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(FFFd FA3AE, bone marrow-derived dendritic cells, BMDCs)2]
skl Adsel wX= vER DO mdE FlstaAt EFiTh 55
C57BL/6N P25 F o= §lo wAst F djx2o] F&=

TA WA 0] (10% X 45% kcal fat, CON ™= HFD)E 155 %<

stttk 3y & dEE= AFZelA FEd =FAEE in vitro
el rmGM-CSF (20 ng/mL)e] &4 &lol] 793 FANAER
B3N 71E 3 F HE 557 1 nM EE 10 nMo] HEEZ A4 F

HlEFY] D91 1,25-dihydroxyvitamin D; [1,25(0H),Di]& & &tdtt. o=
Hj Aol &= 1,25(0H),D; &3l Al AF8-% ethanols FHF % (0.1%)7}
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LPS (50 ng/mL)E Agste] FEHAC. 358 AxE X
%3 CDilc, MHC class 1l, CD80, % CD862 A% %41 wdS
R AAA L] st BEE F74F (Cd40, Cd83, % Cer7) £}
ArolE 7Rl 1l AL FA A} (1110, H12b, Ccls, ¥ Ccl22) FE S real-
time PCRZ Z743lIth 10 nM 59| 1,25(0H),D; = o2 wjekatal
4% CONw¥ HFDw EFolA  Ffdl FAGAERS] 23
(CD11c'%) 7} A= QA a1, A3 FAAAMES] v]S (MHCHI™"CD11ct %
CD86""CD11c" cells)o] #Aakich FH  LPSE  A=EI FF{
FAGA LA MHC class Il 2 CD86°] A1 ®wl whd-2 CONToll
H]3le] HFDT oA 39kth. Cd40, Cd83, % Cer7 3zt 23 oA
1,25(0H),D; A elell sl A=A 28 CONTeolA= 10 nM
X2 125(0H),D;E  AEst At Ases KA EFFH
FAAAES] 10 wEo] 104% Z71EF% oLy, HFDTolA s o]elsh
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1,25(0OH),Ds3, 1,25-dihydroxyvitamin D

25(0OH)D3, 25-hydroxyvitamin D;

BMDCs, bone marrow-derived dendritic cells

cDCs, conventional dendritic cells

CON, control diet

DCs, dendritic cells

FACS, fluorescence-activated cell sorting

rmGM-CSF, recombinant murine granulocyte-macrophage
colony-stimulating factor

HFD, high-fat diet

LPS, lipopolysaccharide

MHC, major histocompatibility complex

MoDCs, monocyte-derived dendritic cells

mTOR, mammalian/mechanistic target of rapamycin

PAMPs, pathogen associated molecular patterns

pDCs, plasmacytoid dendritic cells

PRRs, pattern recognition receptors

Th1 cell, T helper 1 cell

TLRs, toll-like receptors

Treg cell, regulatory T cell

VDR, vitamin D receptor
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FAFAIE (dendritic cells, DCs):= 31 A <l A A A A E  (antigen
presenting cells)o]™ Wzl H 7 A-ZwHe] vb-3 EFoA FQst 93
Sttt (Banchereau and Steinman 1998). A4 A|EE 72 A4
(hematopoietic progenitor cells) 2H-E A= dAs T3] fiE9
xA o7 o]Fste]l EAsttrE E A 8 il
A st BAstETE AFS v FAAAE

TEATEAE AE Ede] Hdska, fHE xA O
(natve) T AIXEE AN T3 FAAAELE FHANA #27] T
(self-antigens)ell WHgsli= HEZTE Slofa, TxIA oA+ regulatory T
(Treg) AZE WAAAA A7PH A BE- (self-tolerance)= =80t (Lutz and
Schuler 2002; Manicassamy and Pulendran 2011).

HElY DE T AXE, B Ax, @ 9 giaAEel 53
TFAZMEE EFst HAA Aol JFe vA = Ao HIEHH
(Mora et al. 2008; van Etten and Mathieu 2005). %2 A5 4] invitro 732
HIEY D S HER D fAR A 27t Abgre] wxd e 4 5
FEH s FAGAE (G FF528 A HE, monocyte-derived dendritic
cells, MoDCs) H+= wh¢29 ZFAEZEFYH FEHE FAGAE
(- FAZFAIE, bone marrow derived-dendritic cells, BMDCs) 2]
w3kel =S gAlsteE Aol #EEHSIT (Broshol-Ravnborg et al. 2013;
Canning et al. 2001; Griffin et al. 2000; van der Does et al. 2014). 1,25-
dihydroxyvitamin D; [1,25(0H),D;, Agl&A & vl DIE A g3t
kol das A I FAAEAA 1 MHC class I 2
CD86, CD80 &do] oA Ear thx AlEel nlste] 16 -z ez}
o L-129] o] Sk} (Ferreira et al. 2011). ©] &} F-AFSHAl &5
FAAA| T 1,25(0H),D:2] A7 ZE <13 MHC class Il Uﬁ]-. CDSOJ
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Az Y drdo] Ay s As BESSI Y (Canning et al. 2001). =,
HIERY De FAGAIES] &2 AA 59, AE 329 vz 23,
3 nawe T A7} effector T
Sk} (Lutz and Schuler 2002). ©] £}
Ag FASAME 8,
Fo} (Mahnke et al. 2002).
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HIRES- W Ale] oy #Ee]l e AowE dEA dow
FAZAEEL FEX YW Tl ¥MEE et AoE RuHIT (de
Heredia et al. 2012; Samartin and Chandra 2001). H]ZFA S A 5 5] AFAH| 32
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(MHCII'CD11c" cells)®] B]E&2 B2 vh¢AETE oy
A o

olt]E7lelel #|MES FHAHo7 AFPAZ vlE vhy-AoaA =& WbdA,
in vitro oA allogenic T A¥EE A=3sle] 37| 59
FAAAAE FHE FAA WHEH nwk s WGEe Zlow

et (Macia et al.  2006). =3t mAWAol® fEE H|vl
nh- 2o T B A E T FAGAEL] Bl &S EROo T AXY
SAE FEshs FASAELSY 752 238 Wkttt (James et al. 2012).
H] 5 H|Rke] ot FXAFAME] uE Wgksl 7lE At wAYF
J3s] whe] A kgtont, AR AFAES vlvkel] o)d W =P
T ATAEL] 7)E
Singer et al. 2014).
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HIREE A v D A3 59 HER D Al Wistels wEo]
AE ZoF KU (Foss 2009). o7 YAl uwEw w|est
Aol A &% 25-hydroxyvitamin D; [25(0H)D;, &4 # 9] H|Elwl D
ARl o] w2 A-9-7F wIHEHA #EE AT (Lagunova et al. 2009;
Wortsman et al. 2000). H]Rte =z <lg nvlelvl DO AP dA=wd
HAUFOZ= olvA diabe] W3, de®F el o3 U =F
o, A 24 dle] "B D 4 Fo] AAHAT (Vanlint 2013).
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1 TAZA| X

TFAGAELE AR S dor|n ASgHAS FEshs T
ol Al xzolt) 1868l I 2

(Langerhans cells)”} *] &<l¥l o]% (Banchereau and Steinman 1998),
oA AFE Fall FAGAEY EAFH Tleol wEA gv €=
FAGANEE AA "HZF T 1~ 2% W e BXE HolAul

Aoz #4377
(M

A3

m o
1o

(Steinman and Cohn 1973), T Mlx$} B AIXE &

el 7HE S8 FAAAAEZEA TSt

2001). TAVGAEE EFolA A E o] 5o A
)

e glol, &4 AE SolA #

Mellman and Steinman
Ag Eaat vpolE s
= AlOlE7HL 59
= A= A

g fmal
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gk-S- 3k} (Manicassamy and Pulendran 2011).

thokst  ofglo]  EAEAIN Fo3 T kX 715wl
TAGMEE AA conventional dendritic cells (cDCs)$}  plasmacytoid
dendritic cells (pDCs)Z &% <+ Ut cDCsv= B Ao A5

e TANL T AE WSE oy Az, AikH o
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TFAGAELE HADARER  FHds EHFT T WY
A0S 7]31 natve 1= memory T M3 4! B A9 &84S F 53t} B cell
receptors &3l A4 FAdS AAT F %= B
GAAAMNAEE T3l 7haHo] AXNEHE FAdvs AT F QU
ol FAGAMES] o] uig- FQ3tth (Murphy et al. 2008).
FAAAMEE T AES T cell receptore]l L3 MHC ## &A=
A A g vlolel A T M W &> MHC class I & &3l AlA| = o]
cytotoxic T AlI3ZE, vrElglo} T2 AXE 9 &¢2 MHC class 115 &3l
A A= o helper T A5 =3t} (Banchereau and Steinman 1998).

ol 7H8- (immune tolerance)

4
>
N
>,
=
e

= §AeA A7 FAE AAEa ol thE wkg-Ado]
¥ T AEE AAS=H &Sttt (central tolerance). HE3F Ux
ZAANE FAGAEA & Treg MEZF FEEHWEA W GOl
skt (peripheral  tolerance). ol ¥t FAGAMEE AEZ 2R
A= A7) FY Ee AMEE AV AES 3 T

7heste]l A7) &3 MHC 58S AASAR T Al 243t
43t FEATEAE EdskA Xgtth wEbd 7] e o
WhgAdol e T Alxe @A A sk A FukeA AHE (anergy) 7t

o] Mol go] FE¥t} (Banchereau and Steinman 1998).



