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Abstract SPT-deficient mice in vivo. This study identifies the manipulation
of sphingolipid synthesis as a novel metabolic therapeutic strategy to

Impaired sphingolipid synthesis is linked genetically to childhood alleviate AHR.

asthma and functionally to airway hyperreactivity (AHR). The

objective was to investigate whether sphingolipid synthesis could

be a target for asthma therapeutics. The effects of GlyH-101 and

fenretinide via modulation of de novo sphingolipid synthesis on AHR

Keywords: sphingolipid; de novo synthesis; asthma; smooth
muscle

was evaluated in mice deficient in SPT (serine palmitoyl-CoA

transferase), the rate-limiting enzyme of sphingolipid synthesis. The | Clinical Relevance

drugs were also used directly in human airway smooth-muscle

and epithelial cells to evaluate changes in de novo sphingolipid This study uses sphingolipid synthesis, a novel metabolic
metabolites and calcium release. GlyH-101 and fenretinide pathway in asthma pathogenesis, as a therapeutic target. We
increased sphinganine and dihydroceramides (de novo sphingolipid | provide evidence that the targeted increase of sphingolipid
metabolites) in lung epithelial and airway smooth-muscle cells, de novo synthesis can alleviate airway hyperreactivity. This
decreased the intracellular calcium concentration in airway not only enhances the understanding of asthma but could
smooth-muscle cells, and decreased agonist-induced contraction in inform novel therapies.

proximal and peripheral airways. GlyH-101 also decreased AHR in

Asthma is a heterogeneous chronic disease  asthma pathogenesis is supported by Sphingolipids are critical building
characterized by airway hyperreactivity animal studies showing that decreased de  blocks of cellular membranes and constitute
(AHR) and a strong genetic predisposition. novo sphingolipid synthesis results in key cellular-signaling mediators (15). The
ORMDL biosynthesis regulator 3 AHR and that overexpression of ORMDL3  rate-limiting step for de novo sphingolipid
(ORMDL3) in the genetic asthma locus results in AHR and low sphingolipids (9, synthesis is catalyzed by SPT (serine
located on chromosome 17q21 (1, 2). 10). There is increasing evidence that palmitoyl-CoA transferase) and comprises
Asthma 17q21 risk alleles lead to increased  sphingolipid metabolism is altered in the condensation of an amino acid
expression of ORMDLS3 (1, 3-5), a asthma (11-13) and that 17q21 asthma (usually serine) and a fatty acyl-CoA
negative regulator of sphingolipid de novo  risk alleles are associated with (usually palmitoyl-CoA) to produce
synthesis (6-8). A functional role of decreased sphingolipid synthesis in 3-ketosphinganine that is immediately
decreased sphingolipid synthesis in children (14). reduced to sphinganine. Sphinganine can
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be acylated to form dihydroceramides

or phosphorylated to sphinganine-1
phosphate. Sphinganine, sphinganine-1
phosphate, and dihydroceramides
constitute the sphingolipids that are
exclusively generated through the

de novo sphingolipid-synthesis pathway
(see Figure E1 in the data supplement).
This is in contrast to ceramides,
sphingosine, sphingosine 1-phosphate
(S1P), sphingomyelins, and complex
glycosphingolipids that are generated in a
recycling pathway and whose production
does not solely depend on SPT (16)
(Figure E1). Sphingolipids are known

to affect skeletal-muscle, gastric, and
vascular smooth-muscle contractility and
proliferation (17-20), and S1P can contract
murine tracheal smooth-muscle cells (21).
S1P also contributes to asthma by
increasing inflammatory mediators (22, 23).

Overexpression of ORMDL3 in murine
airway smooth-muscle cells leads to
increased contractility and calcium
oscillations (24). Sphingolipid synthesis
may thus be a therapeutic target to
influence airway smooth-muscle
contractility.

