Polym. Korea, Vol. 47, No. 2, pp. 233-240 (2023) ISSN 0379-153X(Print)
https://doi.org/10.7317/pk.2023.47.2.233 ISSN 2234-8077(Online)

HEE* - Zol# LM - UST* - MT& - STl - ST Pt

A EA L vlo] evheg-3hEstat, e Bl st ARk g-st
o] Bl St Al A4
(2022 12€ 2 A4, 20239 1€ 269 474, 20239 1€ 309 AE)

Gellan Gum/Polyvinyl Alcohol Hydrogels with Stress Relaxation Property for
Application as Retinal Pigment Epithelial Cell Carrier

Seung Ho Choe**, Soo In Kim*#, Se Eun Kim*, Seung Jae Kim*, Jin Sol Seo*, Sunjae Park*,
Jeong Eun Song*, and Gilson Khang******"
*Department of Bionanotechnology and Bio-Convergence Engineering, Jeonbuk National University,
567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, Korea
**Department of PolymerNano Science & Technology, Jeonbuk National University, 567 Baekje-daero,
Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, Korea
***Polymer Materials Fusion Research Center, Jeonbuk National University, 567 Baekje-daero, Deokjin-gu,
Jeonju-si, Jeollabuk-do 54896, Korea

(Received December 2, 2022; Revised January 26, 2023; Accepted January 30, 2023)

Z5: & d7oME EHE Y3 (polyvinyl alcohol, PVA) Aol w2 A (gellan gum, GG)/PVA 3lo]=

2 13} Hrle} olo] whE WAl AAby] A E(retinal pigment epithelium, RPE)2] A& 2 Z2]18 H7ls}
Atk GGE A7 A4S PVAS] Z42F £945k &, Ca¥'s F71ste] 7l s J8A12 Alxd ey stol
=242 GG/PVA 146, GG/PVA 85, GG/PVA 31 stol=2Aolz} WHsl3itt. GG/PVA sto|=249] Z2]3}8H4]
2 71414 EAS H7HEA, GG/PVASIo| =244 ARPE-19 A3 &4 HxX& H3Fe glslr] 918 in
vitro L St AF A, PVA BAgo] AAdrsE 52 FF FES Eon, e 3Hust 548 9
3Tt BE=SH, AW ARPE-19 Al wigA] whe S23 ks Asisint. olggh AE Fal, we S U=
ZF= GG/PVA 31 310| =242] ARPE-19 Al ZHEAZ 3871542 stk

i

Abstract: In this study, the stress relaxation of gellan gum (GG)/polyvinyl alcohol(PVA) hydrogel was evaluated
according to the molecular weight of PVA. In addition, survival and proliferation of retinal pigment epithelium (RPE)
were evaluated. After mixing GG with three molecular weights of PVA, Ca** was added to form a cross-link. The pre-
pared viscoelastic hydrogels were designated as GG/PVA 146, GG/PVA 85, and GG/PVA 31 hydrogels. The physi-
cochemical and mechanical properties of the GG/PVA hydrogel were evaluated, and in vitro experiments were
conducted to confirm the effect of the GG/PVA hydrogel on the activity of ARPE-19 cells. As a result of the experiment,
as the PVA molecular weight decreased, the hydrogel showed a high-water content, and we confirmed the fast stress
relaxation property. In addition, rapid proliferation and spread were observed when ARPE-19 cells were cultured in gel.
These results suggest that the applicability of the GG/PVA 31 hydrogel with fast stress relaxation as an ARPE-19 cell
delivery system.
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Slo|=2 AL A|E2] 712 (extracellular matrix, ECM)Z} A}
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AP 28k Holol| A ¢lF ECME A EE e FofojA
AREE DL ATt BT ECMS M Eol 724 n|A|88S
Agai, E214 9 s5H4 ASE Tl Axe] g5 &
B ZEIITEY 2 AellM ECMe] 71A1 570 Al
it o), 52, Bl Fad 93-S st ARdo] ¥
Aok &, F4 wA| S 2= A ECME 8 &
do = sko] 7hiE w AlZF oJFAR1 olUR] 24 Hol
w2 olggh A3} Wish= s}, W, MY, A 2 A
W XYe 2dst=t A TS gtie Aot wet
A AR efstell ] ECMe] 52 275 Rilsle e stol
T2A AF7F #AS W Qi

