 2018, Umeno at el. first proposed clinical criteria for
CEAS. [9] Based on this, the diagnosis of CEAS was
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confirmed by combining chronic GI symptoms, evidence
of intestinal lesions by endoscopy, and genetic confirma-
tion of recessive SLCO2A 1 mutations.

This study is a retrospective single center study of pedi-
atric CEAS. We conducted a genetic test of SLCO2A1 in
patients with chronic GI ulceration disease who did not
exhibit typical features of major IBD such as ulcerative
colitis or Crohn’s disease, or had been diagnosed with
CMUSE previously at SNUCH. Through this, out of a
total of 28 patients screened, and eleven patients diag-
nosed with CEAS were identified and enrolled in this
study.

Data collection and statistics

Clinical data including sex, body weight, height, age of
onset and diagnosis, initial symptoms and laboratory
results, response to treatment, and detailed informa-
tion of SLCO2A1 variations, were collected. Information
about GI tract involvement was collected from the endo-
scopic, radiologic, and histologic findings. All continuous
variables in the blood laboratory results were presented
as median with interquartile range (IQR), and all dis-
crete variables were presented as numbers with percent-
ages (%). All z-scores of height and weight were analyzed
using 2017 Korean national growth charts. [26] Also, we
used the dataset of Genome Aggregation Database (gno-
mAD), version 2.1, to analyze the population frequencies
of each SLCO2A 1 mutation revealed. [27].

Molecular diagnosis

Blood samples were drawn from all enrolled patients for
molecular genetic testing of SLCO2A1. Sanger sequenc-
ing of SLCO2A1 was performed for all patients. Genomic
DNA was isolated from peripheral blood leukocytes from
the study subjects. All 14 coding exons of SLCO2A1 and
their intronic flanking regions were PCR-amplified using
specific primer pairs. Amplification was conducted over
30 cycles, and the PCR mixtures were separated on 1.5%
agarose gels to confirm the size and purity of the PCR
products. Subsequently, DNA sequencing reactions were
carried out, and the reaction mixtures were analyzed
using an ABI3130x] Genetic Analyzer (Applied Biosys-
tems, CA, USA) and Sequencing Analysis v.5.2 soft-
ware. To predict the functional impact of novel amino
acid changes, we carried out molecular analyses of the
patients’ parents and 100 healthy controls, and compared
the results with the patients’ results. Additionally, we
assessed novel missense alterations using in silico pre-
diction algorithms. The suspected variants were further
screened using the ExAC browser, gnomAD, or the 1000
Genome Project dataset.
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Results

Baseline and endoscopic features of pediatric CEAS

Table 1 shows the clinical baseline information and endo-
scopic features of pediatric patients with CEAS. Among
them, seven were male and four were female. The median
age at symptom onset was only 4.0 years (IQR 2.0 ~6.0),
and the median age at diagnosis was 16.0 years (IQR
11.0~20.0). The Median z-score of height at diagnosis

Table 1 Baseline information and endoscopic findings of the
patients

Number of patients 11

Median age, years (IQR)
Diagnosis 16.0 (11.0~20.0)
Symptom onset 4.0(25~6.0)

Z-score at diagnosis, median (IQR)

Height -0.44 (-0.90~0.03)
Weight -0.87 (-1.40~-0.26)
Gender, No. (%)
Male 7 (63.6)
Female 4(36.4)
A family history of CEAS, No. (%) 2(18.2)
Previous diagnosis, No. (%)
Iron deficiency anemia 9(81.9)
Eosinophilic gastrointestinal disease 4(36.4)
Duodenal ulcer 3(27.3)
CMUSE 3(27.3)
Protein losing enteropathy 1(9.1)
Involved Gl site, No. (%)
Esophagus 0(0)
Stomach 5(45.5)
Fundus or body 0(0)
Prepyloric area 5(45.5)
Small intestine 11 (100)
Duodenum 7 (63.6)
Jejunum 4(36.4)
lleum 7 (63.6)
Terminal ileum 19.1)
Colon 0(0)
Type of lesion, No. (%)
Intestinal ulcer 11 (100)
Intestinal stenosis 6 (54.5)
Patients with History of small intestine resection, 5(45.5)
No. (%)
Cause of bowel surgery, No. (%)
Capsule endoscopy retention 2(18.2)
Severe intestinal stenosis 2(18.2)

