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[EJ5: Bielajew BJ, Hu JC, Athanasiou KA. Collagen:
quantification, biomechanics, and role of minor subtypes in
cartilage. Nat Rev Mater. 2020 Oct;5(10):730-747. doi:
10.1038/s41578-020-0213-1. Epub 2020 Jul 20.
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Xl COL13A1
MAC|TSE§)§ XX COL23A1
XXV COL25A1
XXVI COL26A1
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al(Xvl) HEEHHER-1 DR | BURES LA
a1(XIx)
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al(xv) S5RE
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AL R PR
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B
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fifi. FFAOE
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SE2i22
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FREFHELNE, F R
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1.3.10 11 B B o B = e i S R B N

1 B REE A R T 197 14F HMiller S ASEEFIRGIR. 111 BRI E B2 — MRS NS E R, mgiRa i REx, BIR-aiRE
Ho BEFAEZREHRAFEETEESES, WRNE, FEMBE,

R NIFRR, CRIRR, RS

12

19714F
Millerds N B A SR H 11 B HE

19894
Tromp, GEALKI I BRFREAERRESR/RE- Y8 LS (Ehlers-Danlos

Syndrome, EDS) HJSER——III BURJR R F ) LRI 2848 2 i s B 2R 1 FR) IE 5 25 A RO D RE,
T SEXEDS ML EN 5 PRI R

1980s ~ 1990s

& R TRERARNER, MRS BEHADNARAEHISREES, MREEA
KA =07 FH B 7 Lt

19914F

BEERNEIOMA BRI 1 BURRER, T8 7 AEADS B RS 1 R ES
BIINED, RMIGEE N BRI AR E TR B R A 09 B2 R 4 T IR B

~19944E

E SRR A s 2R 1 75 2 MR TR 28 7 IR R A, REIREEH
JEH AT H R B RS A RS RINAG F IR hES

19974F

KlugflCummings IR ZE IR AIR IS T RRIR B E BB 5 1454, Feil2 H = I8 ie s iR,
AN, KlugfliCummingsifie T AR EAEHARARE SR, FrRER RSB RIE
EE AL, nBFINED s 26 7nmir E Ik ELL

2005 4E
PEXFEARFEEANENRHERIRR, FREE P ETEFR R TRRARE = R E
HFHEGH T —, RIELLR= AR AT BEE T RS LAt

20214F

FREE MR AR A ATRE 11 BURR & SR POERS AR, WEHAREES
R SR TES AR 5 FR R N BRI A FR
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1.3.2 I BRI NS5

H?é%ﬁ’]i%%ﬂj?“ TEARAKAZE b S S RE . AR AR
AEHIHREARR, SMARRE. BN R RE R BA S AN TR
E’JEEEJEEEI, B FRA BB M ZAR R BT 4E, 28 70 B g P RE ST 20
AR & B k2 T, AR R AR IR UMK R BROZ R, @RI,

HERA =R EEMNERBUE A EMIGE, MR AR EEN N- ﬁﬂmﬁfﬂ?“ ¢ ﬁ”m‘@mg”

e 0 RIRGRIE 7RISR

P, WJWJ
R R B A FREL

WAEEPTR, 1 BURREEEEAREAE IR S, 242 :

KERESBIRR G AR R RE, 35%aBE R — NRITRE =R 1K, [EJ%: Kuivaniemi H, Tromp G. Type Ill collagen (COL3A1):

B BYRGRR RSy, Wi EREYE (C) fIgiEs (N) EHEEERRIE Gene and protein structure, tissue distribution, and associated

PIUREIRERZIR, oA 1 BURRIE R H, AN, B2 &4 L% diseases. Gene. 2019 Jul 30;707:151-171. doi:
P iE =t 10.1016/j.gene.2019.05.003. Epub 2019 May 7. PMID:

31075413; PMCID: PMC6579750.

If.,_s gy

—IREEHRIGE B RS B AT (BRE —mEAIE) o ERESFH, HahEE R = B X ISR IR 4548
W, 8MRESTEMEES—NRENEER, KR I MREEOFRESEL6 MR, =ABHLABR 10 TEEE
400 kDaf =IBHELSH, TEIVRRIRE AR EHRIRTSIH, B—BEZ HI343RNFFIGlY-X-Y, XS5YRLUBEREER, HXEH
HIWERE (Pro) , MYNEEZRMER (Hyp) SEEHER (Hy) , XEHES =KAo FHERIRRE OIS E R EE,

B gty

R 8 ) — e AR i 2 IR T REREA TR R IR BB &, I AR — i B =2 I R Bl R AR P = RS, IR &R B =
P BEUN TR, mRMER) (PP 1) BEER A M. PP 1| S5REE e —BE & RL13. 3 E AR
M, TEHCIBIESSHI, SRR IRIER_ R ARG REN0.2864/0K, IR 0.85841K,

©) =mem

TEZREEHGHER b, =4PP 11 RER] DA — AU & R = IR IESS 1, i TR o M EERP YIS HEEN “H
EER-X-Y” FF5, XOLE LR RN Y (L8 LRI SR A AE RS AHE R (R T ISR TR, TR abE Rk
1P T A S B U T AR A PA T TR A S 3 — AR T IX BRSSO IR & U2 =4 BEUE FIRTEM R
Mk BEAH ELZREETE AR AR 0 T 454, Firh, PRGSO RIS = IRTEEE, T2 F PR IKEE 2T B AR, X
BRRAIRIREEA, AMELRPIME T R & A i ARG TR ML ROR T BEA FPRO7K & A TREE 73 T8 DR = IR BE R AH B
TERZEXESE, BRHRSE HABOR W) T3 T = IR R HE R SRS RS, DU, =IRBEEH EOESN TS RrE AL
VIR EAE P AR S e R R

@ PugREiy

I B 1 HI DU R S K o P 22 SRR BEAL AR, 0 F R SRR B B M R E R = RE8A,  — ARG OO0 T BRIRAFAEIN I TEIhRE, HFRoh ek
(subunit) , MEF:Z A FHZRIE 7T SUHSITE R i B R AR LA SN E B B0+, SBIRANIEIE = RIRNEX. (FRvimik)
MR o DARREFHERZIFONG, R0 18 70 N F AR R T ANE TR R ET 4, BORSBURIER T ARSI E A,

R NIFRR, CRIRR, RS
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1.3 I RRREE T4

1 YR B 1 CE A PR PR 2R R AR AR B A RO A ME OS2, 2208 2 BB R AR
fa, 1TEHEIRE

1.3.3 1 RRJEER A AR 2R b LB

B 2 A A A AR AT R (pre-procollagen) , ‘B4 T 2 BN HEIFMBIREEM. 5SHRETR, ~4AErRES T
(procollagen) . =ZAHEIN 11 BURGALE (procollagen) BEFECHRIMEEEE, HiB TR i ERaE, F4AMINEEHT SRA
FIGE, R =SRBEHESHE I ARA FEIEHE (superhelix) , BI=I80E,

TELH LRI, RS T & MBS R HE#RNA (MRNA) E4mIHE H AT NS BB K,
TERZRHR E& K 1,000 2SRRI ATAKEE, MBERR AMBIM (endoplasmic reticulum, ER) HE TR, Bk
LB,

TERBIH, IRRE I 2R, BRI IR I & AL (prolyl hydroxylase) FH#fiE FRE2(LEE
(lysyl hydroxylase) fE(LAAL, FRCIEAX =ROBIE REMWABZREH, BN RAIKBEERER T RRER R E
B =IRE, HmARED WEAMsh,

PR IIER, o F PR S S RSB A AT R S S FO R (LA S T 5 T IO, %
e BRI T A4, SRR BRI R, AT = MR e T 40 A,

S

TEZIRBEERIN 239 M IRIREE Y, KA 145N S IR -4- 2 BB AT A B R

N R AL A 5 = IR e

T &R AN PIANSEAY, B4R BRI IR = IRATE AR, HIATARE B, AR =R ]
DARSUE =SREASH, 13- R BRI DIDIRE M ANTE 28, (BB AT RES = SRNE R ROME EL(F AN 7)1 4R %

— LR IR B R, — 2R DA S R I IR 2 2 1 Eh st R R (L BB AL Y
Az,

SRR IR ER RE R &, TR = IR Rt e 2 M 2 4 sh,

R =R G, —Le A B S B T,

AT EERE (C) KA (N) KiE A EUIER 2 T Wi RO ERE R, 7 £ E R
(tropocollagen) HY=U2HERY 11 iR & H B4R,
iR Cilk 5 = Bk
C-HiRFELT 4E R & A & PR ESE, Tl SERERE. WG R = i et abE, FHIEHt
SIEHERIE A, TENELRTRRT, C-RiAKA 8 FME & FATRE ML IN-FEE AL, EAMRIESEC-RIK R H
S HEAMOSERIAIEE N i, FFEIRIRE T AZE I ALRTRRC-RIKI S ARG, R T RIRIRE 5 TERN =
AL R R RER BRSO OSSR

L S AR R IR L MR T X R, P IIE AR E 1.
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JREAFEFE, STRFEENAREHA, FRBEER/NRREAITON, TIRT 1 BREE A2 mER.

O g i

HR¥EFagerberg¥F A T20144E & RMSCHR, HT K H 95N MARI 27 F) A A E FIH LU RNAT 7 A TIIMRNAZRIE 7047 R A,
COL3A1 mRNATERHEE, fa#h, WERERIFE MR A R/KEIRE, 1 RURRE QEREA RSB R A RS, (ELEns phiE R g -
B R TR B

O 4R

THFEERIE, fEMRRRR BREF, ARIEX/NEIEAG MET SRIEL7 SR A B B BT 2 A A HE I R A RNAZR SR, | B4R 11 Y
IR E BT DA 77 :RIE, 19914F, KeeneF NEIRMACEHHRENH 1l BUREEH, HERIIEMEFEL (30/E~80%) MiB
T IR R ISTEAE S 11 BRI 2R I 4T 4k,

O HAfthor i

19844, d'ArdenneF A Il BUKJE & HEARFIA RAESEIEIRPINRIS, @ R REHT 7T FTARIMRREAERR 11 2
R R SR, 7R RPEME S, R AUEFIE EARMA 1 BRI E SRR RS TERIEMET, FEILIAR, £
SRR AR IR K P i

B R A ARSNGB o A
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PR : Kuivaniemi H, Tromp G. Type llI collagen (COL3A1): Gene and protein structure, tissue distribution, and associated diseases. Gene. 2019 Jul
30;707:151-171. doi: 10.1016/j.gene.2019.05.003. Epub 2019 May 7. PMID: 31075413; PMCID: PMC6579750.
R
COL3A1 mRNATE ARALRF RN i1, (T Faderberg® A (Fagerberg et al., 2014) % AZEZHZUHATHIRNA R 508 e 4 il X 2 5] 72
RPKM: Reads Per Kilobase per Million mapped reads, J&— 1 T & & F X FIX BREN T %
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2.1.1 R E A PR

RN E ALK Z77E, R RET, DU, FSEmeLanty AR @200 R,

f )it 1 PR FAERURE 1

RIFIRIRAIR R & P H R AU R T, RO 2 BV, RRE ORI TR T 0 F 45
RN ER S R, XRS5, MRy 7RREE. WE S iR M E R S &
RSN, DARASHRE RIS, Ml A B AR 1 thib 2z 2 s,

W, REMEMLDMOREES, Flneg, Fr. ERMRRIRPORFEER, HAEE TR T K™ 3R
MR ER, RIYE SRR MR L,

#l: ARDEIRIEIHEEN Hyp, Pro SIRAREIERES

HEMER (%)
BB R T AR U AR/ C
i

FelifiEm (Hyp) Jii&®z (Pro)

10.14 11.95 38.9
BRI 6.85 11.10 37.0
L8 9.40 12.10 36.3
b4 9.70 12.30 35.8
Bk % 9.05 12.64 35.0
AR 8.72 11.79 34.0
TRET £ )7 6.90 11.50 24.6
TR B 5.60 9.10 15.9

