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ABSTRACT

Objectives : This study investigated the anti-inflammatory and antioxidant effects of Polycan, a B-glucan derived from
Aureobasidium pullulans SM-2001, and elucidated its molecular mechanisms in IFN-y and LPS-stimulated human intestinal

epithelial HT-29 cells.

Methods : HT-29 cells were treated with Polycan (125, 250, and 500 ug/mL) and stimulated with IFN-y (10 ng/mL) and LPS
(10 ng/mL) to induce inflammation. Cell viability was evaluated using the MTT assay. The expression of inflammatory
mediators (INOS and COX-2) and signaling molecules (MAPK and NF-kB) was analyzed by Western blotting. Pro-inflammatory
cytokines (IL-6, TNF-a, and IL-1B) were quantified using ELISA. To assess antioxidant activity, oxidative stress was induced with

hydrogen peroxide (H.O., 0.5 mM), and intracellular ROS levels were measured using CellROX® Red staining.
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Results : Polycan exhibited no cytotoxicity and significantly inhibited IFN-y/LPS-induced iNOS and COX-2 expression in a
dose-dependent manner. It suppressed the phosphorylation of ERK, JNK, and p38 and prevented NF«B activation by
blocking p65 nuclear translocation and stabilizing IkBa. Polycan also reduced the secretion of IL-6, TNF-a, and IL-1B. Under
oxidative stress, Polycan markedly decreased H.O.-induced MAPK phosphorylation and intracellular ROS accumulation.

Conclusion : These findings indicate that Polycan exerts potent anti-inflammatory and antioxidant effects by modulating MAPK
and NF«B signaling pathways in intestinal epithelial cells. Polycan may be a promising therapeutic or functional candidate
for preventing and managing intestinal inflammatory diseases.

Keywords : Polycan; B-glucan; HT-29 cells; NFkB; MAPK; intestinal inflammation

I. A2 Aoz  dHx  Qlow, HT@EE) H=(ES),
ol o= Fdohsdl, Uehte S99 welh
454 AA%HInflammatory Bowel Disease, IBD)-2 Es| olg, BE, 518, 3y, AAgEEE 58 2ng
A =GO T dFo] Aol TAste Ao r, T2 5ol A= TS AN, 5, st e MERIS
HAFE oD (ulcerative  colitis)?+  ZEH(Crohn’s TFEotd, AdE g |58 AEee] AEALe
disease)-e ZRIH). o5 Aghe WsHy o4, {7 FHstedl, A A=0OME ), FE=(ESID,
a8, AU mdE 2, &84 a9l F HAR 710 ST IS8R Yol ARE i = A
Beroz Zgste] Wske Aoz deEiA QP S TAPE A=Y tideln ser, H, SXEE
FEuEelds Hlwd 5% HﬂiﬂE A (Behcet's ragsto] 28]t}
coliti)Te FAH o7 [BDO] wWo zZetd 4 Qih A% ti7HEZ(nflammatory mediators)Z  AlC]E
IBDE] Heke A SolAQl ©hd A3o] EAstA] ¢471 7Fl(cytokine)& el 4 A5S olsfiskal, A=A
dizol, ¥4 54 9 Aa, WA, S48 A A, ZA(therapeutic  intervention)S 97t HEjA=|HA]
ZAHe o 248 FAA R desto] o]FojXitt o] 71%8& gshs H 5o et 240w AL 9l
Aol A A, Hhel# 2, ofmlulyd, A3id Y 59 T 2 A, ARIEZR] S 2EdeE ol
a9 HEE ozt s1d AAgtoly AN 4 ks Amshr] 9%t Aol 7|8t FA (dietary—based
T 585 I vidol] "ok Ad Sofl= o] 2ot intervention) Z2fo] s A=} Sop . LHF
HAE Hs] ok, A S5 HF 2 shE A A= ohdRt Aot 22 A" BHRE
8o Felo] Am Ak ™ol FaZlolth IBD= HERTES o]FH, o5 B =] Hde= 3'?—‘:4
TR AME HolAwt, tiFZe] gAtefld S ST5 Hooh] 9fsl Thl 9 Th2 THZES et e}
1517 (relapse)t 371 (remission) 7t FFEEE FARS TAZE W2 Aszhgert®. ok Th17 Alxe} 5_2—3_1

ehdieh, S gubHos AMs] st Y02 TAHIE (egulatory T cells; Treg)9h 22 TFE TAIE o}
Ui 79 494 i) 7hde] ojele 4
Fa QN FHoRE AL GW, Ao, F54, 1

