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Abstract 

Background and aims  Chronic enteropathy associated with SLCO2A1 gene is a rare intestinal disease caused by loss-
of-function SLCO2A1 mutations, with clinical and genetic characteristics remaining largely unknown, especially in Chi-
nese patients. This study aims to reveal clinical and genetic features of Chinese CEAS patients, highlighting the previ-
ously unreported or unemphasized characteristics.

Methods  We enrolled 12 Chinese patients with chronic enteropathy associated with SLCO2A1 gene admitted 
to Peking Union Medical College Hospital from January 2018 to December 2022. Clinical and genetic data of these 
patients were collected and analyzed.

Results  58.3% of patients were male, who also had primary hypertrophic osteoarthropathy, whereas female patients 
did not have primary hypertrophic osteoarthropathy. Apart from common symptoms associated with anemia 
and hypoalbuminemia, abdominal pain, ileus, diarrhea, and hematochezia were present. 4 of the 5 female patients 
had early-onset amenorrhea, though the causal relationship remained to be clarified. Endoscopy and computed 
tomography enterography revealed that lesions can occur in any part of the digestive tract, most commonly 
in the ileum. Pathology showed multiple superficial ulcers with adjacent vascular dilatation, and loss of SLCO2A1 
expression, particularly in gastrointestinal vascular endothelial cells. Genetic analysis confirmed SLCO2A1 mutations 
in all patients and identified 11 new SLCO2A1 variants for CEAS.

Conclusions  This study reports new clinical, pathological, and genetic findings in 12 Chinese patients with chronic 
enteropathy associated with SLCO2A1 gene. This study provides insights into the pathogenesis of this disease. How-
ever, studies with larger sample sizes and more in-depth mechanism research are still required.
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Introduction
Chronic enteropathy associated with SLCO2A1 gene 
(CEAS) is a rare monogenic disease characterized 
by multiple intestinal ulcers due to loss-of-function 
mutations in SLCO2A1 gene. CEAS was initially rec-
ognized as chronic nonspecific multiple ulcers of the 
small intestine (CNSU) based on histology [1]. After 
identifying SLCO2A1 mutations as the genetic etiology 
of CNSU, the term “chronic enteropathy associated 
with SLCO2A1 gene” was proposed [2].

SLCO2A1, short for solute carrier organic anion 
transporter family member 2A1, functions to mediate 
the transmembrane transport of prostaglandins (PGs). 
In addition to CEAS, SLCO2A1 defects can cause a 
subtype of primary hypertrophic osteoarthropathy 
(PHO), PHO autosomal recessive 2 (PHOAR2) featur-
ing digital clubbing, pachydermia, and periostosis [3].

Studies of Japanese and Korean CEAS patients show 
CEAS predominantly affects females, and a portion of 
male CEAS patients suffer from PHO-related symp-
toms concurrently [4, 5].  Intestinal ulcers caused 
persistent loss of blood and protein, so most CEAS 
patients displayed iron deficiency anemia and hypoal-
buminemia [4–6]. Endoscopy often detects multiple 
small intestinal lesions, more commonly in the ileum 
[4–6]. Genetic analysis has identified an increas-
ing number of novel SLCO2A1 mutations in CEAS 
patients [2, 7, 8]. In  vitro functional analysis con-
firmed the impaired prostaglandin E2 (PGE2) trans-
port ability of 10 SLCO2A1 variants found in CEAS 
patients [9]. Recently, Chinese CEAS cases with PHO 
were reported, showing multiple intestinal ulcers and 
segmental stenosis [10, 11]. In addition to patients of 
Asian origins, the first French Caucasian female sib-
lings with CEAS sharing the same compound hete-
rozygous SLCO2A1 mutations were reported in 2022, 
suggesting CEAS may be more prevalent and wide-
spread than previously thought [12].

