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Supplementary Table 1. Appraisal of research methods and risk of bias summary

Cambier, 2018 [17] MEF, concentration Yes (NTA)* Yes* Yes* Yes - Yes - #
Cantaluppi, 2015 [18] ucC Yes (NTA) Yes Yes Yes - Yes - None
Chen, 2019 [11] ucC Yes (DLS) Yes Yes Yes - Yes Yes None
Choi, 2015 [19] uc - ? - Yes Yes Yes Yes None
Duan, 2020 [20] UC, MF Yes (DLS) Yes Yes Yes - Yes - None
Duan, 2019 [21] Precipitation Yes (TEM) Yes Yes Yes - Yes Yes None
Ebrahim, 2018 [22] uc Yes (TEM) Yes Yes Yes - Yes Yes None
Eirin, 2020 [23] ucC Yes (NTA)* Yes* Yes Yes Yes Yes - #
Eirin, 2017 [24] uc Yes (NTA) Yes Yes Yes - Yes Yes None
Grange, 2019 [25] UC, MF Yes (NTA) : ma":'kscfs"f);’]y Yes B Yes Yes "
He, 2012 [26] uc Yes (TEM) Yes - Yes Yes Yes Yes -
He, 2015 [27] uc Yes (TEM) Yes* - Yes Yes Yes Yes None
Ji, 2020 [28] UC, MF Yes (NTA) Yes Yes Yes - Yes - None
Jiang, 2016 [29] UC, MF, DG Yes (TRPS) Yes Yes Yes Yes Yes Yes None
Jin, 2019 [30] Immun-P, UF Yes (NTA) Yes Yes Yes - Yes - None
Jin, 2020 [31] Immun-P Yes (TEM) Yes Yes Yes - n.a. - None
Kholia, 2018 [32] DG-UC Yes (NTA) Yes Yes Yes Yes Yes - -
Kholia, 2020 [33] UC, MF Yes (NTA) Yes Yes Yes - Yes - None
Lindoso, 2020 [34] ucC Yes (NTA) Yes Yes Yes Yes Yes Yes None
Nagaishi, 2016 [35] uc Yes (TEM) Yes Yes Yes - Yes - None
Ramirez-Bajo, 2020 [13] UC, MF Yes (NTA) Yes Yes Yes - Yes Yes #
Sedryakyan, 2017 [36] ucC Yes (NTA) - Yes Yes Yes Yes - None
Shi, 2020 [37] uc Yes (NTA) Yes Yes Yes - Yes Yes None
Song, 2020 [15] ucC Yes (NTA)* Yes* Yes Yes - Yes - #
Van Koppen, 2012 [12] DG -UC - - - Yes - Yes - #
‘Wang, 2020 [38] Column method - - mé\l/'[ksegs-li;/ly Yes - Yes Yes None
Wang, 2015 [39] ucC - - mah:[lfe(rjs-]::)}*l]ly Yes Yes Yes Yes None
Wang, 2016 [40] Precipitation ? ? ? Yes - Yes - None
Wang, 2019 [41] UC, MF Yes (NTA) - Yes Yes Yes Yes - None
Yang, 2019 [42] uc Yes (TEM) Yes - Yes Yes Yes - None
Zhang, 2019 [43] Serial centrifugation Yes (TEM) - Yes Yes - Yes* - None
Zhang, 2019 [44] uc Yes (TEM) - m;‘ffgs"f);’ly Yes - Yes Yes None
Zhao, 2020 [45] uc Yes (NTA) Yes Yes Yes Yes Yes Yes #
Zhong, 2019 [46] uc Yes (NTA) Yes MSC-EV Yes B Yes Yes None

markers only

Zou, 2018 [47] uc Yes (NTA) Yes Yes Yes - Yes Yes None

Abbreviations: NTA — Nanoparticle tracking analysis, UC — Ultracentrifugation, TEM — Transmission Electron Microscopy, TRPS-
Tunable Resistive Pulse Sensing, MF — Microfiltration, asterisk indicates that the data had been reported in the previous references
by the same authors, minus indicates that information not available, n.a. indicates ethic statement was likely not required (in vitro
study), # indicates that conflict of interest (COI) is reported but does not affect, in our interpretation, the study results.
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Supplementary table 2. Details of the design of the studies that focused on genetically modified EVs/miRNA effector

molecules. Characteristics of the EV intervention, disease/animal model, time-points evaluated, and main study findings

are outlined.