A7), LAY o] E(alginate, ALG), Z2] ol @ # 2] Z(poly
(ethylene glycol), PEG), 3] %7 &4} (hyaluronic acid, HA),
Z2H (collagen) 3 22 AAAEE o83 MM slo]
=24 o] tigh A7F s Rs a9l om B Hery
sto|=mAo] meE 38 st SAo] aHARl AlxE S
freste 202 Ueisth Hed slo|l=24o] gHus) &
4 stel=2 A i B HS AR R, A9 H
&, 7hes} AAAAE UThE AR stel=wAl e 71
o g Agto] oA APYE T e LEA UEAA
TZ7F Bedit) oly3 EYIE 24T o4 ¥
2 A 22 2l 49 B d8E 5 dvke
Al Aok 29 Flo] 7helid Al Afe] oA &
2S5 dsfatar, o o] AAR F AFS AFAPE =

o
=
22
of
ol
32
=

AAZEAR] Z5-obA A& (low-acyl gellan gum, GG)>
ek A A, AR, A, w2 E E AR
4 Y 548 zhethal dHA slom)” 27 38k AA Al
EE HI M = A Al Aol o] &=L qUrh?
GGe €l & Ast 540z Qs WztA| dEexad +x
7} olF o= Watr 3xkd WELA AS Pt &
g Mg, Ca*¢oh 7+& ol 2ol s B2z o= 7lart 7}
o GG o] -CHCOel| <J8) el < 3l
=4, low-acyl GG high-acyl GGR.T} &2 olA[E 7|2 23]
ol2Age] 2 F4E F kX s =& A}t xR <
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. 7\4,\4]% . @%XH . ;\1{]&_ . H]—}‘\jxﬂ - EAo L 7E7A

= =

3 AE)d 2%2(~37.5 Clr HE &3P} oHe >

Z2H)d &I -E(polyvinyl alcohol, PVAYS & S5 g}
& 54, 7144 g, A8 stk W) 3 e W
s or Azolet Fopollx de ARSHEE ALEAtolth
PVAE F224%e S8 95o® e 35k 9 224 7t
o AgE S8l rATsd RS THE AS Y
At olHg 5= Q&) A=, 2xE FHE A=, W
= Soll ARE AL AT Ty w2 BAEe] PVA
slol=gAl e we} R v AR Qs Ad ECMe] A
©A SAS 2HehA] g

& AFelMe Cat's o8-Sk, GGt PVAS =24 7}
AE AFNAL, 7] e #ARES 7S PVAS] E3kS El
GG/PVA sto| =245 A|Z=3130t}. PVAS] EAFl mhe whe
52 s} EAJo] uRAYYs] Al (retinal pigment epithelium,
RPE)] 4%, 54, ghtoll A= 932 gletarat sl
o} webr, Az stol=rAle] Ejsteta] SA4%7Y, 714

2 EAH7Y, in virro 3PS X383

Al
=

o

Aot H ME. 2 APlAM e stol=2d AxE 9
PVA(87-89% hydrolyzed, M,: 146-186 kDa), PVA(87-89%
hydrolyzed, M,: 85-124 kDa), PVA(87-89% hydrolyzed, M,:
31-50 kDa)Z#] 2 GG(Gelzan™ CM, M,: 1000000 g/mol)2
Sigma-AldrichA} 258, CaCly(calcium chloride)= SHOWA
2HE FYith BE AEe AAgle] ARgsist