Nevertheless, due to the relatively late recognition 
and definition of CEAS, as well as the small number 
of confirmed cases, our understanding of the clinical 
characteristics, especially pathological and genetic 
characteristics of this disease remains largely insuf-
ficient. This study aims to describe the clinical and 
genetic features of 12 Chinese CEAS patients admit-
ted to Peking Union Medical College Hospital from 
January 2018 to December 2022, emphasizing unique 
pathological and genetic characteristics not previously 
reported. We aim to improve understanding of CEAS 
characteristics and provide a basis for further mecha-
nism studies.

Materials and methods
Subjects and clinical data
We enrolled 12 patients diagnosed with CEAS at Peking 
Union Medical College Hospital from January 2018 
to December 2022. The CEAS diagnosis was based on 
acknowledged clinical criteria and genetic identifica-
tion of SLCO2A1 gene variants. We collected demo-
graphic and clinical data including gender, age at CEAS 
diagnosis, age at symptom onset, past medication use, 
treatment history and effect, family history of CEAS 
and PHO, parental consanguinity, CEAS and PHO 
symptoms, endoscopic findings, surgical pathology, 
abdominal surgeries, and laboratory test results. PHO 
diagnosis was based on typical clinical manifestations 
including digital clubbing, pachydermia, and periosto-
sis by X-ray (data not shown). The results of endoscopy, 
computed tomography enterography (CTE) and surgi-
cal pathology were interpreted by experienced special-
ists. Sites of gastrointestinal (GI) tract lesions were 
determined by endoscopy, CTE and surgical findings.

Informed consents were obtained from all subjects. 
This study was approved by the institutional review 
boards (IRB numbers: S_K1478).

Genomic DNA preparation, whole exome sequencing 
and Sanger sequencing
Genomic DNA was extracted from patients’ peripheral 
blood. Whole exome sequencing and sanger sequenc-
ing was performed on Illumina sequencing platform, 
and the sequencing fragments were compared to refer-
ence genome hg19 to identify and further confirm the 
sequence and mutations of SLCO2A1 of each subject.

Immunohistochemical staining
Paraffin-embedded tissue samples were obtained 
from surgically excised tissue. Control samples were 
obtained from subjects without CEAS. Immunohis-
tochemical (IHC) staining was performed on sections 
from paraffin-embedded samples using anti-SLCO2A1 
polyclonal antibody (HPA013742, Atlas Antibodies) 
and anti-CD31 antibody (PA0414, LEICA). The sections 
were observed and the extent of SLCO2A1 expression 
was evaluated under microscope. Pictures were taken 
with CaseViewer Software (version 2.4, 3DHISTECH 
Ltd).

Statistical analysis
Summary categorical variables were expressed as 
numbers or numbers with percentages. Individual cat-
egorical variables were labeled as “-” (negative), “+” 
(positive) or “/” (not available). Summary continuous 
variables were shown as medians with interquartile 
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ranges (IQRs). Genetic data was analyzed with Poly-
phen2, ClinVar and MutationTaster to estimate patho-
genicity of the variants. Human gene mutation database 
(HGMD) was used to search for mutation-related 
information.

Results
Clinical features
Of the 12 CEAS patients enrolled from January 2018 to 
December 2022, 7 (58.3%) were male (Tables  1 and 2). 
The median age at CEAS symptom onset was 19 (IQR, 
10-24) years old, while the median age at CEAS diagno-
sis was 32 (IQR, 29-40) years old. The median interval 
from symptom onset to diagnosis was 11.5 (IQR, 9.5-
24.5) years. Seven males (58.3%) all met the diagnosis of 
PHO, but none of the females did. Five patients (41.7%) 
reported a short-term use of nonsteroidal anti-inflam-
matory drugs (NSAIDs). No patient had a family history 
of CEAS. However, 3 patients (25.0%) had family history 
of PHO in their male relatives. Four patients (33.3%) had 
parental consanguinity.

