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b
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basic fibroblast growth factor (bFGF) 515
bi-enzymatic system 371
bioactive multilayer films, PEMs, 509 see also
polyelectrolyte multilayer (PEM) films
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calcium phosphate nanoparticles (CPnp) 203
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carboxymethyl cellulose (CMC)-loaded
CHI/ALG capsules 303

cargo encapsulation
– postloading 317
– preloading 316
– within capsule shells 317
charge shifting cationic polymers 185
chemically defined medium (CDM) 58
chitosan (CHI) 296, 298, 299, 402, 492
chondroitin 6-sulfate (ChS) 404
confocal laser scanning microscopy (CLSM)
407, 408, 423

cubic lipid mesophase nanoparticles 223
cyclic guanosine monophosphate (cGMP)
433

cyclodextrin (CD) 300
cyclodextrin (CD)-containing LbL films
– assembly 209
– drug delivery applications 209
cytokines 304

d
3D layer-by-layer (LbL) devices
– biosensors 371
– compartmentalization and hierarchical

components 372
– drug carriers 369
– freestanding multilayer films 364
– porous structures 376
– tubular structures 366
degradable polymers 185
dequenching ovalbumin 246
dichloromethane (DCM) 367
diclofenac 211
disulfide cross-linked hyaluronan beads 297
DNA delivery-based gene therapy
– plasmid DNA insertion 196
– pre-complexed plasmid DNA insertion

196, 201
– recombinant adenoviral particles 198, 199
– semaphorin 3A signalling 201
– substrate-mediated gene delivery 201
– vectors 195
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– cationic polymers 189, 190
– charge shifting cationic polymers 185
– degradable polymers 185
– design 172
– DNA-containing thin films 171
– fabrication 173
– multilayer-coated microneedles 184
– multiple different DNA constructs 187
– vascular gene delivery, 178 see also vascular

gene delivery

DNA spatial and temporal scheduled delivery
199

doxorubicin (DOX)-loaded capsules 303
durotaxis 38

e
E. coli 58, 60
elastin-like polypeptide (ELP) 493
ellipsometry-measured film thickness values
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endocytosis 370
endothelial cells (ECs) 399, 400, 409, 410
enhanced permeability and retention (EPR)
158, 440

β-estradiol 517
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extracellular matrix (ECM) 3, 4
extracellular matrix (ECM) proteins 389

f
fibroblast growth factor 2 (FGF-2) 146
fibronectin (FN) 46, 56, 420, 423, 512
fluorescein isothiocyanate (FITC) 407, 408
fluorescence microscopy 57
FN-dextran sulfate (FN-DS) 426
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(FTIR-ATR) 67
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– hydrogen bonded LbL assembly 241
– phagocyottic pathway 238
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environment 237
– self-exploding capsules 240

g
gene therapy 405
gentamicin sulfate (GS) 139
glucose oxidase (GOX) 372, 374
graphene oxide 145

h
heat shock protein 70 (Hsp70) 431
HeLa human cervical cancer cells 367
heparin (HEP) 80
heparin/chitosan (HEP/CHI) multilayers
– cell proliferation 16
– cytophobic character 16
– PEM formation 10
– PEM-9 and PEM-5 11



Index 549

– properties 5
– SPR measurements 12, 16
– total mass growth 11
– water contact angle measurements 6
– zeta potentials 9
hepatic tissue engineering
– challenges 491
– PEMs, 491 see also polyelectrolyte

multilayers (PEMs)
hepatocyte growth factor (HGF) 411
Hertz sphere model 51
horseradish peroxidase (HRP) 372
human aortic endothelial cells (HAECs) 434
humanized A33 monoclonal antibody (huA33
MAb) 252

human mesenchymal stem cells (hMSCs) 511
human serum albumin (HSA) 373
human umbilical vein endothelial cells
(HUVECs) 430, 438

hyaluronic acid (HA) 49, 296, 492
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hydrolytically degradable polyamines 173
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213

hydrophobicity 138
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i
iminobiotin-neutravidin interaction 252
immunolabeling 54
immunostaining assays 56
induced pluripotent stem cells (iPSCs) 104
inkjet cell printing
– cell and ECM printing 445
– human liver tissue chips and liver function

assay 445
in-stent restenosis (ISR) 407
interbilayer-cross-linked liposomes (ICLs)
222

interbilayer-crosslinked multilamellar vesicles
(ICMVs) 141

interleukin-6 (IL-6) 426
intimal hyperplasia reduction 183

k
Kupffer cells (KCs) 489, 496

l
Lactococcus lactis 59
laponite 145, 151
laser scanning confocal microscopy (LSCM)
68, 71

lateral force microscopy (LFM) 402

layer-by-layer (LbL) assembly technique 207
layer-by-layer (LBL) films
– assembly approach and spray-LbL films

