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Reliable Harvest of Injectable Human Mesenchymal Stem
Cell Sheets by Modulating Cell-Substrate Adhesion Strength

Jemin Yeun, Seonghyeon Park, Younseong Song, Sung Hyun Yoon, Sang Yu Sun,
Booseok Jeong, Minkyung Kim, Kyoung G. Lee,* Sung Gap Im,* and Jieung Baek*

Cell sheet engineering has emerged as a promising scaffold-free strategy In
cell-based therapeutics, preserving essential cell-cell and cell-extraceflular
matrix (ECM)] Interactions. To enable minimally invasive delivery, a key
challenge relles on making the cefl sheets compatibie with injection-based
administration without subjecting sensitive cells to physlcal or thermal
stresses. This study addresses a reliable method for controlling cell sheet
mmum;dmuﬂﬁmmmm
ﬂqﬂhmmmmmsmmntfl
copolymer, poly (ethylene glycol dimethacrylate-co-hydroxyethyl methacrylate)
Is delicately controlled via Initiated chemical vapor deposition to ensure Intact
cell adhesion and rapid cell detachment under lsothermal condition. The
optimized surface further allows hydrophobic microcentact printing for
creating micron-sized sheets. Human mesenchymal stem cell shests
harvested with this method show preserved ECM without compromising cell
viablllty after both detachment and Injection. Moreover, the Injected cell
sheats substantlally enhance the anglogenic potential of human umbilical
veln endothelial cells, demonstrating the sustained therapeutic activity of the
call sheat after injection. It is belleved that this approach has great potantial to
broadan the scope of cell sheet engineering, serving as a robust platform for
regenerative medicine.

types. such as bones!” skin'" and pe-
rodental tissues.!! Various kinds of cell
sheel harvest methods have been reported.
incloding the use of thermo-responsive
surfaces, ¥ and recent srudied continued
research on fibrin-coating,' oil-infusion,”
and ion-deficdency detachment!*! pH-
responsive polymers,* infrared-responsive
polymers|"™ and magnetic nancparticle-
based cell sheet fabrication methods/™
These methods have demonstrated their
capability o form cell sheets while presery-
ing essential extracellular mamx [ECM)
proteins  and interceflular connections.
In particular, thermo-responsive polymer
surfaces, primarily constituting of poly{N-
izopropylacrylmide) (pNIPAm), stand as
one of the most broadly explored systems
in the field of cell sheet engineering['*!
The unique emperatre-dependent phase
transition behavior of pNIPAmM surfaces
in an aqueous environment induces the
detachment of cell sheet monolayers when
the surface = exposed o temperatures
below 20 "C!™ Furthermore, we have
recently demonstrated an isothermal cell
sheet detachment by precisely adjusting

1. Introduction

Cell sheet engineering is & scaffold-free method that allows the
direct transplantation of cell sheets into impaired tssues with-
out the need for additional structural support materials,"! aim-
ing to restore damaged or defective tissues and organs. This
cutting-edge approach i= applicable to a broad specorum of tssue

the surface energy of the substrates for cell culture.['=4] This ap-
proach induces spontanecus cell detachment simply by deplet-
ing multivalent jons in the culture medium. without requiring a
change in temperature, which could be harmful 1o sensitive cells.

While this significant progress has been made in developing
efficient cell sheet detachment methods, practical challenges re-
main in ransferring these sheets o @rget issues in a minimally
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Long-Lasting, Transparent Antibacterial Shield: A Durable,
Broad-Spectrum Anti-Bacterial, Non-Cytotoxic, Transparent
Nanocoating for Extended Wear Contact Lenses

Nahyun Park, Chae-Eun Moon, Younseong Song, Sang Yu Sun, Ji-Min Kwon,
Sunghyun Yoon, Seonghyeon Park| Booseok jeong, Jemin Yeun, Joseph Michael Hardie,
Jun-ki Lee, Kyoung G. Lee,* Yong Woo Ji,* and Sung Gap Im*

The Increasing incldence of serlous bacterial keratitis, a sight-threatening
condition often exacerbated by inadequate contact lens (CLs) care, highlights
the need for Innovative protective tachnology. This study introduces a

long lasting antibactertal, non-cytotoxic, ransparent nanocoating for Clsvla a
solvent-free polymer deposition method, alming to prevent bacterfal keratitis.
The nanocoating comprises stacked polymer films, with poly{dimethylamin-
omethyl styrene-co-ethylena giycol dimethacrylate) (pDE) as a blocompatible,
antibacterial layer atop paly{2,4,6,8-tetramethyl-2,4,6,8- tetravinylcyclotetras-
Tloxane) (pV4D4) as an adhesion-promoting layer. The pD&ET-grafted

