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Photothermal conversion efficiency

References

3060% Lin et al. (2017b)
AgTiRC,T, 49.9% Zhu et al. (2020)
Modified Ti,C, T, 58.3% Liu et al. (2017b)
Bi,S,/TiyC,Ty 35.43% Liet al. (2021)
AgSITILC, 27.80% W et al. (2021a)
LPFEG-Mxene 40.79% Riaz et al. (2023)
Ti,C;@PDA 423% Li et al. (2022¢)
GdW,4@ TisC, 21.9% Zong et al. (2018)
MXene@Fe;0,/Au/PDA 48.70% Liu et al. (2022)
MXene@Ag@PDA 43.80% Liu et al. (2023b)
MXene@AgAU@PDA 66.60% Liu et al. (2023b)
Nb,C 286% Han et al. (2018)
MnOy/TaCy 349% Dai et al. (2017)
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Mxene Etchi Bacterial strains Laser Application References
TisCaTx LIF/HCI | Nano-knife and oxidative stress E. coli and B. subtilis — Antibacterial film or coating  Rasool et al.
reactive (2016)
Nb,CT, and HE Nano-knife and oxidative stress E. coli and S. aureus - Bacteriostatic applications Pandey et al.
Nb,C,T, reactive (2020)
TiCaTy LiF/HCI | Nano-knife and oxidative stress E. coli and B. subtilis — Antibacterial film for sewage  Rasool et al.
reactive treatment (2017)
Ti,CTy LiF/HCI Nano-knife E. coli and S. aureus - Skin infection wound healing  Mayerberger et al.
(2018)
BiyS3/TisC,T HE PDT and PTT and oxidative E. coli and S. aureus 0.7 W/em?, | Infection wound healing Liet al. (2021)
stress reactive 10 min
MXene- LIF/HCI | Nano-knife and oxidative stress E. coli and S. aureus - Bacterial infection treatment  Zheng et al.
AuNCs reactive and ability of Ag+ and defend against the (2020)
biofilm formation
HF PTT E. coli and B. subtilis 15W/em?, | Infection wound healing  Zhu et al. (2020)
15 min
RW/Ti,C,T, | LiF/HCI Nano-knife and PTT and E. coli and S. aureus 0.15 W/en’, | Bacterial infection treatment  Liu et al. (2023a)
oxidative stress reactive 30 min
LPFEG- LiF/HCI Nano-knife and PTT E. coli and S. aureus and P. 20 W/em?, | Bacterial infection treatment  Riaz et al. (2023)
Mxene aeruginosa 5min and wound healing
Ti,C,@PDA HE PTTand the ability of HbO, and E. coli and S. aureus 1OW/em?®, | Infected diabetic wound ~ Li et al. (2022¢)
H,0, 10 min healing
MXene@ LIF/HCI | Nano-knife and magnetolytic- E. coli and S. aureus 20W/em?, | Antibacterial in chemical  Liu et al. (2022)
Fe,0,/ photothermal coupling 6 min industry and environmental
Au/PDA antibacterial treatment
MXene@ LiF/HCI PPT and the ability of Au E. coli and S. aureus 2.0 W/em?, Antibacterial in water Liu et al. (2023b)
AgAu@PDA and Ag 6 min pollution treatment
SCFPEEK- | LiF/HCI PTT E. coli and S. aureus 1.0W/em?, | Orthopedic internal fixation ~ Du et al. (2022)
PDA-Ti;C, Ty 10 min and implant materials
MX-CS LiF/HCI Nano-knife and PTT MRSA 1.6 W/em?, | Treatment of MRSA-infected  Donget al. (2023)
5min diseases
GelMA/p- LiF/HCI Nano-knife and PTT and E. coli and S. aureus 15W/ Individualized treatment of  Nie et al. (2022)
TCP/Alg oxidative stress reactive cm?,10min infected bone defects
MXene
MXene/PVA | LiF/HCI PPT E. coli and S. aureus 15W/em?, | Infected wound healing Li et al. (2022b)
10 min
MXene-PEIS HE Nano-knife and the ability of E. coli and S. aureus — Anti-bacterial and anti-  Zeng et al. (2023)
quaternary ammonium biofouling coating
MTX/Ag LiF/HCl | Nano-knife and PTT and PDT E. coli and S. aureus 20W/em?, | Mildew resistant coating  Qin et al. (2023)
and oxidative stress reactive and 30 min
ability of Ag"
Cu,0/MXene HF Nano-knife and oxidative stress S, aureus and P. aeruginosa - Bacteriostatic applications Wang et al.
reactive and surface plasmon (20200)
resonance (SPR) and the ability
of Cu**
ZnTCPP/ HF PDA and oxidative stress E. coli and S. aureus - Bacterial infection treatment  Cheng et al.
Ti3C2T, reactive and wound healing (2022)
MXene@CeO, | LiF/HCI | Nano-knife and oxidative stress | E. coli and S. aureus and MRSA — Bacterial infection treatment  Zheng et al.
reactive and wound healing (2021)
MXene/Zinc | LIE/HCI Nano-knife and PTT and E. coli and S. aureus 1.5W/em?, | Bacterial infection treatment  Hu et al. (2024)
oxidative stress reactive and 10 min and wound healing
ability of Zn**
Cip-TisC, LiF/HCI Nano-knife and PTT MRSA 10W/em?, | Resistant bacterial infection Zheng et al.
15 min treatment and wound (2022)
healing
d-TiRC,Ty HE Nano-knife Trichoderma - Antifungal application Lim et al. (2020)
AgNP/MXene | LIF/HCI | Nano-knife and ability of Ag" E. coli — Antibacterial film for sewage  Pandey et al.
treatment and water (2018)
purification
HF Nano-knife and PTT E. coli, K. pneumoniae, P. 04W/em?, | Eradicate resistant bacteria ~ Wu et al. (2021b)
aeruginosa, A. baumannii, S. typhi, 20 min and biofilms
Shigella, Burkholderia cepacia,
Enterobacter cloacae, Enterobacter
aerogenes, P. mirabilis, . aureus,
VRE, Enterococcus faccalis,
Streptococcus agalactis, B. subtilis
Ti,CT, HF Nano-knife and oxidative stress E. coli - Photocatalytic and Rajavel et al.
reactive bacteriostatic applications (2021)
LiF/HCI | Nano-knife and oxidative stress E. coli and S. aureus - Solar-Driven Water Zha et al. (2019)
reactive Purification
Ti;C/CoNWs | LIF/HCI | PDT and PTT and oxidative E. coli and S. aureus 15W/em?, | Antibacterial coatings on an  Liu et al. (2021)
stress reactive 20 min orthopedic implant
M-HAS HF Nano-knife and PDT and S. aureus 08 W, Photocatalytic and Lv etal. (2021)
oxidative stress reactive and 30 min bacteriostatic applications
ability of Ag"
CT@TiRC, HE Oxidative stress reactive E. coli and S. aureus and MRSA - Resistant bacterial infection ~ Yu et al. (2023)
and SDT treatment and promote bone
tissue regeneration
PVA/PDA/ | NaF/HCl | PPTand PDT and oxidative E. coli and S. aureus 14W/em?, | Infected wound healing Su et al. (2023)
MXene/Cu$ stress reactive and ability of Cu** 30 min
MZ-8/PLA HF PPD and PPT E. coli and MRSA 10 W/em?, | Treatment of MRSA-infected  Zhang et al.
5min diseases (2021)
MXene/ | LiF/HCI Nano-knife E. coli - Antibacterial coating for  Gong et al. (2021)