°
=

(subpopulation) & HYsH &4 (immunological
tolerance)& FA5k= © 8% AFE sk Zo=w

E ¥
e

v g, EE SOl glom, o= 959 Hret B BHuEQty”. Thl AlZE IFN- v (interferon-gamma),
Hell troFsiA ehdth, o]t 454 gt TNF- @ (fumor ~ necrosis  factor—alpha),  IL-1
st Hgoldel stejstoAE ¢, At 2 (interleukin—1), IL-2, IL-8, Cox—2 (cyclooxygenase—2)
2371 HS HII(EB) S Hsk=tl, 7I(R)E itst= s Z2 A4 ARlEAR (pro-inflammatory
Hdoletal dHA ek F54 G ks a9 cytokine)& EH|SH= HFA, Th2 A|EE 1L-4, IL-5, IL-6,
7)eAZL G, THIARI T o= QIgh oot Bt IL-10 57 22 &954 AtelE7F] (anti-inflammatory
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cytokine)& 2HIRIH., o|AH HF2 si=2 A=l die
HS ghgolzgt, v 952 d354 AESHIBD), et
2 7Tef 9 Aok ZERE theRt el e o] ol
7]ofsh,  ol2igh  HlofA % BRg2  INOSet
COX-2¢9t -2 AdZ5 mi7iA| o] Bdo] E4oln, o]52
a5 ¥ Agke] 1y e Fagt

NF-«Bet MAPK A& Mg A2 g3 ®
ZARIALZA|, IFN-y @F LPSeF 22 Al Ws4et 22
FEFA AelEZRRIC] o A=5 Wod, o] HrEo]
gAslElo] GF R AAE f= 2,

71548 oAl (8-1,3/1,6-glucan)E& A|ZQ=Z
Bulol= SR/ Aureobasidium  pullulans SM—-2001
Hj9FE<l Polycan®e HAAel A& %52 MY =
22N, @A7EA]  EHiE Polycan®] 715o=+,
diZelvie] WIzxday?, drEAEE 9"
Srhgzol ek, DSSE e g gl 9%
9 gy Boanf didektes frH Ia
sERd” 9 greEzd Fy MDX uRgAoA
T9% A EH, wigiukesof A o] it ekslol
gt 83 5 ofg] 7]5Ado] on HuEJA|T, A A
Ao o] FEF 7142 oFF] 5] Wsl A2 gl
olof 2 A-tollX= HT-29 & AmAZA Polycane]
9T BIE AR O EAP1ES HA¥cks As
2208 sjqrh

rr
2
N
I
lo
1o
N
ko

=

I. Qs 9 g

1 AdA=

Polycan SF=oll &aiEo] 125, 250, 500 ug/mle]
g 514519t Recombinant human IFN-v, LPS,
J8]r MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium  bromide)t+= Sigma—Aldrich  (St.
Louis, MO, USA)ellA Felstyict. ot 2 A9l
AHERE polycane B8R Aureobasidium - pullulans
SM-2001 HiRt 2=, GE2FtolA Algidol Al

Agsteie

2. A|EHjeF

HT-29 AlZ+= American Type Culture Collection
(Manassas, VA, USA)oA FYdstdtt. MZE+= 10%
FBS®} 1% penicillin (100 units/mf)(Gibco, Grand Island,
NY, USA)o] 7Fe RPMI-1640 Hiz]ollA 37°C, 5%

CO, 7} =3td &|5 A wiofstdet. Az
80~90% confluent®] -2 wjuict 2~34 7HF 02 A
segetetch,

