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Identification of a dysfunctional splicing mutation
in the SLC22A12/URAT1 gene causing renal
hypouricaemia type 1: a report on two families

Rheumatology key message

e Heterozygous as well as homozygous mutations
of SLC22A12 can cause renal hypouricaemia with
its complications.

Dear Epitor, We herein report two Japanese families with
inherited renal hypouricaemia (RHUC) associated with a
functionally null variant in an exon-intron boundary of the
urate transporter 1 (URATT, also known as SLC22A12)
gene. URAT1 dysfunction is reported to cause RHUC
type 1 [1, 2] and several variants of URAT1 have also
been reported to be associated with serum uric acid
(SUA) level [3, 4]. Glucose transporter 9 (GLUT9, also
known as SLC2A9) dysfunction is reported to cause
RHUC type 2 [5, 6]. This inherited and heterogeneous
disorder is characterized by low SUA levels [<2mg/dl
or 120uM (normal range 3.0-7.0mg/dl)] resulting from
increased renal urate excretion due to insufficient urate
reabsorption: it causes severe complications such as
exercise-induced acute kidney injury and urolithiasis [7].
However, we found some patients who have no exonic
mutations in URATT1 that cause RHUC. We consider this
study to be the first report of a URATT intronic variant as
an aetiologic factor for RHUC.

The pedigrees are described in Fig. 1A. Patient II:1 in
family 1 and 2 exhibited extremely low levels of SUA
(0.5mg/dl and 1.0mg/dl, respectively) and a markedly
high level of fractional excretion of uric acid [FEya, 55.1%
and 42.9%, respectively (normal range 5.5-11.1%)], which
are typical features of RHUC. These results suggest that
dysfunctional variants of URATT1 or GLUT9 could be
involved in the RHUC seen in our cases. Detailed informa-
tion on subjects are available in the supplementary note
and Table S1, available at Rheumatology online. This
study was approved by the institutional ethical committees.
Written consent was obtained from all participants. All pro-
cedures involved were performed in accordance with the
Declaration of Helsinki.
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To explore the possible causes of these two familial
RHUC cases, we conducted genetic analyses targeting
URAT1. Direct sequencing was initially performed for
these cases to seek W258X and R90H in URAT1 —the first
and second most frequent dysfunctional mutations that
cause RHUC in the Japanese population. However, we
detected only a heterozygous R90H mutation in family 2
and no mutations in family 1. Direct sequencing of all
exons of URAT1 was next performed as shown in supple-
mentary methods and Table S2, available at Rheumatology
online, which identified an intronic URAT1 variant
(rs58174038, c¢.506+1G>A) in the boundary region
between exon 2 and intron 2 in both families (Fig. 1A and B).

Patient 11:1 of family 1 with RHUC presented homozy-
gous mutations, indicating that two alleles of this variant
are demonstrably related to the development of
RHUC. Notably, subject I:2 (the proband’s mother;
c.506 + 1G>A heterozygote) of family 1 (SUA 2.0 mg/dl,
FEua 15.6%) also met the diagnostic criteria for RHUC
(SUA <2.0mg/dl) [7] and had a past history of urolithiasis.
Whereas subject I:1 (the proband’s father; c.506 + 1G>A
heterozygote) did not meet the diagnostic criteria for
RHUC, the effect of one allele of this splicing mutation
was suggested by the slightly lowered SUA for men
(8.4 mg/dl) and mild elevation of FEy (11.0%).

Patient II:1 of family 2 had a non-synonymous variant
(R9OH), reported as a functionally null mutation [2], in
addition to a variant of ¢.506 + 1G>A (Fig. 1A). When com-
pared with those of his mother (patient 1:2) having only a
heterozygous R90H in URAT7 (SUA 1.9mg/dl, FEya
12.0%), patient ll:1 (the compound heterozygote of
c.506+1G>A and R90H) exhibited severely low SUA
(1.0 mg/dl) and ~3.5-fold higher FEa (42.9%). It is there-
fore probable that URATT ¢.506 + 1G>A is responsible for
this familial RHUC due to the disruption of URAT1’s func-
tion as a urate reabsorption transporter.

