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◆ 「細胞外囊泡製劑之製造管制研發策略指導原則 (草案 )」影片連結：

https://youtu.be/gvv1NXMoczw

◆ 「間質幹細胞釋出之外泌體具潛力成為治療退化性關節炎之再生醫療製劑」

影片連結：

https://youtu.be/YmqtpgUzesI

◆ 「外泌體於再生醫療與精準治療之發展趨勢經驗分享」影片連結：

https://youtu.be/rr3ysFjuV34
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1

CDE
Bio CMC 

2024.03.20

DISCLAIMER

2
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3

~2023/07
2023/08

2023/09-11 ( )
2024/01

2024/02-03 ( )

2024/03/20

4

•
• ISEV: Minimal information for studies of extracellular

vesicles 2018, 2022 (draft), 2024

• PMDA (EV)
:

(EV)
(PMDA

:
)

• MFDS:
(Guideline on Quality, Non-

clinical and Clinical Assessment of Extracellular Vesicles
Therapy Products)
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(Front Cell Dev Biol. 2021 Aug 30; 9:620498.)

Extracellular vesicles (EVs) are particles that are released
from cells, are delimited by a lipid bilayer, and cannot
replicate on their own.
Three main subtypes of EVs:

5

6

EVs manufacturing process (example)

(Trends Biotechnol. 2019 Jul;37(7):707-729.)
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(J Extracell Vesicles. 2024;13:e12404.)

Some EV separation and concentration methods

7

•
•

–
–
–
–
–
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( )
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( )

10

•

•

• -

•

Chimeric Antigen Receptor, CAR T
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( )

12

•

ICH
Q5A ICH Q5D
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The size and density ranges of EVs 

(Nat Cell Biol. 2019 Jan;21(1):9-17.)

14

•
/

ICH Q5A
(in vivo) (in vitro)

/

• Limit of in vitro cell age

(cont’d)
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•

•

(mock extracellular vesicle)

/

( )

16

EVs in fetal bovine serum (FBS)

FBS-EV size distributions measured by NAT. ;
TEM images of purified FBS-EVs. Nanovesicles
are labeled with anti-CD81 gold particles.

(BMC Biotechnology (2016) 16:32)
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EVs in human platelet lysate (hPL)

(AventaCell - 2023 ISCT poster)

Nanoparticles were analyzed by NTA

18

•

:
(4661) -
(4663)
(4665)
(4667)
(5044)
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•
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( )

20

:
•

/

•

pH

•

/ /
• Centrifugation-based,

Size-based,
Immunoaffinity-based,
etc.

•

:

IPCs CPPs /
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( )

22

CQA :
> ( RNA )

profile analysis

> (functional activity)
(quantitative analysis)

Component profile analysis
( )20
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( )

24

( )

> ( )
> RNA

(semi-quantitative)
>

unprocessed bulk harvest end
of production cell
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>

-
(autophagosome)

-
(extracellular matrix)

RNA
-

>

> (semi-
quantitative)

25

(cont’d) 

26

> first in human
(in vitro) / (in vivo)

>

(
)

(cont’d)
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(Anna Kwilas, Ph.D. June 8, 2020 CMC Reviewer and Team Lead, Division of Cellular and Gene 
Therapies, Center for Biologics Evaluation and Research, Food and Drug Administration)

Potency assay development
Well designed example

28(Steven R. Bauer, Ph.D. Aug 13, 2020 Chief, Cellular and Tissue Therapies Branch, Division of 
Cellular and Gene Therapies, Center for Biologics Evaluation and Research, Food and Drug 
Administration)

Remestemcel-L (example)

• MSCs for the Treatment of Pediatric Patients Who Failed to Respond to
Steroid Treatment for Acute Graft-versus-Host Disease

• MoA of Remestemcel-L: the Applicant states that “Remestemcel-L has
immunomodulatory properties and a multimodal mechanism of action that
counteract inflammatory processes associated with steroid refractory acute
graft vs host disease (SR aGVHD)”

• Potency assay: Tumor Necrosis Factor Receptor 1 (TNFR1) expression
No clear relationship between TNFR1 levels and clinical
effectiveness.
No clear relationship between TNFR1 levels and proposed MoA.
- TNFR1 levels of remestemcel-L lots do not correlate with in

vitro immunomodulatory activity.
FDA Denies Approval of Remestemcel-L for Pediatric SR-
aGVHD requires the company to solve the CMC problem
before resubmitting the BLA.
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>
(

miRNA mRNA )