All 12 patients presented with abdominal pain. Eight 
(66.7%) patients had ileus, and 2 (16.7%) had pyloric 
obstruction. Five (41.7%) patients suffered from diarrhea, 
4 (33.3%) had melena, and 4 (33.3%) had hematochezia. 
Two (16.7%) patients had fever. The 7 male patients with 
PHO showed digital clubbing, pachydermia, and perios-
tosis. Four of the 5 female patients developed early-onset 
amenorrhea. Regarding past medical history, one patient 
each suffered from congenital lymphatic dysplasia, chole-
lithiasis, and hypothyroidism respectively (Supplemen-
tary Table 1). The median body mass index (BMI) of the 
12 patients was 17.9 (IQR, 16.8-19.3).

All 12 (100.0%) patients had multiple lesions, most 
commonly in ileum besides terminal ileum (91.7%). 
Other parts of the GI tract were also involved, from 
esophagus (16.7%), stomach (50.0%) to colon (25.0%) and 
rectum (8.3%), suggesting that SLCO2A1 plays an impor-
tant role in the digestive tract and the pathogenicity of 
SLCO2A1 dysfunction is widespread along GI tract.

Laboratory tests revealed that the median lowest 
hemoglobin was 67 (IQR, 49-81) g/L and the median low-
est albumin was 28 (IQR, 22-33) g/L, suggesting anemia 
and hyperalbuminemia. The median CRP was 12.2 mg/L 
(IQR, 6.7-34.9) mg/L. Two (16.7%) patients had positive 
anti-Saccharomyces cerevisiae antibodies (ASCA), and 1 
(8.3%) patient had positive anti-neutrophil cytoplasmic 
antibodies (ANCA).

Endoscopic and imaging characteristics
Gastroscope, enteroscope and colonoscope were per-
formed to locate and visualize the lesions along the 
GI tract in these patients. Statistically, multiple ileal 

Table 1  Clinical characteristics of 12 patients diagnosed with 
CEAS

Characteristics n=12

Gender, Male, n(%) 7(58.3)

Age at CEAS diagnosis, median (IQR), yr 32(29, 40)

Age at CEAS symptom onset, median (IQR), yr 19(10, 24)

Interval from symptom onset to diagnosis, median (IQR), 
yr

11.5(9.5, 24.5)

PHO diagnosis, n(%) 7(58.3)

Gender, Male, n(%) 7(100.0)

Past NSAIDs use, n(%) 5(41.7)

Family history of CEAS, n(%) 0(0)

Family history of PHO, n(%) 3(25.0)

Parental consanguinity, n(%) 4(33.3)

CEAS symptoms, n(%)
  Abdominal pain 12(100.0)

  Ileus 8(66.7)

  Lower Limb Edema 7(58.3)

  Diarrhea 5(41.7)

  Melena 4(33.3)

  Hematochezia 4(33.3)

  Hypoalbuminemia 9(75.0)

  Fever 2(16.7)

  Pyloric obstruction 2(16.7)

PHO symptoms, n(%) n=7

  Digital clubbing 7 (100.0)

  Pachydermia 7 (100.0)

  Periostosis 7 (100.0)

BMI, median (IQR), kg/m2 17.9(16.8, 19.3)

GI tract Distribution, n(%)
  Multiple Lesions 12(100.0)

  Esophagus 2(16.7)

  Stomach 6(50.0)

  Small Intestine 11(91.7)

  Duodenum 4(33.3)

  Jejunum 2(16.7)

  Ileum besides terminal ileum 11(91.7)

  Terminal ileum 6(50.0)

  Colon 3(25.0)

  Rectum 1(8.3)

Endoscopic manifestations, n(%)
  Reflux esophagitis 2(16.7)

  Gastric polyps 5(41.7)

  Hypertrophic gastritis 2(16.7)

  Gastric anastomotic ulcer 2(16.7)

  Multiple ileal strictures with annular ulcer 11(91.7)

  Sigmoid colon stricture with annular ulcer 2 (16.7)

  Diffuse mucosal erosions in colon and rectum 1(8.3)

