                                                                           
                                                                                                                             
SUPPLEMENTAL MATERIALS
Inhibition of PKC-δ retards kidney fibrosis via inhibiting cGAS-STING pathway in mice 

[bookmark: _Hlk127198791][bookmark: _Hlk127200178][bookmark: _Hlk127200202][bookmark: _Hlk127200364][bookmark: _Hlk127200246][bookmark: _Hlk127200477][bookmark: _Hlk127200494][bookmark: _Hlk127200541][bookmark: _Hlk127200556][bookmark: _Hlk127200573][bookmark: _Hlk127200588][bookmark: OLE_LINK12]Dongyun Wang1,2, Yue Li1, Guiying Li3, Mengyu Liu1, Zihui Zhou1,2, Ming Wu1,2, Shan Song1,2, Yawei Bian1,2, Jiajia Dong1,2, Xinran Li1,2, Yunxia Du1,2, Tao Zhang2,4, Yonghong Shi1,2*

Materials and Methods 
Animal protocols
Heterozygous STING knockout (STING+/−) mice aged 8-10w and weighing approximately 20-24g were purchased from the Cyagen Biosciences Inc (Suzhou, China). Homozygotes STING knockout (STING-/-) male mice and their littermates (STING+/+) mice after breeding homozygotes pairs were used for experiments. The genotyping of the STING-/- mice at the age of 2-3 weeks was identified by PCR amplication of DNA isolated from tail tissue with the following primers: 
Forward: 5’-ACCTGGTTTATGGAGGCTGGTAG-3’; 
Reverse: 5’-AATGTTCCTTCTCCCTCTCGCC-3’.
The PCR product for mutant bind (STING−/−) is 6097 bp, and that of WT mice is 495 bp. 
 
Mice model
Mouse unilateral ureteral obstruction (UUO) model was established as described following. The hair was removed from the back of the mice after anesthetized by inhalation of 4% isoflurane. The mice were placed in the prone position on the operating table and the surgical area was sterilized. An oblique incision was made in the back of the mouse, parallel to the costal arch, exposed the inferior renal pole and the upper ureter, and the left ureter was ligated with No. 6 silk thread. Wild-type (WT) littermates which underwent a sham operation were used as control subjects. Sham mice and/or UUO mice were treated with Rottlerin (10 mg/kg), C176 (750 nmol per mouse), or VBIT-12 (20 mg/kg) daily by intraperitoneal injection. 
Ischemia/reperfusion (I/R)-induced AKI mouse model was performed by exposing bilateral kidneys. Kidney ischemia was performed for 30 minutes by clamping the renal pedicle through a lateral ventral incision, the arterial clips were released for reperfusion. The sham mice underwent the same procedure except that the kidney pedicle was not clamped.
The mice were housed in a specific pathogen free facility. For all studies, mice were housed under controlled environmental conditions under a 12-h light/dark cycle and allowed ad libitum access to rodent chow and water. All animal testing and maintenance programs were approved by the Laboratory Animal Ethical and Welfare Committee of Hebei Medical University (No. IACUC-Hebmu-2021030).

Adeno-associated viruses delivery
The 8-week-old age C57BL/6J wild type (WT) male mice were treated with adeno-associated virus 9 carrying the shVDAC1 for interference of VDAC1 gene. Adeno-associated virus 9 vectors (AAV9) carrying VDAC1 interference sequences (AAV-shVDAC1-EGFP, 1.3*1012vg/ml) and its negative control (AAV-Control-EGFP) were designed by Hanheng Biotechnology Company (Shanghai, China). Each mouse was injected with 100 ul 1.3*1012 vg/ml AAV9 carrying the shVDAC1 (AAV-shVDAC1-EGFP) or negative control (AAV-EGFP) through tail. UUO or Sham operation was performed at 3 weeks after adeno-associated virus injection.
 
Clinical specimens
Renal biopsy residual samples were recruited in the Second Hospital of Hebei Medical University. According to the principles of the Declaration of Helsinki, all human studies were conducted with informed consent of patients and approved by the Medical Ethics Committee of Hebei Medical University (No. 2021033). In this study, twenty five renal biopsy samples from adults were obtained. Including 5 normal renal tissue samples from the distal kidney after local tumor resection, 5 patients with type 2 diabetes mellitus with nephropathy, 5 patients with IgA nephropathy, 5 patients with focal segmental glomerular sclerosis and 5 patients with Lupus nephritis V.

