Appendix B - Articles included in systematic review analysis

Abbah SA, Lu WW, Peng SL, Aladin DMK, Li ZY, Tam WK, Cheung KMC, Luk KDK,
Zhou GQ (2008) Extracellular matrix stability of primary mammalian chondrocytes and
intervertebral disc cells cultured in alginate-based microbead hydrogels. Cell Transplant 17: 1181-
1192.

Acosta FL, Jr., Metz L, Adkisson HD, Liu ], Carruthers-Liebenberg E, Milliman C,
Maloney M, Lotz JC (2011) Porcine intervertebral disc repair using allogeneic juvenile articular
chondrocytes or mesenchymal stem cells. Tissue Eng Part A 17: 3045-3055.

Ahn J, Park EM, Kim BJ, Kim JS, Choi B, Lee SH, Han I (2015) Transplantation of human
Wharton's jelly-derived mesenchymal stem cells highly expressing TGF( receptors in a rabbit
model of disc degeneration. Stem Cell Res Ther 6.

Alinejad Y, Adoungotchodo A, Grant MP, Epure LM, Antoniou J, Mwale F, Lerouge S
(2019) Injectable chitosan hydrogels with enhanced mechanical properties for nucleus pulposus
regeneration. Tissue Eng Part A 25: 303-313.

Alinejad Y, Adoungotchodo A, Hui E, Zehtabi F, Lerouge S (2018) An injectable
chitosan/chondroitin sulfate hydrogel with tunable mechanical properties for cell therapy/tissue
engineering. Int ] Biol Macromol 113: 132-141.

Alini M, Li W, Markovic P, Aebi M, Spiro RC, Roughley PJ (2003) The potential and
limitations of a cell-seeded collagen/hyaluronan scaffold to engineer an intervertebral disc-like
matrix. Spine (Phila Pa 1976) 28: 446-453.

Allon AA, Aurouer N, Yoo B, Liebenberg E, Buser Z, Lotz JC (2010) Structured co-culture
of stem cells and disc cells prevent degeneration in a rat model. Spine J 10:1089-1097.

Bai M, Yin H, Han C, Du Z, Meng G, Jiang D (2017) Bone marrow-derived mesenchymal
stem cell composited with platelet rich plasma improved repair of annulus fibrosus rupture. Int
J Clin Exp Med 10: 8989-8998.

Barczewska M, Wojtkiewicz ], Habich A, Janowski M, Adamiak Z, Holak P, Matyjasik H,
Bulte JWM, Maksymowicz W, Walczak P (2013) MR monitoring of minimally invasive delivery
of mesenchymal stem cells into the porcine intervertebral disc. PloS one 8: e74658.

Barreto-Henriksson H, Llorente M, Larsson A, Brisby H, Gold J, Schuster E, Strom A
(2019) Determination of mechanical and rheological properties of a cell-loaded peptide gel during
ECM production. Int ] Pharm 563: 437-444.

Bendtsen M, Bunger CE, Zou X, Foldager C, Jorgensen HS (2011) Autologous stem cell
therapy maintains vertebral blood flow and contrast diffusion through the endplate in
experimental intervertebral disc degeneration. Spine (Phila Pa 1976) 36: E373-379.

Benz K, Stippich C, Fischer L, Mohl K, Weber K, Lang J, Steffen F, Beintner B,

Gaissmaier C, Mollenhauer JA (2012a) Intervertebral disc cell- and hydrogel-supported and
spontaneous intervertebral disc repair in nucleotomized sheep. Eur Spine ] 21: 1758-1768.

Benz K, Stippich C, Osswald C, Gaissmaier C, Lembert N, Badke A, Steck E, Aicher WK,
Mollenhauer JA (2012b) Rheological and biological properties of a hydrogel support for cells
intended for intervertebral disc repair. BMC Musculoskelet Disord 13: 54.



Bertolo A, Arcolino F, Capossela S, Taddei AR, Baur M, Potzel T, Stoyanov ] (2015a)
Growth factors cross-linked to collagen microcarriers promote expansion and chondrogenic
differentiation of human mesenchymal stem cells. Tissue Eng Part A 21: 2618-2628.

Bertolo A, Hafner S, Taddei AR, Baur M, Potzel T, Steffen F, Stoyanov J (2015b)
Injectable microcarriers as human mesenchymal stem cell support and their application for
cartilage and degenerated intervertebral disc repair. Eur Cell Mater 29: 70-71.

Bertram H, Kroeber M, Wang H, Unglaub F, Guehring T, Carstens C, Richter W (2005)
Matrix-assisted cell transfer for intervertebral disc cell therapy. Biochem Biophys Res Commun
331: 1185-1192.

Bian Z, Sun ] (2015) Development of a KLD-12 polypeptide/TGF-betal-tissue scaffold
promoting the differentiation of mesenchymal stem cell into nucleus pulposus-like cells for
treatment of intervertebral disc degeneration. Int J Clin Exp Pathol 8: 1093-1103.

Bron JL, Vonk LA, Smit TH, Koenderink GH (2011) Engineering alginate for intervertebral
disc repair. ] Mech Behav Biomed Mater 4: 1196-1205.

Brown RQ, Mount A, Burg KJL (2005) Evaluation of polymer scaffolds to be used in a
composite injectable system for intervertebral disc tissue engineering. ] Biomed Mater Res A 74:
32-39.

Bucher C, Gazdhar A, Benneker LM, Geiser T, Gantenbein-Ritter B (2013) Nonviral Gene
Delivery of growth and differentiation factor 5 to human mesenchymal stem cells injected into a
3D bovine intervertebral disc organ culture system. Stem Cells Int 2013: 326828.

Calderon L, Collin E, Velasco-Bayon D, Murphy M, O'Halloran D, Pandit A (2010) Type
I collagen-hyaluronan hydrogel--a step towards a scaffold for intervertebral disc tissue
engineering. Eur Cell Mater 20: 134-148.

Chan SCW, Gantenbein-Ritter B, Leung VYL, Chan D, Cheung KMC, Ito K (2010)
Cryopreserved intervertebral disc with injected bone marrow-derived stromal cells: a feasibility
study using organ culture. Spine J 10: 486-496.

Chen P, Ning L, Qiu P, Mo ], Mei S, Xia C, Zhang ], Lin X, Fan S (2019) Photo-crosslinked
gelatin-hyaluronic acid methacrylate hydrogel-committed nucleus pulposus-like differentiation
of adipose stromal cells for intervertebral disc repair. ] Tissue Eng Regen Med 13: 682-693.