Surgical pathology manifestation, n(%) n=6
  Multiple superficial ulcers 6(100.0)

  Blood vessel dilation and congestion 4(66.7)

  Submucosal fibrotic proliferation 5(83.3)
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strictures with annular ulcers were most common, pre-
sent in 11 patients (91.7%). Besides, reflux esophagi-
tis was present in 2 patients (16.7%), gastric polyps in 
5 patients (41.7%), hypertrophic gastritis in 2 patients 
(16.7%), and gastric anastomotic ulcers in 2 patients 
(16.7%). Two patients (16.7%) showed sigmoid colon 
stricture with annular ulcer and 1 patient (8.3%) showed 
diffuse mucosal erosions in colon and rectum simi-
lar to clinical manifestations of ulcerative colitis (UC) 
(Table  1  and Supplementary Table  1). Representative 
endoscopic images were shown (Fig.  1). Gastroscopy of 
patient 3 showed smooth esophageal mucosa without 
erosive ulcer or varicose veins. However, the mucosal 
folds of the cardia, fundus, body of the stomach, and 
descending duodenum were thick (Fig.  1A-D). Further-
more, multiple polypoid eminences were present in his 
gastric body. The enteroscopy of patient 7 revealed scat-
tered superficial ulcers, pseudodiverticula and multiple 
stenosis of group 5 small intestine (Fig. 1E). Colonoscopy 
of patient 6 and patient 11 revealed irregular superfi-
cial ulceration and circular superficial ulceration at the 

terminal ileum (Fig.  1F, G). Colonoscopy of patient 1 
showed circular ulceration and symptomatic stricture of 
the sigmoid colon which called for balloon dilatation to 
release bowel obstruction (Fig. 1H).

CTE was performed to help localize GI lesions mainly 
characterized by wall thickening, stenosis and mucosal 
enhancement. For example, CTE of patient 1 showed 
wall thickening of gastric antrum, descending duodenum, 
and horizontal duodenum with mucosal enhancement 
(Fig. 2A-C). Multiple ileum wall thickening with mucosal 
enhancement and stenosis were present in patient 11 
and patient 1 as well (Fig. 2D and E). Intestinal segments 
were dilated between stenosis (Fig. 2D). The lesion sites 
could also be multiple in stomach and colon. In patient 
3, CTE showed diffusely thickened gastric wall with mild 
enhancement, thickened plicae and slightly thickened 
colon wall (Fig. 2F and G).

Surgical pathology characteristics
Surgical pathological samples of 6 CEAS patients who 
underwent surgeries in Peking Union Medical College 
Hospital were collected. Various extents of mucosal 
destruction characterized by multiple superficial ulcers 
in mucosa and submucosa, vasodilation and hyperemia 
in mucosal layer especially surrounding ulcers, and sub-
mucosal fibrotic hyperplasia were observed (Fig. 3). Sta-
tistically, multiple superficial ulcers involving mucosa and 
submucosa were present in all 6 patients. Blood vessel 
dilation and congestion were shown in 4 patients (66.7%), 
and submucosal fibrotic proliferation was observed in 5 
patients (83.3%) (Table  1). Immunohistochemical stain-
ing revealed that in negative control SLCO2A1 was 
primarily expressed on vascular endothelium that was 
CD31-positive throughout the GI tract (Fig. 4). In CEAS 
patients, however, SLCO2A1 expression was significantly 
reduced (for example, patient 8) or absent (for example, 
patient 1 and 7) in vascular endothelial cells in mucosa 
and submucosa areas (Fig. 4).