PDA/Ni*

wearable electronics
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Pri

s
Mus-HIE-1a-F1
Mus-HIF-1a-R1
Mus-Vegfa-F1
Mus-Vegfa-R1
Mus-ACTIN- FI

Mus-ACTIN- R1

Sequence
ATCAGTTGCCACTTCCCCAC
TTAACCCCATGTATTTGTTCACG
CTACTGCCGTCCGATTGAGA
TGCTGGCTTTGGTGAGGTTT
CTTTGCAGCTCCTTCGTTGC

CCTTCTGACCCATTCCCACC






OPS/images/fbioe-12-1336692/math_qu1.gif





OPS/images/fbioe-12-1336692/math_qu2.gif





OPS/images/fbioe-12-1336692/fbioe-12-1336692-g001.gif
z
£
£
T % e e e oo
aNmCnn
& rBs coxraooy O 1 e
3

ye g





OPS/images/fbioe-12-1336692/fbioe-12-1336692-g002.gif
A Average Tumor Volume: .

i

s
Gron 3 Smars CBAP

ig

Tumor yolume (mm’) @
s

ool B

e (895

verag Tumor Volames

3 [
a2 ao Das us

Group 15 PBS Group 26 30mghg CBNPS
° CBNPs e

o





OPS/images/fbioe-12-1336692/fbioe-12-1336692-g003.gif





OPS/images/fbioe-11-1289299/fbioe-11-1289299-g005.gif





OPS/images/fbioe-11-1289299/fbioe-11-1289299-g006.gif
EeAsoid






OPS/images/fbioe-11-1289299/fbioe-11-1289299-g001.gif
c

3

-
38 00320m
1 |

24mm 24mm

120m

o6 m\m -

Sauare bt 60 um

F w N
Doy
iy

Hollow
Round window membrane.