GG/PVA Sl0|=E2H HMI=. GG/PVA 3lo|=241e T3}
2ol Azt thE EAREFS 7= Al 71X12] PVA 300
mgS ZH}F 10 mLe] S/ 9ol 3%(whvyt HES g
T, 90 CollA] 1A7F F<F wytele] G e = #2313,
Ty 0.5%(wiv) GG wol 1417 B3t GGE =9
15mM CaCl,g Yol 52 1 It 3 GG/PVA 3loj=24 &
& Azt Alxg 82 FEL] t4 (50 mm x
10 mm, SPL Life Sciences, South Korea)ol] F3=3}o] 10%&-7¢
=3l ¥, 6 mm biopsy punch(Kai Medical Biopsy Punch,
Japanys ARE519], GG/PVA Po|=24 (37 6 mm, 0] 4 mm
A71)& AFZsHATE. Az sto] =242 PVAS] EAF
w2} GG/PVA 146, GG/PVA 85, GG/PVA 312 BH3l3it).

FTIR 24. A3 GGPVAsto|=zA o] 222l ¥stE
#Fet7] 918t Ao B4 = (Fourier transform
infrared spectroscope, FTIR, GX, Perkin Elmer, Connecticut,
USA)E o]&3}e] 500-4000 cm™ vl £k t}.

718 7= &E. GGPVA stol=2d] Wi 7F 732
FAPAAFE H] 7 (scanning electron microscope, Bio-LV SEM,
Model S-2250N, HITACHI, Tokyo, Japan) AR&&te] &4¢1
At AlzE stol=2AL 4, 20, -80 CollA] 24z} 4117,
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4, 24X7F B3t 3 747 AAZEAT 2 7xE slo)
EZ2AS o7 AE T olZ 2 714 1A plasma sputter
(Emscope, Model SC500K, West Sussex, UK)E ©|-&3}o] 9
= A% & 7 F2E AFSAL 71F37]1= Image J
software(Java-based image software, LOCI, University of
Wisconsin)@ =4 E| 31t}

EEE 5. AxH slol=zAde Ehled Thes &
Ast7] Qlsl, slel=2Als 297 AN Foll 27] F
AW)E STt slol=2Ado] I AR S/HTE ¥
o] X187](shaker)ol]l A7+ A3 & ThA] 2907F SAAZRE
ste] 7] FAW)E AU £ HlE&2 ofgfje] 2o
R =

. W,—W,
Sol fraction (%)= ——%—V——l x 100
0

WRE . GGPVA slo|=2A9] i8S A5 ¢
3, ztzte] stel=Z Aol 1 mLe| AT A A5
(phosphate-buffered saline, PBS, pH 7, Gibco) 2] 37 Coll
A 24A17F WA & 27 FAW)E ST "olde
PBSE A|Ast 297k gAAx F+ 71 FA()E SHst
Ak BEES off o] A o= ALt

W
Mass swelling (%) = VV—OX 100
1

da £ 29 dae A7 slolmgAe] 1 mL
€] PBSE B st B ¥ 7AW H, Eot 2= PBS
AA F 27 FAWNE SHsAT 19, 49, 79, 14,
214wt $7] FAI)E S8, 3dvith PBSE W
ATt

. /4
Weight loss (%)= Wox 100
1

UE LT M. A3 GGPVA sto| =249 o5 s
golslr] 98 WHsEA =4 7](TMS-Pro, Food Technology

Corporation, Sterling, Virginia, USA)E ©|&3}o] 3= A4
£% SRk BE spol==4e PBSYl Hol &% 37C
oM Bt F ZHHALE S5 2 mm/min, T Ho) 10N
o2 AT 45 BHEES 0-5%2] HYENA AlLtE
ATt

S8 25 AlZH EH. slo]l=249] 3¢ 3t = vt
5E/3=797](TMS-Pro, Food Technology Corporation, Sterling,
Virginia, USA)E ©]&-3f] 5438130t} sfol==Ael 15%9°]
HYES 7hek &, 587k $89] WslE #2453

