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Abstract

Diabetes is marked by delayed wound healing response and prolonged phase of inflammation.
Toll-like receptors (TLRs) are the key pathogen recognition receptors known to regulate
inflammation in wound healing. Therefore, we aim to investigate the role of TLRs in delayed
healing of diabetic wounds. TLR (1-9) expression studies were conducted using J774 macrophage
cell line. Further, primary macrophages were isolated from wound tissues of db/db mice, subjected
to RT-PCR and western blot analysis. The RT-PCR expression of TLRs revealed that expression
of TLR2, TLR4, TLRS, TLR6, TLR7 and TLR8 were significantly upregulated in macrophage
cells, cultured in high glucose medium. Expression of TLR 1-9 were significantly upregulated in
wound tissues of db/db mice. However, TLR1, TLR2 and TLR4, TLR6, TLR7 were only found
upregulated in the primary macrophages. Only TLR2 and TLR4 exhibited significantly increased
protein expression. Further, TLR2 and TLR4 inhibition by OxPAPC (1-palmitoyl-2-arachidonyl-
sn-glycero-3-phosphorylcholine) impregnated hydrogels, resulted in a significantly increased rate
of wound healing in db/db mice via decreasing the significant levels of TNF-a and IL-1f. These
results show that increased TLR 2 and TLR 4 expression underlies delayed wound healing in
diabetes and a hydrogel impregnated with OxPAPC may be a promising therapeutic strategy for
the management of diabetic wounds. Our study goes closer in understanding the molecular

mechanism and provides a novel treatment method in diabetic wounds.


https://doi.org/10.1101/611053
http://creativecommons.org/licenses/by/4.0/

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

bioRxiv preprint doi: https://doi.org/10.1101/611053; this version posted April 16, 2019. The copyright holder for this preprint (which was not
certified by peer review) Is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under

aCC-BY 4.0 International license.

Introduction

Diabetes is afflicting nearly 422 million people worldwide[ 1] and its prevalence is associated with
increasing incidences of diabetes associated disorders. Type [ and Type II diabetes both are marked
by increased inflammation as evidenced by increased monocyte activity[2][3]. Inflammation is the
key regulator in the diabetes-related disorders like delayed wound healing[4][5]. However, the
cause of this prolonged inflammation in diabetes and underlying mechanisms are yet unknown.
Therefore, a clearer understanding of the mechanisms underlying prolonged inflammation can be

the key to success for designing targeting drugs for control of inflammation in diabetes.

Toll-like receptors (TLRs) are highly conserved pattern recognition receptors (PRRs) expressed in
various cells involved in immune system like monocytes, neutrophils and macrophages[6], acting
as key players in inflammation. A number of germline encoding pattern recognition receptors
(PRRs) are known, of which, the TLR family is the major comprising of 13 members[7]. These
PRRs recognize the pathogen-associated molecular patterns (PAMPs) often associated with the
invading pathogens. Upon PAMPs recognition the PRRs trigger multitude intracellular signaling
pathways in the host involving the active participation of adapter molecules, kinases and various
transcription factors[8]. This process culminates with the activation of several cytokines,
chemokines, cell adhesion molecules and immunoreceptors[9]. However, these TLRs can also
recognize certain host factors as “threat signals” when they are present in the form of abnormal

molecular complexes produced as a result of cellular stress[10].

TLRs have been found to play a major role in typel[11] and type2 diabetes[12]. Recent findings
have shown that hyperglycemia induces a proinflammatory state with increased TLR 2, 4

expressions in human monocytes[13]. In another study conducted on type 1 diabetic patients with
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microvascular complications, TLR2 and TLR4 and its downstream signaling factors were found
to be upregulated[14]. TLR3 and TLRS were found to be upregulated in bone marrow-derived
macrophages of non-obese diabetic mice[15]. TLR2 and TLR4 also mediated inflammation in
diabetic nephropathy[16]. Understanding the importance of TLRs in inflammation, we next sought
to understand the role of TLRs in diabetes. Till now most of the studies in diabetes focused on the
role of TLR2 and TLR4 but this is for the first time that the role of other TLRs (1-9) have been
analyzed in diabetic wound healing. Further, it is necessary to understand whether TLR inhibitor
or inducer could help in healing the diabetic wounds. However, systemic circulation of these
inducers/inhibitors would compromise the immune system. Therefore, we have used local

application of hydrogel which releases TLR inhibitor/inducer in response to the inflammation.

