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Abstract: The development of nanofibrous scaffolds containing biological agents is necessary to provide adequate con-
ditions for tissue regeneration and to prevent the recurrence of cancer after surgical operations. Here we fabricated nano-
fibers composed of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), dextran, laminarin, hydrolyzed dextran, and
hydrolyzed laminarin using an electrospinning process. The resulting nanofibers exhibited a fully interconnected pore
structure. The water contact angles were reduced by the addition of low molecular weight glucans. The results from cell
viability tests showed that the proliferation rate of melanomas on the nanofibers fabricated with 8:2 of PHBV and hydro-
lyzed laminarin (PHHL) was significantly suppressed by increased TNF-o. secretion. However, the proliferation of skin
fibroblasts on the PHHL nanofibers was effectively stimulated because of the antioxidant activity and hydrophilicity of

hydrolyzed laminarin.

Keywords: glucan, low molecular weight, anticancer activity, skin cancer, nanofiber.
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A AFu) A 3 Y (squamous cell carcinoma) 2 Al A%
(malignant melanoma)® 2 FFE T} 71 FollA] o
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o} (polysaccharides)= X5, &%, We|gol, 225
o MEHE ke T2 thdRe AEE Wl A%
He A ERE S7EnS ol tdRe 3EAd, &
B, g, dutolel g, A, NK AlZ &4 ¢
AP EZRR] EH| 9} A A5 FXlete 53 22 ok
AA 7158 7HAAL QTh L oM E ] BFF
(glucan) E2<1 2|y (laminarin)ye- FF32 T 7F B-
13- 2 B-1,6-28 A= A3H(glycosidic bond) 2 A=
A= AR F8 AP tdRFeltt? grude 59
HA7|5S FIAA ht B S Koo, HA2E
EAsia el 23l 2)M| S-S (phagocytosis)Z Al ETIO]
vl daks F3 vk g o-F IS tiEshs 92E
H(dextran)S FFI2 GEA7} a-13- © o-1,6-F 2 FA =
Aoz A4 e dHEglol thREA Hold Al
3 B AR OE QA A, dEAAG EE
& S T o] Tl Y58 AFSE §-8FAL Tt

FFRY AEAEL o5 AEAR] Lo|, A, 171
% (branching degree) 5l |3l FaFS wrom, 58] 1T
ApFe] 2FE HJev 23, Al Fapdo] wola] o]E9]
&80l A= UTEY ety TR 7T S 9
A s}h e @A FNEe-S o] 83 ARSI} Al
TE 3 glow, 1 Ax AqAEge] FF7ko] IEAFET
ek Aksld 9 Aere A e AEgd S Beltke
B3z ek

A 22 0] e QS fleiA= 7IAIF Q] ARA S
Aol 44 9 ke 2Aste] HA 9 nAgE S Al
T e 32k M ES A 729 aEA fE 12 sl
8Ee] A3 QU B3k o]F A} WH Q1S M2t
of YIS F= ol A FFEA d F UEE
A EYRle] Alxze] M2t g
FE AN F de FERAR §4E Holi ). 1y