Chen YC, Su WY, Yang SH, Gefen A, Lin FH (2013) In situ forming hydrogels composed
of oxidized high molecular weight hyaluronic acid and gelatin for nucleus pulposus regeneration.
Acta Biomater 9: 5181-5193.

Chik TK, Ma XY, Choy TH, Li YY, Diao HJ, Teng WK, Han SJ, Cheung KMC, Chan BP
(2013) Photochemically crosslinked collagen annulus plug: a potential solution solving the
leakage problem of cell-based therapies for disc degeneration. Acta Biomater 9: 8128-8139.

Chou AI, Akintoye SO, Nicoll SB (2009) Photo-crosslinked alginate hydrogels support
enhanced matrix accumulation by nucleus pulposus cells in vivo. Osteoarthritis Cartilage 17:
1377-1384.

Chou AlI, Nicoll SB (2009) Characterization of photocrosslinked alginate hydrogels for
nucleus pulposus cell encapsulation. ] Biomed Mater Res Part A 91: 187-194.



Christiani TR, Toomer K, Sheehan ], Nitzl A, Branda A, England E, Graney P, Iftode C,
Vernengo AJ (2016) Synthesis of thermogelling Poly(N-isopropylacrylamide)-graft-chondroitin
sulfate composites with alginate microparticles for tissue engineering. ] Vis Exp 26:53704.

Collin EC, Grad S, Zeugolis DI, Vinatier CS, Clouet JR, Guicheux JJ, Weiss P, Alini M,
Pandit AS (2011) An injectable vehicle for nucleus pulposus cell-based therapy. Biomaterials 32:
2862-2870.

Colombini A, Lopa S, Ceriani C, Lovati AB, Croiset SJ, Di Giancamillo A, Lombardi G,
Banfi G, Moretti M (2015) In vitro characterization and in vivo behavior of human nucleus
pulposus and annulus fibrosus cells in clinical-grade fibrin and collagen-enriched fibrin gels.
Tissue Eng Part A 21: 793-802.

Crevensten G, Walsh AJL, Ananthakrishnan D, Page P, Wahba GM, Lotz JC, Berven S
(2004) Intervertebral disc cell therapy for regeneration: mesenchymal stem cell implantation in
rat intervertebral discs. Ann Biomed Eng 32: 430-434.

Cruz MA, Hom WW, DiStefano TJ, Merrill R, Torre OM, Lin HA, Hecht AC, Illien-Junger
S, Iatridis JC (2018) Cell-seeded adhesive biomaterial for repair of annulus fibrosus defects in
intervertebral discs. Tissue Eng Part A 24: 187-198.

Dang JM, Sun DDN, Shin-Ya Y, Sieber AN, Kostuik JP, Leong KW (2006) Temperature-
responsive hydroxybutyl chitosan for the culture of mesenchymal stem cells and intervertebral
disk cells. Biomaterials 27: 406-418.

Fontana G, Srivastava A, Thomas D, Lalor P, Dockery P, Pandit A (2015) Three-
dimensional microgel platform for the production of cell factories tailored for the nucleus
pulposus. Bioconjugate Chem 26: 1297-1306.

Fontana G, Thomas D, Collin E, Pandit A (2014) Microgel microenvironment primes
adipose-derived stem cells towards an NP cells-like phenotype. Adv Healthcare Mater 3: 2012-
2022.

Foss BL, Maxwell TW, Deng Y (2014) Chondroprotective supplementation promotes the
mechanical properties of injectable scaffold for human nucleus pulposus tissue engineering. J
Mech Behavior of Biomed Mater 29: 56-67.

Francisco AT, Hwang PY, Jeong CG, Jing L, Chen ], Setton LA (2014) Photocrosslinkable
laminin-functionalized polyethylene glycol hydrogel for intervertebral disc regeneration. Acta
Biomater 10: 1102-1111.

Francisco AT, Mancino R], Bowles RD, Brunger JM, Tainter DM, Chen Y-T, Richardson
W], Guilak F, Setton LA (2013) Injectable laminin-functionalized hydrogel for nucleus pulposus
regeneration. Biomaterials 34: 7381-7388.

Frith JE, Cameron AR, Menzies DJ, Ghosh P, Whitehead DL, Gronthos S, Zannettino
ACW, Cooper-White JJ (2013) An injectable hydrogel incorporating mesenchymal precursor cells
and pentosan polysulphate for intervertebral disc regeneration. Biomaterials 34: 9430-9440.

Frith JE, Menzies DJ, Cameron AR, Ghosh P, Whitehead DL, Gronthos S, Zannettino
ACW, Cooper-White JJ (2014) Effects of bound versus soluble pentosan polysulphate in PEG/HA-
based hydrogels tailored for intervertebral disc regeneration. Biomaterials 35: 1150-1162.

GanY, Li P, Wang L, Mo X, Song L, Xu Y, Zhao C, Ouyang B, Tu B, Luo L, Zhu L, Dong
S, Li F, Zhou Q (2017) An interpenetrating network-strengthened and toughened hydrogel that
supports cell-based nucleus pulposus regeneration. Biomaterials 136: 12-28.



GanY, LiS, LiP, XuY, Wang L, Zhao C, Ouyang B, Tu B, Zhang C, Luo L, Luo X, Mo X,
Zhou Q (2016) A controlled release codelivery system of MSCs encapsulated in dextran/gelatin
hydrogel with TGF-33 loaded nanoparticles for nucleus pulposus regeneration. Stem Cells Intl
2016:9042019.

Gan Y, Tu B, Li P, Ye J, Zhao C, Luo L, Zhang C, Zhang Z, Zhu L, Zhou Q (2018) Low
magnitude of compression enhances biosynthesis of mesenchymal stem cells towards nucleus
pulposus cells via the TRPV4-Dependent pathway. Stem Cells Intl 2018: 7061898.

Ganey T, Hutton WC, Moseley T, Hedrick M, Meisel H-] (2009) Intervertebral disc repair
using adipose tissue-derived stem and regenerative cells: experiments in a canine model. Spine
(Phila Pa 1976) 34: 2297-2304.

Gansau J, Buckley CT (2018) Incorporation of collagen and hyaluronic acid to enhance the
bioactivity of fibrin-based hydrogels for nucleus pulposus regeneration.

J Funct Biomater 10: 43.

Gansau J, Kelly L, Buckley CT (2018) Influence of key processing parameters and seeding
density effects of microencapsulated chondrocytes fabricated using electrohydrodynamic
spraying. Biofabrication 10: 035011.

Ghorbani M, Ai ], Nourani MR, Azami M, Hashemi Beni B, Asadpour S, Bordbar S (2017)
Injectable natural polymer compound for tissue engineering of intervertebral disc: In vitro study.
Mater Sci Eng C Mater Biol Appl 80: 502-508.