Hydrogels are formed by weak, non-covalent interactions when small amphiphilic molecules self-
assemble to form three dimensional matrices in an aqueous medium. Hydrogels are used for a
variety of biomedical applications from localized drug[17] or biomolecule delivery[18] to
encapsulation of mammalian cells[19], their maintenance and differentiation etc.[20]. These small
molecules can be designed to have functional groups that respond to various physiological stimuli
such as pH[21], various kinds of enzymes[22][23] ultrasound[24], and hypoxia[25]. We have used
amphiphilic molecule triglycerolmonostearate (TGMS) here which can self-assemble in water to
form hydrogels and encapsulate a variety of hydrophobic drugs. TGMS is a GRAS (generally
recognized as safe) agent by US-FDA. An interesting aspect of TGMS is the presence of an ester
group linking the hydrophilic and hydrophobic part that can be cleaved by over-expressed
inflammatory enzymes such as various esterase and proteases. In a proof-of-concept study, we
have shown encapsulation of an immunosuppressive agent, tacrolimus in TGMS hydrogels to

prevent graft rejection in vascularized composite allotransplantation (VCA) in a rat model[22] and
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90 pig model[26]. It has been proved that the release of drug through TGMS is stimulus-dependent
91 i.e. in response to the severity of inflammation. Due to the stimulus dependent response, the graft
92  rejection could be prevented for >100 days compared to control animals. Hence, we chose TGMS-
93  hydrogel system to deliver TLR2 and4inducerL.PS-Ek (lipopolysaccharide from E. coli K-12) and
94  inhibitor OXPAPC during the delayed wound repair/healing phases in diabetic animals. Our TGMS
95  based system would ensure the release of these molecules only during the inflammatory stimulus
96 along with a more localized delivery and minimal release in the absence of stimulus (i.e. enzymes).
97  Therefore, making TGMS a very efficient system for delivery of therapeutics in chronic non-
98  healing wounds. Moreover, OXPAPC if given through a systemic route might lead to systemic
99 immune suppression and off-target effects. We have tried to avoid this problem by choosing a

100 localized delivery system.

101 Therefore, this study shows that an abnormality in TLR expression leads to delayed healing of
102  wounds in diabetes employing db/db mice model. Additionally, we have also shown that hydrogels
103  impregnated with TLR 2 and TLR 4 inducer and inhibitor could potentially treat the non-healing

104  diabetic wounds.

105  Material and methods

106 Cell Culture

107  J774 macrophage cells were obtained from National Centre for Cell Sciences, Pune, India. The in
108  vitro studies were conducted on J774 macrophages (1x107 cells/ml) cultured in 5 mmol/l (low
109  glucose) and 30 mmol/l glucose (high glucose) for 24hrs. Cells cultured in 30 mmol/l mannitol

110  were used as an osmotic control. Cell viability was >90%.
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111 Animals

112 All the experiments were performed on 5 to 6 weeks old female, inbred db/db mice on C57 BL/6J
113 background with average weight of 261 gram. These were obtained from National Institute of
114  Immunology (NII), New Delhi, India. The animals were maintained under controlled laboratory
115  conditions. All animal care and experimental procedures described in this study were specifically
116  approved by the Animal Ethics Committees of Indian Institute of Technology, Kanpur, India
117  (CPCSEA Registration Number: 810/G0O/ac/03/CPCSEA), protocol number:
118 IITK/TAEC/2013/1011 and Banasthali Vidyapith, Rajasthan, INDIA (Registration Number:
119  574/GO/ReBi/S/02/CPCSEA;24.02.2002), protocol Number: BU/3432/16-17. All surgery was
120  performed under odium pentobarbital anesthesia, and all efforts were made to minimize suffering.
121 The mice had ad libitum access to food and water. The study was conducted with the prior approval
122 of the institutional animal ethical committee. The mice homozygous for a spontaneous mutation
123 of leptin receptor gene (Lepr®) became notably obese and showed elevated levels of glucose