S ok WAl HEE 9 ABLfehE 3-89
B2 78S THAL QAL 53] e Foll A 7919 A)
A F8atA ARE F US
ZoZ 7idEnt, A B A ox= 229 AT &
T A71390 PAXEE $J8iA poly(3-hydroxybutyrate-co-3-
hydroxyvalerate)PHBV)$} o- =& B-ZF7S 8= U
EAH HEHAE AZSIAT a2 TR 9 Eq) gF
TR gprue] Ak wstel] e vl WE Rl
o] FHFE ¥ 54 wisle] thsliA] Akt Bk gl
Egd} ghule] Eafko] oA Ee} QhAl|aEe] Aol
A= FFS Hrketich.
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ZEF(FAAE HAHZo 2 BEE), poly(3-hydroxy-
butyrate-co-3-hydroxyvalerate)(PHBYV, 8 wt% hydroxyvalerate
S}, lipopolysaccharide(LPS), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazoliumbromide(MTT), 2,2,2-trifluoroethanol
(TFE), dimethyl sulfoxide(DMSO), 0.1 N hydrochloride(HCI)
Z 0.IN sodium hydroxide(NaOH)= Sigma-Aldrich Co.
(USA) AZFS T3t A3t} Dulbecco’s modified
Eagle’s medium(DMEM), RPMI-1640, fetal bovine serum
(FBS), penicillin-streptomycin¥} Dulbecco’s phosphate buffered
saline(DPBS, pH 7.4y Gibco BRL(USA)°IA 743} Th.
Human skin fibroblast(CCD-986Sk), human malignant
melanoma(A-375)2} human leukemic monocyte(THP-1) 4|3
£ american type culture collection(ATCC, USAYIA 75}
of AREsISlTh 2 2]9] ARGE Aokt ull= Ank AL
A FHsrer, F7H Q1 ZAFE glol ARSIt

HAERD} 20|LEl TRl Ak g AER 9
U FHISH] QA 10 wv%es] 92E-t e 2]
U2 0.1 N HCloll 0]32 120°CollA 1A17F B9F 2945
718 +7] (autoclave)ll A %] gk $of| 0.1 N NaOHZ ©]-&-3}
of pHE 7.0 ZF3et. Fojl golls FE FEe] F4E
AEF Rl Y3 FFFolA 4827 FF T8 547
zste] Adatge] Y2Edy) gy S ATk ol A
EAbere] g 2Edy) ghnule] ExlRe Al £ A2ntE
T2 3(GPC)Q] Waters breeze system(Waters Co., USA)®|
Waters ultrahydrogel(Linear, 500, 250 2 120) Z-3 (column)
S Ao 49T GPC 24 2702 Aere
0.02N NaNO; 89, %= 30°C, §%2 0.8 mL/minZ
AN, FEHZE poly(ethylene glycol (PEGYS AHE-
&t

LI | ME. B=AFE Axs] 918l ARS A7
APSAE 0-40 kVe] Atawe] 7Fesh a9 3573 (high
voltage DC power supply unit, g3 EMT, $+=), 32 €
(200x200 mm, stainless steel)2] ¥ ZH(collector), FHA&-<1
< YA EEd = F U= FTA]H Z(syringe pump,
KDS100, USA), FAF7|(gastight and needle lock type 10 mL,
Hamilton, USA), 555AP 8= (ID = 0.41 mm) 522 /4
SATE Wi el A7PARE flsiA WA PHBVS) Hl -
E7 T grudd, PHBVSF AEAte G =t e 2|
WS TFESF 57 9:19] E3H&mfol 4loix] 45°Cellr 24
AR S}t wksle] iAo HFEETt 25 wi%ell WARS:
NG A z3 T} o] W PHBV/Y2E T ghvjud,
PHBV/A AL 9 2E8 = ghoudle] E3H|= 822
AT WA e) Al AR 15 em, 17HA
3t 17kV, FAIEE 1.5 mL/hZ IAHAIT) AL, 204 Adthsy
% 60% olate] AN UieAdfE AZsTh WAL 948
Tof] FHvel| Bo Qe U=Af-E A 40 °CollA 24
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AlZE o) xste] 2Este BvilE B Al AT

LIcMR S4 24, PHBVS} o- 5 B-2F77HS T3t
= Ux=dF 2 542 field-emission scanning electron
microscope(FE-SEM, JSM-6335F, JEOL, Japan)Z} o]v]=] £
2] 3 2 73 (Image-Pro Plus, Media Cybernetics Inc., USA)
o]-g-3}3ich. WA FE-SEMS Fall Aojzl vheAdfro] A
o[RS olW|A] B4 RIS o|geto] BtAA, &
FH2 55 oAU Y=Afe 19 setrxe
attenuated total reflectance Fourier transform infrared(ATR-
FTIR, ALPHA, Bruker Optics, USA)YZ |3}l a- &
= p-=2F7t] PHBV 27k A4 7= st vAe 9F
S Xray diffractometer(XRD, X’Pert Pro, Panalytical B.V.,
The Netherlands)E ©]-8-3}o] ZAFSIITE XRD #2494 X-
ray tube= Cu Kag AHE-31ed 40kV, 30 mAS] 2702 =
AFalt}. Diffractograme 10-40°2] H912] 262 29mine] <
L2 St e f HEy /e Asle s AL
QA v 1He] AR EHEAE 157 5797
(DSA 100, KRUSS, Germany)E ©]&-3to] =43} t}.

