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1,25-(0OH),D, 1,25-dihydroxyvitamin D
25-(OH)D, 25-hydroxyvitamin D

Abs, antibodies

BM, bone marrow
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114, interleukin 4

iNK cell, immature natural killer cell
LSD, least significant difference

mNK cell, mature natural killer cell
NK cell, natural killer cell

Tbx21, T-box 21

Treg, regulatory T cell

VDR, vitamin D receptors

WAT, white adipose tissue
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DS)oll w2} F 4 T7F A|FSE Dyets, Inc. (Bethlehem, PA, USA)°f A
T+ AZEstE (CD-DC, #103816; CD-DS, #119334; HFD-DC, #103818;
HFD-DS, #119333). A3 2ol A3 FEAA Az=H7] 7HA
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Table 1. Composition of the experimental diets®

CD-DC (10% keal fat +

CD-DS (10% kcal fat +

HFD-DC (45% kcal fat +

HFD-DS (45% kcal fat +

1,000 IU/kg of diet) 10,000 IU/kg of diet) 1,000 IU/kg of diet) 10,000 IU/kg of diet)
@ (keal) @ (kcal) 2 (keal) ©® (keal)
Casein 200 716 200 716 200 716 200 716
L-cystein 3 12 3 12 3 12 3 12
Sucrose 350 1400 350 1400 172.8 691.2 172.8 691.2
Cornstarch 315 1134 315 1134 72.8 262.08 72.8 262.08
Dyetrose 35 133 35 133 100 380 100 380
Soybean oil 45 405 45 405 45 405 45 405
t-BHO 0.009 - 0.009 - 0.009 - 0.009 -
Lard - - - - 157.5 1417.5 157.5 1417.5
Cellulose 50 - 50 - 50 - 50 -
Mineral Mix® 35 16.45 35 16.45 35 16.45 35 16.45
Vitamin Mix® 10 39.2 - - 10 39.2 - -
Vitamin Mix (No VitD) - - 10 39.2 - - 10 39.2
VitD3 (400,000IU/g) - - 0.025 0.1 - - 0.025 0.1
Choline Bitartrate 2 - 2 - 2 - 2 -
Total (g) 1045.009 1045.034 848.109 848.134
Kcal/g diet 3.69 3.69 4.64 4.64

#Resource: Dyets.

35 grams of mineral mix (Dyets, #20000) provides 5.2 g calcium, 4 g phosphorus, 3.6 g potassium, 1 g sodium, 1.6 g
35 mg iron, 6 mg copper, 54 mg manganese, 30 mg zinc, 2 mg chromium, 0.2 mg iodine, 0.1 mg selenium, and 4.2 g sucrose.

chloride, 0.3 g sulfur, 0.5 g magnesium,

10 grams of vitamin mix (Dyets, #300050) provides 4000 IU vitamin A, 1000 IU vitamin D3, 50 IU vitamin E, 30 mg niacin, 16 mg pantothenic acid, 7 mg
vitamin B6, 6 mg vitamin B1, 6 mg vitamin B2, 2 mg folic acid, 0.8 mg menadione, 0.2 mg biotin, 10 pg vitamin B12, and 9.8 g sucrose.

16



Week 0

Week 12

Figure 4. The experimental design

5 days of acclimation

S-week-o0ld C57BL/6 male mice

I
1 | | 1
CD-DC(n=10) CD=-DS(n=10) HFD-DC(n= 10} HFD-DS(n=11)
g . ' ™ ™
Conirol diet Controd diet High fat duet Higly fat diet
vitamin [ control vitamin [3 supplement vitamin ¥ control vitamin [ supplement
i 10% keal fat, {10 keal fat, {45% kcal far, {45% keal fat,
1000 L) witamin DVkg) 10,000 0L vitamin DYkg) 1,000 U vitamin DVkg) 10000 1L vigamin Dvkz)
e . i vy
Euthanization

