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ABSTRACT

This study aims to reveal the interdisciplinary potential and global trends of exosome
technology in enhancing public health, promoting sustainable agriculture, and supporting
environmental protection through a dual-method approach: literature review and patent
analysis. The literature review provides mechanistic understanding and scientific
rationale, while the patent analysis establishes evidence of innovation and
commercialization. It also offers a practical reference for Taiwanese biotech companies
in developing exosome-related products. Real-world case studies demonstrate that
exosomes—extracellular vesicles secreted by cells and capable of carrying diverse
biomolecules—are widely involved in intercellular communication, influencing the
physiological mechanisms of both plants and animals, as well as the progression of human
diseases. Through patent classification and global regional distribution analysis, this
study identifies technological trends in exosome applications across medical research,
cosmetic ingredients, sustainable agriculture, and environmental protection.

As exosome research transitions from academic foundations to clinical and industrial
applications, there has been increasing attention to the technological development and
formation of patent portfolios in recent years. Emerging industries often evolve from
technological breakthroughs that catalyze sector-wide transformation. This research
places patent search at its core, supplemented by literature analysis, integration of
government-funded project data, and real-world case investigations to grasp the current
status of global exosome technology development. Drawing from scientific literature on
exosome biological functionality and heterogeneity in production, the study constructs a
Technology-Efficacy Matrix to identify key technology categories. It is further supported
by a ten-year global trend analysis of exosome patent classification to visualize the
evolution of the exosome patent portfolio.

This study particularly emphasizes how the biological characteristics of exosomes
drive the development of Patent Portfolios and influence advantageous technical
classifications. It explores a key production challenge: the inability to maintain consistent
exosome quality due to variability among different cell sources or even among batches
from the same cell line under different culture conditions. Based on the three criteria for
patent protection—novelty, non-obviousness, and industrial applicability—the study
utilizes publicly available patent disclosures to uncover potential breakthrough points and
competitive advantages. From a global perspective, the study examines the exosome

v
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industry's patent development landscape through -classification-based analysis to
understand the international deployment of exosome technologies. It also statistically
analyzes the major patent-filing countries and the distribution of key technical categories,
comparing their R&D investment levels and Patent Portfolios to identify global leaders
in exosome technology.

Finally, the study conducts an in-depth comparative analysis of exosome patent
portfolios in the United States, European Union, Asia, and Taiwan. It identifies key
strategic focus areas and the competitive dynamics of each region in R&D, ultimately
depicting the global innovation landscape of exosome technology. These findings offer
actionable insights and strategic positioning references for Taiwanese biotech startups

seeking to establish a foothold in the global exosome patent arena.

Keywords: patent analysis, exosome, global trends, technology-efficacy matrix, patent

portfolio
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FER D RAE ALY F R A E A Ed R TRAF L A& D R
ABE < BT 2T AAR B BT B 1Y R ABE R gt SRR B 2 SR AAT

FE Y REUR BT T IO R0 Bt o e RlAp M P o P S R P T 3T
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2 1997-2001 18
3 2002-2006 12
-4 2007-2011 413
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2Tk b s B-ALH market.us 3 F E H -8 2022 # ¢ 1.538 £ ~H A 2032
#:027.078 ®E A L% 02023 # 5 2032 & HIfRIE P AE £ # H £ F(CAGR) 3
34.20% > o B 7 27k Hi S BRH (marketus., 2023) o F f I P HRAH K A
%*ZMZE’a%ﬂ@%€ﬁ$ﬁ%$&‘ B4 2022 & > W AP B 54T
2 AT HRAOPER o A - i R B ook 1 & il end kA
B R B A AR B RO Rop e s T ce gt o b iu Rl e
BTk B A R ARIFE R G R EEH L bR SR TR s SR
B ERGRA LE LRSI @4@ﬁ&&mm%%%%@4m 4o E

ST H R T AL F R AT T i e o

Global Exosomes Market W Kits & Reagents W Services 1 Instruments
Size, by product, 2022-2032 (USD Million)
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The Market will Grow 34.2% The forecasted market $2’707. 8M ml market.us

At the CAGR of: size for 2032 in USD:

Bl 7 DIRehBES HAA
AL &R ¢ market.us. (2023). Exosomes Market. P~ p

https://market.us/report/exosomes-market/ Copyright 2025 by the Market.Us.
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P A F R AEESAES 0 F T EREALE (2022) % 25 iR H A
BSS LG L REST G AR OTEMARRE L LR LE f4@§_$ 4
L AR R R