SlO[=2H LHe| M= ZH&St £ H3Holx= human retinal
pigment epithelial cell line(ARPE-19, ATCC catalog NO.
CRL-2302)2 A3t} Al = Dulbecco’s modified eagle

B4 7l AT Evddae sl==24 235

medium/nutrient mixture F-12(DMEM F-12, Gibco), 10% -$-El
o} &3 (fetal bovine serum, FBS, Gibco) ¥ 1% YA
(antibiotic—antimycotic, Anti-Anti, 100 units/mL Gibco)S 3
7V wjFA o)A 37 T, 5% CO, 7oA vjek=| ATt vk
ol 3Urjc} wASITE A EE 4x10° cellsmL %= 37 C
oA sto|=g2Ae]| FHEshE| AT

=

GG/PVASIo| =240l ARPE-19 355 5 3, 21440l ull%F
NS A A F PBSE AHsIATH AlX 288 918 2.5%
glutaraldehyde(Sigma-Aldrich, USA)Z *}g|stod 254 & 3
204 24X]7F FF AT 1 the 7]t AE T 22
HHE Sl A2 FeE dEEATh

Live & Dead. GG/PVA slo|=24 2] A 232 slo]
=240 ARPE-19 M ZE v538le] 24353 t) Live &
dead 41 A AFQl Calcein AM(FA)S 7HE Al k<l
Ethidium (<8l 27Fste] Egssict. A27t 58 sl
=RAS 23 HANEE v A, Fat, SPL A8}
& Az, gl slolE2dS dHo R Agith Ao
L2 sto|=24 9] Live & Dead G4 A|ekS: slo]=2 Ao
HoQlth, GAE sfol=2AS 37 C, 5% CO, 3739 A5
WlolEfollA] 3055t 1o Attt A Ml 2= s
5 3%F dlolA 29 &n7(CLSM, LSM 880 with Airyscan,
Germany)S AMg-3le] ST AolSle Alxe SA0=
AN, F2 AEs Aoz AT FFA 7]
(Fluorescence intensity)2 Image J softwareZ Z4 3131t}

MZ =M 4. GGPVA slo| =24 Al X 543 34& ¢
o} 7] 918 MTT(3-[4,-dimethylthiazol-2-yl}-2,5~diphenyltetrazolium
bromide; thiazolyl blue, 5 mg/mL in PBS, Amresco, TX, USA)]
|AE ARSI MTT 2418 Zasiaict” 2 A% mouse
embryo fibroblast cell line(NIH/3T3, National Institute of Health,
KCLB21658) Al2ZE AMS-3IT} WA NIH/AT3 AlEZE 96 2
S o] E(well plate)ll 2 x 10° cells/well 2 Z3}>] RPMI
(Gibco, USA), 10% 3-Elo} E (fetal bovine serum, FBS, Gibco)
2 1% &Y A (antibiotic—antimycotic, Anti-Anti, 100 units/mL
Gibco)S 7}k vjklolx 37 C, 5% CO, XA wj%k
SkaATh. ZH2ke] 2.6 mLe] sto]l=mA golS whso] Azl
A (cell culture dishyell 100 pL2] F5=3F - 1047 =3It}
22 slo|=24L2 10 mLe] AlE o] ¥e & 37 T

FJezdA S1% ol F, 045 ume] W LEIE ol &
stel LIPSttt A%t HAE F, Qe v o
BT

N (5 mg/mL)yS M Bl 1/10= 3]43te] 8148 MTT

M 7} wellell 100 ulA 255k & 277+ 531 37 C, 5%
CO, 27104 viFaiaiTt. 7150 uijdlS AASKL 100 pLe
U g4 Z A= (dimethyl sulfoxide, DMSO, Samchun chemical,
South Korea) €915 F7tsto] mlo]=2 2 2] T (microplate

