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To the editor

We read with great interest the article by Yuan L et al. [1] regarding
the safety and efficacy of a selective cyclooxygenase (COX)-2 inhibitor
for the treatment of primary hypertrophic osteoarthropathy (PHO). In
this study, a total of 27 patients including 7 patients with HPGD
(15-hydroxyprostaglandin dehydrogenase) gene mutations and 20 pa-
tients with SLCO2A1 (solute carrier organic anion transporter family
member 2A1) gene mutations were treated with etoricoxib and followed
up for nine months. The authors stated that the major symptoms such as
joint swelling, digital clubbing, and pachydermia were improved in most
patients. They also reported that no severe adverse event occurred
throughout the study period.

PHO is classified into two subtypes by causal gene: HPGD gene rele-
vant PHO type I [PHOAR1 (PHO autosomal recessive 1)] and SLCO2A1
gene relevant PHO type II [PHOAR2 (PHO autosomal recessive 2)].
Because urinary levels of prostaglandin E2 (PGE2) are characteristics in
patients with either subtype [1,2], the major symptoms of digital club-
bing, periostosis, and pachydermia in PHO are explained by excessive
PGE2 caused by its impaired degradation. On the other hand, PHOAR1
and PHOAR2 have some differences in clinical features. For example,
PHOAR2 has a marked male predominance and sometimes shows severe
anemia [3]. Moreover, urinary levels of PGE2 metabolites in PHOAR2
were significantly higher than those in PHOARI1 [1].

We have recently shown that loss-of-function mutations in the
SLCO2A1 gene cause hereditary enteropathy referred to as “chronic en-
teropathy associated with SLCO2A1 gene” (CEAS) [4]. CEAS is charac-
terized by persistent blood and protein loss due to the development of
multiple small intestinal ulcers. It is inherited by an autosomal recessive
manner, but it has female predominance [5]. We also reported that as
well as PHOAR2, the urine levels of PGE metabolites in CEAS patients are
significantly higher than those of healthy control [4]. Although PGE2 has

been known to play a protective role against gastrointestinal mucosal
damage [6], multiple intestinal ulcers occur in CEAS. Moreover, the
gastrointestinal lesions of CEAS are endoscopically similar to those of
nonsteroidal anti-inflammatory drug (NSAID)-induced enteropathy.
Furthermore, the lesions mimic those of cryptogenic multifocal ulcerous
stenosing enteritis (CMUSE) caused by the PLA2G4A gene mutations, in
which a decrease in intracellular PGE2 production results in multiple
ulcers of the small intestine. We thus hypothesize that decrease in
intracellular PGE2 by impaired PGE2 transport is causative of small in-
testinal ulcers of CEAS.

As described above, CEAS and PHOAR2 share a causative gene and
their clinical features are profoundly influenced by other modifiers.
Taken together with the facts that CEAS predominantly occurs in females
and PHOAR2 occurs in males, sex-related modifier genes or hormones
should be considered.

To date, we found five Japanese male patients with CEAS, who
manifested all three major symptoms of PHO [5]. Wang Q et al. [7] also
reported two male patients with PHO, who presented anaemia and
hypoalbuminemia presumably due to small intestinal ulcers. Since CEAS
and PHOAR2 share a common causal gene, we presume that patients
with PHOAR2 are prone to intestinal ulcerations. Yuan L et al. [1]
reported that five patients (18.5%) showed a positive faecal occult blood
test and these patients were suspected to have gastrointestinal ulcers. In
our previous prospective trial with the use of capsule endoscopy, 16.7%
of the healthy volunteers showed some small intestinal mucosal injuries
after two weeks of a selective COX-2 inhibitor administration [8].
Therefore, we recommend small intestinal scrutiny by capsule endoscopy
and scheduled blood tests when patients with PHOAR2 were treated by
selective COX-2 inhibitors. Otherwise, the patients may not be candidates
for the treatment by the medication.
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ARTICLE INFO ABSTRACT

Available online 16 January 2021 Solute carrier organic anion transporter family member 2A1 (SLCO2A1, also known as PGT, OATP2A1, PHOAR?2,
or SLC21A2) is a plasma membrane transporter consisting of 12 transmembrane domains. It is ubiquitously
expressed in tissues, and mediates the membrane transport of prostaglandins (PGs, mainly PGE,, PGF,,, PGD;)

Keywords: and thromboxanes (e.g., TxB,). SLCO2A1-mediated transport is electrogenic and is facilitated by an outwardly di-
Prostaglandin rected gradient of lactate. PGs imported by SLCO2A1 are rapidly oxidized by cytoplasmic 15-
Transporter hydroxyprostaglandin dehydrogenase (15-PGDH, encoded by HPGD). Accumulated evidence suggests that
SLCO2A1 SLCO2AT1 plays critical roles in many physiological processes in mammals, and it is considered a potential phar-
g?sggéogy macological target for diabetic foot ulcer treatment, antipyresis, and non-hormonal contraception. Furthermore,

whole-exome analyses suggest that recessive inheritance of SLCO2A1 mutations is associated with two refractory
diseases, primary hypertrophic osteoarthropathy (PHO) and chronic enteropathy associated with SLCO2A1
(CEAS). Intriguingly, SLCO2A1 is also a key component of the Maxi-Cl channel, which regulates fluxes of inorganic
and organic anions, including ATP. Further study of the bimodal function of SLCO2A1 as a transporter and ion
channel is expected to throw new light on the complex pathology of human diseases. Here, we review and sum-
marize recent information on the molecular functions of SLCO2A1, and we discuss its pathophysiological

significance.
© 2021 Elsevier Inc. All rights reserved.
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Abbreviations: AEC, alveolar epithelial cell(s); AVP, arginine-vasopressin; CD, collecting duct; CEAS, chronic enteropathy associated with SLCO2A1; C. hetero, compound heterozygous;
CL, corpus luteum; CNS, central nervous system; CNSU, chronic non-specific ulcers of the small intestine; COX, cyclooxygenase; CP, choroid plexus; CrD, Crohn’s diseases; DA, ductus
arteriosus; DEL, deletion; DFU, diabetic foot ulcer; DP, PGD, receptor; DUP, duplicate; EP, prostaglandin E, receptor; EX, exon; FP, PGF,, receptor; FS, frameshift; GC, granulosa cell;
GFP, green fluorescent protein; hCG, human chorionic gonadotrophin; Hetero, heterozygous or heterozygous state; Homo, homozygous or homozygous state; HPGD,
hydroxyprostaglandin dehydrogenase; hSLCO2A1, human SLCO2A1; INT, intron; LPS, lipopolysaccharide; MIS, missense; MRP, multidrug resistance-associated protein; mSlco2al,
mouse Slco2al; NON, non-sense; NSAID, non-steroidal anti-inflammatory drug(s); OCT, organic cation transporter; OAT, organic anion transporter; OATP, organic anion transporting poly-
peptide; P4, progesterone; PDA, patent DA; PDP, pachydermoperiostosis; PG, prostaglandin; PGE-M, PGE metabolites; PGE-MUM, PGE-major urinary metabolite; PGT, prostaglandin trans-
porter; PGR, progesterone receptor; PHO, primary hypertrophic osteoarthropathy; PHOAR, PHO autosomal recessive; PGES, PGE synthetase; PPAR, peroxisome proliferator-activated
receptor; rSlco2al, rat Slco2al; SLC, solute carrier; SLCO, solute carrier organic anion transporter; SS, splice site mutation; TMD, transmembrane domain; TSS, transcription starting
site; Tx, thromboxane; wt, wild type.
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