LA T BF R 6 0 LM AT ARTIIE 2 2024 £ 6 7 19
PR ) SR L S NE RS- L LI NEE R |
A5 GI(2024) 5 4 15 2 $A B R RS X alnre AP R g (Hiel)) BE S
,@%@%ﬂw’d%ﬁmﬂ%%&%#ﬁﬁ%(hmmﬂmﬂMDmywmmmmm
TFDA) % § -

hield H- FREY AvBALORE Y LASORE UL MR

A ffﬁ%wﬁ,‘fﬁﬁ‘ = (Center for Drug Evaluation, CDE) ** 2025 & 1 % 3 p 3 &1
e fe WA e FH L AE Kb ERR ¥ DK R PIT UR EA

H & m e g UM E E L FAPFE R FF R LR
¥ A R im e W18 chimie bR e WA I R B HuE R R B KL Y ATk R AT

Mg RV R B BERFERERARLR LT 2 o
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$3%  PRWAELRH
I RVPHEPRMAFAAM OB AT TEFEERG AR EPFRHEBT
SN ERMERRMET AL R R R p A & AL B aE £
SEEATRAFA AP E 0 R RPN R E gAY e
31 E R Fawd e
LT RN S IR PR Y P h R
T~ A E R 2 B PR 61 0 1 R AFE S R A R R F R
FOR Y @A EFIE R R 0 R RN F R A ELATE B i
Hilo P i m e T AR P REZFFRIgE -
311 24T R BEILJE DR
B R ATELETS 2 2 R i & (Liquid Biopsy) #.0 % B FIT K T L = B
B e o gy FEZART T (BRI 0 2024) 0 EVs 3R ik i d
( %>109 vesicles/ml) i& % ** §5 3k "% 'w % ( Circulating tumor cells, CTC) > = 75 &
WH W SRR T EVS BV B E R E N CTC, a3 BT 5 0
d 3% EVs chk iR &35 /& % > @ P57k 8% DNA (Circulating tumor DNA, ctDNA )
kR A TR R e AR > F]P EVs R § 8 TR ROk R dm e 2
AFLIBR  BHE B S EO R B EREF R DR ED Y R
BERFEHEREF Ko
TEE A R Bt % B BT S ) L HEI%3F MOST 109-2314-
B-002-085 5 W= £ 4+ B FFp FREFAE L E T AT R 2 PR
~n R ¢ hiRH NG FRARGLE > ARAGRAFEY > TP B
B dy Fiva 2 Fifse ldoB] 8 g il i< B HERL T B 2
- LM~ 17 (Decision tree strategy ) > § #xd #-+ % B 55 R B, ‘ﬁk’i’ﬁﬁ@.ﬂ_é\ 2

PE R IR B R AT R e S W Ao R RS SRR A R 0 T

%

BERBERDEE TR R 2 R L RS LI FE AR (B

¥ > 2020-2021 &) -
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Status " 64134 v
.Norrnal .Enﬂy necplasia . Advanced neoplasia E E
= 2
Data Matrix L &
(O] e— | HY
@ ATic @ AroF
w| 4321 v " 2519 v
g g 2 2
S 2 g g
g = 8 8
@roEsA @KEL @crs
" 39/4 v w[ 201 v " B3 v
: ;@ : g &
8 2 & & = 5
b 3 3 & e &
= = & & £ &
= = b4 ? = =

| cCLm
ATIC

PDESA (b)

B iR 1 — [ -

CFB

suraoud ¢

98 palients_

Bl 8 473 el et F B B ET L B 2 A
T KR Bep TER R B B D B MRS ETZ Y o R FH > 2021-
2021 > 3+ % %% © MOST 109-2314-B-002-085 » L3047 2 L 37 73+ H 3R 2 >
E 27 o (https://www.grb.gov.tw/search/planDetail?id=13517435)

312 # 3 @iEEie ) kg M ime th e
p XA 4 ehiwde ‘b g je (Extracellular vesicles, EVs) d *t 38 & E’ﬁ&ﬂ % A1 d e
PARFH FRALIEIARBNELF PN S FRRF I ORE R TR
FRMEDELEE - Rd >R 1 ECEUFEREFEBDEVs 03 2R
ARSI S IF B NI IR e TP LA G E 2 B At
Pgd ez K s B2 8 W BE R L ame b fie | AT/
- FBATHE A A 1% Fo9 i 4pF (protein ligases) #- B Rie A S I &
% 13 &5t EVs & o o35 8% EVs & i Jg e £ 4 2 £ 7]+ < 48 (epidermal growth
factor receptor, EGFR ) &34 *< & # EGFR % 3} 48 (nanobody) % & » ¥ &8¢ EVs
gt fot p RO EGER 1B el imbe ¢ o 1516 EGFR e s EVs [k Sifd %]
EMAA L % 4208 (paclitaxel ) > i 3 ¥ 3% - # 4 & EGFR B 2% & 8 A4 48] 8 #-
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AP ey de pL b o b3 R Arag * NS EVs B H 8 X R el ie v PR N 2 K R (6]