Goldschlager T, Ghosh P, Zannettino A, Gronthos S, Rosenfeld JV, Itescu S, Jenkin G
(2010) Cervical motion preservation using mesenchymal progenitor cells and pentosan
polysulfate, a novel chondrogenic agent: preliminary study in an ovine model. Neurosurgical
focus 28: E4.

Growney EA, Linder HR, Garg K, Bledsoe JG, Sell SA (2019) Bio-conjugation of platelet-
rich plasma and alginate through carbodiimide chemistry for injectable hydrogel therapies.

J Biomed Mater Res B Appl Biomater 108:1972-1984.

Growney Kalaf EA, Flores R, Bledsoe JG, Sell SA (2016) Characterization of slow-gelling
alginate hydrogels for intervertebral disc tissue-engineering applications. Mater Sci Eng C Mater
Biol Appl 63: 198-210.

Gruber HE, Hoelscher GL, Leslie K, Ingram JA, Hanley EN, Jr. (2006) Three-dimensional
culture of human disc cells within agarose or a collagen sponge: assessment of proteoglycan
production. Biomaterials 27: 371-376.

Gruber HE, Ingram JA, Leslie K, Norton HJ, Hanley EN, Jr. (2003) Cell shape and gene
expression in human intervertebral disc cells: in vitro tissue engineering studies. Biotech
Histochem 78: 109-117.

Gruber HE, Johnson TL, Leslie K, Ingram JA, Martin D, Hoelscher G, Banks D, Phieffer L,
Coldham G, Hanley EN, Jr. (2002) Autologous intervertebral disc cell implantation: a model using
Psammomys obesus, the sand rat. Spine (Phila Pa 1976) 27: 1626-1633.

Gruber HE, Leslie K, Ingram J, Norton HJ, Hanley EN (2004) Cell-based tissue engineering
for the intervertebral disc: in vitro studies of human disc cell gene expression and matrix
production within selected cell carriers. Spine ] 4: 44-55.



Guillaume O, Naqvi SM, Lennon K, Buckley CT (2015) Enhancing cell migration in shape-
memory alginate-collagen composite scaffolds: In vitro and ex vivo assessment for intervertebral
disc repair. ] Biomater Appl 29: 1230-1246.

Gullbrand SE, Schaer TP, Agarwal P, Bendigo JR, Dodge GR, Chen W, Elliott DM, Mauck
RL, Malhotra NR, Smith LJ (2017) Translation of an injectable triple-interpenetrating-network
hydrogel for intervertebral disc regeneration in a goat model. Acta Biomater 60: 201-209.

Gupta MS, Cooper ES, Nicoll SB (2011) Transforming growth factor-beta 3 stimulates
cartilage matrix elaboration by human marrow-derived stromal cells encapsulated in
photocrosslinked carboxymethylcellulose hydrogels: potential for nucleus pulposus
replacement. Tissue Eng Part A 17: 2903-2910.

Gupta MS, Nicoll SB (2014) Functional nucleus pulposus-like matrix assembly by human
mesenchymal stromal cells is directed by macromer concentration in photocrosslinked
carboxymethylcellulose hydrogels. Cell Tissue Res 358: 527-539.

Gupta MS, Nicoll SB (2015) Duration of TGF-beta3 Exposure Impacts the Chondrogenic
Maturation of Human MSCs in Photocrosslinked Carboxymethylcellulose Hydrogels.
AnnBiomedical Eng 43: 1145-1157.

Halloran DO, Grad S, Stoddart M, Dockery P, Alini M, Pandit AS (2008) An injectable
cross-linked scaffold for nucleus pulposus regeneration. Biomaterials 29: 438-447.

Hansson A, Wenger A, Henriksson HB, Li S, Johansson BR, Brisby H (2017) The direction
of human mesenchymal stem cells into the chondrogenic lineage is influenced by the features of
hydrogel carriers. Tissue Cell 49: 35-44.

Hayami JWS, Waldman SD, Amsden BG (2011) A photocurable hydrogel/elastomer
composite scaffold with bi-continuous morphology for cell encapsulation. Macromol Biosci 11:
1672-1683.

Hayami JWS, Waldman SD, Amsden BG (2013) Injectable, high modulus, and fatigue
resistant composite scaffold for load-bearing soft tissue regeneration. Biomacromolecules 14:
4236-4247.

Hayami JWS, Waldman SD, Amsden BG (2016) Chondrocyte generation of cartilage-like
tissue following photoencapsulation in methacrylated polysaccharide solution blends. Macromol
Biosci 16: 1083-1095.

Hegewald AA, Endres M, Abbushi A, Cabraja M, Woiciechowsky C, Schmieder K, Kaps
C, Thome C (2011) Adequacy of herniated disc tissue as a cell source for nucleus pulposus
regeneration: Laboratory investigation. ] Neurosurg Spine 14: 273-280.

Henriksson HB, Hagman M, Horn M, Lindahl A, Brisby H (2012) Investigation of different
cell types and gel carriers for cell-based intervertebral disc therapy, in vitro and in vivo studies. J
Tissue Eng Regen Med 6: 738-747.

Henriksson HB, Svanvik T, Jonsson M, Hagman M, Horn M, Lindahl A, Brisby H (2009)
Transplantation of human mesenchymal stems cells into intervertebral discs in a xenogeneic
porcine model. Spine (Phila Pa 1976) 34: 141-148.

Hingert D, Barreto Henriksson H, Brisby H (2018) Human mesenchymal stem cells
pretreated with interleukin-1p and stimulated with bone morphogenetic growth factor-3 enhance
chondrogenesis. Tissue Eng Part A 24: 775-785.



HouY, ShiG, ShiJ, Xu G, Guo Y, Xu P (2016) Study design: in vitro and in vivo assessment
of bone morphogenic protein 2 combined with platelet-rich plasma on treatment of disc
degeneration. Int Orthop 40: 1143-1155.

Hu A, Xing R, Jiang L, Li Z, Liu P, Wang H, Li X, Dong J (2020) Thermosensitive hydrogels
loaded with human-induced pluripotent stem cells overexpressing growth differentiation factor-
5 ameliorate intervertebral disc degeneration in rats. ] Biomed Mater Res B Appl Biomater. 108(5):
2005-2016.

Hussain I, Sloan SR, Wipplinger C, Navarro-Ramirez R, Zubkov M, Kim E, Kirnaz S,
Bonassar L], Hartl R (2019) Mesenchymal stem cell-seeded high-density collagen gel for annular
repair: 6-week results from in vivo sheep models. Neurosurgery 85: E350-E359.

