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bone marrow-derived stem cells

(BMSCs) 225, 249
bone marrow mesenchymal stem cells

(BM-MSC) 224, 381
bone marrow mononuclear cells

(BMMNCs) 497
bone marrow simulation-based

techniques 246
bone marrow stromal cells (BMSCs)

18
bone morphogenetic protein (BMP)

13, 17, 262, 334
bone morphogenetic protein 7 (BMP7)

583
bone morphogenic protein 2 (BMP2)

125
bone tissue engineering 17, 92, 93, 96,

121
behavior of cells 530
bioreactors and mechano-chemical

stimulators 532, 534, 535
bone cells 525
cell-biomaterial interface 529
cellular growth 530
epigenetic machinery 526, 527
flap pre-fabrication approach 542
functions of bone tissue 525
growth hormones 531
low-density lipoprotein

receptor-related protein 5, 545
mechanics and bone cell activities

539
mechano-sensors 541
mesenchymal stem cells 530
microarrays of peptides 531
nanoparticle delivery systems 539
nanostructured scaffolds 538

osteocyte-osteoblast communication
541

osteogenesis 525
osteogenic progenitors 543
pre-existence of vascular networks

543
protein kinase signaling 545
scaffolds and biomaterials 526
sourcing 528
3D bio-printing 534
vasculogenic progenitors 543

Bowman’s space 577
branched-nanotube intracellular field

effect transistors (BIT-FETs)
686

brush cells 366

c
Ca2+ cycling 130
cadaveric allografts 217
calcium-deficient nanohydroxyapatite

(d-HAp) 122
calcium phosphates (CaP) 122
Canals of Hering (CoH) 302
cancer biomarker CA-125 147
cancer of larynx/hypopharynx 368
CaP cement (CPC) scaffolds 122
capsular ligaments 470
carbon nanotubes (CNTs) 667, 683
cardiac biowire bioreactor 188
cardiac progenitor cells (CPC) 422
cardiac tissue architecture 414, 415
cardiac tissue engineering 19, 97, 127
benefits and limitations of available

cell sources 417
bioreactors 424, 427
cardiac progenitor cells 422
cardiac tissue architecture 414, 415
cell sheets 424, 427
decellularized scaffolds 424, 426
embryonic stem cells 418
engineered cardiac tissues 428, 429
hydrogels 423, 424
induced pluripotent stem cells 420,

421
mesenchymal stem cells 416
prefabricated scaffolds 423, 424



Index 705

resident cardiac stem cells 422
cardiac tissue scaffolds 684
cardiomyocytes (CMs) 97, 127, 416
cardiovascular tissue engineering 187,

189
cartilage ECM-derived scaffolds 269
cartilage regeneration 271, 273
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electrospun galactosylated chitosan

nanofibers 51
electrospun PLLA/d-HAp

nanocomposite 122
electrospun polymer matrices 120
electrospun poly(𝜀-caprolactone) (PCL)

scaffolds 185

embryonic bodies 668
embryonic kidney cells 582, 585
embryonic lung progenitors 399
embryonic stem cells (ESC) 88, 251,

418, 456, 659
endothelialized reconstructed skin

(ERS) model 228
endothelial progenitor cells (EPCs)

329, 455, 660
end-stage renal disease (ESRD) 575
engineered cardiac tissues (ECT) 428,

429
engineered corporal tissue 18
engineered neural tissue (EngNT) 615
ENTegralTM 372
enzymatic decellularization 612
EpicelⓇ 15, 220, 226
epidermal melanocytes 131
epidermal models 220
epidermal skin regeneration 226
epidermal TESs 220
epidermis-derived keratinocytes 226
epiglottis 364
episomal plasmids 89
epithelial tumors 367
exocrine pancreatic insufficiency (EPI)

553
exogenous enzymes 257
exogenous insulin treatment 554
exogenous stem cell therapy 406
extracellular matrix (ECM) 8, 97
extracellular signal-regulated kinase

(ERK) 546
extracorporeal bioartifical liver (BAL)

devices 297
extracorporeal membrane oxygenation

(ECMO) 405
extracorporeal shockwave treatment

(ESWT) 497
extravascular macrocapsule devices

560
ex vivo tissue engineering 375

f
fate-restricted multipotent adult stem

cells 111
FGF-2 263



Index 707
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polymeric scaffold approaches
lung parenchyma engineering 399
tissue engineered trachea 397, 398
vascularization 400

polymeric scaffolds
biological sources 451
synthetic sources 450

polymerized tropomyosin 472
polymer tissue scaffolds 677
poly(lactic-co-glycolic acid) (PLGA)

nanofibers 120
polyorthoester (POE) 17
polysaccharide-based scaffolds 452
poly(vinylidene fluoride

trifluoroethylene) (PVDF-TrFE)
scaffold 426

polyurethane (PU) 259
polyvinyl chloride (PVC) 148
porous NF poly-L-lactide (PLLA)

scaffold 120
porous scaffolds 117
porous templated scaffolds 158
porous titanium prosthesis 372
prefabricated scaffolds 424
prevascularization-based techniques

in vitro prevascularization 332
in vivo prevascularization 331

primary malignant tumors 367
primordial germ cells 89
ProNectin 186
prostate specific antigen (PSA) 146
protein-based scaffolds 453
protein kinase (PK) signaling 545
protein tyrosine phosphatase 531
proteoglycans 244, 467
pulmonary tissue engineering
cellular and drug delivery 407
cellular source 405
decellularized tissue approach 400,

