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BACKGROUND

METHODS

RESULTS

Current wound care dressings and devices do not target the 
cellular migration and contraction defects in diabetic wounds 
to promote “better, faster repair”.
Over 20 years of research studying scarless fetal repair have 
led us to develop SLI-F06. This fibromodulin (FMOD)-derived 
peptide effectively reduces scar size in multiple small and 
large animal models through, in part, enhanced fibroblast 
and endothelial cell migration, myofibroblast differentiation, 
and contraction. 
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We used a NONcNZO10/LtJ type-2 diabetes mellitus  (DM) 
mouse model. Two excisional, full-thickness wounds (6-mm 
diameter) were created on the back of each mouse. We 
injected SLI-F06 (25 mg/ml) intradermally at four points 
around the wound edge every other day for 14 days. Then 
we used a streptozotocin-induced diabetic Yorkshire pig 
model. 1.5x1.5-cm square wounds were created on the back 
of each pig. 110 ml/cm2 of 25 mg/ml SLI-F06 in a 
hydroxypropyl cellulose excipient was topically applied 
twice/week for 3-4 weeks until all treated wounds healed. 
Wound healing was documented and analyzed by 2D / 3D 
digital photography, and myofibroblast conversion (assessed 
by a-SMA staining) were accessed histologically. 
Next, we isolated dermal fibroblasts from the diabetic pig 
skin, and tested cell proliferation, migration, myofibroblast 
conversion and invasion. Similar tests were performed on 
human immortalized dermal fibroblast BJ-5ta as well.
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The SLI-F06 injection significantly accelerated the wound 
healing of diabetic mice (P < 0.0001).
During Days 2-8, an overall 65.6% faster median wound 
healing rate with treatment was achieved.
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3D wound healing analysis
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Topical SLI-F06 administration not only accelerated wound healing as assessed by the healed wound 
area / volume, but also increased the proportion of wounds with complete closure. 

Success Criteria. By month 18, obtain focused cellular and molecular 
mechanism of action (MOA) data relevant to SLI-F06 peptide efficacy 
assessment for IND submission.  
 

Firstly, human immortalized dermal fibroblast BJ-5ta was induced to 
hyperglycemia. In contrast to the cells under normoglycemia, 
hyperglycemia human dermal fibroblasts displayed a slower proliferation 
rate (Fig. 1a). Akin to our previous studies in rat dermal fibroblasts, SLI-
F06 has negligible effects on cell proliferation (Fig.1b). On the other hand, 
regardless of normoglycemia or hyperglycemia, SLI-F06 promoted human 
dermal fibroblast migration demonstrated by the ‘scratch’ assay and 
invasion evidenced in the ‘transwell’ assay, respectively (Fig. 1c-d). 
Moreover, SLI-F06 also enhanced hyperglycemic human dermal 
fibroblast-derived myofibroblast contraction (Fig. 1e; RM-ANOVA P for 
treatment = 0.0001).  
Due to our accelerated progress in conducting AIM 4 (described below), 
we have access to diabetic pig dermal fibroblasts. Given that the FDA 
recommends pig models for human skin product testing, the diabetic pig 
cells (7) isolated from the unwounded skin of a female streptozotocin (STZ)-induced diabetic Yorkshire pig 
(instead of the proposed diabetic mouse cells) were used to validate the results obtained in human cells, which 
also reduced the use of animals as the NIH recommended. Similar to the human cells under hyperglycemia, 
diabetic pig dermal fibroblast migration and invasion, but not proliferation, and myofibroblast conversion and 
contraction, were significantly enhanced by SLI-F06 (Fig. 2). Thus, we achieved the milestone that SLI-F06 
significantly accelerates fibroblast migration/invasion and myofibroblast contraction under diabetic situations.   
 