2. HIE}Rl D7} FAGARE "X I

HIERY D A ROl HIERYIO R, 7 EA < 1,25(0H),D:E ¥
el dlefyl D 8A (vitamin D receptor, VDR)®F A3tsle] w4
FAazFe] AAMA S FAdsity,. VDRol WYMYEES XIS TheFd
FoM WA= Zow HEAHA, deer delxl HEw DY
& 2 oAb 2E AL 9o "WYAEe Tls A dsiAE
T-¥ 3l Q1T (DeLuca 2004). HIEFY] D= WAl 3 2-3HS B5Fo
FIFE vAH, 7t "WAAxzeit & JIFS
ATt BIEFY] D+ @ gRel A A &4

el
AeA = e, FAFAES S5 oAst IL-10 S

d

wRss 23 g, 9T U gAMTY FARALE AsHow

VDRE dst= slox &efA Q1o (Mora et al. 2008).

HIEFR Dol o st A2 23 9 A5 A ave B2 in
vitro A3 AFEoA dBA AA B E A} (Ferreira et al. 2011; Penna et
al. 2007; van Etten et al. 2004). 1,25(0H),D:= &3+ A$ FFH9
FAGAE W DR FAGAEZAAN MHC  #A 4
TEATEAEY] EW IS oAHM, €32 A 079 o]Fd
Qo3 CCR7Y] &y w3t FHAadvtal ¢# A Atk (Adorini et al. 2004).
o] ok FALGAIESL] Fd FFH T TrAE 7]lso] 1,25(0H),Dsl
o8 AW, IL-12 S AsEHIT IL-108] S FHHH
HAREY FAGAMETE fFEETE Aol #FEHATE (van Etten and
Mathieu 2005). VDRl &]afl Abgte] FAFAZAAN A 75 Ol
ojw 7 ZHA%=A Table 1] A A3} T}



FHaAoE  ApoEE  AFAZ whgiel ABFE 1,25(0H),D:E
H)go] ZFASHal Treg AI2E7}
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(Takeda et al. 2010), ©] <Jeli

atle W in vivo ol A Ak FAGAIES Ts Eed thet

s, 2 A} FAGAE T HAAEE BIER D &/
A3 F A &4 25-hydroxylase (Cyp27al) % 1-hydroxylase
(Cyp27b1)E X& 3} (Bscheider and Butcher 2016), 53] =] A Lo A]
lipopolysaccharide (LPS) ol <&Jst TLR 4lse] <¢Jal 1-hydroxylase 2]
wEo] g F7tHe Aoz el 2t} (Enioutina et al. 2008). Kundu et
al. (2014)& FAFAEZE vER DE A SA7]= FFEo] A AES]
Aol mla] AR A A Feld A TE 125(0H),D; FEolAd
TFAGAIELE] Vsl 2EEH Ko, T WA L] o
HIEFY D] paracrine &4 &3l TAGAMES] 750l =4E 7t =
AR BT o] &f S FAGAEZS] vlENl D B3 Vs Edsto]
Hoekd G4 dAle] wel BlERY Do} FAIGAME 7]E Aboll] #AE
Figure 1°] e ST

VDR A5 AFGAIZ wpAE o] &3 dAT=olA =+
TAGAEANS] MHC class 119} CD40, CD80, CD86¥
FEATEARS] HE, IL-12p40 A, T AlE €4 FE 592> VDRY
A ool WA Qlvhal B ¥ T} (Griffin et al. 2001; Vanherwegen
et al. 2016). I Hl%E =73t HIEFY D FAMAIE AEslE = VDR
A vhe2ao Bl gy A vk TFad FAGAEA AR
CD80 4! CD86% median fluorescence intensity”} 72 % Tt (Griffin et al.
2001). 181} H]gto] ofbd W w9 (non-obese diabetic mouse)
mdoAl VDR APH Aol VDRSS W= Aero 4
HEd o FAAEA CD86 Hdo] Wokal, in vitro AelA ¥
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T FAAEE EA48HS W MHC class 11 9 CD86 & o]
VDR Ay w929 Aol Hvhe v A7 A3dE RaEHgu
(Gysemans et al. 2008). o]} o] A=A k2> AIZ s VDR

Aol FAMAL ojwd FFEL HALA P FrEe
77} BoaA g, MER D7} VDRE Fato] 4A4AEe) B3}, A%

A
o

W 7)se 2AdTE 2 o 4 ot



Table 1. Phenotypic and functional modifications induced by VDR ligands in
human myeloid dendritic cells (Adorini et al. 2004)

Phenotype / function Effect

Maturation marker expression

CD83 Decreased

DC-LAMP Decreased
Antigen uptake

Mannose receptor expression Increased
Costimulatory molecule expression

CD40 Decreased

CD80 Decreased

CDS86 Decreased
Inhibitory molecule expression

ILT3 Increased

ILT4 Unmodified

B7-H1 Unmodified
Cytokine production

IL-10 Increased

IL-12 Decreased
Chemokine production

CCL2 Increased

CCL17 Decreased

CCL18 Increased

CCL20 Decreased

CCL22 Increased
Chemokine receptor expression

CCRY7 Decreased
Apoptosis

Maturation-induced Increased

T cell activation
Response to alloantigens Decreased

10
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Figure 1. Vitamin D [1,25(OH),D;] and dendritic cell function during different
stages of immune activation (Bscheider and Butcher 2016) *

! Cyp27al, 25-hydroxylase; Cyp27b1, 1-hydroxylase; OXPHOS, oxidative phosphorylation;
preDC, DC precursor; RXR, retinoid X receptor; Th, T helper cell; VDR, vitamin D

receptor.
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3. H|FEo| FAFA XS mX= FF

Hleke- A Aol dEetA FA9 AEE doHY, 9 T
22 tiabE g g 9 A7 A WEke) el WY AR
W&ol Qlt} (Samartin and Chandra 2001). B]9H3F A9 HAEol =
AEi7F Ao wr EAfste, st AR W e Askel w0l

A7] W] Hluke] o8] HpolE A Fof tiE 7Yd o] Frteke
o2 4elA vt (Milner and Beck 2012). o] 23 W 7|5 o|AF FollA
vl ke o] st FAFAES] Vs WEe AT EY AR BT

gkQl¥ v} Qlt} (O'Shea et al. 2013; Smith et al. 2009).

