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Abstract: 3D spheroid cell culture is widely used for various biomedical applications such as drug screening, cell therapy,
and tissue regeneration due to higher bio-similarity compared to conventional 2D culture. In this study, effective 3D cell
culture dishes were designed by optimizing the structure and coating stability of hexanoyl glycol chitosan (HGC) mate-
rials with ultra-low attachment (ULA) characteristics, and their effectiveness was evaluated. Various HGCs with different
substitution ratios were synthesized and their coating stability and 3D cell culture ability were compared. In addition,
ULA mesh-pattern culture dishes capable of mass-production of 3D spheroids of various and uniform sizes were pro-
duced by utilizing meshes of various specifications. The HGC polymer with a substitution ratio of 36% or more showed
high stability and spheroid formation ability as a ULA coating material, and the mesh-pattern culture dishes were very
effective in mass-production of cell spheroids of uniform and controlled sizes.

Keywords: 3D cell culture, hexanoyl glycol chitosan, ultra-low attachment, spheroid, mass-production.
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AR = A st & 4RE ARt A, A &
71¢] Fx0} 75s EHE F e 7Eeol= v Bdlo]
AMZE 32 Mo E F5S W gl e, &
A2ZA = AR 7|&e] Held 2 Alddo] 953 33
A AlE 2¥|Z o] = (spheroid) M FHS 83 A9} AF
o] Bt B IsHA| o Fo R AL it oleldt o=, 3kt

of 2ulEolEE RESPIE bt By AEE A3 B

2F|Ro|E o]2o] A|LE L Uty B S7|A| 9] 3
2H| 2ol wjFS Foll 2 w3k 71 Al EEET|=
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AREA Q] WP o B A A 29} 7] ] FARS FHAslste]
A Z-AE FSAES FIANA SuRo|=E sk AlE
B F-ZH(ultra-low attachment, ULA) AlZ~8l o] 31 9| 31A|
AREE| AL QATh P AT RelE FAS A% 7S oA
ULA A& Adf|R2ole A Alzapio] 1hdslar, 29
2ol A7] A3} thFsto] Thsshn FE v Rol=
TA7F &olsliof gt o] & flaiA ULA A4S Zi= AA|
A 9] e ufg- Fa3lth ULA Al2E AZE 2184
dutdo g AlgH" FEALAZE  poly-2-hydroxyethyl
methacrylate(poly-HEMA)," PEG-based materials,” agarose,'®
2 poly(vinyl alcohol)”” 5-o] Jom, FZ M EZuFHA <
EHES AHste] vigolA] Mg S FEditt kA
gk o]H 3§t IR &A= ULA 549 A &Ado] vol 7|7k
HiF Al A E v Ro|=rt vl vt Fabste] &
Az 33k WS 717 FAs] ofHaL, A Re|E
A HE ofeleH &4 TOE Jed dAIZF HalEA 9L
ok EEgh, IR A9 HF-AM o] whE A 9ol v R
= FAEC] AU IAl 23 A7te] g HTh o]t 7
Foll 2| Rol=E FAske AlEo] AEE] Yol A,
H2o|= A oM = AP do] A= ZAI7F A
o} mebA, ULA Al&"S 913k - aA)e] A, A
’d 2 ULA 54 332 A3 330 v A28 AAlE
Qg A4l 7lzelt
FZ AAAY TEAR] 7B ke oFERY, A3 s 5
teFgh vpol oMt S-8-5 I3k AR T opuE} 29
Zol= Y-S 93 ULA ZHAAZ A2H = Q)cp 2
7| AR oshd, 71EAre] Y E v FHAlNA A
A7 xS0 2H|Ro|=E PAsIAL, thdet Az
oleS RISt AN, 2| Ro|= 4 g8o] o
UL, A GH oM TE Bl o] FslAlo] Fasty] witol
38 o] Bt P 2, B AAoAE 7E 1Y
DA HT 78 ULA A4S Hole 7|EAN =4, oA
F2F 71ExH(N-acyl glycol chitosanyS 71819 TET TRk
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gk okl IF FollM Ir=d aF A daked S
Z 7]EH(hexanoyl glycol chitosan, HGC)S 7191291 2%
8733 54 pHOlM S 8402 4 IRHLAEA
B3I, 5 ULA 540 7|9tate] theet Al 250 of
3 w9 = Su Rl FAES BT Sl AF-= ¢
o] 717k 32k wiYe] The e BTt
2 A7ollME ULA 545 2k HGC &A1) 72 3t 5
HE el HAskE sall Al 3xb Azl AlaHls
AAstaL, HAststaat st 28 71EAHGC)S] N-3)
ARedsts Fall X|ghgo] vt HGC A=< st
R, ULA IR AR A 33k Al 2l s Bl
. ESE Okt 4 9] w4 (meshys &85t Thds)
A3t 7|5 Hole 3ak L Ro|=e] thghldfe] 7}
A H] 38 viFHAIE AZFstar, HlaL 71k
TATE 3 AEuY 719 tiFst B AFE-3tol
T US o, oFE AFEd, MEXEA 2 X
T ThFE vlolomtlE Ag-Eobe} sPdsE 9 7)E
HofellM 712 Bl A SFEat 2 A
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ME. Z2F 71E2HGC, degree of polymerization > 400y
Wako Pure Chemical Industries Ltd.(2¥) #|&& A3,
hexanoic anhydride (97%)+= Sigma-AldrichAH(P]=1) | #2
ARESIATE Sl 2= 33 SRt MR stel s
AREsI o, HA Al oblEGHASE, dhys AT
A T (molecular weight cut-off: 12-14 kDa)2 Spectrum
Laboratories(?]=7) A& AME3ITE. Deuterium oxide(D,O)
2 Dulbecco’s Phosphate Buffered Saline(DPBS)= Sigma-
Aldrich(7]=1) A|#S ARSI