Genetic analysis
Sanger sequencing revealed genetic characteristics of the 
12 CEAS patients, emphasizing on features of SLCO2A1 
mutations in particular (Table  2). All of the 12 patients 
showed SLCO2A1 variants with base changes at various 
sites. Meanwhile, the types of mutations were diverse, 
such as missense, frame shift, etc. Of these 12 patients, 7 
had homozygous mutations, 4 had compound heterozy-
gous mutations (referring to two different mutant alleles 
on the same locus of two homologous chromosomes in 
one individual), and 1 had a heterozygous mutation. 
Patient 9-12 whose parents were consanguineous (Sup-
plementary Table  1) all showed homozygous SLCO2A1 
variants. Altogether, fifteen different SLCO2A1 variants 

Table 1  (continued)

Characteristics n=12

History of abdominal surgery, n(%) 9(75.0)
  Once 6(50.0)

  Twice 3(25.0)

Types of abdominal surgery, n(%)
  Partial ileal resection 8(66.7)

  Subtotal Gastrectomy 2(16.7)

  Duration from CEAS symptom onset to surgery, year, 
median(IQR)

10(6, 14)

Laboratory tests, median (IQR)
  Lowest hemoglobin, g/L 67(49, 81)

  Lowest albumin, g/L 28(22, 33)

  CRP, mg/L 12.2(6.7, 34.9)

  Platelet, 109/L 259(185, 421)

  Positive ASCA, n(%) 2(16.7)

  Positive ANCA, n(%) 1(8.3)

Treatment history, n(%)
  Prednisone 7(58.3)

  Etoricoxib 4(33.3)

  Enteral nutrition 9(75.0)

  Iron supplementation 12(100.0)

  Mesalazine 7(58.3)

  Endoscopic balloon dilation 2(16.7)

  Thalidomide 2(8.3)

CEAS Chronic enteropathy associated with SLCO2A1 gene, IQR Interquartile 
range, yr year, PHO primary hypertrophic osteoarthropathy, NSAIDs Nonsteroidal 
anti-inflammatory drugs, BMI Body mass index, GI Gastrointestinal, CRP 
C-reactive protein, ASCA Anti-Saccharomyces cerevisiae antibodies, ANCA anti-
neutrophil cytoplasmic antibodies
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were detected in the 12 patients. Polyphen2, ClinVar, 
MutationTaster were used respectively to predict the 
pathogenesis of these variants. All except the mutation of 
patient 10 were predicted as “probably damaging”, “likely 

pathogenic” or “disease causing” by at least one tool. 
Nevertheless, the mutation of patient 10, c1106G>A has 
previously been reported in PHO patients, suggesting 
the pathogenicity of this mutation [13].  In comparison 

Fig. 1  Endoscopic images of patients diagnosed with CEAS. A-D, gastroscopic pictures of patient 3, showing fold thickening in gastric cardia (A), 
fundus of stomach (B), gastric body (C), and descending duodenum (D). E, an enteroscopic picture of patient 7 showing stenosis and ulceration 
of the middle ileum. F and G, colonoscopic pictures of patient 6 (F) and patient 11 (G) respectively, showing circular stenosis and ulceration 
of the terminal ileum. H, a colonoscopic picture of patient 1 showing stenosis and ulceration of the sigmoid colon

Fig. 2  Representative CTE images of CEAS patients. A-C, computed tomography enteroscopy (CTE) images of patient 1, showing wall thickening 
of gastric antrum (arrow in A), descending duodenum (arrow in B) and horizontal duodenum (arrow in C) with enhanced mucosa. D, the CTE image 
of patient 11, showing thickened intestinal wall of multi-segmental ileum, enhanced mucosa, short-segmental stenosis (indicated by white arrows), 
and dilated intestinal lumen between strictured segments. E, the CTE image of patient 1 showing diffuse wall thickening of ileum with enhanced 
mucosa and multiple stenosis of ileum highlighted by white arrows. F and G, CTE images of patient 3, showing diffusely thickened gastric wall, 
thickened plicae and mildly enhanced gastric wall (arrow in F), and slightly thickened colon wall as well (arrows in G)
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with existing case reports of CEAS, 11 of the 15 variants 
detected from these 12 patients, whether homozygous or 
heterozygous, had not been reported previously in CEAS 
patients. Interestingly, 2 of the 11 newly discovered vari-
ants, c929G>A (homozygous mutation of patient 3) and 
c621C>A (1 mutant allele of patient 7) had not been pre-
viously reported, even in HGMD. This suggests the high 
diversity of SLCO2A1 variants in CEAS patients and that 
the susceptibility of the SLCO2A1 protein to impaired 
function due to these mutations. However, when we 
looked at the clinical presentation of each patient and his 
or her genetic variants, there seemed no specific correla-
tion between base change sites, mutation types and clini-
cal phenotypes.

