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with asthma who have not had life-threatening 
episodes in the past and are highly adherent to 
their drug regimen, it is likely that the use of 
salmeterol together with fluticasone in a single 
inhaler is safe. For these patients and this com-
bination, the black-box warning should be lifted. 
This is an important result, and it stresses once 
again that most patients with asthma, and espe-
cially those without serious episodes, can reach 
high levels of symptom control and avoid fre-
quent exacerbations by simply using their inhalers 
every day.

What remains unanswered is whether this 
conclusion applies to patients who have the most 
severe and unstable disease, since these are the 
patients for whom all guidelines still recommend 
the use of LABAs combined with inhaled gluco-
corticoids as first-line treatment. For these pa-
tients, the safe clinical approach is to maintain 
the same precautions in using f luticasone– 
salmeterol that have been recommended until 
now for all patients with asthma. In addition, 
the current trial evaluated patients 12 years of 
age or older. In one of the ongoing trials that 
are assessing adverse events associated with 
fluticasone–salmeterol (ClinicalTrials.gov num-
ber, NCT01462344), investigators are studying 
children between the ages of 4 years and 11 
years. The results of this trial should provide 
much-needed data on the effect of these drugs 
in young children. It is also imperative to further 
explore the possibility that the presence of rare 
variants in genes associated with the response to 

beta-agonists may increase the risk of severe 
exacerbations when these drug combinations are 
administered to patients with the most severe 
asthma.8
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MAGE-D2 and the Regulation of Renal Salt Transporters
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Bartter’s syndrome is a rare, genetically hetero-
geneous disorder characterized by renal salt 
wasting, hypokalemic metabolic alkalosis, and 
secondary hyperaldosteronism with normal to 
low blood pressure. Two distinct presentations 
of the syndrome exist: antenatal Bartter’s syn-
drome and classical Bartter’s syndrome. Both 
forms are inherited as autosomal recessive traits.

Patients with antenatal Bartter’s syndrome 
may carry loss-of-function mutations in the 

genes encoding the furosemide-sensitive sodium– 
potassium–chloride cotransporter NKCC2, the 
inwardly rectifying potassium channel ROMK, 
or the chloride channel β-subunit barttin.1 The 
concerted action of these transporters in the 
renal thick ascending limb of the loop of Henle 
ensures transcellular sodium chloride reabsorp-
tion in this nephron segment, which accounts 
for up to 20 to 25% of the total amount of fil-
tered sodium chloride. In most persons with 
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antenatal Bartter’s syndrome, compromised 
function of the thick ascending limb of the loop 
of Henle clinically manifests in utero and is 
characterized by massive saliuretic polyuria re-
sulting in severe polyhydramnios and premature 
birth. Postnatally, surviving patients with ante-
natal Bartter’s syndrome have persistent salt 
wasting, hypokalemic metabolic alkalosis, hyper-
calciuria, and a tendency toward nephrocalcino-
sis. Patients with antenatal Bartter’s syndrome 
are treated with fluid and salt supplementation 
and nonsteroidal antiinflammatory drugs, usu-
ally indomethacin. The latter agent should be 
administered with caution, because it may in-
duce severe side effects, especially in preterm 
infants.

Remarkably, some patients with antenatal 
Bartter’s syndrome have been described in whom 
the characteristic symptoms resolve spontane-
ously, fairly soon after birth.2,3 Until now, it was 
unclear whether this transient form of the con-
dition was a distinct disorder. Now in the Jour-
nal, Laghmani et al. describe a genetic cause of 
this transient renal salt-wasting phenotype.4 All 
the patients with transient antenatal Bartter’s 
syndrome who were available to the authors for 
study were male, so the authors predicted the 
involvement of an X-linked gene. Indeed, by 
means of whole-exome sequencing and filtering 
for X-chromosomal variants, Laghmani et al. 
identified in one of these families a loss-of-
function mutation in MAGED2, on the X chromo-
some, that cosegregated with the disorder. This 
was followed by the detection of additional 
pathogenic MAGED2 mutations in other patients 
with transient antenatal Bartter’s syndrome and 
in two families with idiopathic polyhydramnios. 
Overall, the study provides convincing evidence 
for the existence of a previously undescribed 
X-linked form of severe polyhydramnios with 
prematurity and transient antenatal Bartter’s 
syndrome caused by MAGED2 mutations.

Until recently, little was known about MAGED2 
and the protein it encodes, melanoma-associated 
antigen D2 (MAGE-D2). MAGED2 belongs to a 
family of genes that are widely expressed in em-
bryonic and adult tissues and are reported to be 
involved in cell-cycle regulation, apoptosis, and 
neurogenesis.5 MAGED2 has mainly been studied 
in the context of cancer6 and, on the basis of its 
location on Xp11.2 (a hotspot locus for X-linked 

mental retardation), has also been considered a 
candidate gene for X-linked intellectual disabil-
ity. The finding of MAGED2 mutations in patients 
with transient antenatal Bartter’s syndrome un-
ravels a new, conspicuous role for MAGE-D2 in 
fetal renal salt reabsorption and, as a conse-
quence, in amniotic f luid homeostasis. Lagh-
mani et al. show that in fetal and adult kidneys, 
MAGE-D2 is expressed in the thick ascending 
limb of the loop of Henle and distal convoluted 
tubules, where it stimulates the plasma-mem-
brane expression and activity of the salt trans-
porter NKCC2 and the thiazide-sensitive sodium 
chloride cotransporter NCC, respectively. The 
authors also found reduced expression of both 
NKCC2 and NCC in a fetal kidney from a patient 
with antenatal Bartter’s syndrome, which ex-
plains the massive salt loss.

The molecular mechanism proposed by the 
authors involves two MAGE-D2 binding partners: 
the molecular chaperone Hsp40 and cytoplasmic 
Gs-alpha. Under normal circumstances (i.e., in 
cells with wild-type MAGED2), the salt transport-
ers are protected from endoplasmic reticulum–
associated degradation by Hsp40 and can thus 
“pass” this quality-control checkpoint in the en-
doplasmic reticulum. Gs-alpha may participate in 
the vasopressin-induced cyclic AMP–signaling 
cascade and thereby stimulate the activity of 
NKCC2 and NCC by promoting their insertion 
into the plasma membrane.7,8

The transient nature of the salt-wasting phe-
notype is intriguing but unexplained. Laghmani 
et al. speculate that higher sensitivity of adenyl-
ate cyclase activity to vasopressin during develop-
ment or increasing levels of oxygenation in the 
kidney during gestation might underlie this tran-
sience. Another potential explanation is the post-
natal maturation of the renal tubules, which 
may result in an altered composition of trans-
porters or their regulators and thereby compen-
sate for the molecular defect.9 This maturation 
phenomenon has already been proposed to ex-
plain the transient neonatal hyperkalemia in pa-
tients with antenatal Bartter’s syndrome caused 
by mutations of KCNJ1 (encoding ROMK).10

The recognition of polyhydramnios with tran-
sient antenatal Bartter’s syndrome as a distinct 
X-linked phenotype has clinical implications. 
Although there are no extant data from clinical 
trials, we think that women known to be preg-
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nant with a male fetus and who have unex-
plained severe polyhydramnios are candidates 
for genetic analysis of the fetus. An early genetic 
diagnosis would render other diagnostic mea-
sures for polyhydramnios unnecessary, and po-
tentially harmful treatments, such as long-term 
treatment with indomethacin, could possibly be 
avoided in the preterm infants who survive.
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the full text of this article at NEJM.org.
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