Intractable intestinal bleeding 1(9.1)

IQR Interquartile range, No Number, G/ Gastrointestinal, CMUSE Cryptogenic
multifocal ulcerous stenosing enteritis, CEAS Chronic enteropathy associated
with SLCO2AT gene
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was -0.44 (IQR -0.90~0.03), and the median z-score of
weight was -0.87 (-1.40 ~ -0.26). A family history of CEAS
was identified in two patients, and specifically, two sib-
lings shared the same pathogenic SLCO2A1 mutations.
This family is not consanguineous, and family genetic
testing confirmed that each parent carries one allele,
respectively. Patients had various diagnoses in the past,
with the majority having iron deficiency anemia (IDA).
Among previous diagnoses related to the GI tract, EGID
was the most prevalent, followed by duodenal ulcer and
CMUSE.

All patients exhibited involvement of the GI tract, with
100% exhibiting small intestine involvement. Conversely,
the esophagus, fundus or body portion of the stomach,
and colon were unaffected in any patient (0%). The most
affected GI site was the duodenum and ileum (63.6%),
followed by prepyloric area (45.5%) and jejunum (36.4%).
Terminal ileum involvement was noted in one patient
(9.1%). When investigating the types of lesions, ulcera-
tive lesions were observed in all patients (100%), and
intestinal stenosis was identified in 6 patients (54.5%).
Small intestine resection was performed in 5 patients
(45.5%) due to various reasons; Capsule endoscopy (CE)
retention (18.2%), severe intestinal stenosis (18.2%), and
intractable intestinal bleeding (9.1%).

Figure 1 shows capsule endoscopic images and histo-
pathological views of multiple ulcers and stricture in the
small intestine. Figure 2 shows the endoscopic and upper
gastrointestinal series findings of prepyloric or duodenal
ulcers with stricture in pediatric CEAS.

Identified SLCO2A1 mutations in CEAS

We identified four different SLCO2A1 mutations, and
detailed information on SLCO2A I variations is described
in Table 2. Overall, 4 patients had homozygous muta-
tions and 7 patients showed heterozygosity. Among the
identified SLCO2A1 mutations, nucleotide change of
¢.940+ 1G> A (intron 7) was the most common muta-
tion in our patients, followed by ¢.1807C>T (exonl3).
These two mutations were known as pathogenic variants
according to the American College of Medical Genetics
and Genomics and the Association for Molecular Pathol-
ogy (ACMG/AMP) variant classification guidelines. [28]
In our patients, we discovered two novel mutations,
¢.1329_1344del and c.1350C > G. Both of these mutations
were located in exon 10, representing frameshift and mis-
sense mutations, respectively. According to the ACMG/
AMP variant classification guidelines, the ¢.1329_1344del
mutation can be classified as a pathogenic variant, and
the ¢.1350C>G mutation can be classified as a likely
pathogenic variant. [28] Through this study, we revealed
a total of 5 different combinations of SLCO2A1 muta-
tions; ¢.940G>A homozygote (3 patients), ¢.1807C>T
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Fig. 1 A An active ulcer in a capsule endoscopic image. B Encircling ulcers with bleeding in a capsule endoscopic image. C Encircling ulcers
causing a luminal stricture, leading to retention of the capsule endoscopy. D A scanned view of an intestinal specimen demonstrating focal
ulceration with mucosal and submucosal fibrosis. E A magnified view showing focal inflamed granulation tissue, which are indicative of chronic

inflammatory changes

homozygote (2 patients), c¢.1807C>T / c.940+1G>A
(4 patients), ¢.940+1G> A / ¢.1329_1344del (1 patient),
and ¢.940+1G>A / ¢.1350C>G (1 patient). There was
no definite genotype—phenotype correlation among the
mutation combinations.