A
I

B AN






OPS/images/fbioe-11-1289299/fbioe-11-1289299-g002.gif
i | dameter | nign cncer
soecmen | | e o o
W e | B B
160 il |sm |07
o mmm‘ 37 [mss fer
smeo | e | w97 [nss  fwr

o






OPS/images/fbioe-11-1289299/fbioe-11-1289299-g003.gif
= Caver thickness 25 e
ol entoum S e
H £
e P
t T i
i. o

)

Eraerngsin ()

D 1540 1760 190 2200 2020 2680 2360

[ -

‘Raman shift cm™)





OPS/images/fbioe-11-1289299/fbioe-11-1289299-g004.gif
£
£
2






OPS/images/fbioe-12-1355019/math_3.gif
Absorption rate% = —

[©





OPS/images/fbioe-12-1355019/math_4.gif
Weight loss = =St 100%, ()





OPS/images/fbioe-12-1355019/math_5.gif





OPS/images/fbioe-11-1289299/crossmark.jpg
©

|





OPS/images/fbioe-11-1289299/math_6.gif
(6)





OPS/images/fbioe-11-1289299/math_2.gif





OPS/images/fbioe-11-1289299/math_3.gif
(3)






OPS/images/fbioe-11-1289299/math_4.gif
(4)





OPS/images/fbioe-11-1289299/math_5.gif
)






OPS/images/fbioe-11-1289299/fbioe-11-1289299-t001.jpg
Specimen Width cuboid (mm; Diameter of cylinder (mm

8R_1 5.00 3.00 3555
8R2 5.00 | 295 35.15
8R_3 5.00 3.00 3525
16R_1 10.00 585 55.00
16R_2 1005 590 54.85
16R_3 995 [ 590 55.10
32R_1 20.00 1170 95.00
32R2 | 2005 I 1175 94.90
32R_3 20.10 1175 94.90
32R60_1 2035 | 1145 84.80
32R60_2 19.85 1140 85.30
32R60_3 19.90 | 1145 85.20
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Specimen (R) Torsional shear strain rate (s™) Rotational speed (rad/s)

SR 0.001 00238
16R 00183
32R 00158

32R60 00149
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HA-pHLIP Sequence Peg linker MW2  MW2 R, Purity

construct

HA-pHLIP1 YPYDVPDYAGGGGGDNDQNPWRAYLDLLFPTDTLLLDLLW - 4602 4602 163 984
A
HA-Pegl2-pHLIP2  AK[HA-Pegl2] DDQNPWRAYLDLLFPTDTLLLDLLWA Maleimide- 5430 | 5432 | 162 998
Pegl2-NHS
2(HA-Pegl2)-pHLIP3 | AK[HA-Pegl2] QNDDQNK[HA-Peg12] Maleimide- 7871 | 7877 | 146 999
PWRAYLDLLFPTDTLLLDLLWA Pegl2-NHS
2(3xHA-Pegl2)- AK[3xHA-Peg] 2] QNDDQNK[3xHA-Peg12] Maleimide- 12435 | — | 144 9.9
pHLIP3' PWRAYLDLLFPTDTLLLDLLWA Pegl2-NHS
2(HA-Peg24)-pHLIP3  AK[HA-Peg24] QNDDQNK[HA-Peg24] Maleimide- 8926 8939 | 144 9.9
PWRAYLDLLFPTDTLLLDLLWA Peg24-NHS
HA-Pegl2-pHLIP4, vl | (Az)GGK[HA-Pegl2] GGGKPWRAYLELLEPTETLLLELLLA Maleimide- 5409 | 5406 162 92
Pegl2-NHS
HA-Pegl2-pHLIP4,v2  (Az)GGKGGGK[HA-Pegl2]PWRAYLELLEPTETLLLELLLA Maleimide- 5409 | 5408 | 164 924
Pegl2-NHS
2(HA-Pegl2)-pHLIP4 | (AzZ)GGK[HA-Pegl2] GGGK[HA-Pegl2]PWRAYLELLFPTETLLLELLLA Maleimide- 7480 | 7472 | 159 998
Pegl2-NHS
2(HA-Peg24)-pHLIP4 | (Az)GGK[HA-Peg24] GGGK[HA-Peg24]PWRAYLELLFPTETLLLELLLA Maleimide- 8537 | 8524 | 158 99.1
Peg24-NHS
2(HA-Pegl2)-pHLIPS | K(N;)[HA-Pegl2]GGGGGK(N;)[HA-Pegl2] Malemide-Pegl2- | 7902 | 7902 | 161 99.6
PWRAYLELLFPTETLLLELLLA DBCO

*The agent did not provide good signal on masspec.
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HA-pHLIP agel in state |, Il and Il, nm State Il to state Il transition

HA-pHLIP1 352, 350, 339 pK=

5, n=26

HA-Peg12-pHLIP2 [ 352, 350, 340 pK=51,n=18
HA-Pegl2-pHLIP4, v1 347, 343, 337 PK=64,n=17

» HA-Peg12-pHLIP4, v2 | 348, 343, 337 [ PK=68,n=22
2(HA-Pegl2)-pHLIP3 351, 351, 337 pK=48,n=19

2(3xHA-Peg]2)-pHLIP3

2(HA-Pegl2)-pHLIP4 347, 344, 337 PK=58,n=13
2(HA-Pegl2)-pHLIPS 347, 346, 340 PK=62,n=09
2(HA-Peg24)-pHLIP3 351, 350, 337 PK=46,n=09

2(HA-Peg24)-pHLIP4 347, 347, 336 pPK=58,n=07






OPS/images/fbioe-10-1082290/fbioe-10-1082290-g002.gif
ArGALANT-GAT luorescencs. 8