EV/
. Adm- . .. . . .
miRNA r;l:lt]e Dose EV size EV markers Species/Model X Main findings
source
uuo Wang, miR-29- M ™M n.a. 87-93 nm TSG101 C57BL/6J mouse M Iw 2w miR-29-EVs attenuated renal
2019 Satellite (NTA) (UUO) fibrosis and improve kidney
cells (m) function in UUO mice.
uuo Zhang, EKC (h) S M n.a. 30-500 nm TSGI101 C57BL/6J mouse M 1d 2w miR-26a-EVs improved kidney
2019 miR-26a- (NTA) (UUO) fibrosis in UUO mice.
EVs
uuo Wang, let7c- n.a. n.a. n.a. ? In vitro (mouse n.a. let-7¢-EVs inhibited fibrosis
2016 MSCs (h) - TECs, TGF-B) - - gene expression.
DM Jin, MSC(m)- n.a. n.a. 87-93 nm CD9, CD63, In vitro (mouse n.a. EVs and EV-miR-215 inhibited
2020 EVs- - (NTA) CD81 podocyte, glucose) - - fibrosis gene expression.
miR-215

Abbreviations: Cell of EV origin: EKC; embryonic kidney cell, MSC; mesenchymal stem cell. NTA; nanoparticle tracking analysis,
TSG101; Tumor Susceptibility 101. CKD model: DM; diabetes, UUO; unilateral ureteral obstruction. TEC; tubular epithelial cell,
TGF-p1; transforming growth factor f.



Supplementary Table 3. Summary of the studies which evaluated the protective effect of extracellular vesicles (EVs):
study reference, cell of origin of EVs, injury model, effector molecules mediating protection, and the involvement in

CKD mechanism are specified. The effect of EVs is represented: red indicates a reduction, blue indicates an elevation.

Oxidati

. Fibrosis Cell Caspa KIM-1 M1 to TNF, R
Study CKD Cell Mediator GS IF Markers Death e ACR NGAL WBC M2 L6 IL-10 st:’:ss

Chen, 2019 uuo MSC GDNF

Choi, 2015 uuo MSC

He, 2015 uuo MSC miRNA array
Ji, 2020 uuo MSC CK18, B-TRCP
Shi, 2020 uuo MSC MFG-E8

miR-294,
Wang, 2020 Uuo | MsC | e

Wang, 2015 uuo MSC miRNA array

Wang, 2016 uuo MSC let-7¢

Wang, 2019 uuo Ne miR-29

Yang, 2019 uuo | EPC

Zhang, 2019 uuo EKC miR-26a

Cantaluppl, | roxic | EPC §?§}§6‘I‘)‘5 6,
Kholia, 2018 Toxic HLSC

%alt;akura, Toxic MSC

Ramirez, 2020 | Toxic MSC

Zhang, 2019 Toxic MSC

He, 2012 Nx MSC

Koppen, 2012 | Nx MSC

Cambier, 2018 | HT CPC Y4 RNA
Eirin, 2017 HT MSC IL10 mRNA
Eirin, 2020 HT MSC RNA-seq
Lindoso, 2020 | HT MSC

Song, 2020 HT MSC RNA-seq
Zhao, 2000 HT MSC miR-532-5p
Zou, 2018 HT STC mito-DNAs
e

