Supporting Information

In vivo two-photon microscopy reveals the contribution of Sox9™" cell to kidney

regeneration in a mouse model with extracellular vesicle treatment

Supplemental Table 1. Primers used in the qPCR assay.

Gene Forward primer sequence, 5’-3’ Reverse primer sequence, 5°-3’
Bax CATGTTTGCTGATGGCAACT TGATCAGCTCGGGCACTTTA
Bad GAGTGAGCAGGAAGACGCTA CCCTGCTGATGAATGTTGCT
Fas TTGCTGGCTCACAGTTAAGA TTCAGGTTGGCATGGTTGAC
Fasl GGTCAGTTTTTCCCTGTCCA AATCCCATTCCAACCAGAGC
Casp3 AGAGAGACATTCATGGGCCT AGTTTCGGCTTTCCAGTCAG
Casp9 AATGGGACTCACAGCAAAGG CTCAAGTTTGTCACGGTCCA
Fnl CAAATCGTGCAGCCTCAATC GGAATCTTTAGGGCGCTCAT
Collal CCAATGGTGAGACGTGGAA GTCCCTCGACTCCTACATCT
Tefbl ACAATTCCTGGCGTTACCTT CCCTGTATTCCGTCTCCTTG
Gapdh TGACCACAGTCCATGCCATC CAGGTCAGGTCCACCACTGA

Shown is the sequences of primers in 5°-3” orientation for real-time qPCR used in this study.



Supplemental experimental procedures

Cells

The MSCs used in this study were isolated from human placenta tissue (hP-MSCs) as
previously described(1,2). The hP-MSCs used in subsequent experiments were between
passages 4 to 10, which were cultured in EV-free medium (Dulbecco’s modified Eagle’s
medium (DMEM)/F12 medium (Gibco, Grand Island, NY) with 10% EV-free fetal bovine
serum (FBS; HyClone, Logan, UT) and 100 U/mL penicillin—streptomycin (Gibco)). The EV-
free FBS was obtained by ultracentrifugation at 100,000g for 18 hours at 1:4 dilution(3).
Human kidney proximal tubule cells (HK2) were purchased from ATCC (ATCC, Manassas,
VA) and maintained in keratinocyte serum free medium (K-SFM) (Gibco) with the following
components: 0.05 mg/mL bovine pituitary extract (BPE), 5 ng/mL human recombinant
epidermal growth factor (EGF), and 100 units/mL penicillin—streptomycin. All these cells were
negative from mycoplasma tests and were maintained in a humidified incubator with 5% COz

at 37 °C.

EVs isolation and characterization

In this study, EVs were purified from the supernatant of hP-MSCs as previously described(4).
In brief, hP-MSCs were continuous passage cultured every two days with EV-free medium.
The cell culture supernatant was collected during the subcultivation. The supernatant was
centrifuged at 500 g for 10 min to remove any cell contaminations, followed by a centrifugation
step of 10,000 g for 30 min to discard cell debris and apoptotic bodies. Then, EVs were isolated

by ultracentrifugation at 100,000 g for 70 min. Finally, the EVs were washed by Dulbecco's



phosphate-buffered saline (DPBS) and pelleted again via a second ultracentrifugation at
100,000 g for 2 h. All the above procedures were performed at 4 °C. Total protein amount of
the final EVs pellets was measured by a Bicinchoninic Acid (BCA) Protein Assay Kit (Thermo

Scientific, Madison, WI).

The transmission electron microscopy (TEM; Talos F200C, Hillsboro, OR) was used to verify
the morphology of EVs. A drop of EVs (1 ug/uL) was loaded in a carbon film (Zhongjingkeji
Technology, Beijing, China) with the following negative staining by 2% phosphotungstic acid.
Then, the air-dried samples were ready for capturing of TEM images (magnification 30.0k).
The protein markers (CD9 and Alix) and the negative protein composition (GM130) of EVs
were analyzed by the western blot assay. The particle size and number of EVs were determined
by nanoparticle tracking analysis (NTA) (NanoSight NS300, Malvern Panalytical, Malvern,

UK).

