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Application of PS-affinity-based methods to extracellular vesicle research
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Abstract

Extracellular vesicles (EVs) such as exosomes and microvesicles serve as messengers of in- SEVS IN 1OK.sup of varipus cells were diluted .and incubated in each well of microplate ir.nmo.bil.ized
tercellular network, allowing exchange of cellular components between cells. EVs carry lipids, anti-CD9, anti-CD63, anti-CD81 antibodies or Tim4. And then, bound sEVs were detected with biotinyl-
proteins, and nucleic acids derived from their producing cells, and have potential as bi- ated antibodies against EV surface marker such as CD9, CD63 or CD81.
omarkers specific to cell types and even cellular states. However, conventional methods, such COLO20L  tRution retio 15001 HEK293T  oiuron vato 1100 HuHT N Dilution
as ultracentrifugation (UC) or polymeric precipitation for isolating EVs have disadvantages re- 2 |
garding purity and feasibility. Here, we have developed a novel method for EV purification, ¢ R o g prtein
termed “PS-affinity method”, by using Tim4 protein which specifically binds the phosphati- 20 oo &2 o9 ab 3
dylserine (PS) displayed on the surface of EVs. Because the binding is Ca**-dependent, intact : o O T LR g o
EVs can be easily released from Tim4 by adding Ca** chelators. Tim4 protein can also be i, w I B R -
used as a powerful tool for quantification of EVs in ELISA system, which shows higher sensi- AV s S — o == mll [ mES T S —
tivity than western blot and conventional ELISA system. In addition, PS-affinity ELISA system
can be applied for quality control of EV-depleted FBS by using suitable antibody. Further- S omen et 100 K562  (ition et 1100 MG3  Oiution ratio 110
more, we could detect exosomal PD-L1 by using PS-affinity ELISA system, and that leads to | s
the development of a useful tool for screening of disease markers on EVs. These findings capture 1 e :
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suggest that PS-affinity ELISA system will find abundant applications in EV studies.
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The results indicated that PS-affinity can detect sVs derived from various cell lines
more efficiently and universally than EV surface markers.

Code No. Product Name Package Size

PS Capture™ Exosome ELISA Kit
(Anti Mouse IgG POD)

297-79201 96 Reaction

PS Capture™ Exosome ELISA Kit
(Streptavidin HRP)

298-80601 96 Reaction

The residual EVs in untreated FBS, commercial products of EV-depleted FBS and ultracen-
trifugation treated FBS were measured by PS-affinity ELISA system.

Qmuse IQGD (Streptavidin POD\
U{x} +Abs.430nm Biotin- 44%5'450“"1 . . Cell growth ability of EV-depleted FBS
Mouse coniugated \ j Capture:Tim4 / Detection CD9 Ab Capture:Tim4 / Detection CD81 Ab OV
Monoclonal J\ Anjtigody ‘&\ o 40 - . (Cultured in 10% FBS/D-MEM)
Antibody \ 4//\\ AN B a mx1 | =-Untreated FBS
HRP- /" Hre- 5 35 oy
Exosome R c9njugated Exosome 4/ Streptavidin ™ . . = > ux10 X 30 E -=-EV-depleted FBS
s f 2%k anti-mouse IgG N e " PS Capture ™ Exosome ELISA Kit (Anti Mouse IgG POD) 30 X100 5 &4 {CompanyA)
% Sample Type : Purified EVs, Cell culture supernatant S g% £ +(Eg’-depleteg)FBS
~ . . e € 2. € 20 g ompany
PS Capture™ Exosome ELISA Kit (Streptavidin HRP) : jz s . 5, | —EV-depleted FBs
Timd-immobilized Tima-immobilized Sample type : Purified EVs, Cell culture supernatant, M 1'0 P = Jgf&%ﬁfe?pas
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List of antibodies against EV marker N
& &
Animal Species & O o1
Name Clone  Host Code Application . &F s 0 1 2 3 4
Human Mouse Rat Bovine Day
1K Mouse 014-27763  ELISA, WB, FCM, IP O X A O PS-affinity ELISA system would be a useful tool for quality control of EV-depleted FBS.