142
– BMP-2 147
– capability of 134
– 2D and 3D geometries 133
– DNA/siRNA release 152
– DNA vaccination 153
– electrostatics 136
– FGF-2 146
– high drug density and scalability 133
– hydrogen bonding 141
– hydrolytic release 137
– multiple drug combinations 134
– nanoparticles, 156 see also nanoparticles,

LbL systems
– ovalbumin 144
– PPO-PAMAM 141
– small molecule release 139
– wound healing, siRNA 154
layer-by-layer (LbL) method 408
layer-by-layer (LbL) technique 3, 388
– classification 508
– PEMs films, 509 see also polyelectrolyte

multilayer (PEM) films
layer-by-layer (LbL) technology
– acidic fibroblast growth factor (aFGF) 81
– alpha-melanocyte-stimulating hormone

(α-MSH) 81
– bFGF 82
– bone morphogenetic protein (BMP) family

114, 116
– bone morphogenetic protein 2 (BMP2) 82,

83
– bubble formation 267, 269
– C6S scaffold 114
– capillary force lithography (CFL), 117 see

also capillary force lithography (CFL)
– capsule synthesis 261
– CD34 85
– cell anchoring peptides 84
– cell-microenvironment interactions 116
– chemical cross-linking 86
– crosslinking 120
– culture conditions 117
– cytokines and ligands 84
– cytosolic reactions 272, 273
– cytosolic release 269, 271
– 3D scaffolds 111
– ECM proteins 83
– final layer 83
– gold-modified 264, 267
– gradient PEMs 91, 93
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layer-by-layer (LbL) technology (contd.)
– HA/CHI mutilayers 114
– hESC adhesion 122
– hESCs culture surfaces 122
– light responsive components, 258 see also

light responsive components
– microcapsules, 343 see also microcapsules
– MSC adhesion 107, 111
– pH/salt concentration 87, 88
– mannose and lactose 84
– multilayers components 532, 533
– murine ESC differentiation 120, 122
– natural polyelectrolytes 80
– nerve regeneration, 536 see also nerve

regeneration
– neural cell attachment 533, 534
– patterned co-cultures 534, 535
– patterned PEMs 89, 91
– polyelectrolyte multilayers 531, 532
– polystyrene-based tissue/cell culture

substrates 119
– spinal cord injury, 525 see also spinal cord

injury
– stiff building blocks 86, 87
– substrate stiffness 111
– surface topography 89
– TGF-β supplement 114
– water retention capacity 112
light responsive components
– nanoparticles 259, 261
– polyelectrolytes 258, 259
– shells 259
linear polyethyleneimine/DNA (LPEI/DNA)
film 189

liposome-containing LbL films
– assembly 216
– cargo release capability 219
– drug delivery applications 219
liver sinusoidal endothelial cells (LSECs) 496
Luciferase-targeting siRNA-loaded
nanoparticles 204

m
major histocompatibility class II (MHC II)
molecules 222

mesenchymal stem cells, 107 see also
layer-by-layer technology

micro-arc oxidation (MAO) 520
microcapsules
– blood substitutes 356, 357
– drug carriers, cancer treatment 350
– drug loading 350, 351
– lipid-based 344, 346
– photodynamic therapy (PDT) 354

– polysaccharide-based 346, 347
– protein-based 348, 349
– thermotherapy 352, 353
migration assays 46
movat pentachrome staining 400
multilayer capsules
– blood circulation 245
– functionally engineered, 236 see also

functionally engineered multilayer capsule
– in vivo uptake and degradation 244
– layer-by-layer assembly 236
– tissue response 243
– tumor targeting 252
– vaccine delivery 251
multilayer-coated microneedles 184

n
nanoengineered polymer capsules
– anticancer drug delivery 326
– biosensors and bioreactors 331, 335
– cancer cell targeting, 326 see also cancer cell

targeting
– capsule design and assembly 310, 311
– cargo encapsulation, 315 see also cargo

encapsulation
– cellular interactions 323
– circulation and biodistribution 322, 323
– click assembly and crosslinking 314
– DNA base pairing 313
– electrostatic assembly 312
– enzymatically-responsive cargo release

318, 319
– hydrogen bonding-facilitated assembly

312
– intracellular trafficking 324, 325
– pH-responsive cargo release 319
– redox-responsive cargo release 320
– vaccine delivery 329, 331
nanofilm biomaterials
– material properties 65
– NP templating, 67 see also nanoparticle (NP)

templating
– surface-cross linking, 67 see also surface

cross-linking, nanofilm biomaterials
nano lithography 389
nanoparticle (NP) templating 66
– biomolecular loading 71
– ellipsometry-measured film thickness values