124  around 3-4 weeks. The wildtype, non-diabetic (ND) mice were used as controls.

125  Wound creation

126 A single, full thickness, 6mm diameter excision wound was made at the superficial level on the
127  mid-dorsum of each db/db mice and wild type mice. On third day, the wound tissues were collected
128  and subjected to RT-PCR. All the in vivo and in vitro studies were performed in quadruplicate.

129  Skin from db/db and wild type mice was kept as controls.

130 Primary macrophage isolation from incision wound
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131 The incision wounds were employed for procuring primary macrophages from wound area
132 specifically. Incision wounds created by single incision (6mm) on the back of mice with circular
133 polyvinyl alcohol (PVA) sterile sponges (6mm diameter), implanted subcutaneously in each
134  pocket created by incision on the back of the mice; at the site of excision wounds. PVA sponges
135  were harvested within 72hr post wound creation, the reason being that the inflammation stage lasts
136  for 3 days. A single wound cell suspension was generated by repeated compression of sponges
137  which was filtered through a 70um nylon cell strainer to remove debris. For macrophage isolations,
138  magnetic cell sorting was done using mouse anti-CD11b tagged micro-beads[27]. The macrophage

139  cells were cultured for24hr in DMEM.

140 RT-PCR

141 Total RNA was extracted from J774 macrophages cultured in low glucose, high glucose, mannitol
142 after 24hr of culture. The total RNA was also extracted from primary macrophages (wound origin)
143  after 72hr post isolation/culture, using TRIZOL method. Sug of RNA from each sample was
144  subjected to cDNA synthesis using standardized protocol[28] and further PCR amplification (RT-
145  PCR) using TLR (1-9) specific primers as described earlier[29]. The S-actin gene was used as
146  house-keeping control. Amplification was performed in a thermal cycler (Labnet, USA)
147  programmed for 30 cycles of denaturation at 94°C for 1min., annealing at 55°C for 1min., and
148  extension at 72°C for 45s. The whole program was preceded by initial denaturation at 95°C for
149  5min and ended with a final extension at 72°C for 10 minutes. For analysis of each reaction, the
150  PCR products (10ul) were analyzed on 2 % agarose gel. Gels were photographed under UV

151  illumination on a gel documentation system. The mRNA expression levels were analyzed by
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152  Image J Software and the relative expression was calculated by comparing the band intensity of

153  various TLRs with the intensity of f-actin (house-keeping gene).

154 Western Blotting

155  For western blotting, the proteins from primary macrophages of diabetic and wild type mice
156  wounds were separated on SDS-PAGE and transferred on nitrocellulose membrane (MDI, India).
157  After blocking with 5% non-fat dry milk powder, the membranes were incubated with TLR 2,4,6,7
158  (Cell Signaling Technology) specific primary antibody and secondary antibody sequentially. The
159  immuno-reactive proteins positive for TLR antibody were visualized/detected by
160  chemiluminescence documentation system (BioRad, U.S.A.). Finally signal intensities were

161  measured using NIH Image J software.

