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Biphasic immunomodulatory effects of
ionized biosilica water on the antigen-
presenting capability of mouse dendritic cells
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"Laboratory of Veterinary Pharmacology, College of Veterinary Medicine, Jeju National University,
Jeju 63243, Korea
\leterinary Medical Research Institute, Jeju National University, Jeju 63243, Korea

Biosilica is a silica-based substance derived from the cell walls (frustules) of diatoms.
Recently, research into biosilica's biological functions is underway, but little has been
reported on the effects of biosilica on immune cells. In this study, we investigated the
effect of ionized biosilica water (iBW) on dendritic cells (DCs), which play crucial roles
as antigen (Ag)-presenting cells. Treatment with iBW increased the expression of im-
mune response-related markers, closely connected to the maturation of DCs, and the
production of tumor necrosis factor-alpha. In addition, iBW-treated DCs (iBW-DCs)
had a lower uptake of fluorescein isothiocyanate-dextran than that of control DCs.
Mixed leukocyte response analysis used for measuring the Ag-presenting capability of
DCs, showed iBW-DCs had a higher capability than that of control DCs. Interestingly,
DCs treated with lipopolysaccharide (LPS) and iBW had a lower level of Ag-presenting
capability than that of LPS-treated DCs. Taken together, the results indicate that iBW
alone can mature DCs, but it decreases the Ag-presenting capability of DCs in the
presence of LPS, a representative agent of inflammation. This study may provide valu-
able information regarding the effect of iBW on immune cells. Further research is
needed to investigate how iBW induces the observed biphasic immunomodulatory ac-

tivity.

Keywords: ionized biosilica water; immunomodulatory effects; dendritic cells; bipha-
sic; antigen-presenting capability
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T2 F(Diatoms)= “frustules’ 21 oh= o/ FAME AlEEog dQl ThAx
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g ol A 7| tigt A= vl AFA 0L F= AFtet A
2|7} nanoparticle] tigt A17F HILE| ATH5,6]. A&7H= patho-
gen-associated molecular pattern 2 Q1A]E|o] AN ZE A=
o 5 lon, gAAZ Ao el BAte SXISHATHS]. EIE
A7} /422 nanoparticleo] ™t =/ thafl Xare vt el
Aol o3t WAL W32 22 SpHE AT Al Ee] FF
ofl ut=} ¥4 o] E3ieHel.

FQ AA] A E(antigen presenting cells, APC)= HHA Q] F9
AZ2A ARGl DpHolth7,8]. 1 F FAJAEE AHdE
% (innate immunity)Z %-3-H% (adaptive immunity)°lA FYL &
ojFQl HARZ-2 7JA], MY TG 55 ok AAA A HAA
Fo|H9). FAVIAEE 45 A71°] 2P F2 )< (imma-
ture) FEIZ EAISHEA JFolA HUsh: T, BAAE Tt
gHAleta o] e o]Fslo] Fum 7S E4AIZITHI0].

£ dFolME vl ARTHE Aol 59l FES] 54 °f
23} 744 (ionized biosilica water, iBW)7} B 7]50] oj® JgF
= HAEA Foti7] {5l B S AESQ] FAGA = X =5t
o] AlZhAL 2 7] tieh B E FobR gttt

AHEE-L OrientBio (Korea)oll A A|lgatol AlFdisty A=
EAIE A FAI5HHoH, 8-125% 2] C57BL/69 Balb/c BH-~
£ Ago A5t 5EAES AFdsy 5EATE Y Y

9 HKorea)oll 4] A1ZE SIEAUNET €} 0|23} #4545 A
statt. MigH F2F(Melosira nummuloides)E 650-850T Ol 4]
3334 Z sho] f71E0] SAT] AAE L Fojxl vo| AT
AEE s19lon, o]d APoA AN FASHT} 108 X3 5%
ojm o] 23} Aejoltt. AAFE ARgst] Galigt #44Si0,, pH
8-9)ol, Ad o) 0.2 um FEHE AZ FH ARSI Lipopoly-
saccharide (LPS; Sigma-Aldrich, USA)= FAGAIZE A=38k=
FY iz EEE A