70, 71
– film assembly 70
– film formation 70
– mechanical rigidity 69
– mitochondrial activity 72
– THF dissolution 71
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nanoparticles, LbL systems
– in vivo stability 156
– molecular targeting 160
– siRNA chemotherapy 161
– tumor microenvironment, hypoxic response

159
natural charged polysaccharides 296
neointimal hyperplasia 411
nerve regeneration
– drug release 536, 537
– lysozyme release profile 537, 538
neuropilin-1 (NRP1) 200
N-hydrosulfosuccinimide (sulfo-NHS) 47
nitrous oxide (NO) 404
non-parenchymal cells (NPCs) 489
nonsteroidal anti-inflammatory drugs
(NSAIDS) 140

o
optical waveguide lightmode spectroscopy
(OWLS) 37

osseointegration 149
ovalbumin 144

p
paclitaxel (PTX) 300, 404, 518
parenchymal cells (PCs) 489
Particle Replication in Non-wetting Templates
(PRINT) technology 224

pDNA and a TAT-based cationic polypeptide
(PTAT) 196

percutaneous transluminal coronary
angioplasty (PTCA) 409

see also phagocyottic pathway 237
pH-modified PEM films
– PEI/HEP multilayers, 5 see also poly

(ethylene imine)/heparin (PEI/HEP)
multilayers

– HEP/CHI multilayers, 5 see also
heparin/chitosan (HEP/CHI) multilayers

– Photo cross-linking 86
photocrosslinkable polyelectrolyte multilayer
(PEM) system, 47 see also polyelectrolyte
multilayers (PEMs)

photodynamic therapy
– (ALG/CHI)4 microcapsules 354
– disadvantages 354
– D-luciferin 355
– LbL microcapsules use 354
– oxygen-dependent therapy 355
– photosensitizers 354
photomask 52
pinocytosis 371
PKC-δ expression 182, 183

plasma recalcification time (PRT) 402
plexin-A1 (PLXA1) 200
pluripotent stem cells, 116 see also
layer-by-layer technology

poly(allylamine hydrochloride) (PAH) 367,
371

poly(β-amino ester)s (PBAEs) 137, 173
polycarbonate membranes 367
polyelectrolyte multilayer (PEM) films
– adhesion properties 389
– anti-adhesive properties 388
– cell specific recognition 511
– compositions of 510
– drug-device combination 516
– endothelial cell function 391
– gene activating 512
– growth factors/cytokines 515
– γ irradiation 469, 470
– layer-by-layer coating 388
– nanoparticles 518
– protection of 518
– stem cells behaviour 390
– stiffness of 511
– TCP/HAP granules and porous titanium

467
– vascular prosthesis 391
polyelectrolyte multilayers (PEMs) 209, 364,
401

– applications 31
– bacterial behavior, film rigidity on 58
– bulk modulus, 32 see also bulk modulus,

PEMUs
– cardiovascular devices 407
– cytotoxicity 32
– ECM proteins/peptides 492
– homogeneous and photopatterned films 54
– homogeneous films 48
– immobilization 401
– mechanical and chemical properties 492
– mechanical properties 406
– mechanical stiffness 31
– porous scaffolds 496
– PrS/HGF-pDNA 408
– QCM-D 409
– rigidity patterns 52
– SNP 404
– Space of Disse 495
– stamping method, primary hepatocyte

co-cultures 498
– structure 32
– surface hydrophilicity, 32 see also surface

hydrophilicity, PEMUs
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poly (ethylene imine)/heparin (PEI/HEP)
multilayers

– bioactivity monitoring 21
– cell proliferation 24
– layer mass growth 20
– qualitative cell adhesion studies 22
– static water contact angle measurements

17
polyethylenimine (PEI) 402
polylactide (PLA) scaffold 407
poly(lactide-co-glycolide) (PLGA) 158
poly(L-glutamic acid) (PGA) 67
poly(L-lysine) (PLL) 67
polymer-on-polymer stamping (POPS)
494

polymer/DNA aggregates 177
polymeric nanoparticles
– anisotropic capsules 286
– capsules, mechanical properties 285, 286
– catalysis 285
– fluorescence imaging 284
– fluorescent labeling of films 289
– laser activation 287, 288
– LbL films 287
– light and magnetic field induced

permeability control 282, 284
– magnetic nanoparticles 284
– polyelectrolyte multilayer capsules 281
– silica addition 290
– stiffness, cell adhesion 289, 290
poly(methacrylic acid) (PMA) 241
poly(methacrylic acid)-co-(cholesteryl
methacrylate) (PMAc) 217

polyplex-mediated cell transfection 176
poly(propylacrylic acid) (PPAA) 190
poly(propylene oxide)—poly(amidoamine)
(PPO-PAMAM) 141

polysaccharide capsules
– alkylated hyaluronic acid 300
– anti-cancer therapy and tissue engineering