162 Preparation of TGMS hydrogels containing OxPAPC and LPS-Ek

163 TGMS was procured from A. K. Scientific, USA. Dimethlysulphoxide (DMSO) used for gel
164  preparation was purchased from Sigma Aldrich (D2650). Autoclaved distilled water was used for
165  all gel preparation procedures. OxPAPC and LPS-Ek were purchased from Invivo Gen, San Diego,

166  USA.

167  10% (w/v) Triglycerolmonostearate (TGMS) was weighed in a glass vial. To this, 20% (v/v)
168  DMSO was added. The mixture was heated up to 60-70°C to dissolve and allowed to stand. Upon
169  cooling, the mixture was re-heated to dissolve, and remaining amount of water was added to form
170  uniform solution which was taken into 1ml syringe and allowed to stand for 3-4 days before use
171  in animals. In the formulation of gels loaded with OxPAPC and LPS-Ek; 400pug/ml and 50pug/ml

172 of respective amounts were dissolved in 200ul of DMSO and formulated into 1ml gels as described
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173 above. Further, OxPAPC (TLR 2.4 inhibitor) and lipopolysaccharide from E. coli K-12(LPS-Ek)
174  (TLR 2, 4 inducer) was encapsulated in triglycerolmonostearate self-assembled hydrogels and

175  applied on excision wounds of db/db mice.

176  Wound Contraction

177  Hydrogels (100ul) loaded with OxPAPC and LPS-Ek were applied on the excision wounds of four
178  groups of mice: Non diabetic treated with OxPAPC (ND OxPAPC), diabetic treated with OxPAPC
179  (db/db OxPAPC), Non diabetic treated with lipopolysachharide (ND LPS), diabetic treated with
180  lipopolysachharide (db/db LPS) with 4 animals in each group respectively. Wounds of db/db
181  placebo, ND placebo groups were filled with hydrogels only whereas one db/db and non-diabetic
182  group of controls was left untreated. Topical application continued twice a day at regular intervals
183  till day 14. Gel was spread uniformly to cover the wound bed of mice and further applied at regular
184  intervals. After receiving one treatment, each mouse was individually housed and fed ad libitum.
185  Digital camera was used to record the wound pictures of each mouse. Wound diameter was
186  measured every day manually by using a metric scale. Rate of wound closure (%) = [(Original

187  wound area — Open wound area on final day)/ Original wound area] X 100[30].

188 Cytokine assays

189  After the application of hydrogels (100ul) loaded with OXPAPC and LPS-Ek along with controls
190 the tissue supernatants were collected on day 14. The secretion levels of TNF-a, IL-1p were
191  detected using a commercially available enzyme-linked immunosorbent assay (ELISA) system

192  (Raybiotech, US) following kit instructions.

193  Statistical analysis
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194  The data were analyzed by a two tailed unpaired student’s test using Graph Pad software. The p-
195  value less than 0.05 were considered significant. All the experiments were performed in triplicate

196  and data were represented as mean + standard deviation.

197 Results

198  Gene expression of TLR increases in cultured J774 macrophage cell

199 line

200 The RT-PCR expression pattern of TLR1-9 revealed that expression of TLR2, TLR4, TLRS,
201  TLR6, TLR7, TLR8 were significantly upregulated (»<0.001) in macrophage cells cultured in high
202  glucose medium as compared to the macrophages cultured in low glucose medium and mannitol
203  (Figl). Comparing the relative expression pattern from cells cultured in the presence of mannitol
204  with cells cultured in high glucose, it can be concluded that the increase in expression of most of

205  the TLRs was due to high glucose and not because of an osmotic effect.

206  Fig 1. Increased expression of TLRs (2,4,5,6,7,8) in high glucose background. Expression of
207  various TLRs from J774 macrophages (Fig 1A) cultured in low glucose (5Smmol/l) and high
208  glucose (30mmol/l) and taking mannitol (30mmol/l) as osmotic control. Semiquantitative analysis
209  (Fig 1B) of expression levels of different TLRs in J774 macrophages shows that TLR2, TLR4,
210 TLRS, TLR6, TLR7, TLRS are significantly upregulated (»p<0.001) in macrophage cells cultured
211 in high glucose medium as compared to the macrophages cultured in low glucose medium and
212 mannitol, as osmotic control. f-actin used as internal control. Marker-100 bp ladder, statistical

