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Autophagy and endoplasmic reticulum stress (ER stress) are important in numerous pathological processes in traumatic brain injury (TBI). Growing evidence has indicated that pyroptosis-associated inflammasome is involved in the pathogenesis of TBI. Platelet derived growth factor (PDGF) has been reported to be as a potential therapeutic drug for neurological diseases. However, the roles of PDGF, autophagy and ER stress in pyroptosis have not been elucidated in the TBI. This study investigated the roles of ER stress and autophagy after TBI at different time points. We found that the ER stress and autophagy after TBI were inhibited, and the expressions of pyroptosis-related proteins induced by TBI, including NLRP3, Pro-Caspase1, Caspase1, GSDMD, GSDMD P30, and IL-18, were decreased upon PDGF treatment. Moreover, the rapamycin (RAPA, an autophagy activator) and tunicamycin (TM, an ER stress activator) eliminated the PDGF effect on the pyroptosis after TBI. Interestingly, the sodium 4-phenylbutyrate (4-PBA, an ER stress inhibitor) suppressed autophagy but 3-methyladenine (3-MA, an autophagy inhibitor) not for ER stress. The results revealed that PDGF improved the functional recovery after TBI, and the effects were markedly reversed by TM and RAPA. Taken together, this study provides a new insight that PDGF is a potential therapeutic strategy for enhancing the recovery of TBI.
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INTRODUCTION
Exploring the knowledge of the pathophysiology after traumatic brain injury (TBI) is very necessary for better and patient-oriented treatment (Garvin and Mangat, 2017; Srivastava and Cox, 2018; Zeiler et al., 2021). Since the primary insult represents the direct mechanical damage and cannot be therapeutically influenced, the treatment aim is mainly to limit the secondary damage (Butterfield and Reed, 2016). Previous studies have shown that endoplasmic reticulum (ER) stress and autophagy are critical mechanisms involved in secondary injury post-TBI (Sun et al., 2016; Yin et al., 2017; Gao et al., 2018; Wang et al., 2019). It was reported that ER stress and autophagy were actived after TBI (Yin et al., 2017). The communication between the ER stress and autophagy is essential for cellular homeostasis and its disruption play a key role in the pathological process of TBI (Arruri and Raghu, 2022; Yin et al., 2017). Therefore, it’s a potential strategy by targeting ER stress and autophagy for TBI treatment.
As is well known, ER stress is induced by the accumulation of misfolded/unfolded proteins (Hughes and Mallucci, 2019). Autophagy is a process that can degrade damaged cytoplasmic proteins and ageing organelles, which mostly relies on the lysosomal pathway (Yin et al., 2017). Studies reported that dysregulation of ER stress and autophagy will affect cell survival and tissue repair (Annadurai et al., 2020). For instance, the blockage of ER stress or autophagy attenuated TBI-induced traumatic damage and functional outcomes (Wang D. Y. et al., 2021). Other study suggested that IL-33 alleviated TBI-induced brain edema through inhibiting ER stress and autophagy (Gao et al., 2018). Our previous study suggested that ER stress inhibition promoted microtubule assembly, and stabilized the microtubule after TBI (Wu et al., 2019). In addition, it has been revealed that inflammasome-mediated pyroptosis was also involved in the pathogenesis of TBI. Ge et al. (2018) reported that the NLRs and AIM2 inflammasome-mediated pyroptosis could aggravated blood-brain-barrier (BBB) damage after TBI. Moreover, Lee et al. (2019) showed evidence for inflammasome activation in microglia and infiltrating leukocytes after penetrating TBI, and the role of pyroptosis in the pathophysiology. However, the complex relationship among pyroptosis, ER stress and autophagy has not been elucidated.
