
Biomaterials Science
An international high impact journal exploring the underlying science behind the
function, interactions and design of biomaterials

rsc.li/biomaterials-science
The Royal Society of Chemistry is the world's leading chemistry community. Through our high impact journals and publications we
connect the world with the chemical sciences and invest the profits back into the chemistry community.

IN THIS ISSUE

ISSN 2047-4849 CODEN BSICCH 11(17) 5697–6002 (2023)

Cover
See Nuria Oliva et al.,
pp. 5797–5808.

Image reproduced by
permission of Nuria Oliva
from Biomater. Sci., 2023, 11,
5797.

REVIEWS

5706

Renal tissue engineering for regenerative medicine
using polymers and hydrogels

Syed Mohammad Daniel Syed Mohamed, Gavin I. Welsh
and Ipsita Roy*

5727

Microneedle-based glucose monitoring: a review
from sampling methods to wearable biosensors

Yan Wang, You Wu and Yifeng Lei*

This journal is © The Royal Society of Chemistry 2023 Biomater. Sci., 2023, 11, 5699–5705 | 5699

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

26
/2

02
5 

10
:0

6:
53

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

www.rsc.li/biomaterials-science
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3bm90070c
https://pubs.rsc.org/en/journals/journal/BM
https://pubs.rsc.org/en/journals/journal/BM?issueid=BM011017


Editorial Staff
Executive Editor 
Maria Southall

Deputy Editor 
Laura Ghandhi

Editorial Production Manager 
Cara Sutton

Assistant Editors 
Sean Browner, Molly Colgate, Paul Scott, Alison Winder

Editorial Assistant 
Basita Javeed

Publishing Assistant 
Allison Holloway

Publisher 
Sam Keltie

For queries about submitted papers, please contact  
Cara Sutton, Editorial Production Manager in the first instance. 
E-mail: biomaterialsscience@rsc.org

For pre-submission queries please contact  
Maria Southall, Executive Editor.  
E-mail: biomaterialsscience-rsc@rsc.org

Biomaterials Science (electronic: ISSN 2047-4849) is published 24 
times a year by the  
Royal Society of Chemistry, Thomas Graham House,  
Science Park, Milton Road, Cambridge, UK CB4 0WF. 

All orders, with cheques made payable to the Royal Society of 
Chemistry, should be sent to the Royal Society of Chemistry Order 
Department, Royal Society of Chemistry,  
Thomas Graham House, Science Park, Milton Road, Cambridge, 
CB4 0WF, UK 
Tel +44 (0)1223 432398; E-mail orders@rsc.org

2023 Annual (electronic) subscription price: £2450, $4518. 
Customers in Canada will be subject to a surcharge to cover GST. 
Customers in the EU subscribing to the electronic version only will 
be charged VAT. 

If you take an institutional subscription to any Royal Society of 
Chemistry journal you are entitled to free, site-wide web access 
to that journal. You can arrange access via Internet Protocol (IP) 
address at www.rsc.org/ip

Customers should make payments by cheque in sterling payable 
on a UK clearing bank or in US dollars payable  
on a US clearing bank. 

Whilst this material has been produced with all due care, the Royal 
Society of Chemistry cannot be held responsible or liable for its 
accuracy and completeness, nor for any consequences arising 
from any errors or the use of the information contained in this 
publication. The publication of advertisements does not constitute 
any endorsement by the Royal Society of Chemistry or Authors 
of any products advertised. The views and opinions advanced by 
contributors do not necessarily reflect those of the Royal Society of 
Chemistry which shall not be liable for any resulting loss or damage 
arising as a result of reliance upon this material. The Royal Society 
of Chemistry is a charity, registered in England and Wales, Number 
207890, and a company incorporated in England by Royal Charter 
(Registered No. RC000524), registered office:  
Burlington House, Piccadilly, London W1J 0BA, UK,  
Telephone: +44 (0) 207 4378 6556.

