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17 Abstracts: Diabetic retinopathy is the leading cause of blindness in the working-age
18  population in many countries. Despite the available treatments, some patients present
19  late in the course of the disease when treatment is more difficult. Hence, it is crucial
20  that the new targets are found and utilized in clinical therapy of diabetic retinopathy.
21 In this study, we constructed the DR animal model and the high model in HRMEC
22 cell to investigate the relationship between ASK1/p38 and NLRP3 in DR. The results
23 showed that DR could cause the inflammatory response and microvascular
24  proliferation. NLRP3 contributed to DR-mediated inflammatory development and
25  progression, which promoted the inflammatory related cytokine expression.
26  Meanwhile, it could promote the tube formation of retinal microvascular endothelial
27  and angiogenesis. Moreover, further research showed that NLRP3 mediated aberrant
28  retinal angiogenesis in diabetic retinopathy was regulated by ASK1 and p38. It
29  suggested that ASK1/p38 could become a new target in DR treatment.
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33 Introduction

34 Diabetic retinopathy (DR) is a common and specific microvascular complication
35 of diabetes, and it remains the leading cause of preventable blindness in working-aged
36 people [1,2]. It is associated with diabetes and increases the risk of life-threating
37  systemic vascular complications, which include stroke, coronary heart disease, and
38  heart failure [3,4]. The main reason for the irreversible visual induced by diabetic
39 retinopathy is retinal neovascularization [5]. DR is usually related with some
40  signaling pathway disorder and the unusual functional molecular expression [6].
41  Hence, potential molecular mechanism of retinal neovascularization is of great
42  importance and it is conducive to developing effective diagnosis and therapy
43 technologies for DR patients.

44 Some reports show that DR can cause the activation of polyol pathway and
45  hexamine pathway, accumulation of advanced glycation end products, inflammation
46  and protein kinase C [5,7,8]. More and more evidence show that inflammatory
47  response plays an important role in the pathogenesis of DR [7]. Moreover, the high
48  expression levels of pro-inflammatory cytokines are examined in retinas from animals
49  with diabetes [5]. Therefore, the inhibition of inflammatory signaling can become a
50 treatment for DR therapy.

51 The inflammasome is a multiprotein scaffolding complex which includes a
52 member of NOD-like receptor family, pyrin domain containing family member
53  (NLRP), procaspase 1 and apoptosis associated speck-like protein containing CARD
54 [9]. To data, NLRP3 inflammasome can leads to secretion of pro-inflammatory
55  cytokine IL-1B through recognizing danger signals and apoptosis associated
56  speck-like protein to activate caspase-1[9]. Related reports illustrate that NLRP3
57 activation play a crucial role in metabolic disease, such as type 2 diabetes [10].
58  Moreover, clinical samples in various stages of diabetic patients show that expression
59  of the NLRP3 and related inflammatory protein are increased in vitreous sample,
60  which have the largest response in patients with proliferative DR [11]. Thus, it
61  appears that the NLRP3 inflammasome may be involved in retinal disease.

62 Apoptosis signal-regulating kinase 1 (ASK1), a member of the mitogen-activated
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63  protein kinase kinase kinase (MAP3K) family, is an important stress responsive
64  protein kinase which play crucial role in the initiation of many diseases including
65 neurodegenerative, cardiovascular, inflammatory, autoimmunity, and metabolic
66  disorders [12,13]. The MAPK member, p38, is a serine/threonine protein kinase,
67  which responds to several cellular processes and external stress signaling, such as cell
68  differentiation, cell proliferation, inflammation regulation and cells death [14,15].
69  ASKI is the most studied family member and is an upstream kinase of the JNK and
70  p38 pathways [16,17]. Previous studies shows that ASK1 is activated in response to a
71 variety of stress-related stimuli via distinct mechanisms and activates MKK4 and
72 MKK3, which in turn activate JNK and p38 [18]. Related studies reports that ASK1/2
73 signaling complex contributes to pyroptotic cell death by regulating the NLRP3
74  inflammasome [19]. Although ASK1/p38 play a substantial role in inflammatory, and
75 it contribution in DR pathogenesis has not been described.