AR 22E FIELHHGC) g4, Scheme 1914 UE}
W A3 o] GCO N-FAR=Ys) Bhe-E Fate] HGCE &
A8l TEY WA ALoA GC 1.5 g& 32k =F7S 190 mLoll
= F WEE 190 mLE H7FeAth E818 GC &2
hexanoic anhydrideE T3+ RF-8-&H](hexanoic anhydride/
glucosamine residue) 0.32, 0.38, 04322 7}l 2|3h&-S
skt A2ollA 24x]7F 5t wat tol] ¥hEAIZ] F,
9 84S oAl EC] HAstal AEEE ol8st] A=
< T ol& A SR Fo FA S o) &

48717 B FAEIAL, 5Y B9 RS Folke
HETH o= v9H FEie] HGCE 23T

HGC &M 2M. 4% HGC EAle] 3454 =4S &
Z3l7] 913 'H NMR3} ATR-FTIR #4718 319t} 94, &
B39 600 MHz 254171 AVANCE T 600(BURKER,
=)S ARgsle] A2 'H NMR 2= E-o| o) 2|38}
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Glycol chitosan (GC)

Methanol / Water H:‘CVVYOYV\/CH'=
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N-hexanoyl glycol chitosan (HGC)
Scheme 1. Chemical structure of N-hexanoyl glycol chitosan (HGC).
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D09 F% 0.5 wi%= 53, 4.85 ppme] D,0 IS 7]
Z 932 AR5 ATR-FTIR 2HEHS 23} 3}8H4]
%2 E4 B2 Nicolet iS 5(Thermo Scientific, 71=F) 7|
715 olgdlo] BT AEe B AxE F v ¥
B2 Aozl HGCE AHE-3I3IT). 71719 2HERY 2 750-
4000 cm™ Fa= MM 4 em'] Esls, 3238 A0S B
3l S7gskich

E4 Mo| 2 &F. 77 x|$Hgo mE HGC €949
2=73A3E ER1E] S8l &4 o] 2%=E Multi-Blok®
heater(Lab-Line Instruments, 7]=)2 AFE-3lo] 52 37g 3}
37 tube tilting WH O 2 2431t HGC Al 8% DPBS
LA (pH 7.4, 0.01 Mpll 3 wt% 2 4 wt%e] F=2 59 &
4 TN W Basiar] FHet ~goo] & wjrlx] FEg
A7 B2t A S Hol 2EE 7182 tubedlA