(dose-response
relationship)

(cont’d)

30

• Particle quantification • Particle diameter
• Total protein • DNA content
• RNA content • Specific proteins/ RNAs/ lipids
• EVs surface makers • Impurities (residual Albumin, etc.)
• Sterility • Mycoplasma 
• Endotoxin • Virus testing
• Potency tests (in vitro) • Potency tests (in vivo) (if any)
• Appearance • pH
• Osmolarity …

( )
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• ( )

•

• /

• ICH Q5C

•

•

32
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CDE

•
-
-

•
-

/ (binding) IND

34

THANK YOU
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(Starting materials) (cont’d)

•

– HIV type 1&2 HBV HCV NAT
– HTLV type 1&2 CMV

–

35
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Research Fellow, Department of Orthopaedics, University of Virginia, USA. 
 

/  
1.    
2.   /  
3.  - ( )

  
4.  
5.   
6.  (SBIR)    
7.   
8.  
9. ( )  
10.   
11.  
12.    
13.    
14. /  
15. /   
16.  21 FJMD    
 

: 
1. 2019  -  

  
Distinguished Professor Mei-Ling Ho, Ph.D. 

 
 /    
   

807 100  
E-mail homelin@kmu.edu.tw 

20
24
.03
.20
_創
新
生
物
藥
開
發
與
先
進
技
術
製
造
法
規
指
導
原
則
制
訂
觀
點
分
享
(1
)



2. 2018   
3. 107-109 111  
4. 110 -  
5. 2018  40  
6. 2017 2018 2020 2021  
7. 2017  /2016  /2011   
8.  2014 SCI /2013 SCI

/2011 SCI /2010  
 

: 
21 : 

1. 116  
2. 63  
3. 10  
4. -  

2021.10.08  
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MSC derived exosomes may be a potential regenerative
product for osteoarthritis treatment

1

Content

• Exosomes vs. Cell Therapy

• Definition of Exosomes

• Test for the Efficacy of MSC-exosome on
Osteoarthritis

• Difficulties may be faced for clinical application of
Exosomes to be Regenerative Products

2
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exosome: 

3

The Role of Stem Cell derived Exosomes:
Communicate with the Surrounding Cells
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Extracellular Vesicles as inter-
cellular communicasomes carrying 
proteins, lipids & genetic materials 

Y. S. Gho et al. BMB Rep, 2014
5

Sizes of Extracellular Vesicles (EVs)

Edit I. Buzás et al. Cellular and Molecular Life Sciences, 2011

Exosomes Microvesicles Apoptotic bodies

6

30-150 nm
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Definition from Science, 2020

The biology, function, and biomedical applications of exosomes;
Raghu Kalluri, Valerie S. LeBleu

•Ectosomes: pinch off the surface of the plasma membrane via 
outward budding include microvesicles, microparticles, and large 
vesicles in the size range of ~50 nm to 1 m in diameter. 

•Exosomes: size range of ~40 to 160 nm (average ~100 nm) 
with an endosomal origin.

Effect of Adipose-derived Stem Cells 
(ADSCs) released exosomes (ADSC-Exos) 
on human articular chondrocytes (HACs)

8

ADSCs HACs

ADSC-Exos
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Articular Cartilage

Cells: Chondrocytes (no mitosis)
Matrix: hyaline cartilage

• Glycosaminoglycan (GAG)
• Collagen type II
• Water: 65-80% 

of total weight

lack of  stem cells & vascularization 

@ If damage, difficult to self-repair 
@ If not repair, develop osteoarthritis eventually 

9

Osteoarthritis (OA)

Higher incidence of OA in elderly

10
A. Cui et al. / EClinicalMedicine 29-30 (2020) 100587
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Post-traumatic OA (PT-OA)

Ligamentous or capsular injury in joint:
increase >10-fold of OA risk
Articular fracture: 
increase > 20-fold of OA risk
In USA: 6 million PT-OA p’ts 
3 billion USD for treating PT-OA

Anderson et al, JOR 2011 
11

Jennifer H. Elisseeff et al. J Clin Invest., 2018

Osteoarthritis (OA)
Aging & chronic inflammation with SASP

12

SASP 
Senescence-associated secretory phenotype

Cytokines, Growth factors, Matrix proteinases
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Osteoarthritis (OA) treatment

Current treatments for OA primarily 
involve the use of anti-inflammatory 
drugs, analgesics, and lubricating 
supplements.

@ MSC therapy for OA is developing 
with clinical trials. 