Treatment
Symptomatic treatment was commonly used for these 
patients but showed limited effects. For instance, 7 
(58.3%) patients took prednisone without effect (Table 1 
and Supplementary Table 1). Four (33.3%) patients were 
treated with etoricoxib, which showed unsatisfactory 
effect. Given the patients’ nutritional deficiency status 
and iron deficiency anemia, enteral nutrition and iron 
supplementation were implemented in 9 (75.0%) patients 
and 12 (100.0%) patients respectively as supportive treat-
ment. Seven (58.3%) patients were treated with mesala-
zine which was ineffective in 6 patients but effective for 
colorectal lesions in one patient. Thalidomide was inef-
fective in 1 patient and partially effective in another 

Fig. 3  Histology of CEAS intraoperative pathological sections. Hematoxylin and Eosin staining. A and B, multiple superficial ulcers (scale bar, 5 mm). 
C, vasodilation and hyperemia of the small intestinal mucosa adjacent to ulcers (scale bar, 500 μm). D, hyperplasia of submucosal fibrous tissue 
(scale bar, 500 μm)

Fig. 4  Immunohistochemical staining of CEAS surgical pathological 
sections. Representative immunohistochemical staining of anti-CD31 
and anti-SLCO2A1 of intraoperative pathological sections 
from patient 1, patient 7, patient 8 and negative control without CEAS 
respectively (scale bar, 100 μm)
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patient. Two (16.7%) patients received endoscopic bal-
loon dilation due to stenosis of small intestine and colon. 
One patient was currently being treated with Tripteryg-
ium glycosides (a Chinese herbal extract with known 
anti-inflammatory and immunomodulatory effects 
empirically used by clinicians here to try to try to relieve 
the enteropathy), but the effect was uncertain so far.

Due to the unsatisfactory effect of medications men-
tioned above, surgery remains the primary effective treat-
ment for CEAS patients. Nine (75.0%) patients had at 
least one abdominal surgery in the past to relieve symp-
toms and improve quality of life (Table 1 and Supplemen-
tary Table 1). Six (50.0%) patients had 1 surgery, while 3 
(25.0%) had 2 surgeries. Partial ileal resection was per-
formed in 8 (66.7%) patients, and subtotal gastrectomy 
in 2 (16.7%) patients. The median interval from CEAS 
symptom onset to surgery was 10 (IQR, 6-14) years.

Clinical and genetic characteristics of Chinese 
patients diagnosed with chronic enteropathy 
associated with SLCO2A1 geneDiscussion
CEAS, as a rare SLCO2A1 gene-related gastrointestinal 
disease, is still not fully and deeply understood by clini-
cians as well as researchers, from its clinical features in 
various populations to its pathogenesis. Therefore, in this 
study, we reported the clinical, pathological and genetic 
characteristics of 12 Chinese patients diagnosed with 
CEAS. Some newly discovered clinical features and gene 
variants in Chinese CEAS cases were highlighted. Hope-
fully these new research findings will help improve our 
understanding of the common and diverse manifesta-
tions of this disease, especially among Chinese patients, 
and will facilitate future research on the pathogenic 
mechanisms.