<]

HGC solution
(0. 1wt%)

3027F IS W BEA] v 2EE 7IEo® At

HGC T HHSHAl M=. X|gkeo] t& HGCO| =¥ ¢F
8735 Blasl] S8l A MEES 33 SRl v
0.1 wt%® =o] JLEAF Y F8&HE Axsirt. L2At
8 750 L2 35 mm petri dish(SPL Life Sciences Co.,
Ltd., thahls)ol] B5eslar 27 Hregar, 3058 B9k AL
ol WA & kel goUg AAsLe] 60 T QoA 48
AlZF FF 21zt

Y EURY. 7] IPAE FHE 19 W 242
field emission scanning electron microscopy(FE-SEM; S-4800;
HITACHI, ¥¥)& Za 10 kvl A=At HGCE =
B 32 A FHAIE A RS ol 88l WA &
=94 & 7ot 2o 2ol HEES] xH v
S AT S-S Eroll AR ¥, SekRv &
HEE ol&3) o= 71 sholA 60% F¢F MlE AW
S}l SEM 2415 lsidint. ofdl|, o2 IR HA] 982
petri dish7} AREEIICE T E AlEeoFgale] 19 5492
=243}7] $3l water contact angle(Theta Lite 101; Biolin
Scientific, Z=¢9)7171& AM8-319 2 static sessile drop W
oz Bt

3E oY "It A7t mE slol=2Ad SE w A
o] QPgAE H7sl] $18 HGCZ ZHE v IS 37 C
32k SRl 19, 39 2 7 Bt @7 Tk SRl
27t 2o I8 GAZ 60 T QEoX 2447 A3 5 H
7} S Tl ARkl mhe EH Z1g0] wiskE 5585t
of Agkgo] thE AEAre] AP S vt

Hiw{-GHE HHEFIAl M=, Tkt 7)) Lo Ro]|=E )
F T e R A AXRE S8 AR FHE e
thFsk 57 ¢] SEFAR® PET 1500 =4 A EE5(24/60-120
PW(60 mesh), 32/83-100 PW(80 mesh), 40/103-80 PW(100
mesh). 48/123-70 PW(120 mesh), 61/156-64 PW(150 mesh))

S Sefarr (2204 943k Scheme 2014} 20| petri

Mesh-pattern dish

HGC coated
mesh-pattern dish

Spheroid formation

Scheme 2. Preparation of HGC coated mesh-pattern dish for spheroid formation and 3D cell culture application of HGC coated mesh-pattern

dish.
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dish v}=tel] polystyrene® & A|ZE & F2E5 0|83l &
gHom 4 & IRFHS B3l vl a viHAE Al
2bs153Tt. k2ol Wisle] AR} =7 (well size), 57 (thickness),
A AR S(well number)E 38 & v Z(ECLIPSE Ci-
POL; Nikon, )2 53l a3t v+l vidgAE
Z-g3lo] HGC 52 $89(0.1 wt%)S ZEste] theks
I A A719] 2 Rol= Y w4l E wMiFHAIE Al
B A=

X MIE AHZO0|E H{Y. Ax¥ HGC =W HiFEAl
(non-pattern dish)®] A¥| Zol= YA 5 HEsH7] fls)
human dermal fibroblast(HDF) A| 3 (Cat#: CCD-986sk; 3=
MEFLE, TS 1x10° cells/om®?] =2 HESIL,
37 C, 5% CO, 3730l 159 &3 st 2-3de) shA
A BE v L] AEE A8 800 rpmollA] 2 B<t
Al BEsia, A5 E AAS T A2 A E "1
w4 e wjekgale] A9olle HeLa AlES 1x10° cells/dish
ol A g HEst, 37 C, 5% CO, S0l 78 <t vl
St 2ol gAY w e wFHAINA 1 mL ¥iAE
AABL, M2L A 1 mLE J7iske] s ws-e i)
v 2o =o] e AIZPER 35t #v|7d(DMIS; Leica, 5U)S
ol #FEAT 2| Ro|Ee] Bxk 9 A Ro|= A
Alxe] Ht A7} A7 REEE SA5] S8l 7 32
Hj A o] 2H 20| =5 #9J3}aL, Leica Application Suite
X program(Leica, 5) T2 738 AME5lo] B4