Studies report that many growth factors, including bFGF, aFGF and EGF, improve the functional recovery by inhibiting ER stress or autophagy in spinal cord injury and TBI (Zhang et al., 2013a; Zhang et al., 2013b; Li et al., 2018; Xu et al., 2018; Wu et al., 2019). However, whether other growth factors also function via mediating ER stress and autophagy in the recovery of TBI remain unclear. As a neuroprotective factor, platelet derived growth factor (PDGF) plays a crucial role in neurological diseases (Padel et al., 2016; Cabezas et al., 2018; Osborne et al., 2018). Previous study have shown that PDGF decreased the number of TUNEL-positive neuron in hippocampal (Kawabe et al., 1997). Recently, Cabezas et al. demonstrated that PDGF mantained mitochondrial funtion and attenuated ROS production in astrocytes (Cabezas et al., 2018). In addition, it has been widely known that ER stress, autophgay and pyroptosis are closely associated with cellular homeostasis, mitochondrial homeostasis, cellular aging and inflammation condition. However, the role and mechanism of PDGF mediating the complex network among ER stress, autophagy and pyroptosis after TBI are still unclear.
In this study, we investigated the role of ER stress and autophagy at different time points of TBI, and further explored its underlying mechanism of PDGF on TBI-induced pyrotosis. During mechanism study, we found that ER stress and autophagy are involved in the neuroprotective of PDGF after TBI. Our current study suggests that PDGF holds a great promise to develop a new treatment for TBI recovery.
MATERIALS AND METHODS
Reagents and antibodies
Recombinant human PDGF was purchased from PeproTech (100-14B, United States). pPERK, ATF6, IRE1α, GRP78, PDI, VPS34, Beclin1, ATG5, LC3II, GAPDH and secondary antibodies were obtained from Abcam (Abcam, United States), PDI was purchased from Cell Signaling Technology (Danvers, MA, United States), NLRP3, Pro-Caspase1, Caspase1, GSDMD, GSDMDP30, IL-1 were obtained from Proteintech (Proteintech, China). Goat anti-rabbit and anti-mouse IgG-HRP were purchased from Cell Signaling Technology (Danvers, MA, United States). An enhanced chemiluminescence (ECL) kit was purchased from Bio-Rad (Hercules, CA, United States). H&E kit was purchased from Beyotime.
Experimental animals and surgical procedures
A total of 90 C57BL/6 male mice (6–8 weeks old, weight = 18–25g, n = 3 in each group) were studied. All mice were supplied by the Animal Center of the Chinese Academy of Sciences (Shanghai, China). All experimental procedures were approved by the Ethics Committee of WenZhou Medical University and conformed to the Guide for the Care and Use of Laboratory Animals from the National Institutes of Health. To expose the cortex, a 5-mm diameter bone flap over the left parieto-temporal cortex was removed using a hand-held drill. TBI was induced by Impact One™ stereotaxic impactor (Leica, Milan, Italy). Each mouse was subjected to a controlled cortical impact using a 4-mm impact tip at a velocity of 4 m/s, a depth of 1 mm and a 150-ms impact duration. All experiments were carried out with minimal reduction in number of animals and their suffering.
Drug administration
PDGF (PeproTech, United States) was used as drugs in this study. PDGF stock solution was diluted with 0.9% NaCl and administered in situ at a dose of 80 μg/kg after TBI. The mice were pre-administered with rapamycin (RAPA, 0.5 mg/kg, i. p.), tunicamycin (TM,10ug/kg,i.p.), 4-phenylbutyrate (4-PBA,100 mg/kg,i.p.), 3-methyladenine (3-MA,2.5 mg/kg, i. p.) for 3 days before injury.
Cell culture and oxygen-glucose deprivation
HUVECs were expanded and maintained in Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen, Carlsbad, CA, United States) supplemented with 10% Fetal Bovine Serum (FBS) (ScienCell, Carlsbad, CA, United States), and antibiotics (100 μg/ml streptomycin and 100 U/mL penicillin, ScienCell, Carlsbad, CA, United States). Cell were then incubated in a humidified atmosphere with 5% CO2 and 95% air at 37°C.For the OGD treatment, the cells were incubated with glucose-lower DMEM after treated with TM (3 µM) or Rapa (100 nM) and then placed in an anaerobic chamber which the levels of N2 was 95% for 6 h. The cells were pre-treated with PDGF (10 ng/ml) for 2 h before OGD. All experiments were performed in triplicate.