E@ W PR S PR T %R

R EE R, B, BREUASW KA AR BOE R PRI, URBRARE A F R ER, FH @ s KN RE
HrHATACAE T, ORI AR R T, BRI SRS 235 o R R 0o R 2 5 PR 2 o JOE P IR FEE FRT
WEFLRI, RN DN B & RTEBE B8N0, WILINF AT SR, BEETREN RIAER, 55 TR & H i AT 4ERE
BT, AN AR R & A AR R R T SN FRE. ZEUGOLIST AR NIAIL, REHREUT ANk
JRER F IR EERITATREE, BIGNES AR BRI e 2R R s, T 6 2R AR BN SR & R RR T S IR R
1. A, YOSHIMURASEAKIRTFIGEH, BRIARALEE S BOMR & B 20 TOmAk SN G, 1800 FIRIESENZSHE, kT
FRARHAAFRRE M, IXECRITEEI R, SRHRA RN (AT 8 ) B 2R P B R

Rl ATFREL, XERER, RS
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ik 1B I BRI S R
Wi, B oo BERRZ LR B
s, BILHAERE, 1 BRE 5
fREATEMRE, ST I BRE
Rrinisk; | BRIFIESS ZHi &
BRTFofiw, AT DENERNZ L HOE (K18) A (=19, <50) 4 (550)
MR,

BfT: uglg
= | RRRER
=B R E
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m}
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— MDY, RTREME R AE @R W, EEDSEE W, MTCOL3ALEFMZRE, B I BUREE 0 &z, i
—HSRNE. FE. MEFTESE TSN, BN T30, TSR E R S R XU,

Hptnpaw: BT 1 BKEE S S MBI, 5 COL3ALIEFA MY H AR 22 E04E DA ITZS /NI [F R RHE
HORKFR 73, DA RMEFAEL PR, EXEPoRT, SRESEREIT I RRFEEA SRR, X SB0™ EAXHRE
T¥, REMIE R RIA N B B S BOL AR B A MR DI RER L,
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LT Ve XERT X BRI RN R R B 2R, AATTANSRAT AR R P RS 2 F AN SO SR R R AP RE AR B,
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W O :=:::££7
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87 930

BEJE: WuJJ, Weis MA, Kim LS, Eyre DR. Type Il collagen, a fibril network modifier in articular
cartilage. J Biol Chem. 2010 Jun 11;285(24):18537-44. doi: 10.1074/jbc.M110.112904. Epub 2010
Apr 19. PMID: 20404341; PMCID: PMC2881779.
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SEENRIF ORISR AE SO FBMERR, WEEIMRAEMRIRIRSEISIE RS AEAE, MR 1 U RAS ﬁ%ﬂé‘%ﬁ’]iﬂ:
IGARFEAR DT RR, SIMEAERBIITEEEHL, HOEASHIE RSB IRANIE B i 1 YRR A A, &
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JREH, REfSIEEImR A \FFAERERIRIRE, R i 5E.

PR, W B R AR R AT AR AR T e T R A €, @ ARSI 1 BRI E E, AT DAE R A
HEAPRBRIRES, FHOMeHRE, MTHDHIMyEA AR AT, Jomias T iRt 73 e A 771,
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J Gregory ©2020 Mount Sinai Health System

EJF: Di Martino JS, Nobre AR, Mondal C, Taha |, Farias EF, Fertig EJ, Naba A, Aguirre-Ghiso JA, Bravo-Cordero JJ. A tumor-
derived type Ill collagen-rich ECM niche regulates tumor cell dormancy. Nat Cancer. 2022 Jan;3(1):90-107. doi: 10.1038/s43018-
021-00291-9. Epub 2021 Dec 13. PMID: 35121989; PMCID: PMC8818089.
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EH BBV IIRG R FESRIFIRR, — MRV, B R AR 1 X 2 2 20 S KT A AN AR R 44 RN 15 5 1R 4
P R, AAEREGEIBBRTIE T MM 200, A, 11 BKRE B NF-kB, TGF-B/Smads. PI3K/Akt,
ERK 5 Wnt SESI@IIIAR. BEERIIRA, K 1 BRI E DRI S8 2 RN, HERN, £ENSREES
R,

@ NF-kB
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TGF-BR Il WRFERMLIH(ES, LSS TGF-BR | MU Smads 43R RN B AEERS M OIS TGF-BR | 324
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R NIFRR, CRIRR, RS

23 FROST & SULLIVAN 23

Wl



i




N

gz II1 2 =i B e g 1

2024

3.1 HH 1 RRFREA NG

NI R & H TR R 2R R,

B BRSO T &3

A I ARIREHRA L2, REESFILE,

{HEY

3.1.1 AR ERA SRR E AR X5

HKIF

XD s -

o mammEn

i Ve

D sy -

ofs mamEn

. b HRiEh IR R B 0 EERRIE DA, FOvE, RIRECEEE | B o B I BRI AR
H, HEERBOSIAERNAZ, WNEIREORE, SIIRRRE BRI EZ A 4RI A,
BB, NBHA, PEHR, HATTEEA R & B RS A,

3 NRIEES & ERmEA A, frz, aErpigl, Do MREEENE, WEPRRREES,
AP A: B AR ATHE 5 2

B R & A FR R P A B, st T It Ed, SMEMRRRERERIAN
HARFEH.

Wik SRR >RV - 18T THE R RN T I 2RISR . 3 iReE
HURJR & AR RAET KB, AEKTE, RETERR, fRal, MBI,

PRI ERRIENBRIARIRRE R, WL, BTSSRI RIS &S, RE=IRRaiH &
AW, AR, PHES. (BRI, HLREmAK, SR X,

BRiAfel: MM E AR AR E B IRk, EHAEERR, ANMESR, MECES. AE=R
Begt, atie, diEEe, BMEVERTRE, JRBCRMNGKE. SR SRS 2 0RIKREEA.

Wik s FREXE AR R SRR 3 — B R 37 - R 57 - R A > D B - B R - 7 — alit— 3k
HEARREAFSH,

EEA I BREEARIEIREP, PR RRASATR R, GRS ERIERG, Bl
FreEMAE RS ANEL, ML ERYHIERER. FHWEMEN, BHREKFALTT IR A,
LiFEEFANER, RIEBRIER, ISR LA RS IRTT N A R,

P s SRR R SR R e A

LT eI

* TFESNIRPRRE A

o » © SBRERFAHE S
; Bl PG, RRRENSEE e . 0 BEGOREHRI R T
IRBIREE gy wwnemat  es MEX L gk R R
AR, R
B8, PG, . - P A -
AHERNEL L . O+ EeRI M
PUENE R, et kg | e S0 ASWIERES peeiane,
BRFEEY O I RiE, PR el
. MRRED i T EH A

Rl ATFREL, XERER, RS

25

FROST & SULLIVAN

Wl

25



fil 11 R =i R ) | 2024

3.1 HH 1 RRFREA NG

A I BYfiR R R I rT AR e LR N 4], SR EEEA. HIIFSR IS T IX 4y Hiillgs 2. MR M
LA AR

3.1.2 HH 1 R REAN K

REFEERZRR LM (EHRREAEWMRa SRR , =H 1 HRFESE “ETRIEES COL3AL ARFEHD
ERMEMEARREER , FaREUAT LT HHTX

[ 5 A S NS D | A )

6 e “ELH AR EE” 15 DNAB AR 0 AR5 1R A SRR Y & KRRy . FLEA = I8 hessH
R AR, A SR P AT RHIE:  DNA B 2L R A 6 10 IR 2B K 1 B R A 0 2 6 S
B, BREE SIS, WRRT “EAAREESE" o MR R 5 SR AR 4 S HDNA RSB
AR, IR S A K AR R E B 2, FI AR e, EEN4
PR AT

6 ey EAATROREEE SRS S I ARFE RIS, T ARSI AR S

PG RRER AR ERIIR R, TR R R AR £ K SRR, S AR R

PISERATSHI A5 BRI B, 0 AR IR BRI 5 LR AR 1R R 5 0 0

PIVEHERCAERA, b SR S A £ SRR IRORDRY, DRI R BT AR, (B

IR 1SS B B R BT RS, YR R IR RE OB 11, B (R EC LA U 1
HIATELE, ST B0 TR

TABIREE 5y “HARMIERER" AR AIEVI “EEL R gL 5 e R P 51 55 2R R R 4 1 B S R 51 R
TR, (URXFEMEAR R R, AR “HARKRER” MR SNET R~ Rz 2t A
Rtk PURAEMES TRA “EHAARRES” 8E “HANRUBREER” PRI TS e X
JFUER RIS A B 2R S H AR R R R R B B AT R S TSI, REESRERIRT AR A R e
BEOREFETRESSMEEAL R BT TRZES, UEARREEORNAEEET RS, B THERES
RIFT Zh 200, R T REf7 7R T 7E A9 SR SR AT B85 B XU

O YRR E iR

Bl EAMREEA D (LR

i OIEERIOEL, ER AR R, TREE

HTH OB EHRL TG FHRHERSTRLE, BTiEFESzMm

i O iz 5 Bkt FEOIE ARG, KIEFEERR

i jelliah et BEGSIRI K RAHLTBHIN, Bk B AN A 15
4 SIRIEIEN SR BIGEART LE, REEEERE

R AIFRR, BURBM, SRR, DA

26 FROST & SULLIVAN 26

Wl



3.2 B E B TS

3.2.1 BAURFEEABOR ST bRE

RECH X EHARIFEEAF MENL T — RIATWARE S BORITE, XLEXFFAIE T BRI & AR REHIER, B &
HEMFEEEENS, Hla0, YYIT 1849-2022 (EHRIFEH) BT IAnfE, ZbnfET20224:1H %%, HTFRIE8HIE
KL, HAN, YY/T 1888-2023 (EHAFMLRIFRER) EI7asmiTbngE, T2023 1A KM, HFRETHFGEENM, XHAbR
e 1 BB AR B B IR, A E bR R 7, AR EA AR REEANE X, 752K, KR, frid. A%
SR, XSRS TN BT S E A R S AR 28 A B2 RIS B ST s il X Sehmift A il E Fn s
X FRETT AR, 18 S A =183 DA R RN Z 2B MR EEEE X, BITROCNETT S E A R ) 2 I
BH RIS TRHNIES, IESU) T RREYAMRIEE AR O, (3 T BT R LR S R R R,

20214E3H

EHRH R }
(R E ARG 4 55 S )

20214E4H

[ER )R }

(AR R AR T ™ Sy RFE W )

20224E10H
CE e }
CEME SRR E TR EA )

20224E12H
[E R 255 R AP }

CRe 33 M AL\ DRLIBIR B F SRRk
AirgER U7 )

202341H
HRAHR }
(AN ER) T lbaE

2023%E4H
WEGIFEENES }
CERERL R 28 1 SRR R SR B W34 75 1)

2023%4H
hEIE BT S }
et A AR FURRL B A bR

20234E5H
[E R MR AL }
(LR R R A B T WORHA o 45 S R0 )

2023%5H
[E R 25 )R Ao rpl }
(LN IFERRIEE A PR S50 )

R AIFRR, BURBM, SRR, DA

AR E A AR IR IRFRHERA AR, 4% “FHMERHZ0E (A+B) 7
ke, BN B LN IRAC R 2R A 2 O A RIAAIE A B AR L LS A
FORHE, TLIEfERTRRPIERE

AR R 2 S E BRI N L AMIRT 8 23 (TR AR I, 2
TR =R TR E R (E O B ORI AN, 357 dh AT ER 0 B BN (R
e, sEMTIRMOIH, R KETRMER, TR

ERPR R, RO FEIIREIE, JREE TR MINIME, HEH-GEE
T by MRS EAMSRAESE, SRR 2 AR E AR B
My R 2 1 B TE I A, A I I 2R

WINEETE LA BB IR R 2R RS TR E BRI =2, FER BRI,
FRBERL RARZREM

e T EHANBFURIR E AR BTRIEH], BORESR, Rk, ek, Em¥r
Mo AL, EmAICEE; SR TENETEREMRINA S EARRED &5
PR 71 ) EE2H N TR e iR 2 1 B i sl

WUE T EARJRE A ARERE L, FRESR, BT RO, RIS,
T AT ot B0 A0 B 2 i B P P R SR AN DR

WUE T (i it R R & BRI R AR, EIEEAGR. RIME, 2R
7T, BEY. REEkULE saitEs; BT HEAREES
JEORHA B A

T FH T 2R T A PR B2 e 2R QR SR R P S A B
JRERERSY, FAT RN M O R HL A BB B2 RRAOP B, 7= @ o, Wk, oM
TR, RS — AR B AR E 2 R R &, DR
[E]jZnw s

FEXE A REETT BT A B A AR IR 3 B AR PR K F R ke A T 45
§2%; HeBRTamHEHREE S ERH IRt rT IS Ak S IS
Py

27 FROST & SULLIVAN 27

Wl



FAH 11 R =i | ) | 2024

3.3 HA 11 R Al as (ke 5 OB BR

1 PR Ji i g — MR 25 ) ) PR SRS 18 S A M < S A
FPANNEE G AL, PARRIERGEHY

3.3.1 4L I BRI E AR FREEAR—FFI BT S E

ENSEFHAS, i 1 B ol 5819 COL3AL RN F2 5 REMRRIKE 1, R K138 kb, H51MMNET, F5 7152,
5 AR R B AMNE F RS — B

EXTEA I BREE TR S ek, JEESAEE: (D FPE SRR NG S S SR, W
GEREKGEK¥EARINFIM A, (2) BHARFEEAN S TR, ) ERERERERSREENFY, BEFEER, (4 %R
B3 o] FE AR E () = MR hEgEA, DA GF b ST HAE )7 D RE.