76 In this study, we constructed the DR animal model and the high model in
77 HRMEC cell to investigate the relationship between ASK1/p38 and NLRP3 in DR.
78  We found that ASK1/p38 could mediate NLRP3 inflammasome signaling pathway
79  contributed to aberrant retinal angiogenesis in DR. It suggested that ASK1/p38 could
80  become a new target in DR treatment.

81  Material and methods

82  Cells culture and stimulation

83 The Primary Human Retinal Microvascular Endothelial cell (HRMECs) was
84  purchased from Cell systems (Kirkland, WA, USA), and routinely cultured in M199
85  medium (Millipore, Temecula, CA) supplemented with100 units of penicillin and 100
86  ug of streptomycin per milliliter of medium. All cells (passages 5 — 12) were cultured
87  in grade plastic-ware and maintained in an atmosphere of 5% CO, at 37°C.

88 For high glucose cell models, HRMECs were cultured in conditioned medium
89 with 5 mM (serving as the normal glucose (NG) group) or 30 mM (HG group)
90  D-glucose (Sigma, Darmstadt, Germany) and incubated at 37°C with 5% CO,, then,
91 HG group was treated with or without 1 pM NLRP3 inhibitor CY-09
92  (MedChemExpress, New Jersey, USA), 1 puM ASKI1 inhibitor GS-444217
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93  (MedChemExpress, New Jersey, USA) or 10uM p38 inhibitor SB203580

94  (MedChemExpress, New Jersey, USA) for 24 h, respectively. Each inhibitor was

95  dissolved in dimethyl sulfoxide (DMSO) to a 50 mM concentration for use as stock

96  solutions that were diluted to the required concentrations for in vitro studies.

97  The constructive and treatment of DR model

98 Male C57/BL/J (10 weeks old, Yangzhou, Jiangsu, China) were obtained and housed

99  under standard conditions at Animal Research Center of China Pharmaceutical University.
100  All animal experiments were performed according to protocols approved by the
101 Ethics Committee of China Pharmaceutical University. Streptozotocin (STZ)-induced
102 hyperglycemic mice were utilized as type I diabetic-like model associated with
103  retinopathy [20]. Male C57/BL/] mice were received 1 times/day constitutive
104  intraperitoneal injections of 50 mg/kg STZ in a citric buffer (pH 4.5) for 5 day. After
105 last injection, 4 hour fasting blood glucose was determined, which the fasting blood
106  glucose were included within 15.0 to 20.0 nmol/l. The control group mice were
107  injected only citric buffer. Hyperglycemic (HG) mice were randomized divided into 5
108  groups: model and NLRP3 inhibitor CY-09 treatment groups, ASKI inhibitor
109  (GS-444217 treatment groups and p38 inhibitor SB203580 treatment groups. NLRP3
110  inhibitor CY-09 was administrated by oral administration at a dose of 2.5 mg/kg once
111 a day for 6 weeks in C57BL/6J mice. ASK1 inhibitor GS-444217 was administrated
112 by oral administration at a dose of 10 mg/kg once a day for 6 weeks in C57BL/6J
113 mice. The p38 inhibitor SB203580 was administrated by oral administration at a dose
114  of 15 mg/kg once a day for 6 weeks in C57BL/6J mice. Normal and model groups of
115  mice received the same volume of water. All inhibitors were first dissolved in a small
116  quantity of DMSO, and then evenly mixed with 0.5% CMC-Na solution. The final
117  concentration of DMSO was 5%. Treatment lasted 6 weeks. Eyeballs were collected
118  from sacrificed mice. Some retina was enucleated and placed on 4%
119  paraformaldehyde overnight for immunofluorescence. Another retina was reversed in
120  -80°C for qRT-PCR or Western blotting experiment.
121 Quantitative real-time PCR analysis

