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β-Arrestin-2 enhances ER stress-induced glomerular endothelial cells injury through ATF6 in diabetic nephropathy
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Detailed Methods
[bookmark: OLE_LINK11][bookmark: OLE_LINK13][bookmark: OLE_LINK12][bookmark: OLE_LINK14]STZ-induced diabetic nephropathy in mice. Because mice with a C57BL/6 background do not develop lesions of DN readily after the induction of diabetes by STZ, uninephrectomy (Unx) was performed to hasten the development of DN following previous studies. Selected 8-week-old wide-type C57BL/6 male mice, after a 1-week recovery period from Unx, diabetes was induced by intraperitoneal injection of STZ (100 mg/kg body weight for three consecutive days). An equivalent amount of sodium citrate buffer alone was used as a vehicle control (There were 8 mice every group). After mice with intraperitoneal injection of STZ, blood glucose levels were monitored 48 hours later and periodically thereafter (LifeScan One Touch glucometer, Johnson & Johnson, Milpitas, CA, USA) by mice-tailed blood sampling. Mice with blood glucose levels above 15.0 mmol/l were considered as diabetic. All mice (4 mice per cage) were housed under SPF conditions (12 h light/dark cycle, 24℃ and 40-60% humidity) with ad libitum access to water and standard laboratory chow diet (Beijing KEAOXIELI feed company, Beijing, China). Water and cages were autoclaved. Cages with standard corncob bedding were changed three times a week. All mice were fed for 16 weeks. At the end of the study, urine was collected for 24 hours in a metabolic cage and urinary albumin excretion was measured using a mouse albumin ELISA quantitation kit (Bethyl Laboratories, Montgomery, TX). Simultaneously, mice were killed under ketamine anesthesia. Half of the kidneys were fixed and paraffin-embedded. The renal cortex and medulla were separated and stored in -80℃ for immunobltting and mRNA in the other half kidneys. The investigation conforms to the US National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Cell culture and treatments: Different stimuli were used in this study: (1) High glucose and mannitol was used as the osmolarity control. To study the effect of HG, glucose at a final concentration of 20 and 40 mmol/L. (2) Advanced glycation end product (AGE: 0, 50, 100, 200 μg/mL); (3) Transforming growth factor-β1 (TGF-β1: 0, 2 , 4, 8 ng/mL); (4) Tumor necrosis factor α (TNF-α: 0, 20, 40, 80 ng/mL); (5) Angiotensin II (Ang II: 0, 10-7, 10-6, 10-5mol/L). 
[bookmark: _Hlk105261914]Western blot and Immunoprecipitation analyses: The proteins were separated by SDS polyacrylamide gel and when the bromophenol blue reaches the bottom we transferred the protein to PVDF membranes. The membranes were blocked with 5% non-fat milk for 30 minutes and then incubated with primary antibodies (Supplementary Table 5) overnight. The next day, washed the membranes with TBST for three times (10min/time) and then incubated with secondary antibody: goat anti-rabbit, goat anti-mouse (Affinity Biosciences LTD) for two hours at room temperature. At last, the bands were detected by Bio-Rad VersDoc imaging system or exposed on film in a dark room using enhanced chemiluminescence (Millipore). According to manufacturer's instructions, Image J software was used to quantify protein bands. The films were scanned with a HP Scanjet G4010 using the HP Photosmart Premier 6.5 software. The films were scanned at 300 dpi. The obtained images were converted to 8-bit format in order to perform uncalibrated optical density (OD). After conversion, the background was subtracted through the rolling ball radius method. In a first determination, films were used to be compared with the densitometry quantification setting the same ball radius value for background subtraction in both methods. Each band was individually selected and circumscribed with the rectangular ROI selection and “Gels” function, followed by quantification of peak area of obtained histograms. Data were acquired as arbitrary area values.
[bookmark: _Hlk105259300][bookmark: _Hlk105222670]Flow cytometry of cell apoptosis. GENC apoptosis was detected by flow cytometry (BD Biosciences, San Jose, CA, USA) using apoptosis kit (Kaiji, Nanjing, China). Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) staining according to the manufacturer's instructions. Briefly, harvested cells were washed twice with phosphate-buffered saline (PBS) and resuspended with binding buffer. Next, cells were incubated with 5μl of Annexin V FITC and 5μL of PI for 15 mins at room temperature and then analyzed by flow cytometry. Data analysis was conducted using FlowJo (Tree Star Inc, Ashland, OR) software.
[bookmark: OLE_LINK10]Immunofluorescence staining and confocal microscopy. The 4-μm kidney sections were stained with primary antibodies against β-arrestin-1/2 (green) and GENC markers endothelin (red) at 4°C overnight, we then incubated them with fluorescent secondary antibody for two hours at 37°C. The 4-μm kidney sections were stained with terminal deoxynucleotidyl transferase-mediated dUTP Nick-End Labeling (TUNEL) kit according to the manufacturer’s protocol. All the images were obtained by a LSM780 laser scanning confocal microscope (ZEISS, Germany) system as described.
Animal treatment and gene delivery by AAV . Selected 8 weeks old wide-type C57BL/6 male mice divided into four groups (There were 8 mice each group). All the mice were Unx, and after 1-week recovery from Unx, we selected two groups and injected STZ by intraperitoneal(100 mg/kg body weight for three consecutive days) to induce diabetes, the other mice were injected with sodium citrate buffer as control. 48 hours later, we detected the blood glucose, which above 15.0 mmol/L were considered as diabetic. Then we delivered 100μl shRNA-β-arrestin-2-AAV (1×105IU/μl) or their negative control (Null-AAV) to the mice by tail intravenous injection per mouse. All mice (4 mice per cage) were housed under SPF conditions (12 h light/dark cycle, 24℃ and 40-60% humidity) with ad libitum access to water and standard laboratory chow diet (Beijing KEAOXIELI feed company, Beijing, China). Water and cages were autoclaved. Cages with standard corncob bedding were changed three times a week. All mice were fed for 16weeks. At the end of the study, urine was collected for 24 hours in a metabolic cage and urinary albumin excretion was measured using a mouse albumin ELISA quantitation kit (Bethyl Laboratories, Montgomery, TX). Simultaneously, mice were killed under ketamine anesthesia. Half of the kidneys were fixed and paraffin-embedded. The renal cortex and medulla were separated and stored in -80℃ for immunobltting and mRNA in the other half kidneys. The investigation conforms to the US National Institutes of Health Guide for the Care and Use of Laboratory Animals.
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Supplementary Table 1. Physical and biochemical parameters of mice received STZ by intraperitoneal injection