(g} pV4D4 film shows non-cytotoxicity toward two human cell lines and
antibacterlal activity of > 99% agalnst four bacteria, including methicillin-res-
Istant Staphylococous aureus [MRSA), an antiblotcresistant bacteria and
Mﬂmnn:my_mm, which causes ocular diseases. Additionally, the film
MRSA for 9 weeks in phosphate-buffered saline. To the best knowledgs, this
duration represents the longest reported long-term stabllity with less than 5%
decay of antibactarial performance among contact-kllling antibacterial
coatings. The film exhibits exceptional mechanical durabllity, retaining s
antibacterial activity even after 15 washing cycies. The pD6E1-g-pV4D4-coated
CL maintains full optical transmittance compared to that of pristine CL. tls
- epected that the unprecedentadly prolonged antibacterial performance of the
coating will significantly alleviate the risk of infection for long-term CL users,

1. Introductlon

Contact lenses {CLs) that undergo continu-
ous use inevitably accrue mechanical dam-
age on their surdaces, which may act as a
favorahle emvironment for bacteral kerati-
tiz (BK). This phenomencn pozes a signif-
icant public ocular health issue. acoount-
ing for approecimately up 1o 2 million @Eses
of visual impairment annuallyi!! In severe
cases, BK results in vision impairment and
even total blindness. necessitating the use
of antihiolics s 2 counteracting agent !
However, due 1o the need for multiple pe-
rindic doses, the antibiotic treatment en-
tails potential risks inchuding cytotmecity,
tissue damage, and promotion of antibiotic-
resistant bacterial stains™ To dae. BK
is primarly attributed to various hacte-
na incuding P. seruginosal*l 5. aurmsf3]
and methicillin-resistant Staphyococous au-
rews {MRSA). "l Therefore, it is imperative
to develop a long-lasting antibacterial sur-
face coating method with chemical simbiline
and mechanical durahbility to prevent BRI

The rise of renzable Cls. with extended
periods ranging from 2 weeks o 2 years,
presents an incressed risk of bacterial
infection due to improper maintenance,
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Seonghyeon M‘-‘ﬂ Ohrman Kwon %% Hana Les 32" Younghak Cho',
Jemin Yeun', Sung Hyun Yoon', SBang Yu Sun’, Yubin Huh™® Won Dong Yu™,
Sohee Park™, Nasun Son™, Sojeong leon™, Sugi Lee®, Dae-Soo Kim®32*?,
Sun Young Lee B%, lin Gysong Son®, Kyung Jin Lee®, Yong Il Kim 3®,

Jin Hong Lim”, Jongman Yoo®2?, Tae Geol Lee®, Mi-Young Son @32 g

The need for basement membrane extract (BME) with undefined constituents,
such as Matrigel, for intestinal stem cell (I5C) culture in traditional systems
poses a significant barrier that must be overcome for the development of
clinical-grade, scalable, ready-to-use [SCs. Here, we propose a functional
palvmer-based xenogeneic-free dish for the cultore of intestinal stem cells (XF-
DISC), ensuring substantially prolonged maintenance of 1SCs derived from
3-dimensional human intestinal organoids (1SCs™™). XF-DISC enables
remarkable expandability, exhibiting a 24-fold increase in cell numbers within
30 days, with long-term maintenance of 1ISCs*™™ for more than 30 consecutive
passages (=210 days). In addition, XF-DISC is fully compatible with a cell
banking system. Notably, human pluripotent stem cell-derived ISCs™™ cul-
tured on XF-DISC are successfully transplanted into intestinal injury and
inflammation mouse models, leading to engraftment and regeneration of

damaged mouse intestinal epithelium. As a reliable and scalable xenogeneic-
free ISC™™ culture method, XF-DISC is highly promising for the development
of regenerative ISC therapy for human intestinal diseases.

Inflammatory bowel disease (IBD) affects many individuals, causing
significant pain and sufferdng because of the lack of a complete oure
According toa 2006 Centers for Disease Control and Prevention ( CDC)H
report, L3 of LLS. aduls were diagnosed with IBD in 2005, high

fighting its prevalence and impact on quafity of life and bhealth care
oosts, Addidonally, the World Health Organization (WHD) reported a
death rate of greater than 75 per 100,000 due to |[BD, with older adults,
espedally women, being more affected. Current treatments, such as
and TNF-a drugs, offer symptomatic relief but do not address the

undedying caises, whereas MSChasod cell therapy provides indirect
benefits. Therefore, developing innovative cell therapies s orucial for
dffective megeneration and advandng treatments for gastrointestnal
diseases' .

Intestinal stern cells (I5Cs) are sdf organizing stem oois capable
of Forming organoids that resemble their native ogan™'", BECs have
garnerad considerable interest in the last decade as promising sources
For stem cell therapy in regenerative trans plantation to treat intestinal
disemses™ ", Recenty, human intestinal onganoid (hl0) culure has

A full U of sffibstions sppears a1 the end o e paper.