Jalani G, Rosenzweig DH, Makhoul G, Abdalla S, Cecere R, Vetrone F, Haglund L, Cerruti
M (2015) Tough, in-situ thermogelling, injectable hydrogels for biomedical applications.
Macromol Biosci 15: 473-480.

Khang G, Lee SK, Kim HN, Silva-Correia J, Gomes ME, Viegas CAA, Dias IR, Oliveira JM,
Reis RL (2015) Biological evaluation of intervertebral disc cells in different formulations of gellan
gum-based hydrogels. ] Tissue Eng Regen Med 9: 265-275.

Kim DH, Martin JT, Elliott DM, Smith LJ, Mauck RL (2015) Phenotypic stability, matrix
elaboration and functional maturation of nucleus pulposus cells encapsulated in
photocrosslinkable hyaluronic acid hydrogels. Acta Biomater 12: 21-29.

Krouwels A, Melchels FPW, Van Rijen MHP, Oner FC, Dhert WJA, Tryfonidou MA,
Creemers LB (2018a) Comparing hydrogels for human nucleus pulposus regeneration: role of
osmolarity during expansion. Tissue Eng Part C Methods 24: 222-232.

Krouwels A, Melchels FPW, van Rijen MHP, Ten Brink CBM, Dhert WJA, Cumhur Oner
F, Tryfonidou MA, Creemers LB (2018b) Focal adhesion signaling affects regeneration by human
nucleus pulposus cells in collagen- but not carbohydrate-based hydrogels. Acta Biomater 66: 238-
247.

Kumar D, Gerges I, Tamplenizza M, Lenardi C, Forsyth NR, Liu Y (2014) Three-
dimensional hypoxic culture of human mesenchymal stem cells encapsulated in a photocurable,
biodegradable polymer hydrogel: a potential injectable cellular product for nucleus pulposus
regeneration. Acta Biomater 10: 3463-3474.

Kumar D, Lyness A, Gerges I, Lenardi C, Forsyth NR, Liu Y (2016) Stem cell delivery with
polymer hydrogel for treatment of intervertebral disc degeneration: from 3D culture to design of
the delivery device for minimally invasive therapy. Cell Transplant 25: 2213-2220.

Kumar H, Ha DH, Lee EJ, Park JH, Shim JH, Ahn TK, Kim KT, Ropper AE, Sohn S, Kim
CH, Thakor DK, Lee SH, Han IB (2017) Safety and tolerability of intradiscal implantation of
combined autologous adipose-derived mesenchymal stem cells and hyaluronic acid in patients
with chronic discogenic low back pain: 1-year follow-up of a phase i study. Stem Cell Res Ther 8.
262

Ladet SG, Tahiri K, Montembault AS, Domard AJ, Corvol MTM (2011) Multi-membrane
chitosan hydrogels as chondrocytic cell bioreactors. Biomaterials 32: 5354-5364.

Leckie SK, Sowa GA, Bechara BP, Hartman RA, Coelho JP, Witt WT, Dong QD, Bowman
BW, Bell KM, Vo NV, Kramer BC, Kang JD (2013) Injection of human umbilical tissue-derived



cells into the nucleus pulposus alters the course of intervertebral disc degeneration in vivo. Spine
J 13: 263-272.

Li X, Shao H, Wu B, Yu Y, Du Y, Liu S, Sun ] (2017) Repair of intervertebral disc
degeneration using KLD-12/TGF-betal fiber gel combined with BMSCs in a rabbit model. Int ]
Clin Exp Med 10: 7457-7467.

Li YY, Diao HJ, Chik TK, Chow CT, An XM, Leung V, Cheung KMC, Chan BP (2014a)
Delivering mesenchymal stem cells in collagen microsphere carriers to rabbit degenerative disc:
reduced risk of osteophyte formation. Tissue Eng Part A 20: 1379-1391.

Li Z, Kaplan KM, Wertzel A, Peroglio M, Amit B, Alini M, Grad S, Yayon A (2014b)
Biomimetic fibrin-hyaluronan hydrogels for nucleus pulposus regeneration. Regen Med 9: 309-
326.

Liang C-z, Li H, Tao Y-q, Peng L-h, Gao J-q, Wu J+j, Li F-c, Hua J-m, Chen Q-x (2013) Dual
release of dexamethasone and TGF-beta3 from polymeric microspheres for stem cell matrix
accumulation in a rat disc degeneration model. Acta Biomater 9: 9423-9433.

Liang C, Li H, Li C, Yang Z, Zhou X, Tao Y, Xiao Y, Li F, Chen Q (2012) Fabrication of a
layered microstructured polymeric microspheres as a cell carrier for nucleus pulposus
regeneration. ] Biomater Sci Polym Ed 23: 2287-2302.

Ligorio C, Zhou M, Wychowaniec JK, Zhu X, Bartlam C, Miller AF, Vijayaraghavan A,
Hoyland JA, Saiani A (2019) Graphene oxide containing self-assembling peptide hybrid
hydrogels as a potential 3D injectable cell delivery platform for intervertebral disc repair
applications. Acta Biomater 92: 92-103.

Lin HA, Gupta MS, Varma DM, Gilchrist ML, Nicoll SB (2016) Lower crosslinking density
enhances functional nucleus pulposus-like matrix elaboration by human mesenchymal stem cells
in carboxymethylcellulose hydrogels. ] Biomed Mater Res Part A 104: 165-177.

Ma K, Wu Y, Wang B, Yang S, Wei Y, Shao Z (2013) Effect of a synthetic link N peptide
nanofiber scaffold on the matrix deposition of aggrecan and type II collagen in rabbit notochordal
cells. ] Mater Sci Mater Med 24: 405-415.

Malonzo C, Chan SCW, Kabiri A, Eglin D, Grad S, Bonel HM, Benneker LM, Gantenbein-
Ritter B (2015) A papain-induced disc degeneration model for the assessment of thermo-
reversible hydrogel-cells therapeutic approach. ] Tissue Eng and Regen Med 9: E167-176.

Manira M, Shamsul BS, Aminuddin BS, Ruszymah BHI (2011) Cultivation of
intervertebral disc cells in medium fortified with growth factors improved in vitro
chondrogenesis. Biomed Res 22: 435-441.

McKee C, Beeravolu N, Brown C, Perez-Cruet M, Chaudhry GR (2020) Mesenchymal stem
cells transplanted with self-assembling scaffolds differentiated to regenerate nucleus pulposus in
an ex vivo model of degenerative disc disease. Appl Mater Today 18.

Mercuri ], Addington C, Pascal R, 3rd, Gill S, Simionescu D (2014) Development and initial
characterization of a chemically stabilized elastin-glycosaminoglycan-collagen composite shape-
memory hydrogel for nucleus pulposus regeneration. ] Biomed Mater Res Part A 102: 4380-4393.