AIM 4. Validate and optimize the efficacy 
of SLI-F06 in a diabetic pig wound 
model. Status: Ongoing. 
Due to the long-term nature of the 
procedure and the extensive monitoring 
protocols at our animal facility, we can only 
conduct one animal per time. Thus, we 
advanced the timeline of AIM 4. Since our 
facility and team are more familiar with 
female pig surgery, we initiated the pig 
study from females. As proposed, we used 
an STZ-induced diabetic Yorkshire pig 
model that simulates certain characteristics 
of later-stage human type 2 non-insulin dependent diabetic mellitus, such as increased triglycerides and glucose 
intolerance. We excised 1.5 x 1.5-cm square wounds and topically applied 110 µl/cm2 of 25 mg/ml SLI-F06 in a 
hydroxypropyl cellulose excipient twice/week. Excitingly, topical SLI-F06 administration not only markedly 
accelerated wound healing as assessed by the healed wound area (Fig. 3a; RM-ANOVA P for treatment = 
0.0028), but also significantly increased the proportion of wounds with complete closure (Fig. 3b; SLI-F06: 15.0 
day vs. control: 18.0 day; Mantel-Cox test P = 0.0300, N = 7). More pig surgeries are planned in the next period.  
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Fig. 2. Effects of SLI-F06 on STZ-induced 
diabetic pig fibroblast proliferation (a), 
migration (b), invasion (c), myofibroblast 
conversion (assessed by a-SMA staining; d), 
and converted myofibroblast contraction (e). 
Bar = 100 µm. *, P < 0.05. 

Fig. 3. Effects of SLI-F06 on wound closure of 1.5-cm x 1.5-cm excisional wounds 
in female STZ-induced Yorkshire diabetic pig. The wound healing rate was 
characterized by the healed wound area (a) and the proportion of completely healed 
wounds (b). *, P < 0.05. 
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PROGRESS REPORT 
Diabetes Mellitus (DM) has become a public health epidemic with half of the US population diagnosed with either 
DM or pre-diabetes. Impaired wound healing with the development of chronic non-healing wounds leading to 
limb amputation is a significant source of morbidity and mortality in diabetic patients. At the cellular level, there 
is impaired cellular migration with resultant defects in granulation tissue formation, wound contraction, and re-
epithelialization. Based on more than 20 years of research on the mechanisms underlying scarless fetal skin 
repair, we have developed a technologically innovative fibromodulin (FMOD)-based amino acid peptide 
sequence, SLI-F06, which significantly stimulates fibroblast migration, endothelial cell migration, myofibroblast 
differentiation, and contraction. We hypothesize that SLI-F06 will significantly accelerate granulation tissue 
formation and wound contraction, which will, in turn, accelerate wound re-epithelialization and wound closure. 
Overall, the goal of the current SBIR Fast-track application is to perform requisite pre-clinic efficacy and mode 
of action studies to support an IND application focused on accelerating wound closure (defined as complete re-
epithelialization) through repeated local application of SLI-F06 to chronic non-healing diabetic wounds.  
 

Phase I Specific Aim (AIM 1) is focused on a proof-of-concept study: confirming the efficacy of SLI-F06 
for rapid wound closure in excisional wounds for male NONcNZO10/LtJ diabetic mice. Status: Completed. 
 

Because over 90% of adult diabetic patients in the US exhibit type 2 diabetes 
mellitus (DM) rather than type 1, we used a NONcNZO10/LtJ type 2 DM 
mouse model for our first set of wound studies. Two excisional, full-thickness 
wounds (6 mm diameter) were created on the back of each mouse. To 
simulate human-type repair in the loose-skin mouse, we sewed silicone rings 
to each wound periphery to “splint” the wound to minimize excessive wound 
margin contraction. Then, we injected SLI-F06 (25 mg/ml) intradermally at four 
points around the wound edge (25 µl/point; 100 µl total) every other day for 14 
days. We documented wound area healing by digital photography and fitted 
the data to a quantile mixed-effect model with a 95% confidence interval. 
These data demonstrated that the SLI-F06 application significantly 
accelerated the wound healing of diabetic NONcNZO10/LtJ mice (P < 0.0001). 
Moreover, multiple comparisons applying Šidák correction revealed that SLI-
F06 markedly enhanced wound healing from Day 1 to 13 (adj. P < 0.05, N = 
12). Particularly, during Days 2-8, the quantile mixed-effect model revealed an 
overall 65.6% (> 30%) faster median wound healing rate with SLI-F06 
treatment. Furthermore, the proportion of wounds with complete closure at day 
14 post-injury was increased considerably (Mantel-Cox test P = 0.0156; N = 
12) at 83.3% in the SLI-F06 group vs. 41.7% in control. Therefore, we 
achieved the milestone that at least one condition (‘25 mg/mL peptide, every 
other day’ treatment) meets the criteria: ≥ 30% faster median wound healing 
“rate” compared to controls of a period of 7 consecutive days that start no 
earlier than 24 hours after wounding (Day 2 - Day 8) to permit advancement 
to Phase II.   
 