&-mail: mysonEkibbre iy sgimaesiE ek
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Long-Term Culture of Human Pluripotent Stem Cells in
Xeno-Free Condition Using Functional Polymer Films

Younghak Cho, Hana Lee, Wonji Jeong, Kwang Bo Jung, Sun Young Lee, Seonghyeon Parkl
Jemin Yeun, Ohman Kwon, Jin Gyeong Son, Tae Geol Lee, Mi-Young Son,*
and Sung Gap Im*

1. Introduction
Human pluripotent stem cells (hPSCs), encompassing human embryonic

stem cells (hESCs) and human Induced pluripotent stem cells [hIPSCs), hold Stem cells, wellrecognized for their re-
immense potential In regenarative medicine, offering new opportunities for miscatle regenerstive poeatial, hold: the

: : S
personalized cell theraples. However, thelr clinical translation Is hindered by b 55 TV Fsobe = BHoctone oo

the inevitable rellance on xenogenelc components In culture environments. for self-renewal and plaripotency!!l While
This study addresses this challenge by engineering a fully synthetic, xeno-frea mesenchymal stem cells have historically
culture substrate, whose surface composition Is tallored systematically for been foundational in stem cell therapies, !

xeno-free culture of hPSCs. A functional polymer surface, pGC2 (poly{glycidyl ~ their limited differentiation potential and -

nite proliferation render them inadequate
methacrylate-grafting-guanidine-co-carboxylic acrylate)), offers sxcellent fax prssnralied ol iesspion winsis.

cell-adhasive properties as well as non-cytotoxdcity, enabling robust hESCs verse tissues®] Comsequently, there has
and hiPSCs growth while presenting cost-competitiveness and scalability over been extensive exploratiom imto human
Matrigel. This Investigation Includes comprehensive evaluations of pGC2 pluripotent stem. cells (hF3Cs), including
across diverse experimental conditions, demonstrating its wide adaptability human embryonic stem cells (hESCs) and
with various pluripotent stem cell lines, culture media, and substrates. gﬁ;’:ﬂl&d T_Eﬁ':“;:::ﬂlh ﬁ'
Crucially, pGC2 supports long-term hESCs and hiP5Cs expansion, up to ten apy ’1 of the kable capability
passages without compromising thelr stemness and pluripotency. Notably, for selfranewal and differentiation into di-
this study Is the first to confirm an identical proteomic profile after ten verge cell types[®4 The cultivation of hP-
passages of xeno-free cultivation of hiPSCs on a polymeric substrate SCs forms the cornerstone of regenerative
compared to Matrigel. The Innovative substrate bridges the mestictns, nifering umprenedeniid prodpet
i gap betwean

for both biomedical research and clinical
laboratory research and clinical translation, offering a new promising avenue apilicaitona 151 ieky a8 aekii

for advancing stem cell-based theraples. dmg discovery, and cell- based therapies [+4]
However, one of the primary concemns
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Hvdrophobic surface induced pro-metastatic cancer cells for in vitro
extravasation models

Minseok Lee ™' Seunggyu Kim ™', Sun Young Lee®, Jin Gyeong Son®, Joonha Park ”,
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ARTICLE INFO ABSTRACT

In wirrn vascularized cancer models wtilizring microfluidios kave emerged as a promising ool for mechanism smdy

luiriatet sheaniead vagun depisitun and drug wreening. Fiowever, the lack of consideration and prepamtion methods for cancer oxtiilar sonroes that

ey sptaid are capable of adeguately replicating the metastatic features of circulating tamor cells comtributed 1o low rele-
Organ chig o wancy with in vivo experimenial resulte Here, we show that the properties of cancer cellular soirces hinve 2

considerable mpact o the valldity of the @ vito metastasis model. Natably, with a hydrophobic surface, we can
create highly metastatic spheraids equipped with aggresive invasion, endotheliom adhesion capabilities, and
activated metabalic featnres. Coanbining these metastatic spheroids with the well-constracted microfhdic-ased
extravasation model, we validate that thess metastutic spherodds exhibited a distinel sxtravagation respanse to
epidermal growth oor (EGF) and nommal haman ang fibroblasts compared 1o the 20 coloered cancer cells,
which is consistent with the previowsly reported resules of in wio experiments. Purthermore, the applicahility of
the developed model as a therapesitic sereening platform for cancer extravasation is validated throngh profiling
and inhibiiom of cytokines. We believe this model incomporating bydrophobic surface-oilinred 30 cancer cells
privides reliabde experimental data in a clear and concise mamner, bridging the gap betwern the conventional in
vitro muniels and én v experiments,

T e e medel

1. Introduetion barrier inzo the bloodstream, teomed a2 inravasation, circulation incide

of bloodsream, breaking and croszing the endothelial barrier into the

Metaztagiz, the spread of cancer cells from primary zite to another
organ, iz estimated to be a leading canae of cancer-related death due toa
poor patient progmoaiz [1,2]. Hence, one of the moce effective methods
to raipe the cure rate of cancer patisnts iz early diagnosiz and prevention
of metastapiz. The metastatic cascade referm to the complex multiztep
proceas; separation of aggremive cancer cells from the primary umor by
loging their cell-cell junctions, invasion to swomal and endothelial