Mercuri JJ, Patnaik S, Dion G, Gill SS, Liao J, Simionescu DT (2013) Regenerative potential
of decellularized porcine nucleus pulposus hydrogel scaffolds: stem cell differentiation, matrix
remodeling, and biocompatibility studies. Tissue Eng Part A 19: 952-966.



Moriguchi Y, Borde B, Berlin C, Wipplinger C, Sloan SR, Kirnaz S, Pennicooke B, Navarro-
Ramirez R, Khair T, Grunert P, Kim E, Bonassar L, Hartl R (2018) In vivo annular repair using
high-density collagen gel seeded with annulus fibrosus cells. Acta Biomater 79: 230-238.

Moss IL, Gordon L, Woodhouse KA, Whyne CM, Yee AJM (2011) A novel thiol-modified
hyaluronan and elastin-like polypetide composite material for tissue engineering of the nucleus
pulposus of the intervertebral disc. Spine (Phila Pa 1976) 36: 1022-1029.

Muller ], Benz K, Ahlers M, Gaissmaier C, Mollenhauer J (2011) Hypoxic conditions
during expansion culture prime human mesenchymal stromal precursor cells for chondrogenic
differentiation in three-dimensional cultures. Cell Transplant 20: 1589-1602.

Mwale F, Iordanova M, Demers CN, Steffen T, Roughley P, Antoniou J (2005) Biological
evaluation of chitosan salts cross-linked to genipin as a cell scaffold for disk tissue engineering.
Tissue Eng 11: 130-140.

Naderi-Meshkin H, Andreas K, Matin MM, Sittinger M, Bidkhori HR, Ahmadiankia N,
Bahrami AR, Ringe ] (2014) Chitosan-based injectable hydrogel as a promising in situ forming
scaffold for cartilage tissue engineering. Cell Biol Int 38: 72-84.

Naqvi SM, Buckley CT (2015) Differential response of encapsulated nucleus pulposus and
bone marrow stem cells in isolation and coculture in alginate and chitosan hydrogels. Tissue Eng
Part A 21: 288-299.

Naqvi SM, Gansau ], Buckley CT (2018) Priming and cryopreservation of
microencapsulated marrow stromal cells as a strategy for intervertebral disc regeneration.
Biomed Mater 13: 034106.

Naqvi SM, Gansau ], Gibbons D, Buckley CT (2019) In vitro co-culture and ex vivo organ
culture assessment of primed and cryopreserved stromal cell microcapsules for intervertebral
disc regeneration. Eur Cells Mater 37: 134-152.

Navaro Y, Bleich-Kimelman N, Hazanov L, Mironi-Harpaz I, Shachaf Y, Garty S, Smith Y,
Pelled G, Gazit D, Seliktar D, Gazit Z (2015) Matrix stiffness determines the fate of nucleus
pulposus-derived stem cells. Biomaterials 49: 68-76.

Omlor GW, Bertram H, Kleinschmidt K, Fischer J, Brohm K, Guehring T, Anton M, Richter
W (2010) Methods to monitor distribution and metabolic activity of mesenchymal stem cells
following in vivo injection into nucleotomized porcine intervertebral discs. Eur Spine J 19: 601-
612.

Omlor GW, Fischer ], Kleinschmitt K, Benz K, Holschbach J, Brohm K, Anton M, Guehring
T, Richter W (2014) Short-term follow-up of disc cell therapy in a porcine nucleotomy model with
an albumin-hyaluronan hydrogel: in vivo and in vitro results of metabolic disc cell activity and
implant distribution. Eur Spine ] 23: 1837-1847.

Omlor GW, Lorenz S, Nerlich AG, Guehring T, Richter W (2018) Disc cell therapy with
bone-marrow-derived autologous mesenchymal stromal cells in a large porcine disc
degeneration model. Eur Spine ] 27: 2639-2649.

Park S-H, Cho H, Gil ES, Mandal BB, Min B-H, Kaplan DL (2011) Silk-fibrin/hyaluronic
acid composite gels for nucleus pulposus tissue regeneration. Tissue Eng Part A 17: 2999-3009.

Pereira DR, Silva-Correia J, Caridade SG, Oliveira JT, Sousa RA, Salgado A]J, Oliveira JM,
Mano JF, Sousa N, Reis RL (2011) Development of gellan gum-based microparticles/hydrogel



matrices for application in the intervertebral disc regeneration. Tissue Eng Part C Methods 17:
961-972.

Pereira DR, Silva-Correia J, Oliveira JM, Reis RL, Pandit A, Biggs MJ (2018) Nanocellulose
reinforced gellan-gum hydrogels as potential biological substitutes for annulus fibrosus tissue
regeneration. Nanomedicine 14: 897-908.

Peroglio M, Douma LS, Caprez TS, Janki M, Benneker LM, Alini M, Grad S (2017)
Intervertebral disc response to stem cell treatment is conditioned by disc state and cell carrier: An
ex vivo study. Journal Orthop Translat 9: 43-51.

Peroglio M, Eglin D, Benneker LM, Alini M, Grad S (2013) Thermoreversible hyaluronan-
based hydrogel supports in vitro and ex vivo disc-like differentiation of human mesenchymal
stem cells. Spine J 13: 1627-1639.

Peroglio M, Grad S, Mortisen D, Sprecher CM, Illien-Junger S, Alini M, Eglin D (2012)
Injectable thermoreversible hyaluronan-based hydrogels for nucleus pulposus cell encapsulation.
Eur Spine ] 21 Suppl 6: S839-849.

Piluso S, Labet M, Zhou C, Seo JW, Thielemans W, Patterson J (2019) Engineered three-
dimensional microenvironments with starch nanocrystals as cell-instructive materials.
Biomacromolecules 20: 3819-3830.

Pratsinis H, Kletsas D (2015) Organotypic cultures of intervertebral disc cells: responses
to growth factors and signaling pathways involved. Biomed Res Int 2015: 427138.

Priyadarshani P, Li Y, Yang S, Yao L (2016) Injectable hydrogel provides growth-
permissive environment for human nucleus pulposus cells. ] Biomed Mater Res Part A 104: 419-
426.

Reitmaier S, Kreja L, Gruchenberg K, Kanter B, Silva-Correia ], Oliveira JM, Reis RL,
Perugini V, Santin M, Ignatius A, Wilke H-] (2014) In vivo biofunctional evaluation of hydrogels
for disc regeneration. Eur Spine ] 23: 19-26.