We evaluated the effects on airway
reactivity by two modulators that increase
sphingolipids within the de novo pathway:
GlyH-101 and fenretinide (Figure E1). The
glycinyl hydrazone compound GlyH-101 is
a selective and reversible open-channel
CFTR (cystic fibrosis transmembrane
conductance regulator) chloride-channel
blocker (25, 26). CFTR inhibition or
malfunction stimulates de novo
sphingolipid synthesis in human lung
epithelial cells with increases in
sphinganine and dihydroceramides in the
de novo synthesis pathway but also with
increases in sphingosine and long-chain
saturated ceramides (27, 28). The exact
mechanism for this activation is unknown
but could be related to the ABC transporter
feature of CFTR that helps shuttle S1P
across the plasma membranes and activates
sphingolipid synthesis (29). In contrast, the
synthetic retinoid fenretinide inhibits DES1
(dihydroceramide desaturase) (30, 31). The
resultant decrease in ceramides by DES1
inhibition results in a compensatory
activation of SPT (32, 33).

Here, we show that GlyH-101 and
fenretinide increase sphinganine and
dihydroceramides in lung epithelial and
airway smooth-muscle cells, decrease
intracellular calcium concentration

([Ca**]) in airway smooth-muscle cells,
and decrease agonist-induced contraction
in proximal and peripheral airways. We
further show that GlyH-101 decreases AHR
in SPT-deficient mice. This strongly
suggests that sphingolipid synthesis can
serve as a metabolic therapeutic target for
asthma.

Methods

Reagents

Myriocin (Calbiochem), a specific inhibitor
of SPT that decreases sphingolipid content
(34), GlyH-101 (Tocris Bioscience),

and fenretinide [N-(4 hydroxyphenyl)
retinamide; Millipore-Sigma] were
solubilized in DMSO to prepare 10-mM
stocks and diluted in physiological medium
to their final concentration on the same day
that the experiments were performed.

Cells

A human airway smooth-muscle cell line
was originated from a healthy proximal
airway and was immortalized by stable
expression of hTERT (human telomerase
reverse transcriptase). Moloney murine
leukemia retrovirus was provided to us by
W. Gerthoffer (University of Nevada) (35,
36). The human lung alveolar epithelial cell
line A549 was obtained from the American
Type Culture Collection.

Mice

All animal studies were conducted under
protocols approved by the Institutional
Animal Care and Use Committee of Weill
Cornell Medicine. Female C57Bl/6 mice and
heterozygous SPT-deficient mice (Sptlc2*/™)
mice or homozygous wild type (WT)
(Sptlc2™/™), were used at 10-14 weeks of age.

In Vitro Effects of GlyH-101 and
Fenretinide

To assess the effects of GlyH-101 and
fenretinide on cellular sphingolipid
composition, almost confluent monolayers
of human airway smooth-muscle and A549
cells were incubated with either GlyH-101
(2 wM), fenretinide (5 wM), myriocin

(1 M) or DMSO (0.1%) for 5 hours.

The effects of altered de novo
sphingolipid synthesis on agonist-induced
[Ca®"]; concentration, human airway
smooth-muscle cells were incubated with
GlyH (2 pM), fenretinide (5 pM), myriocin
(1 wM), or DMSO (0.1% control) for 5 hours.
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Quantitative Sphingolipid
Determination

Sphingolipids were quantified in cultured
cells and precision-cut lung slices (PCLS) by
high-pressure liquid chromatography
electrospray ionization-tandem mass
spectrometry using a minor modification of
a described method (37). The primary
outcome parameter reflective of de novo
synthesis was sphinganine.

Assessment of Airway Reactivity
Airway reactivity was assessed using three
methods: 1) in PCLS to assess small-airway
reactivity (38), myriocin (10 M), GlyH-
101 (2 wM) or fenretinide (1-10 wM) were
added for the incubation of the PCLS for
15 hours; 2) in isolated bronchial rings by
wire myography to assess large-airway
reactivity (39); and 3) in anesthetized and
tracheostomized mice to measure airway
resistance by using a rodent lung-function
testing system (flexiVent; SCIREQ) 4 hours
after intratracheal administration of GlyH-
101 (80 mg/kg).

See the data supplement for full details.