[#: ANJCOL3ALEEFALER

cps | )
UTR B —
L R —

PolyA 55 1 Il

i P : Kuivaniemi H, Tromp G. Type lIl
PolyA {3 55, | | .
5UTRstop | collagen (COL3A1): Gene and protein structure,
ém [ : COL3A1 ; ) tissue distribution, and associated diseases.
Wi-HIE . )
Bk [j] Gene. 2019 Jul 30;707:151-171. doi:
GiE=(E] [ J 10.1016/j.gene.2019.05.003. Epub 2019 May 7.
R PMID: 31075413; PMCID: PMC6579750.
PRSI [ )
Sk i [
Rl \ y ; ; ‘ )
HeEE M0 0 0000 OO0 PO S
RS , , l,

3.3.2 A 11 BRI AR AR —RIA R R RS (A

HARFEANREIAR T RUREFEZEY), BRL Y. RRAMILSANALSE. RIFEE QAR E A5
MfESaF, REZANT: (1 HRPCEHIRIAEE ZIBIEdn;  (2) oBERIIBNREEMN,; (3) MK IEMALEE;
(4) BB FEABRNRES, XERENMUSRIRER 5 SHRS BB, mHARKEE 2 EH R E A RER5+
Z RIS HERAREN, K, T BRI A T B =R a M B R, RS & A SRR IR FIA R
REXEE, HAl, KAWFEMEEE TENRIARS, BRXERFHOHMARTTERNRFEEORREBIES, HLH=Es
AR EAMRAN TS, SHEIR, Y. FPRRSHETILAY AR RA R SRR AR KR & B R T R E R R 5t
{EENIRENS 4 AR Fe = IBELS R RIF AR E IR IR E H .

. EA 1 BRI EARBAR

= JR R
KIGFF RSB 7 WL RUEM. KRR, AR, SR AP BRI B R DR AL
AR E E TN, EFNEAN SRR, HE0N ;

ot R KRBT, ZRtbRE, REERALE, PR SRR E C SR
[i:t7ESN 3 AR, PR, R, L2tk FEREUR. FRREARE
RuFEE R HRTUE, BHEELERES R RIKFEWK, 7= RBRK
- N N FIEFEHRK, AR, WEFRRRE RS,

WFLAN A5 R FXRE, FRIE 2 AR

HiE: AFFUERL, XK, DRSO
28 FROST & SULLIVAN 28

Wl



gz 111 =i e ez 1) | 2024

3.3 HA I R E AR S R BR

2 111 YRR
ghfl Jf\ﬂl, “W E || e

3.3.3 B4l I BURIEE AT SHREA—FIE, At SR

I BRI T IO,

SRR PR DT

AR

HY 1 MEARRREREETHE DR, g, REIATTRAEA, SRR, WS sE, w

B EAMIREEREE, FEHCR O, WIS AT, BO, Wk

SR, DRRRIDIRE, WARNBRRMAE A, H—

Paft —BeRHEOIERR, BIEETFRMR, R, BRSIEMBREESE, RIEE SRR B RA, JokIE Rg &%

A EEREH,

(SR DY (S F g iy A

l W

n FEMRFIIREZRRE, KW 7R SRS RENTRE;

HERE @G FIOLE) ; BIKEE,; e G

| R
n HEREEE
m BRI
O =MBGESsHET :
o PR RN G (CD) ORI EE 95 m BHE
KA, TE221 nmBBERKAEIER, WRIR
FI1E221 nmBHEALAIIENE, THRRIC = MREL 1,
Rk AR R A 2R 51 R B A 0 B R B2
LA VERY IR B FN BREIR S PE N IMRIE X R,
S51E221 A TE R TS
O ZFHERRZFLNIRG AR
AT BB (SEM) | BHBTRHME (TEM) REFH
BB (AFM)

afifig
I u ﬁﬁﬁbk

i)
i

B EGOEE (HPLC) | HLRERE. FHESKTE

A SRR :
B ENER MEYREMTCENE S

e k-

B EREEASHT (DSC) ; KIBEMES

HAbBR baERR
B SN, ATRE. IEARME. KRS, BUORRIE. BRWUE. BIEE
BERIREE, BTREEE (B |« RS, W)

EVIEYIREH :
n AR E A E A

Fi: ATFREEL, BUNBRM, SRR, DRSO

29 FROST & SULLIVAN 29

Wl



3.4 HE 11 B = e R

3.4.1 BRI ER A = BRRaTHRRE R S
R 2 1 ) =R BREE AR 3% S IR B TS E 454, B DURREA:

HeA L o SRR RIRE A AR, 35S IRREA AL
t’ eSS 2] o BRZREEN—REMEA (Gly-X-Y)nEZ 7, HrxrlY i 5 o il 2 BRAE N &R
G’ RTiesiiry o BFREBEUR A TEIER, 35/ TIRIEREE TSE TIRIEAY, TERGEIRIESE
¢, SR BAE IR E ARV RIR, CRAEYENE, rTRMEHERE R, BERGE,

B ENMATERR, EE HATESEH

JRJF R ) = IR e # 5 R PR A AE R DR 2R

@ St TR RN ) PR R

EELAJR & H BRI RE X T HAE B2 SR BT R R TREATRE 7 T8 B R RIS HEAE A, WURIERE A B ALk, ACHR R =12
BEESHIFR R,  HRIRAG = SRREE A X 5 & 1 e BE R ) e REL e AR . A - AR 4R, R AR ARt P AT Rl
PEASWAI B ZRHE; AR T 6 = I80eaihy, EILOCRIM DVFMaSER, HBTRR (O R RRIR A —. |
UERTOL, IR 2 1 ) =SB NRAS SR A RR IR 7 - MERERY DG HE

®  omies bt AR B M 5 LR S A

5 £ 1 10 2 IR M S Ik o ) 3 ZE R A SO IS AN ET RO SCRF(E Y, VIR A KRB BUE HAOBOASE, 25 ARIER. 7o
CSTEEAT, (EHERRISRAIRE R, RIRNRRESH IR RWRIEN =045, MR SMIRMERTHEEER, B
W EN, #MEEOFHESSTERREN =451, (FyEMMEREEIEEEH R, R EsRREa TS
BERFYREAHAINTEMAADIRE, AHTRESYRNEE,

@ Sl R RAI AR R

e J5 & A TR R BRIV S IRBEA REARTER, eI 2 BN =SB HEZE A A RERIBO RN BOK R,  TX LK AR i BRAEIRIR AR AF T
ALRERS BTN, AR — PRI TR RS R, RPN UAFIF S IR, B DR R IR BEAS 1 i) Sk sl i
JRE AFER AR AR B, 1E IR A, T A IR BESS M BT P B R AT KN [RIFE (R B 17 IR T BRI &
SR AL SRV S S NINAEEY & EP = EC -

R NIFRR, CRIRR, RS

30 FROST & SULLIVAN 30

Wl



F g IR = SR SR B F5) | 2024

3.4 HE 11 B = e R

,

15 EA Y SRR Y s a, B bR S R A 1 8 = e i

3.4.2 AL 1| B = IR B Il R — AR
n RS T A
§gAIgﬁww§aﬁaﬁ"a

TEEAEMRIEAIS RN TR T 6 & RANBR & B & E 7 755
TERZ I ik, HRIXNEABRARRAREEA R RFHE, K3
TEANRACRER E AR PAAIES NS KPRk,

oy e

RS
LB VIR % P UM 5 HOK 7%, SR R A T Bk P
TFRSEARIFERD. HIIMHEFOROFFE AT 05 B, PR

AR T A=A, BEAh, ZET AR R IKH EH N IR R R
BT, BAEEWEE, MATARNAGSEHRRE, 22t
o BEAYEHRRE OB RN, IELRA KRN =IBIELS
1, RS \ahiRrh iR KR 5 & E AR S R Ih RE.

(ﬁ?%ﬁ%%ﬂ%%?”ﬁ - ~N
oy e
HFHSFEYE, EHEDYE. BEREDCERZ BRI LY
BEREAR, ®k. ACREERARA, AE SRR RIAE SN v eGSR IE R, ML, BN,
BIERRREEL, BELL TIERIRR. IRRSuRek, 1RT1 R Im RAr v RIS ST R B R AR B L
A, GETERE, HOTE R, \ A
RS (ol o A
JEIIDBTLIERG AL AREY Y, PRSI TRICHIEE, Wit v OREHRRRIFE AL E AR, S R R ARG
R AR R e P A T AR ETbk, DR SRS AT B, TLERBREE. AMEAE;
HREERE, BRI R SRR R B b \_ 7 ORISR TR, S TR Y.
T Eeamrm e 2 (oly we: N
. GUEENTEIE
[ FRARHER «  ELISA v HFREZAE. mERMEEARR,
EBEALSES >) A TRHETERNE v HIHARTRRIE;
TAREN .« SHEEMZERSSR v BB, IR
o FARRE MR \_ " RS IRREE Yy,

) EERAE SR I T R

o e

EERERATEA 200L & B# i AKTA pure™ 25 AKTA flux™ 6

Rl ATFREL, XERER, RS

31 FROST & SULLIVAN 31

Wl



3.4 HE 11 B = e R

mEPEAYEAL 1 R =R PR

=Y I MRREAEEEERZF TASN NS FRER RN, TTiEStt, NTEH 1 BREEANT 2%, &

EEEAYEA N MREEO T 2EIER, BE50T,

Pl EPRAPI A 1 RRE S Y5

s

PIBE AR

S

B pEfa

AN

/e U] A

T3

R k& i

™

g

HEAER

=

G

A MAY IR 2 O H s B QR TRsisan R E Ik, o<k
BIETK, BETRBRIIIR, AR

FIRAERBRE, MR, AR ER

AERAESER N, WAL, HE MRS, SKEMA 4R AE SR

R 2 2BIRR RO >, ZYRRE TR, ERFFTLRREE
WN: IEWFATAAERD, BEEIR At TR SR

BA: THEHYE, HRERAFGETEEHERE

ARAE A TOREE, RISZEDA KRR

Be ks ToRlEE, RTAKRAER T

RERLTERGT, TEMER

PRI MR VEVR AN, TCRRFPRAI P R 2 b
TEHRRAR R ST R R AR
BEGURM BRI, #RAER TR 5

IEWBRM MMUERE, ARREBR R
WERER. BT, SR
NEEMPTELESER RN NRE. IHEE)
RIET B SR B 2RI AR5

APEEME: £ 0LD50 > 15000 mg/kg (KE)
B R PRI TE B

B BB

KIAEEE: TIARIER

REWIEE= A R
TR R FRAL T 15

R NIFRR, CRIRR, RS

32

FROST & SULLIVAN

Wl



F g IR = SR SR B F5) | 2024

3.4 HE 11 B = e R

REFAA0CHEIRAI SN, “360°” K FEAT. H

IHI) YR RS E I EE A 1%
LR AEPUG SRR B &”“’b[l<*&4' {4:“f

B EEAPE 1RSI B R R A
O 9o°Cesin &k

T2 I 2 AR AR AL R BT B RN AR A7 iR e T 2, (B SIS IE IR TR, AT S IR 5 & [ R HERE,
fEEA U REABEARAS B RRAR, MM RAE AW BE AR R R A, EEAYELAAFRRFEES, 4d90°CaiRatEE
1£190nm~200nm7 Al UlE, 1E210nm~230nm7E IEM I, TiESE T H S IhEas i i mn i ia e v,

P s PRI ERAL 1 R = IR S RIS R

A T3 . .
rkiBECD R GV salllilkia
TRARSRREFAR
SHME (2023) 3151 § 25K 8BS E T AP tharmostabity
; . — 90T, 20
-~ 90T, 3h T
] | - 90°C, 30min) . ek
= : N ! S
M:kar I © %

ppsagrnsm e
H

CDfmdeg)

uuuuuuu

200 260 300
Wavelength (nm)

B3 REARE I ¥RERAN_£8K (20T)

3
'
¥
[
|
¥
gLLL L]
& =
coamg
e .
2
5
|
H
8
P
EEEE R

A ME
AU O LA RRE “ REARL 1] MREEA" SUNERALN. BRE
7 0.08 ng/al MEMARCINAMREEAHE R 0TLAGE 1900m~200 nn B M4 AR

0%, 210 m~230 m AW ERAN.