Revell PA, Damien E, Di Silvio L, Gurav N, Longinotti C, Ambrosio L (2007) Tissue
engineered intervertebral disc repair in the pig using injectable polymers. ] Mater Sci Mater Med
18: 303-308.

Reza AT, Nicoll SB (2010a) Characterization of novel photocrosslinked
carboxymethylcellulose hydrogels for encapsulation of nucleus pulposus cells. Acta Biomater 6:
179-186.

Reza AT, Nicoll SB (2010b) Serum-free, chemically defined medium with TGF-33
enhances functional properties of nucleus pulposus cell-laden carboxymethylcellulose hydrogel
constructs. Biotechnol Bioeng 105: 384-395.

Richardson SM, Hughes N, Hunt JA, Freemont AJ, Hoyland JA (2008) Human
mesenchymal stem cell differentiation to NP-like cells in chitosan-glycerophosphate hydrogels.
Biomaterials 29: 85-93.

Rosenzweig DH, Fairag R, Mathieu AP, Li L, Eglin D, D'Este M, Steffen T, Weber MH,
Ouellet JA, Haglund L (2018) Thermoreversible hyaluronan-hydrogel and autologous nucleus
pulposus cell delivery regenerates human intervertebral discs in an ex vivo, physiological organ
culture model. Eur Cell Mater 36: 200-217.



Rosenzweig DH, Gawri R, Moir J, Beckman L, Eglin D, Steffen T, Roughley PJ, Ouellet JA,
Haglund L (2016) Dynamic loading, matrix maintenance and cell injection therapy of human
intervertebral discs cultured in a bioreactor. Eur Cell Mater 31: 26-39.

Roughley P, Hoemann C, DesRosiers E, Mwale F, Antoniou J, Alini M (2006) The potential
of chitosan-based gels containing intervertebral disc cells for nucleus pulposus supplementation.
Biomaterials 27: 388-396.

Sakai D, Mochida J, Iwashina T, Hiyama A, Omi H, Imai M, Nakai T, Ando K, Hotta T
(2006a) Regenerative effects of transplanting mesenchymal stem cells embedded in atelocollagen
to the degenerated intervertebral disc. Biomaterials 27: 335-345.

Sakai D, Mochida J, Iwashina T, Watanabe T, Suyama K, Ando K, Hotta T (2006b)
Atelocollagen for culture of human nucleus pulposus cells forming nucleus pulposus-like tissue
in vitro: influence on the proliferation and proteoglycan production of HNPSV-1 cells.
Biomaterials 27: 346-353.

Sakai D, Mochida J, Yamamoto Y, Nomura T, Okuma M, Nishimura K, Nakai T, Ando K,
Hotta T (2003) Transplantation of mesenchymal stem cells embedded in Atelocollagen gel to the
intervertebral disc: a potential therapeutic model for disc degeneration. Biomaterials 24: 3531-
3541.

Saldanha KJ, Piper SL, Ainslie KM, Kim HT, Majumdar S (2008) Magnetic resonance
imaging of iron oxide labelled stem cells: applications to tissue engineering based regeneration
of the intervertebral disc. Eur Cells Mater 16: 17-25.

Salzig D, Schmiermund A, Gebauer E, Fuchsbauer H-L, Czermak P (2011) Influence of
porcine intervertebral disc matrix on stem cell differentiation. ] Funct Biomater 2: 155-172.

Scholz B, Kinzelmann C, Benz K, Mollenhauer ], Wurst H, Schlosshauer B (2010)
Suppression of adverse angiogenesis in an albumin-based hydrogel for articular cartilage and
intervertebral disc regeneration. Eur Cell Mater 20: 24-27.

Sheyn D, Ben-David S, Tawackoli W, Zhou Z, Salehi K, Bez M, De Mel S, Chan V, Roth J,
Avalos P, Giaconi JC, Yameen H, Hazanov L, Seliktar D, Li D, Gazit D, Gazit Z (2019) Human
iPSCs can be differentiated into notochordal cells that reduce intervertebral disc degeneration in
a porcine model. Theranostics 9: 7506-7524.

Silva-Correia J, Gloria A, Oliveira MB, Mano JF, Oliveira JM, Ambrosio L, Reis RL (2013a)
Rheological and mechanical properties of acellular and cell-laden methacrylated gellan gum
hydrogels. ] Biomed Mater Res Part A 101: 3438-3446.

Silva-Correia ], Zavan B, Vindigni V, Silva TH, Oliveira JM, Abatangelo G, Reis RL (2013b)
Biocompatibility evaluation of ionic- and photo-crosslinked methacrylated gellan gum
hydrogels: in vitro and in vivo study. Adv Healthc Mater 2: 568-575.

Smith L], Gorth DJ, Showalter BL, Chiaro JA, Beattie EE, Elliott DM, Mauck RL, Chen W,
Malhotra NR (2014) In vitro characterization of a stem-cell-seeded triple-interpenetrating-
network hydrogel for functional regeneration of the nucleus pulposus. Tissue Eng Part A 20: 1841-
1849.

Song JE, Kim EY, Ahn WY, Lee Y], Lee D, Reis R, Khang G (2015) The potential of DBP
gels containing intervertebral disc cells for annulus fibrosus supplementation: in vivo. J Tissue
Eng Regen Med 9: E98-107.



Stern S, Lindenhayn K, Schultz O, Perka C (2000) Cultivation of porcine cells from the
nucleus pulposus in a fibrin/hyaluronic acid matrix. Acta Orthop Scand 71: 496-502.

Subhan RA, Puvanan K, Murali MR, Balaji Raghavendran HR, Shani S, Abdullah BJ]J,
Amir Abbas A, Mohamed JA, Kamarul T (2014) Fluoroscopy assisted minimally invasive
transplantation of allogenic mesenchymal stromal cells embedded in hystem reduces the
progression of nucleus pulposus degeneration in the damaged interverbal disc: a preliminary
study in rabbits. ScientificWorldJournal 2014: 818502.

Sun ], Zheng Q (2009) Experimental study on self-assembly of KLD-12 peptide hydrogel
and 3-D culture of MSC encapsulated within hydrogel in vitro. ] Huazhong Univ Sci Technology
Med Sci 29: 512-516.

Sun J, Zheng Q, Wu Y, Liu Y, Guo X, Wu W (2010a) Biocompatibility of KLD-12 peptide
hydrogel as a scaffold in tissue engineering of intervertebral discs in rabbits. ] Huazhong Univ
Sci Technology Med Sci 30: 173-177.

Sun J, Zheng Q, Wu Y, Liu Y, Guo X, Wu W (2010b) Culture of nucleus pulposus cells
from intervertebral disc on self-assembling KLD-12 peptide hydrogel scaffold. Mater Sci Eng C
30: 975-980.