Bioluminescent imaging of Gluc-labeled EVs

The EVs used in BLI were labeled by Gaussia luciferase (Gluc) as previously described(5). In
brief, the lentivirus carried the gene sequences of the recombinant human lactadherin fused
with Gluc (Gluc-lac) were transduced into hP-MSCs. The transduced hP-MSCs stably
expressed the Gluc-lac fusion protein, which was a membrane-associated protein mainly found
in EVs. Then, the supernatant of the transduced hP-MSCs was harvested to separate the Gluc-
labeled EVs by ultracentrifugation. For the intravital imaging, the mice which were implanted

with abdominal imaging windows were subjected to unilateral (left) renal IRI. Then the mice



received three consecutive intravenous injections of Gluc-labeled EVs at a dose of 100 pg in a
volume of 100 pL. At the indicated time points, the mice were imaged immediately using the
IVIS Lumina Imaging System after intraperitoneal injection of the substrate of Gluc, water-

soluble coelenterazine (5 mg/kg; Nanolight Technology, Pinetop, AZ).

RNA extraction and real-time quantitative PCR analysis

The total RNAs of kidney tissues were isolated by TRIzol reagent (Invitrogen, Grand Island,
NY) following the manufacturer’s protocol. Then, 2 pg total RNAs were reverse transcribed
using BioScript All-in-One cDNA Synthesis SuperMix (Bimake, Houston, TX). Real-time
quantitative polymerase chain reaction (qPCR) was conducted in the CFX96 Touch System
(Bio-Rad, Hercules, CA) machine by using qQPCR SYBR green master mix (Yeasen, Shanghai,
China). Relative gene expression was normalized to Gapdh and analyzed with the 2-24Ctmethod.

The sequences of primers used in this study are shown in Table S1.

Protein extraction and western blotting analysis

The cells and EVs prepared for western blotting were lysed in radio immunoprecipitation assay
(RIPA) buffer (Solarbio, Shanghai, China) and the total protein was quantified using a BCA
Protein Assay Kit (Thermo Scientific). The total proteins were diluted into 4x SDS-PAGE
loading buffer and boiled for 10 min. Then, samples were electrophoresed on 10%
polyacrylamide gels and transferred to 0.2 um polyvinylidene fluoride (PVDF) membranes
(Millipore, Darmstadt, Germany). After blocking with 5% nonfat milk for 2 h, the PVDF

membranes were incubated with primary antibodies overnight at 4 °C, and then for 2 h at room



temperature with secondary antibodies. Antibodies used include anti-CD9 (1:2000; Abcam,

Cambridge, UK), anti-Alix (1:1000; Wanleibio, Shengyang, China), anti-GM130 (1:2000;

Abcam), anti-Sox9 (1:2000; Cell Signaling Technology, Beverly, MA), and anti-actin (1:5000;

CWBIO, Beijing, China). The blots were imaged by using a Tanon-5200 Chemiluminescence

Imaging System (Tanon Science & Technology Co Ltd., Shanghai, China).
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Supplemental Figures & Legends

A

Figure S1. Gluc and Dil-labeled EVs imaging.

(A) The scheme of Gluc-lac fusion protein. (B) BLI analysis of Gluc-labeled EVs.
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Figure S2. Apoptosis-related gene expression in injured kidneys.

Real-time qPCR analysis of apoptosis-related genes in kidneys on days 1, 3, and 7 after IRI.
Relative gene expression was normalized to Gapdh. Data are expressed as scatter plots with
mean * standard deviation (SD). *P<0.05 versus Sham; *P<0.05 versus PBS. All experiments

were performed in triplicate.
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Figure S3. EVs promoted the proliferation of HK2 cells.
(A) The internalization of Dil-labeled EVs by HK2 cells. Scale bar, 20 pm. (B) Cell
proliferation assay of HK2 cells administrated with EVs. Data are expressed as scatter plots

with mean * standard deviation (SD). *P<0.05 versus 0 pg/mL.
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Figure S4. Validation and fidelity of the g genetic lineage tracing model.
Representative images for co-localization analysis of anti-Sox9 immunostaining (grey) and
Sox9-CretRT2 activated EGFP fluorescence in kidneys after 3 times tamoxifen or corn oil

injection before and post AKI. Scale bar, 50 pm.
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Figure S5. Anti-E-cadherin immunostaining of renal tissues from Sox9-CrefR'2;
R26™T™G mice.