Histology and immunohistochemical (IHC) staining
Mouse kidney tissues were fixed in 4% paraformaldehyde for 48h, dehydrated with gradient alcohol, embedded in paraffin, and then sectioned into slices about 3 μm, baked and removed wax. Haematoxylin Eosin (H&E), Sirius Red, and Masson's trichrome staining were performed according to a standard protocol. Damaged tubular cells were evaluated as described previously [1]. Lesions were graded on a scale from 0 to 4: 0, normal; 1, < 25% damage; 2, 25%-50% damage; 3, 50%–75% damage; 4, >75% damage. Immunohistochemical staining was performed with SP kit according to the instruction. The paraffin section was repaired with Tris-EDTA (PH=9.0) repair solution for 8 minutes, then treated with endogenous peroxidase blockers, and incubated goat serum about 30 minutes at 37°C. The kidney sections were incubated with primary antibodies overnight at 4°C, followed by incubation with appropriate amount of enzyme-labeled sheep anti-mouse/Rabbit IgG polymer (Zhongshan Jinqiao Biotechnology, Beijing, China) for 40 minutes at 37°C, and detected with DAB kit (ZhongshanJinqiao Biotechnology, Beijing, China) for 1-2 min. Olympus microscope (Olympus, BX71, Tokyo, Japan) was used to capture the images. Quantitative analysis of positive staining was used by ImageJ software (NIH).

Cell culture and treatment
Human renal proximal tubular epithelial cells (HK-2) were cultured in DMEM-F12 (1:1) medium (Gibco, USA) supplemented with 100 U/mL penicillin (Gibco, USA) and 10% fetal bovine serum (CellMax, China) in 5% CO2 and 20.9% O2 air at 37°C. Cells attained 70-80% convergence in normal conditions (5% CO2 and 20.9% O2) and then grew in a medium without serum under hypoxic conditions (5% CO2, and 1% O2). HK-2 cells were transfected with siSTING and disrupted RNA (Negative control, NC) using transfection reagent (GenePharma, Shanghai, China) according to the manufacture’s protocols. And HK-2 cells were treated with C-176 (3 μM), Rottlerin (1 μM), VBIT-12 (20 μM) or dideoxycytidine (ddC, 40 μg/ml) respectively under normoxia or hypoxia conditions.

Western blot
Total proteins from HK-2 cells and renal tissues were extracted using the radio immunoprecipitation assay (RIPA) lysis buffer (BestBio, Shanghai, China). Nuclear protein and cytoplasma protein were extracted using Nuc-Cyto-Mem Preparation Kit (Applygen Biotechnology, Beijing, China). The protein concentration was measured using the BCA protein kit (Solarbio, Beijing, China). Equal amounts of protein were separated by SDS-PAGE and transferred onto polyvinylidene difluoride (PVDF) membranes (Millipore, MA, USA). And then, membranes were incubated with primary antibodies (c-GAS, STING, TBK1, p-TBK1, p65, p-p65, a-SMA, E-cadherin, fibronectin, collagen I, VDAC1, PKC-δ, and p-PKC-δ) overnight at 4°C. Image acquisition was performed using Amersham Imager 600 (General Electric Company, USA) or Tanon 4800 (Beijing, China). Band densitometry was analyzed using ImageJ software (NIH).

Quantitative real-time PCR (qPCR)
Total RNA was obtained by TRIzol reagent (TIANGEN, Beijing, China) from HK-2 cells and kidney tissues, and cDNA was prepared using MonScript™ RTIII (Monad, Guangdong, China) according to the instructions. The primers used were listed in Supplementary Table 3. Real-time PCR was performed in a 96-well optical reaction plate using MonAmpTM ChemoHS qPCR Mix (Monad, China). Quantitative PCR reactions were performed on Agilent Mx3000P QPCR Systems (Agilent, CA, USA). The experiment was repeated three times, and the relative gene expression levels were calculated using the 2−ΔΔCt method.
 