3. AxEd 53

Mz AEg 9 Axsde 22 MIT 2493 LDH
AR ARESte] BrlelGith HT-29 A= 96 well
plateo]] welld 2x10° AEo] W HES F 24A7F
B9 HieFstet. o] AlEE 125, 250, 500 wg/ml =2
Polycan© & 24A1ZF Z2stgiet. MTT #419] 79, vi%F
5 ZF wello] MTT €45 mg/ml)2 7kt 37°ColA
F7k= AARE SS9t widskeinh. A4E formazan
crystals2 DMSO°] 83X 2™, microplate reader
(Molecular Devices, San Jose, CA, USA)E AHg5}to] 570
nmellA SFEE ST AlE BEEE AP
&2 o] ok MEEE Uehfitt. LDH 249
7%, Wi FeHE Ast] LDH Cytotoxicity Assay
Kit (Thermo Fisher Scientific, Waltham, MA, USA)E
Argsto] Al zARe] 2ol whet EA5F5 2™, microplate
readerS ARESI] 490 nmofld FEE=E SASHAC.
LDH &3 dixatol et WEgs el

4. 9% fi=

HT-29 A= 6 well plateo] welld 5x10° A2
urg  AEsto] 24X7F B9t ujeksigich A%
S5t el AEE= IEN-9 (10 ng/m)€F LPS (10
ng/m)E 24Xt Bt FAll A=SHATt Polycans
IFN-y 9 LPS 2=t Aol 125, 250, 500 ug/ml
sEE A=skart,

olN

5. Al EFIRI &

HT-29 AlZE 24X A2t & wiF s
FHskaL, Az ZSiE AASH] fls 1,500 rpmellA
587 QARSI IL-6, TNF-a, IL-18E Zgst
AT ARIEZR] AzAre] AR R&D
Systems, Minneapolis, MN, USA)ef| w2t ELISA kitE
AHgsto] Zgelsie 100 wel Wi Aole A}
FYE  microplated] Hi A2oA 24ZF FF
WA AH T A% A%t 714 e eAdew
H7Fst9ith. Microplate reader (Molecular Devices, San
Jose, CA, USA)E ARSIl 450 nmold FE=E
S5tk ARlEAR] % kit AlFE X

o

o

S
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AolETele olgd A4 EE ZAL wEom
AFelodet. BE AZL 33) Wk Bajsloc

6. Western Blot Analysis

HT-29412Z9]| Polycan A2 &, AE= 7L PBSZ
AMAt & protease @ phosphatase inhibitor cocktails©]
3StE RIPA buffers (Thermo Fisher Scientific, Waltham,
MA, USA)& AR8ste] gofisteint. o aald 55 9fdl,
AZALE] Aol whet Nuclear/Cytosol Fractionation Kit
(BioVision, Milpitas, CA, USA)E Argoto] st Az
2o FYokirt. o 3T Bradford assay
(Bio—Rad, Hercules, CA, USA)E ARgste] =4S
FY o] TEGB0 wE 10 EE= 12% SDS-PAGE
(sodium dodecyl sulfate—polyacrylamide gel electrophoresis) =
EZ3t %, PVDF membrane (Millipore, Bedford, MA,
USA)e 2 HoJAFtt. Membrane2 0.1% Tween—209]
HZE Tris-buffered saline (TBST) W 5% non—fat dry
milk2 A-2oA  1AIZF FRF blocking?t ¥, iNOS,
COX-2, phospho—ERK, ERK, phospho—]JNK, JNK,
phospho—p38, p38, 31 W p65, [xBa, S -actin, Lamin
Boll digt 1:1000 3} 13 FACell Signaling
Technology, Danvers, MA, USA)2} &7 4°ColA overnight
AlZct. TBSTZ A&t &, 1:500022 s|45 23 et
Aol 1ARE FRt RESAIZE whelE st ECL
AAEIGE  Healthcare, Chicago, 1L, USA)S AREsSHA
AZsleldom, Image] ATESO(National Institutes of
Health, Bethesda, MD, USA)S AR&ste] A=kstic)

7. ASAEHA G E AT

Polycan®] gHite}t 53+ B7Ist7] Qs HI-29 AlZ&
6 well plateo]] welld 4x10° Hlzo] dxg2 HEs
24A17F F?F vFstTt. A= Polycang 125, 250, 500
ug/ml SER 1AZE BeF AAYE =, 45t AEHAE
FEstr] Slel BAEpA(H0, 0.5 mMOl 1ARE
LEAZT dET AlzEe 0l A9 $8skeith A=