Western blot
Protein from tissue and cell were homogenized in RIPA lysis buffer [1% Triton X-100, 1% deoxycholate, 0.1% SDS, 150 mM NaCl (pH 7.4) containing protease inhibitor cocktail (10 μL/ml; GE Healthcare Biosciences, Pittsburgh, PA, United States). The supernatants were collected after centrifugation at 12,000 rpm for 10 min at 4°C. The extracts were then quantified with BCA kit (Beyotime, China). Following this, proteins were separated on a 10% or 12% gel and then were transferred into a polyvinylidene fluoride membrane (BioRad, Hercules, CA, United States). After blocking with 5% skim milk in TBST (Tris-buffered saline with 0.1% Tween-20) for 2 h at 37°C, the membranes were incubated with primary antibodies at 4°C overnight, and then incubated with horseradish peroxidase-conjugated secondary antibodies at room temperature for 1 h. Images were acquired with a Chemi DocXRS + Imaging System (Bio-Rad) and the bands were quantified by the Quantity-One software. All experiments were repeated for three times. The Western blot analysis of other cells was the same as the above procedure.
Hematoxylin-eosin staining and brain water content
Transverse paraffin sections (5 mm thick) were mounted on poly-l-lysine-coated slides for histopathological examination using HE staining. Experimental steps were carried out according to manufactures’ instructions (C0105, Beyotime, China).
Mice were decapitated under deep anesthesia and perfusion at 21 days after TBI induction. The olfactory bulbs and brain stems were removed from their brains which were divided into right and left hemispheres. Each hemisphere was weighed immediately to determine the wet weight. The samples were dried at 72°C for 72 h to obtain dry weight. Brain water contents were calculated as follows: [(wet weight - dry weight)/wet weight] × 100%.
Garcia neurobehavioral score
According to Garcia neurobehavioral score, the mice in each group were scored on day 1, day 7, day 14 and day 28 after TBI. The recovery of nerve function after TBI was observed by double blind method. Briefly, 1) spontaneous activity (0 ≤ 3 points). 2) symmetrical movement of limbs (0 ≤ 3 points). 3) forelimb extension (0 ≤ 3 points). 4) climbing (0–3 points). 5) body trunk reaction (0 ≤ 3 points). 6) tentacles reaction (0 ≤ 3 points). 7) lateral rotation reaction (0 ≤ 3 points).
Immunofluorescence staining
The tissues or cells were fixed in 4% paraformaldehyde (PFA) for 24 h or 30 min. The brain tissues embedded in paraffin, and then cut into 5 µm sections. The sections were deparaffinized, rehydrated. The brain tissues and cells were incubated with 5% BSA at 37°C for 30 min and then were incubated overnight at 4°C with the primary antibodies. The tissues and cells were washed three times with PBST and incubated with Alexa Fluor 488 donkey anti-rabbit secondary antibodies for 1 h at 37°C in the next day. Nuclei were stained with DAPI for 10 min. All images were captured under fluorescence microscope (Nikon, A1PLUS).
Statistical analysis
The data were presented as mean ± standard Deviation (SD). Statistical significance was performed using one-way analysis of variance (ANOVA) and Dunnett’s post hoc test when make comparison among three or more groups. p values < 0.05 were considered as statistically significant.
RESULTS
Activation of endoplasmic reticulum stress and autophagy on traumatic brain injury
To explore whether ER stress and autophagy were involved in TBI, the expression levels of ER stress markers (GRP78 and PDI) and autophagy markers (LC3II) in a mice model of TBI were detected at different time points. Figures 1A–C showed that the GRP78 and PDI expressions were significantly increased after TBI and with 3d post-surgery had the most prominent upregulation (p < 0.001, p < 0.01, respectively). The same results were observed in the LC3II/I (p < 0.001) expressions. These results suggested that ER stress and autophagy were activated after TBI, and three dpi mice model was chosen for the subsequent experiments.