We therefore performed functional validation using cell-
based assays [8] to examine the effects of c.506+ 1G>A
(supplementary methods and Table S3, available at
Rheumatology online). This variant disrupts the original
splice donor site in intron 2 of URAT1 (Fig. 1B), which
appeared to result in the production of a premature stop
codon (p.R169Rfs*1). We constructed the expression
vector for this frameshift variant using a site-directed
mutagenesis technique from pEGFP-C1/URAT1 wild-
type plasmid for EGFP-URAT1 expression as a starting
material. First, we performed immunoblot analysis using
an anti-EGFP antibody to detect EGFP-tagged URAT1
(Fig. 1C). As expected, unlike the URAT1 wild-type, the
frameshift variant was expressed as a truncated form.
Next, confocal microscopy revealed that under our experi-
mental conditions, URAT1 wild-type was localized on the
plasma membrane, while the frameshift variant was rarely
observed on the cell surface (Fig. 1D). Finally, our urate
transport assay confirmed the frameshift variant to be
functionally null (Fig. 1E).

Considering the following three points together with the
renal expression pattern of URAT1 [1], we conclude that
this splicing mutation in URATT is responsible for RHUC.
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(A) Two families with RHUC. +, wild-type allele; !, mutant allele of c.506 + 1G>A (rs58174038); -2, mutant allele of RO0H.
White, unaffected subject; grey, subjects with a mutant allele; black, subjects with two mutant alleles. (B) The position
and representative sequences of ¢.506 + 1G>A in URAT1. WT, wild-type; Fs, frameshift. (C) Immunoblot detection of
URAT1 protein from transfected 293A cells. (D) Confocal microscopic observations of URAT1 protein. Bars, 5 um.

(E) Urate transport activities by cell-based transport assay. **P < 0.01 vs the other groups; N.S., not significant. Detailed
information for Fig. 1 is described in supplementary material, available at Rheumatology online.

First, this splicing mutation in URAT1 caused almost null
function as a urate reabsorption transporter (Fig. 1E).
Second, patients with this dysfunctional variant had
increased FE, levels and decreased SUA levels. Third,
clinical genetic analyses of the two families with RHUC
with this variant revealed consistent results.

In summary, we have identified a functionally null intro-
nic mutation of URAT7 that causes RHUC in two
Japanese pedigrees. These findings contribute to a
better understanding of the genetic aetiology of RHUC.
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Which disease activity outcome measure discrimi-
nates best in axial spondyloarthritis? A systematic
literature review and meta-analysis

Rheumatology key message

o ASDAS disease activity response criteria are more
discriminative than ASAS response or status
criteria.

Dear Epimor, Several disease activity response and status
criteria are currently used to assess treatment efficacy in
Randomized Controlled Trials (RCTs) in axial spondyloar-
thritis (axSpA). Response criteria include: the Assessment
of SpondyloArthritis international Society (ASAS)-based
ASAS 20, ASAS 40 and ASAS 5/6; the BASDAI 50; the
Ankylosing Spondylitis Disease Activity Score (ASDAS)-
based clinically important improvement (ASDAS-CII)
and major improvement (ASDAS-MI). Additionally, the
following disease activity status are used: ASAS
partial remission (ASAS-PR), ASDAS-low DA (ASDAS-
LDA) and ASDAS-inactive disease (ASDAS-ID) [1, 2]
(Supplementary Table S1, available at Rheumatology
online). All these nine are variably used in RCTs, but it
remains unknown which one is the most discriminative.

The aim of the present study was to compare the ability
of different outcome measures to discriminate between
active treatment and placebo in axSpA RCTs.

A systematic literature review (SLR) was performed in
Medline and Embase to identify RCTs of biological (b) and
targeted-synthetic (ts) DMARDs in axSpA. RCTs were first
retrieved including data from two previous SLRs identify-
ing RCTs in axSpA [3, 4] and secondly updating literature
search, with the same search terms of the SLRs, until 31
December 2019. Placebo-controlled RCTs meeting their
primary end point were included, provided they
reported > 2 (of the nine) outcomes and were in the
English language. Outcomes were collected at the time-
point of primary endpoint assessment. Risk of bias was
evaluated by the Cochrane tool. Data were pooled and
meta-analysed with the Mantel-Haenszel method, calcu-
lating the x® between the number of patients (percentage)
fulfiling each outcome in the treatment vs the placebo
arm. Higher x? indicated better discrimination. Per meta-
analysis, we pooled RCTs presenting the same sets of
outcomes.

Eleven articles fulfilling inclusion criteria were retrieved
from a preceding SLR about RCTs in axSpA (2001-2013),
and 12 from another SLR (2009-2016) [3, 4]. The search
update resulted in six eligible articles out of 130 hits. Thus,
29 RCTs were finally included in the present SLR. In total,
23/29 RCTs with primary endpoint at 12-16 weeks, all at a
low risk of bias, could be meta-analysed. The other six
RCTs had a later (e.g. 24 weeks) or earlier (e.g. 6 weeks)
primary endpoint, thus could not be considered in the
meta-analysis due to heterogeneity. Out of the 23 RCTs,
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