13

may be from:
• Cell itself
• Cell secretome

The Efficacy of Stem Cell Therapy

Verma RS, et al, (2019) Cytokine and Growth Factor Reviews 46 
Zhang R, et al, (2019) Am J Transl Res 11(10), 6275-6289

@ Whether stem cell secretome component can 
improve chondrocyte function remains undefined

14
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miRNAs in Exosomes from MSCs have 
beneficial effects on articular chondrocytes

Paper Author/Journal
Exosomes derived from miR-140-5p-overexpressing human synovial 
mesenchymal stem cells enhance cartilage tissue regeneration and 
prevent osteoarthritis of the knee in a rat model

SC Tao, et al,
Theranostics. 2017 Jan 
1;7(1):180-195.

Exosomes derived from miR-92a-3p overexpressing human 
mesenchymal stem cells enhance chondrogenesis and suppress
cartilage degradation via targeting WNT5A

G Mao, et al,
Stem Cell Res Ther. 2018; 
9: 247

TGF- 1 promoted chondrocyte proliferation by regulating Sp1 through 
MSC exosomes derived miR-135b

H Xu, et al, 
Cell Cycle. 2018 Dec 
11;17(24):2756-2765.

miR-100-5p-abundant exosomes derived from infrapatellar fat pad 
MSCs protect articular cartilage and ameliorate gait abnormalities via 
inhibition of mTOR in osteoarthritis

J Wu, et al,
Biomaterials. 2019
Jun;206:87-100.

Exosomes from adipose-derived stem cells promote chondrogenesis
and suppress inflammation by upregulating miR-145 and miR-221

C Zhao, et al,
Mol Med Rep. 2020 Apr; 
21(4): 1881–1889.

15

Established a testing platform  & found
ADSC-Exos increase normal function of 
Human Articular Chondrocytes (HACs) 

Isolation by ultracentrifugation

Identification: ISEV suggestion

protein markers, vesicle size, quantification

ADSC-Exos up-taken by HACs

ADSC-Exos increase HACs function

16
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Single Vesicle Analysis &
Quantification of ADSCs-Exos

•Transmission Electron
Microscopy (TEM)

•Nanoparticle Tracking Analysis (NTA): 
size distribution & particle number

Ex
os

om
es

 
N

um
be

r (
10

7 )

ADSC-Exos Particle size Distribution

17

2.9 x 1010 Exos /ml 
7.5 x 103 Exos/ADSC

Diameter at  Peak :  
115.9 nm

ADSC-EVs showed marker protein compositions 
of Exosomes

At least 3 Positive of
Transmembrane

CD 9
CD 63
CD 81

ALIX

-tubulin

TSG101

ADSCs ADSC-Exos

(28~35kDa)

(22kDa)

(96kDa)

(46kDa)

(55kDa)

(23~27kDa)

Cytosolic 
protein/Lipid-
bound protein

2x1011 EVs (40 g)(20 g)

Western blot analysis

At least one negative
18
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DAY 1 DAY 5 DAY 9DAY 7

108

Exo/ml

Control

Articular chondrocyte stained Green by cell tracker 
Exosomes stained Red by CM-Dil
Cell nucleus stained Blue by DAPI, 

ADSC-Exos up-taken by Chondrocytes

19

ADSC-Exos increase functional markers and 
decrease degeneration markers

of Human Articular Chondrocytes 

• Human Articular Chondrocytes: NHAC-kn®
• HAC Function:

@ MTT: Viability (day 1, 3, 5)
@ Hyaline cartilage markers (day 12): 

Collagen II & GAG
@ Fibrous cartilage marker:

Collagen I
@ Degenerative cartilage marker:

Collagen X 20
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Study- I
What is the better culture conditions for 

ADSCs to release more effective exosomes?

Search for the culture conditions for  
ADSCs to release better ADSC-Exos

Evaluate by testing ADSC-Exos
function on normal human articular 
chondrocytes (HACs)

21

Low Oxygen Tension in Stem Cell Niches
MSCs: 2-8% O2

Articular cartilage: superficial zone around 6% O2
deep zone less than 1% O2

22
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Hypoxia-cultured MSCs have  more effective functions