Ag wheaelq ug U FARAES HE wRe Fr=aa
AR G Fbe wbe, 24ae AAAEE o83 allogenic T

AL WSOt FAZFL AL olF 5 J5H FWe Adtd

2

ofsl 3|&EHe wet SE EdEo] FAGMEY Vs At djlew
A A =] A TE (Macia et al. 2006). =3t 1A W20l 2 { =3 H|vE vl AE
ol g3l FTAGAEY Tee BT AT=ENME iz vk v]E]
HRE whe2ox Bl ol FAAGAIE H[Eo] Eton, a4
TFAGAELEE] 3= Frlstdloy T AE F4s Fishe 592
At ATkl B E (James et al. 2012; Singer et al. 2014). ©] &} 72o]
|5tell o8l Yetv= 7] s Wske Ald g9 S W oot xdd
i, AT AWt 5 A FATE AdSEte] TLRsol dvk & she =
A523 (lipotoxicity) #7450 = AWy vy Tk g o 9l
APGAE Y] g AZAY I AEHAY A S A
zAlol ogt AakaF (hypoxia)= 1 Q1o R A E ST (de Heredia et
al. 2012).

jus

HITE2 HERY] D tjAbe] 24 Agtyls #d#Ho] Q= Ao 7 Holth

. "
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HEY D Aol vRke] ¢Rly} #aAdo] & Zo® AFEHGlom, oY
PAAT Aol wE H]ESE AlgellA @3 25(0H)D; %! 1,25(0H),D;
7 @$e A7 g wol ##E AT (Foss 2009; Lagunova et al. 2009;

o

Wortsman et al. 2000). 7&t} wd AA3E 2ALHS FAAZ A
HIekA] ok Abghell Hla] HIwke 9 gare] dF 25(0H)D;= B
HEH, 1.25(0H),D; T+ U =tk midiEs d3E AlAsE A%
ZASTE (Bell et al. 1985). oA & H]¥ke] gk BIE}Y] D thAb W=
AW HEE D ol FF= vAH, olyI A ArRE F

HIRko] A GAES] Vsl WEkE oS Ths/dol A E

13 A ‘._, ‘_]l



om 4 7+ 34

1. Ad FE&

s5dol 7 vhes (CSTBUENE @F% AW BE (Seoul

Korea)oll A T+ ato] Mathsta 2 et F=AHS% specific pathogen

free (SPF) roomell A ARSabqich AbS 842 2% 23 £ 1T, AdFE
50 + 10%, "¢ 12417 7] A0 2 AdF A FAsAT A FES
gz2ol 5 ol gate] 49 ko] AL VIkE M F, v B ATl

high-fat diet, HFD)2. 2 <o wjg3tich A3 FTE F 1657 <t

PN
ARSI Ao] AFHE F 48], AT T 18] S

A F=2Y 7Y ¥ A, A A AAELS Aedsta
FE52852 93] (Institutional Animal Care and Use Committee of Seoul
National ~ University)e] &<Ql&  wetorm, el wel F3yEAT

% Q¥ %1 SNU-170404-10).

14 MET



2. 48 Aol

it
oot

Aoles AW FHeEFEHE Aol AA dF 1%
2ol el 45%%1 AAEA o] F A Z AFEHAT F Aol K
Research Diets, Inc. (New Brunswick, NJ, USA)°A AZFH3OS
tz2ol=  #D12450B A%, IAWAolEE  #D12451 Al
o] &3tqltt. AE 2ol AL Table 20 #A|AISHAATE Aol 4
oAl AzE7] A7MA 4TolA Baergia, Ag 2ol "yt

=
245 579 (ad libitum) 2 A 3-8 T}

2

S

]

(e o

.
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Table 2. Composition of the experimental diets

Control diet ()
(10% kcal Fat)

High fat diet (g)
(45% kcal Fat)

Casein, 30 Mesh 200 200
L-Cystine 3 3
Corn Starch 315 72.8
Maltodextrin 10 35 100
Sucrose 350 172.8
Cellulose, BW200 50 50
Soybean Oil 25 25
Lard 20 177.5
Mineral Mix * 10 10
DiCalcium Phosphate 13 13
Calcium Carbonate 55 55
Potassium Citrate, 1 H,O 16.5 16.5
Vitamin Mix 2 10 10
Choline Bitartrate 2 2
FD&C Yellow Dye #5 0.05 0
FD&C Red Dye #40 0 0.05
Total 1055.05 858.15
kcal/g diet 3.85 4.73

Resource: Research Diets, Inc., New Brunswick, NJ, USA

110 g of Mineral Mix (Research Diets, Inc., #510026) provides 1.0 g of Na, 1.6 g of Cl, 0.5 g of Mg,
0.33 g of S, 59 mg of Mn, 37 mg of Fe, 29 mg of Zn, 6.0 mg of Cu, 2.0 mg of Cr, 1.6 mg of Mo,
0.16 mg of Se, 0.9 mg of FI, 0.2 mg of I, and 3.99 g of sucrose.

210 g of Vitamin Mix (Research Diets, Inc., #V10001) provides 4000 1U of vitamin A,
1000 IU of vitamin D3, 50 IU of vitamin E, 0.5 mg of menadione, 0.2 mg of biotin,
10 pg of vitamin By,, 2 mg of folic acid, 30 mg of niacin, 16 mg of pantothenic acid,

7 mg of vitamin Bg, 6 mg of vitamin B,, 6 mg of vitamin By, and 9.78 g of sucrose.

16



3. 84 2 AR 53

1559 A% 7jze] 9hE® F ORE AY BES 1243 F9

WA A (NFAY, FRPAY, R D AN 45
9 wAE Z3em -0CAA et w dEzH Aol
S EEN AZ #e A7A FBS

AEE Foste] Az § =H
(GibcoBRL, Grand Island, NY, USA)7} 2% &%
complete RPMI)ell H. #3131t} Complete RPMI 1 %] = RPMI 1640 (Lonza,
Walkersville, MD, USA)ell 2 mM -5 %=2] L-glutamine (GibcoBRL), 100,000
UL %9 penicillin (GibcoBRL), 100 mg/L -5%°] streptomycin

complete RPMI 1] =#] (2%

(GibcoBRL), 50 uM 5% 2] B-mercaptoethanol (Sigma Aldrich, St. Louis, MO,

USA) 7ol HEs 2zt A= F7hsk] A=

17 ._:I_‘_E _.,;_':_ .I.li



4.1,25(0H),D; &H9] =H]

10 uM & %=9] stock solutions A|Z317] 9184 1,25(0H),D; (Sigma
Aldrich)E 022 um ZE=Z o33t 100% ethanolel] &3 A%t
1,25(0H),D; stock solution< 13] AN BEgo = 4AFESE H 235k
-20Ce] Bt A3 & Aol 1,25(0H),D; solutions complete RPMI

WA S Aetel AE Wiokel Mo wrw Fuld H Abgadch

18 -":I'-\._= "';:' 1.I



o1

Z2od SRAAAEY invitro ]9

FANAEE upe2 FFEALRRE FEYUT. WA EE
BES 70% ethanole]l 5%%F @71 A5 FH 2% complete RPMI Bl A &
o] FHlskaih Wl & F& THE AE FH 26 gauge needles

= o]g3te] w UYRE 2% complete RPMI WX Z
Aol #el® =5+ AetA pipettingstel Hdid EolF v

07 g ot 94 Btk Adsds AT F
ACK buffer (GibcoBRL)E +F3}al pipettingdt tha 2% < XA
Fol AETE &sirFth olF 2% complete RPMI WA & F7}
wTete] AT EAEE Zle HAssela, AE A
nylon cell strainer® 3 A7 @ Az EeAZAY BEod FFAEE

2% complete RPMI wl| %] 2 washingstil YFE trypan blueZ 43 ¥

i)
[¢]
tlo
3
=
=

“

dAl5=7] (Fisher Scientific, Waltham, MA, USA)= countings}3i t.

THMEE 10% FBS % 20 ng/mL 552 recombinant murine
granulocyte-macrophage colony-stimulating factor (rmGM-CSF) (Peprotech,
Princeton, NJ, USA)7} H %5 7z} &S F7}38F complete RPMI v #] 2
mLol 1 x 10° cells/mL 552 e % 6-well plateo] HjFs At o] uj
HIERY DE Aed Mol 343 1,25(0H),D; &4 1 nM X+ 10
M sE7F HES F7Fe viAE ARGl 1,25(0H),D; &3l A
g2 AFEH ethanolS 0.1% FEE F7}3 HiA = 1,25(0H),D; #
iAol oigt oz wiA] (vehicle WiA)E AREE AT A= 37T, 5%
CO, =7t FAHE F& oA 7Y <k wiF= v},

HieF 71 S wieF 3Y I 5UAbe] wixE mA ST olw wiek
T AFE7E EAHA AEE ZAAYHA g 1mLE AlAE 5 10%
FBS, 20 ng/mL rmGM-CSF 4 ujof F7leof 9= 1,25(0H),D;& X33t
complete RPMI A& 3 mL 7}t wloF 6 x}o] TLR4S] k=<l
LPS (50 ng/mL, Sigma Aldrich)E Hj#|o] F7}ste] wjeF F2l MEE

+ o .
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CON group HFD group
10% keal fat diet 45% Kkcal fat diet
(n=10) (n=10)

= S

& | B
10,2501, D, 1a,250H),D,
‘ vehicle | I M | 10nM vehicle I nM 10 nM
! { { ! |
s & & LN S
LPS | — — S E— : LPS
+| . | ] ’ ‘ . ‘ +
Day 0 Day 3 Day § Day 6 Day 7
R . too 1
20 ng/mLrm GM-CISF with or without 'I.ZS(IOH):D;
mediam medium LPS BMDCs
exchange exchange stimulation harvesting
Figure 2. The experimental design and cell culture process
y (=]
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6. A A

= A

72A17F \j ok

1,25(0H),D; 37} wl#] (1 nM
v 2] =

E DI:
= T

=
=], FBS (10%)9} rmGM-CSF (20 ng/mL)

koy
o T
1%1-

O

uLs} 10% FBSE
stk A4

diphenyltetrazolium bromide) (Life Technologies, Carlsbad, CA, USA) &< 10

=
(Sigma Aldrich)=

USA)Z
Fotet.