4
Ze rg
fuo L
Bl
-. :
oot ey





OPS/images/fbioe-10-1082290/fbioe-10-1082290-g003.gif
o HApHLIPL: YPYDPOVAGGCGGGONDANPWRAYLDLLFPTOTULLDLLMA

2Py, ypvovrDIGEC

3HHA YPYOUPDYAGYYOVPDVAGYPYDVPOYAGGC

e
Ak potargnus PHUPZ: Ac AKDDONPWRAYLOULFPTOTLLLOULWA

AP PHUP3: A AKGNDDGAKPWRAVLOLLFPTOTLLIDLLWA

PHUPS; - Ac (Au)GSKGGOKPWRATLELLPTETLLLELLLA

[re—— BHUPS: K(NJGGGGGH(NJPWRAVLELLFPTETUILELLLA

A pegzeiptis  where (Az) s the 5-Acido-pentanoyl and KIN_] is the azidolysine
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Variables Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Age (year) 10 7 13 12 16 12 10
Gender Female | Female Female Male Male Male " Female
Pathological diagnosis Osteosarcoma | Ewing Osteosarcoma  Osteosarcoma | Osteosarcoma ~ Osteosarcoma | Osteosarcoma
sarcoma
Predilection sites Right femur | Left femur Right femur | Right femur | Left tibia Right femur | Left tibia
Lesion length (cm) 240 76 145 w1 173 136 12
Osteotomy length (cm) 276 130 175 176 200 166 142
Distance between epiphyseal line (cm) 15 13 15 10 17 19 10
Follow-up time (months) 16 10 11 08 11 16 10
 Postoperative MSTS score 2 s ‘2 2 27 20 27
Growth in staure (cm) 5 4 e 6 7 s e
Difference in length between two lower 0 0 3 1 1 4 1
limbs (cm)
I Preoperative VAS score 5 s |7 6 7 s K
Postoperative VAS score 0 0 1 1 2 0 I






OPS/images/fbioe-11-1343956/fbioe-11-1343956-g011.gif





OPS/images/fbioe-11-1343956/fbioe-11-1343956-g012.gif





OPS/images/fbioe-11-1343956/math_1.gif
Hemolysis rate (%) = | (sample group — negative control)
e o] x 100 (1)





OPS/images/fbioe-12-1349819/crossmark.jpg
©

|





OPS/images/fbioe-11-1343956/fbioe-11-1343956-g009.gif
Fan Ap-at-in spmeneg el

gy
= Dottty
= oo s,





OPS/images/fbioe-11-1343956/fbioe-11-1343956-g010.gif





OPS/images/back-cover.jpg
Frontiers in
Bioengineering and Biotechnology

Accelerates the development of therapies,
devices, and technologies to improve our lives

Amultidisciplinary journal that accelerates the.
development of biological therapies, devices,
processes and technologies to improve our ives!
by bridging the gap between discoveries and their
applcation

Discover the latest
Research Topics ronters

Frontiersin

Frontiers

Avenue du Trbunal-Fédéral 34
1005 Lausane, Switzerland.
fontersinorg

Contactus

+41(01215101700
frontersin ro/about/contact

& frontiers | Researcn Topcs






OPS/images/fbioe-12-1355019/fbioe-12-1355019-g007.gif
3|
H
5
&

PRSP





OPS/images/fbioe-12-1355019/math_1.gif
SIS CEU cOmcenEmiin

Encapsulation eficiency ¥ coretcal drug concentration

X100%

m





OPS/images/fbioe-12-1355019/math_2.gif
@






OPS/images/fbioe-12-1355019/fbioe-12-1355019-g003.gif





OPS/images/fbioe-12-1355019/fbioe-12-1355019-g004.gif
Bwp2

cour

oon

aapon

Py svpmsy

Con  PTH SV PTHSSY

e s —

il

[P ———

PR ——

|






OPS/images/fbioe-12-1355019/fbioe-12-1355019-g005.gif





OPS/images/fbioe-12-1355019/fbioe-12-1355019-g006.gif





OPS/images/fbioe-12-1355019/crossmark.jpg
©

|





OPS/images/fbioe-12-1355019/fbioe-12-1355019-g001.gif





OPS/images/fbioe-12-1355019/fbioe-12-1355019-g002.gif
PLAGOINA

i
i
H
1
H
H

Cumulasrlease smount (4}

ot
IR Siziisere
Pratiyting Weoks.





OPS/images/fbioe-11-1326246/fbioe-11-1326246-t002.jpg
Involvement site Cases (n = 130)

Aorta
Ascending aorta 28 (21.5%)
Abdominal aorta 82 (63.1%)
Descending thoracic aorta 14 (10.8%)
Tliac artery 22 (16.9%)

Diais i il as 5 O0) Hadk s i Lavi maltals savalimanint wive:
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Pathological manifesta
Infected pseudoaneurysm
Infected true aneurysm
Ascending aortic oot abscess
Arteritis
Dissecting aneurysm

: Aortic ulcer

Interwall hematoma

‘Thrombotic occlusion of the aorta

Cases (n

69 (53.1%)
41 (315%)
8 (6.2%)

7 (5.4%)