303, 304
– assembly 297
– hyaluronic acid and dextran 300
– living cell interaction 306
– natural charged polysaccharides 296
– quaternized chitosan 302
– shell cross-linking 298
– tissue engineering 304
polysaccharide-based microcapsules
– alginate dialdehyde (ADA) 346
– chitosan (CHI) 346
– dithiothreitol (DTT) 348
– hyaluronic acid (HA) 346
poly(styrene sulfonate) (PSS) 80, 367, 371

poly(styrene)-block-poly(acrylic acid)
(PS-b-PAA) 213

poly-(tetrafluoroethylene) (PTFE) 496
poly(vinyl alcohol) (PVA) 366
poly(vinyl pyrrolidone) (PVP) 241
Prussian blue (PB) nanoparticles 144

q
quartz crystal microbalance (QCM) analysis
9, 423, 424

quartz crystal microbalance with dissipation
(QCM-D) 48, 49

quaternized chitosan (QCHI) 302

r
Rayleigh instability 367
rhodamine 374
risedronate 211

s
scanning electron microscopy (SEM) 409,
426, 427

self-exploding capsules 240
semaphorin 3A signalling 201
sensor particles (SPs) 433
short hairpin interfering RNAs (siRNA)
delivery 202

signal transduction process 3
sinusoidal endothelial 1 antibody (SE-1)
496

Sirolimus 404
smooth muscle cells (SMCs) 388, 391, 400,
401, 410

sodium nitroprusside (SNP) 404
solid freeform fabrication (SFF) 496
space of disse 489, 495
spinal cord injury (SCI)
– axon formation 527
– definition 525
– nerve regeneration 526
– neural tissue regeneration 527
– neurotrophic factors (NTFs) 529
– oligodendrocytes 526
– prevalence of 525
– templated agarose scaffold 528
– therapeutic approaches 526
– tissue damage 525
– stem cell differentiation
– LbL assembly technique, 508 see also

layer-by-layer (LbL) technique
– PEMs, 509 see also polyelectrolyte

multilayer (PEM) films
stem cells
– cell–cell interactions 105
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– cell–ECM interactions 106
– differentiation 104
– intrinsic ECM properties 106
– layer-by-layer films, 107 see also

Layer-by-layer technology
– mechanotransduction 107
– multipotent 106
– soluble factors 105
– types of 103, 104
stent-mediated vascular gene transfer 180
substrate mediated drug delivery (SMDD)
207

– BCM-containing LbL films 215
– cyclodextrin (CD)-containing LbL films

212
– drug deposits 223
– liposome-containing LbL films 222
substrate-mediated gene delivery 201
sulfonated polystyrene (SPS) 494
surface cross-linking, nanofilm biomaterials
– activated polymer 67
– chemical cross-linking agents 67
– LSCMmicrographs 69
– MC3T3-E1 pre-osteoblasts 69
– mechanical rigidity 67
– PLL and PGA 67, 68
surface hydrophilicity, PEMUs 33
– AFM images 37
– cell alignment 34
– diblock PEG copolymers 34
– PAH/PAA 34
– protein adsorption 35
– zwitterion-bearing polyelectrolytes 34
surface topography 89

t
temperature and pH responsive BCMs 213
three-dimensional (3D) tissue engineering,
LbL nanofilms

– blood-capillary model 436
– blood vessel channel model 439

– blood vessel wall model 432
– cellular function 426
– inkjet cell printing, 442 see also inkjet cell

printing
– nano-ECM coating 423
– permeability assay 431
thrombin 142
thrombogenicity 402
tissue culture polystyrene (TCPS) 80
topography 53

u
UV spectroscopy 49

v
vancomycin 139, 516
vascular endothelial growth factor (VEGF)
148, 404, 515

vascular gene delivery
– balloon-mediated DNA transfer 180, 182
– film-coated intravascular stents 178
– intimal hyperplasia reduction 183
vascular tissue engineering 387
– LbL technology 387
– PEMs, 389 see also polyelectrolyte multilayer

(PEM) films
– vinylbenzyl (VB) groups 48

w
water contact angle (WCA) measurements
– HEP/CHI multilayers 6
– PEI/HEP multilayers 17
World Health Organization 391

y
Young modulus 47, 51, 52, 54
