4

ol

|\

flat-bottom 96-well plateol] well
=

3= complete RPMI 8| #] 100 pL
] B 9o AA F

microplate spectrophotometer (SpectraMax 190, Molecular Devices, CA
]

5 x 10* cells® &3+
E X33k vehicle WA =
10 nM)=Z A ZJste] wjeFstslth

o] MTT (3-2,5-
=7}3ko] 44

TC -

AAS F, 5 mg/mL 5% MT

- dimethyl sulfoxide (DMSO)
3 A1 7] L

T35Fo] formazan crystals<
(optical

Hz
)
=

2 50 uLH
[-§ato] 540 nm  spelA  Fs

density) =

22



zodrdl FAGAES] AP S 5] A 7L Fb ekt
M| 3ZE fluorescence-activated cell sorting (FACS) EF$] <21 FACSCalibur 1l (BD
Biosciences, SA, USA) FH| 2 HA&ich MZ 3 5 x 10° cells®] Alx=
cluster tubeoll ¥F3+ ¥ 1500 rpm, 5 min, 4C ZH o2 YA Hgl3}o]
Wi x| 2 2| A3FA k. Al3E pellet-S FACS staining buffer (1% FBS & 0.09%
sodium azide”} &% PBS) 100 uL= A ¥ &3t & BD PharMingen (San
Diego, CA, USA)olA st A5 1:1008] wH|&=2 EFshe] 2
23kstglar Agst AElE 4TCelA 30 &<t incubationshith. A& o
AFEE A= U2 3 2t} FITC-conjugated anti-mouse I-A/I-E (MHC class
1), PE-conjugated anti-mouse CD11c, PerCP-CyTM5.5 anti-mouse CD80, %
APC-conjugated anti-mouse CD86.

(

gh

30F 79

buffer= washingslal 50 upLe] fixer buffer (4% formaldehyde”} >:3+%

A Galo] Bk AXES 400 uLe] FACS staining

e

PBS)E wstel GME MEE G AIZTh FACS staining buffer< 400
uL= F3Fo] washingd}9l a7, 300 uLoll A& Eslo] cell strainer snap cap©]
S+ tube= #3%1 F FACSCalibur 15 AF-g3to] 994 Aaps Flsaitt
o] &= Flowlo software version 10 (Tree Star Inc., Ashland, OR, USA)

E2aRe ol gatel EAsH

23 M 2l



8. Al U RNA 3=, cDNA &4 9 real-time PCR
1) RNA F%

RS

i
RN
+

e A4AEA RNAiso Plus (Takara, Otsu, Shiga,
le  RNAES  FZE3Fth Pellet JEle]  F5Fd
7}

TAAAE] RNAiso Plus €< 1 mLE #3531 283

=

Japan)S o] &

Ol

vortexingalel A3}  (homogenization)dt F 5% FoF  AR2oA
incubationd}$1t}. 200 uL2] chloroform (Sigma Aldrich)S 3}
vortexingdt ¥ UhA] 3% FoF AR F2Atirl 12000 x g, 4
1573 A4 FEstn 7 FEE ARt Hske] AHEL tubeol]
271t} Isopronaol (Sigma Aldrich)S 500 uL* Y il vortexingd § AF-2-of
103 B9 Folthrk 12000 x g, 4T Z7oA 10w3F 94 Eelsted
pellets A3tk ASHS W@ Fo pellets 1 mLe 75% ethanol =
7Pl washingdta, 7500 x g, 4C ZAIA 2837 94 wEst H
HEdS AAGIT F2 pellete Aol AZFAZ o 0.05%
diethyl pyrocarbonate (DEPC)-treated distilled water (DW) 15 pLZ £ 73]
S A ATE o] T AHE 3k 2u] 3413k F nano-spectrophotometer
(NANO-200, BIOAND Co., Gyeonggi, Korea)E ©]8€3to] RNA H% %
AT ©]F agarose {7]9F o2 RNAS AL FQlst H o

cDNA 4 d71#] -80C oA H#sld
2) cDNA 24

B 7kEl RNAE PrimeScript™ 1% strand ¢cDNA synthesis kit (Takara)E
o] &3t cDNAZ A H Tt 05 pg/ul® =H]E RNA stock 3 pL, dNTP
Mixture (10 mM each) 1 uL, Oligo dT Primer (50 uM) 1 pL, RNAse free DW 5
uLE PCR tubeell il spin downsle] 3 10 pLe] RNA-primer mixtures
RhEQlth a8l FAHOE 65T YW 4T XxlelA 7zt 5R Eel
incubationst ¥ 3l tubeel] 5 X PrimeScript Buffer 4 uL, RNAse Inhibitor (40
U/uL) 0.5 pL, PrimeScript RTase (200 U/uL) 1 uL, RNAse free DW_|4.5_uL%

21 ] L-1)] &



Z7Feto]l EF 20 uLe reaction mixtureE WFESIth Spin down &
vortexingslol # &3+slar thA] spin downst ¥ el mixtureZ} ©371 tubeE
Ao Fo] 10 &< incubationd}$Ith. 2720 Thermal Cycler (Applied
Biosystems, Foster City, CA, USA)Z 42T A 50+, 95Co|A 5+ &<t
HESA7 cDNAE F/dsksitt. @4 ¥ cDNAE 4CTE WYZHAZ] $9
B4 A7A 20C AR Basdnt

3) Real-time PCR

Quantitative real-time PCR= |3l 0.2 mL%2| 8-tube stripell 104}
3]413F ¢DNA 1 uL 2} SYBR Premix Ex Taq (2X) 10uL, ROX reference dye
(50X) 0.4 uL, forward % reverse primer Z+Z} 0.4 pL, autoclaved DW 7.8 L&

T F pipettinge® AFo HAFetH FZ=HA Eslal 8-cap
stripe 71t 3710 st Afole olE €3] A st spin
downdt %of StepOne™ Real-time PCR system (Applied Biosystems)2-
o] g3t WHS-AJFAYE. SYBR Premix 2 ROX dye: Takara A}ollA]
TASRAIL, primer= # ATolA Fdetaa sh= FRAARS] A A

AoF gl Bed 2A Fol A TAHE 9V A9L FAW A

= U

olo

Biomedic A} (Bucheon, Korea)E 3all Alzskich. zF A ¥ primer
A7) ML Table 3o #ANAeFSATE RES 0% 95T oA 30x7F {4
% (initiation step), 95Ce°lA 10% -5+ A (denaturation step)A]7] il
60

NN 302 AT W FES Ao

N

] @A (annealing step)E 403]

T
HHEEGITE o] % melt curves &3l 7t AT ste] So] A1 peak7t

He=A glsiddtt. ZE A2 duplicateo = #A3 H HAgS
19131, house-keeping 7 AF¢l Gadphe Waso® RAG3IATE 244
AN =2 vehicle #ixelA LPS A= glo] wiekE CON: wh¢-29

=
sl FAGAHES FAA dATel st AR Skt

25 ._:I_‘_E _._;_': e :



Table 3. Primer sequences used in real-time PCR

Gene * Forward primer Reverse primer

Cd40 GGCAGGGATGACAGACGGTA AAGGAGGGCACCGCAGAAT
Cd83 GATGTGCCCTTGGCTTTGTA TGCTCTTCTCTCTGGTTGTTTTC
Ccer7 TGTGGGAGCATTTAGAGAGACTG CCAAAACGACAGCCAAAAGT
1110 CCAAGGAGTTGTTTCCGTTAGC AGTGGAGCAGGTGAAGAGTGA
1112b CGGGTCTGGTTTGATGATGT AGCAGTAGCAGTTCCCCTGA
Ccl5 CTTGAACCCACTTCTTCTCTGG TGCTGCTTTGCCTACCTCTC
Ccl22 GAAACTTGGGAGGTGTGTGG AGATGAGACCAGCGTCCTTG