17

1

kTl



ANE 3

bt

5|

Fol B4 A7kA] 80 ° CollA B

ake

P
T

-18 -



=9 2] A] RPMI-1640 (Lonza, Walkersvile, MD, USA)°l penicillin
(100 U/mL, GibcoBRL, Grand Island, NY, USA), streptomycin (100 s g/mL,
GibcoBRL), L-glutamine (2 mM, GibcoBRL), 2-mercaptoethanol (50 1M,
Sigma-Aldrich, St. Louis, MO, USA), % 2% heat-inactivated FBS
(GibcoBRL)E 713+ viA| & AFE-SFAT
Ao & FES 70% oereE A% & @iy, dEEY
A7dm 7 SR GFEF I5E BT AASH 2 JiAY wE
&b Amshal WX R dFo] ]It

=
daE AAT R we] oF & A& H A2t FA] (26 gauge

il AME olgatel F4 AEE WERE Aolusith Rd
=5E sl SelA" F F, 1200 pme] HEE ALelA 8wt

A9 Ak FFANL AAT F AN AATE AANS A3

ACK lysing buffer (Thermo fisher scientific, Waltham, MA, USA) 1 mLE Y1

mesholl FIA|71 & washingﬁ‘]-?\ijl, trypan blue stain (Gibco)= 604}
gaste] Az 52 54 sk

ar
=

AE dEE mRNAEAS $13Fe] 9000 rpm, 4 °C, 2+

+

AAEE o F ZEF FEER 80 Ccol HASI, Y= FACS

2o A&t
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4. EX HENl D & SH

WALH AW (Radioimmunoassay)=  &oF] &% 25((OH)D 2}
125<(OH),D 55 AZAlA AlFstes A8l wet 430t
(25-Hydroxyvitamin D2/D3, #68100E, 1,25(OH),-Hydroxyvitamin D2/D3,

#65100E, DiaSorin S.p.A., Saluggia, Italy).
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5. T4 A3 FACS £4

5.1. &5 A3 FACS surface staining

=7 ME T "9 Az FxE #lstr] 9@ BD Pharmingen
(San Diego, CA, USA)°IA t59 &AE TUste] surface staining=
3}%1t}: FITC rat anti-mouse CD3 molecular complex, APC rat anti-mouse CD4,

PE rat anti-mouse CD8a, PE rat anti-mouse CD19, APC rat anti-CD11b, PE rat anti-
mouse F4/80, PE mouse anti-mouse NK-1.1.

Zb HFH 51 X 100 cells= Yl 1500 rpm, 4 ° CEZANA 58 59

o
jubtal
e
ik

ol
o
38
o
o
O]Nv

o

NS A A F FACS staining buffer (1% FBS2} 0.09%
sodium azide’} XE3E PBS)l HAAH TR gAE  F7rekal
vortexingdto] EFHetgith. 2Hgsto] 4 ° ColA 302 F<t incubation ¥ F,
FACS staining buffer= washingd}th. ZF FFEO fixer €02 100 pLA

w8k & 2Fgste] 4° ColA 30+ F<F incubation 3FSITF. 7} washing

Fe

FACS staining buffer® #E3 A EE FACS wHE #7]1, FACS
caliber II (BD Biosciences, SA, USA)E &3l 94 A& FAsth
o] % d|°]E| & Flowlo software version 10 (Tree star Inc., Ashland, OR, USA)=
o] g3sle] #4353, B Al (CD3CD19)¢} CD4* T A3 (CD3'CD4"),
CD8" T A3 (CD3'CD8%), NKT A% (CD3'NKI.1%), THAAE

(CD11b*F4/80"), immature NK A3 (iNK A3, CDI11b'NK1.1%), mature NK

A (mNK A3, CDIIb'NK1.1%) B &S =438kt
21



5.2. F5 A FACS intracellular staining

il

o

FN

AskE Treg AIE BlE&ES 5437 Sl Treg Al
ZAAFQIA} Foxp3E antibody= AFE-31SITF (Foxp3-Alexafluor488, eBioscience,
San Diego, CA). StollA A% ®WH] © % CD4-PE surface staining® A 3EZE
THISE H, FA7F & ke R Fojd 4 QIEH fix/perm working solution
(eBioscience)S 100 pL¥ 5, vortexing 3}l X33l 4 ° CollA 30
<t incubation 3}SITE 400 L perm buffer (eBioscience)S 21l 455 rpm,
4° CoA 42 st AR st AsdE AASH. 2 FE & 100
£ L% perm buffer? Foxp3 antibody 025 pge w3t H, x}33slo]
4 ° CollA 304 &< incubation 3 TE. ©]F perm buffer® washing3t ¥,
7 FHe| fixerg 100 £L¥ FF3ka zxpgste] 4° CollA 158 <
incubation 3}ATE 1500 rpm, 4 ° ColA 5% ¥4)F-2] 531 FACS staining
buffer© = A HE3}3Th ©] % FACS caliber II (BD Biosciences)® &2