Duan, 2000 DM MSC miR-26a-5p

Duan, 2019 DM usC miR-16-5p

Ebrahim, 2018 | DM MSC

M .
Grange, 2019 DM HESCé miRNA array

Jiang, 2016 DM uSC

Jin, 2019 DM MSC miR-486

Jin, 2020 DM MSC miR-215-5p

Nagaishi,2016 | DM MSC

Zhong, 2019 DM MSC miR-451a

Abbreviations: GS; percent glomerular sclerosis, IF; percent tubulointerstitial fibrosis ACR albumin to creatinine ratio; M1 to M2
macrophage ratio, IL-10; interleukin-10, tubular markers: KIM-1; kidney injury molecule-1, NGAL; neutrophil gelatinase-associated
lipocalin, WBC; White blood cell infiltrates, NGAL; Neutrophil gelatinase-associated lipocalin, WBC; White blood cell infiltrates,
Cell of EV origin: AFSC; amniotic fluid stem cell, CPC; cardiac progenitor cell, EKC; embryonic kidney cell, EPC; endothelial
progenitor cell, HLSC; liver stem cell, MSC; mesenchymal stem cell, SC; satellite cell, STC; STC-like cell, uSC; urine stem cell.



Supplementary figure 1; Standardized mean difference (SMD) in glomerular filtration rate (GFR). Data represent
SMD calculated for treaded versus non-treated comparisons of all records, with the 95% confidence interval (95% CI).

RE, random effect

SMD Weight
Study Difference in GFR with 95% CI (%)
Eirin 2017 —i— 2.39( 1.07, 3.71) 11.14
van Koppen 2020 —.— -0.14 ( -1.10, 0.81) 12.25
Lindoso 2020 —B— 3.19( 1.97, 4.40) 11.47
Cantaluppi 2015 L 489 ( 2.96, 6.82) 9.18
Song 2020 —— 1.33( 0.08, 2.58) 11.36
Song 2020 —— 0.57 ( -0.57, 1.72) 11.68
Eirin 2020 —— 1.06 ( -0.27, 2.38) 11.13
Eirin 2020 L 0.27 ( -0.97, 1.51) 11.41
Zhao, 2020 L 2.88 ( 1.33, 4.44) 10.38
Overall —~l— 1.73 ( 0.71, 2.74)
Heterogeneity: 12 = 1.95, I? = 82.20%, H? = 5.62
Test of 8, = 6;: Q(8) = 41.91, p =0.00
Test of 6 =0:z =3.34, p=0.00

-2 Deterioration () Improvement 2 4 6




Supplementary figure 2; Subgroup analyses: standardized mean difference (SMD) in (A) serum creatinine and (B)
urea. Data represent SMD based on EV intervention-related and model related factors with the 95% confidence interval

(95% CI). RE, random effect.

A. Differences in serum creatinine due to EV treatement-related and model-related factors

SMD
Subgroup K with 95% CI P-value
Therapy
Preventive 8 - -156[ -2.28, -0.85] 0.000
Curative 1 - -8.68[ -15.19, -2.17] 0.009
Test of group differences: Q,(1) = 4.54, p =0.03
Dose
Single 5 —e— |-221[ -3.60, -0.81] 0.002
Multiple 14 * -6.72[ -11.77, -1.67] 0.009

Test of group differences: Q,(1) =2.84, p =0.09

Transplant
Allogenic 7 —— -3.563[ -5.19, -1.87] 0.000
Xenogenic 12 ° -6.67 [ -12.84, -0.50] 0.034

Test of group differences: Q,(1) =0.93, p =0.33

Etiology due to DM
No 9 —— |-224[ -3.10, -1.38] 0.000
Yes 10 ° -8.97[ -16.41, -1.53] 0.018

Test of group differences: Q,(1) =3.10, p =0.08

Animal species

Mouse 15 . -6.20[ -10.86, -1.55] 0.009
Rat 4 —e—— |-2.69[ -4.74, -0.64] 0.010
Test of group differences: Q,(1) =1.84, p=0.18

Overall —l— -5.14[ -8.46, -1.83] 0.002
Heterogeneity: 12 = 51.41, 1= 99.15%, H? = 117.60
Test of 6, =6: Q(18) =172.17, p = 0.00