=5 fell SXISMRZ| ZHlet 22 X2

FAGHAEE & AP e o FHSt. A4
A EE wiget7] 918) C57BL/6 v~ tEZ T} FZolA Z
FAEE QAH11]. FEFE AAT F 10 ng/mL2] mouse re-
combinant granulocyte macrophage-colony stimulating factor
(Peprotech, USA)2} murine interleukin (IL)-4 (Peprotech)7} &
e x|l A wiFst Tt HET et AEF-E F TRt wiAlsH ]
3 B g A2 - 23 4LQA | FRAHEE A AL vieo] 20
Ve FAGHZ AFAZE wiFstA. 62 F HHFHE AlE
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2 AL ARt

FXIYSMES| AP £

FAGAZ] AP EE SA5H7] 98 AZE 2 x 107 cells/
mL9 FEZ 96-well culture plate] £33t BWE &= 2
2 Aot 347 sttt 1 ¥, 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma-Al-
drich) 8918 0.5 mg/mLe] SE2 Fzlelo] 4417 Bt wjefel
10% sodium dodecyl sulfate -8-98-Z 2] < 247t 5<% v g5}9]
t}. Microplate reader (Multiskan FC; Thermo Fisher Scientific,
USA)E 0]85}9 570 nmolA SB=E S35t

AIO|E7IQ1 Wtk £

FAGNEE 2 x 10° cells/mLY] FEZ 96-well culture plate
o ¥2 ¥, BWE 8% A=atglth. 37k vt & A2 =
¥ F5NS 2E5t9, enzyme-linked immunosorbent assay
(ELISA) kit (Thermo Fisher Scientific)g ©]-8-5t°] IL-1 beta%}
tumor necrosis factor (TNF)-alpha®] 84FFS £45191}. ELI-
SA BAL2 AlZARe] A o] wheh ZPE0eH, 450 nmoj|A]
TBEE Aot

FHE 2A

FAVGAIES] HY HY vpA Y] Il =5 SA5H] s
ot o] S0l FEEFAIE ol8sto] FAIE 2A4S st

FAZHEE 6-well culture plate©]] £3¢+ F, iBW} LPSE A
2lsto] 347t wigotsiet. A2 B ML fluorescein isothiocyanate
(FITO)-labeled anti-mouse MHC class T (I-A")9} phycoerythrin
(PE)-labeled anti-mouse CD40, PE/cyanine7-labeled anti-mouse
CD54, allophycocyanin (APC)-labeled anti-mouse CD86 @A
(Biolegend, USA)E AME-5Hitt. T3 =AM 2] € A6
Z43517] 93l 100 pug/mL &=9] FITC-dextrang Aol A &g
¥ 37CoA 1417 §HEAIH T BE 242 FACSCalibur flow cy-
tometer?} CellQuest software (BD Biosciences, USA)E o]-83}5

o

S30/d =& 27 83 Al&(Mixed leukocyte response)
C57BL/6 WH-2 319 $A3AIEE 6-well culture plateo] ¥
2 %, 5% X (volume/volume, v/v)¥] iBW< 0.1 pg/mL 5%
LPSE A g & 27k wjdstct. &3 g 717 Bt A=
9] %07 Qg o WA WAISH | flol FAVIAIEE 50 pg/
mL 5% 2] mitomycin CZ 3027 A& st3ich. AP oA S=e
ol w} Balb/c vR-A00 A BIFA| S Loj[12], FAVFAI L
Z4ZF 2 x 10°cells/mL, 1 X 10° cells/mLo] ST & 96-well cul-
ture plateo] ¥ & 5U7F v gstATt. AGAEA Aoff A=H
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Yu o] 4] 9 B44S 24517 Y30 10 ul/well] cell counting
kit-8 (CCK-8) & (Dojindo Molecular Tech., Japan)}Z A 2|51l
37CNA 4X7F B2t Bl Fe &, microplate readerS ©]-8-5H] 450

nmOIA FBEE A

sAEN

TAIZ BAS ARt ] A 23 3+ + 2EHA=E
e o™, one way ANOVA £4] ¥ Tukey-Kramer multiple
comparison test (GraphPad Prism; GraphPad Software, USA)E
FodE ERIsHAT 0.05 9T p-values 2= S 9T A
o= wasiit