]
AE 3 19, 29, 39 el 5 At HE MTT
(5
)]
ol

oo oo
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o

reader, Synergy MX, Biotek, Vernusky, VT, USA)S Al-8-3}
o] 570 nm®] == ST

dsDNA &2 24]. GG/PVA ste] =2 A oX AES] F41&
glsly] 8l v F 7Y, 1494 AE2] dsDNA T3S
43t 58 2t Y, AES oA Ells & PBS
2 A At Z2EZ o] mel SPINeasy DNA kit(MP
biomedicals, USA)S AF&3le] dsDNAS =313 th 2
Z2] F307](glass tissue grinder, Wheaton, USA)2} Lysis buffer
GDE o83 Alx gafo} #43ts Fi=afsith. dsDNAS
FZ3% %, Quant-iT PicoGreen A]2¥(Life Technologies,
USA)S AR&3le] dsDNA -8 S48kt =3 M=
Quanti-iT PicoGreen A|2FS 1:1 H1&2 96 & £ Zgo|E
(well black plate, Cell Culture Plate, SPL Life Sciences, South
Korea)oll 25510 Zg-2ollA] 527F ]eiT). nlo]A= g
] (Microplate Reader, Synergy MX, Biotek, Vernusky, VT,
USA)S AR8-31ed 485/20 nm-528/20 nm ¥FgollA dsDNAgH
FS Ao, FFFHL 0-2 ug/mL W2 dsDNA &
LollA ZiTh

EAl 2M. 2E dolHE Ha + 35 A (SD)E #27]
sttt &2 X9 /244 B 7t= GraphPad Prism 5.0
(GraphPad Software, La Jolla, CA, USA)°.Z 3= o,
one-way ANOVA (analysis of variance)2] Tukey’s A%~ 774
HE o] &t FAE AR BASIAT #el Abol=
P<0.05(), p<0.01(**) 2 p<0.001(-**pl Go)8 Aoz
skt

Zn o £

FTIR 4. #|=3 GG/PVA stol=2A9] 3184 125
gelst7] #18) FTIRS <+ sh3i th(Figure 1). &5 PVAE

A AA AR A S A

~|@ — PVA
el s A~ — GGIPVA145
o 1008 — GGIPVA S5
3 (c) 3324 2937 1734 e — GGIPVA 31
E (d) 333g 2937 1734 4 — GG
Elo_wadn___ 0% AN

w

s 310 291 1504

= 1029

T T T T T ST
4000 3500 3000 2500 2000 1500 1000 500
Wavelength (cm™)

Figure 1. FTIR spectroscopy of (a) PVA; (b) GG/PVA 146 hydro-
gel; (¢) GG/PVA 85 hydrogel; (d) GG/PVA 31 hydrogel; (e) GG
powder analyzed from 4000-400 cm™.

3336 cm’', 2935 cm’!, 1086 cm ol A z+z} -OH, C-H, C-O
stretching 3 25 YERITE? 54~ GGE 3310 cm'olA] Y
< -OH A%< vebd e, 2921 em'olA C-H stretching,
1604 cm'ol|A] COO<] HthA stretching, 1029 cmelA] C-
O stretching ¥ =2 YePATE? 3719 GG/PVA o] =240
Al PVAS}F GGO] Z17}e] 939 F3 o8 RE T=A7) el
LA tom, AR-g Tl=e] o] WAEkA] ettt met
Al sl8hA] ZAgte] FAEA] &gken, Ca'et COO7H]
2GR dojt Flo = FRlET)®

Slo|E2HQ| 7| FX. sol=rAe] 7|F A= Y
2 T AE F3l G vAe 88 St F
A7Z3F GGPVAS] 71837)E PVAS] EAle] 7Aagrs
ZolA] = AdS B tHFigure 2). 718 27| EE= GG/PVA
1467+ GG/PVA 85% 50-100 um, GG/PVA 31S 10-50 um
e THE ASoE #EEHSIT CaClLE o83 o] 7k
£ & GG/PVAE PIA| Tt 25 FAdsk=t, ol 12
Eape] Eajgko] Ae4E e AR dold 93| o] 2
HAT2E F9eE kA PVA bl wet oA