Statistics

The results are presented as the

mean * SEM. Nonparametric testing was
performed when data were not normally
distributed. A two-sample ¢ test, Mann-
Whitney test, or Wilcoxon test was used
to compare two groups depending on the
data type; comparisons of more than two
groups were conducted by using the
Kruskal-Wallis test corrected for multiple
comparisons, as indicated in each assay.
For all tests, differences were considered
significant when P < 0.05, and the three
significance levels are indicated as follows:
*P < 0.05, **P < 0.01, and ***P < 0.001.
GraphPad Prism version 8.2 was used for
all statistical analyses.

Results

GlyH-101 and Fenretinide Increase
Metabolites of Sphingolipid De Novo
Synthesis In Vitro

To evaluate whether GlyH-101 and
fenretinide increase metabolites of
sphingolipid synthesis in lung cells, human
airway smooth-muscle and A549 cells
were incubated with GlyH-101 (2 uM)
or fenretinide (5 uM) for 5 hours, and
sphingolipid masses were analyzed

by high-pressure liquid chromatography
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electrospray ionization-tandem mass
spectrometry. Both cell lines had been
tested for the presence of SPT by responses
to the specific SPT inhibitor myriocin (data
not shown). In both cell lines, GlyH-101
increased sphinganine (Figures 1A and 1B),
dihydroceramides, ceramides, and some
sphingomyelins (see Figures E2A-E2C and
E3A-E3C), whereas fenretinide increased
mostly sphinganine (Figures 2A and 2B)
and dihydroceramides but had no effect on
ceramides or sphingomyelins (see Figures
E2A-E2C and E3A-E3C). GlyH-101’s and
fenretinide’s commonality is their increase
in sphingolipids that are almost only solely
generated through de novo synthesis, with
some differences in the effects on ceramides
and sphingomyelins, consistent with

the inhibitory action of fenretinide on
DES1, which generates ceramides from
dihydroceramides.

Altered Sphingolipid Synthesis

Affects Agonist-induced [Ca®*];
Release

As agonist-induced [Ca®™]; release is
associated with airway smooth-muscle

cell contraction, we evaluated whether
inhibition or activation of de novo
sphingolipid synthesis affects bradykinin-
induced [Ca®*); release in a human airway
smooth-muscle cell line treated for 5 hours
with myriocin (1 wM) (Figure 2A), GlyH-
101 (2 M) (Figure 2D), or fenretinide

(5 wM) (Figure 2G). Myriocin led to an
increased peak [Ca®*]; release (Figure 2B)
but had only a mild effect on sustained
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[Ca®*]; increase (Figure 2C). In contrast,
both GlyH-101 and fenretinide decreased
[Ca®*]; peaks (Figures 2E and 2H,
respectively) and also sustained a [Ca
decrease compared with control treatment
(Figures 2F and 21, respectively). Although
not directly reflecting contractility, the
decreased agonist-induced [Ca®™]; release
may be an indicator of the effects of
increased de novo sphingolipid synthesis on
the cell-signaling mechanisms that regulate
contractility.
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Decreased SPT Activity Leads to
Increased Methacholine-induced
Small-Airway Contraction

Prior studies have shown that decreased SPT
activity leads to AHR in mice (9, 40). These
studies did not accurately assess small-
airway reactivity, a key feature of asthma.
To investigate the effect of decreased
sphingolipid synthesis, we assessed small
(peripheral) airway reactivity in PCLS in
genetically SPT-deficient Sptlc2™/™ mice
and after inhibition of SPT with myriocin
(10 pM) for 15 hours. Visualization
(Figure 3A) and quantification (Figures
3B and 3C) of small-airway contractility
from Sptlc2™/~ mice, after stimulation
with methacholine, showed enhanced
contractility compared with the WT
Sptlc2™* mice. Consistent with these
results, SPT inhibition in PCLS from

WT mice with myriocin enhanced
methacholine-induced airway contractility
compared with the control group (Figures
3D and 3E). This suggests that SPT
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Figure 1. GlyH-101 (GlyH) and fenretinide (Fen) increase sphinganine de novo synthesis in human
lung alveolar epithelial and airway smooth-muscle cells. Sphinganine synthesis in cultures of (A) the
lung epithelial cell line A549 or (B) a human airway smooth-muscle cell line treated for 5 hours with
0.1% DMSO (control), 2 uM GlyH, and 5 wM Fen. Data are means * SEMs (n =6 biologically

independent samples). White circles represent n. *P <0.05 and **P < 0.01, Kruskal-Wallis test with

multiple comparisons.
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inhibition leads to small-airway AHR and
demonstrates that PCLS can be used to
assess sphingolipid-associated changes in
small-airway reactivity.