Mitochondrial DNA Release Assay 
Mitochondrial DNA (mtDNA) in the cytosolic fraction was isolated from HK-2 cells as described previously [2, 3]. HK-2 cells were lysed by mild detergent (0.1% NP-40) and incubated on ice for 15 minutes. Lysates were centrifuged at 13,000 rpm for 15 min at 4°C. Cytosolic mtDNA from supernatant cytosolic fraction was purified using a DNeasy Blood & Tissue Kit (QIAGEN) according to manufacturer’s instructions. Quantitative PCR was employed to measure mtDNA using SYBR Premix Ex TaqTM II (Takara, Japan) on Agilent Mx3000P QPCR Systems (Agilent, CA, USA). The data were normalized and analyzed using the 2−ΔΔCt method. Primer sequences for mtDNA determination were shown in supplemental Table 3.

Immunofluorescence staining
HK-2 cells were grown and stimulated on a slide in a six-well plate, washed with PBS and fixed with 4% paraformaldehyde for 30 min at room temperature. Cells were treated with 0.3% Triton X-100/PBS about 8-10 min at 37°C, then incubated goat serum about 30 minutes at 37°C. Paraffin-embedded sections were dewaxed, hydrated and repaired with Tris-EDTA (PH=9.0). HK-2 cells and sections were incubated with primary antibodies overnight at 4°C. Then the FITC conjugated goat anti-rabbit IgG (Santa Cruz Biotechnology, Santa Crux, CA) was incubated for 2 hours at 37°C. The nucleus was stained with DAPI (SouthernBiotech, America) and the stained slides were imaged using a laser confocal microscope (SP8, Leica, Germany).

Immunofluorescence double staining
Frozen sections of kidney tissue (6 um) were fixed with cold acetone for 15 minutes and washed with PBS, incubated goat serum about 30 minutes at 37°C. The sections were incubated with primary antibodies for PKC-δ, AQP1, calbindin-D28k, and VDAC1 in PBS overnight at 4°C. HK-2 cells were grown and stimulated on a slide in a six-well plate, washed with PBS and fixed with 4% paraformaldehyde for 30 min at room temperature. Treatment with 0.3% Triton X-100/PBS about 8-10 min at 37°C, then incubated with goat serum about 30 minutes at 37°C . The slides were incubated with primary antibodies for PKC-δ, and VDAC1 in PBS at 4°C overnight. Then the cells or sections were incubated with goat anti-rabbit/mouse IgG conjured to Alexa Fluor 488/594 (Abcam, Cambridge, MA, USA) for 2 h at 37°C and the nucleus was stained using DAPI. The stained samples were viewed using a confocal microscope (SP8, Leica, Germany). 

MitoTracker Red and immunofluorescence staining
[bookmark: _GoBack]HK-2 cells were stained with MitoTracker™ Red CMXRos (200 nM, Thermo Fisher Scientific, US) at 37°C for 30 min, washed with PBS and fixed with cold 4% paraformaldehyde for 30 min, permeated with 0.3% Triton X-100 for 8 min at 37°C. Goat serum was incubated at 37°C for 30min, and then incubated with anti-PKC-δ primary antibody in a wet chamber at 4°C overnight. Then the FITC conjugated goat anti-rabbit IgG (1:100; Santa Cruz Biotechnology, Santa Crux, CA) was incubated for 2 hours at 37°C before DAPI staining. The stained samples were viewed using a confocal microscope (SP8, Leica, Germany). To evaluated the mitochondrial morphology, the average length of mitochondria was measured after MitoTracker Red staining [4]. 

Measurement of mtROS
Mitochondrial reactive oxygen species (mtROS) was detected by MitoSox Red (Thermo Fisher Scientific, US) according to the manufacturer’s instructions. HK-2 cells were incubated with MitoSox Red at a final concentration of 5μM at 37°C for 30 min. The stained cells washed three times with Hank’s balanced salt solution (HBSS) and observed using a confocal microscope (Leica, Germany). The mitochondrial ROS intensity was quantified using the software Image-Pro Plus 6.0.