GG/PVA 146

1

Ratio (%)
3888833888
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sH8&g83888

10-50 50-100 100> 10-50
Pore diameter (um)

GG/PVA 85
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GGIPVA 31

100
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Figure 2. SEM micrographs of hydrogels: (a) GG/PVA 146; (b) GG/PVA 85; (c) GG/PVA 31; (d) the average pore diameter of hydrogel (scale

bar =300 pm).
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717F @l Aoz hEch

2|51 &M Tt GG/PVA slo|=gAlo] = 28 =
A A3} GG/PVA 146, GG/PVA 85, GG/PVA 31°] ztzt
25.4142.70%, 32.86+1.44%, 353142.15% & EA}o] Lo}
ATE 22 & 288 1At 3981 (mass welling ratio)
=4 A3, GG/PVA 146, GG/PVA 85, GG/PVA 31°] ztzt
50.661.65%, 53.50+£4.20%, 61.16:4.01%= Ex}#o] 744gh
FE 2o SR IJFHS B sojmrA o] BA
(weight loss)E 5783 A3, 2194l GG/PVA 146, GG/
PVA 85, GG/PVA 31:= ZH}F F 7%, 10%, 11%=, 1444l
Hlal 2 1%, 3%, 4% A8k

SRR EAbEge] SUIEE, 2 ViR EER )] AE
A FAIE T, G e A FEUE etk
a4 ot A PVA EA150] & GG/PVA 14631°]
T2AL VT BolA, e & &Y i RS
HRl Ao =Z ALFHTH gt R F4to] Hof FA| &4
P T of| Blal AA dofitk Zlo = dAkETH(Figure 3).%

74N S "ot stol==24] 7AH 5442 Mxe] 8
Boll G X T8k w7 ok A2k GG/PVAL]
7IAA B4 ERIs] Hlsl 4= Al SHest A
ZA3tATh 271 &4 AlS= GG/PVA 146, GG/PVA 85,
GG/PVA 310] Z}7} 64.85+2.43 kPa, 55.3042.10 kPa, 52.30+
1.53 kPaZ GG/PVA 31°] GG/PVA 1469 H]&] <F 12 kPa
Sttt o] ATEolA A ekl 9= Alg= 10-20 kPa
2 gelx 92 wEbA GG/PVA 310] He whatol] 714 7}
7+ b2 et GG/PVA 318 B 7fwd e 2 Qs
22 & B89 22 8 e BnYon, oys 542
2 Q8] @2 7AIA =g 7HRIth® PVAS] Ex}io] vro}
A4E o e §Y 4skE JeRTh 271 89 Rho] Ayh

...
O
L]
(=]
=
-
=]

Sol fraction (%)
Mass swelling (%)

GGPVA 146 GGIPVASS GGPVA I GGIPVA 146 GGIPVABS GGIPVA

20

l:c] — GGIPVA 146
-;,e" — GGIPVABSBS
=15 — GGIPVA3
]

8

= 10

£=

=

2 5

=

0 1 3 7 14 21 28

Time (days)

Figure 3. Physicochemical characterization of the hydrogels: (a) sol
fraction (%) analysis; (b) mass swelling ratio (%); (c) weight loss
ratio (%), analyzed for 28 days (values are mean £ SD (N=4), p <
0.05(*), p<0.01 (**) and p < 0.001 (***)).

B4 7l AT Evddae sl==24 237

GGIFVA 146 GG/FVA 85 GGIFVA 3

ﬁ
z

— GGIPVA 146
— GGIPVABS
— GGIPVA

Stress (norm.)