A= =743}, Flowlo software version 10 (Tree star Inc.)E ©|£3l] CD4 4

i3

Foxp3& EF Wdst= AEZE Treg Al3E (CD4'Foxp3h)E =41 3F3l T}
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6. RNA 3%, cDNA 34 9 real-time PCR

6.1. RNA 3=

A AEHZE 80 ° CAlA EFE AMEZo] RNAiso Plus (Takara, Otsu,
Shiga, Japan)E ©]-§3lo] RNAE FE35F3ITE RNAiso Plus €9 1 mL &
Qa1 kAl dho]BlY kAl vortexingdte] A3} (homogenization) st T
oA 5% &< incubation $F ¥ chloroform (Sigma, St. Louis, MO, USA)
200 xLE ¥l 30% ©]it vortexingdtth. THA] AoA 33T
FARATHE 12,000 x g, 4 ° C oA 1583 A2 s EElE SelA

ASNE FHolo] A2 e-FEA %7 Tl 500 pL isopropanol (Sigma)=

e

(20% &) vortexingd}A . ol F A2A 1023 FUHT

o

r.ﬂ_Q

12,000 X g, 4 ° CollAl 10i &<t 23] At 2=lo] A A&

A

gelsta FFde AT F 75% oITE | mLE washingdt3ith thA

1,
)
tlo

7,500 x g 4°ColA 27t AP st CwES AASI
2+13] AZAIFHT 0.05% DEPC-treated DWS 15 pL ®-F3lo] HAzaS
=%l % nano-Spectrophotometer (NANO-200, BIOAND Co., Gyeonggi,
Korea)E ©]&3F%d 260 nm%} 280 nm IFoA FHEE FHTFOZAH
RNAY FEel =55 433tk A280 thn] A260%t0] 1.7 o)Akl ZS

Q15 St} agarose W71 9502 F=F% RNAS AS RIS,

23 .1 &



6.2. cDNA A

PrimeScript 1st strand ¢cDNA synthesis kit (Takara)E AbEEY] FEE
RNAZFH cDNAE FA3HATHPCR FHeO| 2 g8 RNA,dNTP (10 mM)
1 pL, oligo dT primer (50 #M) 1 xLEY 3l RNase free DW = 3 H3|7}
10 pL7} 5% 93T  spin downdF®] RNA: primer mixtures
ST o1& 65° C 4° CollA Z+ZF 5EA incubationdt TR, o] 7]
5 X Primescript buffer 4 L, RNase inhibitor (40 U/ L) 0.5 p L, PrimeScript
Rtase (200 U/ L) 1 pL, RNase free DW 4 xLE U3l reaction mixtures
TF=2 T Spin downdhil vortexing$t - TFA] spin downd}o] Aol A
107+ W] 5FSI T} 2720 thermal cycler (Applied Biosystems, Foster City, CA,
USA)E o] &3lo] 42 ° CollA 504, 95° CollA 58 w9 =

g3 A AX cDNAE &8kl
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6.3. Real-time PCR

PCR-E fast 8-tube (Applied Biosystems)®l| forward®} reverse primer Z}Z}
0.4 L, ROX reference dye (50 X) 0.4 pL, SYBR Premix Ex Taq (2 X) 10
© L, autoclaved DW 7.8 xLE cDNA 108] 3|4 1 xL9F 413 spin
downdt ¥ StepOne Real-time PCR system (Applied Biosystems)< A}-8-3}o]

