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osmolar pressure. One such site is the corneal epithelium, 
and disturbances in tear Þ lm composition and volume are 
causes for dry eye syndrome (DES), the most-common 
ocular pathology among people seeking eye care ( 2 ). DES, 
as an HO-induced inß ammatory disease, is characterized 
by eye irritation symptoms, blurred and ß uctuating vision, 
tear Þ lm instability, increased tear osmolarity, and ocular 
surface epithelial disease ( 3 ). Most of its manifestations 
are caused by the stress response of the corneal epithelial 
cells. 

 The sphingomyelin (SM) pathway was shown to be 
engaged in the response to numerous stress agents (ultra-
violet radiation, lipopolysaccharide, serum deprivation) 
and provides fast and intensity-modulated defensive feed-
back ( 4Ð6 ). It consists of a cascade of reactions centered 
on SM hydrolysis to ceramide by speciÞ c enzymes, sphin-
gomyelinases. Altered levels of the different sphingolipid 
species can have profound consequences on cell phenotype, 
and indeed, the balance of interdependent sphingolipids 
produced in the cell membrane can predict cellular be-
havior ( 7 ). Due to its organization, the SM pathway pro-
vides decision points in the cellÕs stress survival process 
and has therefore remained an evolutionarily preferred 
signaling system. 

 Another cellular stress response that has become widely 
studied in recent years is lipid droplet (LD) formation 
(for comprehensive review, see Refs.  8, 9 ). All cells, eukary-
otes as well as prokaryotes ( 10 ), have the machinery needed 
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  Hyperosmolarity (HO) imposes a remarkable stress on 
membranes. HO affects cellular balance and the changes 
in cell volume require membrane reorganization ( 1 ). Most 
affected tissues are those in direct contact with the external 
environment and are constantly exposed to variations in 
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stress condition by reducing immune cell recruitment as 
well as the Òoutside inÓ effects of IL-8 signaling. Induction 
of the HO-stress pathway causes complex responses in 
cells; therefore, identiÞ cation of participants and branch-
ing points is needed in order to start any therapeutic ap-
proaches. Hyperosmolar tear ß uid has been associated 
with decreased cell viability and delayed wound healing 
( 36 ); hence, an efÞ cient DES treatment should aim at re-
storing tissue homeostasis and at not inducing additional 
metabolic turbulence. 

 Nontargeted lipidomic analysis proved to be an impor-
tant tool, inasmuch as it provided a hypothesis-free ap-
proach to this study, eliminating biased search for possible 
activated pathways. Data analysis revealed that HO stress in 
epithelial cells is accompanied by signiÞ cant rearrange-
ments in cell lipidomes and small-scale changes in abun-
dant lipids can translate to large-scale changes in rare lipid 
classes, such as Cers and TGs. In our experimental model, 
we showed an important participation of NSM2 in the cel-
lular stress response to increased osmolarity. LD forma-
tion is not an event relevant only for our cellular model, 
but could have implications in other systems as well. 
Schwartz et al. ( 37 ) revealed that pathogen-related inß am-
matory reaction increases the osmolarity of inß ammatory 
ß uids. Given that inß ammation is an essential cellular re-
sponse to all stress inducers, its intimate connection with 
HO becomes an important issue in contexts different from 
that of the corneal surface or DES. Thus, revealing the de-
tails of this signaling pathway is an important near-future 
target of our research.  

 The authors thank Jari Metso for valuable technical help. 
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