O HAREMNELH

RPN E B Tl AR R A RE RN A Fait, AARRRRIRE Q2 T T A EER B X5 E B 2R e
WA, XSS AIARAORGEN, BIE, PTERER A RN, Wi A%, BRFEARESI S A R IREE, XL
AR, kit A TRESSUURIIL MM AR, EEAEYITRNES 1 BRRE QLS s, IEKREARA
HI=IRNESSH, FEAlE— BRI, B S MBI R R AR & A 2 B s B RE.

P AL 1 BRI R A P RATIEEAISHE S B ST A BEIE

AL REELRIE JESTRBER
THERA RN TRIRIR E A S5 5 N RIRRE 45— 23

e

REERH 401 REERHL F45H)

Rl ATFREL, XERER, RS

33 FROST & SULLIVAN 33

Wl



A TR =S s T B H5) | 2024

3.4 HE 11 B = e R

TEEAYIT R RS E =18 1 RFEH AA0°CRiRrl 81, “360°” K F&ial. H
ZH AREPY LSRR A FL R R BT R R R

O “360° KArTFesa el RS AR 111 U B M 2 Sk
= IRELE A R R A I RE OB, X — G = Sl 12
EETMHIEL AL, HHAE 5K TEAHRAKEIER, Mmae 1
KA, RN R E, 08
LA LIRS R R R 1 035K, MR LK R, 06
EEAYEA 1 RRFEES, S9N EEREAT63M KT, K 04
PERET 5 02

0

TEEE FE AL FEm2

O SBEESHEEHN

PRI AR R USRI E SRR A, (B R TR R BT R, RETIEE BRI TIZ 0, ERELT,
RNTFFER BREBIM IS & ARB R RMGIR, 95 THAPH. R, =E, BERE, RSN B O T RE ST
R, SlEREE AR, EEAYES 1 MATRURREES B St E AR, ROk E AR, B
PURERCREI,

Utsh, fEERAEYEREA 1 BRI R B RE(EEAN R SE, (R R 4EAINRE R, (e AIRIERS AT, MIMSCEA R BOCR,

P c TR A (1) R AR s S R %

45.95%

28.76% 29-90%

16.68%
8.39%

-0.06%
-6.48% "2.56% -4.129% -3.33% -3.33% A 1%

PRI T 72 PR3N T 7o Fe AN T 7S IR R

P EERA A 1 BRI R AP RS

SRR [EEAYEH 1 B = TR R B A
BTk SRA T/ZHCA 006-2019 LA S Bt 7725 5 T/ITDCA 003-2021 {LAZ ik DA 77 %,

SERRER:

Rl ATFREL, XERER, RS

34 FROST & SULLIVAN 34

Wl



> iIEI
Giti|




(HA TR =R | A ) | 2024

4.1 HAREEE i b

WEIFEE N1z, R ER, TRk, Ml Ry MM 2 s ; B R & M A
1 0 2 R ECRE (3 11 87 B % SR, BIERPOEET

4.1.1 BRI EE R RAL 11 BRI E E ™ shilisg b

HA 1 BRFEEE AN TETRE, DR POREST R HMN R OURE, R EERSRRE R, #E20244£8H31H,
TEE LTALI70EH 11 BEREAETEM, OISORER. B WE. BERBIATO4ESE, FEFERE. el
. R, ERESURIGE DAY .

AR, HEEARFEATHAKR, TRREARIERENRIRE. EH I R ER =R TR S, 5 T A&
VIR RIZTUR, FURERFSY R, AR,

AR BT RED R SCEIE T, 2019-20234F, HEERE 0 Z &AM M 168{L b E584{47T, CAGREIA36.5%; it
F20274, FERERE AT BTG EIL1,937147T,

2023 FREEH KR & AT EMTHIECN286147T, HIRFE AT ERTTIHIRIN49%; HiH5120274 EH KR E B FEHT
IR EIL,1451200 |, HIRIEE B E AT I MARN59%, 4 11 BURREE H 34 RIKBEM AR, BONEHRIREHN
USRI A I N7 FH i o P e P B 1 B —

[El: 2019~2027E P ERRIFEE = i L (F )

HEHEHKE B Z AR
PREn  BAiEn At
2019-2023 24.5% 50.6%  36.5%
59.1%
2023-2027E 27.7% 41.4%  34.9%

| R
N sapEEs

—0— HARFEHBIER

2019 2023 2027E

FiF: ATFREEL, BUNBRM, RIS

36 FROST & SULLIVAN 36

Wl



Hg] T R =@l SR ET 45D | 2024

4.2 HEH 11 B R R R M

2 N TR UER F AELAE RA E, AE AT R, (IS, (b PSR ERE,  RTRN A

IR Ry T

4.2.1 YL 11 BRI R AL B T U L

A 1 AR E R R, A, L RES, ErRETURE ST ZN AR, ETEHRAES
BRI R TIAST

B IAEHRAL:

UABERTTBRE T B RN, ORI, B I, ZURIEREME, BOCTIFE RS REM &, IEMERL &, LTI BAR
SREME. 1BMOM, RO/, MR, RRMIBA, SRR, BRE;

B ORAETRGE:

QHPRREE, PHEURIEPRAEE, WACPEEEE WAERLINIIRER R, RIFINRAREIRGEESE;

m HiERs:
WAETIARR, B, KERESE,

o HAlR
WEHEREE NI WERE. SRR SR, COVID-19MEHIT B RAE, TN IIRE RN DIRER S, BhiiR A& Fl
MAFREE.

1R = P T s 3 17 S Rl

PREENE BRI
i n FAREEE L
g = QUG T
m% L&)
; "N AT ERE
AW ® e
- HiE SRR, RPN K

ZkE

Rk
PRI,
TR

R BB MR AR
' B AR
eI & K= P AR RV R rEE B TR M A B E A

PUHTER
| ’ K
ERBkL. 293k, AR TS

D

ST
BRA E e
® AT
o 5| SRR POEE R ERYR B2
BEHH
KRR @ LEES S
AT
PRI TR\ TS 36 ELE MR 5 12 MR

ANLEMEBE
A RAFAEREIE R & SN J

BEJ5: Salvatore L, Natali ML, Brunetti C, Sannino A, Gallo N. An

Update on the Clinical Efficacy and Safety of Collagen Injectables for pii]
Aesthetic and Regenerative Medicine Applications. Polymers (Basel). AITEETHR RN ZNET TR, hEER G J
2023 Feb 17;15(4):1020. doi: 10.3390/polym15041020. KR
Rl ATFREL, XERER, RS
37 FROST & SULLIVAN 37

Wl



B4 TR =i T E s 15) | 2024

4.3 HA 111 RS ER 1T B —— IR 2800,

EE 11 ! { 11 TS T 2 TN = f, 3B EN
U A TARLE
e, HAEH s Ui '

4.3.1 HE4L 1 BUYRFER AL BRSNS

=Y I MREEAS ZMATETRAY, A SERREENBE, RIRRE PR, HANET S MEIRIRTIRRE, ikt
5, 5, RS, CREMSILHE S IRAINRAGITER L, MR REAERE SIS, MIMIRT RSN, ENMEH 2T
IRPRIASIESS A 11 BRI & L BT A PRI R E.

m RN (I REE TR

TE20214F 2 fff, PRI AR IR 2 1 R SE TR 7 R 2R IR T A A SWRER, 202148, FPEERERTSAEL 1 A
BURIRE R ETAERA, 508 TEARREARE. ENRSEHEINR R EH KR E 3 ERESNT
&, AR Z S, SUER TR, RE (ET SRS EEmR) 1 (ETsmakEs) , BAR
JRE HE RS FPIASANKEST S, SRRt E e 22, AR Hit, BEEH, ®
P LRAE S ittt (ERERBORICREIE, RoRA B T 22 2 nl i S I i 2R R 387 hE ATHT ),
BB TRCE 2%

HA I BRRE AR (UV) 5 RO ER

SRS T SERGEER
IOV RIS T BRI, R S TRAL 1 A A TRALINV LR 5 2 [ AR U VAR ST 5 2R B e AL, 1S

RIS R VR AL PTE AR, (RPN AR A 3, »
5 A BEER KR AR S OB I FRARIEAT HLe, 768 1 9230 © RORERERIR R

W, JERAERZAHEIN T SR BRI, B SeBo s s, o I RURER AT I BRI S
PR ERNEE, A B R AR EL M 4 T AL P 7 A L B . EBAISMERSE
RS,

AR (I BT 2K

HARFEAEABRRE TETSRANRE, FENAHTETRAE, BR85S KOS Bk = 5 kg
HHE. % ZEEME G E SR E, N HRZ 2R EORE ™, HE R A TR AR R K
REOREINEE, B OISR TR, USIBKRIPRACRIAR, BT EARFEEAERABRAS RIFNT 2
PERAERRRRCR, HAERENZ B REST, MEESNEEE,

HEH = IR E A BOR eSO D

ERTiTk: KREIR:
7P B = SRR AR ok, TERT P 2 SR AR R A By o EHSBUEREE ARRHRAL 22, TORIEIE;
AT Bz 2k, A RMEHR R EE R, o ARKEH = IR 2R ORRE I IR FE_E R AR R

BV, FREE TMER;
NI A P Y B A = MR J  F ORH FE 48/ NI PR B S5

|

|

|

:

|

I »
|

|

: 2 e BORMEIR e e
|

1

R NIFRR, CRIRR, RS

38 FROST & SULLIVAN 38

Wl



figl] IT1 R =02 B A1) | 2024

4.3 HA 111 RS ER 1T B —— IR 2800,

bE EHR S T2RER, A EZAHI B, B & PR SETE S T i fn BURs 5%
S BREANFEYR, B R 1R R T I A Fr B2 1 K

4.3.2 AR EE BRI 55057
B RSETEH

ESREETE N —FIEFARTHE, BHEZ2,
TRE R ST 2 B B E B E . B
B, WEHRMRREREREN N =REDE
Ty, HILEHRRMARSER, PEREES
BESETESA, o o A e A R 5 TR 5 7 b i i
AT, TR AT BB R AR AR, 7202145 0L
B, WPERA EARRE G ERER A ., BEE
HARFEA T ZBHRA, BB ESHEX 50
ki, I EEEATE SRR Y R, BT
B2 B ) R SR RS AU ARG R R
Hi .

