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Supplementary	Materials	
	
Sterile	heat-inactivated	fetal	bovine	serum	(FBS)	was	purchased	from	First	Link	(UK).	Human	platelet	

lysate	 (hPL)	 was	 purchased	 from	 Sexton	 Biotechnologies	 (USA).	 PBS	 pH	 7.4	 10X,	 MEM-alpha,	

penicillin/Streptomycin,	GlutaMax™	100X,	Trypsin	EDTA	0.05%,	KnockOut™	(KO)	serum	replacement,	

SuperSignal™	West	Femto	Maximum	Sensitivity	Substrate,	Pierce™	Bovine	Serum	Albumin	Standard	

Ampules,	2	mg/mL,	Micro	BCA™	kit,	Pierce	detergent	removal	columns,	NuPAGE™	Lithium	Dodecyl	

Sulfate	(LDS)	sample	buffer,	and	NuPAGE™	4-12%	Bis-Tris	protein	gel	were	purchased	from	Thermo	

Fisher	Scientific	(UK).	Complete™	Protease	Inhibitor	Cocktail	was	purchased	from	Roche	(Switzerland).	

Aggrewell™400	microwell	 culture	 plate	 and	 anti-adherence	 rinsing	 solution	were	 purchased	 from	

STEMCELL	Technologies	(France).	Sucrose	and	acetic	acid	were	purchased	from	Fisher	Scientific	(UK).	

Deuterium	oxide,	 glutaraldehyde,	 Tween®	 20,	 sodium	 cacodylate,	 sodium	dodecyl	 sulphate	 (SDS),	

RIPA	 buffer,	 and	 16%	 paraformaldehyde	were	 purchased	 from	 Sigma	 Aldrich	 (UK).	 Nitro-cellulose	

membrane	was	 purchased	 from	Bio-Rad	 (UK).	 Skim	milk	 powder	 and	bovine	 serum	albumin	were	

purchased	from	Fluka	Analytical	(Germany).	Purified	anti-human	CD9	(clone:	HI9a),	CD81	(clone:	5A6),	

RBC	lysis	buffer	10X,	anti-mouse	CD45	(PE	and	PerCP,	clone	30-F11),	F4/80	(FITC,	clone	BM8),	CD11b	

(PerCP,	clone	M1/70),	CD31	(PE,	clone	390),	and	Zombie	Aqua™	were	purchased	from	Biolegend	(UK).	

Purified	anti-human	CD63	(clone:	EPR5702)	was	purchased	from	Abcam	(UK).	Anti-mouse	and	rabbit	

IgG	HRP-linked	were	purchased	from	Cell	Signalling	Technology	(USA).	Anti	TSG101	(polyclonal,	14497-

1-AP)	was	purchased	from	Proteintech	(USA).	Silver	nitrate	was	purchased	from	VWR	international	

(UK).	ProteoExtract®	protein	precipitation	kit	was	purchased	from	Calbiochem®	(USA).	RapiGest™	SF	

and	Hi3	Ecoli	Standard	were	purchased	from	Waters	Corporation	(USA).	DiR	(1,1-dioctadecyl-3,3,3,3-

tetramethylindotricarbocyanine	 iodide),	 DiD	 (DiIC18(5);	 1,1ʹ-dioctadecyl-3,3,3ʹ,3ʹ-	

tetramethylindodicarbocyanine,	4-chloro-benzenesulfonate	 salt),	 and	Alexa	Fluor™	488	azide	were	

purchased	from	Invitrogen,	Life	Technologies	(UK).	Isoflurane	(IsoFlo®)	for	anaesthesia	was	purchased	

from	Abbott	Laboratories	(UK).	Euthatal	(pentobarbital	sodium)	was	purchased	from	Merial	Animal	

Health	 Ltd	 (UK).	 Hanksʹ	 Balanced	 Salt	 Solution	 (HBSS)	 10X	 and	 Anti-ASGPR1/Asialoglycoprotein	

Receptor	 1/ASGR1	 Antibody	 (clone	 8D7)	 Alexa	 Fluor®	 647	 were	 purchased	 from	 Santa	 Cruz	

Biotechnology	(USA).	Collagenase	type	IV	was	purchased	from	Worthington	Biochemical	Corporation	

(USA).	Anti-human/mouse/rat	GFAP,	REAfinity™	(clone	REA335)	and	anti-mouse	CD146-FITC	(clone	

ME9F1)	were	purchased	from	Miltenyi	Biotec	(Germany).	Mouse	SPARC	Alexa	Fluor	647-conjugated	

antibody	(clone	124413)	was	purchased	from,	R&D	systems	(UK).	DBCO-NHS	ester,	Alexa-Fluor™488	