5 (3.8%)

5 (3.8%)

2 (15%)

1(0.8%)

Pats aue prsocated 3651 () Bachiceon iy bave pwiltials satichicil manitensions:
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Cases (n=1

Age (years (range) 583 (11.0-83.0)

 Age distribution (years)

40 or younger 16 (12.4%)
41-50 14 (10.9%)
51-60 23 (17.8%)
61-70 54 (41.9%)
71-80 20 (15.5%)
Over 80 2 (1.6%)
Gender

Male 109 (84.5%)
Female 20 (15.5%)

Regional distribution

China 60 (50.4%)
Mediterranean countries 29 (24.4%)
‘The United States 11(92%)
Saudi Arabia 8 (6.7%)
Northern Europe 7 (5.9%)
Iran 4(34%)
Comorbidity
Arteriosclerosis 27 (20.8%)
Smoking history 24 (185%)
Hypertension 21 (16.2%)
Alcoholism 10 (7.7%)
Diabetes 3(23%)
Coronary atherosclerotic heart disease 1(0.8%)
Cerebral infarction 2(15%)
Hyperlipidemia 3 (2.3%)

Epidemiological history

Animal contact 50 (38.5%)
Unpasteurized milk 16 (12.3%)
Occupational exposure 50 (38.5%)

‘ Diagnostic method

Serological test 110 (84.6%)
Positive 104 (94.5%)
Negative 6 (5.5%)
Blood culture test 108 (83.1%)
Positive 64 (59.3%)
Negative 44 (40.7%)
Biopsy culture test 46 (35.4%)
Positive 33 (71.7%)
Negative 13 (28.3%)

Data ave pesseitind 550 10). Hach case may Bave: s swand dlagnoatic satody,
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Complication Cases (n = 130)

 Endocarditis 24 (18.5%)
‘ Discitis 13 (10.0%)
‘ Fistula formation 12 (9.2%)
Proas abscess 6(4.6%)
{ Splenic infarction 5 (3.8%)
Thrombosis 4(3.1%)
‘ Remaining 5 (3.8%)
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Bioactive
molecules

Characteristics

Functions

Composition of
hydrogels

Applications

References

Drugs

Statins:
Simvastatin;
Atorvastatin

Aspirin

Metformin

Growth factors

Platelet-derived
growth factor
(PDGF)

Stromal
cell-derived factor-
1 (SDE-1)

Bone
‘morphogenetic
protein

family (BMP)

Plant extracts

Berberine

Drugs used to lower blood levels
of low-density lipoprotein
cholesterol and triglycerides

Analgesic and antipyretic

Widely used to treat type It
diabetes

There are 4 PDGF genes that
together form 5 dimeric
isoforms, namely, PDGF-AA,
PDGE-BB, PDGF-CC, PDGE-
DD, and PDGE-AB

Is a small-molecule cytokine
that belongs to the chemokine
protein family

Subfamily of the TGF-p
superfamily

Berberine is an alkaloid that can
be found in many different
plants. It has been used to treat
several conditions, including
cancer, type 2 diabetes, irritable
bowel syndrome, hypertension,
hyperlipidemia, and severe
diarrhea

Inhibits periodontal
inflammation primarily
through ERK, MAPK,
PI3-Akt, and NF-xB
pathways

Activates telomerase
reverse transcriptase or
inhibits tumor necrosis
factor-a and interferon-y
pathways to enhance the
osteogenic potential of
MSCs

Promotes osteogenic
differentiation and bone
formation through AMP
kinase activation.
Regulates the production
of NF-kB

Ligand, encourages the
expression of osteogenic
genes and ALP, reduces
the number of
osteoclasts, and inhibits
osteoclast activity.

Promotes angiogenesis as
well as proliferation and
differentiation of
osteoblasts, which
facilitates bone
formation

Recruits stem cells,
promotes cell
proliferation, and
activates cellular
osteogenic capacity

Induces BMSC
differentiation into
bones, blood vessels,
ligaments, and cartilage

Anti-inflammatory and
osteogenic effects are
exerted through the
PI3K/AKT signaling
pathway

Pyrophosphorolated pluronic
F127

CS, p-Sodium
Glycerophosphate and gelatin

Oridized dextran and
phenylboronic acid-
functionalized poly (ethylene
imine)

Thermosensitive poly (D,
Lactide-co-glycolide)-poly
(ethylene glycol)-poly (D,
L-lactide-co-glycolide)
triblock copolymers

Polyethylene glycol diacrylate

Nap-Phe-Phe-Tyr-OH
(NapFFY) hydrogel

Sodium alginate, CS and -
glycerophosphate

Simvastatin loaded in a
thermosensitive hydrogel
was effective in reducing
inflammation and
preserving periodontal
bones when evaluated in a
rat periodontitis model

Promoted PDLSC
proliferation and osteogenic
differentiation and
improved in situ regrowth of
new bones in a mouse model
with cranial deficiency

Good bone mass recovery
when applied to a diabetic
rat periodontitis model

Promotes PDLSC
proliferation and osteogenic
differentiation and enhances
PDLSC-mediated alveolar
bone regeneration

