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INTRODUCTION:

The subject of this research was the mechanism of delayed wound healing. Chronic
wounds present a major morbidity and life-treating complication in diabetic patients.
Normal wound healing involves three stages. First comes inflammation, then new tissue
formation, and finally tissue remodeling. These are regulated in a temporal, spatial, and
cell-type specific manner. Wounds that fail to repair, however, often show signs of
chronic inflammation without progression to latter stages of wound healing. The purpose
of this research was to test an innovative hypothesis that an enzyme called Lysosomal
Sphingomyelinase (L-SMase) and its metabolic products ceramide and sphingosine-1-
phosphate (S1P) coordinately regulate inflammation, angiogenesis, and proliferation but
which function is impaired in diabetes. The scope of the research involved
experimentation using mice to test first the effects of diabetes on sphingomyelinase and
second whether substitution of sphingomyelinase products, ceramide and Sphingosine-
1-phosphate will accelerate the wound healing process.

KEYWORDS:

Diabetes type Il

Obesity

Impaired wound healing
Tumor necrosis factor alpha
Sphingomyelinase
Ceramide
Sphingosine-1-phosphate
Serum markers

1. ACCOMPLISHMENTS:
= What were the major goals of the project?

Major Task 1: Decipher the role of L-SMase in the wound healing process
Major Task 2: Test whether serum S-SMase activity is a diagnostic and treatment
biomarker of delayed wound healing.

Both tasks were accomplished by 80%

= What was accomplished under these goals?
Accomplishment 1: According to the hypothesis proposed in Major Task 1, obesity
leads to a decline in the activity of lysosomal sphingomyelinase in macrophages
which is associated with elevated secretion of pro-inflammatory cytokine, TNFa which
serves to stall the wound healing process in the first, inflammatory stage and delay
the progression into proliferative phase. To test this we perform studies in three
different model of obesity. Mice fed Western diet (containing 35% saturated fat and
1.5% cholesterol), Mice fed High fat diet (65% of calories from fat, no cholesterol) and
ob/ob mice, which is a genetic model of obesity. Following 12 weeks on diet, mice
were sacrificed peritoneal macrophages were isolated and cultured, serum was
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collected and the activity of the lysosomal (in the macrophages) and secretory (in the
serum or in the conditioned medium) form of sphingomyelinase were measured by
HPLC. In both cases of diet induced-obesity, but not in the genetic model, the ob/ob
mice) there feeding high fat diet was associated with significantly lower Lysosomal
Sphingomyelinase activity. In all three models of obesity the activity of S-SMase in
serum was substantially elevated in obese animals. These effects were seen in both,
male and female mice and were not dependent on the age of the animals. A

representative datum is shown in Fig. 1.
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Fig.1. Suppression of macrophage lysosomal sphingomyelinase and stimulation of serum
secretory sphingomyelinase in obese rodents. C57BI6 mice (6 per group) fed standard
rodent show (ND) or high fat diet (HFD) for 12 weeks. Lysosomal sphingomyelinase
measured in isolated peritoneal macrophages and in serum by HPLC and fluorescence

Since peritoneal macrophages could be different then macrophage isolated from wound,
we performed a studied where obese and lean mice were wounded. The wounds were
allowed to heal for 5 days and in collaboration with Dr. Ashley Seifert at the College of
art and Science at the University of Kentucky, we isolated macrophages from the
wounds. These wound macrophages exhibited trends consistent with the changes in
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Fig. 2. Changes in serum S-SMase during obesity/wounding.
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peritoneal macrophages
and macrophages from
wounds of obese animals
had lower S-SMase
activity. More importantly
using flowcytometry, we
assessed the levels of
TNFa produced in the
wound macrophages and
they were significantly
elevated (by almost 30%
higher) in the wound
macrophages form obese
mice as compared to those
of lean animals.

Conclusion: These
results showed that indeed
diet-induces  obesity is



associated with lower macrophage sphingomyelinase activity, which leads to elevated
TNFa production. These observations completely support the hypothesis in the grant
application.