Gapdh GGAGAAACCTGCCAAGTA AAGAGTGGGAGTTGCTGTTG

! Cd40, cluster of differentiation 40; Cd83, cluster of differentiation 83; Ccr7, C-C chemokine receptor type 7; 1110, interleukin 10;
1112b, interleukin 12p40; Ccl5, chemokine ligand 5; Ccl22, chemokine ligand 22; Gapdh, glyceraldehyde 3-phosphate dehydrogenase
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9.

h)

I
i B

i
oft

A 25 SPSS Statistics version 23 software (IBM SPSS
Statistics, Chicago, IL, USA)S Alg-3to] S=aE et A5 9 2o
Ax= vlwsky] s 591 ot fAAE, AE AEE AolE Rl
s ddulx FEAHEA (One-way ANOVA)S AAI&Th 53
TFAGAEL AP AapelM AlE wik e HERl D A
aAA o] HFel &3t YT FAE] A= o] duiA A4
(Two-way ANOVA)E sttt #abed A37F fodd 49,
Fisher’s least significant difference (LSD) A o2 AFEHA 33t Ee
A= H + EF 923 (means + SEM)E E7|Eon, A HAFL P
<0.05 FFlA o] Fo Rt

27 .__:Ix_s _'q.l_'\-' T



V.43 2%

1 AF, AXLF A3} g Ao HHAZE

AdF=9 AT, AALZE,  HoldHF AAE  Table 49

A AT 7] AlFS CONT# HFDT Akolol f2ol#Ql Aol 7t

AR O, 155 AT HFDT©] CONFHTF 25% U =4th (P < 0.001).

FT57/FF (P < 0001) 2 wAazaer (P o< 0.001) HES

CONT 9] #tHth Fojdox A detwrh F ouvx dHAZEF
CON=efl H]3] HFD<©] 14% =S9tth (P <0.001).
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Table 4. Body weight, weight gain, adipose tissue weight, and dietary intake of mice in the CON and HFD groups

2

CON (n = 10) HFD (n = 10) P value
Body weight at 0 week (g) 19.5+0.3" 19.6+0.3 0.918
Body weight at 15 week (g) 324+0.7 405+1.2 <0.001
Weight gain (g) 128+ 0.6 21.0+1.1 <0.001
WAT weight ® (g) 3.04+0.19 5.58 + 0.23 <0.001
Average dietary intake (g/day) 3.08 £ 0.02 2.87£0.06 <0.01
Average energy intake (kcal/day) 11.9+0.1 13.6+0.3 <0.001

! The data are presented as means + SEM, n = 10 for each group.
2 Student’s t test was used to determine the significant effect of obesity.

® WAT includes perirenal, intraperitoneal, epididymal, and subcutaneous fat.
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2. MAE wjg 4@4 1,25(0H),D; A7l =FHE
AEZ vA= 9

1,25(0H),D37} =FAIEZ AEEe F3FS v A=A FRlstaar MTT
4% AAEHTE (Figure 3). 727417 ¢ 1 M EE 10 M9
1,25(0H),D;Z A #¥ ZFFAES] AEE+ vehicle viF|o A wjokE
MRS Ag-ek mlaskel ZZb 9% = 3% wOH, FAHOR
o2l Aoz AT (P = 0.645). ©15 Sall =439 in vitro <

B4 el 1,250H),D:S 1 nM == 10 nM 552 A sl ® AT =40
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20

vehicle 1nM 10 nM

Figure 3. Effects of 1,25(OH),D; treatment on cell viability of bone marrow

cells
Bone marrow cells isolated from murine femurs and tibias were treated with vehicle (0.1%
ethanol) or 1,25(0OH),D5 (1 or 10 nM) for 72 h. The data are presented as mean = SEM (n =

4 per group). One-way ANOVA was used to determine statistical difference.

31



3. & EE vv nl-AZRE EEd FFAEY v
% 125(0H);D; A7t FAZFAEZRS FE3lo v|A&
A3

In vitro “F°e] 1,25(0H),D; Azle Aol HHA7F =5
FANAEZE] #3pel v A= FFS gelstr] 84, CON I
HFD #9298 ZFAEE FAGAEE 237l FH el
1,25(0H),D; = theksk =7 (0, 1, 10 nM)2. 2 A g3}t o] A%
LPS A=o® FANAEL d&5s fFEshA dshen, HFAHOoR
3w AlEoA CDILT (FAISAIESY vHA) AEQ BES A EIT
(Figure 4). 1,25(0H),D; M zlell o3 FAFAER] E37t fol4o=
AA = ot (P < 0.001), 2ol Aol oJgk &= gIUTh. Vehicle
WA 2 Aeld MEQ vlwe w 10 nM 552 1,25(0H),D; = &3k
A E)A CD1lc" A|¥E B]&°] CON T3 HFD o EFolA foxow
whokth (2471 155% 9 24.2%).

J

32 -':l'\-\._i "';:' 1..5



Ovehicle @1 nM E10 nM

100

80

60

40

CD11c* cells (%)

CON HFD

Figure 4. Effects of 1,25(0OH),D; treatment on DC differentiation in bone
marrow cells from the CON and HFD groups

The percentage of CD11c" cells (as a DC marker) in unstimulated BMDCs was decreased
by 1,25(0OH),Dj3 in both the CON and HFD groups. The data are presented as mean £+ SEM
(n = 9-10 per group). Two-way ANOVA was performed to determine the effects of
1,25(0OH),D; and dietary fat amount. Means with different letters indicate significant

differences (P < 0.05) according to Fisher's LSD multiple comparison test.
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4. g Ex HT vbeAS SR FAGAEY HiY
% 125(0H),D; A7t FAZIAEY] A3 #HH
EAG vX &= ¥

LPS®E A=3akA] o> il FAGAES] F4 A
TAGMERZA  CD80 HAHE TdsteE FAIGAIEZ (CD80'CD1lct
cells)®] H]&3 MHC class Il == CD86 A= nwtdsts FA A X
(MHCII""CD11c* =i CD86""CD1lc" cells)e] H]E&2 1,25(0H),Ds=
Aegt Aol FojHow Ygkou (P < 0.001), o] Ak ot
dae ¢ltt (Table 5). CD80'CD1lc" A ¥ H]&S CONT¥ HFD
2 5ol A vehicle®.th 10 nM2] 1,25(0H),D;= A &3+ A% Fodo=w
vrolth (ZH7 25.9% 2 33.8%). MHCH™"'CD1lct A H]E&-S vehicle
Age] B 1 cM 2 10 nM X9 125(0H),D:E AH#F H5
CONTol X = 717t 56.8% % 97.9%, HFDT oA+ ZH2t 46.1% 2 97.0%
vkokth ole} fAlsAl ZFFEl FAGAE Fo CD8E"'CD1lc” A%
HE2 1 nM 2 10 nM 1,25(0H),D;= *]2]3d+ -7} wvehicle v %X
CONTol A= Z}7} 64.6% 2 97.5%, HFDw oA &= ZF2} 59.7% 2 96.5%

LPSE A5S FE3 =578 FAGAE F2 CD80'CDllc” AlE
Hlgo| A= mhg28] x| bao] A3 of o whe} 1,25(0H),D; A 2 <]
oJgko] tt=A uelgtl (Table 5). CONT2 7-¢- CD80'CD1lc" A3
H] &2 vehicle 2o B]&] 10 nM2] 1,25(0H),D;= A 2] 3t A ZE oA 10.7%
EUE dh HFD ] %ol 10 nMO] AlEolA 151% Skth Fg
10 nM 5X9] 1,25(0H),D;= A 2l¥ FAGAE F CD80'CDllc” Al
Hl&& CONT ol H]3] HFDwelAl 212% kvl LPS®E A3 +
MHCII""CD11c" ¥ CD86""CD1lc* A|¥ H]&2 125(0H),D:= 3t
Aol foHor ygky, mAWAolE AMFHI AL =k
CON*# HFD EFolA 1 nM 2 10 nM2 1,25(0H),D;= =23k

7%l MHCI™"CD1ic® ¥ CD86"'CDlic” A% nHl&o] 217 o=
34 '\-\.1 '.;'._' 1_ rl
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wolth (CONT 79 1 nMollA ZH2 58.4% 2 53.8%, 10 nMoll Al z+zt
91.6% 2 83.6% “F+; HFD2] 73-%- 1 nMellA 747} 31.4% 2 29.8%, 10
nMeoll A 22 96.1% 2 89.0% ). EH  vehicle®} 1 nM2
1,25(0H),D;% #2332 w CONT2 7| ®ldl HFDF2] LPS A=
ZFFE FAAAE MHCH™CD11c* @ CD86""'CD11c* H|&9]
FoA o7 =gkt (MHCHM™'CD11c" AlE2] % vehicle @ 1 nM A&
Al 40.3% % 131.4% o, CD86""CD11ct A2 7% vehicle 2! 1 nM
2] Al 385% 9 110.5% %) (Table 5).