Random-effects REML model



B. Differences in serum urea due to EV-treatement and model-related facors

SMD

Subgroup Study Cohorts with 95% ClI P-value
Therapy
Preventive 9 —e—— | -1.82[-3.27, -0.37] 0.014
Curative 9 -5.00[ -8.43, -1.56] 0.004
Test of group differences: Q,(1) =2.79, p = 0.09
Dose
Multiple 15 B — -3.68[ -5.87, -1.48] 0.001
Single 3 —=e—— -1.65[-3.26, -0.04] 0.045
Test of group differences: Q,(1) =2.13, p=0.14
Transplant
Allogenic 8 — -1.96 [ -3.04, -0.88] 0.000
Xenogenic 10 ° -4.44 1 -7.75, -1.13] 0.009
Test of group differences: Q,(1) =1.95, p=0.16
Etiology due to DM
No 8 —_— -1.97 [ -3.40, -0.54] 0.007
Yes 10 . -452[-7.73, -1.32] 0.006
Test of group differences: Q,(1) =2.03, p=0.15
Animal
Mouse 14 —_—— -3.42[ -5.64, -1.19] 0.003
Rat 4 -2.99[-6.32, 0.35] 0.079
Test of group differences: Q,(1) = 0.04, p = 0.83
Overall e -3.28[ -5.07, -1.48] 0.000
Heterogeneity: 12 = 13.98, |2 = 96.84%, H? = 31.60
Test of 6, = 8;: Q(17) = 172.37, p = 0.00

8 -6 4 2

Random-effects REML model



Supplementary figure 3; Sensitivity analysis: standardized mean difference (SMD) in (A) serum creatinine and (B)
urea for all studies in animal CKD. Data represent SMD calculated for treaded versus non-treated comparisons of all

records, with the 95% confidence interval (95% CI). RE, random effect.

A. The effect of EV-based treatment on plasma creatinie for all studies in animal CKD

Single SMD Weight
Study cohort Cell Dose Dose a/g  Start EV with 95% CI (%)
uuo
He 2015 MSC S 30 M 2d —— -442] 648, -237) 384
He 2015 MSC S 30 M 2d E 3 205[ -338, -0.72) 391
Wang 2015 MSC S 30 M 1d —— 484 724, -244) 380
Wang 2015 MSC S 30 M 4 16.96[ -24.48, -9.45] 283
Wang 2020 MSC S ~30 R 1d M o1 -10s, 141 391
Wang 2020 MSC S -~3 R 1d M oso[ 077, 177 391
Wang 2020 MSC S -~ R 1d M o[ 109, 141 391
Wang 2020 MSC S -~ R 1d > 307 112, 503 385
Chen 2019 MSC S 200 M# 1d M oo0s[ 112 o097 393
Heterogeneity: 1° = 15.17, IF = 96.19%, H* = 26.22 ’ -1.90[ -457, 0.77]
Hypertension
Lindoso 2020 MSC M ~20 R w - -422[ 568, -277) 390
Zou 2018 sTC S 3 M 2w E -1.84[ -285 -0.82] 893
Eirin 2017 MSC S 100 P 1565 | o097 202, 007 393
Zhao 2020 MSC S 100 P 1829 M 127] 243 011 382
Heterogeneity: t* = 1.58, I* = 82.13%, H* = 5.60 ‘ -201[ -3.37, -0.65]
Diabetes
Duan 2019 uSC 12 100 R ad | ] 158[ -256, -0.61) 393
Jiang 2016 usSC 12 100 R 3d B os3[ 138 o033 394
Grange 2019 HLSC 5 100 M# 5w M o7s[ -1%, o040 392
Grange 2019 MSC 5 100 M# 5w M oss[ 073 150 392
Ebrahim 2018 MSC 54 ~30 R# ow —- -497[ -7.05, -2.88] 384
Zhong 2019 MSC 4 ~40 M¥ 2w 1254[ -16.73, -835] 352
Zhong 2019 MSC 6 ~40 M# 2w -35.22[ -46.76, -23.68] 2.04
Zhong 2019 MSC 8 ~40 M# 2w -32.43[ -43.05, -21.80] 220
Duan 2020 Msc 12 100 M 1wt —— 10.23[ -14.46, -601] 351
Jin 2019 MSC 12 na M 13wk ] 1.80[ 223, -037) 393
Heterogeneity: 7 = 137.61, I = 99.62%, H = 264.07 e 897 -16.41, -153]
Toxic
Kholia 2018 HLSC 3 100 M# ad 158[ -260, -0.56) 393
Kholoia, 2020 MSC 3 100 M# ad 174] 291, 056 392

oNm

Heterogeneity: T = 0.00, I’ = 0.00%, H* = 1.00 1.65[ -242, -0.88)