Mitochondrial transmembrane potential (MMP) 
Mitochondrial membrane potential was detected with the JC-1 kit (C2006, Beyotime, China) according to the manufacturer's instructions. In brief, added 1ml JC-1 working fluid to the holes of each six-well plate, incubated at 37°C for 30 minutes, and washed with JC-1 liquid buffer in a dark environment for 3 times. 2 ml cell culture medium was added. The stained samples were viewed using a confocal microscope (Leica, Germany). The MMP values were expressed as the ratio of red to green fluorescence levels.

Coimmunoprecipitation assay
HK-2 cells were washed with ice-cold PBS and lysed with RIPA buffer. After centrifugation at 12000 rpm for 30 minutes at 4°C, the protein A-Agarose (Santa Cruz, Dallas, TX) were incubated with anti-PKC-δ (1909 mg/mL) or anti-VDAC1 (1000 μg/ml) with continuous shaking for 8h at 4°C. After washing the IP complexes, the beads were boiled with 1×buffer for 7 min, and then using immunoblot analysis.

VDAC cross-linking assay
Cells were treated with the hypoxia as above, collected, washed with PBS, pH 8.3, and then were incubated with EGS (100 mM, 40 min, 30°C). To remove excess crosslinker, 1.5 M Tris HCl (pH 7.8) was added to a final concentration of 20 mM, incubated at room temperature for 5 min, and then centrifuged at 10 000 × g for 5 min. The samples were analyzed by SDS-PAGE with anti-VDAC1.

Statistical analysis
Data are expressed as Mean ± standard error (SEM). The results from at least three independent experiments. Statistical analysis was performed using one-way (ANOVA) analysis of variance. P < 0.05 was defined as statistically significant.
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Table S1 Primary antibodies and manufacturers
	Antibody
	Company
	Catalog No.
	Application and Concentrations

	PKC-δ
	Abcam
	ab182126
	Western blot: 1:1000 IHC: 1:1000

	α-SMA
	Abcam
	ab5694
	Western blot: 1:1000 IHC: 1:1000

	Kim-1
	Abcam
	ab47635
	Western blot: 1:500 IHC: 1:100

	IL-1β
	Abcam
	ab283818
	IHC: 1:500

	TNF-α
	Abcam
	ab1793
	IHC: 1:100

	P65
	Abcam
	ab16502
	Western blot: 1:1000 IF: 1:100

	VDAC1
	Proteintech
	55259-1-AP
	Western blot: 1:500 IHC: 1:100

	VDAC1
	Proteintech
	66345-1-Ig
	Western blot: 1:500 IF: 100

	cGAS
	Proteintech
	26416-1-AP
	Western blot: 1:1000

	STING
	Proteintech
	19851-1-AP
	Western blot: 1:2000 IHC: 1:2000

	TBK1
	Proteintech
	28397-1-AP
	Western blot: 1:1000

	Collagen I
	Proteintech
	14695-1-AP
	Western blot: 1:1000 IHC: 1:500

	Fibroenctin
	Proteintech
	15613-1-AP
	Western blot: 1:1000

	Fibronectin
	Santa Cruz Biotechnology
	sc-8422
	IHC: 1:500

	E-cadherin
	Proteintech
	20874-1-AP
	Western blot: 1:1000 IHC: 1:3000

	AQP1
	Proteintech
	20333-1-AP
	IF: 1:100

	Calbindin-D28k
	Proteintech
	66394-1-Ig
	IF: 1:100

	MCP-1
	Proteintech
	26161-1-AP
	IHC: 1:500

	F4/80
	Proteintech
	29414-1-AP
	IHC: 1:500

	CD45
	Proteintech
	60287-1-Ig
	IHC: 1:5000

	p-P65
	Cell Signaling Technology
	#3033
	Western blot: 1:1000 IF: 1:100

	p-TBK1
	Cell Signaling Technology
	 #5483
	Western blot: 1:1000 IF: 1:100

	p-PKC-δ
	Cell Signaling Technology
	#14787
	Western blot: 1:1000



Table S2 Chemical reagents
	Name
	Supplier

	Rottlerin
	MedChemExpress, HY-18980

	C-176
	MedChemExpress, HY-112906

	VBIT-12
	Aladdin, 2089227-65-4

	JC-1
	Beyotime, C2006

	MitoTracker
	Thermo Fisher Scientific, M7512

	MitoSox Red
	Thermo Fisher Scientific, M36008

	Sirius Red/Fast Green Collagen Staining Kit 
	Chondrex, #9046

	EGS
	MedChemExpress, HY-130458

	dideoxycytidine
	MedChemExpress, HY-17392 



Table S3 Prime sequence of genes
	Gene name
	Species
	Sequence 5’-3’