Peer review under respomability of KeAl Commumications Co., Led.

metantatic gites, termed as extravasation, and finally, messtatic colo-
nication for  the formation aof oEw tumiars [3,41.
Bpithelial-to-mesenchymal wansition (EMT) iz clocely associated to the
intringic characterizstics of cancer cells during metastazis progremion
[5]. Cancer cells undergo EMT, loge the spithelial characteristics and
acquire megenchymal and invasive properties to shed from the primary
tomor and meravasate into the peripheral blood circulating ayztem a2

* Corresponding author. Department of Mechanical Engineering, Korea Advancsd Institute of Scence and Technology, Dachakro 261, Yoseong-gu, Daejeon,

34141, Repablic of Kore.
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Anti-viral, anti-bacterial, but non-cytotoxic nanocoating for reusable face
mask with efficient filtration, breathability, and robustness in
humid environment

Ynunmungﬂm‘:g"‘ Yong-ki Lee™', Yujin Lee ™', Won-Tae Hwang®, Jivoung Lee®,
qu_:ghyem ", Nahyun Park ®, Hyunsub Snﬂg Hogi Kim*, Kyoung G. Lee”,
1l-Doo Kim ™*", Yoosik Kim™" , Sung Gap Im>*

* Deparmunr of Chermical and Biomoleculor Exgineering, Korea Advrsced fsdnee of Scence and Technolegy (IAIFT), 297 Dochaloro, Viseosg g Dageon 34741,
mﬂ;uwmwmm 297 Dashakro, Yeseonggu, Datfion 34141, Repebiic of Ko
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ARTICLE INFOD ABSTRACT

Ftyworids W fabricated a multi-nse fce mask with ant-bacterial and antiodml, bal nen-cytotoxde properties by adding a
L i functiomal nanocoating on an elecirospim anofiber filter. The nanocoating consists of & copolymer gmthesteed
ufisrrm, vhe from dimethymminomeshyl styrene (DMAMS) manocmer containing anti-microbial tertiary amine molety, and o
o o biocompatible crosdinker, etylene ghyeol dimetiacylne [EGDMAL nitiaed chemical vapor depasition
Initiated chenes! vapoe depositing process s nﬂl]:u.-d- to deposit Ib_e nanocoating in order to impart desired fmctionalities rm'l.fu'm.ll.'ly' onto the
P nak manafiber filler withomt deforming its highly porons structure, The synthesized non-optotoxdic copolymes of p
(DMAMS co-EGINA), or pDE film showed excellent biocidal sffioacy of > 99.955% and > 99.585% agains
Escierichia coli O157: H7 (E. colf 0157 H7) and Sopigdococoes eureus; respectively. The pDE-coated manafiber
filter shows a fltration eficency of 910 with extremely ow air reststance of — 50 Pa. In highly himid con-
ditinns, the plE-moated nanofiber filter shows loag-term anti-microbéal eficecy of 99,853 for £ coli (157 HT op
fa 168 h, 99.21%, and 259, 275% for human infhienzs vims (HIN1) srain A/Poesio Rico 80934 and boman b=ta
coramavires straln GCAD wp 10 100 b, without sacrificing breathability, and fltration peformance. Forthermons,
the sarface-madified filter can easily efimmate dead pathogens with a gmple water rinse, which ennbled the full
retendion of the Gitration efficiEncy even in sx washing cycley, proving exe=lint reusability. We envigion the
kighly breathable, antimicrobial, multl-wse fice mask will serve as an envioomentdly fee platform for persoml
protective squipment againg future viml threats
1. Introduchion rezulted in over 635 million infectionz and more than cix million Jeaths,

ar of Janwary Sth, 2023 [7]. Thiz pathogen iz known to be wanamitted to

Arute recpiratory infections cansed by airbome pathogens have
ceriouzly threatened global health and economic growdh [1-31 In
particular, pevere acute respiratory syndrome coronavine 2 (SARS-CoV-
2) iz highly tranomissible with a broad tiscue wopism, leading to the
current pandemic [4-6]. Along with the emergence of variow variane
induiling Dielta and Omicron, the percistent SARS-CoV-2 pandemic hag

hemang through several routes, including asroce], mucface contamina-
tion, and potential fecal-oral transmiion [3-10]. Among them, there iz
growing evidence that asrogol iz the most pronounced mode of Tans-
miczion reported during the pandemic_ Viruz-laden aerosols, releazed by
infected people into the air vip breathing, speaking, coughing, or
mneecing, can functon az a key wiral wasmiter, notably from

* Cocresponding authors at: Depariment of Materdals Science and Enginesring, Korea Advanced Institute of Science and Technology (EAIST), 291 Dachak-ro,
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Vapor-phase synthesis of a robust polysulfide film for transparent, biocompatible,
and lﬂng—term stable anti-biofilm coating

Park®”, Younseong Song™, Wontae Jang”, Keonwoo Choi™,
Kyoung G. Lee™*, Funjung Lee*', and Sung Gap Im*****