23Samal JRK et al., Adv. Healthcare Mater., 2021

The culture conditions of ADSCs were altered 
in O2 and FBS concentrations

Induction of ADSC-Exos

Induction Groups Medium Serum O2

Normoxia-Exo-F2 Basal medium (DMEM) 2% deExo FBS 20%

Hypoxia-Exo-F2 Basal medium (DMEM) 2% deExo FBS 1%

Normoxia-Exo-F10 Basal medium (DMEM) 10% deExo FBS 20%

Hypoxia-Exo-F10 Basal medium (DMEM) 10% deExo FBS 1%

deExo
-FBS

24

Exosomes characterization:
• Morphology determination of Exosomes by 

Transmission electron microscopy (TEM)
• Quantification of Exosomes by NTA techniques
• Protein composition of Exosomes by WB 

analysis

O2
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Basal CtrlPositive Ctrl

10N ADSC Exo

2H ADSC Exo2N ADSC Exo

10H ADSC Exo

A

Alcian blue stain

Hypoxia & 10% dExo-FBS induced ADSC-Exos
showed optimal effects on HAC GAG formation

HAC GAG formation

0

0.2

0.4

0.6

0.8

1

1.2

1.4

**
*

###
***

### ###

###
***

###
***

Positive
Ctrl

2N 2H 10N 10H
Re

la
tiv

e
GA

G/
DN

A
co
nt
en

t
Basal
Ctrl

DMMB

B

*p<0.05, compared to positive control, #p<0.05, compared to
control

Study- II
Whether ADSC-Exos have beneficial effect on 

inflammaging articular chondrocytes?

Test Hypoxia-ADSC-Exos function on IL-1

beta induced inflammaging human articular

chondrocytes (HACs) / OA-like HACs

26
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Dose dependent test of Hypoxia-ADSC-Exos on
IL-1 beta induced human articular chondrocytes

12 days treatment

Hypoxia-ADSC-Exos
(107, 108, 109) 

Chondrogenic function

Functional markers:
Glycosaminoglycan (GAG)
Type II collagen

Degenerative markers:
Type I collagen
Type X collagen

IL1

EV

Human articular 
chondrocytes (HACs)

IL1

IL1

27

12 Days

Dose selection for Hypoxia-ADSC-Exos effect 
on GAG Formation in OA-like HACs

A. Ctrl
B. IL 1b
C. IL 1B+ EV107
D. IL 1B+ EV108
E. IL 1B+ EV109

A

B

C

D

E

Alcian blue stain

***p<0.01, compared to ctrl, 
###p<0.01, compared to IL1-b

28
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Functional

Dose selection for Hypoxia-ADSC-Exos on Functional (Collagen type II) 
and Degenerative markers (Collagen type I & X) in OA-like HACs

12 Days
Protein levels

**
**

**##
##

##
*

29

*p<0.05, compared to Ctrl, #p<0.05, compared to IL1b

*

***
** ###

***

#
***

***
***

Ctrl 0 107 108 109
0.0

0.1

0.2

0.3

        Type X collagen ELISA

ADSC-Exo/ml

IL1b

Ty
pe

 I 
co

lla
ge

n 
(n

g/
m

l)

Functional marker Degenerative  markers

HACs

Effects of Hypoxia-ADSC-Exo (1x109)/ml
on IL1b-HACs (OA-like HACs)
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Functional markers

Degenerative markers

Catabolic  Enzyme markers

Inflammatory Cytokines markers

Senescence marker 

Viability

IL1b
IL1b + 

ADSC-Exos20
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Test Effects of Hypoxia-ADSC-Exo on IL1b-HACs

31

Functional markers

Degenerative markers

Catabolic  Enzyme markers

Inflammatory Cytokines markers

Senescence marker 

Viability

IL1b
IL1b + 

ADSC-Exos

Summary-in vitro study
The culture condition of 1% O2 plus 10%FBS
induces the optimal effective ADSC-EVs on
increasing normal and decreasing degenerative
matrix formation in HACs.

The hypoxia-ADSC-EVs
-- Reduce senescent markers, catabolic enzymes,  

and inflammatory cytokines in IL-1b induced
OA-like HACs

-- Promote chondrogenic and
Decrease degenerative marker genes in OA-like HACs
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Study- III

Whether ADSC-Exos can alleviate OA progression?

Test efficacy of ADSC-EVs on OA in 
an ACLT-OA rat model

33

Anterior Cruciate 
Ligament Transection

a PT-OA model

S

Test the efficacy of Hypoxia-ADSCs-Exos in 
ACLT-OA SD rats

34

ACLT model

Treated with PBS Treated with ADSC-Exos

Hypoxia-
ADSC-Exos

Study groups

Treated with ADSCs 

ADSCs

OA groupSham Ctrl group

Treated with PBS 

OA+Exo group OA+ADSC group
n=7-8 Weekly inj. One inj.