Promotes the proliferation,
‘migration, and osteogenic
differentiation of PDLSCs

BMP-2 has mainly
osteogenic properties but
may cause tooth
straightening and root
resorption

Promotes alveolar bone
regeneration to a certain
extent

Chen et al. (2021)

Xu et al. (2019), Zhang
et al. (2019, 2022)

Bahrambeig et al.
(2019), Zhao et al.
(2022)

Ammar et al. (2018),
Pan et al. (2019)

Liu et al. (2021, 2022)

Chiu etal. (2013), Kato
et al. (2015), Chien

et al. (2018), Tan et al.
(2019), Zang et al.
(2019)

‘Wang et al. (2023)
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Pathways

Protein accession

number

Protein description

(7):]
ratio

p-Value

T orobei matioSetwees gooens C AC. acom + AuAe M DAFMICKE ol B (6. tcaed

ferroptosis AOAIUSCEC2 acyl-CoA synthetase long-chain family member 4 Acsld 167 099
A0A3QUCM7S heat-shock protein 90-alpha Al Hsp90aal 146 0031
TCA cycle (map00020) AOAIU7R004 fumarate-hydratase, mitochondrial Fh 083 0018
86225 isocitrate dehydrogenase (NAD) subunit alpha, 1dh3A 0.70 0036
mitochondrial
Oxidative phosphorylation AOAIU7Q3RS cytochrome b-cl complex subunit Rieske, LOC101839974 082 0027
(map00190) mitochondrial
AOAIU7QK94 cytochrome c oxidase subunit 5A, mitochondrial | LOCI01843749 0.69 0029
ADA3QOCXF4 NADH dehydrogenase (ubiquinone) flavoprotein 2, Ndufv2 076 0013
mitochondrial
Hippo signaling pathway AOATU7R6Z8 14-3-3 protein eta Ywhah 077 0028
(map04390)
AOATUSBRN3 glycogen synthase kinase-3 beta Gsk3b 121 0012
AOAIUSCE17 catenin beta-1 Ctanbl 144 0015
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Material

Stem cell therapy

Urine-derived Stem Cells, (Kibschull et al,, 2023)

Adipose-derived Stem Cells, (Knoll et al., 2024)

Bone Marrow-Derived Stem Cells, (Sadeghi et al.,
2020; Jin et al., 2016a)

Dental Pulp-Derived Stem Cells, (Zordani et al,,
2019)

Stem Cell Delivery System, (Wang et al., 2020a)

Extracellular Components

Advantages

Potential for regenerative applications, showcase muscle-
specific protein expression

Potential for significant recovery of urethral sphincter
function, promotes leukocyte infiltration

Alters tissue response to acute injury, improves tissue
function

Effective integration and restoration of urethral sphincter
thickness, promotes blood vessel formation

Improved cell retention, enhanced treatment efficacy

Disadvantages

Technical complexity, variability in patient response

Variability in efficacy, potential for immune response

Requires directed differentiation and sustained release

Potential for immune response, requires precise delivery

methods

Technical complexity, potential for variability in patient
response

Extracellular Matrix Fragments, (Wang et al., 2020b)

Exosomes, (Liu et al,, 2018) (Rolland et al, 2022)
(Zhou et al,, 2021)

Promotes smooth muscle tissue formation, minimally
invasive

Promotes proliferation and differentiation of skeletal
muscle cells, enhances myoblast proliferation

Potential integration issues, variability in patient response

Short hal.lfe, requires continuous release systems

Other Materials

Platelet-rich Plasma, (Lee et al, 2022)
Mesoangioblasts, (Mori da Cunha et al., 2023)
Stromal Vascular Fraction, (Boissier et al., 2016)
(Inoue et al., 2018)

Autologous Muscle Tissue, (Gris et al., 2014)
MicroRNA-29a-3p Inhibition, (Jin et al,, 2016b)
Autologous Skeletal Muscle Precursor Cells,

(Williams et al., 2017; Williams et al., 2016b)

Beta-Chitin Injectable Hydrogel, (Yang et al., 2023)

Rich in growth factors, promotes tissue repair and
rejuvenation

Improves recovery of urethral and vaginal function,
promotes nerve regeneration

Aids anatomical and functional recovery of the urethra
Safe, straightforward surgical method, effective for
uncomplicated SUI

Enhances outcomes of urodynamic tests, promotes
collagen and elastin production

Effective in treating urinary incontinence, promotes
‘muscle regeneration

Provides urethral support, promotes stem cell homing
and differentiation

Variability in efficacy, potential for immune response

Technical complexity, potential for variability in patient
response

Potential for immune response, requires precise delivery
methods

Limited to straightforward cases, potential for variability in
patient response

Requires co-injection with other agents, technical
complexity

Reduced effectiveness in older monkeys, those with higher
body weights, and under psychosocial stress

Technical complexity, potential for variability in patient
response
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Re

Kuhn et al. (2008)

Lightner et al. (2010), Dyer

etal. (2007)

Sundaram et al. (1997)

Mayer et al. (2007)
Chrouser et al. (2004)