Activation of De Novo Sphingolipid
Synthesis Decreases Proximal and
Peripheral Airway Reactivity to
Methacholine

To assess whether activation of de novo
sphingolipid synthesis by GlyH-101 and
fenretinide affects airway reactivity to
agonists, we used three models. First, we
incubated PCLS from SPT-deficient mice
with GlyH-101 (2 uM) or DMSO (control)
for 15 hours and found that GlyH-101
treatment increased sphinganine

(Figure 4A) and other sphingolipids,
foremost among these being
dihydroceramides and ceramides (see
Figures E4A and E4B). Subsequently, we
studied methacholine-induced contraction
of small airways within these PCLS and
found that in PCLS treated with GlyH-101
(2 wM) for 15 hours, airway contraction
was reduced compared to the DMSO
control group (Figures 4B and 4C). Second,
we found that in vivo airway hyperactivity
to methacholine was decreased in SPT mice
4 hours after intratracheal administration
of GlyH-101 (80 pg/kg) (Figure 4D). The
GlyH-101 effect was detectable, even with a
lower absolute airway resistance in the SPT
control compared with previous data (9).
Third, bronchial rings isolated from SPT
mice incubated with (2 uM) GlyH-101 for
3 hours showed reduced methacholine-
induced force generation as compared
with those treated with DMSO (control)
(Figure 4E).

Interestingly, the GlyH-101-induced
decrease in airway reactivity was not seen in
PCLS prepared from WT (Sptlc2™'*) mice
and equally treated with GlyH-101(2 uM)
for 15 hours (see Figure E5A). These
findings suggest that GlyH-101 reverses the
small- and large-airway AHR associated
with SPT deficiency. Finally, we tested
whether the effect of GlyH-101 on airway
contractility was caused by sphingolipid-
independent effects of GlyH-101, such as
blockage of cellular chloride channels, by
incubating PCLS from SPT mice with
GlyH-101 (2 uM) for only 15 minutes.
This short incubation time is sufficient
to affect airway contractility mediated by
signaling mechanisms but insufficient
for the synthesis and accumulation of
sphingolipids through activation of

American Journal of Respiratory Cell and Molecular Biology Volume 63 Number 5 | November 2020
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Figure 2. Altered sphingolipid synthesis affects bradykinin-induced calcium signaling in human airway smooth-muscle cells. (A, D, and G) Representative
traces showing bradykinin (10 wM)-induced intracellular calcium responses (readout 340/380 nm) in a human airway smooth-muscle cell line incubated
for 5 hours with myriocin (1 wM) (4), GlyH (2 uM) (D), or Fen (5 wM) (G). Arrows represent the addition of bradykinin. Summary data showing the effect of
each treatment on the (B, E, and H) peak and (C, F, and /) sustained increases in the intracellular calcium concentration. Data are means = SEMs from four
independent experiments (represented by white circles) like those shown in the representative traces for each drug. *P < 0.05, Mann-Whitney test.

sphingolipid de novo synthesis. Accordingly,
we found that sphinganine (Figure 4F) and
most other sphingolipids (see Figures
E6A-E6C) concentrations in the PCLS were
not different compared with those treated
with DMSO (controls). Importantly, the
reactivity of small airways within these PCLS
was not affected by exposure to GlyH-101

(2 wM) for only 15 minutes (Figures 4G and
4H). This strongly suggests that the
decreased airway responsiveness to
methacholine seen after 3 or 15 hours of
treatment with GlyH-101 of rings or PCLS is
associated with the observed drug-induced
increased accumulation of cellular
sphingolipids in the SPT-deficient airways.