Phase II studies are to provide a mechanistic basis for SLI-F06 and to link its MOA with efficacy for 
supporting SLI-F06’s IND application in the diabetic population.  
 

AIM 2: Validate the efficacy of SLI-F06 in a female diabetic mouse wound model. Status: Ongoing. 
Female and male mice drug responses can be markedly different due to different sizes, anatomical structures, 
estrous cycle, etc. (1-3). Thus, it is important to perform studies on both male and female animals to ensure 
Scientific Rigor (4). However, a recent study suggests that wound healing is faster in female NONzNZO10/LtJ 
mice than in males (5). In addition, the 6% fat diet that successfully induces hyperglycemia and diabetes in male 
NONcNZO10/LtJ mice is not capable of inducing hyperglycemia in female NONcNZO10/LtJ mice, as previously 
reported (6). To address these anticipated pitfalls, we are conducting or planning to conduct three actions: [1] 
wean the female NONcNZO10/LtJ mice with 10-11% fat diet as the vendor suggested, while the initial results 
provided by The Jackson Laboratory suggest this may only able to raise the blood glucose level temporarily (6); 
[2] create large wounds in female NONcNZO10/LtJ mice to prolong the wound healing time for exam the 
treatment efficacy, and [3] employ female db/db mouse—another acceptable type II diabetic model for AIM 2.  
 

AIM 3. Elucidate the MOA for how SLI-F06 promotes diabetic wound healing. Status: Completed. 

Fig. 1. Effects of SLI-F06 on human BJ-
5ta fibroblast proliferation (assessed by 
the EdU binding assay; a, b) migration 
(assessed by the scratching assay; c), 
invasion (assessed by the transwell 
assay; d), and converted myofibroblast 
contraction (assessed by the gel 
contraction assay; e). *, P < 0.05. 
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Fig. 1. Effects of SLI-F06 on human BJ-
5ta fibroblast proliferation (assessed by 
the EdU binding assay; a, b) migration 
(assessed by the scratching assay; c), 
invasion (assessed by the transwell 
assay; d), and converted myofibroblast 
contraction (assessed by the gel 
contraction assay; e). *, P < 0.05. 

DISCLOSURE

Success Criteria. By month 18, obtain focused cellular and molecular 
mechanism of action (MOA) data relevant to SLI-F06 peptide efficacy 
assessment for IND submission.  
 

Firstly, human immortalized dermal fibroblast BJ-5ta was induced to 
hyperglycemia. In contrast to the cells under normoglycemia, 
hyperglycemia human dermal fibroblasts displayed a slower proliferation 
rate (Fig. 1a). Akin to our previous studies in rat dermal fibroblasts, SLI-
F06 has negligible effects on cell proliferation (Fig.1b). On the other hand, 
regardless of normoglycemia or hyperglycemia, SLI-F06 promoted human 
dermal fibroblast migration demonstrated by the ‘scratch’ assay and 
invasion evidenced in the ‘transwell’ assay, respectively (Fig. 1c-d). 
Moreover, SLI-F06 also enhanced hyperglycemic human dermal 
fibroblast-derived myofibroblast contraction (Fig. 1e; RM-ANOVA P for 
treatment = 0.0001).  
Due to our accelerated progress in conducting AIM 4 (described below), 
we have access to diabetic pig dermal fibroblasts. Given that the FDA 
recommends pig models for human skin product testing, the diabetic pig 
cells (7) isolated from the unwounded skin of a female streptozotocin (STZ)-induced diabetic Yorkshire pig 
(instead of the proposed diabetic mouse cells) were used to validate the results obtained in human cells, which 
also reduced the use of animals as the NIH recommended. Similar to the human cells under hyperglycemia, 
diabetic pig dermal fibroblast migration and invasion, but not proliferation, and myofibroblast conversion and 
contraction, were significantly enhanced by SLI-F06 (Fig. 2). Thus, we achieved the milestone that SLI-F06 
significantly accelerates fibroblast migration/invasion and myofibroblast contraction under diabetic situations.   
 