	Variable
	Control
	DN mice

	Body weight (g)
	30.2±2.4
	23.3±2.5*

	Glucose (mmol/l)
	5.6±1.1
	20.9±3.4*

	Heart rate (beats/min)
	478.4±41.3
	483.8±32.6

	Relative kidney weight
(mg/g body weight)
	10.33±0.93
	17.54±2.17*

	UACR(mg/mmol)
	3.64±0.76
	15.42±3.44*


Abbreviations: STZ, streptozotocin; DN mice, diabetic nephropathy mice; UACR, Urinary albumin/creatinine ratio, 
*: P<0.05 vs. control. 



Supplementary Table 2. Clinical data in the kidney from diabetic subjects with or without DN.

	Patient
	Age at Biopsy(yr)
	Sex
	Scr             (μmol/L)
	Serum Urea (mmol/L)
	UPE/24h (g)
	eGFR (ml/min/1.73m2)  

	Normal controls
	　
	　
	　
	　
	　
	　

	1
	59
	M
	59
	3.58 
	<0.15
	115

	2
	48
	F
	68
	4.67
	<0.15
	103

	3
	63
	M
	57
	4.35 
	<0.15
	96

	4
	59
	M
	60
	5.11
	<0.15
	127

	5
	71
	F
	96
	7.08 
	<0.15
	81

	mean±SD
	60±8.3
	　
	68±16.2
	4.96±1.31
	　
	104.4±
17.6

	DN group 
	　
	　
	　
	　
	　
	　

	[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK6][bookmark: OLE_LINK5]1
	46
	M
	187
	9.78
	3.21
	51