Consistent with previous studies revealing severely 
delayed diagnosis, [4, 5] the CEAS patients in this study 
showed a long interval from symptom onset to confirmed 
diagnosis. Multiple reasons might contribute to this diag-
nostic delay, for example late definition of CEAS and 
complicated differential diagnosis of this disease with 
Crohn’s disease for instance [14, 15]. Aligning with previ-
ous reports on family history of CEAS, [4, 5] in our study 
3 of 12 patients had a family history of PHO, another 
disease caused by SLCO2A1 loss-of-function mutations, 
though none reported family history of CEAS. Besides, 
33.3% of patients had parental consanguinity. The rate 
of parental consanguinity is similar to that of a previ-
ous Japanese case report [5]. Parental consanguinity is 
known to increase the probability of offspring to inherit 
homozygous variants and showing a recessive pathogenic 
phenotype. Genetic sequencing confirmed that these 4 
patients with parental consanguinity indeed inherited 
homozygous SLCO2A1 variants, suggesting that their 

parents each carried at least one chromatid with the 
same variant.

On the other hand, in our study 7 of 12 CEAS 
patients were males who were all suffering from PHO-
related symptoms in the meantime. The male-to-
female ratio in our study was 1.4, which is much higher 
than previous studies with male-to-female ratios less 
than 1 [4, 5, 16]. However, it would be improper to 
generalize this sex ratio to be universally applicable. 
Given that Peking Union Medical College Hospital is 
a national center of bone metabolic disease, it is rea-
sonable that male CEAS patients with PHO symptoms 
would prefer to come to this comprehensive medical 
center, so males with PHO takes up a higher propor-
tion in this study. One inevitable limitation of this 
study is the small sample size given the rarity of this 
disease. Thus, further validation is needed when gen-
eralizing some data, results or conclusions. Neverthe-
less, we conducted long follow-ups of these patients 
and collected clinical data as thoroughly as possible to 
comprehensively analyze the characteristics of CEAS 
while ensuring data quality.

In terms of clinical symptoms, abdominal pain, 
hypoalbuminemia and anemia were common among 
CEAS patients, which is consistent with previous stud-
ies [4].  Gastrointestinal bleeding such as melena and 
hematochezia was more common in this study than 
previous reports [4]. Gastrointestinal lesions may cause 
their abdominal pain. Absorption disorders of nutri-
tion ingredients such as protein, vitamin and iron, and 
persistent gastrointestinal bleeding may lead to hypoal-
buminemia and anemia in CEAS patients. Long-term 
malabsorption of nutrients, anemia and hypoalbumine-
mia may further contribute to their low BMI. Another 
fact that catches our attention is that 4 of the 5 female 
patients experienced early-onset amenorrhea. Since 
there is a strong gender bias in PHO and CEAS with 
common causative SLCO2A1 mutations, we propose 
that SLCO2A1 might exert some sex-specific effects in 
different tissues through the act of PGs, thus altering 
the female hormones or affecting menstruation. PGs 
are known to play important roles in female reproduc-
tive function, with PG transporters (PGT) expressed 
in uterine mediating the action of PG during men-
strual cycle and pregnancy [17, 18]. Indeed, studies 
with human tissues revealed that expression of PGT 
in endometrium is modulated during menstrual cycle, 
and is increased in endometriosis patients, suggest-
ing potentially essential physiological and pathological 
roles of SLCO2A1 in endometrium in females [19, 20]. 
Besides, the poor nutrition status and low BMI of the 
CEAS patients may further contribute to the develop-
ment of amenorrhea. Despite the clinical observation 
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and speculative mechanism mentioned above, the exact 
causal relationship between SLCO2A1 mutations and 
the amenorrhea phenotype remains to be tested and 
studied with carefully designed experiments.