[image: Figure 1]FIGURE 1 | TBI activates ER stress and autophagy. (A) Representative western blot analyses of GRP78, PDI and LC3I/II in the cerebral cortex from sham group and 1 day, 3 days and 7 days post-injury group. (B–D) Quantification of GRP78, PDI and LC3II in the ipsilateral brain cortex at 1d, 3d and 7d after TBI. Data represent the mean ± SD, n = 3, **p < 0.01 and ***p < 0.001 vs. the sham group.
The activation of traumatic brain injury-induced endoplasmic reticulum stress and autophagy after platelet derived growth factor treatment
This study was designed to evaluate the neuroprotective effect of PDGF on ER stress and autophagy in TBI. As shown in Figures 2A–E, the expressions of autophagy-related proteins like VPS34 (p < 0.05), Beclin1(p < 0.001), ATG5(p < 0.01) and LC3II (p < 0.01) were significant increased after TBI when compared with the sham group. While compared with the TBI group, the expressions of proteins were obviously decreased upon PDGF treatment (p < 0.05 for VPS34, p < 0.01 for Beclin1, p < 0.05 for ATG5, p < 0.05 for LC3II). The expression levels of ER stress-related proteins were further detected. PDGF treatment significantly blocked TBI-induced increase of pERK (p < 0.001), ATF6 (p < 0.01), IREα (p < 0.01) and GRP78 (p < 0.01) expressions (Figures 2F–J). These results suggested that the PDGF treatment significantly inhibited the autophagy and ER stress after TBI.
[image: Figure 2]FIGURE 2 | PDGF treatment significantly attenuates TBI-induced ER stress and autophagy. (A) Representative western blot analyses of VPS34, Beclin1, ATG5, and LC3I/II in the cerebral cortex at 3d after TBI. (B–E) Quantification of VPS34, Beclin1, ATG5, LC3II in the ipsilateral brain cortex at 3 days after TBI. Data represent the mean ± SD, n = 3, *p < 0.05, **p < 0.01 and ***p < 0.001 vs. the indicated group. (F) Representative western blot analyses of pPERK, ATF6, IRE1α and GRP78 in the cerebral cortex at 3 days after TBI. (G–J) Quantification of pPERK, ATF6, IRE1α and GRP78 in the ipsilateral brain cortex at 3 days after TBI. Data represent the mean ± SD, n = 3, **p < 0.01 and ***p < 0.001 vs. the indicated group.
Pyroptosis is associated with traumatic brain injury-induced endoplasmic reticulum stress and autophagy after platelet derived growth factor treatment
To determine whether PDGF inhibited pyroptosis after TBI, we examined the expressions of NLRP3, Pro-caspase1, Caspase1, GSDMD, GSDMDP30, and IL-18. Figures 3A–F showed that the expressions of the pyroptosis-related proteins were significantly increased after TBI (p < 0.001 for NLRP3, p < 0.05 for Caspase1, p < 0.001 for GSDMP30, p < 0.01 for IL-18), and remarkably blocked by PDGF treatment (p < 0.05 for NLRP3, p < 0.05 for Caspase1, p < 0.001 for GSDMP30, p < 0.05 for IL-18). Next, we used immunofluorescence to detect Caspase-1 in mice. Results showed that the number of Caspase-1 positive in the PDGF treatment was decreased compared with the TBI group. The results were further validated by using TM and RAPA. As is shown in Figures 4A–F, the expression of pyroptosis-related proteins were significantly increased after co-treated with TM or RAPA treatment than in the PDGF group (p < 0.01 in the TBI + PDGF + TM group, p < 0.05 in the TBI + PDGF + RAPA group for NLRP3; p < 0.01 both in the TBI + PDGF + TM group and TBI + PDGF + RAPA group for Caspase1; p < 0.001 in the TBI + PDGF + TM group, p < 0.01 in the TBI + PDGF + RAPA group for GSDMP30; p < 0.01 both in the TBI + PDGF + TM group and TBI + PDGF + RAPA group for IL-18). The above results demonstrated that the PDGF treatment inhibited pyroptosis by inhibiting ER stress and autophagy.