NHS	ester,	Cyanin5	(Cy5)	NHS	ester	were	purchased	from	Lumiprobe	(Germany).	NAP™5	column	was	

purchased	 from	Cytiva	 (USA).	 J774A.1	 (BALB/cN	mouse	macrophage,	ATCC®TIB-67TM)	 and	HepG2	



(human	hepatocellular	 carcinoma,	ATCC®	HB-8065	were	obtained	 from	ATCC®.	Human	monocyte-

derived	macrophages	were	isolated	from	human	peripheral	blood	mononuclear	cell	(PBMCs)	by	Pan	

Monocyte	 Isolation	 Kit	 II	 (Miltenyi	 Biotec,	 Germany).	 The	 PBMCs	 were	 kindly	 provided	 by	 Prof	

Francesco	Dazzi	(stored	under	the	Human	Tissue	Authority	(UK)	license	no.11023).	



Supplementary	Methods	
	
Preparation	of	bovine	serum	albumin	labelled	with	fluorescence	dye		

Bovine	serum	albumin	(BSA)	was	conjugated	with	either	Alexa-fluor™	488	NHS	ester	or	Cyanine-5	NHS	

ester	following	the	manufacturer’s	protocol.	Briefly,	8	molar	excess	of	NHS	ester	were	reacted	with	

BSA	in	9/10	reaction	volume	of	0.1	M	sodium	bicarbonate	and	incubated	at	RT	for	4	h.	BSA	was	purified	

from	the	conjugated	dye	using	NAP™5	column	and	further	used	for	in	vitro	studies	to	simulate	corona	

formation	on	EVs.	Standard	curves	of	Alexa-fluor	488	spiked	with	Cy5	were	firstly	prepared	to	validate	

the	 fluorescence	 intensity	measurement	 of	 the	 samples	 co-localised	 with	 two	 fluorophores.	 Dye-

conjugated	BSA	was	further	used	to	fabricate	ALB-coated	EVs.		

	

Liquid	chromatography	mass	spectrometry	(LC-MS)	analysis	

LC-MS	analysis	was	performed	using	a	nanoACQUITY	ultra	high-performance	liquid	chromatography	

(UPLC)	system	coupled	with	a	Synapt	G2-Si	mass	spectrometer	(Waters	Corporation,	USA).	Digested	

peptides	were	separated	on	the	nanoACQUITY	system	equipped	with	a	C18	analytical	reversed-phase	

column	(1.7	μm,	75	μm	×	150	mm)	and	a	C18	nanoACQUITY	trap	column	(5	μm,	180	μm	×	20	mm)	

with	a	mobile	phase	A	consisting	of	0.1%	v/v	formic	acid	in	water	and	a	mobile	phase	B	consisting	of	

acetonitrile	with	0.1%	(v/v)	formic	acid	at	a	flow	rate	of	0.3	μL	min−1,	using	a	gradient	of	2–40%	mobile	

phase	B	over	65	min.		One	hundred	fifty	fmol	μL−1	Glu-Fibrinopeptide	was	infused	at	a	flow	rate	of	

0.5	μL	min−1	as	a	reference	compound.	

	

Data	processing	and	protein	identification	

Data-independent	acquisition	(MSE)	experiments	were	performed	on	the	Synapt	G2-Si	carried	out	in	

resolution	mode.	Electrospray	 Ionization	was	performed	 in	positive	 ion	mode	with	NanoLockSpray	

source.	Data	was	acquired	in	a	mass	to	charge	range	of	m/z	50–2000	Da	with	a	scan	time	of	1	s,	ramped	

trap	collision	energy	from	20	to	40	V	with	a	total	acquisition	time	of	90	min.	All	samples	were	analysed	

in	three	replicates.	Data	acquisition	and	processing	were	performed	using	MassLynx	4.1.	Progenesis®	

QI	for	Proteomics	software	Version	2.0	was	used	to	process	data	and	to	identify	the	proteins	searched	

against	a	reviewed	human	and	bovine	database	(UniProt).	Sequence	information	of	Hi3	Ecoli	standard	

was	added	to	the	database	to	conduct	the	absolute	quantification.	Noise	reduction	thresholds	were	

set	for	low	energy,	high	energy,	and	peptide	intensity	to	120,	25,	and	750	counts	respectively.	The	

following	parameters	were	set	for	the	peptide	and	protein	identification:	Maximum	protein	mass	600	

kDa,	one	missed	 cleavage,	 fixed	 carbamidomethyl	modification	 for	 cysteine,	 variable	oxidation	 for	

methionine	 and	 false	 discovery	 rate	 of	 4%	 for	 proteins.	 At	 least	 two	 assigned	 peptides	 and	 five	



assigned	 fragments	 are	 required	 for	 the	 protein	 identification.	 Quantitative	 identification	 of	 each	

identified	protein	in	femtomole	was	provided	based	on	the	TOP3/Hi-3	method.	Relative	abundance	

percentage	(RPA)	for	each	protein	could	be	obtained	by	proportional	comparison	between	proteins	

in	the	same	run	over	the	full	quantification	range.		