Kaufman et al. (1984)

Serati et al. (2019)

Vardar et al. (2019)

Lai et al. (2017)

Sokol et al. (2014)

Year

2007

2007

2010

1997

2007

2004

1984

2023

2019

2017

2014

Object

Human

Human

Human

Human

Human

Human

Human

Rabbit

Rabbit

Human

material

Ethylene Vinyl Alcohol (Tegress™)

Dextranomer/hyaluronic acid copolymer
(Deflux™, Zuidex™)

Glutaraldehyde Rross-Linked collagen
(Contigen™)

Calcium Hydroxylapatite (Coaptite™)
Carbon Coated Beads (Durasphere™)

Polytetrafluoroethylene (Teflon™)
Polydimethylsiloxane (Urolastic™)

Cross-Linked Polydimethylsiloxane
(Macroplastique™)

Pig collagen Protein (Permacol™)
Biomimetic Synthetic materials (Regensling™)

Polyacrylamide Hydrogel (Bulkamid”,
Aquamid™)

Key point

Permanent filling material, good biocompatibility, not prone to
allergies

Poor long-term effect

Poor long-term effect

No adverse reaction
Poor long-term effect

Highly inert materials with excellent chemical resistance, heat
resistance, and low friction coefficient

Safe, effective, and minor complications

Bulk stability and capacity to induce muscle regeneration
Good compliance, milder inflammatory response, stable strength

Beneficial, Long-lasting
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Comparison
aspect

Conservative management

Surgical management

Treatment Methods

Acupuncture and Moxibustion, Pelvic Floor Muscle Training (PEMT),
Yoga, Lifestyle Modifications, Medications (anti-muscarinics, f-
adrenergic agonists, duloxetine, estrogen)

Midurethral sling, Urethral Injection, Uratape, Colposuspension,
Autologous Fascial Sling, Laparoscopic Vaginal Suspension

Effectiveness

Invasiveness

Risks and Complications

Recovery Time

Suitability

Long-term Outcomes

Cost

Evidence Level

Can improve symptoms but may not fully resolve SUI

Non-invasive or minimally invasive

Low risk, mainly related to side effects of medications. Research
methodology improvements needed (randomization, blinding, treatment

interpretation)

No significant recovery time needed

Suitable for mild to moderate SUI or as first-line treatment

May require ongoing management and follow-up. PEMT long-term
benefits with short-term follow-up

Generally lower cost

Mixed evidence, with some treatments needing further research
validation (eg. acupuncture). High-level evidence for PEMT

Generally higher success rates, especially for severe cases
Invasive, involves surgery

Risks of surgical complications (e.g., bladder, intestinal, vascular
injuries)

Requires recovery period; minimally invasive options have shorter

recovery times

Suitable for moderate to severe SUI or when conservative treatments
fail

Long-term improvement with many procedures showing high cure
rates

Higher cost due to surgical procedures

Extensive research supports effectiveness, particularly for MUS
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Induced

Spontaneous

pe Model

Vaginal distension, (Lin et al,, 1998; Phull et al., 2011; Woo et al.,
2009)

Bilateral Ovariectomy, (Kadekawa et al., 2020; Yoshida et al,
2007; Kitta et al, 2016)

Nerve injury, (Damaser et al., 2003; Khorramirouz et al,, 2016;
Furuta et al., 2008; Pinar et al., 2022; Lee et al,, 2004; Lee et al,
2003; Cruz et al,, 2016)

Tissue destruction, (Hong et al., 2013; Kefer et al, 2009)

ZF Rats, (Wang et al., 2017; Lee et al,, 2017)

Gli2; Gli3* " Mice, (Yadav et al., 2023)

ERB™~ Mice, (Hamilton et al., 2017; Chen et al., 2014)

Aged Rats, (Yanai-Inamura et al,, 2019)

Advantage

Simple operation, high
survival rate

Simple operation, high
survival rate

Strong specificity, high
stability

Long-term approach, high
stability

High stability, no need for
post-molding

High stability, no need for
post-molding

High stability, no need for
post-molding

High stability, no need for
post-molding

Shortage

Poor durability

Infection risk, poor stability

Infection risk, operating
difficulty, severe trauma.

Infection risk, severe trauma,
high animal mortality

High cost

High cost

High cost

Poor stability

Application
General SUI studies
Estrogen deficiency, aging
studies

Nerve injury-induced SUT
studies

Surgical efficacy, muscle
nerve regeneration
Transgenic research
Transgenic research

Estrogen receptor B studies

Aging studies
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ADSC ECM Extracellular Matrix Fragments of Adipose Stem Cell Sheets