A= A2 EX B4 9l 25k ROS A%

24j0]) AFgEIICE,

8. ROS &4
A1 Y ROS 452 AlRA] 213e] we} CelROX™

Red A]2K(Thermo Fisher Scientific, Waltham, MA,
USA)E& ARgste] SAsIith. HT-29 AZE 24 well
plated] 7x10"° ME/welle] HE=z HESD oA
ARt A2 Asisict. A 3, AlZE 37" C ol
3042 595 uM CellROX® Red Ao} €A HloFatct.
ol% AEE PBSE Al ¥ AL & FF Ad7]
(Molecular Devices, San Jose, CA, USA)E A&3}o]
485/520 nmollX FF F=E SHotct. T, FF
AnE TS Qo AEE AESHl HEsh, ¢t
Zro] A2Jgt & CelROX® Red Alofoz @Asty
AZ+sle 98] Hoechst  33342(Thermo  Fisher
Scientific) = tHx FMSIATE. ov|Al= FF AnA
(Nikon, Tokyo, Japan)= AMgste] 2008 &=
FY5Ilth. ROS 2 Aalsto] iz tiv] At

9. A &4

RE Ade 39 ®EE SFEglen, 4 39
=Pdor  HEn AHsi. dHelHe e+
EFHUACD)E AASHAeH, FAA 2

g
SEAEA(ANOVA) ¥ Tukey AR HA
Brktdet. P < 0.058 BAKeR {7t A
Estgon, RE §A 42 GraphPad Prism
8.0(GraphPad = Software, San Diego, CA, USA)<
Apgto] Zagelsi.

okl
N
—_
0|
—
2 1

. Ax}

1. HT-29 A=A Polycan®] AlZEA H7t

FHF Aol AH8E skollA Polycano] AlE=4g
BNE UeEA @RIsk] Qs HT-29 A=z
oz MIT 43 LDH 48 435ttt Fig. 190
et vRel Zol, 125, 250, 500 wg/md 5%2] Polycan
Ag] Al iz Hlwste] Az gEE0] oF 100%=
fAE e, LDH H&E% A izt {3t 2ol
Holz] ¢kt o]g|gt Aat= Polycano] AlEE 5% HE
ol Al HT-29 Alaze] Azmef &4dolt Az AFES
FaolA] 222 UElH, sid 5= Hel ol &5
BE Aol HsHA AFEE 2 AARRITH

ot 4
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Fig. 1. Cell viability of HT-29 cells treated Polycan.

Cell viability and cytotoxicity of HT-29 cells treated with Polycan. Cells (2% 10* cells/ml) were treated with different
concentrations (0, 125, 250, and 500 wug/ml) of Polycan for 24h. (A) Cell viability was determined by MTT assay. (B)

Cytotoxicity was assessed by measuring LDH release into the culture medium. DMSO (0.1%) was used as vehicle, did

not affect on the cell viability or LDH release. Results of independent experiments were averaged as percentage cell

viability, compared with control. Data are presented as mean+SEM (n=3).

2. Polycan©] IFN-y /LPSZ =9 HT-29 AlxZ9] 4%

WiAE Idel vA= IF

Polycan®] &A% &IE W7k flsf IFN-y (10
ng/m)o} LPS(10 ng/md & 25 A= HT-29 A|Eo]A
F8  EF "/iAY INOSeE COX-29] HaE
ZAREL. A" 25 w24 A, IFN- v £ LPSO] 35
A= AESHA] o2 iRt Alatol Hls| iNOSet
COX-2 o] Iade FolshA S7HAIZIrHFig. 24).
134 Polycan 2] Al FFo] fZH HT-29 Ao
INOSeF COX-29] Iddo] &5F o]EAog Z4sqith
FAHeR, 125, 250, 500 wg/ml HES] Polycan
iINOSeF COX-2 ehid &3@s fgarzles, 500
ug/meo A ZHE TRt AR gyt PEEQlok(Fig. 2A).
olgJgt A3h= Polycan©] Lk EH R AF wi7iA<]
IdE gy og A HojEnh 2, MAPK 413