Regarding the lesion site, consistent with previous 
studies demonstrating that CEAS mostly affects ileum, 
[4–6]  our endoscopic examinations revealed multiple 
ileal strictures with annular ulcer in most patients. How-
ever, gastric and colonic involvement was much more 
common in our patients compared with previous studies, 
suggesting that CEAS affects extensive parts along diges-
tive tract. For instance, pyloric obstruction and sigmoid 
colon stricture with ulcer were rare in previous reports, 
but were present in 16.7% of the patients in our study 
respectively. A number of reasons may lead to the dif-
ferent proportions of different lesion sites. For example, 
different populations live in different environments, have 
different genetic backgrounds, lifestyles and dietary hab-
its, etc. Also, the sample sizes of aforementioned studies 
and this study are limited to generalize this conclusion. 
In addition, we consider that the presence of colorec-
tal lesions indicating UC ((diffuse mucosal erosions in 
colon and rectum) in one patient (patient No.3, Table 1 
and Supplementary Table  1) to be a concurrent comor-
bidity with CEAS, rather than being caused by the gene 
mutation.

The pathological analysis showed multiple superfi-
cial ulcers, which is also the first identified pathological 
trait of CEAS or CNSU. Noteworthily, our pathological 
analysis revealed blood vessel dilation in mucosa and 
submucosa, as well as submucosal fibrotic proliferation 
in CEAS patients. Although the pathologic features of 
vasodilation and fibrotic proliferation were present 
simultaneously, the causal relationship between vaso-
dilation and fibrotic proliferation and how SLCO2A1 
loss-of-function causes these pathologic changes in 
digestive tract remain unclear. IHC results further 
revealed major SLCO2A1 loss in vascular endothelial 
cells in mucosa and submucosa areas of CEAS sam-
ples, which corresponds to previous studies show-
ing high expression of SLCO2A1 in endothelial cells 
under physiological conditions [15, 21]. IHC staining of 
SLCO2A1 can be a good diagnostic tool besides DNA 
sequencing to detect impaired SLCO2A1 expression. 
Here we hypothesize that SLCO2A1 loss-of-function 
mutations might cause vascular function alterations or 
ischemia, leading to vasodilation and fibrotic prolifera-
tion in intestinal lesions, which hopefully may provide 
clues to the future pathogenic mechanism of CEAS. 
Further research is needed to decipher the mechanism 
of SLCO2A1 regulation of vascular endothelial cells 
and fibroblasts and the crosstalk between various cell 
types in the pathogenesis of intestinal lesions.

In terms of genetic analysis, all 12 patients showed 15 
different variants of SLCO2A1 gene. Some variants have 
been widely reported in other populations. For example, 
patient 1 had homozygous variants c.1807C>T, which 
has been commonly reported in Japanese and Korean 
cases [4, 6] 11 variants were newly discovered for CEAS 
in this study. Two variants with c929G>A and c621C>A 
base changes, have not been reported pathogenic to any 
disease in HGMD database. Though all variants were 
detected from CEAS patients and most variants were 
predicted to be likely pathogenic by at least one tool, 
carefully designed experiments are still needed to verify 
that these novel genetic variants indeed cause protein 
loss-of-function and thus various degrees of pathogenic-
ity. In this study, it is still inspiring that a number of new 
SLCO2A1 variants were identified in Chinese CEAS 
patients, suggesting that the function or structure of 
SLCO2A1 protein can be easily disturbed or impaired by 
mutations at various sites and that there is a high diver-
sity of genetic variants in CEAS patients.

For CEAS, the current medications are mainly for 
supportive and symptomatic treatment, and few drugs 
showed satisfactory effect. Although surgery remains 
the primary effective treatment available so far, it should 
be noted that resection of the diseased segments did 
not fundamentally prevent the onset and recurrence of 
CEAS symptoms along the whole GI tract. Researchers 
still need to further study the pathogenesis of CEAS in 
order to find proper targeted treatment and prevention 
methods for patients with SLCO2A1 loss-of-function 
mutations.

Conclusions
In conclusion, this study presents characteristics of 12 
Chinese CEAS patients, highlighting symptoms and 
pathological features that are previously unreported or 
different from previous cases. Of note, 11 new SLCO2A1 
variants for CEAS are identified. Our study is a very 
strong addition to the current understanding of the 
disease.
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