Hogi Kim*",

* Department of Chemical and Biomolecular Engincering, KAIST. Dacjeon 34141, Korea
#*Nano-hio Application Team, National Nanofab Center (NNFC), Dagjeon 34141, Korea
£ : K ATST Institute for the NanoCentury (KINC), Korea Advanced Institute of Science and Technology, Dacfeon 34141, Korea
(Received 27 July 2022 « Revised 23 August 2022 « Accepted 28 August 2023)

Abstract—Biofilm formation cansed by the fouling of microorganizms & one of the maior problems m hasmedical
devices; food industry, and marine transportation. Since the removal of adherent biofilm & pot a triviad task, it is of
parmmoun importance to contain the formation of the anti-biofilm film. Hervin, 2 polysoifide-based anti-hiofifm coat-
ing {PAC) equipped with full transparency, non-loxicity, and environmentzl sahifity was developed via a smple vapor-
phase synthesis. The polymer coating consists of polysulfide chain prafied onio poby {1,3,5,7-tetrametbyl- 1,3,5.7-tetravi-
oyl cpdotetrasilomane) (pVAD4) lzyer via thiol-ene click reaction, which was sccomplished via 2 sequential deposition
of each polbvmer ollowed by UV irmadiabon. The pV4DM served as an adhesion promoter layer that substantially
exhibits a kmg-lasting anti-biofim pedformance against pathosenic bederia, sach as Escherichio ol 0557 and Stopiy-
lncoccns murens. The excellent anti-biofilm: property & attributed to shppery surface derived from the non-adherent,
dynamic characteristics of the polysalfide (-5-5) chain. The anti-biofilm coating ivdeed shows outstanding durahilin
and robustness when expesed to exireme pH, organic sohvents, and mochanical sresses. The fully transparent, robost

coating developed in this sudy is a prommising candidate material for & broad range of anti-biofiim applfications.

Keywords: Biofifm, Anti-biofilm Coating, Polysulfide, Slippery Surface, Initisted Chemical Vapor Deposition (iCVD)

INTRODUCTION

It &5 well recognixed that microorganisms can attach to many
arbitrary surfaces o form mulfceiodar commumities, called biofims
[1]. Most synthetic surfaces are quite vulnerable to microbial adhe-
such as surgical site infection [2], food poisoning [3], and incresse
af marine transport cost [4]. Since the biofilm i embedded ina
Tesilient, chemical-resistand. exdiornal matr, called extracelllar polby-
meric substances (EPS), remaval of adherent bicdilm is extremehy
challenging and [hor-intensive [5]. Thus, instead of developing a
remenval method of biofilm, bloddng the biafilm Srmation in eady
stage, or preventing the initial adhesion of mécmonmnism becomes
critically important [6], Initially; the release of hiodidal compounds
wats devedoped to eradicate the attachment of the microorganisms
o the surface by killing or degrading them [7]. However, these strate-
gies showed only short-period effect due to imited loading @padty;
and have boen mestricted due to the potential environmental oon-

A recent anti-hinfilm stratepy & t0 modulate the surface proper-
tics of the \arpet substrates, such as topography, anchitecturs, and
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[8], due 1o cost-effectivencss. non-toxicity, and their ability to form
2 thin coating i impart new surface properties [10]. Hydmphikic
polymers such as pobyetiylene ghycal (PEG) [11], palysaccharides
[12], aﬂmmucpuhm[l!]mhmmmfmuahghﬁy
chmmpmh,ﬂumghalmgmmhnllmm&ymmh
unfmvorable on the hydrated surface; hydrophilic pobymer brushes
are quite repudsne to the approach of foulants [14]. However, it has
several Imitations relating to Jong-term effectiveness and mechar-
ical'chemical stability, which hamper the practical application of
ydrophilic anti-hicfilm coatings [13].

Im'case of hydrophobic polymer brushes, adsorption enengy be-
tween foulants and surfaces is generally Jow; thus, foulants can be
released easily by external stresses [16]. For the prevention of mico-
bial adhesion, fouling-release strategies am widely accepted in which
the foulant can be washed oot through external stresses. Recently,
mobust superhydmphobic serces with complix surface ructume
have emerged as a potential sohition for anti-béofilm surfaces [17].
However, reglization of materisk that persistently resist bacterial
adhesion is not trivial to achieve by surface chemistry or surface
mmm&m&mnimm
and surfactants secreted by bacteria ofien shicds the
chemical functionality and thus Joses anti-imding performance: [15].
Additiomally, any defects in the surface chemistry could serve as
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Mitochondrial double-stranded RNAs as a pivotal
mediator in the pathogenesis of Sjogren’s syndrome

Jimin Yoon, "' Minseok Lee,'-'? Ahsan Ausaf Ali' Ye Rim Oh,” Yong Seok Choi,” Sujin Kim,'! Namseok Lee,’
Se Gwang Jang,’ Seonghyeon Pn.rk}' Jin-Haeng Chong,* Seung-Ki Kwok,” Joon Young Hyon,” Seuanghee Cha,”
Yun Jong Lee,*® Sung Gap Im,"!" and Yoosik Kim!1.12.14