SH 4. gt BAA ZolE &rIsk] 918l OriginPro
8.1(OriginLab Corp, MA, P]=) Z2 I35 AR&3te] F7
At A5 3] B ZEEAE B d9 B
F-2 (one-way ANOVA)YS A8-3lo dlo]g] 41515} S
7k o8] Zk zholE p<0.05(*), p<0.01(**), p<0.001(***)o]
A BAAHCE fou|et 3 7= SR Hlth

i

o kd

R

HGCe| &4 2. GC9} hexanoic anhydride®] THst 1t
SEHE Agole] X3go] MR e A5 dabed 2
< 7= HGCHGC30, HGC36, HGC4)E &4 &tk
(Table 1). N-EAR=Y 3} ¥h3-2] HAE Figure 1(a)ellAeF 2+
o] 'H NMR 4] 9] g1t} GCo| SF3ujehes

A L el PA

e

[e]

32)9] FaH2-H-8)l 383k 54 927} 3.2-4.0 ppm
oM vpERstet. B3, =qiE A= 25(-CH,, -CH-CH,-
CH;, -CO-CH-CH,- 3! -CO-CH,-)°ll 3l %sl= 54 9aE
°] 08, 1.3, 1.6 2 23 ppmol+] 2z} #@A= Pk 223
ey ele] Fzke] B A A} daked
w9 59 4 72E AUHoE vwFTo A HGCY
A7) 218-8-(DH)e) 2+t 30, 36, 41%21 HGC7F 84
B AL Felslgith. GCeF FAE HGC EA1e] ATR-FTIR
24 A3= Figure 1(b)ollA] BI3kAth 3300 cm'ol] W&
W= -OH 71¢] A5 e 337 Jeptal 22 G oA
N-He| A5 215 937F A YEpstt 2890 em'ol 55

(a)

6 5 4 3 2 1 0

Chemical shift (ppm)

{b) HGC41

__ |necae 1558 201 cm”
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S
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o

(=

©
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n

E
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= - L

2890.772 em', C-H  1655.589 cm!, C=0 \

1590.021 cm,
H-H (Amino)

3000 2500 2000 1500 1000

Wavelength (em™)

4000 3500

Figure 1. (a) 'H NMR; (b) ATR-FTIR spectra of GC, HGC30,
HGC36, and HGC41.

Table 1. Synthesis Results of HGC and Sol-Gel Transition Temperature

Sample Feed molar ratio® DH (%) T (CY T (T Yield (%)
HGC30 0.32 30 Sol 65 88
HGC36 0.38 35.7 42 31 84
HGC41 0.43 40.9 11 Gel 87

“Feed molar ratio of hexanoic anhydride to glucosamine residue; *Degree of hexanoylation determined by the integration of '"H NMR; “Determined
by tube tilting method (conc.=3 wt% in DPBS); “Determined by tube tilting method (conc.=4 wt% in DPBS)

Za)v, A4778 A335, 20234
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3= HGCY] WE7](-CH;)¢F vlE#(-CH,-)2] C-H 21=x
3 AFEo] Yehdt). 1655 em™# 1555 em oA 4= v €]
YL 7hzF HGCY] 7HRd Al&5%1E53) ofv i oAE 7] 9]
olulol= 11 #¥ Fol th-g-skiet®