	2
	63
	M
	197
	17.21
	4.65
	31

	3
	76
	F
	231
	15.7 
	6.17
	26

	4
	79
	F
	279
	22.1
	5.97
	21

	5
	51
	M
	142
	16.87 
	3.14
	47

	mean±SD
	63±14.6
	　
	207.2±51.2
	16.33±4.41
	4.63±1.45
	35.2±
13.2



SCr, serum creatinine; UPE, urinary protein excretion; eGFR, estimated GFR; F, female; M, male; DN, diabetic nephropathy;

Supplementary Table 3. Physical and biochemical parameters of mice received AAV by tail vein injection

	Variable
	Control(Scramble)
	DN(Scramble)
	Control(shRNA-β-arrestin-2)
	DN(shRNA-β-arrestin-2)

	Body weight (g)
	31.1±1.3
	22.4±0.5*
	30.4±1.9
	23.5±1.5*

	Glucose (mmol/l)
	6.4±0.9
	22.2±5*
	6.2±0.8
	23.6±4.7*

	Heart rate (beats/min)
	466.9±15.3
	473.0±15.6
	470.9±18.1
	468.3±23.6

	Relative kidney weight
(mg/g body weight)
	10.43±0.84
	18.73±1.20*
	10.40±0.86
	15.63±1.55*#


Abbreviations: AAV, adeno-associated virus; DN, diabetic nephropathy; 
*: P<0.05 vs. control (Scramble), #: P<0.05 vs. STZ-induced DN mice (Scramble). 


Supplementary Table 4. Primer pairs of target genes used for real time RT-PCR in this study
 
	Genes
	Accession No.
	Forward
	Reverse

	Mus β-arrestin1  
	NM_178220.3
	ACCTTTGAGATCCCGCCAAA
	CAGGGGCATACTGAACCTTC

	Mus β-arrestin2
	NM_001271360.1
	GGAGTAGACTTTGAGATTCGAGC
	CTTTCTGATGATAAGCCGCACA

	Mus β-actin
	NM_007393.3
	GGCTGTATTCCCCTCCATCG
	CCAGTTGGTAACAATGCCATGT


 
 
 

Supplementary Table 5. Antibodies used in this study
 
	Primary antibodies
	Host
	Dilution and supplier
	Product ID
	Application

	β-arrestin1
	Rabbit
	1:1000(1:100 for IHC, IF); Bioworld Technology, Louis Park, MN
	BS2213
	WB, IF, IHC

	β-arrestin2
	Rabbit
	1:1000 (1:50 for IHC, IF); ProteinTech Group, Chicago, IL
	10171-1-AP
	WB, IF, IHC

	Endothelin
	Mouse
	1:100 for IF; Invitrogen, Thermo Fisher Scientific
	MA3-005
	IF

	Goat anti-Mouse Alexa Fluor 633
	Goat
	1:200; Invitrogen, Thermo Fisher Scientific
	A-21050
	IF

	Goat anti-Rabbit Alexa Fluor 488
	Goat
	1:200; Invitrogen, Thermo Fisher Scientific
	A32790
	IF