Accomplishment 2: According to our hypothesis, serum S-SMase activity could be a
diagnostic biomarker of delayed wound healing. All animal experiments consistently
showed that serum S-SMase activity is elevated during obesity. In the case of diet-
induced obesity but not in ob/ob mice, these increases negatively correlate with the rate
of Lysosomal sphingomyelinase. These results suggest that for diet-induced obesity, S-
SMase could be a marker of the rate of wound healing.

Somewhat surprisingly, wounding of obese mice alone led to further stimulation of S-
SMase activity (Fig. 2), an observation, which significance we are still investigating.

Conclusions and further studies. These animal studies consistently show that
elevation in S-SMase activity is linked to obesity, but also to the wounding process.
Ongoing studies aimed to test this hypothesis in humans.

Accomplishment 3: To directly test the role of decreased lysosomal sphingomyelinase
and its products, ceramide and sphingosine-1-phosphate as a causative factor in
delaying wound healing, we treated split wound for up to 6 days with formulations
containing ceramide , sphingosine-1-phosphate of vehicle. These experiments were
done in collaboration with Dr. Brad Taylor, a leading expert in pain and inflammation. As
shown in Fig. 3 the ectopic application of these lipid metabolites, but not
dihydroceramide, a biologically inactive ceramide analogue were highly effective in
promoting wound healing process.
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Fig. 3. Ceramide and sphingosine-1-phosphate (S1P) both facilitate wound
healing, reduce inflammation and pain in mouse model.

Conclusion: Exogenous delivery of ceramide and sphingosine-1-phosphate promotes
wound healing, decreases inflammation and reduces pain.

=  What opportunities for training and professional development has the project provided?
Nothing to Report.

=  How were the results disseminated to communities of interest?
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The results were present at 2 conferences as oral presentations:
South Eastern Regional Lipid Conference, Cashiers, NC, November 2017
The Sphingolipid Club, Italy, October, 2017
A publication is being prepared for submission to the Journal of Lipid Reports
=  What do you plan to do during the next reporting period to accomplish the goals?
Nothing to Report
2. IMPACT:
=  What was the impact on the development of the principal discipline(s) of the project?
Our studies provided very intriguing data in regards to negative regulation of the
enzymatic activity of lysosomal Sphingomyelinase and offered the first evidence that by
affecting the levels of TNFa, this enzyme is potential new target for the treatment of
impaired wound healing in diabetic patients.
=  What was the impact on other disciplines?
Nothing to Report
=  What was the impact on technology transfer?
Nothing to Report
=  What was the impact on society beyond science and technology?
Nothing to Report
3. CHANGES/PROBLEMS:
Nothing to Report
4. PRODUCTS:
=  Publications, conference papers, and presentations
Report only the major publication(s) resulting from the work under this award.
=  Journal publications.
Manuscript in preparation:
“Secretory sphingomyelinase and macrophage functions during obesity: implication of ceramide in
wound healing”. Deevska, G, Taylor, B.K, Donahue, R.R., Simkin, J., Seifert, A., Karakashian, A.,

Nikolova-Karakashian, M.N. For submission to J. Lipid Research

= Other publications, conference papers, and presentations.
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1. “Secretory Sphingomyelinase and macrophage functions during obesity” Deevska, G and
Nikolova-Karakashian, , oral presentation for the 52" Southeastern Regional Lipid Conference,
High Hampton inn, Cashiers, NC, Nov. 8010, 2017

See appendix for abstract

2. “Secretory Sphingomyelinase and macrophage functions during obesity” Deevska, G and
Nikolova-Karakashian, oral presentation for the XII Sphingolipid Club Meeting and SLC
Advanced Course, Trabia, Italy, Sept. 6-10, 2017

See appendix for abstract.

=  Website(s) or other Internet site(s)
Nothing to report
= Technologies or techniques

Nothing to report

= Inventions, patent applications, and/or licenses
Nothing to report

5. Other Products
PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

=  What individuals have worked on the project?
Mariana Nikolova-Karakashian, no change
Liang, Ying, no change.

Alex Karakashian, no change

= Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since
the last reporting period?

Nothing to Report

=  What other organizations were involved as partners?

