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Introduction
Asthma is a chronic disease of the air-
ways characterized by reversible airway 
obstruction, airway inflammation, and 
airway hyperresponsiveness (AHR). It is a 
clinically heterogenous disease that varies 
by disease expression, age of onset, and 
inflammatory profiles. The asthma phe-
notype is thought to arise as a result of the 
interplay between genetic and environ-
mental factors. Although asthma pheno-
types have been linked to numerous chro-
mosomal regions, some time ago, Moffatt 
and colleagues (1) demonstrated that vari-
ants on chromosome 17q21 were strongly 
and reproducibly associated with child-
hood-onset asthma. Moreover, they made 
the seminal observation that the identi-
fied SNPs were consistently associated 
with elevated orosomucoid-like protein 
3 (ORMDL3) transcript levels, indicating 
that genetic variants regulating ORMDL3 
expression contribute to the development 
of childhood asthma. Despite more than 

a decade of intensive investigation, elu-
cidation of the mechanisms by which ele-
vations in ORMDL3 may drive childhood 
asthma has eluded investigators.

ORMDL3 and de novo 
sphingolipid regulation
Given the evolutionarily conserved role of 
ORMDL family members in the regulation 
of sphingolipid homeostasis, it has been 
proposed that the mechanism(s) link-
ing ORMDL3 polymorphisms to asthma 
pathogenesis are mediated through dys-
regulation of sphingolipid synthesis. Spe-
cifically, studies in yeast suggest that the 
ORMDL (1–3) family of proteins negatively 
regulate sphingolipid synthesis through 
inhibition of serine-palmitoyltransferase 
(SPT), the rate-limiting enzyme complex 
of de novo sphingolipid synthesis (2). The 
first step in de novo sphingolipid (SPH) 
synthesis begins with the condensation 
of serine and palmitoyl-CoA by SPT to 
produce 3-ketosphinganine. 3-ketosphin-

ganine, is rapidly converted to sphin-
ganine, which is further metabolized by 
distinct ceramide synthases to dihydroce-
ramides (Figure 1). Dihydroceramide can 
then generate ceramides via dihydrocer-
amide desaturases or get phosphorylated 
to sphinganine-1-phosphate. These ana-
lytes characterize the de novo sphingolipid 
synthesis pathway and are not generated 
through other pathways. As sphingolipids 
are essential in both the formation and 
integrity of cellular membranes and in the 
regulation of key cellular processes includ-
ing proliferation and apoptosis, their levels 
are tightly regulated through a complex 
regulatory loop. In the face of external 
perturbations, the lysosome can salvage 
and recycle complex SPHs (sphingomye-
lins and glycosphingolipids) from plasma 
membranes to maintain physiologic SPH 
concentrations in the ER.

Given the role of ORMDL3 in the inhi-
bition of de novo sphingolipid synthesis, 
it has been assumed that polymorphisms 
in ORMDL3 that elevate its expression 
should result in reductions in the levels of 
these lipids. However, given the complex-
ity of this regulatory pathway, establishing 
a straightforward relationship between 
ORMDL3 expression levels and sphingo-
lipid levels has proven more difficult than 
originally anticipated. The discrepancies 
in the ORMDL3 field may be due to dif-
ferences in SPH levels in various biolog-
ical samples, differences in analytical 
approaches to measure SPH profiles, and/
or differences in approaches to modulate 
ORMDL3 expression.

A report by Ono et al. (3) in this issue 
of the JCI has shed some light on the rela-
tionship between ORMDL3, SPH levels, 
and asthma susceptibility. In the first set 
of analyses, the authors quantified plas-
ma and whole-blood sphingolipid levels 
in control subjects and children with asth-
ma, stratified by the level of blood eosin-
ophils as a measure of allergic disease. 
Interestingly, the levels of select dihydro-
ceramides (C18 and 18:1), ceramides (C18, 
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relate with whole-blood SPH levels (3). 
These results provide strong evidence that 
asthma-risk ORMDL3 genotypes are asso-
ciated with dysregulated SPH homeostasis. 
Interestingly, other SPHs including sphin-
gosine, S1P, and sphingomyelins, which 
have previously been thought to play a role 
in asthma (11), were  not associated with 
any of the genotypes examined. When the 
subjects were stratified for asthma, the lead 
SNP (rs7216389) in the original GWAS (3) 
remained associated with two dihydrocer-
amides (C16 and C18). The rs8076131 was 
linked with four dihydroceramides (C16, 
C18, C24, and C24:1) and three ceramides 
(C16, C18, and C20). One drawback of the 
Ono et al. study is that because the authors 
did not assess ORMDL3 expression in the 
blood, they were unable to infer a direct 
association between asthma-risk alleles, 
altered ORMDL3 expression, and SPH 
levels. Nonetheless, these findings provide 
evidence that the 17q21 asthma–risk alleles 
are associated with a specific pattern of 
decreased whole-blood sphingolipids (3).

between children with asthma and those 
without asthma. The lack of an association 
of ORMDL3 polymorphisms with atopic 
disease is curious, given that allergen expo-
sure of mice upregulates ORMDL3 (8), and 
in some instances overexpression is associ-
ated with an allergen-induced asthma phe-
notype (9), but not in others (10).

