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Abstract

Background and Objective—Recent increases in the use of non-invasive matrices for
biomedical analysis has led to interest in the evaluation of sweat for both clinical and research
applications. However, despite being one of the two main cutaneous secretions, until very recently,
only one study actually analyzed sweat in the context of cutaneous disease. This review attempts
to make the case for increased use of sweat in cutaneous research, and discusses lipid mediators as
potential analytical targets in sweat.

Methods—Sweat composition and its relationship with the skin and systemic circulation are
discussed, as are practical considerations for sweat sampling and analysis. Previous analyses of
lipid mediators in skin biopsies are provided to show that lipid mediators can regulate cutaneous
processes and disease pathways. Summaries of recent studies involving the analysis of sweat lipid
mediators are provided to demonstrate the utility of sweat lipid mediator testing to support future
cutaneous research studies.

Results—Sweat has the potential to reflect both local and systemic biochemical changes in
response to disease or intervention, and two recent studies of sweat lipid mediators confirm this
ability. Additionally, sweat lipid mediators appear to be temporally stable with individual
variability comparable other matrices, suggesting these analytes could be useful biomarkers.

Conclusions—Sweat metabolites may be capable of reporting changes in cutaneous
biochemical pathways, thereby providing insight into the immunomodulatory biochemistry of the
skin. Lipid mediator analysis of sweat appears to be a non-invasive approach that could enhance
existing cutaneous research and diagnostic methodologies.

Corresponding Author: John W. Newman, PhD, 430 W Health Sciences Drive, Davis, CA 95616, USA, Phone: +1 (530) 752-10009,

john.newman@ars.usda.gov.
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Introduction

Sweat is a complex hypotonic biofluid produced by the eccrine, apocrine and apoeccrine
glands of the skin, and along with sebum, is one of the two major cutaneous secretions.
Sweat’s physiological role in heat dissipation is well known, but early knowledge of its
composition was traditionally limited to water, electrolytes, urea, lactate, amino acids,
metals and xenobiotics (1). This knowledge has resulted in sweat being historically used for
the diagnosis of cystic fibrosis, since the disease alters the ionic composition of sweat (2),
and for forensic analysis to evaluate controlled substance use (3). With recent advances in
analytical as well as sweat sampling technology, the composition of sweat has been further
characterized, and it is now known to contain a much larger spectrum of molecules,
including proteins, carbohydrates, organic acids, lipids, and lipid-derived metabolites (4-8).
Correspondingly, the potential applications of sweat for diagnostic purposes have increased,
including speculations that the sweat proteome may be useful for the diagnosis of infections,
and psychiatric and neoplastic diseases (7, 9, 10). It should be noted that the vast majority of
these studies characterized the composition of eccrine sweat, which is produced from sweat
glands located throughout the body. Apocrine and apoeccrine sweat glands located in the
axillary and genital regions of the body have a distinct secretory mechanism from eccrine
sweat glands, and apocrine and apoeccrine sweat are less well characterized compared to
eccrine sweat. Therefore, (eccrine) sweat might offer access to a potentially valuable and
noninvasive biological sample that could help improve subject compliance in
pharmacokinetic and biomedical studies, as has been demonstrated with other non-invasive
matrices such as hair, saliva and tears (11).

To the best of our knowledge, only one example exists that examines sweat composition in
the context of cutaneous disease, a study that examined sweat prostaglandin (PG) E2 levels
in individuals with atopic dermatitis, psoriasis or hyperhidrosis compared to controls (12).
While no overall differences were found between the subjects with the various diseases and
controls in the cited study, some subjects with each disease did show markedly higher
concentrations of PGE2 compared to the average control, suggesting that there may in fact
be some cutaneous diagnostic potential to sweat. Interestingly, no further work has been
published that evaluates the diagnostic potential of sweat in cutaneous disease, which is
particularly surprising given that sweat is one of the two main cutaneous secretions.
Therefore, this mini-review focuses on the potential for sweat, particularly eccrine sweat, to
be a novel tool in cutaneous research and diagnosis. Additional emphasis will be placed on
lipid mediators as analytes of interest in demonstrating the utility of sweat in cutaneous
research, particularly given the previous attempt at evaluating these compounds in sweat for
this purpose.
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Lipid Mediators and Their Association with Cutaneous Disease