2SN SHEIL 71EATM HGCE 2gHe©] 36%
o], §3521 =784 S Hold e R, o]

s
g

1
ol

0]

do 32k S 913 R AAZA Q] A
HES BAISIITE® HGCY 2570843 s et =
A7Fs8AaL, 3~5 wt%2] F=E QoA 42~27 T Alo]ojlA]
ZA o7t FEE(L) B Aol e 33 ulYd Z-H A
A ZA ] HGCS] T2 A3t 918 thdst 274 159
28-S 7= HGCE sl 718 A9 Ak 55 =
Aol 22734 &4 o] As WstE FEs AT
HGC30, HGC36 3 HGC412] DPBS &< (pH 7.4, 0.01 M)
257t SVl uet fedS 2 T AA dEe &
oA fEdel fle T 2l el Aol ol E e
itk x8kgo] 7 B HGC309] A%, -4 2xe
Table 19 LePd A3} 7o) 4 wtveollA] 65+ 1 CE vpgk,
3 wi%dllA = & AJEHRE BEEIT o= AFA 2319
Shafo] Yol 2734 Al FQd ApA AT AR
oFslA| ZFgsl7] WEY Aoz Alg®n) 3, HGC36S 3
wt%oll A 42+1 C, 4 wi%ollA 31+1 CE A2} X
3hgo] 74 H& HGC41E 3 wi%eol A 11+1 TR A2y
A3, 4 wiveodellM = A et AT o] st A=
Aghgo] FETE o7 e 27| Fel w1, 1=
3l EAF ARE 7F A S AREo] STk wiEel] &
T7ReA A} o] B 2% = FE 270K o= A
o2 Atedth A3 07 HGCY 2527882 LEAte
T B X3 FA ETS ¢ T UUTE HGCE] 2%
S 53 sl e 2”34 B FE B4

1o

e orjo ne
n\l
olo

[
{, dlo

of

d

e = 7 souz, IFAe] Ak P Taskl i

)
2

s|oj&joF et

HGC & HHL™Al EH 24, Figure 2(a)ol A9} o]
Aggo] ME THE HGC A 89S o] g-alo] HGC
1% wFEAIE Axska BT Figure 2(b)ollx Bel
=°] BE HGC I8 wjFgAl= ZYA2E s &2 petri
dishtt GC= I E HAo} iR = 7i3tskal FR sl
WA A & 5 AT o3 FHI 5L g
HAEE APHoR AFstet e §-83 540z 484
F Atk 28 wjSA ] BHY 9EE SEM 248 B3
S (Figure 2(c)). HGC 8 MlSHA = B 250l
A wdal 29 2HE #ET 5 AL, petri dishet
Hlaste] ERPIOA ] Soldt Ajole AFEA] FUA, T
B @M= GCollM e FEHA] e HGC30, HGC36
3 HGC41 F8Zo] 742k oF 045, 0.26, 0.25 ume] T2
AT AT F Uit

Drying ~ —————————

| — —
B0 °C, 2days -
Petri dish HGC coated dish
Patri dish 6o HEC30 HGC36 HGC41
(b) - v e .
CNU | cNu ‘} | o ‘) CNU CNU
| 1 ] { J

(c) Samples Cross-section

Petri dish

GC

HGC30

HGC36

HGC#1

Figure 2. (a) Preparation procedure; (b) optical images; (c) SEM
images of uncoated and coated dishes.

T sl Aok mE I ujFEAe] =Y <t
873e W) Slel el 29 wjFAE 1Y vt T

(a) T I T By
80- i [ !3133?

Contact angle(”)
£ o
o o

[
o

0 -
Petridish GC HGC30 HGC36 HGC41

Samples

{b) I Day 0 Day 7

‘
|

Petri dish

*

GC

4

HGC30

HGC36

1
)3

)

HGC41

)
P

Figure 3. Contact angle measurement graph of uncoated and coated
dishes: (a) water contact angles graph; (b) water contact angle images.
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Foroll B A7bel e 3w HEze] WaE sl
t}. Figure 3(aplrlel 7o) 27| HEZRe AR =A] 282 petri
dish7} 88.04+042°, GC 38 I A 7} 53.64+1.61°, HGC30,
HGC36, HGC41 328 wigHA1e] 73-9= 22} 57.60 +0.70°,
65.88 +0.50°, 71.90 +2.33°2 2= )T}, Petri dish2 o} %1
24 182 GCY HGCE Y E kg 7} o we A
712 Bt} HGC I8 HAle A &4 28719 &
Fo| TSIE o] AUF R o E HGC309] HE7
o] 7P W1, A X379 Fhge] AlY E HGC419]
A7F 7P B HEAS Hole AoE Algd) 3,
T4 Bl =E == AlTke] Ao wel GCeF HGC30
o2 F8E JA9] A5 HE2o] u|A mole AS