Anti CD9,

Weakly cross-

: 019-29953 i
Monoclonal Anti- 30B Rat e ELISA, WB, FCM, IP X reactive X o o
Biotinylated o ’ =10
ey (Biotinylated) O (1% Detection of disease marker on sEVs
Weakly cross-
/7B Rat - ELISA, WB, FCM, IP X reactive X . . . .
O (1%) Detection of PD-L1 on sEVs derived from melanoma cells stimulated with IFN-y
Ag‘lgr%?ii't:\égg;' 3-13  Mouse  012-27063  ELISA WB, FCM,IP X X X Based on the report that stimulation with IFN-y increases the amount of exosomal PD-L1
derived from melanoma cells*, we tested the detection of PD-L1 on sEVs derived from IFN-y
17B1  Mouse  011-27773  ELISA, WB, FCM, IP O X X O -stimulated A375 cells by PS-affinity ELISA. %Nature. 2018 Aug;560(7718):382-386
Anti CD81, Mono-
clonal Antibody Weakly cross- ,
oB Rat _ ELISA, WB, FCM, IP O X X reactive Samples : sEVs derived from melanoma A375 cell culture supernatant
(= 1%) . Stimulation : £IFN-y
Scheme of detection Capture : mTim4-Fc
. L . ™ . . of exosomal PD-L1 Detection : Biotinylated PD-L1 Ab (clone:MIH1)
Comparison of the sensitivity of EV detection between PS Capture ™ ELISA with western blotting by PS-affinity ELISA
06
Samples : small EVs (sEVs) purified from COLO201 cell culture supernatant by MagCapture™ Exosome Isolation Kit PS \17Z, o 05
- =
< 04
PS Capture Exosome ELISA Kit (Anti Mouse 1gG POD) Western blotting S 03
; : Anti-CD63 antibody PD-L1 Antibody E 02
Standard curve of COLO201 A"t;'ci?:;a:;t::’;dy (FUJIFILE/I XVarlflo P(I)J{S S%?gfal Corp. gf 01
Limit of Limit of ode Mo.77<" <— PD-l1 a L
g L5 -~ detection quantification o 2 . EV < o0 e L——_——
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3 10 S R885S 2220 < O
E 05 / 0.11 ng/mL 0.34 ng/mL NAArw yTadoo o mTim4 P> EVs purified by PS-affinity EVs purified by Cell culture supernatant
< = 7 (Total 11 pg) | (Total 34 pg) 5 g D63 Ultracentrifugation
0.0 4 s 10 b LR ' .Q | B W o1/4 m 1/4 = 1/1
Pu%fed exocome (naymL) Reducing Non-reducing Dilution | :ﬁﬁ | 1?&136 | :Ilii

The sensitivity of PS Capture™ Exosome ELISA Kit (Anti Mouse IgG POD) was 50 to

1,000 times higher than that of western blotting. PS-affinity ELISA can detect exosomal PD-L1 derived from IFN-y-stimulated A375

cells. Especially, PD-L1 on sEVs purified by PS-affinity method are detected in-

Dilution linearity of serum and plasma by PS Capture™ ELISA (Streptavidin HRP) tensely.

Application of PS-affinity ELISA to drug evaluation

Samples : normal human serum and plasma(detection:CD63 Ab)

Serum (Dilution ratio 1:2~1:16) Plasma EDTA (Dilution ratio 1:5~1:40) Plasma Heparin (Dilution ratio 1:2~1:16) We detected PD_L'I on SEVS puriﬁed from A375 cells by PS_afflnlty ELISA USing antibody used
25 1 25 for drug evaluation of Nivolumab/Opdivoe.
5 y = 3.8941x + 0.075 0g | Y= 39359x+00142 5 y = 3.7254x + 0.1054
§ 1.5 R2=o_9982/. o Samele A E 0.6 Rz:oe%l/. .Samp:ec § 1.5 R2=0'997y. e Sample E 025
10 Sample B Ty} Sample D 0 ample
i1 o 4 04 o i 1 o semeer o 02 Samples : SEVs purified from melanoma A375 cell culture supernatant
< s /y‘= 1.7156x + 0.0233 < o0 V- 1.543x + 0.0064 s 721 519x 4 0.0442 % 015 Dilution . . by MagCapture ™ Exosome Isolation Kit PS
R2 = 0,9997 ; R2 = 0.9999 V R2 = 0.9972 g =14 Stimulation : =[FN-y
0 . . . I ' ' 0 . . . E 01 Capture : mTim4-Fc
£
° 02 - o6 ’ o > ’ ° 2 04 0.0 S oos - .:ffs Detection : Biotinylated PD-L1 Ab (clone:28-8)
pilution factor £ Pilution factor () pilution factor () 3 / 3¢FDA approved (It is used for drug evaluation of
™ T 0 — Nivolumab/Opdivo® by IHC)
PS Capture ™ Exosome ELISA Kit (Streptavidin HRP) showed good dilution linearity, 005 O
indicating that EVs can be measured quantitatively. PNy
Compensation of ELISA signals by standard curve of purified COLO201 sEVs PS-affinity ELISA system would be a useful tool for drug evaluation of antibodies

against therapeutic target.

Standard curve : Exosomes, from COLO201 cells, purified
Samples : COLO201 cell culture supernatant, normal human serum (detection:CD63 Ab)

. Conclusion
" Code No. Product N Package Si .. : .. .
. °= 2 bbbl PR Lkt bt ® PS-affinity ELISA system can detect EVs high sensitively and quantitatively.
= ié 052-09301 |Exosomes, from COLO201 cells, purified 50uL
S s . ® PS-affinity ELISA system can detect EVs derived from various cell lines more efficient-
i B before compensation As F?mpensatlon by standard curve Of Iy and universa"y than conventional ELISA.
S| B aftercompensation pUrified COLO201 skEVs reduced CV(%), o . . . . .
o more accurate comparison is possible ® PS-affinity ELISA system will be a useful tool for drug evaluation of antibodies against

duton | 0,001 . . - by using the purified sEVs. therapeutic target.

sample | COLO201 cell culture supernatant