[image: Figure 3]FIGURE 3 | PDGF treatment reverses Pyroptosis after TBI. (A) Representative western blot analyses of NLRP3, Pro-caspase1, Caspase1, GSDMD, GSDMDP30 and IL-18 in the cerebral cortex at 3d after TBI. (B–F) Quantification of NLRP3, Pro-caspase1, Caspase1, GSDMDP30 and IL-18 in the ipsilateral brain cortex at 3d after TBI. Data represent the mean ± SD, n = 3, *p < 0.05, **p < 0.01 and ***p < 0.001 vs. the indicated group. (G)Representation and quantification of immunofluorescence staining of Caspase1 (green) in the cortex at 3 days post-injury.
[image: Figure 4]FIGURE 4 | PDGF treatment inhibits the pyroptosis by blocking the ER stress and autophagy after TBI. (A) Representative western blot analyses of NLRP3, Pro-caspase1, Caspase1, GSDMD, GSDMDP30 and IL-18 in the cerebral cortex at 3 days after TBI. (B–F) Quantification of NLRP3, Pro-caspase1, Caspase1, GSDMDP30, and IL-18 in the ipsilateral brain cortex at 3 days after TBI. Data represent the mean ± SD, n = 3, *p < 0.05, **p < 0.01 and ***p < 0.001 vs. the indicated group.
The endoplasmic reticulum stress regulates the autophagy in traumatic brain injury
To further investigate the relationship between ER stress and autophagy during TBI, 4-PBA (a classical ER stress inhibitor) and 3-MA (a classical autophagy inhibitor) were used to treatment for TBI. As shown in Figures 5A–H, 4-PBA could inhibit the ER stress and autophagy through the reduction of VPS34 (p < 0.001), Beclin1 (p < 0.001), ATG5 (p < 0.01), LC3II (p < 0.001), pERK (p < 0.001), ATF6 (p < 0.01), IREα (p < 0.001) and GRP78 (p < 0.01). However, the 3-MA only inhibited the autophagy (p < 0.001 for VPS34; p < 0.001 for Beclin1; p < 0.01 for ATG5; p < 0.001 for LC3II). These results suggested that TBI-induced ER stress significantly triggered autophagy.
[image: Figure 5]FIGURE 5 | The ER stress regulates the autophagy in TBI. (A) Representative western blot analyses of VPS34, Beclin1, ATG5, LC3I/II, pPERK, ATF6, IRE1α, and GRP78 in the cerebral cortex at 3 days after TBI. (B–H) Quantification of VPS34, Beclin1, ATG5, LC3II, pPERK, ATF6, IRE1α and GRP78 in the ipsilateral brain cortex at 3 days after TBI. Data represent the mean ± SD, n = 3, **p < 0.01 and ***p < 0.001 vs. the indicated group; **p < 0.01 and ***p < 0.001 vs. the sham group. ##p < 0.01, ###p < 0.001 and ns vs. the TBI group.
Platelet derived growth factor treatment improves the functional recovery through inhibiting endoplasmic reticulum stress and autophagy after traumatic brain injury
To evaluate the therapeutic role of PDGF in the treatment of TBI, PDGF, TM, and RAPA were administered immediately following TBI. H&E staining was performed to assess the histological morphology in each group. Figure 6D showed that severe cerebral cortex tissue loss in the TBI group was more obvious than the sham group (p < 0.001), and the PDGF-treated groups showed less tissue damage (p < 0.01) while TM and RAPA offset the effect of PDGF. Brain water content was detected at 3 days after TBI. As shown in Figure 6B, the brain water content of the mice in TBI group was obviously increased compared to the sham group (p < 0.001). Consistent with the results of H&E, the brain water contents of the PDGF-treated TBI groups were reduced relative to the TBI group (p < 0.001) while PDGF plus TM and PDGF plus RAPA also offset the effect of PDGF. Motor function recovery was estimated for 28 days after injury using the 21-point Garcia test. As shown in Figure 6C, the sham group had an average score of 21, representing a normal motor function. The Garcia scores were not significantly different between the treated and TBI group at days 1 and 7. Interestingly, there was significantly increased in the PDGF-treated group compared with those in TBI (p < 0.05 in days 14; p < 0.01 in days 28) during 21-point Garcia test. However, the Garcia scores in the TBI + PDGF + TM significantly decreased when compared with the TBI + PDGF group (p < 0.05 both in days 14 and day 28). Meanwhile, the Garcia scores in TBI + PDGF + RAPA group was consisted with the TBI + PDGF + TM group (p < 0.05 in days 14, p < 0.01 in days 28, compared with the PDGF group). These results suggested PDGF improves the functional recovery by inhibiting ER stress and autophagy after TBI.