Sun W, Zhang K, Liu G, Ding W, Zhao C, Xie Y, Yuan J, Sun X, Li H, Liu C, Tang T, Zhao
J (2014) Sox9 gene transfer enhanced regenerative effect of bone marrow mesenchymal stem cells
on the degenerated intervertebral disc in a rabbit model. PloS one 9: €93570.

Sun Z, Luo B, Liu Z, Huang L, Liu B, Ma T, Gao B, Liu Z-H, Chen Y-F, Huang J-H, Luo Z
(2016) Effect of perfluorotributylamine-enriched alginate on nucleus pulposus cell: Implications
for intervertebral disc regeneration. Biomaterials 82: 34-47.

Tao H, Wu Y, Li H, Wang C, Zhang Y, Li C, Wen T, Wang X, He Q, Wang D, Ruan D
(2015) BMP7-based functionalized self-assembling peptides for nucleus pulposus tissue
engineering. ACS Appl Mater Interfaces 7: 17076-17087.

Tao H, Zhang Y, Wang CF, Zhang C, Wang XM, Wang DL, Bai XD, Wen TY, Xin HK, Wu
JH, Liu Y, He Q, Ruan D (2014) Biological evaluation of human degenerated nucleus pulposus
cells in functionalized self-assembling peptide nanofiber hydrogel scaffold. Tissue Eng Part A 20:
1621-1631.

Tao Y, Zhou X, Liu D, Li H, Liang C, Li F, Chen Q (2016) Proportion of collagen type II in
the extracellular matrix promotes the differentiation of human adipose-derived mesenchymal
stem cells into nucleus pulposus cells. Biofactors 42: 212-223.

Teixeira GQ, Boldt A, Nagl I, Pereira CL, Benz K, Wilke H-J, Ignatius A, Barbosa MA,
Goncalves RM, Neidlinger-Wilke C (2016) A degenerative/proinflammatory intervertebral disc
organ culture: an ex vivo model for anti-inflammatory drug and cell therapy. Tissue Eng Part C
Methods 22: 8-19.

Thorpe AA, Dougill G, Vickers L, Reeves ND, Sammon C, Cooper G, Le Maitre CL (2017)
Thermally triggered hydrogel injection into bovine intervertebral disc tissue explants induces
differentiation of mesenchymal stem cells and restores mechanical function. Acta Biomater 54:
212-226.

Toh WS, Lim TC, Kurisawa M, Spector M (2012) Modulation of mesenchymal stem cell
chondrogenesis in a tunable hyaluronic acid hydrogel microenvironment. Biomaterials 33: 3835-
3845.



Tsaryk R, Gloria A, Russo T, Anspach L, De Santis R, Ghanaati S, Unger RE, Ambrosio L,
Kirkpatrick CJ (2015) Collagen-low molecular weight hyaluronic acid semi-interpenetrating
network loaded with gelatin microspheres for cell and growth factor delivery for nucleus
pulposus regeneration. Acta Biomater 20: 10-21.

Tsaryk R, Silva-Correia J, Oliveira JM, Unger RE, Landes C, Brochhausen C, Ghanaati S,
Reis RL, Kirkpatrick CJ (2017) Biological performance of cell-encapsulated methacrylated gellan
gum-based hydrogels for nucleus pulposus regeneration. ] Tissue Eng Regen Med 11: 637-648.

Tseng H, Cuchiara ML, Durst CA, Cuchiara MP, Lin CJ, West JL, Grande-Allen KJ (2013)
Fabrication and mechanical evaluation of anatomically-inspired quasilaminate hydrogel
structures with layer-specific formulations. Ann Biomed Eng 41: 398-407.

Ukeba D, Sudo H, Tsujimoto T, Ura K, Yamada K, Iwasaki N (2020) Bone marrow
mesenchymal stem cells combined with ultra-purified alginate gel as a regenerative therapeutic
strategy after discectomy for degenerated intervertebral discs. EBioMedicine 53: 102698.

Vadala G, Russo F, Musumeci M, D'Este M, Cattani C, Catanzaro G, Tirindelli MC, Lazzari
L, Alini M, Giordano R, Denaro V (2017) Clinically relevant hydrogel-based on hyaluronic acid
and platelet rich plasma as a carrier for mesenchymal stem cells: rheological and biological
characterization. Journal Orthop Res 35: 2109-2116.

Varma DM, DiNicolas MS, Nicoll SB (2018) Injectable, redox-polymerized
carboxymethylcellulose hydrogels promote nucleus pulposus-like extracellular matrix
elaboration by human MSCs in a cell density-dependent manner. ] Biomater Appl 33: 576-589.

Vaudreuil N, Henrikson K, Pohl P, Lee A, Lin H, Olsen A, Dong Q, Dombrowski M, Kang
J, VoN, Lee ], Sowa G (2019) Photopolymerizable biogel scaffold seeded with mesenchymal stem
cells: safety and efficacy evaluation of novel treatment for intervertebral disc degeneration. J
Orthop Res 37: 1451-1459.

Vickers L, Thorpe AA, Snuggs J, Sammon C, Le Maitre CL (2019) Mesenchymal stem cell
therapies for intervertebral disc degeneration: consideration of the degenerate niche. JOR Spine
2: e1055.

Wan S, Borland S, Richardson SM, Merry CLR, Saiani A, Gough JE (2016) Self-assembling
peptide hydrogel for intervertebral disc tissue engineering. Acta Biomater 46: 29-40.

Wang B, Sun C, Shao Z, Yang S, Che B, Wu Q, Liu J (2014a) Designer self-assembling
peptide nanofiber scaffolds containing link protein N-terminal peptide induce chondrogenesis of
rabbit bone marrow stem cells. BioMed Res Int 2014. 421954

Wang B, Wu Y, Shao Z, Yang S, Che B, Sun C, Ma Z, Zhang Y (2012) Functionalized self-
assembling peptide nanofiber hydrogel as a scaffold for rabbit nucleus pulposus cells. ] Biomed
Mater Res Part A 100: 646-653.

Wang F, Nan LP, Zhou SF, Liu Y, Wang ZY, Wang JC, Feng XM, Zhang L (2019) Injectable
hydrogel combined with nucleus pulposus-derived mesenchymal stem cells for the treatment of
degenerative intervertebral disc in rats. Stem Cells Int 2019: 8496025.

Wang H, Zhou Y, Huang B, Liu LT, Liu MH, Wang J, Li CQ, Zhang ZF, Chu TW, Xiong
CJ (2014b) Utilization of stem cells in alginate for nucleus pulposus tissue engineering. Tissue
Eng Part A 20: 908-920.