122 Total RNA of HRMECsS and tissue samples were extracted using TRIzol and was
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123 transcript into cDNA with a Reverse Transcription Kit (Bio-Red). Then, qRT - PCR
124  was then performed on a MyiQ single-color RT - PCR detection system with SYBR
125  Green Supermix. Primer sequences for each gene were as follow: IL-6, forward: 5°-
126 CTT CAC AAG TCG GAG GCT TAA T-3’, reverse: 5’- GCA TCA TCG CTG TTC
127 ATA CAA TC-3’; TNF-a, forward: 5’- GCC TCA GCC TCT TCT CAT TC-3’,
128  reverse: 5°- GGG AAC TTC TCC TCC TTG TTG-3’; IL-1B, forward: 5’- TGA CCC
129 ATG TGA GCT GAA AG-3’, reverse: 5’- CGT TGC TTG TCT CTC CTT GTA-3’;
130 GAPDH, forward: 5’- GGG AAA CCC ATC ACC ATC TT-3’, reverse: 5’- CCA
131  GTA GAC TCC ACG ACA TAC T-3’. The relative mRNA expression was
132 normalized to that of GAPDH and was determined using the comparative Cq method
133 (2-44Ch)  [21].

134  Western blot analysis

135 For western blot analysis, the protein of HRMECs and tissue samples were lysed
136  in RIPA buffer containing protease inhibitor cocktail (Generay, Shanghai, China).
137  NLRP3, AKSI, p38, IL-6, TNF-a, VEGF, IL-1p and GAPDH were detected by
138  western blot analysis with anti- NLRP3, anti- AKSI1, anti- p38, anti- IL-6, anti-
139  TNF-a, anti- VEGF, anti- IL-1f and anti- GAPDH (Cambridge, MA, USA). The blots
140  were detected using Bio-Imaging System and Quality One 1-D analysis software
141 (Bio-Rad, Richmond, CA, USA).

142 Immunofluorescence staining

143 The cry sections from mouse retina tissues were fixed with ice-cold acetone for
144 20 min. The slides were blocked with 5% BSA in PBS for 1 h and subjected to
145  incubation at 4°C overnight with the following primary Ab mixtures: biotin—
146  anti-mouse CD31 (1:100) or biotin—anti-mouse IB4 (1:100). Slides were washed and
147  then incubated with streptavidin—Alexa Fluor 488 conjugate (1:200) or streptavidin—
148  Alexa Fluor 594 conjugate (1:200) for 90 min. The slides were costained with DAPI
149  and mounted with fluoro-gel (Electron Microscopy Science). Confocal images were
150 acquired by Leica TCS SP5 confocal microscope system (Leica Microsystems,
151  Germany) and quantitated by AxioVision 4.6.3.0 (Carl Zeiss AG, Germany).

152 The experiment of retinal microvascular endothelial cell tube formation
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153 The 100 pl Matrigel per well was evenly spread on the bottom of 24-well plate
154  and allowed to solidify at 37°C with 5% CO, for 2 h. Different treated HRMECsS,
155  including NG group, HG group and HG treated with inhibitor group, were digested
156  and centrifuged at 1000 g; the supernatant was removed and the cells were suspended
157  in complete medium; the cells were separately seeded in 24-well plates at 3 x 10°
158  cells per well and cultured at 37°C with 5% CO, for 8 h. The tube formation of retinal
159  microvascular endothelial cell was photographed and analyzed by Imagel] software
160  Angiogenesis Analyzer Plugin.

161  Measurements of VEGF

162 The retinal tissue from control group, HG group and HG treated with inhibitor
163  group were added in PBS and homogenized; the homogenate was centrifuged at
164 12000 g at 4°C for 10 min. Then, the supernatant was tested for VEGF by mouse
165  VEGF ELISA kit (R&D Systems, MN, USA). For cells experiment, the cells cultured
166  supernatant in different treated groups was harvested and tested by mouse VEGF
167  ELISA kit.