M= 4Z8 2M. PHBVS o- = B2 THske
Yi=dw WBE 219 jn vino HXE S4S Folr7] ¢S4
AIERE CCD-986Sk MEE AMSSINA, YA EZE= A-
375 AIEE ARESISITE E AlEaidell= 10% FBS2H 0.5%
penicillin-streptomycine -3l = DMEMS ARE-519]
3, UAdfdell A e] M2 =8-S MTT assays ©]-8-51¢]
EASFATE AIE uig Aol YAl "EH RIS A S
ol-g-3te] 3AIZF Bt HetA7]L, AlESiA DPBSH DMEM
S o)l g3te] 7} 33 AFEIITE 7 T A FeRE 24-well
plated] W=A1-5 GOl FoL, 70l BHE e HE
£ 2x10%cells/well2 TF310] 37°CollA 7 &<t vlgAIZ]
Tk AlZ BEES B7el] fleiA MTT &85 742ke]
Al WIEQL AdellA wiRE Al ol AL 4X7F F7F
H gttt 4SS AAS L HHES DMSOR 83lA1AA]
nfo] A2 Z# o]E ] 7](OPSYS-MR, Dynex Technology
Inc., USA)Z o]-&3le] 570 nmollA o] T35S Z4sle] 3
Hdcisi=s

ARIEF IR M. =957} tumor necrosis factor-o(TNF-
0ol WEo] Tt GG BN A THP-1 A LS
10%2] GH2)¥ FBSS} BAAE $H5H= RPMI-1640 H14
oAl wiFsldth. THP-1 MES theAilf7t Soi7t Sl 24-
well platel] 1x10°cells/well2 FE3aL 37 °Collx] 24417} i
F Tl 1 pg/mle] LPSE AlE7F il F= L 9l= A &
ofol] Yol 24A17F F7F viES STt vheAdf AdellA
THP-1 Al 7} WZ3t= TNF-a2 & %2 enzyme-linked
immunosorbent assay(ELISA) kits(R&D Systems, USA)E
o] &ttt

™ o
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g1 A EE

Azt 2ojugl JkeRsl. ARAEe] o Be BF

F7+S A7) 9JejA] " AETHM,=10000 Da)Z} ZHu| b

(M,,= 5400 Day2 Al E o] &3t 7FREsll & Fsll At
NS s, 7HitalE Y AERT guuRie] i
A4S GPCE o§st] 545 A Figure 10014 & = 3
= AAE o] F48 Fole AL IR F AU
o} 7El | Y 2EdT) guue] Ho) ool e] 3
TEAF(M)e 261 Da 2 259 DaoaL, B3t THH A}
(M, )y 294 Da 2 268 Dacl3Ut}. o & ZAHZHE A=)
£ o] &3 7lrEal whgoll oaiA HAERe T o] 25
27} a-1,3-2 % (nigerose) =& a-1,6-2 $H(isomaltose) 2
AAE o]F(disaccharide)’} = oL, vl F
Mo FF3227} B-1,3-24 F(laminaribiose) = B-1,6-2 3
(gentiobiose)> 2 AHE o|FFH7I FE AoJHTE>" of7]4
7l e B AERe ehuRIe] et EAbEF Aok thd
F(polysaccharide)?] Z2|=A1Y Aol 2HEajof ofal s
| A 71Q1%H.