	GAPDH
	human
	Forward
	CTGACTTCAACAGCGACACC

	
	
	Reverse
	TGCTGTAGCCAAATTCGTTGT

	MCP-1
	human
	Forward
	ACGCTTCTGGGCCTGTTGTTCA

	
	
	Reverse
	TGGGGCATTAACTGCATCTGGCT

	TNF-α
	human
	Forward
	GGCAGTCAGATCATCTTCTCGA

	
	
	Reverse
	CGGTTCAGCCACTGGAGCT

	IL-6
	human
	Forward
	AGTTGCCTTCTTGGGACTGA

	
	
	Reverse
	TCCACGATTTCCCAGAGAAC

	IL-1β
	human
	Forward
	TCAATGGCAATGAGGATG

	
	
	Reverse
	TGTAGTGGTGGTCGGAGA

	E-cadherin
	human
	Forward
	ATGCTGATGCCCCCAATACC

	
	
	Reverse
	ATCTTGCCAGGTCCTTTGCT

	α-SMA
	human
	Forward
	CTTGTTTGGGAAGCAAGTGGG

	
	
	Reverse
	GATTCCTGACAGTGCTTGGC

	GAPDH
	mouse
	Forward
	CGGAGTCAACGGATTTGGTCGTAT

	
	
	Reverse
	AGCCTTCTCCATGGTGGTGAAGAC

	MCP-1
	mouse
	Forward
	TTGACCCGTAAATCTGAAGCTAAT

	
	
	Reverse
	TCACAGTCCGAGTCACACTAGTTCAC

	TNF-α
	mouse
	Forward
	CCCTCACACTCAGATCATCTTCT

	
	
	Reverse
	GCTACGACGTGGGCTACAG

	IL-6
	mouse
	Forward
	AGTTGCCTTCTTGGGACTGA

	
	
	Reverse
	TCCACGATTTCCCAGAGAAC

	IL-1β
	mouse
	Forward
	ACCTTCCAGGATGAGGACATGA

	
	
	Reverse
	AACGTCACACACCAGCAGGTTA

	mt-Col
	human
	Forward
	GCCCCAGATATAGCATTCCC

	
	
	Reverse
	GTTCATCCTGTTCCTGCTCC

	mt-Rnr2
	human
	Forward
	GTTACCCTAGGGATAACAGCGC

	
	
	Reverse
	GATCCAACATCGAGGTCGTAAACC

	mt-Nd6
	human
	Forward
	TTAGCATTAAAGCCTTCACC

	
	
	Reverse
	CCAACAAACCCACTAACAAT

	mt-Cytb
	human
	Forward
	AGTAGACAAAGCCACCTTGA

	
	
	Reverse
	CCGCGATAATAAATGGTAAG

	18SrDNA
	human
	Forward
	TAGAGGGACAAGTGGCGTTC

	
	
	Reverse
	CGCTGAGCCAGTCAGTGT




Supplemental Figure legends 
Fig. S1 Rottlerin inhibited UUO-induced VDAC1 expression. A Representative images of VDAC1 IHC staining and quantitation in kidneys of the three groups (n = 5). Bar = 50 μm. B Costaining of PKC-δ and VDAC1 in the kidneys. Bar = 25 μm. Data are presented as mean ± SEM. **P < 0.01, ***P < 0.001.

Fig. S2 Inhibition of VDAC1 attenuates UUO-induced cGAS-STING pathway activation. A, B Representative images of IHC staining of STING and quantitation in kidneys of the four groups (n=5). Bar = 50 μm. C Representative Western blot images of STING, p-TBK1, TBK1, p-p65, and p65 in kidneys of the four groups. Data are presented as mean ± SEM. ***P < 0.001.