402
dimensional printing 403
exogenous stem cell therapy 406
lung cancer 392
lung parenchyma engineering 399
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pulmonary tissue engineering (contd.)
microfluidics and assist devices 403,

404
obstructive pulmonary disorders

391
restrictive lung disease 390
structure-function relationship 394,

396
tissue engineered trachea 397, 398
treatment options 393
vascularization 400

r
radial flow bioreactors 177
RANK/RANKL/OPG pathway 540
rapid prototyping 64
rat multipotent adult progenitor cells

(ratMAPC) 176
reactive oxygen species (ROS) 149
recellularization of acellular renal

sections 592
recellularization of whole kidney

scaffolds 591
recombinant BMP-7 (rhBMP-7) 531
regenerative medicine, see also tissue

engineering
clinical need 4
history 5
vs. tissue engineering 6

renal allotransplantation 575
renal tissues
bio-scaffold based technologies, (see

bio-scaffold based technologies)
early kidney development 578, 579
embryonic kidney cells 582, 585
glomerular filtration barrier 579,

580
kidney vascularization 580
nephron 576, 577
pluripotent stem cells 585
renal anatomy 576
renal functions 577
tissue-based strategies 581

resident cardiac stem cells (CSC) 422
resident neural stem cells 657
RESTORETM 475
restrictive lung disease 390

retinal implants 679
retinoid acid (RA) treatment 120
Rho-associated kinase (ROCK) inhibitor

583
rotating bed bioreactors (RBS) 172,

179
rotating wall vessel bioreactors 172,

176, 179
Ru2(Ph2phen3)Cl2 149

s
sarcoplasmic reticulum (SR) 473
scaffold-based tissue engineering 116
scaffold based treatment 664
scaffold-free cartilage tissue engineering

270, 272
scaffold requirements for specific tissues

44
scaffolds 111
and biomaterials 526
stiffness characteristics 665
structure design and fabrication

techniques 336, 338
Schwann cells 224
sclerostin 542
secondary malignant tumors 368
self-assembling nanomaterials 628
self-assembling proteins (SAP) 539
semiconductor nanowires (NWs) 685
sendai virus 89
serum free floating culture of embryoid

body-like aggregate with quick
reaggregation (SFEBq) 669

sheep mesenchymal stem cells (shMSC)
184

silicon nanowire nanoelectronics 685
silicon nanowires 152
silk 54
silk based scaffolds 123
single cassette reprogramming vector

114
skeletal muscle 470, 471
skin equivalents (SE) 19
skin grafting 217
skin grafts 218
skin-humanized small animal models

230
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skin tissue engineering 131
sliding filament theory of muscle

contraction 472
small-cell lung cancer 393
small diameter vascular grafts 344
smart biomaterials 10
smart scaffold design 527
smooth muscle cells (SMCs) 120
S-nitrosothiol-modified silica

nanoparticles 157
soft tissue injuries 465
solid free-form fabrication (SFF) 63
solid-state nanomaterials
nanocomposites 683
silicon nanowire nanoelectronics

685
sonic hedgehog homolog (SHH) 334
specialized neurospheres 99
spinner flasks 171, 172, 176, 182
squamous cell carcinomas 367
starch 604
STAT3 88
stem cells
bone tissue engineering 92, 93, 96
cardiac tissue engineering 97
cartilage tissue engineering 96
challenges and future directions 101
embryonic 88
hematopoietic 91
induced pluripotent 89
mesenchymal 91
neural tissue engineering 97
skin, liver, lungs, bladder and

pancreas 99
tissue engineering 86
unique properties 86
Wharton’s jelly 92

StemFit 115
stirred bioreactors 186
Stryker Orthopaedics 473
syngeneic iPSCs 116
synovium 250
synovium-derived stem cells (SDSCs)

250
synthetic biomaterials
peptide-based biomaterials 625
poly(𝜀-caprolactone) 58

poly(ethylene glycol) 60, 624
poly(lactic acid) 57
poly(lactic acid-co-glycolic acid) 57,

59
poly(lactic-co-glycolic acid) 624
poly(N-isopropylacrylamide) 55
poly(vinyl alcohol) 61

synthetic bioscaffolds 481
synthetic degradable polymers 488
synthetic hydrogels 423
synthetic materials 527
synthetic polymers 538
synthetic tendon, ligament and skeletal

muscle bioscaffolds
electrospinning 482, 483
knitting 484
micropatterning 484
use 486

t
tail-tip fibroblasts (TTF) 113
templated porous scaffolds 157
templated scaffolds 621
tenascin-C 467
tendon 467, 468
tendon stem cells (TSCs) 487
teratoma 101
testicle tissue engineering 18
TGF-𝛽3-adsorbed acellular scaffold