Advertisement sales:  
Tel +44 (0) 1223 432246; Fax +44 (0) 1223 426017;  
E-mail advertising@rsc.org

For marketing opportunities relating to this journal,  
contact marketing@rsc.org

Biomaterials Science
rsc.li/biomaterials-science
An international high impact journal exploring the science of biomaterials  
and their translation towards clinical use.

Editorial Board
Editor-in-chief
Jianjun Cheng, Westlake University, China

Associate Editors
Khuloud Al-Jamal, King’s College London, UK
Nasim Annabi, University of California, Los 
Angeles, USA
Lino Ferreira, UC-Biotech, Portugal

Jöns Hilborn, Uppsala University, Sweden 
Won Jong Kim, POSTECH, Korea
Shyni Varghese, Duke University, USA
Fu-Jian Xu, Beijing Univeristy of Chemical 
Technology, China
Can Zhang, China Pharmaceutical University, 
China 
Chuan Zhang, Shanghai Jiao Tong University

Editorial Board Members
Pamela Habibovic, Maastricht University, 
Netherlands
Xinyuan Zhu, Shanghai Jiao Tong University, China

Advisory Board
Lihi Adler-Abramovich, Tel Aviv University, Israel
Kazunari Akiyoshi, iCeMS, Japan
Cameron Alexander, University of Nottingham, UK
Edmondo Benetti, ETH Zürich, Switzerland
Mark Bradley, University of Edinburgh, UK
Jayanta Chatterjee, IISC, India
Arabinda Chaudhuri, CSIR-Indian Institute of 
Chemical Technology, India
Guoping Chen, National Institute for Materials 
Science (NIMS), Japan
Yiyun Cheng, East China Normal University, China
Joel Collier, Duke University, USA
Justin Cooper-White, University of Queensland, 
Australia
Honggang Cui, Johns Hopkins University, USA
Jianwu Dai, Institute of Genetics and 
Developmental Biology of CAS, China
Cole DeForest, University of Washington, USA
Andrew Dove, University of Birmingham, UK
Yizhou Dong, The Ohio State University, USA
Hongwei Duan, Nanyang Technological University 
(NTU), Singapore
Christine Dufes, University of Strathclyde, UK
Nicholas Dunne, Dublin City University, Ireland
Jennifer Elisseeff, Johns Hopkins University, USA

Elisabeth Engel Lopez, IBEC, Spain
Shaoqin Sarah Gong, University of Wisconsin-
Madison, USA
Dong Keun Han, Cha University, Korea
Ngan Huang, Stanford, USA
Chris Jewell, University of Maryland, USA
Jian Ji, Zhejiang University, China
Ali Khademhosseini, Terasaki Institute for 
Biomedical Innovation, USA
April Kloxin, University of Delaware, USA
Veena Koul, IIT Delhi, India
Christine Le Maitre, Sheffield Hallam University, UK
Haeshin Lee, KAIST, Republic of Korea
Khoon Lim, University of Sydney, Australia
Matthias Lutolf, Ecole Polytechnique Fédérale de 
Lausanne, Switzerland
Atsushi Maruyama, Tokyo Institute of Technology, 
Japan
Phillip Messersmith, University of California, 
Berkeley, USA
Aline Miller, University of Manchester, UK
Hyejung Mok, Konkuk University, Korea
Steve Oh, A*STAR, Singapore
Shaunak Pandya, Prolong Pharmaceuticals, USA
Ling Peng, Aix-Marseille University, France