4r HER2 v SIRPalpha) i {753 & » ¥ 5t i3 4 cH EVs % iy %J“‘ ) F B
W RNA - A0 M EVs GficR ® 908 i ® Y o R f] K - 30 3
B EV AR ERBA 2 BT SEATIS L E B AR BRI R{ 2
D R R LR T T ﬁ‘-fﬁ:’ug\'i p & m?s (Pham etal., 2021) -

313 Ml F R A Lk

TRV R A B e Ea B KRR
FAEMEL D RPEE A WTRRA RE%K 0 R REEY LF S
FRAFAEEY LW A1 LFRHAFHPEOD§
T A S AL P
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)

T T AT ROR R TR R R 02024 £ 9 ) RN K- RA A FED A
Bt R RO 0 BSER Y RGBT arere KRR MR LY FAR
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P UD P T AR R AR B iR 5 KR A

BEBE L F R -BETHRB LA B RBFIE T - 2 6 VF {2 FFwIT
FrgdLPrio LEDFRESEFRT  AFFEY F e nif g 4550

Bl RlEt e A HAREE Ry I FTFT
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=
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T 1 QEANE N N ~_,%zi5§, £ 4 Pﬁ ER |1«},,¢§¢‘7_ngth P47 /};?,r}_ﬁ}%_&,\,
E2y@ pREE UM EAF LD ASREY mp 4
%%%%%iiﬂwﬁé%%#?ﬁﬁo

g FE'PFEﬁ;J‘z%%?i%%ﬁﬁf_%’ﬁ?l‘f—.%i%?}iﬁ%’iu}’ﬁ REAR TR )
FE A (YRR P B R T S SAFREEFTEFEL A - B &N
hd kg o AREFEE - BAREFERES LR DA R B
Hp ot ARG i et st (Naive Exosome ) 1‘1?5 4 32022 & WB~F

ok
-
e
e
I
>¢

I

"% i 45 5 INCI (International Nomenclature of Cosmetic Ingredients ) 3.3 °
@%iﬁW%ﬁﬂm MA S NEZEERATNFET R Gk r » Bdihz
By oot B &0 P S 2 AR QAN ONRTAIA P A
TR FEARAEY R Fﬁ%i#ii" - & - B2zt bR E 2 EREE
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7 b &R g R R € - 23k B & RUEE (in-cosmetics Global ) - 3+ 2024 +#
MRETLE SRR RFFETEL 20T A A ART AR E S RS
FTRECHEENE AP Ao R TS 2 8 %23F £ - LVMH ~Kenvue
FELPERRZRDES MRESLITRATSATE R R EREY BF
AHERE B FFHFAE m—Pg%? Ho B AR FRER G RMEE DAY
PR R SR TR LA FERF L L LRDBEZ A BRI w2 TR A
RIEF 2 HATRF DA S e F 22 ?%Iﬁ Pk EFPF 2R
pApIRAIE B EFE -

32 hRMET AAYRFE

d 3G B F AR BRI 2 RRIT R B 2 TR R EA
g ERE A oo Flpt A &0 & B A RS R S TR iR B Ak
FRFEL b o
321 g A frre b RE R 1 R R E oL W R ok

AR EFEE R A e R R 2 AR T L R
e G B B e 2 FRETERT S W?\giéa BAL R ¢
3+ 4 %%, 1 NSTC112-2628-B415-001-MY3 » 2+ % 45345 PS-NP g2 18 e V.
silvestris 2 C.lanceolatus #74 ;& EVs ( Extracellular vesicles, w®¢ ¢t % ;¢ ) » small
RNA z_ E 7| ~ EVs-small RNA i » -k B2 3R = o 5 ~ $HRAS A FI AR ~ 7 ft
F R KA R P S o BN E TS PSNP A RS BB el B E
2R LEhizk §4 Fj2 EVs $HE4 Rop R P EZ T 0 RSB
B PR R 2 Rl R F]’FB LR § Tk A REES
A X EEFTHERFRRT S FRIEASBEZEIINRR L LAY 2 A 2
A2 LPEAFPE (%2 0 2025-2026) °

m

322 MEHpHESE e P HEE IR R H#%sz;zﬁsg CEAZEE
"M BRSSP R T 2R SRR L R R E 2
L B € 3% %% 0 NSTC112-2313-B002-024-MY3 » ¢ 3+ % 42 § 45 34 % *h 48
(extracellular vesicle, EV) ¥ # RNA &~ F & 7w @il > LI %x B4 44
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«1‘3‘\