AR F5 BR D R SC B 434, 2019-20234F, H1
I & 3 1 5 711 2 65 i 77 47 MUAS A 30912 T 226 7012
JC, CAGRJ321.4%; WiitEI20274, HEERXERE
S BT AR EI1,470147T,

20234F Hh [E B A e iR 2 1 (2R S5 1 71 2 45 o T I L
BENABLTT, ok RS % 5 3 1 7 LA N6 4%,
o e B A R 3 ) 2 8 o T A ALAE N 64. 1% ;
i 2120274 EAH R & R A1 F i 1T 35
MBLREARI14312TT, o5 RETEGIF S A
[99.8%, ot AR 8 F IR 51 A6 711 2 25 o Tl 17 UAE R
85.5%,

m o EABOR

B HBRE RBEST M dh, MTETFER, ERE
7. W, BRI EUSRIKES, EAE
TR SR R AR

HRAE 7625 W RR DRI SR 04T,  2019-20234F, Hf
[ 5 SO B B i T 3 S M 14312 7T 22480147,
CAGRH1X57.8%; TitE[20274F, HE B H Hok
TE UG T AR E1,192127C,

20234 Hh = FE 20 I S5 2 1 B T BORE S B i T 1 LS
H110fLTE, HEEAERIE BT AR 23.0%;
5202748 B2 AR B F 2 A R B B i T i
BOKIAREI346127T |, o5 B FHBCR 28 i i I USRS
29.0%,

R NIFERL, RIS

39

[#l: 2019~2027EH EBESEEF RITAREL (F )

. HEFMRE BfL AR
AR EE BRIREE RSN
2019-2023 NA 265%  21.4%
2023-2027E  35.4% 26.0%  21.7% 9.8%

—o— EAREE IR EESAIBER
[ EEER
Bl v
W sz 6.4%
B st

1,469.6

2019 2023 2027E

[#l: 2019~2027EH [E BE RIEORH T R (ZH)

- HEEHER B {Z AR
HAth  EAREEN &it
2019-2023 31.0% 35.3% 57.8%
2023-2027E  23.0% 25.5% 33.1%
N L i 2 1 I R 29.0%
I Aok
—o— EHRFEAE AR ER

23.0%

1,191.9
12.4%
4799 845.8
143.3
125.4 369.5
ez
I 1104
2019 2023 2027E
FROST & SULLIVAN 39

Wl



4.4 A 11 BRI B N —— SRk

4.4.1 AL 11 BRI R EAESRE Db R

R TR REE KRR ABER R, DR e AL 1 RURIR R PR i o 2

FIRFIEECTRITE AR Yy, WRIEE R, BURR, M
VRIS, DURHEAURGERR, FOHIEEIRE 2
Hhk.

JeJ5 & RN — R R AR AR S B E Ry, 2R
T AR ECTT . MEARFEESRR, AT

e J5 2 H ) BB S A TIE R S AL, AT s HL Al

AR RN REEE, BTN Z 2 EF R,

— 5y 4

/( .k . L R / / A

W) e S &%)
147 A * Y i /

wwL ‘ ./ e ) owom

A 1 BRI E AR TR R R R R TR

JiiA

Cf? FPIPRRIN T P ) R B SR L e

[l oy 1B R AN (R P VA NP NS & G 3 R K4
gy, WAEER, WRER, BURRF ARG SRR E
P, REAERN T &6 2 ZIRERME R0 5, &
1 T RE S BCFL IR (RIS, eI SRR
AT

P s bkt LR % 1 ik

QN EtnE R

APk T e R R U, A TS R = DL
PEI BTN, REELARR. RRE. BEE,
HERRZREAERFEEM. BT ARRRA BB
FOGKE SRR, [AIETE M R 0 22 B IR O AR A TR
R ZAET A BURRIBEIY 8. —IAN, BRRS
7 FHFRTS00E/R (Da) MM BIRIEAER A IR,

R NIFRR, CRIRR, RS

RO

HlEwRLL: iR HIE RSB, DASBR
BRG], BOBIE XTI IS, TR IR R,

RACIEAERL, Pkt @i EH 1 BURR E AR E N
fff, FIGEHEE R MRS

BEPESAE T2 TR

IBIXE LR BRI NIEAT IR, R NURLE) “RELI
AT MBI S RRE, SR DRI,

VAR E A TR, E R BRGSO A AR
KA, FEHDTRB/N, BEHRERIRILG

40 FROST & SULLIVAN 40

Wl



HiA TT1 R = 9gigiR I B ) | 2024

4.4 AL 1 RYR s B ——380r 1k

Bt 0 5 B R B
AR I A (155,

\._
T

g JJFI'II/J// e, R R i D38 IR T B LA
315 R TT

RIEEIE R H

E
S

\\\\>

4.4.2 BARIEE ARG W7 507
BEE ARG TR, KN AR FE7E R T IR IVEDE T DURIRBES RN, BRSBTS, IUBRRSR, 1982k

RSNk, XEEEATRESBONRE, B SO TR B, B REREEER, WISBOS PR R AR R,
A, DRI AR SO A RE UB R I BB 1R AR T 5, 23 TR AP EUBRIR LI 2535 () H 25 75 ko

TR S B R D R SCEdE oA, W
JZ 5 B L R0 R B it T A A A
20194F [930.8147C A R i3 222023
F1443{LTE NR T, EEFEHEK
HNAT 1%, T 52027 F KK Z
789. 7L AR, 2023420274
HIE &K EH53.0%.

BT BAREE AN ST
BT 2019419195/ A R
20234 M115.42 T ANRT, &
BER KR NE5.9%, HiitF20274F
HiKEe64.61Lt NRT, EEFE
W KFH54.9%,

BEAN,  MEELH IR B F T REP S5
RMA, M20194EFE 20234, HTF
EB2H I 2R E IR B R SR TR IR R
B E Y0P kS 1515 % 63.3%
1%80.0%, MWiiFEI20274F ¥ H K=
84.1%,

Rl ATFERL, DRSO

41

FEl: 2019~2027EH [EINZIFE IS IR R (Z )

- HAERKS B (AR
PEREED GAUREES A
2019-2023 26.5% 55.9% 47.1%
2023-2027E 44.3% 54.9% 53.0%
M A 50.0% 84.1%
W R 2 ' —®
—e— B E E PR
789.7

63.3%

2019 2023

2027E

FROST & SULLIVAN 41

Wl



4.5 S 111 BURE R 1 1 B —— LAt 5 s

4.5.1 AR & 7L H A 3% S b ik B

I PRI

FAET4REA, PEG NECEIGET RHRL, &R RAYBOR
7 MIRER" , DUCHELARIRASRYL RO RARIRCR, XA
“RER EW, HEETEMAR, R, ERaMhiRRE
H &R, Tilahr & BAMENERNS, XS T HERME,
AT T AR,

M4, WS FEHREM TREEOR, ATRIHERRIR & Bk RNy
FRIRRFEARK, HIBMAFHRIEE TERARRES, REEARE
EHAHINRE, CAWICR, FIRER 3 E IR RENS A R R kRO
FERISAME, FRIPSCTT, WSRE R, FEA T YRR M R R R A
EHEEH.

O VeI

AR A SRR BRI FIRE, AL P B UK AL
H,  [FIREHLTE B (RPN Sk B 3PP 7 T PR B BRI T . B
AT RAFORARWTE T, BOREZ BT S E T 4hIE R 277 AL A5
BRI RS B 1 T 28 Sk R A 2 T P B

ERXMEST, BHRREEATTHMNTSHER R, X
i AN RERS O B R ILIR SR B B M SRR IR, IR RE X Sk B2 [T,
TR, RS, RCEREOMROT R, EAREE BV SR
FOPERT A, RRONIE R i AL T T 2 A%

@ I

MR FB 2 Wb R SR R, 20224E R E T i 37 = A ——%8
MBS, BYHAGR. BUET RS, T 51h1,136127T.
4161Z70F11,062127T, M20154EF20224F, X =AM E & FEHY
KR3H119.0%, 15.6%F117.7%, HA Y & e GEARE K
B EJURE, IR R SCE, £120264F, HERERN IR
HKATREILF31.9%, MR TEELT0%KFERR, TENEYTHE
TR R R,

bl o E R T S 0 K R AT Ty EE AR FE R IR, SR R
HEV . BT S RIBT A

R NIFRR, CRIRR, RS

42 FROST & SULLIVAN

Wl



[1] Henkel W, Glanville R W. Covalent crosslinking between molecules of type | and type Il collagen: The involvement of the N-
terminal, nonhelical regions of the al(l) and al(lll) chains in the formation of intermolecular crosslinks. Eur J Biochem, 1982, 122:
205-213.

[2] Udén A, Nilsson | M, Willner S. Collagen-induced platelet aggregation and bleeding time in adolescent idiopathic scoliosis. Acta
Orthop Scand, 1980, 51: 773-777.

[3] Xia L, Chen Y, Men F, Zhang Y, Chen W, Zheng X, Wang H, Zhang J, Liu H, Zhao B. Comparative study on physical properties
of different tissue-derived collagen biomaterials. Materials Science, 2017, 7(4): 431-439.

[4] Choi D, Kang W, Park S, Son B, Park T. Identification of glucocorticoid receptor target genes that potentially inhibit collagen
synthesis in human dermal fibroblasts. Biomolecules, 2023, 13: 978.

[5] Eyre D R, Weis M A, Wu J J. Advances in collagen cross-link analysis. Methods, 2008, 45(1): 65—74.

[6] Di Martino J S, Nobre A R, Mondal C, Taha |, Farias E F, Fertig E J, Naba A, Aguirre-Ghiso J A, Bravo-Cordero J J. A tumor-
derived type Il collagen-rich ECM niche regulates tumor cell dormancy. Nat Cancer, 2022, 3(1): 90-107.

[7]1 Gromkowska-Kepka, K.J.; Puscion-Jakubik, A.; Markiewicz-Zukowska, R.; Socha, K. The impact of ultraviolet radiation on skin
photoaging — review of in vitro studies. J. Cosmet. Dermatol. 2021, 20, 3427-3431. doi: 10.1111/jocd.14033

[9] Fidler, A.L.; Boudko, S.P.; Rokas, A.; Hudson, B.G. The triple helix of collagens — an ancient protein structure that enabled
animal multicellularity and tissue evolution. J. Cell Sci. 2018, 131, jcs203950.

[10] Frank, M., Albuisson, J., Ranque, B., Golmard, L., Mazzella, J., Bal-Theoleyre, L., Jeunemaitre, X. (2015). The type of variants
at the COL3A1 gene associates with the phenotype and severity of vascular Ehlers—Danlos syndrome. European Journal of Human
Genetics, 23, 1657-1664.

[11] Liu, X., Wu, H., Byrne, M., Krane, S., & Jaenisch, R. (1997). Type lIl collagen is crucial for collagen | fibrillogenesis and for
normal cardiovascular development. Proceedings of the National Academy of Sciences, 94(5), 1852-1856.

[12] Kuivaniemi, H., & Tromp, G. (2019). Type Il collagen (COL3A1): Gene and protein structure, tissue distribution, and
associated diseases. Gene, 707, 151-171.

[13] Wang, C., Brisson, B. K., Terajima, M., Li, Q., Hoxha, K., Han, B., Goldberg, A. M., Liu, X. S., Marcolongo, M. S., Enomoto-
lwamoto, M., Yamauchi, M., Volk, S. W., Han, L. (2020). Type Ill Collagen is a Key Regulator of the Collagen Fibrillar Structure and
Biomechanics of Articular Cartilage and Meniscus. Matrix Biology, 85-86, 47—67.

[14] Singh, D., Rai, V., Agrawal, D. K. (2023). Regulation of Collagen | and Collagen Il in Tissue Injury and Regeneration. Cardiol
Cardiovasc Med., 7(1), 5-16.

[15] Rodrigues, M., Kosaric, N., Bonham, C. A., & Gurtner, G. C. (2019). Wound Healing: A Cellular Perspective. Physiological
Reviews, 99, 665-706.

[16] EHH, S, T3¢ EHMRKEE DR L EN F[I]. R EGER A Tk, 2022(08): 41-45.

[17] TR=22%, SR, XINESE, ©X0R, XIgE, 2248, FR05, 1. B AIRIAARR & HERMTE R RIA S 4L T 2[0). B
R(ERRERR), 2024, 57(3): 40-46.

[18] ZISLEE, 24K, Jitifsh, T AK, Wi, FI0AN, #2258, e A\ PRI AU AR AR O IR RRUSR S M RR SHEU BRI IB B R IR T[], £
RiEFE, 2024, 14(1): 48-54.

43 FROST & SULLIVAN 43

Wl



[19] Jufs, X {EAE, HAEE, =R, B TR CIIRUAR R E X R R DTRE R DS (R ZOR M #Em ], B A k2 Tlk, 2022, 52(12): 1326-
1332.