Population frequencies of each SLCO2A1 mutation
were further analyzed by GnomAD database. The allele
frequency of the ¢.1807C>T variant in East Asian was
5/18,096, which was much higher than that of European
(2/111,868). The allele frequency of the ¢.940+1G>A
variant was also much higher in East Asian (6/18,394)
than in European (1/113,762). The ¢.1329_1344del and
¢.1350C > G variants have not been identified.

Symptoms and laboratory findings of pediatric CEAS

Table 3 shows clinical symptoms and initial laboratory
findings of the patients. Abdominal pain (81.8%) and pale
face (72.7%) were the most common symptoms of CEAS,
whereas diarrhea (10.0%) and hematochezia (18.2%) was
rarely observed. The typical symptoms of PHO, specifi-
cally pachydermia, digital clubbing, and periostosis, were
observed in 3, 4, and 2 patients, respectively. Notably,
when considering only the initial symptom, pale face

(72.7%) was predominant, followed by abdominal pain
(18.2%).

In the initial blood laboratory results, the median level
of hemoglobin was 9.5 g/dl (IQR 7.2 ~11.1). The median
levels of total protein and albumin were 5.0 g/dl (IQR
4.6~5.0) and 3.1 g/dl (IQR 3.0~3.7), respectively. The
median level of C-reactive protein (CRP) was 0.2 (IQR
0.1-1.9). The median levels of ferritin and iron satura-
tion were 6.9 ng/ml (IQR 3.0~11.5) and 3.90% (IQR
2.70 ~5.03), respectively.

Fecal occult blood tests and calprotectin levels were
initially assessed in 8 patients. The initial fecal occult
blood tests showed positive results in all patients (100%),
and elevated fecal calprotectin levels were observed in 3
patients (37.5%).

Treatment history and clinical course

All patients were treated based on their previous diag-
noses, and the clinical course varied widely from case to
case. All patients had a history of using anti-acid agents,
and among them, only two patients experienced symp-
tom improvement with anti-acid agents. Currently, they
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Fig.2 A Adeep large ulcer on the prepyloric area. B A broad large ulcer on the duodenal bulb. C An upper gastrointestinal series (UGIS) image
showing pyloric stenosis (white arrow). D An UGIS Image showing a deformed duodenal bulb with ulceration (white arrow)

Table 2 Detailed information of SLCO2A1 mutations

Chromosome  Genomic Site Nucleotide Predicted Molecular Mutant Classification gnomAD allele
position change® effect consequence allele frequency (allele count/
(GRCh37) frequency allele number)
European East Asian
(non-
Finnish)
3 133,654,625 Exon 13 c.1807C>T p.Arg603* Nonsense 8/22 P 0.00001788 0.0002763
(2/111,868)  (5/18,096)
3 133,667,736  Intron7 c940+1G>A p.Arg- Splice site 12/22 p 0.000008790  0.0003262
288Glyfs*7 (1/113,762)  (6/18,394)
3 133,664,068 Exon 10 ¢.1329_1344del p.Cys- Frameshift 1/22 P 0 0
444Argfs*31
3 133,664,050 Exon 10 c¢.1350C>G p.Cys450Trp  Missense 1/22 LP 0 0

?The Genbank accession number of SLCO2A1 is NM005630

GRCh37 Genome Reference Consortium Human build 37, gnomAD Genome Aggregation Database, P Pathogenic, LP Likely pathogenic

do not report any gastrointestinal symptoms without any
medications.

Nine patients have received immunomodulatory drugs
more than once. They all have been taking iron supple-
ments for years due to chronic IDA. Among them, eight

patients were treated with azathioprine (1~3 mg/kg/
day, max dose: 100 mg) for a minimum duration of six
months or longer, and only two have continued so far.
The remaining six patients discontinued or switched to
other immunomodulatory drugs due to a lack of clinical
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Table 3 Clinical presentations and laboratory findings

Symptoms, No. (%)