168  Statistical analysis

169 The data were statistical analysis by Student’s t-test using Graph pad prism 4.0
170  (Graph pad Software, La Jolla, CA). P< 0.05 was considered statistically significant.
171 Results

172 The inflammatory response and microvascular proliferation were caused by DR
173 Related reports show that DR can activate some signaling pathway and cause
174  inflammation response [7]. Hence, the Streptozotocin (STZ)-induced hyperglycemic
175 mice were utilized as type I diabetic-like model associated with retinopathy and
176  constructed. The inflammation cytokines related with DR were measured; the results
177  showed that the mRNA expression levels of IL-6, TNF-a and IL-1P were enhanced in
178  retina of DR groups compared with control group (Figure 1A). Then, the formation of
179  microvascular in retina was analyzed, and the expression of vascular marker CD31
180  was increased in DR group by confocal detection (Figure 1B). Meanwhile, the VEGF
181  secretion levels in DR group was increased compared with control group (Figure 1C).

182 All of these data suggested that DR could cause inflammatory response and
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183  microvascular proliferation in retina.

184  NLRP3-mediated tissue inflammatory response promoted microvascular
185  proliferation in retina

186 Clinical samples in various stages of diabetic patients show that expression of the
187  NLRP3 and related inflammatory protein are increased in vitreous sample, which
188  have the largest response in patients with proliferative DR [10]. Hence, in this study,
189  we investigated the role of NLRP3 in microvascular proliferation in retina. The results
190  showed that the protein expression of NLRP3 was up-regulated in DR group (Figure
191  2A). Then, the DR group was treated with NLRP3 inhibitor; after inhibitor treatment,
192 the inflammation cytokines IL-6, TNF-a and IL-1 mRNA expression levels were
193  decreased comparing with DR group without treated with inhibitor (Figure 2B).
194  Meanwhile, CD31 expression level was reduced in inhibitor treatment group (Figure
195 2C). Moreover, the VEGF secretion level was reduced after administrated with
196  NLRP3 inhibitor (Figure 2D). In order to further investigate the role of NLRP3, the
197  high glucose cell models in HRMECs was constructed and treated with or without
198  NLRP3 inhibitor. The results showed that NLRP3 protein expression levels in HG
199 HRMECs was up-regulated, and inhibited after treated inhibitor (Figure 2E). In HG
2000 HRMECs groups, IL-6, TNF-a and IL-18 mRNA expression levels were enhanced
201  comparing with control, and inhibited by NLRP3 inhibitor (Figure 2F). The result of
202 VEGEF secretion levels in cells was similar with DR animal model (Figure 2G). Taken
203  together, this data illustrated that NLRP3-mediated tissue inflammatory response
204  promoted microvascular proliferation in retina.

205 The tube formation of retinal microvascular endothelial was inhibited through
206  blocking NLRP3

207 Above data showed that NLRP3 was related with inflammatory response and
208  promoted vascular marker CD31 and VEGF expression. Hence, we analyzed the tube
209  formation of retinal microvascular endothelial in retina. Figure 3A showed that the
210  lumen formation was obviously enhanced in HG HRMECs and was inhibited by
211 blocking NLRP3. Then, the tube meshes, nodes and tube length was counted, and the

212 results exhibited that HRMECs in high glucose could form more meshes and nudes
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213 than control; meanwhile, the tube total length in HG group was higher than control
214  group (Figure 3B-C). However, after blocking NLRP3, the tube meshes, nudes and
215  tube length was reduced comparing with HG group (Figure 3B-C). These data
216  suggested that the tube formation of retinal microvascular endothelial was inhibited
217  through blocking NLRP3.