	

Gene	ontology	(GO)	enrichment	analysis		

The	UniProt	ID	of	the	proteins	detected	by	LC-MS	were	converted	to	gene	names	to	obtain	the	dataset	

of	EV	genes	and	HC	genes	which	were	further	subjected	to	gene	ontology	(GO)	enrichment	analyses	

using	 FunRich	 software	 v.3.1.3	 (http://www.funrich.org).	 The	 in-built	 hypergeometric	 statistic	 test	

was	 used	 to	 provide	 evidence	 for	 gene	 classification	 based	 on	 various	 aspects	 (e.g.,	 cellular	

component	and	biological	process)	to	identify	significantly	overrepresented	than	would	be	expected	

by	chance.	The	analysis	was	performed	against	in-built	human	and	non-human	mammal	database,	for	

EV	and	HC	datasets,	respectively.	To	further	narrow	down,	GO	analysis	on	cellular	component	was	

firstly	 performed,	 followed	 by	 biological	 processes	 implicating	 clearance.	 The	 significant	 enriched	

genes	 were	 defined	 by	 the	 significance	 threshold	 of	 Bonferroni	 corrected	 p-value	 <	 0.05	 and	

underwent	 Principal	 Component	 Analysis	 (PCA)	 by	 inputting	 the	 protein	 relative	 abundance	

percentage	into	the	software	(Minitab	statistical	software	V20).	Score	plots,	loading	plots,	and	scree	

plots	were	used	to	evaluate	the	characteristic	of	each	sample	type.	

	

Transmission	electron	microscopy		

Transmission	electron	microscopy	(TEM)	analysis	was	conducted	following	the	previously	published	

protocol	with	 slight	modification	 [1].	Briefly,	EVs	or	HC-EVs	were	 fixed	 in	4%	paraformaldehyde	 in	

equal	volume	(final	concentration	of	2%	paraformaldehyde)	for	30	min.	EV	or	HC-EV	samples	were	

immediately	placed	and	allowed	to	adsorb	on	top	of	a	carbon-coated	300-mesh	copper	grid	for	15	

min	at	RT.	Grids	were	washed	with	PBS	and	 fixed	 in	1%	glutaraldehyde	prepared	 in	0.1M	sodium	

cacodylate	for	5	min	at	RT.	The	grids	were	then	washed	with	PBS,	blotted	dry	with	filter	paper,	and	

negatively	 stained	 with	 UA-Zero	 non-radioactive	 EM	 Stain,	 followed	 by	 washing	 and	 drying.	 TEM	

visualizations	were	performed	using	a	FEI	Tecnai	12	G2	spirit	with	an	11-megapixel	Olympus	sis	side	

mount	morada	camera	at	80	kV.	

	

The	effect	of	cell	architecture	on	the	protein	identity	of	EVs.	

MSCs	were	cultured	in	2D	and	3D	conditions	as	previously	mentioned.	The	media	were	changed	to	

basal	media	w/	and	w/o	KnockOut™	SR	supplementation	24	hours	prior	to	conditioned	culture	media	

(CCM)	harvest.	The	collected	CCM	was	subjected	to	EV	isolation.	The	retrieved	pellets	were	suspended	



in	50	µL	RIPA	buffer,	followed	by	protein	measurement	by	microBCA,	SDS-PAGE,	and	silver	staining	as	

previously	mentioned.	

	

Fluorescence	microscopy	

Alexa	Flour	488-labelled	albumin	(ALB-AF488)	was	added	to	2D	MSC	cultured	in	the	supplement-free	

CCM	(2.5	mg/mL)	to	obtain	EV2D	covered	with	ALB-AF488	enriched	1st	corona.	After	24-h	incubation,	

CCM	 was	 collected	 and	 incubated	 with	 DiI	 (1µM)	 to	 label	 EVs.	 DiI-labelled	 EVs	 with	 ALB-AF488	

enriched	1st	PC,	retrieved	from	the	EV	isolation,	were	then	incubated	with	HepG2	cells	for	24	h.		