Hopas LFw et e b a2 B powarz H o iR MR A
Birkagm & (Citrus exocortis viroid, CEVd) & % % 3vp 0 EVs GpiL & & fok 5
Wi ¢ 7 CEVAE R ficp h EVs £F i fg & 1 fi 4 84 CEVd & & 2

i A+ RER BRI RN DT R B AR o 2T T kg &
7 CEVAd g % % icp 7 EVs 4o B2 8 H & 3Lk Facfes }’;54[;&3% ) llﬁ#/j‘ilﬁl;ﬁ% i
A RREEZ e X P RERARE GRS H T RRNE Bis AT E R
2 (FiBFE - 2025-2026) -

323 Havlmre e AR F 4 AR HOL £
2 5F ' < ehimre ¢b % e (extracellular vesicles, EVs )%t m®e B ek id 2 B &£ & o
FEAk R RAARARR (S ) e b g e my BB P LA FIH L
FERSZSLELR -
THae kR T d hwme b | e 5B ;ﬂ%%%ﬁmﬁﬁﬁﬁﬁj
( Fusobacterium nucleatum ) | J* #7271 * 42 B i w2 8 F vk 7 ¢ L 3l e o
fe  TAEPFRAGREHE BRI FERSF TS o MY HFIR v
wiz b g e i BaE F 4 A A (Lactobacillus species) 4 & o I pEFr4 %
Eeons g RSP ]?]E‘JEM 7 (Clostridioides difficile ) £ +% 4 1% f] (Fusobacterium
nucleatum ) e934 £ o g ¢ 5 B FEHGRE EEHCA Y 0 faviere b de G ook
g PR ﬁ%liiﬁ’lﬁ%ii DI G o4t G avimre e B T HRT A TR T 0 B
FF T Ed e ? Fani o e )t Bhbigd g ",f EEEFHRERET -
FHERERET o HackTA Dt LRI RS E ATFAD N RS E R
BRAES cgd ot Five REFT LG FREE ke LEH L ITITE et e n
TARHERS c L T HhT T favitd e R AR A A E R 2 AR TR T
EHSERENE R PR ficmB b iendrfIFEWERBEREF L AEG
ﬁﬁié’%mﬁé%%%?ﬁ%ﬁﬁwﬁﬁdo@ﬁ’&gpi$%@—ﬁ&§
hoavmre b e LRGET HFFHE AEES S 6 B AR 0 Vo RS FEHY g
EEMERGIHERMARAL ERPT T RS S P KR
b % ;¢ (plant-derived EV,PDEV ) B # £]372 ¥ BH o m S AEL AN E FH
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GHmEAR K CRA BEA 0 0 RE T i e o 0 S b o
D3 RHE T B BT 4 L A KB E AR KR £ R
WA # (Leeetal., 2023) -

ETTRS

RS TS BN E S UL AN R R ST EA R S
SRR SLE R RS S SR T SRR R A L L S L
FrehE % e 10 R Ry ke ve > 134 MISEV2023 (Welsh et al., 2024) ¢Fied8- & 3%
ngEﬁ%%ﬁﬁ@ﬁmﬁﬁbﬁﬁﬁ’E%%ﬁ%@“%ﬁé%i?%é#
ME S e RS > BRI - FRBY APBAENTE R R &
B R bR A LRI TR %A L 5 v 2B JITAY a2k
IR Hrehg w0 PIAFEF R K chw n e~ Bl T s st R b A8
T E R AR B2 )l?% & W% B ¥ " One Health | 12 ; SRR = A

s GE BT i

o
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%45 EEPN TR N B RIE 5T

FAFZFEARBFETFEDE T R 2 B BRI R
WAL PR For PP A WL 0L 2 Rl KR Z - o KRk
i iFEErfld bR E 2 BT - REdR 8 a7 R R
B ZATF B R FAIT B P AR L SR Y R Il f &
AP A H R ch e R 0w SR A K T ek BE A U e IR R
Flm v od SEE P b Y e B RIS R g B R
4.1 @ﬂmw4éﬁw e & i