Lipid mediators refer to derivatives of fatty acids that display biological activity and are
capable of regulating a variety of processes, including inflammation, cell growth and
differentiation, and vascular homeostasis (13). These mediators, which come in a variety of
forms, are generally produced locally via biosynthetic pathways in response to extracellular
stimuli and function similarly to local hormones or autacoids (13), however they may also
have endocrine functions, as they can be released from tissues during triglyceride lipolysis
(14), and are components of circulating lipoprotein particles (15). Common examples of
lipid mediator classes include oxygenated lipids (“oxylipins™), which constitute a chemical
superclass consisting of the cyclooxygenase (COX), lipoxygenase (LOX) and cytochrome
P450 (CYP) derived products of polyunsaturated fatty acids; endocannabinoids and
endocannabinoid-like compounds such as monoacylglycerols (e.g. 2-archidonoylglycerol, 2-
AQG) and acylethanolamides (e.g. arachidonoylethanolamide or anandamide, AEA); and
ceramides and sphingosines (collectively, “sphingolipids”). The formation and biological
roles of these lipid mediator classes have been reviewed elsewhere and are beyond the scope
of this manuscript (13, 16, 17). The abbreviations used to describe the oxylipins,
endocannabinoids, sphingoid bases, and ceramides mentioned in this manuscript follow
standard conventions in the field, and are described and expanded elsewhere (18, 19).

Within the context of the skin, the presence of lipid mediators has been documented in
keratinocytes, fibroblasts, melanocytes and sebocytes, and these compounds have been
shown to influence a variety of cutaneous processes including cell proliferation, T-cell
activation, epidermal barrier function and sebum synthesis (16). These findings led to
inquiries into the role of lipid mediators in cutaneous disease, starting with demonstrations
that lipid mediators influence pathways known to be involved in particular diseases, and
later by demonstrating changes in lipid mediator concentrations in individuals with a disease
compared to controls. More recently, lipid mediators have been used as a basis of treatment
in several cutaneous diseases, most notably the use of palmitoylethanolamide (PEA)-
containing creams for the treatment of atopic dermatitis (20). Most of these associations
have been reviewed in several recent publications (16, 20, 21), and examples of specific lipid
mediators and the skin diseases they are associated with may be found in Tables 1 and 2.
However, as can be seen in these tables, most of the cited studies tend to focus on a limited
number of lipid mediator targets and/or a single class of lipid mediators. This prevents the
identification of mediator pathway cross-talk and limits the scope of discovery in these
studies.

The basis for lipid mediator cross-talk lies in the notion that all classes of lipid mediators
originate from similar fatty acid precursors, alternate biosynthetic pathways contain
mediators of similar physiology (e.g. anti-inflammatory effects of oxylipins and
endocannabinoids), and the enzymes responsible for lipid mediator formation collectively
exist within most common cell types and often compete for fatty acid substrates. Specific
evidence of lipid mediator cross-talk can be found in the interconversion of lipid mediator
classes, such as the conversion of 2-AG to PGE2 1-glycerol by COX-2 (22); or inhibition or
enhancement of lipid mediator forming enzyme activity by other lipid mediators, such as the
inhibition of COX-2 activity by 2-AG or modulation of phospholipase A2 and COX-2
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activity by sphingolipids (23, 24). While previously available technology did not permit
simultaneous analysis of multiple lipid mediator classes, more recent advances allow (for
example) the analysis of oxylipins, endocannabinoids and ceramides from a single sample
extract (18, 25). These advances should be taken advantage of in future studies that seek to
examine the lipid mediator profile of a cutaneous disease, particularly as often inhibition of
one lipid mediator may lead to downstream effects on other lipid mediator classes relevant to
that disease, which may not be readily detected if only a single lipid mediator class is
analyzed.

The Case for using Sweat (Lipid Mediators) in Cutaneous Research

The involvement of lipid mediators in skin disease has long been established, and several
promising therapeutic targets have been identified for diseases such as psoriasis and atopic
dermatitis (46, 50). The fact that lipid mediators have been found in multiple skin cell types
and have been shown to modulate cutaneous processes makes them an even more attractive
target for future research studies (16). Finally, given advances in analytical technology that
permit simultaneous analysis of multiple lipid mediator classes, it is now possible to
evaluate not only lipid mediator crosstalk, but also more comprehensively understand the
impact a disease may have on cutaneous inflammation and immunomodulation, which may
lead to the development of more targeted therapeutic interventions.