To	obtain	EVs	with	1st	and	2nd	corona,	EVs	with	ALB-AF488	enriched	1st	PC	were	incubated	with	Cy5-

labelled	 albumin	 (ALB-Cy5)	 (35	mg/mL)	 for	 1	 h,	 followed	by	 EV	 isolation	 to	 obtain	 EV2D	with	ALB-

enriched	1st	&	2nd	corona	which	were	then	incubated	with	HepG2	cells	for	24	h.		

To	 visualise	 co-localisation	of	 EVs	with	primary	and	 secondary	 corona,	HepG2	cells	 (8	×	104)	were	

seeded	on	coverslips	in	a	24-well	plate	for	24	h.	Cells	were	treated	with	1	x	109	EVs	(DiI-labelled	EVs,	

DiI-labelled	EVs	incubated	with	ALB-AF488	or	EVs	incubated	with	ALB-AF488	(1st	corona)	and	ALB-Cy5	

(2nd	corona)	for	24	h.	Cells	were	PBS-washed	followed	by	4%	paraformaldehyde	(PFA)	fixation	for	15	

min	RT.	Images	were	acquired	using	a	Nikon	epifluorescence	microscope	TS2R	and	analysed	using	NIS-

Elements	BR	5.30.04	software	(Nikon	Instruments,	USA).	

	

Albumin	receptors	blocking	studies	in	vitro.	

At	 first,	 fluorescence	 intensity	 of	 fluorescently	 labelled	 BSA	 suspended	 in	 FBS-free	 DMEM	 at	 the	

concentration	of	2.5,	5,	7.5,	10,	and	12.5	mg/mL	were	measured	by	FLUO	star	OPTIMA	plate	reader	

(BMG	Labtech,	USA)	to	obtain	‘FIinitial’	before	addition	to	HepG2	cells	seeded	in	24-well	plate	(1.5	x	

104).	This	was	done	to	establish	BSA	concentrations	sufficient	to	block	albumin	receptors.	After	24-h	

incubation,	CCM	were	collected	to	measure	‘FIafter’	of	the	fluorescently	labelled	albumin.	The	value	of	

FIafter	divided	by	FIinitial	closer	to	1	indicates	less	albumin	taken	up	by	cells	from	the	media	(Figure	S24A).	

The	 BSA	 concentration	 of	 12.5	mg/mL	was	 chosen	 for	 blocking	 studies	 as	 it	 is	 deemed	 to	 be	 the	

saturation	concentration	of	albumin	receptors.	After	24-h	incubation,	cells	were	trypsinised	for	flow	

cytometry	analysis	to	determine	the	cellular	uptake	of	DiD-labelled	EV3D	with	and	without	excess	BSA	

incubation.		

	

	



Supplementary	Results	
	
The	effect	of	cell	architecture	on	the	protein	identity	of	EVs.	

To	exclude	that	this	is	a	function	of	the	cells’	architecture	(spheroids	vs	monolayers),	we	cultured	MSC	

for	24	h	in	2D	and	3D	conditions	in	the	basal	media	w/	and	w/o	KO.	The	results	 indicated	that	the	

supplemental	 protein	 in	 the	 culture	media	 was	mainly	 responsible	 for	 the	 difference	 in	 the	 EVs’	

protein	profile	(Figure	S5).	

	

Labelling	efficiency	of	Alexa488	and	DiD-labelled	EVs	

It	is	hypothesised	that	EV3D	will	have	higher	surface	labelling	efficiency	compared	to	EV2D	due	to	the	

presence	of	excess	amine	groups	in	the	primary	corona	[2].	Surface	labelling	of	EVs	by	AF488	azide	

using	DBCO-NHS	linker	resulted	in	dramatically	higher	fluorescence	intensity	for	EV3D	than	EV2D	(Figure	

S9A).	Membrane	labelling,	however,	using	the	lipophilic	dye	DiD,	resulted	in	comparable	fluorescence	

intensities	for	both	types	(Figure	S9B)	confirming	this	hypothesis.		This	is	also	in	line	with	the	previous	

study	done	by	Smyth	et	al.,	 indicating	 that	 the	 functionalisation	of	EVs’	 surface	did	not	affect	 the	