218  The expression level of inflammatory some NLRP3 was up-regulated through
219  activating ASK1/p38 signal axis

220 More and more data show that NLRP3-induced inflammatory play an important
221 part in DR [9]. However, the potential mechanism of NLRP3 participating in
222 inflammatory in DR still unknown. So, we utilized the DR model and high glucose
223 HRMECs model to investigate. The results showed that the protein expression levels
224  of ASKI1 and p38 were up-regulated in DR and high glucose HRMECs (Figure
225 4A-B). Then, in order to investigate whether ASK1 and p38 participating in
226  NLRP3-mediated inflammatory response. We utilized ASK1 and p38 inhibitor to
227  Dblock the related protein expression; the data exhibited that the protein expression
228 levels of NLRP3, inflammatory cytokine (IL-6, TNF-a, IL-1p) and VEGF was
229  down-regulated after blocking ASK1 and p38 (Figure 4C-D). All of this data
230  suggested that NLRP3-mediated tissue inflammatory signal response was enhanced
231 through activating ASK1/p38 signal axis.

232 The tube formation of retinal microvascular endothelial was inhibited through
233 blocking ASK1/p38 signal axis

234 NLRP3 play an important part in tube formation of retinal microvascular
235  endothelial. Meanwhile, NLRP3-mediated tissue inflammatory signal response was
236  enhanced through activating ASK1/p38 signal axis. Hence, we hypothesized whether
237  ASK1/p38 signal axis could mediate tube formation of retinal microvascular
238  endothelial. Figure SA and 5C showed that high glucose could promote the tube
239  formation, and the formation was inhibited by ASK1 and p38 inhibitor. Meanwhile,
240 the tube meshes, nodes and tube length was counted. The result showed that
241 HRMECs in high glucose could form more meshes and nudes than control;

242  meanwhile, the tube total length in HG group was higher than control group (Figure
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243 5B and D). However, after blocking ASK1 and p38, the tube meshes, nudes and tube
244  length was reduced comparing with HG group (Figure 5B and D). These data
245  suggested that ASKI1/p38 signal axis participated in tube formation of retinal
246 microvascular endothelial.

247  The angiogenesis was inhibited through blocking ASK1 and p38

248 Next, we investigated whether ASK1 and p38 mediated the angiogenesis. The
249  results showed that angiogenesis related marker IB4 was obviously increased in HD
250  model (Figure 6A and B); However, IB4 expression was inhibited through blocking
251  ASKI1 and p38 (Figure 6A and B).This data suggested that ASK1 and p38 participated
252 in angiogenesis in DR.

253  Discussions

254 DR is a leading cause of blindness in working-age population all the world. It is
255  induced by diabetes, which causes the pathology of retinal capillaries, arterioles and
256  venules, and the subsequent effects of leakage from or occlusion of small vessels
257  [22-24]. Laser therapy is the mainly effective therapy for preservation of sight in
258  proliferative retinopathy [24]; however, it is poor to reverse visual loss. Hence, it is
259  still to find the new therapies to improve the effective of DR.

260 In this study, we had uncovered the NLRP3 played an important part in aberrant
261  retinal angiogenesis in diabetic retinopathy. We firstly found that ASK1/p38-mediated
262 NLRP3 inflammasome signaling pathway contributed to aberrant retinal angiogenesis
263  in diabetic retinopathy. The inflammatory related cytokines (IL-6, TNF-a, IL-1pB)
264  mRNA expression levels were up-regulated in DR (Figure 1A); meanwhile, vascular
265  related marker CD31 and cytokine VEGF were also increased in DR (Figure 1B-C).
266 After blocking NLRP3, ASK1 or p38, the expression levels of inflammatory cytokine
267  was down-regulated and vascular related marked IB4 expression was decreased.