(a} Petri Dish

Corning GC HGC30 HGC36

o) =
A S R AR 8

e

[e]

739 A7kl M} W TR F] 88 7F AAE] 1 =EHA
Uehbs A2ty Algdc w2 A9440] %8 HGC36
I HGC419] Z-oll= Alzke] Avke 1357 ghel frefngh
zpol7} §le AS Hol HGC363 HGC41 A1) I8 oHY
ol Freirhe Ae BIE 4 Ak(Figure 3(b)).

XM AHZ0|E HHEIL A=Y 259 X 3Hgo]
HGC®] 32} v Zo|= uljgol mX= dTe Hrtehr] <
3 vk X382 2= HGC 8 w3 Alol HDF A%
E 1547 vigstsdth x2S 24 CorningAFe] 60 mm
ULA A e} SRS R] 282 petri dish, GC F® Bl YH
A& ARE-3IATE. CorningAle] HiYFEAI9F HGCZt LR E wi
FEAMME Al JE 1Y FFE AE7E S3A a3
2 2FRol=g A ARSI, vl 3= AL

HGC#1

G
=

—a— Petri dish —— Coming —&— GC
250 | —+—HGC30 —4—HGC36 —e—HGC41

200

100
L
50 - : ]

Day 1 Day 3 Day 5 Day7

Average diameter (um)

Day 15

(c) 80| —s—Day1
—a—Day3 = —_
E 0L -—hgar? # =
- 60f IDa:lS E %
§ %l g g
i g s
w 40 | I w
5 s s
é- r -3 &
»f £ £
E 10} E g
op - o o
, %00 600
Diameter (um) Diameter (um) Diameter (um)
—a—Day 1
HGC41 0w

Percentage of spheroid (%)
Percentage of spheroid (%)

Diameter (um)

Diameter (pm)

Percentage of spheroid (%)

Diameter (um)

Figure 4. Human dermal fibroblast (HDF) cells cultured on uncoated petri dish and, corning, GC, HGC30, HGC36, and HGC41 coated dishes
for 15 days: (a) optical microscopic images of spheroid (scale bars indicate 500 pm); (b) average diameter by date; (c) distribution of diameter

of spheroid.
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RE A 27} 2¥ 2022 A6 th(Figure 4(a)). HHHo]
petri dish¢} GC71 ZHE wjFHAolE oA % AE7)E] &
27 Balal ©d MERZ g FiE dolle A #EE
4 99t A8 o' HGC =8 viEAlE CorningAke)
v AI9F B petri disht} GC Z8 B FHA] B} 95
3 ULA B4< Hole Zlog Yehgth vl 15837 =
HGC 38 A2 ComingAt vl FH Al &= vhetd o
T2 M E7E 8] AR AL, o8] ULA 54
ZF FASRAL AT KA, petri disholl A= w717 F<F vh
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ojef mE} 2FRo|= 7he] B3 FFOZ QlEl] 2| Ro]
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Figure 5. Microscopic analysis of mesh-pattern dishes.
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Figure 6. Optical images of HeLa cells cultured petri dish and coated mesh-pattern dishes (80 mesh dishes). Scale bars indicate 250 pum.
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ol A= Ae #ET 5 A tK(Figure 6). ¥HHY, HGC7} JE Aoj=S Hrtslr] s A= U= A1 278 2=
AYE BE aFdA = AR skl shue] AF 2o =t HIFHAE A2 &, Azl Bl FAle] FRd e
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Figure 7. HeLa cells cultured on HGC36 coated on 60, 80, 100, 120, and 150 mesh-pattern dishes for 7 days: (a) optical microscopic images
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