213 significance: p<0.05%, p<0.01%*%*, p<0.001%*%*,

10
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214 Gene expression of TLR increases in diabetic skin and wound

215 concurrently

216  The results of the RT-PCR from skin and wound tissues of db/db mice exhibited significantly
217  increased (p<0.001) TLRs (1,2,3,4,5,6,7,9) expression as compared to the un-injured skin and
218  wound tissues of wild type mice as control. TLRS also exhibited increased expression in diabetic
219 skin (p<0.05) and wound (p<0.01) tissues as compared to the skin and wound tissues of wild-type
220  mice. Importantly, there was no significant change (p>0.05) in the level of different TLR(1-9) in
221 the db/db wound tissue as compared to the un-injured db/db skin which implicates that these TLRs
222 were increased at a systemic level in diabetic mice and not restricted to the wound area specifically
223 (Fig2). This suggested us that probably the systemic upregulation in the level of TLRs in diabetes
224  leads to prolonged inflammation resulting in aberrant healing at the localized site of the wound

225  where TLR-expressing macrophages accumulate.

226  Fig 2. Enhanced expression of different TLRs in un-injured skin and wound tissues of wild
227  type and db/db mice. Semiquantitative analysis of expression level of different TLRs as observed
228  in agarose gel (A) are analyzed (B). There is a significant increase in levels of TLRs (1- 9) in skin
229  and wound tissues of db/db mice as compared to the control (un-injured skin and wound tissues of
230  wild type mice). f-actin was used as internal control. Statistical significance: p<0.05*, p<0.01**,

231 p<0.001%%*,

232

233 Gene expression of TLR increases in diabetic wounds

11
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234 Expression of TLR 2-9 were found significantly upregulated (p<0.001) in wound tissues of db/db

235  mice as compared to wild type control (Fig 3).

236 Fig 3. Upregulation of TLRs (2-9) in wounds of db/db mice. Semiquantitative expression of
237  various TLRs as observed in wound tissues of wild type and db/db mice suggests upregulation of
238  TLR 2-9 in wound tissues of db/db mice. f-actin used as internal control. 100bp DNA ladder used

239  as marker. Statistical significance: p<0.05*, p<0.01**, p<0.001***,

240

241 Gene expression of TLR increases in cultured primary macrophages

242 TLRI, TLR2 (p<0.05) and TLR4, TLR6, TLR7 (p<0.001) were only found upregulated in the

243  primary macrophages derived from wound tissues of db/db mice as compared to wild type (Fig 4).

244  Fig 4. Increased RNA expression of various TLRs in db/db mice primary macrophages
245  (wound origin). Semiquantitative analysis done using primary microphages cultured from wound
246 tissues collected from db/db mice showed significant increase in TLR1 & TLR2 (p<0.05) and also
247  in TLR4, TLR6 and TLR7 ((p<0.001). S-actin was used as internal control. Marker-100bp DNA

248  ladder. Statistical significance: p<0.05*, p<0.01**, p<0.001***,

249

250 TLR protein upregulation in cultured primary macrophages

251  Out of the all TLRs expressed at the transcription level in primary macrophages from db/db mice
252  only TLR2,4,6,7 were found to be significantly upregulated (p<0.001) at the protein level as well

253  (Fig 5). This implicates that the TLR proteins are being expressed at the protein level at the wound

12
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254  site where macrophages are attracted as a result of the injury. Probably, downstream signaling
255  from this increased level of TLR resulted into the enhanced production of inflammatory cytokines.
256  This would further implicate that there could be an increased number of macrophages which could

257  result in the increased TLR 2,4,6,7 protein expression.