incorporation	of	DiD	into	the	EV	membrane	[2].	
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Figure	 S1:	 Validation	 of	 EV	 isolation	 protocol.	 The	 protocol	 was	 validated	 by	 including	 the	 un-
conditioned	 media	 for	 2D	 culture	 (MEM-α,	 n=3)	 and	 3D	 culture	 (MEM-α	 containing	 KO,	 n=3)	 to	
confirm	that	EVs	could	be	 isolated	without	contamination	from	the	proteins	present	 in	the	media.	
*The	values	‘0’	shown	in	the	graph	refers	to	the	protein	concentration	which	was	below	than	standard	
curve	range.	Therefore,	the	actual	values	could	not	be	derived.		
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Figure	S2:	Characterisation	of	EVs	derived	from	MSCs.	(A)	&	(B)	Representative	nanoparticle	tracking	
analysis	(NTA)	of	EV2D	and	EV3D,	respectively.		Data	are	presented	as	mean	±	standard	error	(C)	&	(D)	
Negative	transmission	electron	microscopy	(TEM)	of	EV2D	and	EV3D,	respectively	(n=1).			
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Figure	S3:	Schematic	illustration	of	hard	protein	corona	(HC)	studies.	EV2D	and	EV3D		equivalent	to	

0.05	m2	were	incubated	with	EV-depleted	FBS	(EV-D	FBS)	to	allow	protein	corona	formation	on	the	EV	

surface.	 HC-EV	 complexes	were	 separated	 from	 unbound	 proteins	 by	 ultracentrifugation,	 washed	

then	subjected	to	desorption	for	the	detachment	of	the	HC	which	was	collected	by	ultracentrifugation.	

Qualitative	and	quantitative	analyses	of	HC-EVs	and	HC	were	carried	out.	The	figure	was	created	with	

BioRender.com.



	

	

	

Figure	 S4:	 Protein	 corona	 desorption	 of	 non-incubated	 EVs.	 Changes	 caused	 by	 desorption	 (A)	
particle	 size	 (n=3,	 biologically	 independent	 samples)	 (B)	 particle	 concentration	 (n=3,	 biologically	
independent	 samples).	 Non-FBS	 incubated	 EVs	 subjected	 to	 desorption	 protocol	 experienced	 no	
significant	 changes	 in	 particle	 number	 when	 subjected	 to	 desorption	 protocol	 suggesting	 no	
disintegration	 or	 aggregation	 of	 EVs;	 thus,	 the	 suitability	 of	 the	 protocol	 to	 be	 applied	 in	 the	 HC	
analysis	study.	Data	were	obtained	by	two-tailed	paired	t-test	analysis	with	Holm-Šídák	test	(p	=	0.05)	
and	are	presented	as	mean	±	SD.	
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Figure	S5:	The	effect	of	cell	architecture	on	the	protein	identity	of	EVs.	MSCs	were	cultured	for	24	h	
in	2D	and	3D	conditions	in	the	basal	media	w/	and	w/o	KnockOut™	SR,	followed	by	CCM	harvest	for	
EV	 isolation.	Silver-stained	SDS-PAGE	of	EVs	 isolated	 from	all	conditions	was	performed	(n=1).	The	
results	 confirmed	 that	 similar	 proteins	 could	 be	 qualitatively	 acquired	 from	 the	media	 during	 the	
culturing	independent	of	the	cell’s	architecture.	
	



	
Figure	S6:	Heatmap	of	the	most	abundant	proteins	detected	in	non-incubated	EV3D	comparing	with	
KnockoutTM	 serum	 replacement	 (KO).	 m7GpppN-mRNA	 hydrolase,	 methylosome	 subunit	 plCln,	
peripherin,	and	serum	albumin,	were	the	most	abundant	proteins	found	in	EV3D.	However,	only	serum	
albumin	was	acquired	from	KO.			
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Figure	S7:	Heatmap	of	the	most	abundant	proteins	detected	in	EV-D	FBS	by	LC-MS.	EV-D	FBS	was	
analysed	against	a	bovine	database.	In	total	31	proteins	were	identified.	Top	20	proteins	identified	are	
displayed	in	the	heatmap.	Serum	albumin	was	the	most	abundant	protein	and	was	found	to	adsorb	
on	the	EV	surface	as	protein	corona	upon	FBS	incubation.		
	