272
thermal decellularization 611
thirty five-micrometer porous templated

scaffolds 158
3D bio-printing
materials 536
scaffold-building substances 537
typical process 535

3D ECM scaffolds 121
3D fibronectin-coated PLGA scaffolds

58
3D galactosylated silk fibroin scaffolds

54
three-dimensional macroporous

nanowire nanoelectronic scaffold
153

3-dimensional (3D) vascularized
multicellular tissues 6
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3D PCL/gelatin scaffolds 118
3D porous alginate sponges 50
3D-shaped osteochondral tissues 529
thyroid cartilage 364
tissue-based strategies 581
tissue culture polystyrene (TCP) culture

174
tissue-engineered blood vessels
bioactive material-based techniques

338, 339
cell co-culture-based techniques

335, 336
functions 326
growth factor-based techniques 333
micropattern-based techniques 333,

334
scaffold-structure design and

fabrication techniques 336, 338
structure and component 326, 327
vascular replacement grafts 340
vasculogenesis and angiogenesis

329
in vitro prevascularization 332
in vivo prevascularization 331

tissue engineered heart valve (TEHV)
fabrication 445

tissue engineered skin substitutes (TESs)
acute and chronic cutaneous wounds

218
autografts 217
bilayered models 221
cadaveric allografts 217
cultured keratinocytes 233
cytokines/immobilized peptides 234
dermal models 221
dermal substitutes 227
dermo-epidermal skin substitutes

228
epidermal models 220
epidermal skin regeneration 226
functional skin 233
heterologous cells 234
melanocytes 219
multi-functional skin models 223
natural biomacromolecules 219
skin appendages 219
skin grafting 217

skin structure 218
3D matrix/scaffold 219
types of different skin grafts 218
vascularized extracellular matrix

217
in vitro wound healing models 231
in vivo wound healing applications

230
tissue engineered

tendon/ligament/muscle 466
tissue engineered trachea 397, 398
tissue engineered vascular grafts

(TEVG) 44
tissue engineering
approach 8, 9
biomaterials and scaffold production

10
cell signaling research and bioreactor

development 11, 12
cell sourcing and cell manipulation

10
challenges 21
clinical need 4
complex tissues and organs 13
description 3
future of 22
history 5
implantable organs 15
limited donor availability 3
vs. regenerative medicine 6
smart diagnosis and personalized

medicine 20
triad of 7
in vitro models for disease studies

19
TissueMendTM 473
TNF-stimulated gene 6 protein (TSG-6)

661
total pharyngolaryngectomy 382
trachea 365
tracheal allografts 369
tracheal allotransplantations 374
tracheal/laryngeal resections
benign tumors 367
benign tumors of larynx 368
cancer of larynx/hypopharynx 368
laryngotracheal stenosis 366
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non-functioning larynx 369
primary malignant tumors 367
secondary malignant tumors 368

tracheal repalcement 374
tracheal scaffolds 398
tracheal transplantation and autografts

370
trachea tissue engineering 376
Transcyte® 221
TranscyteTM 227
transforming growth factor-1 (TGF-1)

52
transforming growth factor 𝛽(TGF-𝛽)

13, 118, 262
traumatic brain injury (TBI)
astrocytes 656
biologics and drug-based treatment

667
cell based and neuroprotection

therapeutic strategies 658, 659
death rates 655
glial cells 656
glial scar 657
inflammation 656
microglial cells 657
neuro-tissue engineering 670
oligodendrocytes 656
pathophysiology 656
peripheral nervous system 655
primary brain injury 656
resident neural stem cells 657
scaffold based treatment 664
scar tissue formation 669
translational approaches 668

tri(n-butyl)phosphate treatment 611
TritonX-100 589
tubular scaffold fabrication 342, 343
tumor necrosis factors-alpha (TNF-𝛼)

225
type-2 cyclooxygenase (COX-2) 542
type I collagen 47
type I-III collagen bilayer gels 46
type II pneumocytes 397
type I pneumocytes 397

type VI collagen 47
type X collagen 250

u
umbilical cord-derived cells 455

v
valvular bioengineering
cells derived from vasculature 455
stem cells 455
umbilical cord-derived cells 455

valvular interstitial cells (IC) 446
vascular endothelial growth factor

(VEGF) 329, 580
vascular engineering 90
vascularization 400
vascular replacement grafts
material selection 340
requirements 340
tubular scaffold fabrication 342, 343

vasculo-and osteogenic cells 543
vasculogenesis and angiogenesis 329
vasculogenic progenitors 543

w
Wallerian degeneration 605
water-soluble CdSe/CdS semiconductor

tetrapod nanocrystals 150
wave bioreactors 172, 173
wavy-walled bioreactor (WWB) 171
Wharton’s jelly stem cell (WJSCs) 92
whole organ pancreas transplantation

554
Wilm’s tumor 1 (WT1) 582

x
xenografts 474
xenotransplantation5 56

y
Yamanaka factors 113

z
zwitterionic detergent treatment 610
zwitterionic hydrogels 156