HE-S-Al ZIth SYBR Premix?} ROX dye (Takara)E AF23F31 9™, Primersi=

32

o

N
e

BiomedicA} (Bucheon, Korea)ol| A A|Z3t Z-& Al&-3} IR

T
>

1

primer®] 7] A¥& Table 2 °f YEMIAY. ®RES =S A
95 ° CollA 5%7F WA (denaturation)dt F 60 ° ColA 30x37F A3 4l
A% (annealing & extension)A 7] 7S 403 HHESFGITE ol %
95 “ CollAl 15%, 60 ° ColAl 60%, 95° ColA 15%3F WESAIA melt
curves Ett 2 A2 duplicatedto] HakS AFESI oW Ct a2
house-keeping A2+ Gapdh +FO 2 HAFATH FHA FF2& 2

MET A& 0] 838ko] CD-DCT ] e shalv
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Table 2. Primer sequences for real-time PCR

Gene Forward primer(5° -3”) Reverse primer(5°-3”)
Gata3 CGCCAGAGAAGAGGATGAAG GGAAACTCCGTCAGGGCTAC
Ifng TGGACCTGTGGGTTGTTGAC GAACTGGCAAAAGGATGGTG
Thx21 AACTGTGTTCCCGAGGTGTC GGACCCAACTGTCAACTGCT
114 TGTGGTGTTCTTCGTTGCTG GTCATCCTGCTCTTCTTTCTCG
Vdr GGGATGATGGGTAGGTTG GGAAGAGGGTAGAGGGCA
Gapdh GGAGAAACCTGCCAAGTA AAGAGTGGGAGTTGCTGTTG

Gata3, GATA binding protein3; Ifng, interferon gamma; 7hx21, T-box 21; I/4, interleukin 4;
Vdr, vitamin D binding receptor; Gapdh, glyceraldehyde-3-phosphate dehydrogenase
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7. FAEH

BE A4 SPSS 24.0 program (SPSS Inc., Chicago, IL, USA)=
o] §al3ltt. Aol HIEWl DRFI TAWAo] Aol I FAIE
BA38L7] Y o] uj A EAMEA (Two-way ANOVA)S S35 11,
Fisher’s least significant difference (LSD) test® AF-7374 ATt w & 2F-go]

2}

o

A5 SHEE 774 (Student’s rtests)= SIFTH A AT P <

(A

0.05 FFollA o]Fojfow HE Ay P £ EF2AF (mean *

SEM)Z 3£7]38} T}
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A, WA FAE Table 3¢ VER ST 3 Hit Ao] HHFS
CD-DC +°] HFD-DC*H.U} {24 0% %9k31, CD-DSw9] o] HFD-
DSo gEHU FoHow Euth Tuy ALoRFEH A %
Aol witol sk Byt A HF TS HFD-DC ¥ HFD-DST o] @]
Zt7} CD-DC3} CD-DS ¢ @Frth o402 =30t (P<0.05). 12
T2k ATS AL o] Agel 9¥& wol HFD-DCT 3} HFD-DST 9
A|Fo] 27} CD-DC# CD-DS8] AFHY FoHoz Hqov (P=
0.001) HIE} D RZFof o3 Ja2 v =3 WMAXHEA = HFD-
DC¥ HFD-DS°] A7} 717t CD-DCi# CD-DSwe] FA Kt}
FreAosE E=UTh (P<0.001). ey 12 F2F 2 FAl= Aol AW
gkt vlEtl D BFo] oF o]yt Uitk Egh skF Pt Ao
AHAZER oF Ed 9% AFFS vlEw DE O RFI TolA
FoHow ww WMAXYELAL HFD-DST2 FA7F HFD-DC-<

ARG fo)Foz =ttt (P < 0.05). 3% FH+ BlEbY D AFHFS
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CD-DSv ¥ HFD-DS-°]

Eokom (P<0.001), A2 o] HH of ol 23k xtol= ¢l

29
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Table 3. Body weight, weight change, dietary intake, white adipose tissue weight and liver weight of mice!~