Heras, Veerappan, Silver, et al.: Sphingolipid Synthesis and Airway Hyperreactivity

To assess the effects of another drug
that activates sphingolipid de novo synthesis
on airway reactivity, PCLS from SPT mice
were treated for 15 hours with 1, 5, and
10 wM of fenretinide. There was a dose-
dependent increase of sphinganine
(Figure 5A) and dihydroceramides, but
there were no significant changes in
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Figure 3. Decreased SPT (serine palmitoyl-CoA transferase) activity leads to increased airway hyperresponsiveness. (A) Series of phase-contrast images,
showing a small airway in one of the precision-cut lung slices (PCLS) from a wild-type (WT; gray) and Sptlc2 ™/~ (SPT; red) mouse before (resting) and after
exposure to increasing concentrations of methacholine (MCh) and recorded at the times indicated by arrows in B. (B) Representative experiments showing
the cross-sectional luminal-area changes of airways from WT and SPT mice with respect to time in response to increasing MCh concentration.

(C) Summary of the MCh concentration-dependent contraction of the airways from WT and SPT mice obtained from experiments like those shown in B.
Data are means = SEMs of 18-24 airways from four biologically independent mice in each group and were fitted with a logistic function. *P < 0.05 and
**P < 0.01, Wilcoxon test. (D) Representative experiments showing the contractile responses of airways to 0.3 uM MCh and its subsequent washout in
PCLS from WT mice that were incubated with 10 wM myriocin or vehicle (0.1% DMSO, control) for 15 hours. (E) Summary data of MCh-induced airway
contraction in PCLS incubated with myriocin or vehicle obtained from experiments shown in D. Data are means + SEMs of 28-32 airways (represented by
white circles) from four biologically independent mice in each group. *P < 0.05, unpaired t test. Scale bar, 100 pm.

ceramides or sphingomyelins in
fenretinide-treated PCLS compared with
vehicle-treated control group (see Figure
E7). Peripheral airway contractility was
decreased in the fenretinide-treated PCLS
compared with PCLS of controls (Figures
5B and 5C) in a dose-dependent manner.
To exclude an effect of fenretinide toxicity
on decreased airway reactivity, PCLS
exposed to fenretinide for 15 hours were
placed in medium for 6 hours to wash out
the drug. Airways in these PCLS contracted
in a manner similar to those of untreated
controls (Figure 5C). The reappearance of
contraction after washout indicates that
fenretinide treatment was not toxic to the
smooth-muscle cells. Fenretinide (5 pM)
also decreased large-airway reactivity to
methacholine in bronchial rings prepared
from SPT-deficient mice (Figure 5D).
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Together, these findings suggest that
specific targeting of the de novo
sphingolipid-synthesis pathway can
alleviate AHR.

Discussion

The present study shows that the
increase of metabolites that are almost
exclusively generated through the de novo
sphingolipid-synthesis pathway can
reverse AHR induced by decreased SPT
activity. This is relevant, as a genetic
predisposition for asthma through
ORMDL3 in the 17921 locus is associated
with decreased sphingolipid synthesis (1,
2, 8). Sphingolipid blood and tissue
concentrations are altered in
experimental models with genetically