2t

FXMMZL| EMT0) CHSHiBWS| St

SN E] S gk iBW] H7E gotrr] 95 MTT
assayS AlFStATh $AZAE IBWE 0-5% SEV/v) "ol
A 28 A 3]451e] 393 A5ttt LPSE A2’k 23 X2t

A FZ 7 BFNA d2Z0%)°0 vlel Brlet ZAaE BHAAT &
ofskA] gttt E3 s Xpo|= Kol kit LPSE A 254
A2 F2 LPS Ao vl BE oA A=} Wbt
(Fig. 1.

iBW X2|0f| 2|5t +X|AME2| AO|EF|QI YAt H3}
iBWE A2t SAAZAHE] IL-1 beta®t TNF-alpha2] AJA4H
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Fig. 1. Effect of ionized biosilica water (iBW) on the metabolic
activity of dendritic cells (DCs). DCs were cultured in 96-well cul-
ture plates at a concentration of 2 x 10° cells/mL with 0 to 5%
(v/v) iBW and 0.1 pg/mL lipopolysaccharide (LPS) for 3 days. MTT
assays were performed as described in Materials and Methods.
The optical density (OD) was measured at 570 nm by using a mi-
croplate reader.
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< ELISAE 53) 35t rHFig. 2). IL-1 beta2] BARS LS
BA Qo] ¥ 5(0.3125%, 1.25%)°1AE 2z Z4dh 5%2)
FEoAE R AR SHARE BE g 23 & Aol B
o]Z] oFotTt. TNF-alpha Arrg2 LPSE A 3PS w, IL-1 beta
O MR R 3 FEoAE AASIE oY 5% sEolAE &
OJsHA 7kttt LPS7F §1& W= 0.3125% ©l5+e] skEoAl=
7 W9 olstal o, 5%9] sEolA= folsHA 715k

iBW7} X2| 8 $X[AMZEe| HY 2 HH 0172 Ul H3}
iBW7F $RVHAI 2 9] S/ 310t A5 RESH=A] Yotr 7] 95
FAGAIES] W B 7 vpA o HES ST iBW= 4
AGAEe 1Y A HHS T4 F7HFEE, MHC class 19]
7% tizoll Bl oF 39% S7FstaL, WA 37 ukA = 50% ©l
89l $7HeS BtHFig. 3). FAVIAIRE 371 4 d
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Fig. 2. Effect of ionized biosilica water (iBW) on the production
of interleukin (IL)-1 beta and tumor necrosis factor (TNF)-alpha.
Dendritic cells (DCs) were cultured in 96-well culture plates at a
concentration of 2 x 10° cells/mL with 0 to 5% (v/v) iBW and 0.1
ug/mL lipopolysaccharide (LPS) for 3 days. The supernatants of the
cultured DCs were collected and used for enzyme-linked immu-
nosorbent assay. The optical density was measured at 450 nm by
using a microplate reader. Data are presented as mean + standard
deviation. *p < 0.05, **p < 0.001.
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Fig. 3. Expression of immune-related surface markers on dendritic cells (DCs). DCs were culture in 6-well plates at a concentration of 2
x 10° cells/mL and treated with 5% (v/v) ionized biosilica water (iBW) and 0.1 ug/mL lipopolysaccharide (LPS) for 3 days. After treatment,

DCs were stained as described in Materials and Methods. The DC region was gated based on forward and side scatters. Histogram num-
bers indicate the mean fluorescence intensity.