= 12
A A== 43 5 2480 Fa3 JTg o= A=
a4 9lom, oo diste] Polycan®] MAPK &A1=

ZAsl=x] elely] s IFN-y9F LPSE A==
HT-29 AlZof|A4] ERK, JNK, p38 o] ¢lats} AHels

ASHAT Fig. 2Bo]l YeRd e} Zro], IFN-y 2} LPSC]
5 A2 Aok 92 WiEwel Hlsh ERK, JNK,
p389] QIitels f-oJstA S7HAIZAEL. Polycan 2] A,
Al 7HA MAPK ©ide] uitel 85 o&EF o=
avHgoz ZrAEQI) Polycand] 2§t MAPK <QlA4ts}
A= o] 3fghEo] Aol FiAos MAPK Ao Hd
BEE AdeRH FE5 aE IRdE AARITH
NF-«B 4% A A2+ 54 747 499 S8
ZA7olt. Polycan©] NF-« B &/d3}o] Faka mlx=A]
XA Sl8l, S8l NF-«Bo] Fagt ATAQ]
p652] & olF5F NF-,B JAAISl 1«xBeo I
VAo A" B 24 Ax) IFN-y & LPSe] 35
=2 3 W p65s 2 oISt S7HI71AL Al2E Y
[kBa TEE FEAFAHFg 20). I Polycan
Aol 8% oEHo® 3 U p65 olsS AL
AzE W 1kBe ©E $E& IHAZ ol
A= Polycan©] p652] & o]5S WASHL [«kBa &
SHIIAIA NF-«B S+ AR =2N 45 RS
AR AARIH.

=
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(A) (B) (C)
Polycan (ug/mL) %.
PR x Polycan(pg/mL)%
= - & B 0O =
Polycan (Ug/mL) 5 e yatps (ngfml) - + + + + + & g8 4
228 i IFN-y+LPS (ng/mL) -+ o+ o+ o+ o+
= & v 0 p-ERK - = -
IFN-y+LPS (ng/mL) -+ + + + o+ NF-xB p85
ERK | amm e o = | (muclonn) - - ‘
iNOS | - DD — |
i -— a> a» S
p-JNK‘ - ‘ LammB‘ ‘
cox-2 | - — |
e = p—p65‘ -~ D e - ‘
| mm——] | SESSS
IkBa ‘ - -— - ‘
p-p38 ‘ - - - - ‘
B-actin - — - ‘

Pl | Seeees |

Fig. 2. The effect of Polycan on the IFN-7y and LPS-induced expression of inflamatory protein levels in HT-29 cells.

HT-29 cells were seeded in 6—well plate at a density of 5x 10°cells/wel

1. After 24h, The cells were treated with Polycan

and IFN-y and LPS-induced inflammatory signaling pathway. (A)INOS and COX-2 level (B) MAPK cellular
signaling (C) NF-kB pathway. The level of expression of proteins level determined by Western blot analysis.

3. Polycan®] 4ZA4 Alo|E7ISl Ao m|2]= g

Polycan®] &EF G5 F7t= Hrtshr] Ysll, vieF
el W A5 AelEZIQl ZHIE ELISAS A8t

Jotadet. IFN-y o LPS9| 35 =2 A=oH2] 9=
iz AEef H|5] IL-6, TNF-«, [L-189] AL
Rl S HELg. 3). T2v Polycan Azl Al

A

712] Ato|EZIRQIS] BHIE Fk oJEXoR A5t
FAHe =R, 125, 250, 500 ug/ml FE2] Polycan HHYF
#jz] Wf IL-6, TNF-a, IL-189] $5& #AAF
olglgt Ai= Polycano] F& FZFA AIEFRIC]
HHIE Ao RN HF WS avHor oRltE
Hojzrh

(A) (B)
1.5 1.5+
= {0- E 101
£ 10 £ 10
> 2
~ o]
? ¥
= 0.5+ % 0.5+
-
0.0+ 0.0

Polycan {pg/mL)

Pelycan {pg/mL}

()

1.5+

= e

E 101

T *

=

&

= 0.5 —
0.0 , ﬁ

H 1

&

mA

Q"’»&qﬁﬂ“

#x

\q‘y Polycan (pglmi.)