Department of Chemical and Biomolcunlar Enginesring, Korm Advanced Institne of Sdence and Technalogy (BATST), Dusjaon 32141, Republic of Foreay *Medica
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Medicne, The Cathalic University of Kores, Senul 06591, Republic of Korm; “Teprtment of Ophthatmology, Senul Mational Unaversity Bundang Fioepital, Seongnam
1530, Republic of Eoreg "Department of Ol ad Maxillofci]l Dlagnostic Sdemes, University of Flarida College of Dentistry, Gainesville, FL 32610, USA: "Dividon
aof Rheumainlogy, Department of Intemnal Medidne, Seou] Mational University Bundang Hospital, Seongam 130, Republic of Korea: "Department of Enternad
Medicine, Department of htermal Medicme, Seoul Matonal University Caoliege of Madicine Seoul 3380, Bgpubhic of Kora; "WEAIST Institte for MinoCeniury
{FINO), KATST, Dageon 34141, Repuhlic of Kormy "EATIST Instinge for Health Science md Technology (ETHST), KAIST. Dhejeon 32141, Repohlic of Forea
UEAIST Institute for BioCentury (KIB), FAIST, Dasjaon, 34141, Republic of Karss; VRioProcss Enginesring Ressarch Center and BioInformatics Ressarch Center,

FATST, Dasjeon, 34 141, Bepuhblic of Konea

Sj0gren's syndrome (55) is a systemic autoimmune disease that
targets the oxocrine glands, resolting in impaired saliva and
tear secretion. To date, type 1 interferons (I-1FN s) are inareas-
ingly recognized as pivotal mediators in 55, bot their endoge-
nous drivers have not been elocidated, Here, we investigate
the role of mitochondrial double-stranded BN As (mt-dsi NAs)
in regulating I-1FNs and other glandular phenotypes of 55, We
find that mt-ds RNAs are elevatod in the saliva and tears of 55
patients (n = 73 for saliva and n = 16 for tears) and in salivary
Using the in-house-developed 3D calture of immortalized ho-
man salivary gland cells, we show that stinmlation by cxoge-
nous dsBN As increase mit-sR N As, activate the innate immu ne
system, rigger 1-1FNs, and promote glandular phenotypes.
These responses are mediated via the Janus kinase 1 (JAKI)/
signal transducer and activator of transoiption (STAT)
pathway. Indeed, a small chemical inhibitor of JAK 1 attenoates
mtENA clevation and immone activation. We forther show
that mn scarinic receptor ligand acetylcholine ameliorates anto-
immune characteristics by preventing mi-dsRN A-mediated
immune activation. Last, direct suppression of mt-ds BN As re-
verses the glandular phenotypes of 55, Altogether, our stody
underscores the significance of mt-dsRNA uopregalation in
the pathogenesis of 55 and suggests mt-dsBNAs as propaga tors
of a psendo-viral signal in the 55 target tissoe

NTRCOUCTION

Sjogren’s syndrome (55) is & chronic disorder characterized by bem-
phocytic infiltmtion in the exocrine gands and B cell hyperactivity
with aumtoantibody prodoction, resulting in oml and oye drmess.
Similar to most autoimmune disorders, the etiology of 55 is not yet

=
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fully understond. It can be challenging to diagnose patients with 58
due ta the heterogensity of discase manifestations and the ladk of dis-
ease-gpecific biomarkers for the condition.’ A delay in timely diag-
nosis and intervention canadversely affect patients’ quality of life dne
to severe hyposalivation, glandular B cell lymphoma, andior extea-
glandular omgan invelverent,’

Ome of the most notable featnres of 55 is thetype Dinterfemn (T-1FN)
signature in the minor slivary glnd lip biopsy specimens, CD 14+
blood monocytes, plasmacytoid dendritic cells, and peripheral blond
mononudesr cells® T-IFMs, which are critical molecoles in host de-
fenseagainst viral infections, can be produced in response bo the stim-
ulationof pattern reasgnition receptors (PREs). In particular, toll-like
receptors (TLRs), protein kinase B (FER), and melanoma differenti-
atior-associated gene 5 (MDAS) are known to be stimmlated by dou-
hlg-stranded BNAs (dsRMNAs) originating from the viral genome.
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Synthesis of a Stretchable Polyampholyte Hydrophilic
Film with Compositional Gradient for Long-Term Stable,
Substrate-Independent Fouling-Resistant Coating