Figure 591 dot plots2 %3] MHC class 112} CD86 A=
, A= FALAIEE gatingste]  WERHSITE Table 50
AAE kel o] 1,25(0H),D; * 2ol 28] MHC class 112} CD86 #A}=
A LdshE A5 FAGAELE vl &o] FAETHE S HolFa

a3+ 1 nMETE 10 nMeollA FA YERES S FelE
ATk st FAs HlEfY D X7 [vehicle ¥ 1 nM 1,25(0H),Ds]ell Al

AGAIES] W2

-1%

35 - =-TH



Table 5. Effects of 1,25(0OH),D; treatment on the phenotype related to DC maturation in BMDCs from the CON and HFD groups

CON HFD vitamin D Fat Interaction
treatment, amount, 2
(%*') vehicle 1nM 10 nM vehicle 1nM 10 nM P value P value P value
LPS CD80'CDI1Ic 781+25%% 755+1.9° 57.8+19° 80.4+19% 783+17% 532+44° <0.001 0.93 0.28
() MHCIYCD1c®  19.8+1.6°  85+13° 04+0.1° 172+£1.7%°  93+10° 052+004° <0.001 0.54 0.32
CD8s¥CDI1C 16.3+1.3° 58+0.8°  0.41+0.04° 141+10° 57+04° 05+0.1° <0.001 0.24 0.25
LPS CDS0'CD1Ic" 80.5+37° 871+19® 891+1.1° 827+1.1% 802+12° 702+43° 0.32 <0.01 <0.01
(+) MHoIYeDile  445+48° 185+21°¢  3.7+05¢ 62.4+36% 428+45" 2.4 +0.3¢ <0.001 <0.001 <0.001
cD8sCDIIC 484+49° 224+31° 80%1.1° 67.1+34% 471+45°  7.4+06° <0.001 <0.001 <0.01

FACS analysis of BMDCs from the CON and HFD group without or with vitamin D treatment (n = 9 ~ 10 per each group).

LPS (50 ng/mL) stimulation was used for the maturation of BMDCs.
! The data, the percentages of positive cells, are presented as means + SEM.

2 Two-way ANOVA was performed to determine the effects of vitamin D and dietary fat amount.

Means with different letters indicate significant differences (P < 0.05) by Fisher's LSD multiple comparison test.
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Figure 5. Inhibitory effects of 1,25(OH),D; treatment and enhancive effects of
HFD feeding on DC maturation in BMDCs

The populations of mature DCs (MHCI"""CD11c* and CD86"""CD11c") in BMDCs are
presented as dot plots of the FlowJo analyses. The BMDC maturation was significantly
inhibited by 1,25(0OH),D; treatment. Stimulated BMDCs from the HFD groups had
considerably higher percentages of mature DCs than those from the CON groups in the
vehicle and 1-nM 1,25(0OH),D; treatment.
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5. i E& HT vhe29 IFfd FAZAZY g
5 5(0H),D; A&7t A=t FANAMEY 7eH
el

1,2
AdE FAA T A= ¥

Lot FEATEARD Cddo, A=t FAGAES] dmAel wAd
Cds3, Hx7|#o o] oo #ojdh=z ARIRL &S]l Cor? 14
HAFS wlaste] 1,25(0H).D;8 A ek aAEAe]l AHH7F wA=
a3s  Elstux Soivk PsE AEskA ¢ 25

52 2F M E oA Cd40, Cd83, = Cor? mRNA 423& 1,.25(0H),D,= A 23t
Ao FoFHow Jektk (P < 0.001) (Figure 6-A). Vehicle Hj#| 2}

le

H3tdS W 1 nM 2 10 nM2] 1,25(0H),D,= =23t -0l 4 Cd4o
4 Cd83 Y& FFo] CONT- (Cd402] -9 1 nM 2 10 nMellA 43.8% 2
91.0% Yo Cd83el 7% 1 nM @ 10 nMollA 33.8% 9 85.7% &)t
HFD (Cd402] 7% 1 nM 2 10 nMojlA] 55.2% 2 92.3% 3 Cd832)
A% 1 nM 2 10 nMolA 501% % 85.9% SHFo)olA EF wEiTh
CONto| H]&] HFD-ollA Cd40 mRNA F0] % H3AlS Hel nkd
(P = 0.096), Cd83 % Ccr7 1 W& CONrol|l Hl&| HFD 9
Aol w2 Aol it (P=0.064 2 P =0.063).

LPS A=+ %9 ZFFfdl FANAEINME Cdd0 2 Cd83 mRNA
e 52 1,25(0H),D: 5 AHelst Ao wekom (P<0.001), CONT2
Aol vlsl HFDW 9] AEZoA 7 xS Wdo] FolA o= vkt
(Figure 6-B). vehicle sl %ol wlefE A3Ze] H]&] 10 nME] 1,25(0H),Ds%
A st A-FolA Cdd0 mRNA FFo] wgtorm, 1 AEE= CONT
4% 39.0%, HFD 9] 4% 91.1%°] %It} Cd83 %Ak ¥él-2 CONT K.t}
HFD ol A 3k o™, vehicle A o 4= 20.5%, 10 nM A 2] el A= 72.0%
SOl Cor? 1A 3 & 1,25(0H),Ds Aol 23] A=A (P
<0.01).
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Figure 6. Effects of 1,25(0OH),D; treatment on the expression of genes related
to the function of mature DCs in BMDCs from the CON and HFD groups

The mRNA levels of Cd40, Cd83, and Ccr7 in unstimulated BMDCs (A) and LPS-
stimulated BMDCs (B). The data are presented as mean + SEM (n = 7-8 per group). Two-
way ANOVA was performed to determine the effects of 1,25(0OH),D; and dietary fat
amount. Means with different letters indicate significant differences (P < 0.05) according to
Fisher's LSD multiple comparison test. All values were normalized to the levels of
housekeeping gene Gapdh and expressed as relative mRNA levels compared with the
average levels of the BMDCs derived from the CON group without 1,25(0OH),D; and LPS.



6. hE T H|%t vA e EFFH FAIAEY HY
% 1,25(0H),Ds A&7} AolE7H] & ARII a2+
d o] vXe ¥

N
Jo
=

In vitro el 1,25(0H),D; Azl e} aX|W2o] HFH7F =
FAGAZS] 1110, 112b, Ccl5, % Ccl22 o] wmA|=
gttt LPSE  A=dbA]l k& FAAAMES] 1110 AR Td
CONw ¥ Bluslgls o HFDT oA AAZOoZ wka (P < 0.05),
1,25(0H),D; A zlell 2Ja] A=t (P < 0.001) (Figure 7-A). LPSZ
A=A ok FAAAIES] 1120 F-AA WHES 1,25(0H),D; A 2] 3
7390l W3kal (P < 0.001), CONTREt} HFD oAl w2 AEAS Rk
(P = 0.072). N12b F3A &3S 1 nM¥} 10 nM %2 1,25(0H),D;:=
A2 e 4ol CONTFolME 247t 458% 2 87.3%, HFD-oll A& 65.3%
4l 89.7% W2 A o= EMRLTE (Figure 7-B). Ccl5 % Ccl22 3 w&d
oAl 1,25(0H),D; Aol 2Ja] A= (P < 0.001), o] A=
olgt P& 33l (Figure 7-C, D).