[20] E24t, 1R2ER, EWRE, XIER, 7, HEZ. EHANRCKREEB SRR WRET, 2024, 53(12): 92-96.
[21] ZEFF i, XA, XIES. JE B2 PR 28 R BUR H B2 FLT). TR SR, 1996, (4): 43-48.

[22] B, BIRZE, DY, 5. AEMDRURARURZEHS I T, MK E B & RS RERE Y] BIERITF, 2004, 21(4):
366-368.

[23] 1HA L, JARGh, Mida, 5. SRR R E Rk R R AR B B R R ER (D). A2 TAR2ER, 2022, 38(9): 3228-3242.
[24] TEREE, AR, BRI, &5 EAMRIRE A FRERRIFER]. A RAEYFAGE, 2023, 4(4): 808-823.

[25] 5KIE, PIK, EFrlf. S IR & RSP R AT 2GRS B 27 [). b TR, 2024, (7): 133-135.

[26] 73, kAR, AL, 5F. EH IR A TRIL RIS 8 F /KOS SOR FHRMERTEL]. FHIEIEEST R%, 2023, 13(3): 56-60.

[27] JESPING, WASEH, %2, . EHRFEEANEYEYN S ZRHRJ). LT, 2023, (12): 29-31.

[28] EWéR, B0, #B, 55, BRI E E QI BORIC A8 R R EFFT[0]. FHEET 88, 2023, 23(19): 19-22.

[30] 288, ¥REEME, ERCT, EIBZE, XIHEE. LYEEMRIRFEE SRTRHERD]. FTRAREE TR, IIFR 5, RIS H
HUCZERFFTRT, P91 AT : HrE 2, 2006, 35(3): 61-76.

[31] XHkT?, S8R, RERT5 R BELF4EC I bR RIFE AL RED]. £l 2018, 30(8): 868-874.

[32] W R, E00, WTLE, FBER REX AMERBBERTRAIERRE]. (LWRK¥ZE, (LR UM, LIRS BRI
5ehe, 7R BFRE: REEZSTLZ%E, 2024, 43(7): 689-692.

[33] AEdh, SKETHE, X, MIEFS, DIEF, JREE. BAHERBUS R E AT R E R B AL, INEYRR B AR SR ). b
FACTR¥PAEGRFAGEARYG, G PEAZERIE TEMAEC TREERERLRE, tat: PEAMTERE, 2007,
27(4): 71-76.

[34] TN, BKHRZS, AvaN, REEESE, BEFHY, &R S AN I A TR 5 & H 1E R TR R D RE (S 5 - i B R3],
TINKEEIIE S BRI RBIMY, 1195 T3 IGPRERZERTSE 5 SRR, 2024, 9(7): 102-105.

[35] ¥, KB, KIAE A RIE R R RUA R RN EREREM I D EER A AR 1 e 5 AR Y bR S R T B s
I BRITERTROBEYEE TREAKRE, ERK: TEBETER, 2024, 14(1): 107-112.

[36] = H i i 8 1 287 i B RAE A SR N BRI R [9). 2GS A Wil ik T . P29, 2019, 33(11): 1223-1234.
[37] WRA, TR IUEL V. L5 2 T2 A R it e 3], LB BR 22 T2, 2004, (02):52-55+47.
[38] E ik, £, FO0KIT, 5. R E EHIRERDAN]. BTLAERE, 2014, 67(3): 150-156.
[39] ZEEHK, Wril, R, HESE. BRHRECE B R & E BRI HHIE K #E, 2002, 31(23): 6-9.
[40] =ERFR, BRARAZ, ML, EART, KA. IR & B R MERT SRR (D). FhE & %44, 2018, 18(5): 195-206.
[41] XITeR, MR, PR, 08, SRIETE . RRE U2 Ik = IR BE SRV ME IS AR D). FREIE R BE 4, 2010, 32(3): 343-346.
[42] 2= . IR & BTE BB (AR rP AR (U RAESSRIFFE[ D). IR REE 25 S0k FE T 2438, 2019, 6(85): 65.
[43] FEARE, #0 H I0, EXMS 5, 55 IR 8 0 S AR AR T AR R SRR TSR [J]. B {E AR, 2024, 10 (07): 27-30.
44 FROST & SULLIVAN 44

Wl



25 Wk

[44] Ei. SHEXARIRNE & E RPGEE MR SIN[]. BB T K2R (H ARIERR), 2011, 36(3): 58-63.
[45] 221, A5, 5850, FIERE, 256 8. RRE ANt A S A i R [3]. B 22Tk, 2005, 35(6): 388-392.

[46] K3, TG, S, B, AL, 24008, PRIk, ANR 75 kTR A7 I 2 I BRI PR D). R B AHS, 2014, 30(5):
104-110.

[47] Pfite. MR EHREL, R B N R RS R [J]. B AT, 2021, (16): 44-49.

[48] M-I, i, Mhtte, EIEAR. IR R AT R 5 B STt D). AE ) AR, 2023, 39(3): 942-960.

[49] B, Fr ik, 3KHA, PFIE. IR AR IR & B IV B R R AR E TR ). RS KEE T, 2022, 48(5): 15-22.
[50] JAIRA. JAFI B & F™ M 4RSI FE[D]. (LIZR K, 2023.

[61] BGRB8 E AR 2 I SR BURR & H IR ] MG /R I TR 22541, 2004,(04):515-519.

[52] Z=IEI 9, 5K AERE, TR R, 5 R, BRI/ K AR iR 2 1 B P R 22 5 9] )1 R 22244 (TR R AEAR), 2005, (04):54-58.

[53] Shekhonin, B. V., Domogatsky, S. P., Muzykantov, V. R., Idelson, G. L., & Rukosuev, V. S. (1985). Distribution of type I, I, IV
and V collagen in normal and atherosclerotic human arterial wall: immunomorphological characteristics. Collagen and related
research, 5(4), 355-368.

[54] Danen, E. H. (2013). Integrins: An overview of structural and functional aspects. Madame Curie Bioscience Database [Internet].
[65] ZRHtE, JKIE %, £, & T77WI. (2008). NFREIHNIER R T AT I BRI S RAT LS. FhaEb(nznas, 24(1), 51-53.

[56] Wang, C. L., Miyata, T., Weksler, B., Rubin, A. L., & Stenzel, K. H. (1978). Collagen-induced platelet aggregation and release.
| Effects of side-chain modifications and role of arginyl residues. Biochimica et Biophysica Acta (BBA)-General Subjects, 544(3),
555-567.

[57] Gay, S., Balleisen, L., Remberger, K., Fietzek, P. P., Adelmann, B. C., & Kihn, K. (1975). Immunohistochemical evidence for
the presence of collagen type Il in human arterial walls, arterial thrombi, and in leukocytes, incubated with collagen in vitro.
Klinische Wochenschrift, 53(19), 899-902.

[58] Bielajew, B. J., Hu, J. C., & Athanasiou, K. A. (2020). Collagen: quantification, biomechanics and role of minor subtypes in
cartilage. Nature Reviews Materials, 5(10), 730-747.

[60] Tromp, G., Kuivaniemi, H., Stolle, C., Pope, F. M., & Prockop, D. J. (1989). Single base mutation in the type Ill procollagen
gene that converts the codon for glycine 883 to aspartate in a mild variant of Ehlers-Danlos syndrome IV. Journal of Biological
Chenmistry, 264(32), 19313-19317.

[61] #RANAA. 5 A AR IR S RAEFT BRI R HR. FHEZGH, (11).
[62] Brodsky, B., & Ramshaw, J. A. (1997). The collagen triple-helix structure. Matrix biology, 15(8-9), 545-554.

[63] Liu, X., Li, H., Wang, T., Yang, T., Yang, X., Guo, K., ... & Ming, J. (2023). Recombinant humanized collagen type Il with high
antitumor activity inhibits breast cancer cells autophagy, proliferation, and migration through DDR1. International Journal of
Biological Macromolecules, 243, 125130.

[64] Wang, J., Qiu, H., Xu, Y., Gao, Y., Tan, P., Zhao, R., ... & Zhang, X. (2022). The biological effect of recombinant humanized
collagen on damaged skin induced by UV-photoaging: an in vivo study. Bioactive Materials, 11, 154-165.

45 FROST & SULLIVAN 45

Wl



25 Wk

[65] Liu, H., Dong, J., Du, R., Gao, Y., & Zhao, P. (2024). Collagen study advances for photoaging skin. Photodermatology,
Photoimmunology & Photomedicine, 40(1), e12931.

[67] Fu, C., Shi, S., Wei, N., Fan, Y., Gu, H,, Liu, P., & Xiao, J. (2023). Biocompatible triple-helical recombinant collagen dressings
for accelerated wound healing in microneedle-injured and photodamaged skin. Cosmetics, 10(1), 31.

[68] Deshmukh, S. N., Dive, A. M., Moharil, R., & Munde, P. (2016). Enigmatic insight into collagen. Journal of Oral and
Maxillofacial Pathology, 20(2), 276-283.

[69] Shoulders, M. D., & Raines, R. T. (2009). Collagen structure and stability. Annual review of biochemistry, 78(1), 929-958.

[70] Bourhis, J. M., Mariano, N., Zhao, Y., Harlos, K., Exposito, J. Y., Jones, E. Y., ... & Hulmes, D. J. (2012). Structural basis of
fibrillar collagen trimerization and related genetic disorders. Nature structural & molecular biology, 19(10), 1031-1036.

[71] Salvatore, L., Natali, M. L., Brunetti, C., Sannino, A., & Gallo, N. (2023). An update on the clinical efficacy and safety of
collagen injectables for aesthetic and regenerative medicine applications. Polymers, 15(4), 1020.

[72] DUARTE A S, CORREIA A, ESTEVES A C. Bacterial collagenases - A review[J]. Critical Reviews in Microbiology, 2016,
42(1/6): 106-126.

[73] GORDON M K, HAHN R A. Collagens[J]. Cell and Tissue Research, 2010, 339(1): 247-257.

[74] KARNA E, MILTYK W, WOLCZYNSKI S, et al. The potential mechanism for glutamine-induced collagen biosynthesis in
cultured human skin fibroblasts[J]. Comparative Biochemistry and Physiology Part B: Biochemistry and Molecular Biology, 2001,
130(1): 23-32.

[75] =%, H 5, AN, &5, 58 R R 2 B P EE AR 7 B Al S AR ST A TE IR I]. &5 TR, 2014, 35(15): 95-106.

[76] SUPHATHARAPRATEEP W, CHEIRSILP B, JONGJAREONRAK A. Production and properties of two collagenases from
bacteria and their application for collagen extraction[J]. New Biotechnology, 2011, 28(6): 649-655.

[77]Sionkowska  A,Adamiak K,Musia K,Gadomska M.Collagen Based Materials in Cosmetic Applications:A
Review.Materials(Basel).2020;13(19):4217.Published 2020 Sep 23

[78] Ricard-Blum S. The collagen family. Cold Spring Harbor perspectives in biology. 2011 Jan 1;3(1):a004978.

[79] Kielty, Cay M., and Michael E. Grant. "The collagen family: structure, assembly, and organization in theextracellular matrix."
Connective tissue and its heritable disorders: molecular, genetic, and medical aspects (2002):159-221.

[80] Hulmes D. Building collagen molecules, fibrils, and suprafibrillar structures [J]. Journal of Structural Biology,2002,137(1-2): 2-
10

[81] Ramachandran G N, Kartha G. Structure of collagen [J]. Nature, 1954, 174(4423): 269-270.

B2 5%, iz, &, F. MWRBNIXBAKRES o BEN—JRE5HE 5 2 ERA K J]. R 5EOR, 2009, 29(2): 60-73
[83] Engel J, Bachinger H P. Structure, stability and folding of the collagen triple helix [J]. Collagen, 2005, 247: 7-33.

[84] Ottani V, Martini D, Franchi M, et al. Hierarchical structures in fibrillar collagens [J]. Micron, 2002, 33(7-8):587-596

[85] Z=)\J7. KAEAYRIFERHIC S M. Jbat: LTkt 2014

[86]Seo W Y, Kim J H, Baek D S, et al. Production of recombinant human procollagen type | C-terminal propeptide and
establishment of a sandwich ELISA for quantification[J]. Scientific Reports, 2017, 7(1): 15946.