GRAR 1o S et o R AR R LA TR IR - R

Ho 2 S @A P 200 2k o thi MR EE e 4 Bt a ko FEERLD
ket A g kdy T bR AR E L AE KRR ¥
w0 dme b e WA R UpdEd A dfed it B sk n 1Bl
B gtpodie c AGA A S D B R R S wie J RS 2 Gd 4 LR ITRL
Helwmbe @ A 24 oo B aig E RPN wre e QAT E o X E
RBIE® i 4w W hmre g WA (ME2 A RES A% <o
2025) -

FIh bR & RS e b B WA fimre A e 1 R e 2 e A B
JEm S IA R et G Ao B OE S PR L T R himie £ 4
A et Rl A - B b AU A EE T . € 4R et il ¥
Pho F4FEL A B - KM D irmreans A A2 R E LS ERAR T A
PR b end 1% (heterogeneity) & LA B > 1345 Valencia (2021) 4cH] 9
Prom oo hiRRBenR BT e § A el ek R iw e (organ of origin ) ~ ¢}t A8 e
z 4 (content)~ *F ;x4 <1 (size)~ *H x4 enfic® (number) ~ #F a8 enst 5 14

(functionality ) °
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FIVE SOURCES OF EXOSOMAL HETEROGENEITY

1. Organ of origin 2. Content 3. Size 4. Number 5. Functionality

Membrane molecules o '
e.g. integrins r b e &A% 3

110-150 nm S Apoptosis
f
¥ ..., Cargo
. i) eg. 5 - ..
o nucleic acids : ‘ >
proteins '
l? metabolites <
f 70-110nm Proliferation
. ol
. % f - ‘ :
' ' rete 30-70 nm

Immunomodulation

Created with BloRender com

Bl O *hintenR FiE
FTAL KR ¢ B~p “Exosomes in Liquid Biopsy: The Nanometric World in the Pursuit
of Precision Oncology,” by Valencia, K., & Montuenga, L. M., 2021, Cancers, 13(9),

2147, p. 5 (https://doi.org/10.3390/cancers13092147) Copyright 2019 by the authors.
Licensee MDPI, Basel, Switzerland.

AP R R AR Y Y Z - B S B ARSI A SR BT MRS
o A BB LT RGBT SRR SR A 2 (Frida s ) B4
PrRAFREF e ARSI EE FRMAE B TRGE AR
TR o ERA S BRGSO me KR off s ar g
b A A A R MR T RS o F BT U e gl i e Rl B iR
% MISEV2023 (Welsh et.al., 2024) 4o 10 *F ;248 a g it chw ja F 2 R 4 > B
T - EF R s A G]E 22 Aw e d (recovery) % T AE (yield) £ R
M (specificity) 2 V=% - BREI RFLA T 7HRBLFEP P 208 R
'&?YL¢£ZEF#§]3Qﬁ#ﬂﬂ5%4ﬁ%%(SEC)ﬁFH%*iﬁﬁﬁéﬁ’*”Tﬁﬁ
A - Acwfe A LEAZF #E YL (dUC) B3 A /2R = 2> @

Bt BT R R B AR o ATk (IP) & MAciisk (AP)
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RIF Ay { & A drengr R o

Precipitation (P) \( Differential ultra-centrifugation 0
(dUC) - .
EVs of different
i e — « sizes & types
= NVEPs
+ Proteins
9 ) \Uincreasing 000 e )
- (- - .. < P ———
Filter concentration (FC? Density gradients (DG) R P FC_"'_’I""‘\ i
Bottom-up Top-down < Sg ‘\‘i
o - AP
spin 3% g
O [ dUC\ I‘ AF4
— \Z.”Y IP
J___’ -

(" Size-exclusion ) (* Immuno-precipitation IP)or \(  Asymmetric flow field-flow )
chromatography (SEC) Affinity-precipitation (AP) . fractionation (AF4)

B 10 “h2Bg A g it vz R B 4F R
FA kR ¢ P~p “Minimal information for studies of extracellular vesicles
(MISEV2023): from basic to advanced approaches,” by Welsh, J.A., Goberdhan, D. C.
I.,0’Driscoll, L., Buzas, E. 1., Blenkiron, C., Bussolati, B., Cai, H., Di Vizio, D.,

Driedonks, T. A. P, Erdbriigger, U., Falcon-Perez, J. M., Fu, Q.-L., Hill, A. F., Lenassi,

M., Lim, S. K., Mahoney, M. G., Mohanty, S., Moéller, A., Nieuwland, R.,... Witwer,

K.W., 2024, Journal of Extracellular Vesicles, 13, €12404., P.15

(https://doi.org/10.1002/jev2.12404) Copyright 1999-2025 John Wiley & Sons, Inc or

related companies.
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