increased or decreased ORMDLS3 levels
(10-12) and, most importantly, in human
asthma (13, 14). As ORMDL3 inhibits
sphingolipid synthesis primarily through
interaction with SPT, SPT-deficient mice
or airways serve as models to screen for
interventions against this asthma
genotype. We had previously shown that
murine large bronchial airways or lungs
from genetically SPT-haplodeficient
Sptlc2™'* mice, as well as large human or
murine bronchial airways treated with the
SPT-specific inhibitor myriocin, result in
AHR (9). Here, we confirmed that SPT
deficiency also leads to hyperreactivity
of small airways and showed that
pharmacological approaches aimed at
restoring or increasing sphingolipid
synthesis in this phenotype resulted in
reduced AHR.
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Figure 4. Activation of de novo sphingolipid synthesis by GlyH decreases MCh-induced constriction in proximal and peripheral airways in vitro and airway
hyperresponsiveness in vivo. (A and F) Sphinganine in PCLS from SPT mice that were incubated with 2 uM GlyH or 0.1% DMSO (control) for (A) 15 hours or (F) 15
minutes. Data are means = SEMs of 52-58 PCLS from four biologically independent mice in each group (represented by white circles). **P < 0.001, Mann-
Whitney test. (B) Representative experiments showing MCh-induced changes in the airway lumen area in PCLS from SPT mice that were exposed to 2 uM GlyH
or 0.1% DMSO (control) for 15 hours. (C) Summary of the MCh concentration—dependent airway contraction in PCLS from SPT mice, obtained from experiments
like those shown in B. Data are means = SEMs of 36-39 airways from four biologically independent mice in each group *P < 0.05 and **P < 0.01, Wilcoxon test.
(D) In vivo airway resistance (Rn) in response to MCh in SPT mice exposed to 0.1% DMSO (control) or GlyH (80 wg/kg) intratracheally 4 hours before testing. There
were three biologically independent mice in each group. *P < 0.05 and **P < 0.01, Wilcoxon test. (E) MCh-induced isometric-force generation by bronchial rings
from SPT mice that were exposed to 0.1% DMSO (control) or GlyH (2 wM) for 3 hours. Data are means *= SEMs of eight rings in each group. *P < 0.05, Wilcoxon
test. (G) Representative experiment showing the changes in the airway lumen area in response to MCh (3 M) before and after exposure to GlyH (2 wM) or 0.1%
DMSO (control) for 15 minutes. (H) Summary of the MCh-induced airway contraction in PCLS exposed to DMSO (control) or GlyH. Data are the percentage of the
second MCh-induced airway contraction with respect to that obtained in response to the first contraction before the exposure of the PCLS to DMSO or GlyH, as
shown in the representative traces in G. Data are means = SEMs of 10-19 airways (represented by white circles) from two biological independent SPT mice. The
Mann-Whitney test was used.
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Figure 5. Activation of de novo sphingolipid synthesis by Fen decreases MCh-induced contraction in proximal and peripheral airways. (A) Sphinganine in PCLS
from SPT mice that were incubated with 0.1% DMSO (control) or 1, 5, and 10 wM Fen for 15 hours. Data are means = SEMs of 48 PCLS from six biologically
independent mice in each group (represented by white circles). *P < 0.05 and “**P < 0.001, Kruskal-Wallis test. (B) Representative experiment showing the
contractile responses of airways exposed to 0.3 uM MCh in PCLS from SPT mice incubated with DMSO or Fen as described in A. (C) Summary of the MCh-
induced airway contraction in PCLS from experiments like those shown in B. A subset of the PCLS treated with 5 uM Fen for 15 hours was subsequently
incubated for 6 hours in medium without Fen (washout). Data are means = SEMs of 30-40 airways (represented by white circles) from four biologically
independent mice in each group. **P < 0.001, Kruskal-Wallis test. (D) Isometric-force generation of bronchial rings isolated from SPT mice exposed to 5 uM
Fen or DMSO (control) for 3 hours. Data are means = SEMs of 12-16 rings from four biologically independent mice. *P < 0.05, Wilcoxon test.

Both, GlyH-101 and fenretinide associated with decreased airway suggesting that changes in sphinganine
increased sphinganine and dihydroceramides, responsiveness in tissues and in mice and dihydroceramides could play a role
robust measures of de novo sphingolipid  treated with these drugs. In addition to for AHR associated with decreased
synthesis, in two human cells lines and, sphinganine and dihydroceramides, sphingolipid synthesis. Nevertheless, the
most relevant to this study, in murine GlyH-101 also increased ceramides, inhibition of DESI by fenretinide affects
bronchial rings and PCLS containing sphingomyelins, sphingosine, and S1P cellular ceramide homeostasis and alters the
small airways and in lungs from SPT- upstream of DES1, which could have also  regulation of the synthesis of complex
deficient mice within a few hours after contributed to the decreased airway sphingolipids and S1P that may have also
ex vivo or in vivo administration of responsiveness induced by GlyH-101 in the contributed to AHR. In human airway
GlyH-101 or fenretinide. The increased SPT-deficient airways. These metabolites smooth-muscle cells, SIP can lead to 3,-
sphinganine and dihydroceramides were did not increase with fenretinide, adrenoreceptor desensitization (23), and