0 s 100 15 200 250 300 0
Time (s) GGIPVA 146 GGFVABS  GGIPVA 31

Figure 4. Mechanical analysis of the hydrogels: (a) compressive
modulus at the slope of the stress - strain curve 5% strain; (b) stress
relaxation analyzed at 15% strain; (c) stress relaxation time quan-
tification (values are mean + SD (N=4), p<0.05 (*), p<0.01 (**)
and p <0.001 (***)).

o7 938leE A7+ GG/PVA 146, GG/PVA 85, GG/PVA
310] ZHzk ¢F 16X, 11%, 9%& GG/PVA 310] 7P we <
HokslE HATE A= EAEe] Foldes Az 4
o|7} Froxitt. Fobxl Ak Aol &2 Q8| aiEAr AkEe] ¢
& (entanglement)°] FaxstH ARe] ol FAJo] S7RIT W
2hA aLEAke] EAtgo] BEE shso] Tl Al wWE &
Ef 93} 58S Bolth GG/PVA 312 ME ~Ed X~ ¢
3} A2 A WellA] Azl 43t S48 S 7Fs4
o] ATH(Figure 4)./418+

M=E SEf 2. GG/PVA sto|=2A4 algg Mxe] 7
2H g PeE AEar] sl 3§ 39, 21940 SEM ©]
v & Gt h(Figure 5). % F 3UA 9 ZE GG/PVA
sto|=2Ao| A Fakgl A7} #AkEY] Qe o] BRI
o} 21940 &= 3o vial RE Sle|=2A A AlET}
7star F21E Alo] ERIFUTE o]= AxE GG/PVA st
ol=2Ao] AlE g7l AFet nMSE S AlFhE AR
Uth® GG/PVA stol=24e] geetsle] mE A 3%zt
Z2]2 SEM ol Aol A TS5k A= A] AT

Live & Dead. GG/PVA 3lo| =24 oA MEe] AEEES
glstr] 918l T4 284 ¥ Live & Dead FA-& 3Fth
(Figure 6). & AAA A A|7ko] Aol whe} A 27} A
Aom HapH o2 HAW FAFT 3E & 28U Aol =
GG/PVA 146, GG/PVA 85, GG/PVA 312] &384]7](fluorescence
intensity) = ZFz} 9.76£0.94, 11.69+1.61, 14.25+0.84%2 GG/
PVA 31°] 74 =& &% Z4=2 B webd A7 &
ol=24 = GG/PVA 31°] APRE-19 4| ¥ O Z g3t ¢

H
g g3l SAS Bof Al R S4e X Zlew
Helrp®
dsDNA &3 2M. Alx 95 74, 142 - dsDNA o3
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GG/PVA 146

3 days

GG/PVA 85

. 7\4,\4]% . Q%XH . ;\1{]_@_ . E,P/,\jxﬂ [ S RN A A |

GG/PVA 31

x500  100um

Figure 5. SEM imaging of ARPE-19 cells encapsulated in hydrogels analyzed on day 3 and 21 (scale bar =100 pm).

28days

[)
—

GG/PVA85 GG/PVA 146

GG/PVA 31

(b)

& B GGIPVA 145
> B GGIPVA 85
e Bl GGIPVA 3
o

E

o

o

[

o

g

1]

=2

&

28 days
(c)

o 1000

£ 9500 W GGIPVA 146
‘E. 800 BB GGIPVA 85
€ 700 = GG/PVA 31
= 600

£ 500

S 400

< 300

Z 200

5%

7 days 14 days

Figure 6. Cell viability test. (a) Live & Dead staining of ARPE-19 cells encapsulated hydrogels analyzed with the Z-stack mode for 28 days.
(scale bar =50 um) (b) relative intensity of Live & Dead images evaluated with ImageJ software (scale bar = 50 um) (c) dsDNA content of
the ARPE-19 encapsulated in the hydrogels : analyzed on day 7 and 14 of cell culture (values are means + SD, n=4, p < 0.05 (*), p < 0.01

(**) and p < 0.001 (***)).
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