Abdominal pain 9(81.8)
Pale face 8(72.7)
Diarrhea 1(9.1)
Melena 2(18.2)
Pachydermia 3(273)
Digital clubbing 4(36.4)
Periostosis 2(18.2)
Initial blood laboratory results, median (IQR)
Hemoglobin (g/dl) 95(7.2~11.1)
Total protein (g/dl) 50(4.6~5.0)
Albumin (g/dl) 3.1(3.0~3.7)
CRP? (mg/dl) 02(0.1~1.9)
Ferritin (ng/ml) 69(3.0~115)
Iron (ug/dl) 15.0(11.5~19.5)
Iron saturation (%) 390 (2.70~5.03)
Initial stool laboratory results, No. (%)
Occult blood positiveb 8(100.0)
Calprotectin elevation (> 250 ug/g)ID 3(37.5)

IQR Interquartile range, CRP C-reactive protein, No Number
2 Initial CRP levels were performed in 9 patients

b Initial stool occult blood and calprotectin level tests were performed in 8
patients

response. Two patients were administered Infliximab
(5 mg/kg intravenously, with induction doses given at
0, 2, and 6 weeks, followed by maintenance doses every
8 weeks) over a period of two years, but it did not show
significant improvement in the disease. In only one
patient, during the infliximab maintenance period, inf-
liximab trough levels and anti-infliximab antibody lev-
els were measured, with levels of<0.1 ug/mL and high
titer, respectively. Considering these lab results and the
lack of symptom improvement, we determined that the
patient experienced a loss of response to infliximab,
leading to discontinuation. Partial enteral nutrition pro-
viding 50% of the patient’s resting energy expenditure
was attempted in one patient for 5 years, but it proved
ineffective. In conclusion, so far, none of the treatments
including immunomodulatory drugs and elemental diets
has shown significant effect in improving symptoms and
laboratory abnormalities in patients with CEAS.

Discussion

Through this study, we identified 11 pediatric CEAS
patients, representing the largest reported number of
pediatric CEAS cases to date. We also found with two
novel mutations of SLCO2A1, and analyzed the detailed
characteristics and treatment response of pediatric
CEAS. Though CEAS is gradually recognized as one type
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of monogenic IBD making it essential to understand the
clinical manifestations in pediatric populations, there is
scarce literature reporting pediatric CEAS. [22, 25].

In our study, the majority of patients exhibited CEAS-
related symptoms from an early age. The median age at
symptom onset is only 4.0 years, indicating that CEAS
typically develops from a very early age. Recent papers
have classified CEAS as a subtype of monogenic very
early onset inflammatory bowel disease (VEO-IBD),
defined as an IBD that develops in children under the age
of 6. [22, 24] However, the evidence supporting the early
onset of CEAS is limited to date. Through this study, we
present significant evidence indicating that CEAS can
manifest at a very early age, and be classified as mono-
genic VEO-IBD.

All patients in our study exhibited ulcers in the GI
tract, and intestinal strictures were also frequently
observed. The lesions were observed between the prepy-
loric area and the terminal ileum, with no involvement of
the esophagus and colon, which is similar with previous
adult reports. [8, 9] While the involvement of the termi-
nal ileum in CEAS remains controversial, we found one
patient with lesions in the terminal ileum, suggesting that
CEAS can affect the entire small intestine. [9, 14, 20] Fur-
thermore, a significant number of patients had a history
of small intestine resection, with two cases attributed to
the retention of CE. Previously there were some reports
about CE retention in CMUSE or IBD patients. [7, 29,
30] Given the high incidence of intestinal stricture, per-
forming CE in suspected CEAS patients should require
caution. We recommend initiating the assessment with a
patency capsule as a safety measure.

Our study revealed that abdominal pain and pale face
were the most common symptoms of pediatric CEAS.
We also identified patients with clinical features of PHO,
which share the same pathogenic gene with CEAS. There
have been reports about GI symptoms of PHO in a
family, and patients of CEAS with PHO have also been
reported. [20, 31-34] In addition, we identified IDA and
hypoalbuminemia, without marked systemic inflamma-
tion, as major initial characteristics of CEAS. Because
CEAS predominantly affects the mucosal and submu-
cosal area, it is thought to manifest as shallow intesti-
nal ulcers and does not result in elevated inflammatory
markers. And, unlike Crohn’s disease, the elevation of
fecal calprotectin levels was not typical in CEAS. Though
melena was uncommon, the initial fecal occult blood
tests all showed positive findings. These results suggest
that CEAS differs from other major IBDs, and induces
persistent microscopic GI bleeding, associated with
protein and iron depletion. Furthermore, they indicate
the necessity of conducting SLCO2A1 sequencing for
patients with chronic iron deficiency anemia from very
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early age and normal CRP levels, along with confirmed
small intestinal lesions.