696 American Journal of Respiratory Cell and Molecular Biology Volume 63 Number 5 | November 2020



ORIGINAL RESEARCH

sphingosine analogs as well as sphingosine
kinase 2 substrates can reverse smooth-
muscle cell thickening (41).

Specifically, we speculate that changes
in one or more metabolites within the
de novo sphingolipid synthesis pathway
are linked to airway contractility. These
sphingolipids may thus contribute to
asthma pathogenesis or could be useful as
biomarkers.

The decreased AHR with GlyH-101
required treatment of the tissues or the mice
for hours and was not seen when the tissues
were treated for only 15 minutes. This
suggests that the decreased airway
responsiveness induced by GlyH-101
is independent of its chloride
channel-blocking activity or any acute
action on other signaling mechanisms
regulating smooth-muscle contraction.
Interestingly, the effect of GlyH-101 on
small-airway reactivity was not observed in
PCLS from control (WT) mice, suggesting
that global activation of sphingolipid
synthesis by GlyH-101 in an unperturbed
state is not effective. Similarly, the positive
effect of fenretinide on AHR was
concentration-dependent in SPT-deficient
airways, but a decrease in methacholine-
induced airway contraction was only
significant at the highest fenretinide dose in
PCLS from WT mice. Although approved
for use in humans, the use of GlyH-101 and
fenretinide for asthma might be limited by
their narrow dose range and off-target

effects. These studies may stimulate the
development of other stimulators of
de novo synthesis.

We found that GlyH-101 and
fenretinide decreased bradykinin-induced
[Ca®*]; release in human airway smooth-
muscle cells, whereas myriocin increased
this activity. We acknowledge the
limitations of the cell models for human
asthma. However, these results suggest that
alteration of sphingolipid synthesis affects
intracellular calcium signaling in airway
smooth muscle. Because [Ca®"]; release is a
cell-signaling mechanism that regulates
contractility, these findings can provide
the basis for future mechanistic studies,
such as measuring the effects of specific
sphingolipids on intracellular calcium
oscillations in airway smooth-muscle cells
in PCLS (38), which would also require
assessing agonists other than bradykinin.
Such studies could provide a mechanistic
link between sphingolipid synthesis and
airway contraction. Future studies also
need to define the role of specific airway
cell types and smooth muscle, ideally in
primary cells or human airway models, and
to identify whether specific metabolite(s)
within the de novo synthesis pathway can
affect contraction.

Inflammation is not a feature of the
SPT deficiency associated with AHR (9) but
is a critical factor in asthma. SPT inhibition
by myriocin after allergic sensitization also
leads to AHR in mice, suggesting that

altered sphingolipid metabolism in
immune cells might contribute to asthma
pathogenesis (40). Furthermore, fenretinide
reduced airway reactivity in ovalbumin-
sensitized mice by reducing airway
inflammation (42). Interestingly, the lower
sphingolipid concentrations in children
with asthma and asthma-associated 17q21
genotypes seem more pronounced in
nonallergic children (14), and the link of
17921 genotypes to ORMDL3 was initially
described for nonallergic childhood
asthma (1). Future studies need to assess
the effects of activation of sphingolipid
synthesis in the presence of allergic
inflammation.

In summary, we here provide proof-of-
principle evidence that decreased de novo
sphingolipid synthesis also increases small-
airway reactivity and that pharmacological
activation of this metabolic pathway in
airways with an SPT-deficient phenotype
improves airway hyperresponsiveness. We
propose that the manipulation of the
sphingolipid de novo synthesis pathway
could be a novel metabolic strategy for
asthma. M
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