258  Fig 5. Upregulated TLR protein expression in primary macrophages isolated from db/db
259  mice. Except TLR1, having upregulated RNA expression, other TLRs (2,4,6 and 7), having
260  upregulated RNA, show corresponding significant upregulation (p<0.001) at the protein level as
261  well Anti-p-tubulin used as internal control. Semi quantitative analysis of protein level of different

262  TLRsusing NIH Image J software. Statistical significance: p<0.05*, p<0.01**, p<0.001***,

263

264 Hydrogels impregnated with OxXPAPC promoted wound contraction

265 in db/db mice

266  The results showed significantly greater wound contraction in the hydrogel impregnated with
267  OxPAPC db/db group at 7 days after treatment compared with the control, placebo groups
268  (hydrogel) and hydrogel+LPS groups (p <0.001, n=4). After fourteen days post wound creation,
269  the rate of wound closure in diabetic mice was 88.88 £2.92% in the hydrogel + OxPAPC group,
270  whereas 44.43 +£4.62%, 72.5+6.67%, and 61.1£4.21% in the db/db control, placebo and
271  hydrogel+LPS groups of mice, respectively. However, significantly fast wound contraction
272 (p<0.001,n=4) was reported in the control non diabetic group of mice compared with the placebo
273 groups, hydrogel+OxPAPC group and hydrogel+LPS groups at day 14 post wound creation (Fig

274 6).

13
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275  Fig 6. Faster wound contraction with hydrogel impregnated OxPAPC in diabetic mice. This
276  figure illustrates wound contraction in various groups of mice observed on day 1, day 7, day 14
277  post treatment with different hydrogels. Two groups formed: non-diabetic (A) and diabetic (B).
278  Differrent mice from non-diabetic are further grouped as non diabetic mice (untreated), non
279  diabetic mice control (hydrogel treated /placebo), non diabetic mice treated with hydrogel+LPS,
280 non diabetic mice treated with hydrogel+OxPAPC. And similarly from diabetic group, the
281  subgroups are db/db mice, db/db mice placebo (hydrogel treated/placebo), db/db mice treated with
282  hydrogel+LPS, db/db mice treated with hydrogel+ OXPAPC. db/db mice treated with hydrogel
283  impregnated with OXxPAPC exhibited greater degree of wound closure. Wound diameter was

284  recorded by Nikon digital camera.

285

286  Hydrogels loaded with OxPAPC decreased the cytokine level at

287 wound site

288  Significant decrease in the level of TNFa and IL-1B (»p<0.001) was observed in db/db mice treated
289  with hydrogel + OxPAPC as compared to the controls, placebo and hydrogel+LPS treated groups
290 of mice. However, the result was found to be less significant in all four groups of non-diabetic

291  mice (p>0.05) (Fig 7).

292  Fig 7. Diabetic mice treated with hydrogel + OxPAPC showed decreased level of TNFa and
293  IL-1B. The levels of cytokines, TNF-a (A) and IL-1B (B), in different groups of mice estimated
294 by ELISA. The groups includes: ND1(non diabetic mice, control), ND2 (non diabetic mice treated

295  with placebo /hydrogel only), ND3 (non diabetic mice treated with LPS+hydrogel), ND4 (non

14
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296  diabetic mice treated with OxPAPC+ hydrogel), D1(Diabetic db/db mice), D2(Diabetic db/db
297  mice treated with placebo/hydrogel only), D3 (Diabetic db/db mice treated with LPS+hydrogel),
298 D4 (Diabetic db/db mice treated with OXPAPC+ hydrogel). Statistical significance: p<0.05*,

299 p<0.01%*, p<0.001%**,

300

301 Discussion

302  Persistent inflammation is the hallmark of diabetes[3][30].This inflammation in diabetes is
303 associated with an increase in the level of several inflammatory cytokines like interleukin-1p,
304  TNF-a and chemokines[31]. TLRs and its downstream signaling is the main source of production
305 of these proinflammatory cytokines. TLR 2 and 4 are majorly known to be involved in the
306  pathogenesis of diabetes and its associated disorders[13][14][16]. Our studies were based on the
307  hypothesis that overexpression of TLR genes might play a significant role in delayed wound
308 healing process in diabetic patients. In our studies, we have shown these conclusively using in

309  vitro and in vivo based systems.