(A) Representative images and (B) local zoom images for co-localization analysis of anti-E-
cadherin immunostaining (grey) and Sox9-CreFR™? activated EGFP fluorescence in kidneys
on day 14 post injury. Scale bar, 100 um. (C) Quantification of E-cadherin”/EGFP co-labeled
tubules in the sections of figure 5SB. Data are expressed as scatter plots with mean + standard

deviation (SD). *P<0.05 versus Sham; “P<0.05 versus PBS.
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A Sox9-CrefRT2; R26™™™S (100 mg/kg) B Sox9-CreERT2; R26™™G (100 mg/kg)

Figure S6. Anti-Sox9 immunostaining of renal tissues from Sox9-CrefRT?; R26™TmG
mice.
(A) Confocal images and (B) local zoom images for co-localization analysis of anti-Sox9

immunostaining (grey) and Sox9-CreFRT2

activated EGFP fluorescence in kidneys on day 14
post IRI. White arrowheads highlighted Sox9"/EGFP co-labeled cells, and yellow

arrowheads highlighted the Sox9 negative but EGFP labeled cells. Scale bar, 50 um.
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Figure S7. Anti-Ki67 immunostaining of renal tissues from Sox9-CrefRT?; R26™TmG

mice.
(A) Confocal images and (B) local zoom images for co-localization analysis of anti-Ki67

ERT2 activated EGFP fluorescence in kidneys on day 14

immunostaining (grey) and Sox9-Cre
post injury. White arrowheads highlighted Ki67"/EGFP co-labeled cells, and yellow

arrowheads highlighted the Ki67- but EGFP labeled cells. Scale bar, 100 um.
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Figure S8. Histological analysis of injured kidneys.

(A) Representative images and local zoom images of Figure 7A in injured renal tissues. Scale
bar, 100 um. (B) Quantitative assessments of cast formation and injured tubules. Data are
expressed as scatter plots with mean + standard deviation (SD). *P<0.05 versus Sham;
#P<0.05 versus PBS. (C) Representative images and local zoom images of Figure 7A anti-

Kim-1 immunostaining (red) on day 3 post IRI. The proximal tubules were co-stained by

FITC-labeled LTL (green). Scale bar, 100 um.
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Figure S9. Fibrosis examination in injured Kkidneys.
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(A) Representative images and local zoom images of Figure 7D Masson staining for renal

tissues harvested on day 28 post IRI. Scale bar, 100 um. (B) Representative images and local

zoom images of Figure 7D anti-aSMA immunostaining (red) for renal tissues harvested on

day 28 post IRI. The proximal tubules were co-stained by FITC-labeled LTL (green). Scale

bar, 100 um. (C) Real-time qPCR analysis of fibrosis-related genes in kidneys on day 28

after IRI. Relative gene expression was normalized to Gapdh. Data are expressed as scatter

plots with mean + standard deviation (SD). *P<0.05 versus Sham; *P<0.05 versus PBS. All

experiments were performed in triplicate.

16



A Abdominal
imaging window

Sox9-CrefRT2;R26™™C mouse

/

% 495-540 nm

Two-photon
Fluorescence

Mouse adapter

Water immersion

B objective
AKI Regeneration
GIaSS_ Abdominal imaging
coverslip window
MSC-derived EVs
/ Treatments
1

Kidney

@ Lineage-labeled Sox9* cells
Figure S10. Schematic diagram of two-photon living imaging of Sox9 positive cells in
living mouse.

(A) The Sox9-CreFRT2; R26™™G mouse was immobilized on a mouse adapter with AIW
upwards. (B) Schematic of two-photon living imaging preparation of exposed cortex, with
glass-sealed abdominal imaging window and microscope objective positioning. (C) Basic
mechanism of two-photon fluorescence imaging. (D) EVs accelerated renal regeneration via

activating the expansion of Sox9* cells.
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Video S1-S4. Video of 3D exhibition for the injured kidney in the same mouse treated with
EVs.

The 3D exhibition of the renal structure in the same Sox9-CreFRT?; R26™T™G mouse treated with
EVson day 1 (Video S1), day 3 (Video S2), day 7 (Video S3), and day 14 (Video S4) after IRI.
All cells in Sox9-CreFRT2; R26™TmG mouse expressed membrane-localized tdTomato. After the
injection of tamoxifen, the Sox9 expressing cells and their descendants had membrane-
localized EGFP fluorescence expression replacing the tdTomato fluorescence. The green
highlighted spots in the kidney represented the renal tubules formed by the descendants of
Sox97 cells. The videos were captured by using a two-photon microscope and reconstructed by

Volocity high-performance image analysis software.
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