ADSCs:106 ADSC-Exos: 7.5x109
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**

**

**

**

**

** **

**

** ** ** ** **

**

##

##

##

##

##
##

#
#

#

Hypoxia-ADSC-Exo and ADSCs improved 
weight-bearing function of knees in ACT-OA rats

*p<0.05, **p<0.01, compared to control, #p<0.05, ##p<0.01 IL1-b compared to IL1-b+ADSC-Exos

% R/R+LFunctional Test:
Weight-bearing test

36

100 X

12.5
X

Sham Ctrl OA OA+Exo OA+ADSC

GAG

*p<0.05, **p<0.01, compared to 
control, #p<0.05, ##p<0.01 IL1-b 
compared to IL1-b+ADSC-Exos

Hypoxia-ADSC-Exo alleviates OA progression 

A C

E

B
D
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•The intra-articular treatment of hypoxia-ADSC-
Exos alleviates OA progression in ACLT-OA rats
with similar effect as ADSC therapy

Improve knee weight-bearing function
Maintain articular cartilage integrity &
normal matrix (collagen type II and GAG)
Decrease matrix degradative enzymes
(MMP13 and ADAMP5)

Decrease inflammatory cytokine IL-1

37

Summary-in vivo study

Conclusion

Hypoxia-ADSC-Exos not only improve the 

normal HACs function, but also alleviates 

HACs inflammaging and OA progress.
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Int. J. Mol. Sci. 2023, 24, 13414.

IF: 5.6
Ranking: 23% Biochemistry & Molecular Biology

Which kind of MSCs or stem cells is better ?
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ADSC-Exo vs. BMSC-Exo vs. iPSC-Exo

Heatmap of miRNA expression profile   

Comparisons of miRNA among
ADSC-Exo, BMSC-Exo and iPSC-Exo
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Difficulties for be a product: TFDA Regulation

Manufacture: yield vs. specificity, stable quality, 
storage..

CMC: appropriate QC markers, batch bridging…

Pharmacology: efficacy standard, dose-effective 
control…

43

EV Separation and Concentration Methods

Minimal information for studies of extracellular vesicles (MISEV2023): 
From basic to advanced approaches, ISEV2023
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•
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Thank You for Your Attention

Acknowledgements
Grants: NSC, KMU
Members: ORC, RCC
Information: TFDA
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 ( Asia Pacific Cord Blood Bank Consortium, APCBBC )  
2012~2013 Regional Vice President of International Society for Cell & Gene Therapy 
(ISCT) 
2013~2015 ISCT advisory board 
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2023 ~  (TAEV) Steering committee 
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3

(CAGR) 30
2022 2.508 (CAGR) 30% 2032 32

4

1. Cell Commun Signal.2022 Sep 19;20(1):145
A review on exosomes application in clinical trials: perspective, questions, and challenges

116

1.
2.

58 (50%) 
33 (28.44%)
17 (14.66%)
6 (5.17%) 
2 (1.72%)
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1.06X
100Xc

8
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10

Tumor category Protein markers in exosome Change in tumorigenesis
colorectal cancer Copine III [11] up-regulation

CD147 [12] up-regulation
pancreatic ductal adenocarcinoma GPC-1 [13, 14] up-regulation

Gastric cancer HER-2/neu, EMMPRIN, MAGE-1, C-MET 
[15]

up-regulation

TRIM3 [16] down-regulation
Prostate cancer PSA [17] up-regulation

ephrinA2 [18] up-regulation
survivin [19] up-regulation

melanoma (phospho)Met [20] up-regulation
caveolin-1 [21] up-regulation

Renal cell carcinoma (RCC) MMP-9, DKP4, EMMPRIN, PODXL [22] Expression alone in the tumor 
derived exosomes

non-small-cell lung carcinoma EGFR, KRAS, claudins and RAB-family 
proteins [23]

up-regulation

CD151, CD171 and tetraspanin 8 [24] up-regulation
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Tumor category Nucleic acid markers in exosome Change in tumorigenesis
Pheochromocytoma and paraganglioma. dsDNA with RET, VHL, HIF2A, and SDHB mutations [42] mutation
Pancreatic cancer miR-1246, miR-4644, miR-3976 and miR-4306 [43] up-regulation