310  The results of this study show that TLR2, TLR4, TLRS5, TLR6, TLR7, TLR8 were significantly
311  upregulated (p< 0.001) in J774 macrophage cells cultured in high glucose medium which mimics
312  the diabetic condition in vitro. This implicates that hyperglycemia in diabetes may lead to an
313  upregulation in expression of TLRs in the macrophages. These results are in accordance with the
314  previous work conducted using human monocytes (THP-1) cell line, where increased glucose leads
315  to increased TLR 2, 4 expression[13].These results were further confirmed in our lab by gene

316  expression studies conducted on primary macrophages isolated from wound tissues of db/db mice

317  which again confirmed the upregulation of TLR1, TLR2and TLR4, TLR6, TLR7 (p<0.001).These
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318  results for the very first time show the involvement of many TLRs (TLR 2-8) altogether in

319  hyperglycemic condition.

320 The next we wanted to study whether the increased level of TLRs could also alter the wound
321  healing in diabetes. It is well evident that hyper inflammation in diabetic wounds causes excessive
322  production of proinflammatory cytokines leading to homing of inflammatory cells which elicits
323  pro-apoptotic genes and damages re-epithelization, often resulting in wound matrix degradation
324  [32]. This study also showed that diabetic wound exhibited an increased level of TLRs (TLR 1-9)
325 as compared to the skin and wound of wildtype mice altogether. Importantly, out of all TLRs
326  expressed at the transcript level in primary macrophages from db/db mice only TLR 2 and 4 were
327 found to be significantly upregulated (p<0.001) at the protein level as well. This result is in
328 accordance with the results of a study conducted on Type-2 diabetic patients where TLR 2, 4were
329  found to be increased in monocytes[12]. The mechanism behind the systemic increase in TLR 2
330 and 4 expressions can be via PKC-a and PKC-0 by activating NADPH oxidase[13].This increase
331  in TLR expression could be attributed towards increased inflammation thereby causing a delayed
332 healing in diabetic mice. TLR either through MyD88 dependent or through MAL/TRIF/TRAM
333  pathway (or both in case of TLR4) lead to the activation of MAPKK and IKK complex resulting
334  into activation and nuclear translocation of AP-1 and NF-kf from macrophages which promote

335 the secretion of multiple inflammatory cytokines downstream [33].

336 To understand the wound healing response better and to know whether TLR2,4 downregulation
337  may heal the diabetic wounds in optimum time, we decided to encapsulate and deliver OxPAPC,
338 an inhibitor of TLR2,4 to see if it helps in better/faster wound healing by modulating the pro-
339 inflammatory response and alleviating inflammation. We envisioned using an inflammation-

340 responsive hydrogel-based system to deliver the modulator (OxPAPC) locally on wounds of db/db
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341  mice to prevent its effects on the systemic immune system. In our study for the first time, we have
342  shown an accelerated rate of wound closure upon the topical use of OxPAPC loaded hydrogels in
343  a wound model using db/db mice, in vivo. Further, our results clearly indicate the significant
344  decrease in the level of pro-inflammatory cytokines IL-1B and TNF-a upon topical application of
345  hydrogels encapsulating OxXPAPC over wounds of diabetic mice. The encapsulation of TLR
346  inhibitor into TGMS gels led to sustained and inflammation responsive release of the cargo at the
347  wound site, thus aiding in better wound closure compared to placebo. Therefore, these OxPAPC
348 impregnated hydrogels can be implicated as a novel targeting therapy for targeting site-specific
349  early closure of diabetic wounds without compromising the immune system systemically, but this

350 needs further investigations.

351  Summarizing this data, we can state that systemic upregulation in TLR2 and TLR4 expression
352  causes delayed wound healing in diabetic mice. The use of hydrogels loaded with TLR2 and TLR4
353  inhibitor could ameliorate the delayed wound closure in diabetic mice targeting the wound site

354  without compromising the immune system.

355
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