Z2FOo 2 2Q1 LPSET = I vt voftt, 4719 3 upA B A B4 5ok Al ZE= FITC-dextrand} 87 37C oA 147 &
=04 LPSY} iBWES % X3k A2 ()3} LPS/iBW-dendritic  QF HIFE T} 4T 9 $AAANELE A4 HRZLOE o859t

cell [DCs)E LPSE ©=02 At A Z (0|5} LPS-DCs)ELE ¢k iBW7F A &E Al Z(°]3} iBW-DCs)@t LPS-DCs, LPS/iBW-DCs
Zt 37Vt BT j2+Eth FITC-dextran B4 B%7F ZATHFig. 4).

iBW-DCs7} 71 w9k, LPS/iBW-DCs7t LPS-DCsE.t} =
iBW7} =X| M ZE2| 3 B4l S=0) DXz B okct.

BW7H SARAIEY H4E SESHEA] Fohiy] 918 B
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Fig. 4. Effect of ionized biosilica water (iBW) on the antigen uptake capability of dendritic cells (DCs). DCs were cultured in 6-well plates
at a concentration of 2 x 10° cells/mL and treated with 5% (v/v) iBW and 0.1 pg/mL lipopolysaccharide (LPS) for 3 days. After treatment,
DCs were stained as described in Materials and Methods. The negative control was treated at 4C, others were treated at 37°C for 60
minutes. The DC region was gated based on forward and side scatters. Histogram numbers indicate the mean fluorescence intensity. FITC,

fluorescein isothiocyanate.

iIBW7ZL X[ MIZ22| &3 HAl S0l 0IXl= B&

HIRAA| 2] A =S S45t0] FAVGAIES 2T A 5

< BAsk= MLRS STt FAFAIRZE= 5% iBWS0.1 pg/mL
LPSE 29 &<t A Ea)A Balb/c vFR-AREE A2 FFoly H|F
A3} 1:209] B[R co-cultureE SFATE 59 & CCK-8 assays
3l A9 ABAHEE SAATHEig. 5). BE HTEOIA
izl Hel HEFo] AR =7t 76t H=H, iBW-DCsOl
A frolskA] okt LPS/iBW-DCst LPS-DCsE.th FXF o
AR ETE FolsHA Akt

ink

Hol @ Al ThFstA AoJshs 58 7hs Aol AXE T 9o
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(1], A7l skhe JE-2 Yo, A= o2 g &
AL Hol= Aoz IFHA Uiyl FBAEAT A ARLEH AL
GEAHIAZ F & 7Hsd 5ol A=l $HoH[3,4], A A
gk A% Ze3E vf Qlot2]. vio] A 27 thst g4 7]
ol tigt Aol 5t vio] A 277t WA o] &=
< o "N R i ojd A7} QLA gt At wi$-
5 AAoItt. & AofA = o] 28tE| o] o|HHt} 10817 55
iBWE] H7] 50l gt 835 Yotr 7| s, A/ FAZ iBW
£ Aot Alx S4%, AolEFII A%, | I 19 vl
o e, Fd 24 58, T AA 52 FRIstAt

o[# Aol iBW= 0-5%9] Bk BFolA A E7t 34
HastA] it sFEHA B2 i (biosilica water)E ARE-R

g o]d AdolME 20% (/v sx=olA diztol Bl AR
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Fig. 5. Effect of ionized biosilica water (iBW) on the antigen-pre-
senting capability of dendritic cells (DCs). DCs were treated with
5% (v/v) iBW and 0.1 pg/mL lipopolysaccharide (LPS) for 2 days.
The treated DCs were incubated with 50 pg/mL mitomycin C for
30 minutes before the co-culture step. Allogeneic spleen cells and
DCs were co-cultured in 96-well culture plates at a concentra-
tion of 2 x 10° cells/mL and 1 x 10° cells/mL, respectively. After
5 days, cell counting kit-8 assays were performed as described in
Materials and Methods. Data are presented as mean + standard
deviation. ®*p < 0.01. OD, optical density; ns, not significant.