[image: Figure 6]FIGURE 6 | The PDGF treatment improves the functional recovery through ER stress and autophagy after TBI. (A) Representative images of hematoxylin and eosin (H&E) staining in the cortex at 21d post-TBI. Scar bar = 100 μm. (B) Quantification of brain water content in the ipsilateral brain cortex at 3d after TBI. (C) Garcia test evaluation at 1 day, 7 days, 14 days, and 28 days after TBI. (D) Quantification of lesion volume after H&E staining at 21 days post-TBI; (E) Garcia test evaluation at 14 days after TBI. (F) Garcia test evaluation at 28 days after TBI. Data represent the mean ± SD, n = 3, *p < 0.05, **p < 0.01 and ***p < 0.001 vs. the indicated group.
Platelet derived growth factor administration inhibits pyroptosis by inhibiting the endoplasmic reticulum stress and autophagy in OGD-Treated HBMECs
We next used 3-MA and 4-PBA to explore the mechanism of PDGF therapeutic role in HBMECs after OGD. As shown in Figures 7A–G, the pyroptosis-related proteins expression were significantly decreased in PDGF-treated group compared to that of the OGD group (p < 0.001 for NLRP3; p < 0.01 for Caspase1; p < 0.001 for GDSMDP30; p < 0.001 for IL-18), which were similar to the effect of 3-MA and 4-PBA. Then we used immunofluorescence to detect Caspase1 in vitro. The results showed that the intensity of Caspase1-positive in the OGD group was increased relative to the PDGF group, which was consistent with the western bolt results. In conclusion, these results suggested that PDGF was able to inhibits pyroptosis by down-regulating the level of ER stress and autophagy in OGD mode.
[image: Figure 7]FIGURE 7 | PDGF administration inhibits pyroptosis in OGD-treated HBMECs. (A) Representative western blot analyses of NLRP3, Pro-caspase1, caspase1, GSDMD, GSDMDP30, IL-18 in HBMECs after OGD. (B–D) Quantification of NLRP3, Pro-caspase1 and caspase1 in the HBMECs after OGD. Data represent the mean ± SD, n = 3 **p < 0.01 and ***P<0.001 vs. the indicated group; (E) Representation and quantification of immunofluorescence staining of Caspase1 (green) in the cortex at 3 days post-injury. (F–G) Quantification of GSDMDP30 and IL-18 in the HBMECs after OGD. Data represent the mean ± SD, n = 3 ***p < 0.001 vs. the indicated group.
DISCUSSION
TBI is a leading cause of morbidity in modern society. Numerous studies have elucidated the pathophysiological mechanisms of this fatal disease in the past decades (Mattson and Scheff, 1994). It is generally accepted that the secondary insults after TBI, such as excitotoxicity, oxidative stress, inflammation and apoptosis, aggravate the primary injury which occurs during impact (Xiong et al., 2018). Therefore, it is important to explore a new therapeutic drug for TBI to reduce secondary damage.