5/6 Nx
He 2012 MSC 3 30 M 2d
Heterogeneity: not applicable

204 -323, -085] 392
204[ 323, -0.85]

on

Genetic (non-DM)
Sedryakyan 2017 AFSC s 200 M 8w
Heterogeneity: not applicable

-3.35( -4.84, -1.87] 3.90
-335[ -4.84, -1.87]

Overall
Heterogeneity: 1° = 36.74, I’ = 98.76%, H* = 80.79
Test of 8 = 6: Q(26) = 240.39, p = 0.00

-4.00[ -6.37, -1.64]

Test of group differences: Q (5) = 7.34, p = 0.20

Random-effects REML model



B. The effect of EV-based treatement on plasma urea for all studies in CKD

Single SMD Weight

Study cohort Cell Dose Dose A/S StartEV with 95% CI (%)
uuo

He 2015 MSC S H M 24 E 3 292 -448, -1.35] 4.14
He 2015 MSC S H M 2d E 3 208[ -342, -0.75] 4.20
Wang 2015 MSC s 3 M 1d - -493[ -7.36, -2.50] 3.84
Wang 2015 MSC s 3 M 1d - 463 -695 -231] 3.89
Wang 2020 MSC S ~3 R 1d —— -6.58[ -10.03, -3.12] 3.42
Wang 2020 MSC S ~3 R 1d E N 261[ -439, -0.82] 4.07
Wang 2020 MSC S ~30 R 1d M o150 -139, 110 422
Wang 2020 MSC S ~3 R 1d M oss[ -071, 184 422
Chen 2019 MSC S 200 M# 1d B o9 124, o088 427
Ji 2020 MSC M@ H R 6d - 7.62[ -10.13, -5.12] 3.81
Heterogeneity: T° = 6.36, I = 90.44%, H? = 10.46 ‘ -288[ -4.56, -1.20]

Test of 6,=6;: Q(9) =71.62, p =0.00

Diabetes
Duan 2019 uSC M(12) 100 R 3d B 284 -406, -162] 423
Jiang 2016 uSC M(12) 100 R 3d B o090 002 178 430
Grange 2019 HLSC M(5) 100 M# 5w B oso[ -163, 062 425
Grange 2019 MSC  M(5) 100 M# 5w B o024 -135 o087 425
Ebrahim 2018 MSC M(56) ~30 R# ow E 3 291 -436, -145] 4.17
Zhong 2019 MSC  M(4) ~40 M# 2w —— -10.65[ -14.23, -7.06] 3.36
Zhong 2019 MSC  M(B) ~40 M# 2w —— 7.99[ -10.74, -524] 3.72
Zhong 2019 MSC M8 ~40 M# ow <i—— -17.05[ -22.68, -11.41] 251
Duan 2020 MSC M(12) 100 M  13w# —— -6.93[ -9.89, -397] 363
Jin 2019 MSC M(12) na. M  13w# B o0s[ -19, -0.16] 430
Heterogeneity: T = 25.17, |* = 98.06%, H* = 51.43 ’ -452[ -7.73, -1.32]

Test of 6, = 8: Q(9) = 132.86, p = 0.00

Toxic

Ramirez Bajo 2020 MSC M(2) 100 M 1d . -0.36[ -1.60, 0.88] 4.22
Ramirez Bajo 2020 MSC M@ 100 M 2w M 1340 272, 003 419
Kholia, 2020 MSC M@ 100 M# 3d n 205[ -329, -0.81] 422
Heterogeneity: T° = 0.34, I” = 44.32%, H’ = 1.80 ¢ 1.25[ -2.24, -0.25]