miR-17-5p and miR-21 [44] up-regulation
circ-IARS (RNA) [45] up-regulation

Lung cancer miR-378a, miR-379, miR-139-5p, and miR-200b-5p [46] up-regulation
let-7 g-5p, mir-24-3p, mir-223-3p [47] up-regulation
mir-7-5p, mir-424-5p [47] up-regulation (exosome in bronchoalveolar 

lavage)
Primary central nervous system lymphoma miR-21 [48] up-regulation
Glioblastoma multiforme RNU6–1 (noncoding RNA), miR-320, miR-574-3p [49] up-regulation
Endometrial cancer (EC) hsa-miR-200c-3p [50] up-regulation (exosome in urine)
Cervical squamous cell carcinoma miR-221-3p [51] up-regulation
Bladder cancer lncRNA (MALAT1, PCAT-1 and SPRY4-IT1) [52] up-regulation (exosome in urine)

lncRNA PTENP1 [53] down-regulation
Urothelial carcinoma of the bladder Circ RNA circPRMT5 [54] up-regulation
Gastric cancer circ-KIAA1244 [55] down-regulation

LncRNA HOTTIP [56] up-regulation
Colorectal carcinoma LncRNA UCA1 [57] down-regulation

miR-6803-5p [58] up-regulation
Pheochromocytomas (PCCs) and 
paragangliomas (PGLs)

RET, VHL, HIF2A, and SDHB [42] mutations

Hepatocellular Carcinoma mir-21 and mir-144 [59] up-regulation
LINC00161 [60] up-regulation
mRNA hnRNPH1 [61] up-regulation

(HCV-related) lncRNA-HEIH [62] up-regulation
Female patients lncRNA Jpx [63] up-regulation
Liver cancer tRNA-ValTAC-3, tRNA-GlyTCC-5, tRNA-ValAAC-5 and tRNA-GluCTC-5 [41] up-regulation
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Fuctional Studies
scratch assay
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(28 ) (10 )
US FDA (MHLW)

Modernization of 
Cosmetics Regulation 
Act of 2022 (MoCRA)

Regulation(EC) 
No.1223/2009

ASEAN Cosmetic 
Directive

< 10 ppm
< 1 ppm
< 3 ppm

< 2 ppm
< 0.5 ppm
< 0.1 ppm
< 0.1 ppm
< 0.5 ppm
< 10 ppm

< 20 ppm

< 2 ppm

< 10 ppm
< 1 ppm
< 2 ppm
< 10 ppm

INCI EC CosIng

Annex II/416

INCI

MSDS TDS CoA COO BSE ISO 22716 GMP ( )

24( )

CoA

TDS/SPEC
MFC 
(manufacturing flow chart)
MSDS

Ingredient list

CFS (certificate of free sale)
1. 
2. 

21
BSE (Bovine spongiform 
encephalopathy)

COO (Country of Origin) 1. 
2. ( )
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2002 ~
- Liver repair
- Neuron diseases
- Cartilage repair
- Cornea repair
- Hematological diseases

2007 ~ 2015
- scrape
- Diabetes wound
- Burns
- Postoperative 
wound

2015
Develop RE.O 
product by 
stem cell 
technology

2017 
Established 
first RE.O 
direct 
branch 
stores

2018
Launch new 
products “Stem-
Activating 
Complex/Sensitive 
Skin ”
to promote new 
concepts

2023
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INCI

CD 9 

CD 63 
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30

PCPC INCI name
(INCI name) (Mono 

ID:38293 35046)

1 2

2023/12 9
2

•
•

•

•
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exosomeBiomarker

exosome

exosome-based

(BMSCs)
miRNA AI miRNA

miRNA
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24 40 vs 17000 COVID19
200

36

8 IL-6 Cytokine Storm
IL-6 induced
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PC-SAFT COSMO-RS
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40

Functionalized osteoarthritis targeting 
peptides for MRI, lubricant and regenerative  
medicine

2022 ( )
Nature Biomedical Engineering

2021-2022 IF 25.671, 2022 Q1 SJR 5.635
Journal Ranking
SUBJECT AREA AND CATEGORY Rank

Biochemistry, Genetics and Molecular 
Biology/Biotechnology

3

Chemical Engineering/Bioengineering 5

Computer Science/Computer Science Applications 3

Engineering/Biomedical Engineering 3
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Product Source Indication Preclinical phase I phase II phase III

BU-01 Allo UCMSC

BU-01 Allo UCMSC

BU-01 Allo UCMSC

ExoTear Exosome

BU-01 Allo UCMSC

•
•

44

GGA

GGA
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