But where does sweat fit into this paradigm? As one of the two main cutaneous secretions,
sweat offers promise as an informative non-invasive matrix in cutaneous research. It is well
established that diseases such as cystic fibrosis genetically alter sweat composition,
supporting its potential as a diagnostic matrix (2). Current understanding of sweat
composition suggests that it is primarily an excretory biofluid, comprising secretions from
both the local cutaneous environment by diffusion from surrounding skin cells, as well as the
global systemic environment by diffusion from the capillary network surrounding the sweat
gland coil (58). There is also some evidence that the epithelial cells of the sweat gland are
also capable of synthesizing and secreting sweat components such as the endocannabinoids
AEA and 2-AG (59). By contrast, skin lipid mediator profiles are only reflective of the local
cutaneous environment, as lipid mediators are typically synthesized locally and function as
local hormones or autacoids (13). Therefore, analysis of skin lipid mediators provides a
relatively limited view of the effects of a particular disease, which could easily be expanded
in a more non-invasive manner by the analysis of sweat.

From a sampling perspective, cutaneous research currently appears to be largely dependent
on tissue biopsies or tape strips, both of which are invasive procedures and have potential to
cause considerable discomfort to the subject. Tissue biopsies in particular are also not
amenable to repeated temporal sampling, in part due to subject discomfort, but also because
the affected or treated area is usually excised after the first biopsy. It has recently been
suggested that invasive sampling procedures such as venipuncture can increase reluctance in
subjects to participate or comply with biomedical study requirements, and that the use of
non-invasive matrices such as saliva or sweat have improved compliance in pharmacokinetic
studies (11). Given that sweat collection is generally a non-destructive and non-invasive
process, it would appear to be suitable for repeated sampling and has the potential to
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minimize subject discomfort, making it an excellent supplement to skin biopsies or tape
strips.

Finally, -omics analysis of sweat is an emerging area that is currently of great interest to
several research groups around the world (1, 60). A recent comprehensive review by Hussain
et al. summarizes the last 10 years of sweat -omics analysis and shows that in addition to
water, electrolytes and small molecules, sweat also contains proteins, carbohydrates, organic
acids, and lipid-derived molecules to name a few classes of detected analytes (60). Each of
these detected analytes represents a potential therapeutic target and/or previously unknown
modulator of a skin disease. In fact, several of the proteins detected in sweat have
demonstrated cutaneous immunomodulatory or pathogenic defense properties (61, 62).
Therefore, continued exploration of sweat composition and its relationship to the skin should
be encouraged, and efforts are currently underway to further our understanding of this highly
promising biofluid.

Practical Considerations for Sweat Bioanalysis

Sweat Collection Methods—Until relatively recently, sweat has had limited application
in the areas of metabolomic or lipidomic testing, in large part due to a lack of quantitative
and reproducible methods for collecting sweat and their impact on the sweat metabolic
profile (1, 60). Two recent reviews on sweat and its utility in metabolomics analysis provide
overviews of the evolution of sweat collection technologies and discuss the advantages and
disadvantages of these various methods (1, 60). It would be redundant to revisit these topics
in this manuscript. Rather, it is worth considering the research questions desired to be
answered by sweat analysis.

Methods that offer rapid and quantitative collection of liquid sweat such as the Macroduct®
sweat collector are amenable for a wide range of studies since sweat collection occurs over a
relatively short window (~ 30 min), and therefore it is possible to closely relate observed
changes in sweat composition to the time since an intervention occurred. Since liquid sweat
is collected, it is possible to measure the collection volume, which may offer a means to
normalize amounts of detected analytes. The small size of these collection technologies also
offers researchers the opportunity to choose the collection site, which can help minimize
potential contamination by sebaceous secretions or even other types of sweat (e.g. apocrine
or apoeccrine sweat), and direct sweat gland interrogations to areas of skin with varying
levels of pathobiological intensity. However, these technologies are often expensive and
usually require specially trained personnel to actually perform sampling.