268 It is the crucial reason that heperglycemia lead to a series of inflammatory
269 mediator in diabetes, which can further parainflammatory response and finally
270  damage retinal microvascular [25]. Chronic inflammation is one of the key that
271 triggers in the pathogenesis of DR, and the inflammation response reduction can

272 alleviate the development and progression of DR [26]. Related reports show that
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273 NLRP3 plays a crucial key in the development of chronic inflammatory response
274  through secreting related cytokines, such as IL-6, TNF-qa, IL-1B [27]. The activation
275  of NLRP3 contributes to all kinds of development and progression in chronic
276  inflammatory disease [28]. In this study, our results showed that NLRP3-mediated
277  tissue inflammatory response promoted microvascular proliferation in retina. In DR
278  animal model, the protein expression of NLRP3 was up-regulated in DR group
279  (Figure 2A). Then, the DR group was treated with NLRP3 inhibitor; after inhibitor
280 treatment, the inflammation cytokines IL-6, TNF-a and IL-13 mRNA expression
281  levels were decreased comparing with DR group without treated with inhibitor
282 (Figure 2B). Meanwhile, CD31 expression level was reduced in inhibitor treatment
283  group (Figure 2C). Moreover, the VEGF secretion level was reduced after
284  administrated with NLRP3 inhibitor (Figure 2D). Moreover, the NLRP3 protein
285  expression level in HG HRMECs group was up-regulated, and inhibited after treated
286  inhibitor (Figure 2E). In HG HRMECs groups, IL-6, TNF-a and IL-1§ mRNA
287  expression levels were enhanced comparing with control, and inhibited by NLRP3
288  inhibitor (Figure 2F). The result of VEGF secretion levels in cells was similar with
289 DR animal model (Figure 2G).

290 ASK1 is an apoptosis-related protein, which is activated in response to a variety
291  of stress-related stimuli via distinct mechanisms and activates MKK4 and MKK3,
292 which in turn activate JNK and p38 [29]. Many reports illustrate that ASK1 can
293  contribute to the development and progression of inflammatory response [30,31]. For
294  example, the bacterial infection-engaged inhibition of ASKI is responsible for
295  regulating Erk1/2- and p38-MAPKSs activation, but not INK-MAPK signaling [31,32].
296  This previous studies suggest that ASK1 and p38 have close relationship in
297  inflammatory response. In addition, some drugs can protect the retinal photoreceptor
298  cells through activating p-Erk1/2/Nrf2/Trx/ASK1 signaling pathway in diabetic mice
299  [33]. This report suggested that ASK1 play an important role in diabetic related
300 disease [33]. In this study, our data showed that the expression level of inflammatory
301  some NLRP3 was up-regulated through activating ASK1/p38 signal axis; meanwhile,

302 ASKI1/p38 signal axis contribute to tube formation of retinal microvascular
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303 endothelial and development of angiogenesis in DR. We found that ASK1 and p38
304  protein expression levels were up-regulated in DR (Figure 4A-B); however, blocking
305 ASKI1 and p38, the NLRP3 and related cytokine (IL-6, TNF-a, IL-1f) protein
306  expression levels were down-regulated (Figure 4C-D). In addition, the tube formation
307  of retinal microvascular endothelial was inhibited through blocking ASK1 and p38.
308  All of this data showed that ASK1 and p38 mediated the NLRP3 inflammasome
309  signaling pathway contributed to aberrant retinal angiogenesis in diabetic retinopathy.
310 Conclusions

311 In conclusion, we found that DR could cause the inflammatory response and
312 microvascular proliferation. NLRP3 contributed to DR-mediated inflammatory
313  development and progression, which promoted the inflammatory related cytokine
314  expression. Meanwhile, it could promote the tube formation of retinal microvascular
315 endothelial and angiogenesis. Moreover, further research showed that NLRP3
316  mediated aberrant retinal angiogenesis in diabetic retinopathy was regulated by ASK1
317 and p38.
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424

425  Figure legends

426  Figure 1 DR could cause the inflammatory response and microvascular
427  proliferation. (A) The inflammatory related cytokine IL-6, TNF-a and IL-1f mRNA
428  expression levels were enhanced in DR group. (B) The expression of vascular marker
429  CD31 was increased in DR group by confocal detection. Meanwhile, (C) the VEGF
430  secretion levels in DR group was increased compared with control group. Values are
431  expressed as the mean = SD (n = 6, "P < 0.05, *P < 0.01 and "P < 0.001 compared
432 with the control).