	



	
	
Figure	S8:	EV	labelling	for	in	vitro	cellular	uptake,	in	vivo	biodistribution,	and	in	vivo	cellular	uptake.	
(A)	EV	labelling	using	copper-free	click	chemistry	for	in	vitro	cellular	uptake.	(B,	C)	Purification	of	EV	
labelled	by	copper-free	click	chemistry	using	gel	filtration	on	a	sepharose	CL-2B	column	by	particle	
number	(B)	and	fluorescence	intensity	(C).	Labelled	EVs	can	be	obtained	in	fraction	1	and	2.	(D)	EV	
labelling	 using	 lipophilic	 dye	 incorporation	 and	 purification	 for	 in	 vivo	 biodistribution	 and	 in	 vivo	
cellular	uptake.	The	figure	was	created	with	BioRender.com.	
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Figure	S9:	Labelling	efficiency	of	EVs	calculated	as	FI/particle.	EVs	labelled	by	(A)	AF488	azide	using	
DBCO-NHS	linker	and	copper-free	click	chemistry	(***p=0.0004),	and	(B)	Lipophilic	dye	incorporation	
(1	µm	DiD),	were	subjected	to	NTA	and	fluorescence	intensity	(FI)	measurement	by	plate	reader	to	
derive	FI	per	particle.	Data	are	presented	as	mean	±	SD	(n	=	3,	biologically	independent	samples)	with	
two-tailed	unpair	t-Test	statistical	analysis	(ns:	no	significance).		
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Figure	S10:	Cellular	uptake	of	DiD-labelled	EVs	HepG2	cells.	DiD	 labelled	EVs	were	incubated	with	
cells,	with	the	presence	of	10%	FBS,	at	the	dose	of	2	x	1010	particles	per	well	(24-well	plate)	for	1h,	4h,	
and	 24h.	 Cellular	 uptake	 was	 measured	 by	 flow	 cytometry,	 and	 uptake	 was	 expressed	 as	 a	 fold	
increase	of	 the	mean	DiD	signal	per	cell	 (MFI)	compared	to	untreated	cells.	Time	course	and	dose	
dependence	on	the	uptake	were	shown.	EV3D	was	more	preferential	 for	HepG2	uptake.	Data	were	
obtained	by	two-tailed	unpaired	t-Test	analyses	with	the	Holm-Šídák	test	and	are	presented	as	mean	
±	SD	(n	=	3,	1****p=7x10-6,	2***p=3x10-4,	and	3****p=2x10-6).	
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Figure	S11:	Whole-body	live	(ventral)	imaging	showing	EV	biodistribution	at	1,	4,	and	24	hours	post	
IV	 injection.	Animals	were	 intravenously	 injected	with	 2	 ×	 1011	DiR-labelled	 EVs,	 PBS,	 or	 free	 dye	
(control).	EV2D	shows	shorter	half-life	when	compared	to	EV3D.	
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Figure	 S12:	 Step-by-step	 illustration	of	 isolation	of	 liver	 perfusion	and	 liver	 isolation.	 (A)	Mouse	
anaesthesia	(with	phenobarbital	 IP)	and	mouse	positioning.	(B)	Cannulation	 into	 inferior	vena	cava	
followed	by	perfusion	with	HBSS	 resulting	 in	a	pale,	enlarged	 liver.	Digestion	was	 then	performed	
using	collagenase	type	IV	solution.	(C)	Liver	dissection	and	cell	dissociation:	Cell	suspension	was	taken	
for	further	fractionation	using	differential	centrifugation.	The	figure	was	created	with	BioRender.com.	
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Figure	 S13:	 Schematic	 presentation	 of	 the	 differential	 centrifugation	 protocol	 used	 for	 liver	 cell	
subtype	separation	and	enrichment	for	subsequent	analysis.	Parenchymal	liver	cells	(PC)	majorly	are	
hepatocytes,	while	non-parenchymal	cells	comprise	Kupffer	cells,	endothelial	cells,	and	stellate	cells.	
Cell	 sub-populations	 were	 further	 stained	 with	 specific	 antibodies	 and	 characterised	 by	 flow	
cytometry.	The	figure	was	created	with	BioRender.com.	