=RZ &R LRl o 2E. A7 Alx

A Ui Ao AR Yo 339 YEgaE 3

of x| &, 4 2 B3 ST =3 =2 T
ol F HEHAS 7RI 0B R A9 eke] HEH
ol A Bk ohgt A oA miEE= Ao Fredol
TR E T st 9 AAHA S SE2Tt v mEd &
3], =g Sl e WieAdfe] A g HAl &
% ol ] T Gl AL UAE Al 7™
AE ANEAZA Y] $EE AFHIL Jop B Ao =
PHBVS} o2 %7K d2ET = 237K vy
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Figure 1. GPC chromatograms of (a) dextran; (b) laminarin; (c)
hydrolyzed dextran; (d) hydrolyzed laminarin obtained using a
refractive index (RI) detector.
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828 Egtste] AP 0= W5 Al 7]
A1 PHBV/AEIZER E9HE9] Yieidf= PHDE, PHBV/EH]
U E3HEe] YA PHLAR 27]8H]th B8k o- T
= B-FFT] A F mE B=3H &4 (biological
activity) H3IE 2A18}7] 184 PHBVS} o257+ 71
3l Aheel AEAbg 9 AEY(PHHD) e p-273¢] 71
el ARl A EAbE 2y (PHHLYS: 8222 9t
Ui fE AZzsidh o714 BE A7[EAF 899 &
25 W% 3 ste] ARE-SIT.

A7THARE Yieid o] 73S SEME o]8-3te] &St A
7}, Figure 2014 & & &= ZAH ol& Uxidfe 22
A7)0 71Fo] 3apA R AdE F2E 7L YT o]
E UsAdfe Ha 27 PHDEZ} 463+37 nm, PHLAZ}
481441 nm, PHHD”} 425431 nm % PHHL®] 471429 nm&
LA FFE ok WieAlfr LAt 253
S el Wil vlsiA Aol A7de] of FolE
< FIsnh. o= A7IHAF &) HET) vieqdfr

9 Gt AAd IS F AR &Y HrTt 55
Bt AL F7ske Aoz duA ekt

=F7 &7 LicdRel SEskEy S4. WA ATR-FTIR
< ©]&3te] 400-4000 cm™ HEIoIA U=l fo] 1H 54
< EA5IATE Figure 3914 & 7 e AAH BE ey
f AWZo| A AAA PHBV ZEA AR &A1= o 2uH|
Z(ester) L2 C=0 stretching®l 7]1%13l= 54 =7}
1721 emollA] 1=, A% FH2] C-O-C stretching]
slgshs =27} 1271 2 1223 emollA] ERISATES HEgH
PHBV<2] O-C-C stretching vibration®l] 7]1Q15k= 544327}
1049 cm™ F-ZollA] BRI, g LEAYF SFE ¢
322 = PHDE % PHLA W=AdH+ 3432 cm?! F-2o

ot

Figure 2. SEM micrographs of electrospun (a) PHDE; (b) PHLA;
(c) PHHD; (d) PHHL nanofibers.

o) et HE 44 Ael B3 665

A g 2Egk) grjydel] £k -OH 259 stretching
vibration®ll 71Q138k= | =27F A E I ©]E -OH 259
718k 5493 7EeE AR S5 Bol
ol oJafiA o W2 s YR o]Fate] 3355 em™ -
oA #ZE AT} o] PHBVSF AEA=F FFIE Aol <]
WA adgte] S7HEA Aol 71lske AR AE S

FFE FHohe iAo A8 7% HelkE dotrr]
fleiA XRDE o3t AAFx +45 dsitt. PHBV
+ 3-hydroxyvalerate(HV)2] $H&o] 50 mol% o] 3toll A=
poly(3-hydroxybutyrate)(PHB)2] A4 135 Ho|A|gH, HVE]
3-aFo] 50 mol% ©]’dol A= poly(3-hydroxyvalerate)(PHV)
o] AHYFZE Hol= Ao dEA Yt & AfolA] A
8%¥ PHBVE 8wt%2] HVE 3Hslal o= % PHBOL &
U3 AR FZE 7L QIvh BE G AE0lM PHBV
©] (020) % (110) planeol| 7113t= F 72 7+t 9 =A7}