433  Figure 2 NLRP3-mediated tissue inflammatory response promoted
434  microvascular proliferation in retina. (A) The protein expression level of NLRP3
435  was enhanced in DR groups; moreover, (B) blocking NLRP3, the mRNA expression
436 of IL-6, TNF-a and IL-1B was down-regulated; meanwhile, (C) the vascular marker
437  CD31 expression level and (D) VEGF secretion level were decreased through
438  inhibiting NLRP3. In addition, in HRMEC cell model, (E) high glucose enhanced the
439  protein expression of NLRP3, which was inhibited by NLPR3 inhibitor. (F) The
440  inflammatory related cytokine IL-6, TNF-a and IL-1p was enhanced in HG-induced
441  HRMEC cell model and was inhibited through blocking NLRP3. (G) The VEGF
442  secretion level was enhanced, and was decreased after inhibiting NLRP3. Data are
443  presented as the mean + standard deviation from triplicate wells. "P < 0.05 and *P <
444  0.01 compared with the control. *P < 0.05 and #P < 0.01 compared with the relative
445 DR animal model group or HG-induced HRMEC cell group.

446  Figure 3 The tube formation of retinal microvascular endothelial was inhibited
447  through blocking NLRP3. (A) The tube formation was obviously enhanced in HG
448  HRMECs and was inhibited by blocking NLRP3. Then, the (B) tube meshes, (C)
449  nodes and (D) tube length was counted, and the results exhibited that HRMECs in
450  high glucose could form more meshes and nudes than control; meanwhile, the tube
451  total length in HG group was higher than control group. However, after blocking

452 NLRP3, the tube meshes, nudes and tube length was reduced comparing with HG
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453 group. "P < 0.05 and **P < 0.01 compared with the control. *P < 0.05 and #P < 0.01
454  compared with the relative HG-induced HRMEC cell group.

455  Figure 4 The expression level of inflammatory some NLRP3 was up-regulated
456  through activating ASK1/p38 signal axis. (A) The protein expression levels of
457  AKSI and p38 were up-regulated in DR animal group. (B)The result of HG-induced
458  HRMEC group was similar with DR animal group. Moreover, (C) the NLPR3, IL-6,
459  TNF-a, IL-1B and VEGF protein expression levels were inhibited by (C) NLPR3
460  inhibitor and (D) p38 inhibitor.

461  Figure 5 ASK1/p38 signal axis regulated the tube formation of retinal
462  microvascular endothelial. (A) The tube formation was obviously enhanced in HG
463  HRMECs and was inhibited by blocking ASK1. Then, the (B) tube meshes, nodes and
464  tube length was counted, and the results exhibited that HRMECs in high glucose
465  could form more meshes and nudes than control; meanwhile, the tube total length in
466  HG group was higher than control group. However, after blocking NLRP3, the tube
467  meshes, nudes and tube length was reduced comparing with HG group. In addition,
468  (C) The tube formation was inhibited by blocking p38 and the (D) tube meshes, nodes
469 and tube length was counted; the result showed that blocking p38 could inhibit the
470  tube formation. P < 0.05 and **P < 0.01 compared with the control. *P < 0.05 and #P
471 <0.01 compared with the relative HG-induced HRMEC cell group.

472 Figure 6 The angiogenesis was inhibited through blocking ASK1 and p38.
473 Angiogenesis related marker IB4 was obviously increased in HD model; However,
474  1B4 expression was inhibited through blocking (A) ASK1 and (B) p38.

475

476

477

478

479
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