It has been evidenced that the PDGF has neuroprotective effects on nervous diseases via anti-oxidative stress, protecting mitochondria and angiogenesis, and so on (Zheng et al., 2010; Cabezas et al., 2018). PDGF exerts diverse functions in the nervous system, covering neurogenesis, cell survival, synaptogenesis, modulation of ligand-gated ion channels, and development of specific types of neurons (Funa and Sasahara, 2014; Sil et al., 2018). This study was designed to evaluate the neuroprotective effect of PDGF on TBI. Our results indicated that PDGF could improve functional recovery after TBI. Further studies demonstrated that PDGF functioned via inhibiting pyroptosis. Pyroptosis is a highly specific type of inflammatory programmed cell death, which is different from necrosis or apoptosis. Liu et al. has reported that lack of caspase-1 leads to decreased inflammatory response in the injured cortex, and the inhibition of pyroptosis alleviates neuroinflammation and associated neurological deficits in the acute phase of TBI (Liu et al., 2018). In addition, Lee et al. (2019) has also reported that the inflammasome activation in microglia and leukocyte infiltration after penetrating TBI and a role for pyroptotic cell death in the pathophysiology. Consistent with previous studies, our study had also substantiated pyroptosis in TBI, and PDGF could decrease the expression of pyroptosis-related protein, such as NLRP3,Caspase1, GSDMDP30, and IL-18. However, it remains not fully understood the underlying molecular mechanism of PDGF regulating pyroptosis.
The ER is an intracellular organelle that functions in the biosynthesis of membranes, secretory proteins, lipids and sterols, and the maintenance of intracellular calcium homeostasis (Shen et al., 2004). Numerous studies have demonstrated that ER stress is involved in many diseases including neurodegenerative disorders, metabolic diseases, and inflammation (Lindholm et al., 2006). Recent studies indicated that attenuation of ER stress could inhibit pyroptosis (Lebeaupin et al., 2015). Therfore, we evaluated the role of ER stress in the effect of PDGF on pyroptosis, and found that PDGF treatment inhibited the activation of ER stress. PDGF treatment alleviated the activation of pPERK, ATF6, IRE1α, GRP78. Furthermore, the activation of ER stress with TM significantly reversed the inhibition of PDGF on pyroptosis and motor functional recovery after TBI. These data revealed that the PDGF treatment alleviated pyroptosis through regualting the ER stress.
Previous studies paid more attention to the role of autophagy after TBI, and revealed that the inhibition of autophagy could improve the functional recovery (Xu et al., 2018; Wu et al., 2019). Zarogoulidis et al.reported that autophagy induced apoptosis via enhancing tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) (Zarogoulidis et al., 2016). Wang J et al. reported that PDGF induces autophagy through the Beclin-1 pathway to regulate the biological behavior of oral mucosal fibroblasts (Wang J. et al., 2021). Nevertheless, the relationship between autophagy and PDGF in TBI requires further study. Therefore, we examined the effect of PDGF on autophagy-mediated pyroptosis signaling pathways after TBI, and the results were similar to the PDGF on ER stress-mediated pyroptosis. Prior studies have demonstrated that there are complex interaction between autophagy and ER stress in the neurodegenerative disease (Esmaeili et al., 2022). Numerous studies reported that ER stress triggers autophagy after SCI (Zhou et al., 2017; Wang et al., 2018; Bisicchia et al., 2022). However, whether ER stress mediates autophagy during PDGF treatment for TBI remains unclear. Some studies have indicated that activated ER stress could trigger autophagy (Ogata et al., 2006; Zhou et al., 2017). We found that the 4-PBA could inhibit the ER stress and autophagy after TBI, while 3-MA only inhibited the autophagy. These results implied that PDGF treatment blocked ER stress-mediated pyroptosis and autophagy, hence ameliorating TBI.
In summary, our study proved that PDGF significantly inhibits pyroptosis, thus improves functional recovery after TBI. The ER stress regulates the autophagy which is involved in the PDGF treatment for TBI. Overall, these findings indicated that PDGF inhibits pyroptosis via inhibition of ER stress-mediated autophagy in the TBI.
CONCLUSION
This study demonstrated that PDGF promotes the recovery of TBI, and found that the PDGF could inhibit pyroptosis after TBI. In addition, we also investigated the possible mechanisms involved in PDGF treatment. Furthermore, this study revealed that its mechanisms are possibly through inhibiting autophagy and endoplasmic reticulum stress. In conclusion, our study suggests that PDGF promotes the recovery of TBI by inhibiting pyroptosis.
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