Fig. S3 VBIT-12 alleviates the inflammation and fibrosis in UUO kidneys. A  Schematic diagram of the experimental design: wild-type C57BL/6 mice were performed UUO surgery and treated with VDAC1 inhibitor (VBIT-12) for 13 days. The gray left and right double arrows indicates 14 days after UUO surgery, the green arrowheads indicate the injections of VBIT-12 (20 mg/kg/Day). B-C Representative images of Sirius red, Masson and IHC staining of VDAC1, fibronectin, collagen I, and α-SMA and quantitation in kidneys of the four groups (n=5). Bar = 50 μm. D Representative western blot images of collagen I, fibronectin, and α-SMA in kidneys. E-F Representative images of IL-1β, MCP-1, and F4/80 IHC staining and quantitation in kidneys of the four groups (n=5). Bar = 50 μm. G Relative mRNA levels of IL-1β, IL-6, TNF-α, and MCP-1 in kidneys of the four groups (n=5). Data are presented as mean ± SEM. **P < 0.01, ***P < 0.001.

Fig. S4 VBIT-12 attenuates UUO-induced activation of cGAS-STING signaling pathway. A, B Representative images of STING IHC staining and quantitation in kidneys of the four groups (n = 5). Bar = 50 μm. C Representative western blot images of STING, p-TBK1, TBK1, p-p65, and p65 in kidneys of the four groups. Data are presented as mean ± SEM. **P < 0.05, ***P < 0.01. 

Fig S5 C-176 alleviates fibrosis and inflammation in UUO mice. A Experimental design: wild-type C57BL/6 mice were performed UUO surgery and treated with STING inhibitor (C-176) for 13 days. B-C Representative images of HE, Masson and IHC staining of fibronectin, collagen I, α-SMA, and E-cadherin and corresponding quantitative analyses in kidneys (n = 5). Bar = 50 μm. D Representative Western blot images of STING, fibronectin, collagen I, α-SMA, and E-cadherin in kidneys of the three groups (n = 5). E-J Representative images of IL-1β, MCP-1, TNF-α, CD45, and F4/80 and corresponding quantitative analyses in kidneys of the three mouse groups (n = 5). Bar = 50 μm. K Relative mRNA levels of MCP-1, IL-1β, and TNF-α in kidneys of the three mouse groups (n = 3). Data are presented as mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001.

Fig. S6 Inhibition of STING suppresses UUO-induced activation of TBK1/NF-κB signaling. A Representative images of p-TBK1 and p-p65 expression in kidneys of four groups. Bar = 10 μm. B-C Representative western blot images of p-TBK1, TBK1, p-p65, and p65 and quantitation in kidneys of the four groups. D, E Representative western blot images of p65 in nuclear extracts and cytoplasmic extracts and quantitation in kidneys of the four groups (n=5) . F, G Representative western blot images of p-TBK1, TBK1, p-p65, and p65 and quantitation in kidneys of the three groups (n = 5). **P < 0.01, ***P < 0.001.

Fig. S7 Inhibition of STING inhibits hypoxia-induced inflammatory responses in HK-2 cells. Relative mRNA levels of IL-1β, MCP-1, and TNF-α in indicated groups. Data are presented as mean ± SEM. Nor: normoxia; NC: negative control; Hyp: hypoxia. n=5. *P < 0.05, **P < 0.01, ***P < 0.001.

[bookmark: OLE_LINK1]Fig. S8 Dideoxycytidine treatment suppressed the release of mtDNA and activation of cGAS-STING pathway in HK-2 cells exposed to hypoxia. A qPCR showing the effect of dideoxycytidine on the release of mtDNA (mt-Col, mt-Cytb, mt-Nd6, and mt-Rnr2) in HK-2 cells (n=5). B, C Representative Western blot images of STING, p-TBK1, TBK1, p-p65, and p65 and quantitation in HK-2 cells (n=5). Nor: normoxia; Hyp: hypoxia; ddC: dideoxycytidine. Data are presented as mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001.
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