) W
b t
S f W
8 C
5
£ |
: }
g f

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 3. ATR-FTIR spectra of (a) PHDE; (b) PHLA; (c) PHHD;
(d) PHHL nanofibers.
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Figure 4. X-ray diffraction patterns of (a) PHDE; (b) PHLA; (c)
PHHD; (d) PHHL nanofibers.
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Figure 5. Contact angle changes of (a) PHDE; (b) PHLA; (c)
PHHD; (d) PHHL nanofibers.
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710151 okt 3] =7} 25.2°9) 26.6%114 LERGTHFigure
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3 & FFe Foh
I FAME XA Mz F& HR (spreading)oll 213
Aoz o ke Zua mje =93 EAjo)g} a S Qrhd uh
2 S5 A4S oldsto] Al S Btk
ROoH, Figure 514 18 4= = AXH aEAjeke] 2
TR HER ARl PHDEsz} PHLAE
570l 1119 108°2 E2 B}, 2et A
A 2FE Aok ‘/}—l—u'rr-/] E457> PHHD
oA 86°, PHHLOA] 85°% Grolxir] #EA}ef FE7ke] ,\}
Gl oJeliM vhieadfrel Zide] AdETE e k1g

9laich.

LIcMRoMel ME MEE. Y7t HSAFe] 4
A F Foll A Ro1o) A o) A WA 715E

[om

Bl Fefd = YEAS Lobry] LA WA in vitrodl
A Ak el el A P SAZ(A-375) A E] el

ox o] AA7ES MTT assay WS o]&38le] ZAIEII
ALEAR EJAE%M ghlu S SHratal 9lE PHDES
PHLAYIAE A-375 A7} w9 we &2 A3stH0 1,}
Xﬂ—‘?‘—z}aﬂ 7ErEelE HaEd) dhus ek 3
£ PHHDZ PHHL WE=Alfroll e A-375 AlE] Adgo] A
]‘6]‘_5‘] A= Y= Ho] B HMU}(F1gure 6). E3] B-ZF
el eheluRle] ARt FRA7F $iE o] Sl PHHL
L}M*%ow A-375 A xE2] gRe] 7P GA 0 R oA k]
, O1E ARAE gude] o SAF A2l g
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Eak=s)
2.0
— PHDE
PHLA
€ || == PHHD %
s 'S PHHL Z
5 4
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©
g %
o) 7
S i
= %
g %
5 %
3 ’
Ke)
<
4 h 1 day 3 days 5 days 7 days
Culture time

Figure 6. Cell viability of A-375 cells incubated on low or high
molecular weight o-/B-glucans loaded nanofibers as a function of
the culture time (n=5).

?50- T 1 Z
I EEED

PHDE  PHLA  PHHD  PHHL

Figure 7. Levels of TNF-a released from THP-1 cells after incu-
bation for 24 h on low or high molecular weight o-/B-glucans
loaded nanofibers (n=5).

3t oA pRAFEe] Bhnubl-2 THRIA X (monocyte)o]
oJsA] THEOIR]= Al EAPAAK apoptosis) 2 AR ETIRIC]
TNF-a0] A4 2 W&ol 79| JFS T4 LUAR, A&
b 2ule TNF-af] A8E 71537 A2 |
=R whEbA] P SAE Al X gk ViAol Al
E5A v7ES dobr] S8l 3’}"?‘1}% E= xi—rx}ak
FFE sl Uidfrold @M Q] THP-1 A2
Hjgate] o]& Alxol| ofsix BAE= TNF-oE 4 EkO}
o 2 23 Figure 79014 & 5 e AAH I2AE 2F
Q1 g2Edy guudS FHelke e frela s Al
AFEAL 5= AR ETIRIQI TNF-a2] A/ o] A9 FX1HXA]