By contrast, patch collection technologies such as PharmChek® are comparatively
inexpensive, require no specialized training prior to use, and are also amenable to site-
directed collection. However, collection windows for these technologies is usually on the
order of hours to days, which makes it difficult to relate sweat composition to interventions
not only due to the length of collection time, but also because the collected sample provides
a cumulative view of metabolic changes throughout the collection period rather than a
snapshot at the time of collection. Collected sweat usually evaporates from the patch which
could lead to concentration of detected metabolites, making accurate quantitation of analytes
difficult, as would be estimation of the volume of collected sweat (1). Such collection
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technologies are perhaps most suitable for forensic or compliance testing where a positive or
negative result is more important than an accurate quantitation.

Finally, collection technologies such as bags that encase a limb or whole body sweat
collections are rarely used now, but require no specialized equipment or trained personnel.
However, such collections are prone to contamination of the collected sweat by sebaceous
secretions or the mixing of different sweat types, and are likely not suitable for
metabolomics or bioanalytical studies.

Sweat Stimulation Methods—In order to collect a sufficient quantity of sweat for
analysis, sweating must usually be stimulated, either by pharmacological methods
(pilocarpine iontophoresis) or physiological methods (thermal induction or exercise) (1).
Collection of sweat without stimulation is possible by the placement of an absorbent
material such as a gauze pad on the skin surface, but this usually requires collection times of
several hours or days to achieve a sufficient volume of sweat for analysis due to the
relatively low rate of total body insensible sweating, e.g. 1-20 g/h at 25 °C and 60% relative
humidity (63), whereas sweat collection following localized stimulation can usually be
achieved within an hour (1). More detail on each sweat stimulation technique and its relative
advantages and disadvantages is available elsewhere (60). It is worth noting that little work
has been done to evaluate the impact of each of these collection techniques on overall
comprehensive sweat composition. Based on the limited evidence in the literature, it does
appear that sweat stimulation technique affects sweat composition, as both exercise and
sauna increase interleukin (IL)-1 concentrations in sweat compared to pilocarpine
iontophoresis, and sauna produces higher concentrations of sweat IL-1 compared to exercise
(64). Similarly, thermal exposure and running generate different sweat electrolyte, creatinine
and urea profiles (65). Therefore, care should be taken in selecting a sweat stimulation
method, and results from studies involving different methods of sweat stimulation should be
compared with caution. It is also worth considering the impact of age on sweat gland
cellular functions (66).

An important consideration when stimulating and collecting sweat is the ambient
environment. Temperature and humidity have both been demonstrated to influence sweating
rates (67), and it is important to strictly control these parameters for all subjects in a given
study no matter what sweat stimulation technique is used. Specific sweat stimulation
techniques also have their own factors that require careful control. For example, if
pilocarpine iontophoresis is the method of choice, it is important to control the dose of
pilocarpine, the intensity of the current and the duration of stimulation. With exercise-
induced sweating, it is important to control not only the duration of exercise, but also its
intensity, as often the intensity of exercise can affect metabolism and therefore metabolic
content (68). Heart rate and oxygen consumption have been previously shown to be
excellent predictors of exercise intensity (69, 70), and at least one of these parameters should
be monitored for all studies using exercise as a means of sweat stimulation. Carefully
monitoring and regulating all of these parameters will result in a more uniform and therefore
reproducible study.
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Collection Sites—Muost studies tend to sample sweat from the volar forearm, likely
because it contains a low density of sebaceous glands, which minimizes the contamination
of collected sweat by sebum (71). It is also relatively hairless, sun-protected, and relatively
easy to access, which ensures minimal discomfort to subjects. Other anatomical sites such as
the chest, abdomen, forehead or upper arm exemplify some of these characteristics as well,
and in some cases, have a higher density of sweat glands and/or higher sweating rates
compared to the volar forearm (72). Yet, these sites are not as frequently sampled for sweat.
Possible reasons for this include the forehead being rich in sebaceous glands (73), and
therefore any collected sweat likely being compromised by sebaceous secretions; the
abdomen and upper arm not being as convenient to access, and also having lower sweating
rates compared to the forearm (72); and sampling from the chest being potentially
considered culturally invasive by some. There may be reasons to sample from these or other
sites depending on the research question and/or location of lesions. It is thus worth
considering the impact of collection site on sweat composition.