of
ool
o

L

rlo

LPS A= Folli= ZFaa FA4AES] 1110 mRNA & v x] =
125(0H),D; A2le &7k A2 o] HFH offe]l wep tEA
YEFSETE (Figure 7-A). CONT-9] 7Z3-%- 1110 2} && o] vehicle i =
Hjoke AZETH 10 nM 559 1,250H),D,= A3t A-$ol 104.1%
=9kou HFDFol A= o213k 1,25(0H),D:2] &35 gelsk 5= ¢l
LPS®  A=3t FAAAES 120 F8A 2HS CONTol H]al
HFD oA Stk o™, vehicle HiA|o A= 49.8%, 10 nM2] 1,25(0H),Ds
Aol A= 78.4% ekt (Figure 7-B). Ccl5 mRNA 52 1,25(0H),D;
Aglel o3l dAEE A¥AHS HAH (P = 0.065) (Figure 7-C). Ccl22
FAA WS 12500H),D; el Q& FgFHor JAHoen (P <
0.001), 2Jo] A|Wgkel wE zkoli= AT (Figure 7-D).
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Figure 7. Effects of 1,25(0OH),D; treatment on the gene expression of cytokines
and chemokines in BMDCs from the CON and HFD groups

The mRNA levels of 1110 (A), 1112b (B), Ccl5 (C), and Ccl22 (D) in BMDCs. The data are
presented as mean + SEM (n = 8 per group). Two-way ANOVA was performed to
determine the effects of 1,25(0OH),D; and dietary fat amount. Means with different letters
indicate significant differences (P < 0.05) according to Fisher's LSD multiple comparison
test. All values were normalized to the levels of housekeeping gene Gapdh and expressed as
relative mRNA levels compared with the average levels of the BMDCs derived from the
CON group without 1,25(0OH),D3 and LPS.
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2 AFolM = in vitro A9 1,25(0H),D; A7t dlFR et

DAY= g BNk vhp-20] Zpfl FAGAES] Eeke}h Al
FEWO MHC class Il B 3 &x=2 Hds oAlstar, FAZAES]
e dEE A% e 2dstus AE S8l LPsE
Ao sk 4 FAGAEZE 29 v Bl = vkl o
FEFE AT F oo, LpsE AHE fEF Aeele dix
phg-2el wE) iRk wpe o] FAGA M et mdd s e

FAAAE (MHCHM™'CD11c" cells, CD86""CD11c" cells)®
gy BiRk wkeAl] wFERd FAAEAAE dx vk
BFEY Asst FAGAEZAN FrEY dEd 2b A7
S ST B in vitro 4] 1,25(0H),D; Aol oJs thx
oh9-A9p HRE wpg-A RIEo|A LPSE A=E FAAAIES] MHC class
I 2 cD86 X &} [112b AR Lao] A HJA O, 1110 F3 A}
U FX g oA dix nbeA Ao AR #EE gl

IS
5
i
"
3

2 ATt vheiddsl gol mu vheie A
FAGALAAE 1250HLD:E AL W FAGAERY 2o o
sk gEE B9 vhA nde] oAur: Ae Ak o

FAGAEL B FAZSA A, AP SR TR GA A
s BdE 2w vpA o] wEo] 1,25(0H),D; Aol o& oA H =

o] A3 QA g BF 3t} (Bscheider and Butcher 2016; Fujita et
al. 2007; van Etten et al. 2004). T3t A3 wjoF 3178 9] 1,25(0H),D; =] &] <l
& FAFAEY] 3t gAATE Zo]l =R FAGAES
G FGY FAAAAE BRI S AT (Griffin et al. 2000; Penna. G
and Adorini  2001). ZZ®4 1,25(0H),Dy7b  HIRES] TS S
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FAGAEY m@G A GFe dsiMs d7E wE AT

e Ay vheAg uAgAol® Fed HRE v RSEClM tix
A

=z
w2} (James et al. 2012; Macia et al. 2006), H|%kel] 2]3] o}7] %= o] &t
FAAA L] vE W3yt vElY] D BEo R FAE JMeAdol

1,25(0H),D;= VDRS &F3st §dx AL FFolA FAGAHE
FAF W ofEt I xF, A|EIRIF ARII A, AR}
8 23, apoptosis, T AIE FA 3 59 7|5 T3 243t o=
a4 Il (Adorini et al. 2004). & A-olM = wheATF HFHE AR
Wy A gk B4 glo] 1,25(0H),D; 1zl s Cd40, Cds3, %!
| SAE = Re GAslTh =, A2 ol &

E
RS RES AR 1250H)D7F FAGAEY g4 pEw
9k

o

O
()
=
\'
Jdo
rN
>
(-3
[ﬁ
o

Rom, vk mEoA uAHAolE HHSHE weF FAGAES]
CCR79] wredo] F7txo] A FAMETE A 24 U2 FAATE AT
A7 BuEgltt (Cho et al. 2016). webAl BIEFY] D BELS Hwkal

A5 FAGAEAN CORT wdo] Frhsh A& oAlstel AgxA
W FAGAEL FHHE AS elgebn, wweld dehts e
FEO WYAFS AN FHH BAE AL 5ol ek

o

T
Z5E FASAEAA AflEFRQD W AEIRQL [ 2F (1110, 1112b,
Ccl5, 9 Ccl22) Zdo] 1,250H),D; =zl 23f

Q—]]
selalolth. LPSE ol gato] FAAES] A%e FEF T L2
x %

FAA BHES 1,25(0H),DE R ofEl mAAe] HFHE ALow
AA AT} o] HolR FEE BT vpgAef AZF AR Hlo]HAE
AAAFE w HEA o FAAAAMECA 112b FAA o]

=
St Aol Aakel AASkr (Smith et al. 2009). H]RFSE AbEe]
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A5 el FHoksk Aow 4 A 9lom (Milner and Beck 2012), ©]+=

A B AFATAM wEE wRE JRAY FAA A 11120

o) Witk AvtE AN MAWH 5 vk F, wve JFL we
FAGAZE AN A4 FYlE BT EAHOT Th AEE
FESA Fahr) wRel wlwker Aol 79 AFel F78 5 v

IL-10> FETA AtolEFIIC R, FXAAMEZE nave T AXZE

A 7]= oA effector T AME Al Treg HAES  FE59]

WS FA k= Q3 QAFo|t} (Manicassamy and Pulendran 2011).

B AFoAE LPSE A4S FEeA & AS tx upgAo vlE

FAGAEAA 1110 THo] dAFow Yo A
sk 4 gk =3I AE5E FE Fol dx vkexo F9s
] ug v FAIAEo A 1,25(0H),D:E A% 1110

dalo] FXHA kgt ol# e Ayfel A HIRESE B FAFA A

FAL BAT 5 9SS FFT 7 Ak ok APATAN ANE
B34 FARR Y AREFN LS APELABI HE Abo] 9
Fol gReAE dushod w80 B S Ytk (Versini et al. 2014)

<
iz
2

TolA  1,25(0H),D;E  AHEstedx® H|YE wke-Al]
oAM= 110 AR Wdo] FXEHA Ak7] wmol HERY
Hodxge Ayt A AFel Al nle] vvkel

- B
N
o
>
b

)
i
o)
b
o

FAAAAEZAA CCL5S CCL22 59 ARG #HE *
HIEHYD DO 32 Aol whet vhFd A3l Baud \p Qv o
AT A= in vitro 2] 1,25(0H),D; Aol &Jall A M *EL] CCL22
Aol F7FE vkl 319 S 1 (Adorini et al. 2004; Penna et al. 2007), thx
Aol &l 1,25(0H),D:E A2l gt ZAIZskA AEeA] CCL5S] #Hl+=
Z7Fskal CCL22 A& Fastglivhes A+ Aax EAstt} (Fujita et al.
2007). ¥ Ao A= CONT I HFDT EFolA 558 FAAAEY
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Ccl5 2 Ccl22 mRNA F<=¢] HIE] Dol g&] A=At o2 v = o
CD40 % CD863 7 vt wAES HdANE FF Wis= A7t
By & 5o 1,25(0H).,D:E AEatals w Hwke] ofd T
-0l FEG FANAEY] CD40 HHole Wl e AT
A7} (van Etten et al. 2004)¢} A2 FXFAES] CD86 'HEH o]
Zolfth= A3} (Canning et al. 2001)7} EA&HAqE o= T
Aol wley Dol 98 CD40 9 CD86 o wao] i
Hud Aakel= zpol7h vk & AT oM E dAAT e de] LPSE
A=ek A9 dx ekl FAGAEAAE HER D Aol <)
CD80 o] F7hst ROz ekl FAGAEdA E3 9 A=
Al whel FHAE dARe] wighrE 9lom (Szeles et al. 2009) 17-with
FAGHEL B3 2 S5 BT 1250H),D:9 Az By (HE FE,
A7l " 71 B AE ZREZO Aozt 9] wiEd $9k ol
Agwich ke At R o R Alsdh