46 FROST & SULLIVAN 46

Wl



25 Wk

[87] Myllyharju J, Kivirikko K I. Collagens, modifying enzymes and their mutations in humans, flies and worms[J]. Trends in
Genetics, 2004, 20(1): 33-43.

[88] Laukens B, De Wachter C, Callewaert N. Engineering the Pichia pastoris NGlycosylationPathway Using the GlycoSwitch
Technology [J]. Methods Mol Biol, 2015, 1321: 103-22.

[89]Tachioka M, Sugimoto N, Nakamura A, et al. Development of simple randommutagenesis protocol for the protein expression
system in Pichia pastoris [J].Biotechnol Biofuels, 2016, 9: 199.

[90]Ramshaw JA, Shah NK, Brodsky B. Gly-XY tripeptide frequencies in collagen: apeptides{lJournal of Structuralcontext for host-
guest triple-helicalBiology,1998,122(1): 86-91.

[91]Liu X, Zheng C, Luo X, et al. Recent advances of collagen-based biomaterials: Multi-hierarchical structure, maodification and
biomedical applications[J]. Materials Science and Engineering: C, 2019, 99: 1509-1522.

[92] Jacobs P P, Geysens S, Vervecken W, et al. Engineering complex-type Nglycosylation in Pichia pastoris using GlycoSwitch
technology [J]. Nat Protoc,2009, 4(1): 58-70.

[93] HHER. IR S RRIREHM]. dbat: /b Tk itk :, 2006: 7-9.

[94] Wang Z, Wang Y, Zhang D, et al. Enhancement of cell viability and alkaline polygalacturonate lyase production by sorbitol co-
feeding with methanol in Pichia pastoris fermentation [J]. Bioresour Technol, 2010, 101(4): 1318-23.

[95] Santoso A, Herawati, N., & Rubiana, Y. Effect of methanol induction and incubation time on expression of human
erythropoietin in methylotropic yeast Pichia pastoris [J]. Makara Journal of Technology, 2012, 16(1): 29-34.

[96] Aggarwal S, Stewart P S, Hozalski R M. Biofilm Cohesive Strength as a Basis for Biofilm Recalcitrance: Are Bacterial Biofilms
Overdesigned? [J]. Microbiol Insights, 2015, 8(Suppl 2): 29-32.

[97] Ramshaw JA,Peng YY,Glattauer V,Werkmeister JA.Collagens asbiomaterials[J].Journal of Materials Science: Materials in
Medicine,2009,20(1):3-8.

[98] KUIVANIEMI H,TROMP G.Typelllcollagen (COL3Al1):gene and protein structure, tissue distribution, and associated
diseases[J].Gene,2019,707:151-171.

[99] WY, B /K s, Vi, 55 2T BRI AE A I SO ML R oA 167 SR (3], Hh = IR R I 24,2022, 39(8):1110-1120.

[100] Wu S, Letchworth G J. High efficiency transformation by electroporation ofPichia pastoris pretreated with lithium acetate and
dithiothreitol [J]. Biotechniques, 2004, 36(1): 152-4.

[101]Narayanan B, Gilmer GH, Tao J, De Yoreo JJ, Ciobanu CV. Self-assembly of collagen on surfaces: the interplay of collagen-
collagen and collagen-substrateinteractions[J].Langmuir,2014.

[102] Kadler KE,BaldockC,BellaJ,Boot-Handford RP.Collagens at aglance[J] Journal ofCell Science,2007,120(12):1955-1958.

[103] Prockop DI, Fertala A. Inhibition of the self-assembly of collagen | into fibrils[24]with synthetic peptides demonstration that
assembly is driven by specific bindingsites on the monomers[J]Journal of Biological Chemistry,1998,273(25):15598-15604.

[104] Kuznetsova N, Leikin S. Does the triple helical domain of type | collagen encode[25]molecular recognition and fiber assembly
while telopeptides serve as catalyticdomains? Effect ofproteolytic cleavage onfibrillogenesis and oncollagen-collagen interaction in
fibers[J].Journal of Biological Chemistry,1999,274(51):36083-36088.

47 FROST & SULLIVAN 47

Wl



25 Wk

[105] Malone JP, George A, Veis A. Type | collagen N - Telopeptides adopt an orderedstructure when docked to their helix receptor
during fibrillogenesis[J].Proteins.Structure, Function, and Bioinformatics,2004, 54(2): 206-215.

[106] Viguet-Carrin S,Garnero P,Delmas PThe role of collagen in bonestrength[J].0Osteoporosis International,2006,17(3): 319-336.

[107] Pakkanen O, Hemaldinen E-R, Kivirikko Kl, Myllyharju J. Assembly of stablehuman type | and Il collagen molecules from
hydroxylated recombinant chains inthe yeast Pichia pastoris Effect of an engineered C-terminal oligomerizationdomain
foldon[J].Journal ofBiological Chemistry,2003, 278(34):32478-32483.

[108] AnaL A, AnaL P M, Eva M, et al. Cosmetic Potential of Marine Fish skin Collagen[]]. Cosmetics. 2017.4(4).

[109] Li G Y, Fukunaga S, Takenouchi K, et al. Comparative study of the physiologicalproperties of collagen, gelatin and collagen
hydrolysate as cosmetic materials[J]. Int J CosmetSci, 2005,27(2):101-6.

[110] Ting Fan, Jianfeng Zhao, Yejun Chang,et al. Effect of recombinant humanized type | collagen on expression of skinfunctional
related genes[J]. China Surfactant Detergent & Cosmetics,2022,52(12):1326-1332.

[110] ZRAEAzE, BT, PRI, S JSE I A 1 JUREBR A AR A Kk RS 5 D RE R ITPAN (D) B 55 R T2k 2022, 1-10.

[112] Akiko H H, Gaku T, Mika M, et al. Upregulation of FLC, LOR,and IVI, Expression by Rhodiola crenulata root extract via
arylhydrocarbon receptor: Differential involvement of ©QVALI[J]International Journal of Molecular Scienees.2018.19( 6 ):1654.

[113] Z4RIR, FLIAE 22 7R, 5. B AF 6 R IS5 4 RAE T PR R B 7 FH R PR RETTAN. R kA%, 2018,39(05):23-29.

[114] Zheng X Y Hui | F, Li Hui. et al. Fabrication of novel biodegradable porous bonescaffolds based on amphiphilic hydroxyapatite
nanorods[J]. 2017.

[115] Li Q N,Hong L.Research progress on signaling pathways ofcollagen metabolism [J]. China Medical Herald, 2017,14(10):56-59.

[116] Ni J, Wu Z, Peterts C, et al. The critical role of proteolytic relay through cathepsins B and E in the phenotypic change of
microglia/macrophage[J]. The Journal of Neuroscience, 2015,35(36): 12488-12501.

[117] Chen YI,Chen C,Feng C,et al. AVE 3085,a novel endothelial nitric oxide synthase enhancer,attenuates cardiac remodeling in
mice through the Smad signaling pathway[J]. Archives of Biochemistry and Biophysics,2015,570:8-13.

[118] Park S H,Jeong S H,Kim S W.B-Lapachone regulates thtransforming growth factor 8 Smad signaling pathway associated with
collagen biosynthesis in human dermal fibroblasts.Biological and Pharmaceutical Bulletin,2016,39(4):524531.

[119] Ma Y,Zou H,Zhu X X,et al. Transforming growth factor B:apotential biomarker and therapeutic target of ventricular
remodeling[J].Oncotarget, 2017,8:53780-53790.

[120] Urtasun R, Lopategi A, George J, et al. Osteopontin, anoxidant stress sensitive cytokine, up-regulates collagen-II via
integrin aVB3 engagement and PI3K/pAkt/NFKB signaling[J]. Hepatology, 2012,55 (2) :594-608.

[121]Santoro A,Conde J,Scotece M, et al. SERPINE2 inhibits-1o-induced MMP-13 expression in human chondro.cytes: involvement
of ERK/NF-kB/AP-1 pathways [J]. PlosOne,2015.10(8):e135979.

[122]zhang Y,Li W,Wang W,et al. siRNA against plasmino-gen activator inhibitor-1 ameliorates bleomycin-inducedlung fibrosis in
rats . Acta Pharmacologica Sinica[J] ,2012.33(7):897-908.

[123]Huang Q,Jin H,Xie Z,et al. The role of the ERK1/2signalling pathway in the pathogenesis of female stressurinary incontinence
[J]. Journal of International MedicalResearch.2013.41(4):1242-1251.

48 FROST & SULLIVAN 48

Wl



»
275 Wk
[124]Ge WS,Wang YJ,WuJX.et al. beta-catenin is overexpressedin hepatic fibrosis and blockage of Wnt/beta-catenin signaling

inhibits hepatic stellate cell activation [J]Mol MedRep,2014.9(6):2145-2151.

[125]He W,Tan R J.Li Y,et al. Matrix metalloproteinase-7 asa surrogate marker predicts renal Wnt/beta-catenin activity in CKD
I.[3JAm Soc Nephrol. 2012.23(2):294-304

[126]Papathanasiou |,Malizos KN,Tsezou A. Low-densitylipoprotein receptor-related pmtein 5(LRP5)expressionin  human
osteoarthritic chondroeytes .[J] Orthop Res2010.28(3):348-353.

[127) Tk ARUEYY/T 1849-2022 (FEARFEEH)
[128]YY/T 1888-2023 (EH AFICIREE) BITRATWARIE

[129]Schmitt F. O.,Gross J.,Highberger J. H. TROPOCOLLAGEN AND THE PROPERTIES OF FIBROUS COLLAGEN[J].
Experimental Cell Research, 1955:326-334.

[130]Bhowmik R.,Katti K. S.,Katti D. R. Mechanics of molecular collagen is influenced by hydroxyapatite in natural bone[J]. J Mater
Sci, 2007, 42(21):8795-8803.

[131]Chandran P. L.,Barocas V. H. Microstructural mechanics of collagen gels in confined compression: Poroelasticity,
viscoelasticity, and collapse[J]. J Biomech Eng-T Asme, 2004, 126(2):152-166.

[132)2:48%. 5 A AR L SR R[] R 16 1, 2009,36(12):104-105.

[133]Chai HJ, Li JH, Huang HN, et al. Efects of sizes and conformations of fish-scale collagen peptides on acial skin qualities and
transdermal penetration efficiency[J].Journal of Biomedicin and Biotechnology,2010,25(1):98-116.

[134) 5 28 XI1ZF, M, 5 R S SR KRBT D R0 R A LRI AR [I]. R I R 22 5 A 4485, 2008,17(11):1625-1627.
[135]FZ8. H AT 2 S5 2 2 KA1 68 B2 e I3 28 19 2 B RS P AR R [ D] R R K 22,2007
[136]2= 2 4% £ 52 fe R AR ORI AP AL SRR 52 (D] H E g K2, 2014.

[137]Hou H , Li Bf, Zhang ZH, et al. Moisture absorption and retention properties, and activity in alleviating skin photodamage of
collagen polypeptide from marine fish skin[J]. Food Chemistry,2012,135(3):1432-1439.

[138)Z=H, T #hin. SRR A& RS s S BR R 71 BB 0 FR[J). H RE 247, 2013,11(4):278-282.
[13915R4132:. gt TR i A 1 22 K PSR B R ELAE AL 5 FR ¥ A [D] AR B AR MK 2,201 1.
[140) F &R, T2 X\ FE, 5. ol 5 e R 2R F 22 I B16 SRR R A AR Im[J]. H EIZ5 322 /1R, 2007,23(9):1181-1184.

[141]JHAZARDS E P O B, KOUTSOUMANIS K, ALLENDE A, et al. Potential BSE risk posed by the use of ruminant collagen and
gelatine in feed for non-ruminant farmed animals [J]. EFSA J, 2020, 18(10): e06267.

[142]KALIC T, KAMATH S D, RUETHERS T, et al. Collagen-An Important Fish Allergen for Improved Diagnosis [J]. JAllergy Clin
Immunol Pract, 2020, 8(9): 3084-3092 e3010.

[143]JLYNN A K, YANNAS | V, BONFIELD W. Antigenicity and immunogenicity of collagen [J]. J Biomed Mater Res B Appl
Biomater, 2004, 71(2): 343-354.