HEAY o/FFUE T

%o m, THP-1 Al2zol| oJaiiA] L&dE TNF-ao] F= vl
Ak, gt a2 T Y 2Ede] AEAre A7)
fr=lo] 2= PHHD WieAdfoll A% TNF-o 'l o] wi-¢-
wo A0 72 Hol q-FFEIRE BAE| 47410401 Tl A
& aHoE AF3HA] e Fog v 2y g
TR 2] ey F2A7F o] 9l PHHL
Wi d-follA= TNF-a 2@ ge] dxsHA S718I. ol
AHZTE p=2FIHE TARl wEh Al gk Al
=40 tErhks s o F Jor, 1 F AR vt
do| 7k &} o7 TGN EE AFke] TNF-o LY
< S/ WA TNF-o E@ g thk dafo] A&zt
F Fge] s aE AEo) g x5 2 9
9191 Aoz FHetw|o] it}

OPIEAE AlEe gt vheAdfo] MESAES oAl g9
at7] flEA SEME o]&-ste] Al o] S sttt
Figure 8|4 & & A= AAH &AL 25310 3hrH
o] 3= PHDE®} PHLA W= frollke A-375 A|l=7} weE
o2 A8 g AR Sl o, gk mE &g A

100 pm 100 pm

100 pm

100 pm

o] TRt A A Ae) F 667

= heAlge) BE ¥HS AE
} A2 HE PHDES PHLA W=dH
= #*éé* £ AT 44 AN Aol ohleh 241
otz Az o] ok a2y AExEe] gaue

PHHL U froll i Al ZAEAL fe]
oIS AM|EZ o] AA o] AAE I vk Ao

>
N
K
%0
XLJ

4@%7} oS alFo] AA| & Foll FA| F-912] A
FEA] ol Qe A sFAIER] CCD-
g3te] Uy Zdollxle] MlaEe] A7l of
A ZARIATE e Ui A2l CCD-986Sk Al
7F A7kl whebA] AgAsiar 2l Ao] = Slth(Figure 9).
53] AAE eprue] o] = PHHL e el
A 7P e AlE S BATH B-F sk b
sM3S 7HAAL lthal deA leH, %ﬁl Xif%}ak B-=
Fro] AEAFR T U Hojd 3Mtsd S Helth= Eu}
UTEEION T} Qkol| A &gt AAH AwAEF geuale]
‘l“

ARl eJalA] thedd el M4go] R AT et

986Sk xﬂ%% Ol

100 um 100 pm

100 jm /1"

Figure 8. SEM micrographs of A-375 cells grown on (a) PHDE; (b) PHLA; (c) PHHD; (d) PHHL nanofibers for different periods of time.
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2.0

—= PHDE

Absorbance (at 570nm)

4 h 1 day 3days 5days 7 days

Culture time

Figure 9. Cell viability of CCD-986Sk cells incubated on low or
high molecular weight o~/B-glucans loaded nanofibers as a function
of the culture time (n=5).
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Aol 7HH5]2;11 Frrspgel FojslolA, 1
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A3 gRA ] o] F3E Zlo = wchE o] Zith

Ul AeliM el gAl e 435S SRl S8l
A SEM ol gslo] Alxe) Aae st Figure 1000
A B 5 e AXE 2E Yeadg AollA] CCD-986Sk Al
E7F A7k Wt 2 gAgskar Qe Aol #AE o, A
B gojuRe 38l 9l PHHL WeAdfrolli 713
W2 ZA 0] Ado] AT, ol AI= MTT assay
Az} 2 AR5k oz BRI

o
¢
¢

2 =

PIEAT] AA = Foll ] ALE WA S8
A heket FEje] X8I ke QLo ofHw kg0
TAIZE ot ok, B3 A A7 pa Foll dob Sle A
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Figure 10. SEM micrographs of CCD-986Sk cells grown on (a) PHDE; (b) PHLA; (c) PHHD; (d) PHHL nanofibers for different periods

of time.
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