T7F F9stA ZAFTH13]. o] AFk= iBW7L o]R9] FAsHT
108] 55 40 E E-otal $AGAIES] g Eoll= 2
A BFE vAA] S HojErt

1Y oA B4 A= BW7E U &E SAGAZE Z5AA
HAZE-S 31 & ok AS HoFA iBWE FAVA
3Z9] MHC class IT 24} 3719] 9 #H A5 HdS 1 F
Z7M A, iBW-DCse LPS-DCsR.th 22 4:Z0]QiA|qt, LPS/
iBW-DCs7} LPS-DCsE.t}h a7 @o] tj& F713F 208 Ko}
BW7 G502 & S EE JSAIA HGEHE-S 71 ¢
PSS HojFe}

Edste FAVIAEE AP EFRRIS HHlste] 3l 5ol4 7|
T AZY naive T NIEZE Aot AGYHS-E S218TH9, 101
IL-1 beta®t TNF-alphat= 2/d3Fe FAFAIZA FHl== F
-2 5= Ao]E7kl(inflammatory cytokine)o ™, A%
uj 7] Huk-gof FojgteH14]. iBWE A 2g AT EI} IL-1
beta®t TNF-alphag @vht A4tot=A] dopr gt 0.3125%2F
1.25% iBWAEZL IL-1 betals BE HEoA] tjz7o] v &
o3t Hsh= gl9id ¥hd, TNF-alpha: 5% iBWES A 23e o of
Z) vlg) folatA Z71skgct. ol 5% olAke] AtiFel 1
oA iBW7F @508 SAGAREE A=0te] S35t 4 s
< HojEo}

o ot

i

6/7

d

It g3t SAGAEE vds SAGAES} v s T B4 5
o] wrH9,15]. iBW-DCs, LPS-DCs, LPS/iBW-DCs ®5F0] 4
2B} FITC-dextran B4 =7t 743t ol iBW7L
AGNESE Z&EAZE F Atk A Qu)gitt. 5Ex]9 LPS-DCsol
H|3] LPS/iBW-DCs2| &4 580] ¥ &old A& &RIF ¢
LPS A2E E= A5 Al iBW7F FAIAIZS] phagocytosis 52
T &4 5ol tis] njx|= FFol T3 AL A7 B e sit.

FAVIA 2] FL A 5ol tigt iBWE f53Hg ot 7| 9
3 5Fold £ T ¥H3 AlP(mixed leukocyte response,
MLR)Z 385t9tE. MLR 2404 £X]9] 7= FA4A 20
ofsf A=H FFIFHET2 A= 719 54 (prolifera-
tion)< 2Ju|gtH16]. HRF FAZAE v iBW-DCse] I
AA] 5ol F7HE AME AP HFig. 5). BFH LPS-DCsoll H]
o LPS/iBW-DCs9| & AlA] 582 @45kt ol&= iBW7H &
502 SAGAES A A 58S F7HIZIAT, LPset 2
2 @374 B4 &4 slolM e FAVIARY] FH AA 58S
2 = Y5S HoE

E Ao E iBWE G502 SN EE SAS6tT %A
4 4 9lom, LpSe Z2 A4 EHo] IS de FAGA RS
T AN 58S B0 HYRE 7sS & 4 v A
et wEbA BWE 5 B G A 1Y FA A=
AgAIzo] sl A2 o2 §hS(biphasic effect& Bt shA|gE
LPS-DCs°ll Hl3]l LPS/iBW-DCsollA $AAFAE BH] WY
3 Bxto] & 371, TNF-alpha®] A4t 37171 veht= AR
T A 5H9 F71e= Aot ik FF AE Bl iBWell
o3t Y g FE, FH A9 Wdo] o]BA Hot=AE W
27t et

N
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