	
Figure	S14:	Identification	of	parenchymal	cells	and	non-parenchymal	cells	by	immune	staining	and	
flow	 cytometry.	 Liver	 nonparenchymal	 cells	 from	 C57BL/6	mouse	 were	 isolated	 and	 enriched	 by	
differential	 centrifugation.	 Cells	 in	 the	 different	 fractions	 were	 stained	with	 viability	 dye	 (Zombie	
Aqua,	PI	was	also	used	to	validate	the	gating	strategy	for	viable	cells.),	CD45,	F4/80,	CD11b,	CD146,	
CD31,	 and	 GFAP.	 Parenchymal	 cells	 (hepatocytes)	 were	 identified	 as	 ASGPR1+.	 Kupffer	 cells	 were	
identified	as	CD45+,	F4/80+,	and	CD11b+.	Liver	sinusoidal	cells	were	identified	as	CD45-,	CD146+,	and	
CD31+.	Hepatic	stellate	cells	were	identified	as	CD45-,	retinoid	autofluorescence	(sorted	by	violet	laser	
405	nm),	and	GFAP+.		
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Figure	S15:	Cell	number	of	each	 liver	sub-population	 isolated	from	the	different	mice	to	confirm	
protocol	reproducibility	(n=3,	biologically	independent	animals).		Data	are	presented	as	mean	±	SD.	
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Figure	 S16:	 Confirmation	 of	 in	 vivo	 uptake	 of	MSC	 EVs	 by	 hepatocyte	 by	 staining	 of	 EV	 surface	
marker.	The	parenchymal	cells	isolated	from	a	mouse	injected	with	(A)	EV2D	(B)	EV3D	were	subjected	
to	 intracellular	staining	with	anti-human	CD9	to	confirm	that	uptake	of	EV	was	not	a	DiD	 labelling	
artefact.		
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Figure	S17:	Gene	Ontology	(GO)	analysis	on	the	cellular	component	aspect	for	classification	of	the	
protein	identified	on	EV	by	LC-MS.	GO	analysis	were	performed	using	FunRich®	software	v.3.1.3	to	
classify	 EV	 proteins	 based	 on	 the	 cellular	 component.	 Extracellular	 space	 proteins	 (enriched	with	
****p=5.89x10-16)	were	further	analysed	for	a	biological	process	aspect	as	shown	in	Figure	5A.			
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Figure	S18:	Scree	plots	of	the	principal	component	analysis.	To	check	whether	PCA	is	applicable	for	
the	data,	the	scree	plot	is	established	to	display	how	much	variation	each	PC	capture	from	the	data.	
PC1	is	potentially	extracted	all	the	variances	(A)	for	PCA	of	EV	shown	in	Figure	5C.	(B)	for	PCA	of	HC	
shown	in	Figure	5D.		
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Figure	 S19:	 PCA	Bi-plots	 showing	 both	 PC	 scores	 and	 loadings	 of	 variables.	As	PC1	 is	 potentially	
extracted	 all	 the	 variances	 (100%),	 data	 were	 plotted	 against	 PC1	 vertically	 and	 horizontally	 to	
interpret	relationships	between	protein	corona	and	(A)	EV2D	&	EV3D,	(B)	HC2D	&	HC3D.		
Abbreviations:	IHC	A;	Immunoglobulin	heavy	constant	a,	IHC	G;	Immunoglobulin	heavy	constant	g,	IHC	
M;	Immunoglobulin	heavy	constant	m,	C3;	Complement	C3,	CF-	B;	Complement	factor	B,	C	C1s-sub;	
Complement	C1s	subcomponent,	a-2-HS-G;	Alpha-2-HS-glycoprotein,	CC-C9;	Complement	component	
C9,	Apo	A-IV;	Apolipoprotein	A-IV,	C-C1q;	Complement	C1q	subcomponent,	MBP-C;	Mannose-binding	
protein	C,	C	C4-Frag;	Complement	C4	(Fragments),	C	C1q	sub	s_1;	Complement	C1q	subcomponent	s_1	
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Figure	 S20:	 Abundance	 of	 albumin-binding	 and	 SPARC	 receptors	 in	 liver	 cell	 sub-populations.	
Fractions	 of	 liver	 cell	 sub-populations	 (n=3,	 biologically	 independent	 animals)	were	 stained	 with	
antibodies	for	cell	characterisation,	BSA	labelled	with	Cy5	(0.25	µg	per	106	cells	in	100	µl	volume),	and	
anti-SPARC	 (a	 subset	 of	 albumin-binding	 receptors),	 prior	 to	 analysis	 by	 flow	 cytometry.	Data	 are	
presented	as	mean	±	SD.	
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Figure	S21:	Standard	curve	of	Alexa-fluor	488	spiked	with	the	same	range	of	the	concentrations	of	
Cy5.		The	standard	curves	were	prepared	to	validate	the	measurement	of	fluorescence	intensity	of	
the	samples	co-stained	with	two	fluorophores.		