FAAAHNEZA A 715S o 517] HallXE FAFAEZ) nave T
Az Ao a3k Al 7HX AT (AE 1, 2 3)F E5F AAsoF 3t}
(Reis e Sousa 2006). —1&u} ¥ Ao o5t HWE wp-A°] LPSE

A28 Bl FALATE OF 0j9ao A9sh vwste] ¥wo

2)$F 1112b (A5 3)ﬂ A2 BdL AstEo]l AT ¥IF Erik et al.
(2010)= AFAol® FEF  H|¥E mpie] 23 QIEFIA
ol s HES A9 Wonkgo]l Astd AS FALAEY Vs
Ol HTtH= memory T MEO 7]& ¥4 wiEolgta AWsgloy, T
AE AdstE 915 DCY A= 7ls oF3f wiiEolgta Raud Aq:
ATH (James et al. 2012). = A" A= BNk #HHE FAGAEE]

e A MAUEE oladshet BEe & & Aok

—

AR AFgA = HEFY Def| ot HAALAH FXAAAES] {F%
71A& AE e thal W3tz A slar Tk (Ferreira et al. 2015; Sim et
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al. 2016). 1,25(0OH),Ds;+ mammalian/mechanistic target of rapamycin (mTOR)
AR2E AAS=H, o] mTOR AZ& JUdA, duyx 2 AEHA 534

2 A AsES et MEx T4, AR, BIkE 2dske

93&-S 3t} (Lisse and Hewison 2011). ¥ <Atoa] #&E F+H-9

FAAFAES] W3 oA vE Do 9dl mTOR A=7F 22HU7
>~ O

eez  AYd 4 9lew, CONT¥  HFDI Y =54
FAGAEAA vERE 1,25(0H),D; 39| zfo]= Hlgke] g mTOR
Brel xRt ddol 9l 4 9lvk (Cai et al. 2016). ©]F9
ATel A= HlEkl D Hinkel] ok FAZAE Wste] wAYSE

sk Aol Wesh

S
=

i

AT 1,25(0H),D; Ak Aol AR FEE HRko]
TFAGAEZA v A= a5 7 A5tk 227 1l in vivo
Aol A e 1,25(0H),D; ®ZF =EA7F ofvek= sHAel vk ey
Had AyAF7E FHE7] wWiEel in vitro AelA =

TAVGAES} 1,25(0H),D;E ©]§-st Aol Hda=a Fart gt T3
2 AFdAE 10 nMEFE ofY2t 1 nME] 1,25(0H),Diell A =
FAZAEE WztE ST = A AddATe] wE=w 1,000 1U
Fg A k29 €% 1,25(0H),D; =&
02~03 nM 9l ZAo® Hi¥th (Fleet et al. 2008). T3 &
AFA oA K3 F A4 10,000 IU vitamin D/kg of dietS ©]-8-3l
12 F<t Ml DE AT BT ARSI wpeaEl %
1,25(0H),D; S%+ 04~05 nME 1=t o= B AFoA
1,25(0H),D; 2] &IE F<Qls 1 nMoll= v]x#] Fas 5otk
Jev LPs A=l o @A stE FAdA LA 1-hydroxylase <]
T@lo]  FrkelH, in vitro AGOlANE XAl s A std
1,25(0H),D; < (0.6~0.8 nM)eIA S FAGAES] 7]so] 2dE F
UTHE AT A7 B} (Enioutina et al. 2008; Kundu et al.
2014). olo TASES w WY AEV EASE FAHQA FFoA
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Aol aAHAolE FEE ek offo] wel Al wjek
g o] el D Aol ot FAGAES] 5 9 Ve 2d anvt
gz deueAE dotruat sl 157 w]b tixAolg)
TA A0S el mheA (10% 9 45% kcal fat, CON 2 HFD<)oll Al
FFAELE Y3 3 in vitro 2ol A vehicle ¥i#] T+ dlEFY] D F7}
A [1 EE 10 nM 559 1,25(0H),Ds] &FellA rmGM-CSFE o] &3
TAGAELE F3AZ o, LPS A5 &3l Ass F=sklth vE

Do} Aol HF mIte= FAGAE 9 v 9l FAA 2EE

1) 155 % CONwXET} HFDI 9 A5, AFTT7he, WAool

= %
3) CON# HFD" EFelA wieF <5 10 nM2] 1,25(0H),D; # & &
Sl FFAEEFE FASAMERS] 37 oA EH AT
4) LPSE A5E FE3HA &S =57 FAGMEe] 1d 5
n}# (MHC class 11, CD86, CD80) &2 v]Elwl D A gl 23|
oA o ® FFastglon Ao] Akl oM = FFe WX
oForth LPSZ A8t =AM 2] TP o = HEkY] D Y
aAgAol AFHE anrt mpAe wEl BEA e
CONw oA = HIERL DE AHst =il FAGAEAA
CD80'CD11lc" Al H]&o] =2 Whd, HFDT oA & dld AlEe]
H]-&o] vk, MHCHM™'CD11c" 4 CD86""CD1lc" A E B &S
CON+*# HFD EFolA HEtdl DE Aelsh A3-¢o sk,
CON+"2] 739Kt} HFDw¢] Z-f-ollA 4oz E8kth
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5) A&t FANAEY Ve #AHAFE FHAF Cd40, Cds3, W
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Abstract

The Effects of Vitamin D
on Differentiation and Maturation
of Bone Marrow-derived Dendritic Cells
from High-Fat Diet-induced Obese Mice

Kyeong Sun Cha
Department of Food and Nutrition
The Graduate School

Seoul National University

Vitamin D has been reported to regulate maturation and function of dendritic
cells (DCs). Obesity has been shown to be associated with dysregulation of vitamin
D metabolism and impaired DCs function. We investigated the effects of
1,25(0H),D5 treatment on phenotype and expression of genes related to function in
bone marrow-derived dendritic cells (BMDCs) from control and high fat diet
(HFD)-induced obese mice. Five weeks old C57BL/6N mice were fed control diet
(10% kcal fat, CON) or HFD (45% kcal fat) for 15 weeks. Bone marrow cells were
isolated and cultured with rmGM-CSF (20 ng/mL) for 7 days to generate BMDCs
with or without 1,25(0OH),D; (0, 1 or 10 nM). To induce maturation, differentiated
DCs were cultured with LPS (50 ng/mL) during the last 24 h. The surface
expression of CD11c, MHC class I, CD80, and CD86 on BMDCs was measured
by FACS analysis. The mRNA levels of Cd40, Cd83, and Ccr7 were determined by

real-time PCR as maturation markers. The expression of 1110, 1112b, Ccl5, and
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Ccl22 was determined for cytokine and chemokine production of DCs.
1,25(0H),D5 at 10 nM concentration inhibited BMDCs differentiation (CD11c* %)
and decreased the percentage of mature DCs (MHCH""CD11c" and
CD86""CD11c" cells) in CON and HFD groups. The expression of MHC class I
and CD86 in LPS-stimulated BMDCs was higher in the HFD groups compared
with the CON groups. Expression of Cd40, Cd83, and Ccr7 was suppressed by 1
and 10 nM of 1,25(0OH),D; treatment. The 1110 expression in stimulated BMDC
from the CON group was increased by 104% with 10 nM 1,25(0H),Ds treatment,
but not in those from the HFD group. Despite the increased population of mature
DCs, 1112b mRNA levels in stimulated BMDCs were lower in the HFD group
compared with the CON group (49% lower in vehicle treated groups and 78%
lower in 10 nM 1,25(0H),Ds; treated groups). 1,25(0OH),Ds inhibited differentiation
and maturation of BMDCs from control and obese mice. LPS-stimulated BMDCs
from obese mice had elevated surface expression of MHC class 1l and CD86 and
diminished 1112b expression, which might suggest DC malfunction associated with
obesity. The differential 1110 expression response to 1,25(0OH),D; treatment in

LPS-stimulated BMDCs also indicate the impact of obesity on BMDC function.
Keywords: vitamin D; obesity; bone marrow-derived dendritic cell;

maturation; 1110
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