Nothing to Report
6. SPECIAL REPORTING REQUIREMENTS

= N/A
7. APPENDICES:
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T11

SECRETORY SPHINGOMYELINASE AND MACROPHAGE FUNCTIONS DURING OBESITY

Deevska, G, and Mariana Nikolova-Karakashian

University of Kentucky College of Medicine, Department of Physiology, Lexington KY.

Acid sphingomyelinase gene encodes two forms of acid sphingomyelinase, the lysosomal (L-SMase)
and the secretory (S-SMase). Elevated S-SMase activity has been found in patients with heart failure,
sepsis, Hepatitis C, and fatty liver disease, as well as in many animal models. Our earlier studies
have shown that obesity is also associated with elevated serum S-SMase. The goal of the current
study is to evaluate the mechanism and consequences of these obesity-associated increases in S-

SMase.

C57BI6 mice fed high fat (12 weeks) and ob/ob mice were used in these experiments. Diet-induced
esity was associated with elevated serum S-SMase activity. Ex vivo studies with peritoneal
macrophages and aortic discs from obese and lean mice suggested that increased macrophage
secretion is likely responsible for the elevated serum S-SMase activity. The increased in S-SMase
release was accompanied by a reciprocal decline in the activity of L-SMase, suggesting a shift in the
yost-translational processing of the ASMase precursor. To test whether this shift has an impact on
macrophage function, wound-healing model was used. Obese and slim C57BI6 mice received 4 dorsal
younds. Activated macrophages, isolated from the wounds, exhibited 6-8 fold higher-S-SMase
activities as compared to peritoneal macrophages. Obesity was associated with even greater
icreases in S-SMase and decline in L-SMase. Wound macrophages isolated from obese mice also
Xhibited higher macrophage TNFa release. Loss- and gain- of function studies indicated that both,
he decline in L-SMase and the increase in S-SMase seen in obese animals, influence TNFa secretion
1 response to wounding or direct LPS stimulation.

'gse results suggest that obesity is associated with a shift in the processing of acid SMase in
Ctivated macrophages, which impacts the capacity to secrete TNFa. Earlier studies have indicated
'ItEhe underlying mechanism likely involves regulation of the activity of TNFo. converting enzyme,

knowledgements. This work was supported by CDMRP Discovery Award PR152294
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Abstract #22

Secretory Sphingomyelinase and Macrophage Functions
During Obesity

Deevska, G, and Mariana Nikolova-Karakashian

University of Kentucky College of Medicine, Department of Physiology,
Lexington, KY

Acid sphingomyelinase gene encodes two forms of acid sphingomyelinase, the
lysosomal (L-SMase) and the secretory (S-SMase). Our earlier studies have shown that
obesity is associated with elevated serum S-SMase. The goal of the current study is to
evaluate the mechanism and consequences of these obesity-associated increases in S-
SMase. C57BI6 mice fed high fat and ob/ob mice were used in these experiments. Ex
vivo studies with peritoneal macrophages and aortic discs from obese and lean mice
suggested that increased macrophage secretion is likely responsible for the elevated
serum S-SMase activity. The increased in S-SMase release was accompanied by a
reciprocal decline in the activity of L-SMase, suggesting a shift in the post-translational
processing of the ASMase precursor. To test whether this shift has an impact on
macrophage function, wound-healing model was used. Obese and slim C57BI6 mice
received 4 dorsal wounds. Activated macrophages, isolated from the wounds, exhibited
6-8 fold higher-S-SMase activities as compared to peritoneal macrophages. Obesity
was associated with even greater increases in S-SMase and decline in L-SMase.
Wound macrophages isolated from obese mice also exhibited higher macrophage
TNFa release. Loss- and gain- of function studies indicated that both, the decline in L-
SMase and the increase in S-SMase seen in obese animals, influence TNFa secretion
in response to wounding or direct LPS stimulation. These results suggest that obesity is
associated 'with a shift in the processing of acid SMase in activated macrophages,
which impacts the capacity to secrete TNFa. Earlier studies have indicated that the
underlying mechanism likely involves regulation of the activity of TNFo. converting
enzyme, TACE. This work was supported by CDMRP Discovery Award PR152294
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