As with effects of different stimulation techniques on sweat composition, there are limited
studies published that examine the impact of collection site. At first glance it would appear
that collection site can affect sweat composition, as the ratio of IL-1a to IL-1p appears to
change depending on whether the palmar/plantar surface or torso is sampled (64). However,
sweat sodium and potassium concentrations appear unaffected by sampling from the
forearm, back, chest, forehead or thigh (73). Therefore, it may be worth evaluating the
impact of collection site on analytes of interest, particularly if comparisons are to be made
with results published based on samples from a different anatomical location.

Normalization of Sweat Metabolite Concentrations—In order to obtain accurate and
precise results from any analytical study, normalization of obtained results is a critical step
(74). Results are frequently normalized to sample volume, and such an approach is
appropriate where the sample matrix is homeostatically regulated, as is the case in blood and
cerebrospinal fluid (74). On the other hand, matrices such as urine are not considered
homeostatically regulated as volume-normalized analyte concentrations can vary
significantly, even in the same individual, depending on factors such as hydration status and
diet at the time of sampling (74). Creatinine is frequently used to normalize urine analyte
concentrations, as it is assumed that creatinine concentration, which is produced at a
constant rate from muscle tissue, provides a measure of the volume of blood filtered, and
thus is reflective of urine diluteness (75). However, this approach is not always successful,
particularly in cases of individuals with acute or chronic kidney diseases (76).

Sweat can also be considered a non-homeostatically regulated matrix, as sweat volume and
rate are influenced by ambient temperature and humidity, and possibly by subject hydration
status and blood flow to the sweat gland (67, 77). In an effort to normalize sweat analyte
concentrations, particularly for patch-based sweat collection systems where it is difficult to
quantify collection volume, Appenzeller et al. proposed the use of sweat sodium
concentration as a normalizing factor (78). Such an approach can be confounded by diseases
that affect sweat electrolyte content such as cystic fibrosis and adrenal insufficiency, and can
be influenced to a lesser degree by individual diets (particularly sodium intake) (79, 80). To
date, few studies that have attempted to normalize sweat analyte concentrations using
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detected sweat electrolyte levels (81, 82). Chemical isotope labelling of sweat patches has
been proposed as an alternative normalization strategy (83), and it may also be possible to
normalize to the sample volume if a liquid sweat sample can be collected and the entire
sample is analyzed (18). Sample normalization for sweat remains an area to be fully
characterized in order to more develop standardized quantitative approaches.

Biological Relevance of Sweat Metabolite Profiles—The prevailing hypothesis for
sweat composition is that as a predominantly excretory matrix, sweat is reflective of a
combination of plasma filtration, sweat gland epithelial cell secretion, and in all likelihood,
the influence of the surrounding cutaneous tissue mediators on the cells of the sweat gland
(58). Most of the evidence for this hypothesis comes from drug delivery studies, as
ketoconazole has been shown to rapidly partition from the bloodstream to eccrine sweat
following oral consumption (84), whereas theophylline has been demonstrated to migrate
transdermally to the skin surface where it can be amalgamated into sweat (85). It is critical
to understand the sources of the detected metabolites in sweat so that obtained results may
be put into the appropriate pathobiological contexts. This is particularly relevant in the area
of lipid mediators, which are generally thought to be produced locally via biosynthetic
pathways in response to extracellular stimuli and function similarly to local hormones or
autacoids. It follows that any interpretations of lipid mediator concentration changes needs
to be made in the context of the matrix of origin (13). There is also now evidence that cells
of the sweat gland are capable of synthesizing some of the analytes detected in sweat (59),
strengthening the argument that sweat merely reflects a modified plasma filtrate.
Unfortunately, the source of most non-electrolyte analytes detected in sweat has not been
well characterized at this time, and further studies need to be conducted to understand this
critical aspect of sweat composition.

Current Status of Sweat Lipid Mediator Analysis and it’'s Applicability in Cutaneous

Research

Since the initial publication in 1974 describing the presence of PGE2 in sweat by Forstrom
et al. (12), we have been unable to find any subsequent characterizations of lipid mediators
in sweat. We did however find mention that cells derived from the NCL-SG3 human sweat
gland epithelial cell line are capable of de novo synthesis of AEA and 2-AG (59), which
potentially adds another dimension to the characterization of the sources of sweat lipid
mediators that was discussed in the previous section.