[144]CHARRIERE G, BEJOT M, SCHNITZLER L, et al. Reactions to a bovine collagen implant. Clinical and immunologic study in
705 patients [J]. J Am Acad Dermatol, 1989, 21(6): 1203-1208.

49 FROST & SULLIVAN 49

Wl



25 Wk

[145]REQUENA L, REQUENA C, CHRISTENSEN L, et al. Adverse reactions to injectable soft tissue fillers [J]. J Am Acad
Dermatol, 2011, 64(1): 1-34; quiz 35-36.

[146]LUCEY P, GOLDBERG D J. Complications of collagen fillers [J]. Facial Plast Surg, 2014, 30(6): 615-622.

[147]YANG C, HILLAS P J, BAEZ J A, et al. The application of recombinant human collagen in tissue engineering [J]. BioDrugs,
2004, 18(2): 103-119.

[148]HUA C, ZHU Y, XU W, et al. Characterization by high-resolution crystal structure analysis of a triple-helix region of human
collagen type III with potentcell adhesion activity [J]. Biochem Biophys Res Commun, 2019, 508(4): 1018-1023.

[149]FERTALA A. Three Decades of Research on Recombinant Collagens: Reinventing the Wheel or Developing New Biomedical
Products [J]. Bioengineering, 2020, 7(4): 155.

[150]REZAII M, ORYAN S, JAVERI A. Curcumin nanoparticles incorporated collagen-chitosan scaffold promotes cutaneous wound
healing through regulation of TGF-betal/Smad7 gene expression [J]. Mater Sci Eng C Mater Biol Appl, 2019, 98: 347-357.

[151]BEN C, LIU X, SHEN T, et al. A recombinant human collagen hydrogel for the treatment of partial-thickness burns: A
prospective, self-controlled clinical study [J]. Burns, 2021, 47(3): 634-642.

[152]Yun M Y, Bae E Y, Lee S W, Yim SH, Ly SY, Choi H J. Anti-Photoaging Effect of Skin Cream Manufactured with
Ziyuglycoside | Isolated From Sanguisorba Officinalis On Ultraviolet B-induced Hairless Mice[J]. Biosci Biotechnol Biochem, 2019,
83(7):1197-1204.

[153]Subedi L, Lee T H, Wahedi H M, Baek SH, Kim S Y. Resveratrol-Enriched RiceAttenuates UVB-ROS-Induced Skin Aging via
Downregulation of InflammatoryCascades[J]. Oxidative Medicine and Cellular Longevity, 2017,2017:8379539.

[154]Xiao J,Liu B,Zhuang Y.Effects of Rambutan (Nephelium Lappaceum) Peel Phenolics and Leu-Ser-Gly-Tyr-Gly-Pro On
Hairless Mice Skin Photoaging Induced by Ultraviolet Irradiation[J]. Food and Chemical Toxicology, 2019,129:30-37. [155]El-Sayed
M H,Saleh H M,El Z K,Mostafa A E.The Dermoscopic Features of Facial Aging Among Egyptians:A Comparative Study Between
Males and Females[J]. J Cosmet Dermatol,2019,18(6):1803-1813.

[156]Vierkotter A, Huls A, Yamamoto A,Stolz S,Krdamer U, Matsui M S, Morita AWang S, Li Z,Jin L,Krutmann J, Schikowski
T.Extrinsic Skin Ageing in German, Chinese and Japanese Women Manifests Differently in All Three Groups Depending On
EthnicBackground, Age and Anatomical Site[J]. Journal of Dermatological Science,2016,83(3):219-225.

[157IXBFH, SRV, PR, R0 ZmMAANRMX S EGE. BMELr i R ERRIAED]. PAEEZRERE, 2005(07):451-
452.

[158] £ 5. ERHAER I (R BE 2 1 R IR E AL B BRI DRERY JH AR FE[D]. A RHEERIR S, 2021.

[159]Yu W, Han Y, Wu X, Shang Y, Ying H, Ma G, Liu Y, Lin X. A Split-Face Randomized Controlled Trial of Treatment with
Broadband Light for Enlarged Facial Pores[J]. J Dermatolog Treat, 2021,32(7):766-770.

[160]Hong J Y, Kwon T R, Kim J H, Lee B C, Kim B J. Prospective, Preclinical Comparison of the Performance Between
Radiofrequency Microneedling and Microneedling Alone in Reversing Photoaged Skin[J]. J Cosmet Dermatol, 2020,19(5):1105-
1109.

[161]Maisel-Campbell A L, Ismail A, Reynolds K A, Poon E, Serrano L, Grushchak S,Farid C, West D P, Alam M. A Systematic
Review of the Safety and Effectiveness ofPlatelet-Rich Plasma (PRP) for Skin Aging[J]. Archives of Dermatological
Research,2020,312(5):301-315.

50 FROST & SULLIVAN 50

Wl



25 Wk

[162]SUN J, MOU C, SHI Q, et al. Controlled release of collagen-binding SDF-1alpha from the collagen scaffold promoted tendon
regeneration in a rat Achilles tendon defect model [J]. Biomaterials, 2018, 162: 22-33.

[163]JARNOLD P M, SASSO R C, JANSSEN M E, et al. i-Factor Bone Graft vs Autograft in Anterior Cervical Discectomy and
Fusion: 2-Year Follow-up of the Randomized Single-Blinded Food and Drug Administration Investigational Device Exemption
Study [J]. Neurosurgery, 2018, 83(3): 377-384.

[164]YANG L, WU H, LU L, et al. A tailored extracellular matrix (ECM) - Mimetic coating for cardiovascular stents by stepwise
assembly of hyaluronic acid and recombinant human type III collagen [J]. Biomaterials, 2021, 276: 121055.

[165]BLACKBURN N J, SOFRENOVIC T, KURAITIS D, et al. Timing underpins the benefits associated with injectable collagen
biomaterial therapy for the treatment of myocardial infarction [J]. Biomaterials, 2015, 39: 182-192.

[166]PUPKAITE J, SEDLAKOVA V, EREN CIMENCI C, et al. Delivering More of an Injectable Human Recombinant Collagen I
Hydrogel Does Not Improve Its Therapeutic Efficacy for Treating Myocardial Infarction [J]. ACS Biomater Sci Eng, 2020, 6(7):
4256-4265.

[167]GANDHI J, CHEN A, DAGUR G, et al. Genitourinary syndrome of menopause: an overview of clinical manifestations,
pathophysiology, etiology, evaluation, and management [J]. Am J Obstet Gynecol, 2016, 215(6): 704-711.

[168]YOU S, LIU S, DONG X, et al. Intravaginal Administration of Human Type II Collagen-Derived Biomaterial with High Cell-
Adhesion Activity to Treat Vaginal Atrophy in Rats [J]. ACS Biomater Sci Eng, 2020, 6(4): 1977-1988.

[169]HU LI S Y, XIA YANG, SHUAIBIN LIU, LINA HU. Injectable recombinant human collagen-derived material with high cell
adhesion activity limits adverse remodelling and improves pelvic floor function in pelvic floor dysfunction rats [J]. Materials Science
and Engineering: C, 2022, (0928-4931).

[170]hawar N, Wang J V, Saedi N. Oral Collagen Supplementation for Skin Aging: A Fad Or the Future?[J]. J Cosmet Dermatol,
2020,19(4):910-912.

51 FROST & SULLIVAN 51

Wl



L 2

52

exE Ll

ARIREBERIADA S, HEEYIH, REBHEA, EAIWEEN AAFUMEMEBR. 221 %
Rel5 M. FHERDRC, HEAEYRRATSIME, FIRK, THERVFRREEMMER, HEmmEs 0
M, EEAY” , BAMSIARE A TEMA TREERS I, W sies.

ARG AT EA L WATRRET), PRIEMRESEIRIR B STEGHIRE, W™ M BdE 2T A moxt
T IR, AR E AN E =77 RS0, AR EIRAE R ERIR T ATHE BIE, DA,
TE AP SR TS ) iR SRR AN

ARG S MR EE BB, RSB, A& (SR RVF AT S N,
POHRBUE BT, MEABAEM &, EEEFATRER S, DASOTRE2 RS i A2 4
BRI R OSSR SS . AR TR A BB BRI ME., RS M BTA R THAT R

ARG HIRME ERIRT RITR, DA, EEAYXNZEEERMERTE, eI S A Rk i
B, ASCTESERE, TR AR S MRS, AEEEA Y TR AR AR S 24 H NI, I S il
EARAEN A G HIRIKSE, DR EEAEVAEAR SIS E R ARHERATIRS. EARNY, 7
Mz, EEAEYATE G AR BN — B SRR, [, DA, [EEEYA
i E TS S R AT AR HE RIS T Bk, B B BT AR R SR e g, AU B A
IS S O I B G0 €T N X N ) N 173 e < e e U v e S e 7 R s 2 S EN P S T S 2
R EIAPNA v

FROST & SULLIVAN 52

Wl



R AT

FROST & SULLIVAN

=L [/ V4

Wit e
a4 CEO

N W :

Aries6666@163.com

AR
WD

<R EAEE

PR@frostchina.com

53



F R_DT WTSJU L levA #D E;EI;ONEHEFE@ALTHCARE




	封面
	幻灯片 1

	摘要
	幻灯片 2
	幻灯片 3
	幻灯片 4

	目录
	幻灯片 5
	幻灯片 6
	幻灯片 7

	第一章
	幻灯片 8
	幻灯片 9: 1.1 胶原蛋白的定义和功能
	幻灯片 10: 1.2 胶原蛋白的分类
	幻灯片 11: 1.2 胶原蛋白的分类
	幻灯片 12: 1.3 III 型胶原蛋白介绍
	幻灯片 13: 1.3 III 型胶原蛋白介绍
	幻灯片 14: 1.3 III 型胶原蛋白介绍
	幻灯片 15: 1.3 III 型胶原蛋白介绍

	第二章
	幻灯片 16
	幻灯片 17: 2.1 胶原蛋白的理化性质
	幻灯片 18: 2.2 III 型胶原蛋白的功能
	幻灯片 19: 2.2 III 型胶原蛋白的功能
	幻灯片 20: 2.2 III 型胶原蛋白的功能
	幻灯片 21: 2.2 III 型胶原蛋白的功能
	幻灯片 22: 2.2 III 型胶原蛋白的功能
	幻灯片 23: 2.3 III 型胶原蛋白与信号通路

	第三章
	幻灯片 24
	幻灯片 25: 3.1 重组 III 型胶原蛋白介绍
	幻灯片 26: 3.1 重组 III 型胶原蛋白介绍
	幻灯片 27: 3.2 重组胶原蛋白行业规范
	幻灯片 28: 3.3 重组 III 型胶原蛋白制备流程与关键技术
	幻灯片 29: 3.3 重组 III 型胶原蛋白制备流程与关键技术
	幻灯片 30: 3.4 重组 III 型三螺旋胶原蛋白
	幻灯片 31: 3.4 重组 III 型三螺旋胶原蛋白
	幻灯片 32: 3.4 重组 III 型三螺旋胶原蛋白
	幻灯片 33: 3.4 重组 III 型三螺旋胶原蛋白
	幻灯片 34: 3.4 重组 III 型三螺旋胶原蛋白

	第四章
	幻灯片 35
	幻灯片 36: 4.1 重组胶原蛋白产品市场分析
	幻灯片 37: 4.2 重组 III 型胶原蛋白的应用——严肃医疗领域
	幻灯片 38: 4.3 重组 III 型胶原蛋白的应用——医美领域
	幻灯片 39: 4.3 重组 III 型胶原蛋白的应用——医美领域
	幻灯片 40: 4.4 重组 III 型胶原蛋白的应用——功效护肤
	幻灯片 41: 4.4 重组 III 型胶原蛋白的应用——功效护肤
	幻灯片 42: 4.5 重组 III 型胶原蛋白的应用——其他消费领域

	附录页
	幻灯片 43
	幻灯片 44
	幻灯片 45
	幻灯片 46
	幻灯片 47
	幻灯片 48
	幻灯片 49
	幻灯片 50
	幻灯片 51
	幻灯片 52
	幻灯片 53
	幻灯片 54