	

	
	

Figure	 S22:	 Fluorescence	 microscopy	 images	 of	 HepG2	 cells	 treated	 with	 EV	 w/	 and	 w/o	 the	
albumin-enriched	 protein	 corona	 for	 24	 h.	HepG2	 cells	 treated	 with	 (A)	DiI-labelled	 EV,	 (B)	DiI-
labelled	EV	enriched	with	AF488-albumin	primary	protein	corona,	(C)	EV	enriched	with	AF488-albumin	
primary	 corona	and	Cy5-albumin	 secondary	 corona.	 	 Cells	were	 imaged	24	h	after	 incubation	 in	 a	
Nikon	epifluorescence	microscope	TS2R.	Co-localisation	of	EVs	and	primary	corona	or	primary	and	
second	corona	is	shown	by	the	yellow	colour.	(n=1,	scale	bar	20	µm)
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Figure	S23:	The	contribution	of	hard	protein	corona	on	the	EV	uptake	by	liver	sub-population.	To	
map	HC	proteins	with	known	receptors	expressed	on	the	different	types	of		liver	cells,	distribution	of	
typical	plasma	protein	receptors	on	each	liver	sub-population	and	their	protein	ligands	was	thoroughly	
reviewed	(see	Table	S9).	The	contribution	to	the	cellular	uptake	by	each	cell	type	was	evaluated	by	
quantitatively	recapitulating	ligand-receptor	matching	as	shown.	Albumin-binding	receptors	(ALB	RC)	
express	in	all	sub-populations	and	possibly	most	contributed	to	the	preferential	uptake	of	EV3D.	
1ALB	is	referred	to	various	types	of	receptors	those	can	bind	albumin,	i.e.,	gp60,	gp30,	gp18,	Fc	Rn,	
TGF-β,	SPARC.	
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Figure	S24:	Albumin	 receptors	blocking	study	 in	vitro.	 (A)	Uptake	of	 fluorescently	 labelled	BSA	 in	
HepG2	to	determine	BSA	concentration	to	be	used	in	blocking	studies.	Uptake	of	EV3D	in	the	presence	
and	absence	of	excess	BSA	as	frequency	of	EVs	(B)	positive	cells	(****p<1x10-6)	and	(C)	fold	increase	
in	MFI	to	untreated	(****p=4x10-6).	Data	are	presented	as	mean	±	SD	(n	=	5,	biologically	independent	
samples)	with	two-tailed	unpaired	t-Test	statistical	analysis	(p****	<	0.0001).		
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Figure	S25:	Whole-body	live	(ventral)	imaging	showing	the	effect	of	BSA	pre-administration	on	EV3D	
biodistribution	at	1,	4,	and	24	hours	post	IV	injection.	In	vivo	uptake	of	EV3D	in	the	liver	is	reduced	
when	mice	were	pre-injected	with	BSA	(5	min	pre-EV	injection,	10	mg/ml,	100	µl)	prior	IV	injection	of	
DiR-labelled	 EV3D	 (2	 ×	 1011	 particles/mouse).	 It	 is	 possible	 that	 the	 circulation	 times	 of	 EVs	 are	
prolonged	though	additional	quantitative	studies	are	required.			



	

	

	

	

	
	

Figure	S26:	In	vivo	uptake	of	EVs	by	liver	sub-population	confirming	the	non-contributory	effects	of	
KO	in	EV	uptake	improvement.	EV2D	were	incubated	with	KO	for	24	h	and	subjected	to	washing	by	
ultracentrifugation	to	eliminate	unbound	KO	proteins,	followed	by	intravenous	injection	(n=1).	This	
further	confirms	that	the	enhanced	EV	internalization	can	be	mediated	mainly	by	albumin,	not	the	
other	KO	media	ingredients.	Data	are	presented	as	mean	±	SD.	
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Figure	S27:	Summary	of	In	vivo	uptake	of	various	types	of	EVs	by	liver	sub-population	(n	≥	3,	
biologically	independent	animals,	data	are	presented	as	mean	±	SD.)	
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Supplementary	Tables	
	
Table	S1.	Protein	corona	desorption	efficiency	for	liposomes	and	EVs.		

	
	



	
	
Table	S2.	Loss	of	intrinsic	EV	proteins	during	the	desorption	step.		
	

		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Table	S3.	Quantitative	analysis	of	proteins	in	non-incubated	MSC	EV	samples.	



Table	S4.	Quantitative	analysis	of	proteins	of	FBS-incubated	MSC	EV	samples.	
	
	



	



	
	
Table	S5.	Doses	applied	for	in	vitro	and	in	vivo	studies.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
Table	S6.	Non-incubated	MSC	EV	proteins	and	their	association	with	cellular	components.		
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
Table	 S7.	 Biological	 processes	 hypothesised	 to	 contribute	 to	 MSC	 EV	 clearance	 based	 on	
extracellular	space	protein	analysis	identified	by	LC-MS	analysis.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
Table	S8.	Biological	processes	hypothesised	to	contribute	to	MSC	EVs	clearance	based	on	protein	
corona	composition	analysis	identified	by	LC-MS	analysis.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Table	S9.	Distribution	of	typical	plasma	protein	receptors	in	liver	sub-populations.	
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