BMSCS Bone Marrow Mesenchymal Stem Cells
DPSC Dental Pulp Stem Cells

EFS Electric Field Stimulation

ERA Strogen Receptor Alpha

ERB Estrogen Receptor Beta

ES Electrical Stimulation

EUS External Urethral Sphincter

EVA Ethylene Vinyl Alcohol

GAX Glutaraldehyde Cross-Linked

GF Growth Factor

IPSCS Induced Pluripotent Stem Cells
LCE Iquid Crystal Elastomers

LPP Leak Point Pressure

M2-EXO M2 Macrophage-Derived Exosomes
MABS Mesoangioblasts

MUCP Maximum Urethral Closure Pressure
MUS Midurethral Sling

NDO Neurogenic Detrusor Overactivity
OVX Ovariectomy

PD Parkinson’s Disease

PFD Pelvic Floor Dysfunction

PEMT Pelvic Floor Muscle Training
PLGA Polylactic-Glycolic Acid

PNC Pudendal Nerve Crush

Pelvic Nerve Injury

PNL Pudendal Nerve Ligation

PNT Pudendal Nerve Transection

PRP Platelet-Rich Plasma

PTFE Polytetrafluoroethylene

sCI Spinal Cord Injury

skMPC Skeletal Muscle Precursor Cells
SPIO Superparamagnetic Iron Oxide

SUI Stress Urinary Incontinence

SVD Simulated Vaginal Delivery

SVF Stromal Vascular Fraction

TERMS Tissue-Engineered Repair Materials
UBAs Urethral Bulking Agents
USCS-EXO Urine-Derived Stem Cells Exosomes
VD Vaginal Distension

VEGF Vascular Endothelial Growth Factor

ZF Zucker Fatty
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Substrate Coating Principle Major Limitations Representative Application of

type technology advantages materials universal
strategies
Carbon-based Hydrogel or Coatinga thin filmon | Improves blood Increases production | Albumin collodion, PAA | Lecithin coating to
Polymer Coating | activated carbon compatibility, reduces | cost, requires uniform | hydrogel, PVA enhance
particles carbon particle and stable coating biocompatibility and
shedding functionality
Carbon-based Microcapsule Coating a layer with | Improves shedding | Complex process, Albumin collodion, PMC,  Suitable for porous
Technology strength and and poor blood requires suitable PAA hydrogel ‘materials, controlled
permeability on compatibility of capsule material for release, and targeted
activated carbon carbon particles biocompatibility and delivery
permeability
Carbon-based Mixing Activated | Mixing activated Combines Requires uniform PVA, PAA, PEG Combines advantages
Carbon with carbon powder with  advantages, improves | distribution, precise of different materials,
Polymers other hydrophilic overall performance | control of mixing enhances adsorption
polymers ratio performance
Carbon-based Surface Introducing Provides more Requires precise PEG, silica gel, functional | Combines
Modification or functional groups or | functions and specific | control of component | groups characteristics of
Composite bioactive ligands on | adsorption capacity | ratios and reaction different materials,
Adsorbents activated carbon conditions enhances

functionality and
specific adsorption

Silicon-based Nano-particle Surface modification | High specific surface | Needs further $i0, nanoparticles Tannic acid
Modification of nano-scale area and pore volume, | improvement in derivatives with
$i02 particles good mechanical biocompatibility amino groups to
stability enhance
biocompatibility
Resin-based Human Serum Coating human Improves blood High cost, limited | Polystyrene resin (H103) | Surface modification
Albumin Coating | serum albumin on | compatibility, reduces  albumin source with high molecular
resin surface platelet loss. weight surfactants for
uniform particle
deposition
Resin-based Zwitterionic Encapsulating resin | Excellent Complex coating HI03 resin microparticles | Dopamine-mediated
Polymer Hydrogel | particles in anti- biocompatibility and | preparation process | encapsulated in PCB awitterionic
Coating biofouling anti-fouling ability hydrogel polyelectrolyte
2vitterionic hydrogel coating to reduce
fibrosis and residual
hearing loss
Polymer-based | Molecular Electrospinning High selectivity Limited clinical Bilirubin imprinted Designing high
Imprinting combined with adsorption, good applications, polydopamine/ selectivity adsorbents
Technology molecular imprinting | blood compatibility | relatively few studies | polyethersulfone composite | for specific toxins
to prepare specific ‘materials

recognition sites

Mixed Matrix Embedding Achieving adsorption | Combines Research is still in the | Not specified Exploring integrated
Membranes Adsorbent Particles | by embedding “adsorption” and exploration stage “adsorption” and
in Membranes adsorbent particles | “diffusion”, “diffusion” processes

promising potential

Novel Composite | Inorganic-Organic | Combining inorganic | High adsorption Technology relatively | Collagen (Col) and Col-PEI | Combining
Adsorbents Composites and organic materials | performance and immature, needs microspheres advantages of
for combined excellent blood further research different materials,
advantages compatibility enhances overall
performance
Polysaccharide Chemically Improving adsorption | Excellent Complex Heparin-mimetic Lecithin coating to
Adsorbents Modified selectivity and biocompatibility and | maodification process, | crosslinked beads based on | enhance stability and
Polysaccharide biocompatibility adsorption requires optimization | carboxymethyl chitosan, | functionality
Materials through chemical performance of modification heparin-mimetic gel beads
modification conditions based on carrageenan

PAA, polyacrylic acid; PVA, polyvinyl alcohol; PMC, poly methyl cellulose; PEG, polyethylene glycol.