AIM 4. Validate and optimize the efficacy 
of SLI-F06 in a diabetic pig wound 
model. Status: Ongoing. 
Due to the long-term nature of the 
procedure and the extensive monitoring 
protocols at our animal facility, we can only 
conduct one animal per time. Thus, we 
advanced the timeline of AIM 4. Since our 
facility and team are more familiar with 
female pig surgery, we initiated the pig 
study from females. As proposed, we used 
an STZ-induced diabetic Yorkshire pig 
model that simulates certain characteristics 
of later-stage human type 2 non-insulin dependent diabetic mellitus, such as increased triglycerides and glucose 
intolerance. We excised 1.5 x 1.5-cm square wounds and topically applied 110 µl/cm2 of 25 mg/ml SLI-F06 in a 
hydroxypropyl cellulose excipient twice/week. Excitingly, topical SLI-F06 administration not only markedly 
accelerated wound healing as assessed by the healed wound area (Fig. 3a; RM-ANOVA P for treatment = 
0.0028), but also significantly increased the proportion of wounds with complete closure (Fig. 3b; SLI-F06: 15.0 
day vs. control: 18.0 day; Mantel-Cox test P = 0.0300, N = 7). More pig surgeries are planned in the next period.  
 

References: 
1. Ashirmetov A, Krakovskii ME. [Sex differences in drug metabolism in various endocrine diseases]. Problemy endokrinologii. 1991;37(2):65-8. 
PubMed PMID: 1857709. 
2. Anderson GD. Sex differences in drug metabolism: cytochrome P-450 and uridine diphosphate glucuronosyltransferase. The journal of gender-
specific medicine : JGSM : the official journal of the Partnership for Women's Health at Columbia. 2002;5(1):25-33. PubMed PMID: 11859684. 
3. Noordhoek J, Rumke CL. Sex differences in the rate of drug metabolism in mice. Archives internationales de pharmacodynamie et de therapie. 
1969;182(2):401. PubMed PMID: 5371192. 
4. Clayton JA, Collins FS. Policy: NIH to balance sex in cell and animal studies. Nature. 2014;509(7500):282-3. PubMed PMID: 24834516; PMCID: 
5101948. 
5. Cogan NG, Mellers AP, Patel BN, Powell BD, Aggarwal M, Harper KM, Blaber M. A mathematical model for the determination of mouse excisional 
wound healing parameters from photographic data. Wound Repair and Regeneration. 2018;26(2):136-43. doi: 10.1111/wrr.12634. PubMed PMID: 
WOS:000448193100166. 
6. NONCNZO10 LTJ A NEW JAX MICE MODEL FOR OBESITY-INDUCED TYPE 2 DIABETES: The Jackson Laboratory; 2005 [cited 2005]. 
Available from: https://www.jax.org/news-and-insights/2005/june/noncnzo10-ltj-a-new-jax-mice-model-for-obesity-induced-type-2-diabetes#. 
7. Sood RF, Muffley LA, Seaton ME, Ga M, Sirimahachaiyakul P, Hocking AM, Gibran NS. Dermal Fibroblasts from the Red Duroc Pig Have an 
Inherently Fibrogenic Phenotype: An In Vitro Model of Fibroproliferative Scarring. Plast Reconstr Surg. 2015;136(5):990-1000. Epub 2015/10/28. doi: 
10.1097/PRS.0000000000001704. PubMed PMID: 26505702; PMCID: PMC4624253. 

Fig. 2. Effects of SLI-F06 on STZ-induced 
diabetic pig fibroblast proliferation (a), 
migration (b), invasion (c), myofibroblast 
conversion (assessed by a-SMA staining; d), 
and converted myofibroblast contraction (e). 
Bar = 100 µm. *, P < 0.05. 

Fig. 3. Effects of SLI-F06 on wound closure of 1.5-cm x 1.5-cm excisional wounds 
in female STZ-induced Yorkshire diabetic pig. The wound healing rate was 
characterized by the healed wound area (a) and the proportion of completely healed 
wounds (b). *, P < 0.05. 