ORMDL3 SNPs and SPH 
synthesis
To query the relationship between whole-
blood SPH levels and 17q21 genotypes, 
Ono and authors determined the gen-
otypes at 5 different 17q21 SNPs. Inter-
estingly, two of these risk genotypes 
(rs7216389 and rs8076131), which have 
been associated with increased ORMDL3 
transcripts in lung and whole blood, cor-
related with decreased whole-blood levels 
of four products of SPT enzymatic activity 
(dihydroceramides [C16, C18, C24, and 
C24:1] and three ceramides [C16, C18, 
and C20]), whereas the others (rs8067378, 
rs4065275, and rs12603332) did not cor-

C20, C24, and C24:1), and sphingomyelins 
(C18, C18:1, and C24:1) were significantly 
lower in the whole blood of children with 
asthma who had low eosinophil counts 
(nonallergic) as compared with levels in 
the age-matched control subjects and in 
children with asthma who had high eosin-
ophil counts. These results provide the first 
demonstration that nonallergic forms of 
childhood asthma are indeed associated 
with lower sphingolipid levels, whereas 
allergic asthma is not associated with sig-
nificant alterations in SPHs. This study 
supports the previous findings by Moffat 
(1) and others (4–6) that the association 
between ORMDL3 and asthma is primarily 
with nonatopic childhood- onset asthma. 
Dysregulated ORMDL3 appears to pre-
dominantly affect processes or responses 
involved in environmental exposures that 
occur in a critical window early in life. Viral 
infections (7) and other early life triggers 
of asthma (such as environmental tobacco 
smoke) can enhance genotype-specific dif-
ferences in ORMDL3 transcript abundance 

Figure 1. Potential role of genetic variants in 
ORMDL3 and childhood-onset asthma. The 
first and rate-limiting step in de novo SPH 
synthesis begins with the condensation of 
serine and palmitoyl-CoA by SPT to produce 
3-ketosphingosine, which is rapidly converted 
to sphinganine. Sphinganine is then further 
metabolized by distinct ceramide synthases to 
dihydroceramides, which can then generate cer-
amides via dihydroceramide desaturases (DES1). 
Dihydroceramides can get phosphorylated to 
sphinganine-1-phosphate or get transported 
out of the ER to form complex sphingomyelins 
or glycosphingolipids. To maintain physiologic 
concentrations of SPHs in the ER, the lysosome 
can salvage and recycle complex SPHs (sphin-
gomyelins, glycosphingolipids) from plasma 
membranes. As a consequence of increased 
ORMDL3 expression, de novo synthesis of SPHs 
is reduced. Reductions in whole-blood SPH lev-
els have been associated with several features 
of childhood asthma including increased ASM 
contractility, airway remodeling, and airway 
hyperreactivity. GSL, glycosphingolipids; SM, 
sphingomyelins.
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Whether disruption of ORMDL3 
solely in AECs is sufficient to induce the 
asthma phenotype is a matter of debate. 
In support of a prominent role for the 
AEC, studies in which mice with a global 
Ormdl3 deletion were reconstituted with 
ORMDL3 transcripts only in the bronchial 
epithelium exhibited enhanced Alternaria- 
induced AHR (16). However, the contribu-
tion of ORMDL3 expression in the airway 
epithelium (AE) was called into question 
when mice lacking ORMDL3 expression 
only in the AE unexpectedly showed 
increased AHR when compared with WT 
mice (17). Taken together, these results 
suggest that ORMDL3 expression in the 
AE is necessary, but not necessarily suf-
ficient, to regulate airway function. Alter-
natively, other ORMDL family members 
may compensate for the loss of SPT reg-
ulation and AHR in AE lacking ORMDL3. 
The specific nature of the allergens (Alter-
naria versus OVA) utilized in the respec-
tive studies may also play a role in the dis-
crepancies observed between studies, as 
these allergens have very different char-
acteristics (16, 17). Further studies will be 
required to identify the specific cell types 
(structural versus immune cells) that are 
critically involved in ORMDL3-mediated 
regulation of AHR.