Most patients in our study continue to experience
intractable symptoms despite undergoing various immu-
nomodulatory medications. For this reason, it is believed
that patients showed relatively short height and low
weight for age at the time of diagnosis. The treatment
of CEAS has not been established yet, and although one
study reported the efficacy of azathioprine, it did not
demonstrate effectiveness in the majority of our patients.
[13] Due to the refractoriness of CEAS exacerbating
growth delay in children, continuous research on treat-
ment of CEAS is essential in the future.

We found two novel pathogenic SLCO2A 1 mutations in
CEAS, ¢.1329_1344del and ¢.1350C > G. The most com-
mon pathogenic variant in our study was c.940+1G>A
followed by ¢.1807C > T, which were also most frequently
found in the previous report. [8] Furthermore, accord-
ing to gnomAD dataset, incidence of both mutations was
much higher in East Asian than in European. [27] The
cause of ethnical differences in the incidence of CEAS is
not yet clear, but this is likely associated with most CEAS
patients being reported in Asian populations. [9, 14, 17].

Pathophysiology of CEAS is still unclear. SLCO2A1
is known to encode prostaglandin transporter (PGT),
which mediates the uptake, release, and clearance of
prostaglandin (PG) from cells in multiple organs, and
is also expressed in the mucosa of the GI tract. [10, 35—
38] A previous study showed markedly decreased PGT
expression in vascular endothelial cells in the intestine
of CEAS compared to that in the control group. [39] In
addition, PG is known to be associated with both pro-
inflammatory and anti-inflammatory effects in the GI
tract, and it also contributes to the protection and healing
of intestinal mucosa. [38, 40] One study noted that loss
of SLCO2A1 increases the concentration of PGE, in the
intestinal tissue, resulting in activation of macrophages.
[41] These studies indicate that intracellular prostaglan-
din dysregulation of GI tract might be associated with
CEAS, and further research on the pathophysiology of
CEAS will be necessary.

This study had some limitations. Firstly, the num-
ber of CEAS patients in our study was small. However,
given the rarity of the disease, it is noteworthy that
we exclusively collected data from pediatric patients,
resulting in the largest study of pediatric CEAS. Sec-
ondly, full endoscopic examinations for evaluating
the entire small intestine were not performed in all
patients; hence, there is a possibility that other lesions
of the small intestine may not be fully identified. In this
respect, a few patients aimed to indirectly assess the
small intestine through imaging tests such as computed
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tomography or magnetic resonance enterography.
Thirdly, due to the short duration since diagnosis of
CEAS, there were limitations in including long term
data of pediatric CEAS and providing detailed treat-
ment efficacy of various immunomodulatory medi-
cations. Furthermore, the lack of data on infliximab
treatment escalation and drug levels of medications
such as azathioprine is also considered an important
limitation. Therefore, a study on the follow-up of CEAS
patients in the future is necessary to assess treatment
response and long term prognosis.

Conclusion

Our study analyzed the clinical characteristics of pedi-
atric CEAS. We revealed that CEAS commonly mani-
fests from a very young age with growth delay and
can be classified as a subtype of monogenic VEO-IBD.
CEAS is characterized by multiple ulcers and strictures
from the prepyloric area to the terminal ileum, while
sparing the esophagus and colon. SLCO2A1 mutations
should be evaluated in patients with chronic IDA from
a very early age and small intestine ulcers, particularly
in cases where CRP levels are not elevated. To date
CEAS is regarded as an intractable disease leading to
growth delay in childhood; thus, further studies are
needed to investigate the pathophysiology and treat-
ment of pediatric CEAS.
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