Success Criteria. By month 18, obtain focused cellular and molecular 
mechanism of action (MOA) data relevant to SLI-F06 peptide efficacy 
assessment for IND submission.  
 

Firstly, human immortalized dermal fibroblast BJ-5ta was induced to 
hyperglycemia. In contrast to the cells under normoglycemia, 
hyperglycemia human dermal fibroblasts displayed a slower proliferation 
rate (Fig. 1a). Akin to our previous studies in rat dermal fibroblasts, SLI-
F06 has negligible effects on cell proliferation (Fig.1b). On the other hand, 
regardless of normoglycemia or hyperglycemia, SLI-F06 promoted human 
dermal fibroblast migration demonstrated by the ‘scratch’ assay and 
invasion evidenced in the ‘transwell’ assay, respectively (Fig. 1c-d). 
Moreover, SLI-F06 also enhanced hyperglycemic human dermal 
fibroblast-derived myofibroblast contraction (Fig. 1e; RM-ANOVA P for 
treatment = 0.0001).  
Due to our accelerated progress in conducting AIM 4 (described below), 
we have access to diabetic pig dermal fibroblasts. Given that the FDA 
recommends pig models for human skin product testing, the diabetic pig 
cells (7) isolated from the unwounded skin of a female streptozotocin (STZ)-induced diabetic Yorkshire pig 
(instead of the proposed diabetic mouse cells) were used to validate the results obtained in human cells, which 
also reduced the use of animals as the NIH recommended. Similar to the human cells under hyperglycemia, 
diabetic pig dermal fibroblast migration and invasion, but not proliferation, and myofibroblast conversion and 
contraction, were significantly enhanced by SLI-F06 (Fig. 2). Thus, we achieved the milestone that SLI-F06 
significantly accelerates fibroblast migration/invasion and myofibroblast contraction under diabetic situations.   
 

AIM 4. Validate and optimize the efficacy 
of SLI-F06 in a diabetic pig wound 
model. Status: Ongoing. 
Due to the long-term nature of the 
procedure and the extensive monitoring 
protocols at our animal facility, we can only 
conduct one animal per time. Thus, we 
advanced the timeline of AIM 4. Since our 
facility and team are more familiar with 
female pig surgery, we initiated the pig 
study from females. As proposed, we used 
an STZ-induced diabetic Yorkshire pig 
model that simulates certain characteristics 
of later-stage human type 2 non-insulin dependent diabetic mellitus, such as increased triglycerides and glucose 
intolerance. We excised 1.5 x 1.5-cm square wounds and topically applied 110 µl/cm2 of 25 mg/ml SLI-F06 in a 
hydroxypropyl cellulose excipient twice/week. Excitingly, topical SLI-F06 administration not only markedly 
accelerated wound healing as assessed by the healed wound area (Fig. 3a; RM-ANOVA P for treatment = 
0.0028), but also significantly increased the proportion of wounds with complete closure (Fig. 3b; SLI-F06: 15.0 
day vs. control: 18.0 day; Mantel-Cox test P = 0.0300, N = 7). More pig surgeries are planned in the next period.  
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Fig. 2. Effects of SLI-F06 on STZ-induced 
diabetic pig fibroblast proliferation (a), 
migration (b), invasion (c), myofibroblast 
conversion (assessed by a-SMA staining; d), 
and converted myofibroblast contraction (e). 
Bar = 100 µm. *, P < 0.05. 

Fig. 3. Effects of SLI-F06 on wound closure of 1.5-cm x 1.5-cm excisional wounds 
in female STZ-induced Yorkshire diabetic pig. The wound healing rate was 
characterized by the healed wound area (a) and the proportion of completely healed 
wounds (b). *, P < 0.05. 

Similar to the hyperglycemic human cells, diabetic pig dermal fibroblast migration and invasion, and myofibroblast 
conversion (assessed by a-SMA staining) were significantly enhanced by SLI-F06, but not fibroblast proliferation . 
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Myofibroblast conversion within the scar was significantly enhanced by SLI-F06 (p<0.05).
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