Concluding remarks
Collectively, the Ono et al. study in this 
issue of the JCI provides direct evidence 
that genetic variants in ORMDL3 are 
linked to SPH synthesis disruption and 
asthma susceptibility (3). Whether the 
risk is conferred directly or indirectly 
through sphingo lipid-triggered mecha-
nisms or through other ORMDL3-asso-
ciated effects (UPR, ER stress, remod-
eling gene induction, or other as-yet 
unidentified pathways) remains to be 
elucidated. However, these pathways are 
not necessarily mutually exclusive, as 
bidirectional interactions between SPHs 
and the UPR have been reported. More 
studies are needed to tease out the role of 
altered ORMDL3 and SPHs in individual 
cell types and how these individual cellu-
lar changes alone or in combination elic-
it asthma in the presence and absence of 
allergic tendencies and at different win-
dows of susceptibility. Nonetheless, these 
studies have moved us one step closer to 
understanding the relevance of this strong 

myriocin or genetic haploinsufficiency 
of SPT, increases airway reactivity in the 
absence of allergic inflammation (12). Sev-
eral studies in ORMDL3-transgenic mice 
support the connection between AHR 
and ORMDL3 (9). The functional airway 
changes observed in mice overexpressing 
human ORMDL3 might occur through the 
enhancement of airway smooth muscle 
(ASM) contraction, as ASM cells isolated 
from these mice exhibit enhanced pro-
liferation and contractility (13). Alterna-
tively, increased contractility may occur 
through ORMDL3- mediated upregulation 
of the levels of several remodeling genes, 
such as TGFB1 and ADAM8, which might 
contribute to stiffer airways (9). ORM-
DL3 may also regulate airway function 
through its ability to stimulate calcium 
release from the sarcoplasmic reticulum 
through Ca-ATPase 2b and to activate the 
ATF6α pathway of the ER unfolded protein 
response (UPR), which regulates SERC2b 
levels, thereby enhancing AHR (8, 14). 
Whether dysregulated ORMDL3 induces 
AHR through SPH-dependent processes or 
through a combination of cellular effects 
remains unknown. However, recent obser-
vations that lipid perturbation can directly 
activate the UPR independently of mis-
folded proteins suggests that these path-
ways may not be mutually exclusive (15).

As ORMDL3 is widely expressed in 
immune and structural cells that are rel-
evant to asthma, the question arises as to 
whether expression of the risk allele has 
an effect on SPH synthesis in lung struc-
tural cells that is similar to that on circu-
lating blood cells. To address this issue, 
Ono and colleagues (3) examined the 
association between the asthma-risk gen-
otype and SPH synthesis in airway epi-
thelial cells (AECs) from adults carrying 
either the rs7216389-TT or rs7216389-
CC genotype grown at the air-liquid inter-
face. They found that de novo–synthe-
sized sphinganine and dihydroceramide 
C24 levels were reduced in epithelial cells 
from subjects with the risk-associated TT 
genotype compared with cells carrying 
the CC genotype. In contrast to the results 
observed in whole blood, no differences 
were detected in other sphingolipids: S1P, 
ceramide-C18, or sphingomyelin-C18, 
suggesting that the impact of ORMDL3 
SNPs on the pattern of SPHs synthesized 
is cell-type dependent.

A key finding of the Ono et al. study 
was that plasma and whole-blood SPH 
levels and composition were fundamen-
tally different. Whereas whole-blood 
levels of distinct SPH metabolites were 
reduced in children with nonallergic 
asthma, plasma sphingolipid levels in 
afflicted individuals tended to be higher 
than those in control subjects — howev-
er, none reached statistical significance, 
and there were no differences in plasma 
levels of any SPHs between allergic and 
nonallergic children (3). This finding 
may explain some discrepancies in the 
literature, as previous measurements of 
SPHs in patients with asthma have pri-
marily been assessed in plasma or serum. 
Since whole blood contains red cells and 
leukocytes, which are absent in plasma, 
it is likely that the lower sphingolipid 
levels observed in the whole blood of 
nonallergic children with asthma reflect 
decreased blood cell membrane–asso-
ciated sphingolipid levels. Whether 
these findings reflect a true association 
between structural alterations in leuko-
cyte membrane composition and asthma 
susceptibility or are simply markers of a 
perturbed system remains unknown.

ORMDL3 polymorphisms and 
de novo SPH synthesis
Since the recycling/salvage pathway may 
generate SPHs independently of SPT 
activity (Figure 1), Ono et al. (3) explored 
the effect of the ORMDL3-risk allele on 
de novo synthesis in PBMCs from chil-
dren with asthma. As circulating T and 
B cells express high levels of ORMDL3, 
PBMCs were incubated with stable iso-
type–labeled serine and sphinganine, 
and sphinganine-1-phosphate levels were 
examined. Both SPHs were lower in cells 
from children with asthma compared with 
levels in controls, with the lowest lev-
els being observed in cells from children 
carrying the asthma-risk TT genotype at 
rs7216389. These findings provide the 
strongest link to date between genetic 
variants in ORMDL3 and de novo SPH 
synthesis in asthma.

Support for a link between altered de 
novo SPH synthesis and functional chang-
es in airway responsiveness comes from 
several studies in mice, in which decreas-
ing de novo sphingolipid synthesis, either 
by direct pharmacologic inhibition with 
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