Hogi Kim, Younseong Song, Seonghyeon Park, Youson Kim, Hyeonwoo Mun, Jueun Kim,

Seongeun Kim, Kyung G. Lee,* and Sung Gap Im*

The preventlon of nonspecific blofouling Is cruclal for technologlcal devel
opment In biomaterlals and madical devices. Thus, zwitterionlc materials
have attracted significant atiention due to thelr effective fouling-resismnce,
long-term durability agalnst oxidation, and blocompatibllity. However,
fabricating a substrate iIndependent zwittarionic surface with outstanding
fouling-resistance remalns a challenge. In this study, a polyampholyte
coating that satisfies the aforementioned requirements Is obtained using
avapor-phase method. The polyampholyte coating consists of a bilayer of
poly(1,3,5,7-tetramethyl-1,3, 5, 7-tetravinyl cyclotetrasiloxane) (p¥4D4) and
polyampholyte, poly{2-carbaxyethyl acrylate-co-2-{dimethylaminajethyl
acrylate) (pCOY), stacked with compesitional gradlent, which are obtained via
sequentlal deposition using Initlated chemical vapor deposition. The heavily
crossiinked pV4D4 acts as an adheslon promoter [ayer that may be applled
conformally to various substrate matarials with high interfacial adheslon. Tha
pCD surface exhiblts a long-lasting, superior fouling-resistance to protelns
{20.3 £ 1.8 ng cm? for undlluted human serum) and microorganisms. The
pCD-grad-pV4 D4 films, coupled with the stress-dissipative gradlent Interface,
are highly stretchable up to 503 without compromising the fouling-resist-
ance. The fouling-resistance ks malntained after 1 day of sonication, 10 days of
watar flushing, and 30 days of water shearing. Further, the pCD-grad-pV4D4
films are fully trans parent and pattarnable, making them a prospective altar-
native for fiture non-fouling blomedical applications.

malfincions M Medical devices and
implante are also susceptible to microbial
adhesion, which can result in the forma-
tion of infections, antibiotic-resistant bic-
flm® Thus, tremendous efforts have
gone intn developing effective antifouling
sirategies, particulardy synthetic  pol-
ymerbased antifouling surfaces that are
nontoxic and versatile in function ™ Par-
ticularly, surface modification with hydro-
philic polymer brushes is a renowned
strategy  for creating fouling-resistance.
where water molecules bound to the
hydrophilic -surface con generate steric
repulsion, forming physical and energstic
barriers against nonspecific adsorption !
Varions synthetic surfaces with hydro-
philic polymers, such as poly(ethylons
ghycol)  [PEG)®  poly(2 hydraxypropyl
methacrylamides) (pHPMALF and Zwit-
terionic  polymers  (polybetaine  and
polyampholytes).® have proven w sig-
nifiantly suppress nonspecific fouling
and are widely nsed for fouling-resistant
surfaces. Particularly, switterionic mate-
rials are seen as highly promising in
terms of superor fouling-resistance, o~
dation stability, and biocompatibility. ™
However  surface modification  with

1. Introduction

Monspecific adsorption of biclogical substances om  arbi-
trary surfaces is 2 prevalent phenomenon that may causs
severdl severe issues im biomedical device applimtons. For
example, bicmaterals can be covered by host proteins, which
can result in a cascade foreign body reaction and subsequent

mwittetionic polymers is difficult to achieve since many awit-
terionic polymers are watersoluble, preventing their applica-
tion in an agueous environment!™ Thus, achieving eccellent
fouling-resistance and substrate-independent durability from
rwitterionic polymers is crucial Significant efforts have been
made toward imparting fouling-resistant characteristics 1o a
target surface while maintaining environmental stability. For
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Engineering of Surface Energy of Cell-Culture Platform to
Enhance the Growth and Differentiation of Dendritic Cells
via Vapor-Phase Synthesized Functional Polymer Films

Minseok Lee, Dongmin Chun, Seonghyeon Park, Goro Choi, Yesol Kim, Suk-Jo Kang,*
and Sung Gap Im*

1. Intreduction

In tecent decades, dendritic cell (DC)-
based vaccines served as & promising
therapeutic approach to induce an anti-
tumor immune responsef! DCs act
a5 translators between the imnate and
adaptive immunity by sensing infection
or tissae damage, and processing and
presenting antigens to gemerate T cell
immunity. ™ They also secrete multiple
oytokines to regulate immune processes

Although the dendritic cefl [DC}-based modulation of Immune responses
has emerged as a promising therapeutic strategy for tumaors, infections, and
autolmmune diseases, basic research and therapeutic applications of DCs
are hampered by expensive growth factors and sophisticated culture proce-
dures. Furthermore, the platform to drive the differentiation of a certaln DC
subset without any additional blochemical manipulations has not yet baen
developed. Hera, five types of polymer films with different hydrophobleity
via an initiated chemical vapor deposition (ICVD) process to moduiate the
Interactions refated to cell-substrate adhesion are Introduced. Espectally,