In an effort to more comprehensively characterize the sweat lipid mediator profile and
understand its utility in cutaneous research, we recently attempted study in which we
assayed eccrine sweat collected from the volar forearm of individuals with and without
atopic dermatitis for over 150 lipid mediators to find differences between the groups (18).
Fifty-eight lipid mediators were quantified in the collected sweat, including polyunsaturated
fatty acid-derived alcohols, diols, epoxides and ketones; prostaglandins; nitrolipids;
endocannabinoids; ceramides; and sphingosines, and the sweat of individuals with atopic
dermatitis was shown to contain increased concentrations of [NS] and [NdS] ceramides
compared to controls (18). Individuals with atopic dermatitis were sampled from a non-
lesional site when they were in an unflared state, suggesting that sweat lipid mediator
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profiling may provide an opportunity for preclinical diagnostic testing of atopic dermatitis.
Further characterization of the sweat lipid mediator using more sensitive mass spectrometric
technology increased the number of quantified sweat lipid mediators to 70 (19), suggesting
that as analytical technology improves, so will our understanding of the sweat lipid mediator
profile.

More recently, we evaluated the impact of different sampling techniques on the sweat lipid
mediator profile, as well as the temporal stability of sweat lipid mediators, and were able to
show that while exercise- and pilocarpine-induced sweat demonstrate different lipid
mediator profiles, sampling location (volar forearm, anterior distal thigh or lower back) does
not appear to affect sweat lipid mediator composition (19). Furthermore, sweat lipid
mediators were shown to be temporally stable across the three-week duration of the study,
and inter- and intra-individual variability were consistent with those observed in other
matrices such as skin or plasma (19). While this study begins to alleviate some of the
concerns described in the previous section, more work remains to be done on the stability
and variability of sweat lipid mediators, particularly with respect to other methods of sweat
stimulation such as thermal or emotional induction, as well as other anatomical sites such as
the forehead, chest or upper arm.

Finally, we recently completed a study that evaluated the likelihood of the systemic
circulation as a source of sweat lipid mediators, since the origins of the lipid mediators can
help provide appropriate biological context for observed lipid mediator changes due to
disease or therapeutic intervention (86). Sweat and plasma were collected from healthy
individuals immediately prior to and at three times after ingestion of a 400-mg oral dose of
ibuprofen (86). No correlations were observed between plasma and sweat lipid mediators at
baseline (86), which suggests that systemic circulation is not a primary contributor to the
sweat lipid mediator profile. Additionally, ibuprofen intake resulted in differentially affected
lipid mediator profiles in the plasma and sweat (86), further supporting the notion that sweat
lipid mediators are primarily derived from sources other than the systemic circulation. These
findings shift the focus to skin or sweat gland epithelial cells as other potential sources of
sweat lipid mediators, and add support to the idea that sweat primarily reflects cutaneous
biochemical changes.

Conclusions

Throughout this piece, we have attempted to make the case for the use of sweat as a non-
invasive matrix to support cutaneous research, particularly as sweat is one of the main
secretions of the skin. It is hoped that readers will now appreciate that there is more to the
composition of sweat than just water and electrolytes, and that metabolites present in sweat
may in fact be capable of reporting changes in cutaneous biochemical pathways following
pharmacological or physiological intervention, thereby providing novel insight into the
immunomodulatory biochemistry of the skin. It is also hoped that this piece will inspire
future studies into the composition of sweat and its utility as a biological matrix. We have
only begun to scratch the surface of this new addition to cutaneous research, and there is
much left to discover about this biofluid.
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Table 1.

Partial list of lipid mediators directly quantified in subjects with and without cutaneous disease. Unless
otherwise specified, all lipid mediators were quantified in affected human skin. With the exception of the
sphingolipids, concentrations of all lipid mediators increased in individuals with the disease compared to
control.