	Bcl-2
	Rabbit
	1:1000; ProteinTech Group, Chicago, IL
	12789-1-AP
	WB

	Bax
	Rabbit
	1:1000; ProteinTech Group, Chicago, IL
	60267-1-lg
	WB

	β-Actin
	Mouse
	1:5000; ProteinTech Group, Chicago, IL
	66009-1-Ig
	WB

	Bip
	Rabbit
	1:1000; Cell Signaling, Danvers, MA
	[bookmark: OLE_LINK1]3177
	WB

	Chop
	Mouse
	1:1000; Cell Signaling, Danvers, MA
	2895
	WB

	e-NOS
	Rabbit
	1:1000; Cell Signaling, Danvers, MA
	32027
	WB

	GAPDH
	Mouse
	1:4000; ProteinTech Group, Chicago, IL
	60004-1-Ig
	WB

	ZO-1
	Rabbit
	1:1000; Cell Signaling, Danvers, MA
	8193
	WB

	Occludin
	Rabbit
	1:1000; Cell Signaling, Danvers, MA
	91131
	WB

	ATF4
	Mouse
	1:1000; Cell Signaling, Danvers, MA
	97038
	WB

	ATF6
	Rabbit
	1:1000; Abcam 
	Ab134561
	WB

	p-PERK
	Rabbit
	[bookmark: OLE_LINK2]Affinity Biosciences LTD.
	DF7576
	WB

	Histone H3
	Rabbit
	1:3000; Abcam
	Ab1791
	WB

	PERK
	Rabbit
	Affinity Biosciences LTD.
	AF5304
	WB

	IRE1
	Rabbit
	Affinity Biosciences LTD.
	AF7651
	WB

	p-IRE1 (Ser724) 
	Rabbit
	Affinity Biosciences LTD.
	AF7150
	WB

	XBP1
	Mouse
	1:1000; Cell Signaling, Danvers, MA
	27901
	WB

	eIF2α
	Rabbit
	Affinity Biosciences LTD.
	AF6087
	WB

	p-eIF2α
	Rabbit
	Affinity Biosciences LTD.
	AF3087
	WB


 

Supplementary Figure S1
[image: S1]
Supplemental Figure S1. The expression of β-Arrestin-1 was increased significantly in renal biopsies from diabetic nephropathy patients but not in glomerular endothelial cell (GENC) from mice with diabetic nephropathy.(a) Representative images of IHC staining showing β-arrestin-1 expression in human renal paraffin section from normal people and DN patients. (black bars=10μm, *P<0.05 vs. control, n=5) (b) Relative mRNA levels of β-arrestin-1 in the renal cortex from STZ-induced diabetic nephropathy mice (mean±SD, n=8). (c) Western blot showing the expression of β-arrestin-1 in the renal cortex from STZ-induced DN mice. (*P<0.05 vs. control, n=8) (d) Representative images of IHC staining of β-arrestin-1 expression in STZ-induced DN mice. (black bars=20μm, *P<0.05 vs. control, n=8) (e) Detection of β-arrestin-1 expression in GENC in STZ-induced diabetic nephropathy mouse model by immunofluorescence double labeling: endothelin (red, mark protein in GENC), β-arrestin-1 (green). (white bars=20μm, *P<0.05 vs. control, n=8)




Supplementary Figure S2
[image: S2]
Supplementary Figure S2. There was no effect of silencing of β-arrestin-2 on the PERK and IRE signal pathway of ER stress. (a) Immunoblotting images and summarize data showing the effects of β-arrestin-2 knockdown on the expression of p-IRE1α, IRE1α and XBP1 in GENC under HG condition. (*P<0.05 vs. scramble, #P<0.05 vs. scramble of HG treated group, n=6) (c) Immunoblotting images and summarize data showing the effects of β-arrestin-2 knockdown on the expression of p-PERK, PERK, p-eIF1α and ATF4 in HG-treated GENC. (*P<0.05 vs. scramble, #P<0.05 vs. scramble of HG treated group, n=6)



















Supplementary Figure S3
[image: S3]
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Supplementary Figure S3 (a) Representative western blotting and summarized data showing the overexpression of β-arrestin-2 by pCDNA-β-arrestin-2 plasmids transfection. (*P<0.05 vs. control, n=6) (b) Images and summarized data showing the efficiency of silencing ATF6 with shRNA-ATF6 by western blotting. (*P<0.05 vs. control, n=6) (c) Representative western blotting and summarized data showing that overexpression of ATF6 by pCDNA-ATF6 plasmids transfection. (*P<0.05 vs. scramble, n=6) (d) Representative western blotting showing that the expression of cleaved caspases-3 and the whole caspase-3 under various stimuli. (e) Relative mRNA levels of GRP94 which is one of the target genes regulated by ATF6 in GENC with various stimuli (mean±SD). (*P<0.05 vs. scramble control, #P<0.05 vs. scramble of HG treated group, $P<0.05 vs. pCDNA-β-arrestin-2 treated group, ΦP<0.05 vs. si-β-arrestin-2 and HG treated group, &P<0.05 vs. TM treated group, n=6 )
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