Test of 6,=6: Q(2) =3.56,p =0.17

5/6 Nx

He 2012 MSC M@ 80 M 2d B o063 -161, 035 428
Van Koppen 2012 MSC  M(4) 7 R ™w B o64( 034 163 428
Heterogeneity: T = 0.56, I = 69.10%, H* = 3.24 ’ 0.01[ -1.24, 1.26]

Test of 6,=8;: Q(1) =3.24, p = 0.07

Overall I 296 -4.33, -160]
Heterogeneity: T = 11.10, I* = 95.78%, H? = 23.70
Test of 6, = 8; Q(24) = 225.79, p = 0.00

Test of group differences: Q,(3) = 11.51, p = 0.01

Random-effects REML model
Sorted by: order



Supplementary figure 4; Subgroup analyses conducted for all study cohorts: standardized mean difference (SMD) in
(A) serum creatinine and (B) urea. Data represent SMD calculated based on different factors, with the 95% confidence

interval (95% CI). RE, random effect.

A. Differences in serum creatinine acorrding to EV trreatement and model related factors

SMD
Subgroup Study cohorts with 95% CI P-value
Therapy
Preventive 14 —e— -141[ -262, -0.21] 0.022
Curative 13 —_———— -7.33[ -12.80, -1.86] 0.009
Test of group differences: Q,(1) = 4.29, p = 0.04
Dose
Single 13 —e— -161[ -3.06, -0.16] 0.029
Multiple 14 —_— -6.72[ -11.77, -1.67] 0.009
Test of group differences: Q (1) = 3.62, p = 0.06
Transplant
Allogenic 15 — -2.53[ -4.26, -0.79] 0.004
Xenogenic 12 ——e&—— -6.67[ -12.84, -0.50] 0.034
Test of group differences: Q,(1) = 1.61, p=0.20
Etiology due to DM
No 17 —— 172 -2.77, -0.67] 0.001
Yes 10 —_— -8.97[ -16.41, -1.53] 0.018
Test of group differences: Q,(1) = 3.57, p = 0.06
Animal
Mouse 17 —_————— -6.63[ -10.86, -2.40] 0.002
Rat 8 —e— -091[ -263, 0.82] 0.303
Pig 2 —*- -110[ -1.88, -0.33] 0.005
Test of group differences: Q,(2) = 6.49, p = 0.04
Overall i -400[ -6.37, -1.64] 0.001

Heterogeneity: 1° = 36.74, |* = 98.76%, H* = 80.79
Test of 8, = 6: Q(26) = 240.39, p = 0.00

Random-effects REML model

B. Differences in urea according to EV treatement- and model-related factors

SMD
Subgroup Study cohorts with 95% Cl P-value
Therapy
Preventive 15 — -2.17[ -3.37, -0.96] 0.000
Curative 10 —_———————— -4.40[ -7.64, -1.16] 0.008
Test of group differences: Q,(1) = 1.61, p =0.20
Dose
Multiple 16 —_— -3.39[ -5.50, -1.28] 0.002
Single 9 ——e—— | -2.33[-3.81, -0.85] 0.002
Test of group differences: Q,(1) = 0.66, p = 0.42
Transplant
Allogenic 14 — -2.29[ -3.39, -1.20] 0.000
Xenogenic 1" —_— -3.95[ -7.05, -0.85] 0.013
Test of group differences: Q (1) =0.97, p = 0.32
Animal
Mouse 16 —_— -3.53[ -5.45, -1.61] 0.000
Rat 9 ————|-2.07[ -4.00, -0.13] 0.036
Test of group differences: Q,(1) =1.11, p =0.29
Etiology due to DM
No 15 — -2.07[ -3.26, -0.89] 0.001
Yes 10 —_— -4.52[ -7.73, -1.32] 0.006
Test of group differences: Q,(1) =1.97, p=0.16
Overall _ -2.96 [ -4.33, -1.60] 0.000

Heterogeneity: 12 = 11.10, I? = 95.78%, H? = 23.70
Test of 8, = 6;: Q(24) = 225.79, p = 0.00

Random-effects REML model