Disease Associated Cutaneous Lipid Mediators

Atopic Dermatitis o) (06) 12 HETE (26), 15-HETE (26), LTBA4 (26, 27), LTC4 (27), LTE4 (27), PEA (28) , OEA (28) 7, AEA (28) ',

2-AG (28) 7‘ total Ceramides (29), Sphingosine-1-Phosphate (30) f 18:0 Sphingosine (31)

Contact Dermatitis 5 aG (39) % 5.6 (32) %, 2-PG (32) %, 2-vG (32) 7 PEA (33) 7 AEA (38) 7

Irritant Dermatitis ~ TXB2 (35), 12-HETE (35), SEA (35), OEA (35), LEA (35), PEA (35)

Psoriasis PGE2 (36), PGF2a (36), 12-HETE (36), total Ceramides (37)
Wound Healing PGE2 (38), PGD2 (38), AEA (39)
Sunburn PGEL1 (40), PGE2 (40), PGE3 (40), PGF2a (40), 8-HETE (40), 11-HETE (40), 12-HETE (40), 15-HETE (40), 13-HODE

(40), LTB4 (41) © AEA (42) % LEA (42) ¥ PEA (42) 7. SEA (42) ¥ OEA (42) %, VEA (42) ¥ total Ceramides (43)

fData generated from canine models
’tData generated from murine models

§Data generated from cultured human fibroblast models
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Table 2.

Partial list of lipid mediators and associated enzymes or receptors indirectly associated with cutaneous

diseases.

Analytical Target

Association with Disease

Atopic Dermatitis
PGD2 (44)
PEA (45)

Leukotriene receptor (46)

Contact Dermatitis
Sphingosine-1-Phosphate (47)
Asteatotic Eczema
PEA and AEA (48)

Psoriasis
AEA (49)
Sphingosine-1-Phosphate (50)

12-LOX (51)

15-LOX (52)
Wound Healing
PGE1 (53)

COX-1 (38)
CB1 and CB2 receptors (39)

Sunburn

COX-1, COX-2, 12-LOX and
15-LOX (40)

5-LOX (41)

CB1 and CB2 receptors (54)
Acne Vulgaris

15d-PGJ2 (55)

AEA and 2-AG (56)

LTA, hydrolase and 5-LOX (57)

COX-2 (57)

Modulates allergic inflammation via the CRTH2 pathway in a mouse model

Cream containing 0.3% PEA caused significant improvement of symptoms in individuals with atopic
dermatitis

Montelukast (leukotriene receptor antagonist) successfully used as a treatment in individuals with atopic
dermatitis

Inhibits Langerhans cell migration response in a mouse model of allergic contact dermatitis

Emollient cream containing 0.3% PEA and 0.2% AEA improved skin dryness, scaling and itching in
individuals with atopic dermatitis compared to control emollient cream

Inhibits keratinocyte differentiation and induces apoptosis in a human keratinocyte cell culture model

Topical application demonstrates anti-proliferative and anti-inflammatory effects in mouse models of
psoriasis

Increased activity determined in the skin of subjects with psoriasis, as /in vitro synthesis of 12-HETE in
uninvolved psoriatic skin biopsies was increased compared to control

ALOX15B gene expression downregulated in lesional and non-lesional psoriatic skin biopsies

PGE1 ointment in combination with cholesterol-bearing pullulan nanogels increased wound size
reduction rates compared to control in a rat model

Increased levels of COX-1 mRNA correlated with PGE2 and PGD2 synthesis during wound repair in a
mouse model

Expression of CB1/CB2 receptors on fibroblasts and macrophage-like cells in granulation tissue is
upregulated during wound healing in a rat model

Increased expression in the epidermis and/or dermis of ultraviolet-irradiated human skin compared to
non-irradiated skin

Ultraviolet-B irradiation of normal human dermal fibroblasts upregulates 5-LOX mRNA expression and
translocation of 5-LOX from the nucleus to the cytoplasm

Ultraviolet irradiation causes activation of the CB1 and CB2 receptors in a mouse model

Stimulates sebocyte lipogenesis by augmenting triglyceride synthesis in a sebocyte cell culture model
Enhances lipid synthesis in a sebocyte cell culture model in a manner resembling acne vulgaris

Increased expression in advanced differentiated sebocytes and cells of the ductus seboglandularis in
lesional skin collected from individuals with acne compared to control

Increased expression in undifferentiated and early differentiated sebocytes, and cells of the ductus
seboglandularis in lesional skin collected from individuals with acne compared to control
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