Nicholas Peppas, University of Texas at Austin, USA
Catherine Picart, Grenoble INP, France
Tilo Pompe, University of Leipzig, Germany
Suzie Pun, University of Washington, USA
Shun Shen, Tongji University, China
Heungsoo Shin, Hanyang University, Korea
Molly Shoichet, University of Toronto, Canada
Xintao Shuai, Sun Yat-Sen University, China
Aasheesh Srivastava, IISER, India
Patrick Stayton, University of Washington, USA
Marcus Textor, ETH Zurich, Switzerland
Takafumi Ueno, Tokyo Institute of Technology, 
Japan
Jun Wang, South China University of Technology, 
China
Tanja Weil, Max Planck Institute for Polymer 
Research, Germany
Stephanie Willerth, University of Victoria, Canada
Zimei Wu, University of Auckland, New Zealand
Evelyn Yim, Waterloo, Canada

Information for Authors
Full details on how to submit material for publication in Biomaterials Science 
are given in the Instructions for Authors (available from http://www.rsc.org/
authors). Submissions should be made via the journal’s homepage: rsc.li/
biomaterials-science. Submissions:  
The journal welcomes submissions of manuscripts for publication as 
Full Papers, Communications, Minireviews and Reviews. Full Papers and 
Communications should describe original work of high quality and impact.

Additional details are available from the Editorial Office  
or http://www.rsc.org/authors

Authors may reproduce/republish portions of their published contribution 
without seeking permission from the Royal Society of Chemistry, provided 
that any such republication is accompanied by an acknowledgement in the 

form: (Original Citation)–Reproduced by permission of the Royal Society 
of Chemistry.

This journal is © The Royal Society of Chemistry 2023.  
Apart from fair dealing for the purposes of research or private study for 
non-commercial purposes, or criticism or review, as permitted under the 
Copyright, Designs and Patents Act 1988 and the Copyright and Related 
Rights Regulation 2003, this publication may only be reproduced, stored 
or transmitted, in any form or by any means, with the prior permission in 
writing of the Publishers or in the case of reprographic reproduction in 
accordance with the terms of licences issued by the Copyright Licensing 
Agency in the UK. US copyright law is applicable to users in the USA. 

Registered charity number: 207890

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

26
/2

02
5 

10
:0

6:
53

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3bm90070c


REVIEWS

5758

Platelet-derived extracellular vesicles for drug
delivery

Chenlu Yao and Chao Wang*

5769

Stimuli-responsive nanozymes for biomedical
applications

Mengli Zhang and Weijun Tong*

5781

Development of nanozymes for promising
alleviation of COVID-19-associated arthritis

Dan Li,* Baofeng Zhao, Pengfei Zhuang and Xifan Mei*

PAPERS

5797

A machine learning approach to predict cellular
uptake of pBAE polyplexes

Aparna Loecher, Michael Bruyns-Haylett,
Pedro J. Ballester, Salvador Borros and Nuria Oliva*

This journal is © The Royal Society of Chemistry 2023 Biomater. Sci., 2023, 11, 5699–5705 | 5701

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

26
/2

02
5 

10
:0

6:
53

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3bm90070c


PAPERS

5809

Modification of the antigenicity of cancer cells by
conjugates consisting of hyaluronic acid and
foreign antigens

Soichi Ogata, Reika Tsuji, Atsushi Moritaka, Shoya Ito
and Shinichi Mochizuki*

5819

Synergistic chemo-photo anticancer therapy by
using reversible Diels–Alder dynamic covalent
bond mediated polyprodrug amphiphiles and
immunoactivation investigation

Jinhao Yan, Wenlong Jiang, Guijie Kang, Qingjie Li,
Longxiang Tao,* Xuefu Wang* and Jun Yin*

5831

GPX4 inhibition synergistically boosts
mitochondria targeting nanoartemisinin-induced
apoptosis/ferroptosis combination cancer therapy

Hui Yu, Jia-Mi Li, Kai Deng, Wei Zhou, Kun-Heng Li,
Cai-Xia Wang, Qian Wang, Meng Wu* and
Shi-Wen Huang*

5846

Thermosensitive biomaterial gels with chemical
permeation enhancers for enhanced microneedle
delivery of naltrexone for managing opioid and
alcohol dependency