[poly[oyclohexyl methacrylate) (pCHMA} substantially enhances the expansion
and differentiation of conventional type 1 DCs (cDCls), the prime DC subsat

for antigen cross-presentation, and CD8* T cefl activation, by 4.8-fold com-
pared to the comventional protocol. The cDCs generated from the pCHMA-
coated plates retaln the bona fide DC functlons Including the expression of
co-stimulatory molecules, cytokine secretfon, antigen uptake and processing,
T call activation, and induction of antitumor Immune responses. To the
authors' knowledge, this Is the first report highlighting that the modulation
of surface hydrophobicity of the culture pfate can be an Inclsive approach

such 2= the differemtiation, expansion,
and activation of T cellsMl More than 300
clinical trials involving DCs have been
conducted to evaluate it applicability as
therapeutics for strengthening immunity
against tumor viruses, and ortoloxic vac-
cines and numerous efforts © develop
better DC-baged vaccines are currenily
under progress. However, DC coliure is
s5till considered guite challenging because
the comsiderable labor force imcurred

to construct an advanced DC culture platform with high efficlency, which
potentially facllitates basic research and the development of Immunotherapy

employing DCs.
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during the isolation process from bone
marrow, and current BC culture methods
require long culture periods and par-
ticularly expensive growth facors.[>
Therefore, the development of advanced
protocals that can effectively and economically generate large
mumbers of DCs is still in high demand, and its value is
expected to mcrease as DC-hased antitimor therapeutics are
developed.

Based on lineage ontology, DCs are divided inte multiple
subzets two types of classical DCs (cDC1 and cDCE). plas-
macytoid DCs (pDC). and monocyte-derived DCs [moDC)H
cDCs have superior ability to present antigens and activate T
cells, compared to moDCs and pDCs, and cDCls are better
equipped with the ability to cross-present exogenous antigens
o CDE' T cell and produce imterlenkin-12 (11-12) which is
requirad o control the intracellular pathogens and mmorfl
To generate DCs in vitre, bone-marrow cells or Bood mono-
muclear cells are coltured with granulocoyte-macrophage colony-
stimulating factor (GM-CSF) and interleukin-# (114 or fms-
like tyrosine kinase 3 ligand (FIt3L).#1 Flt3L-generated DCs are
distinct from GM-CSF/1L-4generated DCs in the trpes of DC
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INVITED REVIEW

A Versatile Surface Modification Method via Vapor-phase Deposited
Functional Polymer Films for Biomedical Device Applications

Younghak Cho, Minseok Lee, Seonghvesn Park! Yesol Kim, Ennjung Lee, and Sung Gap Im
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© The Korean Sodety for Bioechnology sd Bioengineening and Springer 2021

Abstract  For lzst two decades, the demand for precisely
enginecred three-dimensional srucnwes has  increased
continuousty for the developmens of biomaterials. With the
recent advances in micro- md nano-fabrication techniques,
various devices with complex surface geometries have
been devised and produced in the pharmaceutical and
medical fields for various homedical applications including
drug defivery and biosensors. These advanced biomaterials
have been designed to mimic the nanral emwvironments of
tissues more closely and to enhance the performunce for
their comespmding biomedical applications, One of the
important aspects in the rational design of biomaterials is
how 1o contipare the surface of the biomedical devices for
better contra of the chemical and physical properties of the
bivactive sorfaces without compromising their bulk
chargcteristics. In this viewpoint, it of critical importance o
secure & versatile method to modify the surface of various
biomedical devices, Recently, a vapor phase method,
termed initisted chemical vapor deposition (ICVD) has
emerzed a5 damage-free method highly beneficial for the
conformal deposition of various functional polymer films
onto many kinds of micro- and noene-strucired surfaces
withaut restrictions on the substmte material of gecmetry,
which is not trivial to achieve by comventional solufion-
based surface functionalization methods. With proper
sructural design, the functional polymer thin film via
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Lo, Sung Gap Im’
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ICVD can impart required fimctionality to the Womaterial
surfaces while mamtaining the fine structue therson. We
believe the iCVD technique can be net only a valuable
approach towaerds fundsmental cell-muteral smdies, but
also of great imponance as a platform technology to extend
to other prospective biomateral designs and material
interface modifications for biomedical spplications.
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1. Introduction

Great progress has been made in the field of biomedical
applications with advonce in novel biomatedals [1-4),
However, most conventional materials such as metals,
polvmers, hydmgels, catbons, and composites do not abways
meet the demands required for biomaterials in both their
swrface and bulk properties. Therefore, & myriad of surfzce
modification methods have been applied to the muterials
for providing a proper chamical and phvsical properties such
a5 Bocompatibilities, surfice functiom lities, and mechanical
strength in the field of tssue engineering, regeneralive
medicine, and biomedical devices [5-9]. Since the surface
charseterstics such as topographic and geometric feamres
can regulate the cellular responss, researchers in this area
continuousty sftempted to create scaffolds with specific
surface functional ities via surfece modification, which can
offer several advantapes compared o flar surface including
cell adhesion and cell fate decision [10-14]. The surface of
medical devices also hes been modified to provide additional
functionaities such s sensing, disgnosis, o treament | 15-18],

For the recapimlation of cellular microenvironments, a
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