Fig. 3. The effect of Polycan on the IFN-vy and LPS-induced expression of cytokine levels in HT-29 cells.
HT-29 cells were seeded in 6-well plate at a density of 5 10°cells/well. After 24h, The cells were treated with Polycan
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and IFN-» and LPS-induced inflammatory signaling pathway. (A) IL-6 level (B) TNF-«a (C) IL-13. The level of
expression determined by ELISA. Values are shown as mean * SD of three independent experiments. Experimental
data are considered statistically significant at values = p < 0.001, significant difference compared to control: ~p < 0.01
and "p < 0.001 in comparison with the 0 or IFN-y+ LPS group.

4. Polycan®] H;0, += MAPK @43}l ROS B4l slaHE AZZ RIS AARHE  Polycand
HAE 9 Pust 54€ 7712 S915h] 99 CllROX® Red
Polycano] 4tst G35 wH3lstk=x] AR $I5) Aok ARgslo] ME U ROS 422 =4519}. Fig.

HT-29 AlZoA HO, fr Aol AEH 2o tigt Jok= 4Be] vreRd Biet Zol, H,0, A2l= H2A 93 =

AESFAH. western blot +4 A3}, H,O, (0.5 mM) A& =712 Rt A 1§ ROS AL @As] 271X 7T

AL AEsEA 2 HiEw AlEe] wlE] MAPK HtH Polycan AA2E H)O0 &% AlEo|A ROS

A ERK, JNK, p38)°] ikt fofstAl 57t TEe & O or Azt & Anl ofn|x| et

SsFATHFig. 4A). Y Polycan HAZE 83F A B4 Ayl Polycan2 ROS 4 -FoloHl

Oll NE

oEHoR HO, #% MAPK Qisks @stAzich.  ZaAzom, A 5= 500 wg/meAE ROS 50
FAH SR, 125, 250, 500 ug/ml 52| Polycane ERK, A 9] 717 el 25t o] A¥HE2 Polycan©] ROSE
JNK, p389] Qlits} =28 HxH o2 ZFAXFH W, 500 AAsHL 4teh AEFA S8 AlEZ &4 AT H

ug/miel A 71 gt oA maaph P of=gh gt Fatst @48 AdS vEhdch
AIH=  Polycano] 4tst AE#Ao] gt MAPK

(A) (B)
=
Polycan {ug/mL) &
10
oQ @ 2
N MG <2
- aow 2z Control Polycan (125 pg/mL)
H0, 05mMy - + + + + +
p-ERK | - e e ;

p-JNK eess =
Polycan (250 pg/mL) Polycan (500 pg/mL) NAC 5 mM
p-p38 | e - \

Fig. 4. The effect of Polycan on the H;O,~induced expression of MAPK cellular signaling pathways and ROS
production in HT-29 cells.

HT-29 cells were sceded in 6-well plate at a density of 5 10°cells/well. After 24h, The cells were treated with Polycan

and H,O,-induced MAPK cellular signaling. (A) MAPK(ERK, JNK, p38) protein level (B) Representative images of

intracellular ROS detection with CellROX® Red for untreated cells (Control), cells treated with H,O,—conditioned

medium (H,O,) alone or in combination with Polycan (250, 500 wg/ml), N-acetyl-1-cysteine(NAC, ROS inhibitor).

Red = CelROX® probe; Blue = DAPI staining of nuclei.
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V. 1%
3 A EE g4a] Q5§74 0 21E] QY RS
BHoate 2l A x|z oy, Hub WA
A =]

intercellular ~ adhesion  moleculeUICAM)9] A&
ALt ESE A5 WS 3go)lA interleukin-1(L-1),
IL-6, IL-8 5¢] Tt AelE7IlE 2Hlshe s38&
TR . Ed], AlRe] 3%F 24 HEol=
(neutrophil-activating peptide, NAP-1)Z &&7 [L-82
¥R 35 et Qxto|Rt B4 QbR Zghpy,
[L-82 o7, Afopdz=, oAz, Teu &
AL FoA LPS T IL-14, IL-18 52 AFA
APl EZIRI 2=l ofal A dEleh. A A2 (ntestinal
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