Wiltsey C, Christiani T, Williams ], Scaramazza ], Van Sciver C, Toomer K, Sheehan J,
Branda A, Nitzl A, England E, Kadlowec], Iftode C, Vernengo J (2015) Thermogelling bioadhesive



scaffolds for intervertebral disk tissue engineering: preliminary in vitro comparison of aldehyde-
based versus alginate microparticle-mediated adhesion. Acta Biomater 16: 71-80.

WuY,JiaZ, LiuL, ZhaoY, Li H, Wang C, Tao H, Tang Y, He Q, Ruan D (2016) Functional
self-assembled peptide nanofibers for bone marrow mesenchymal stem cell encapsulation and
regeneration in nucleus pulposus. Artif Organs 40: E112-119.

Xia K, Zhu ], Hua ], Gong Z, Yu C, Zhou X, Wang J, Huang X, Yu W, Li L, Gao ], Chen Q,
Li F, Liang C (2019) Intradiscal injection of induced pluripotent stem cell-derived nucleus
pulposus-like cell-seeded polymeric microspheres promotes rat disc regeneration. Stem Cells Int
2019: 6806540.

XuJ, Wang W, Ludeman M, Cheng K, Hayami T, Lotz JC, Kapila S (2008) Chondrogenic
differentiation of human mesenchymal stem cells in three-dimensional alginate gels. Tissue Eng
Part A 14: 667-680.

Yang H, Wu ], Liu J, Ebraheim M, Castillo S, Liu X, Tang T, Ebraheim NA (2010)
Transplanted mesenchymal stem cells with pure fibrinous gelatin-transforming growth factor-
betal decrease rabbit intervertebral disc degeneration. Spine J 10: 802-810.

Yang SH, Wu CC, Shih TTF, Chen PQ, Lin FH (2008) Three-dimensional culture of human
nucleus pulposus cells in fibrin clot: comparisons on cellular proliferation and matrix synthesis
with cells in alginate. Artif Organs 32: 70-73.

Yao L, Flynn N (2018) Dental pulp stem cell-derived chondrogenic cells demonstrate
differential cell motility in type I and type II collagen hydrogels. Spine ] 18: 1070-1080.

Ying J, Han Z, Zeng Y, Du Y, Pei S, Su L, Ruan D, Chen C (2019) Evaluation of
intervertebral disc regeneration with injection of mesenchymal stem cells encapsulated in
PEGDA-microcryogel delivery system using quantitative T2 mapping: a study in canines. Am J
Transl Res 11: 2028-2041.

Yoshikawa T, Ueda Y, Miyazaki K, Koizumi M, Takakura Y (2010) Disc regeneration
therapy using marrow mesenchymal cell transplantation: A report of two case studies. Spine
(Phila Pa 1976) 35: E475-E480.

Youngstrom DW, Cakstina I, Jakobsons E (2016) Cartilage-derived extracellular matrix
extract promotes chondrocytic phenotype in three-dimensional tissue culture. Artif Cells
Nanomed Biotechnol 44: 1040-1047.

Yuan M, Pai PJ, Liu X, Lam H, Chan BP (2018) Proteomic analysis of nucleus pulposus
cell-derived extracellular matrix niche and its effect on phenotypic alteration of dermal
tibroblasts. Sci Rep 8. 1512

Yuan M, Yeung CW, Li YY, Diao H, Cheung KMC, Chan D, Cheah K, Chan PB (2013)
Effects of nucleus pulposus cell-derived acellular matrix on the differentiation of mesenchymal
stem cells. Biomaterials 34: 3948-3961.

Zeiter S, Van Der Werf M, Ito K (2009) The fate of bovine bone marrow stromal cells in
hydrogels: A comparison to nucleus pulposus cells and articular chondrocytes. ] Tissue Eng
Regen Med 3: 310-320.

Zeng Y, Chen C, Liu W,Fu Q,Han Z, Li Y, Feng S, Li X, Qi C, Wu J, Wang D, Corbett C,
Chan BP, Ruan D, Du Y (2015) Injectable microcryogels reinforced alginate encapsulation of
mesenchymal stromal cells for leak-proof delivery and alleviation of canine disc degeneration.
Biomaterials 59: 53-65.



Zhang Y, Drapeau S, Howard SA, Thonar EJMA, Anderson DG (2011) Transplantation of
goat bone marrow stromal cells to the degenerating intervertebral discin a goat disc injury model.
Spine (Phila Pa 1976) 36: 372-377.

Zhang Z-Q, Wang C-S, Yang P, Wang K-Z (2018) Mesenchymal stem cells induced by
microencapsulated chondrocytes on repairing of intervertebral disc degeneration. Orthop Surg
10: 328-336.

Zhang Z, Li F, Tian H, Guan K, Zhao G, Shan ], Ren D (2014) Differentiation of adipose-
derived stem cells toward nucleus pulposus-like cells induced by hypoxia and a three-
dimensional chitosan-alginate gel scaffold in vitro. Chin Med ] (Engl) 127: 314-321.

Zhou X, Tao Y, Chen E, Wang J, Fang W, Zhao T, Liang C, Li F, Chen Q (2018a) Genipin-
cross-linked type II collagen scaffold promotes the differentiation of adipose-derived stem cells
into nucleus pulposus-like cells. ] Biomed Mater Res Part A 106: 1258-1268.

Zhou X, Tao Y, Wang J, Liu D, Liang C, Li H, Chen Q (2016) Three-dimensional scaffold
of type II collagen promote the differentiation of adipose-derived stem cells into a nucleus
pulposus-like phenotype. ] Biomed Mater Res Part A 104: 1687-1693.

Zhou X, Wang ], Fang W, Tao Y, Zhao T, Xia K, Liang C, Hua J, Li F, Chen Q (2018b)
Genipin cross-linked type II collagen/chondroitin sulfate composite hydrogel-like cell delivery
system induces differentiation of adipose-derived stem cells and regenerates degenerated
nucleus pulposus. Acta Biomater 71: 496-509.

Zhou X, Wang ], Huang X, Fang W, Tao Y, Zhao T, Liang C, Hua J, Chen Q, Li F (2018c)
Injectable decellularized nucleus pulposus-based cell delivery system for differentiation of
adipose-derived stem cells and nucleus pulposus regeneration. Acta Biomater 81: 115-128.

Zhu Y, Tan J, Zhu H, Lin G, Yin F, Wang L, Song K, Wang Y, Zhou G, Yi W (2017)
Development of kartogenin-conjugated chitosan-hyaluronic acid hydrogel for nucleus pulposus
regeneration. Biomater Sci 5: 784-791.