Kevin V. Tobin and Nicole K. Brogden*

5702 | Biomater. Sci., 2023, 11, 5699–5705 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

26
/2

02
5 

10
:0

6:
53

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3bm90070c


PAPERS

5859

Delivery of gold nanoparticle-conjugated M2e
influenza vaccine in mice using coated
microneedles

Lazar D. Nesovic, Carsen J. Roach, Gaurav Joshi and
Harvinder Singh Gill*

5872

Engineering a platelet-rich plasma-based
multifunctional injectable hydrogel with
photothermal, antibacterial, and antioxidant
properties for skin regeneration

Vajihe Alinezhad, Kimia Esmaeilzadeh, Hadi Bagheri,
Habib Zeighami, Ali Kalantari-Hesari, Rahim Jafari,
Pooyan Makvandi, Yi Xu, Hamidreza Mohammadi,
Mohammad-Ali Shahbazi and Aziz Maleki*

5893

Combinatorial extracellular matrix cues with
mechanical strain induce differential effects on
myogenesis in vitro

Alex H. P. Chan, Ishita Jain, Beu P. Oropeza, Tony Zhou,
Brandon Nelsen, Nicholas A. Geisse and
Ngan F. Huang*

5908

Electron beam irradiation modified carboxymethyl
chitin microsphere-based hemostatic materials
with strong blood cell adsorption for hemorrhage
control

Fan Leng, Taotao Li, Tongfei Li, Cong Xie* and
Xulin Jiang*

This journal is © The Royal Society of Chemistry 2023 Biomater. Sci., 2023, 11, 5699–5705 | 5703

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

26
/2

02
5 

10
:0

6:
53

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3bm90070c


PAPERS

5918

Metal–organic-framework-based pyroptosis
nanotuner with long blood circulation for
augmented chemotherapy

Weichu Zhu, Jian Xu, Xianxian Yao, Shuting Mai,
Dan Shu and Wuli Yang*

5931

Co-delivery of vitamin D3 and Lkb1 siRNA by
cationic lipid-assisted PEG-PLGA nanoparticles to
effectively remodel the immune system in vivo

Haochuan Liu, Yuning Zhang, He Li, Xue Gao,
Jialiang Wang, Xiuxiu Cong, Yanbao Xin, Qingsan Zhu,
Bing Chen,* Yong-Guang Yang and Tianmeng Sun*

5942

Liposomal MRI probes containing encapsulated or
amphiphilic Fe(III) coordination complexes

Md Saiful I. Chowdhury, Elizabeth A. Kras,
Steven G. Turowski, Joseph A. Spernyak and
Janet R. Morrow*

5955

Membrane interaction and selectivity of novel
alternating cationic lipid-nanodisc assembling
polymers

Michelle D. Farrelly, Jiali Zhai, Alice Y. J. Tiong,
Leonie van ‘t Hag, Heidi H. Yu, Jian Li,
Lisandra L. Martin* and San H. Thang*

5704 | Biomater. Sci., 2023, 11, 5699–5705 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

26
/2

02
5 

10
:0

6:
53

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3bm90070c


PAPERS

5970

Plasma fibrin membranes loaded with bone marrow
mesenchymal stem cells and corneal epithelial cells
promote corneal injury healing via attenuating
inflammation and fibrosis after corneal burns

Liqun Song, Xue Yang and Huifei Cui*

5984

Biomineral-binding liposomes with dual antibacterial
effects for preventing and treating dental caries

Zhongling Luo, Yan Lin, Xiaoling Zhou, Lingling Yang,
Zijun Zhang, Zerong Liu, Meiling Zhou, Jun Jiang,
Jianming Wu, Zhongbing Liu,* Pei Jing* and
Zhirong Zhong*

This journal is © The Royal Society of Chemistry 2023 Biomater. Sci., 2023, 11, 5699–5705 | 5705

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

26
/2

02
5 

10
:0

6:
53

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3bm90070c