CD HFD P-value

DC(n=10) DS(n=10) DC(n=10) DS(n=11) Fat amount VitD amount Interaction
Body weight at 0 week (g) 20.3t0.5  20.8+0.3 20.8+0.2  20.7+0.2 0.52 0.42 0.27
Body weight at 12th week (g) 30.3+0.8°  30.4+0.8° 33.9+1.3°  37.2+0.9° <0.001 0.10 0.13
Weight change (g) 10.040.7¢  9.5+0.9° 13.1#1.3°  16.5+0.9° <0.001 0.14 0.06
Average dietary intake for 12 week (g/d) ~ 3.02+0.04® 3.21+0.12%  2.60+0.06° 2.75+0.07° <0.001 0.04 0.82
Average energy intake for 12 week (kcal/d) ~ 11.1+0.2° 11.8+0.4 12.1+0.3%  12.8+0.32 0.01 0.03 0.98
Average vitamin D intake for 12 week (1U/d) 2.89+0.04° 30.7+1.14? 3.07+£0.07° 32.48+0.82? 0.18 <0.001 0.27
WAT weight at 12th week (g)® 2.0£0.3°  2.4+0.2 3.2405°  4.6+0.5° <0.001 0.03 0.21
Liver weight at 12th week (g) 1.08+0.04 1.09+0.07 1.13+0.06  1.18+0.08 0.25 0.64 0.74

'Values are represented as means = SEM, n = 10 to 11 per group (n = 41)

2Two-way ANOVA was used to determine the effect of fat and vitamin D intake. Different superscripts indicate significant difference (P<0.05)

by Fisher’s LSD multiple comparison test.

SWAT (White adipose tissue) includes perirenal, intraperitoneal, epididymal, and subcutaneous fat.
CD-DC, 10% kcal fat + 1,000 [U/kg of diet; CD-DS, 10% kcal fat + 10,000 I[U/kg of diet;
HFD-DC, 45% kcal fat + 1,000 IU/kg of diet; HFD-DS, 45% kcal fat + 10,000 IU/kg of diet.
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2. g3 vEy D F&

HERYl D ®HF 3 Hivte] dF H|ERY D Fxeo] vwAs JTFE
okolr 7] 93, I3 25(OH)DY 1,25«(OH).D FE= =Asch g%

25((OH)D 5%+ CD-DC*¥ HFD-DC K.t} CD-DS3¥} HFD-DS< ol A

A5l 8.9% =kal, o] CDT WolAle] HlEM D H.Fo 23t W3l

H| & wlw] gt 4=Fo] 3T} (Table 4).
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Table 4. The levels of serum vitamin D!?

CD HFD P-value
DC(n=4) DS(n=5) DC(n=4) DS(n=4) Fat amount VitD amount Interaction
Serum_25-(OH)D (ng/ml) 29.9+1.62 20.8+0.3° 20.8+0.22 20.7+0.2° 0.85 <0.001 0.21
Serum_1,25-(OH)2D3 (pg/ml) 44.1+17.5 139.6+26 138.5£28.6  150.9+35.9 0.08 0.08 0.16

'Values are represented as means = SEM, n = 4 to 5 per group.
2Two-way ANOVA was used to determine the effect of fat and vitamin D intake. Different superscripts indicate significant difference (P<0.05) by Fisher’s LSD

multiple comparison test.
CD-DC, 10% kcal fat +1,000 IU/kg of diet; CD-DS, 10% kcal fat +10,000 [U/kg of diet; HFD-DC, 45% kcal fat +1,000 IU/kg of diet; HFD-DS, 45% kcal fat

+10,000 [U/kg of diet.



k=)
=)
=
o

o) 2] A 229 7 DO WHIF A¥E CDTFI HEDI oA thEA)
UEFSTE (P < 0.05). WA A2 H] &L CDT oA+ BIEY DE HFEsl
A5l 222% =%k oH, HFDwelA = HERY D BET 3 izt 7H
Fo 8l o7k ldth. = CD-DSTO %ol ¥Hs HFD-DST

th &) Al ER] 0] 15.9% Skt

HEM D X33 1AH2A o] AFH+= NK AXE 2 iNK AlE B &9

i

Jo
1o,
ot
o
o2
o
=
;}ﬂ
0
Z

K AX v]&L2 vel?l D BE3HAY (P < 0.05)
DA A O] S AF3 A (P <005 LA kS o BlE foFow
vttt vlElY DE HEI 4§ NK AE H]&o] solxon 747k CD-
DCH.t} CD-DST-°lA 10.2% (P = 0.09), HFD-DC2] 7d$-ol| ®]3] HFD-
DSTANA 13.7% S AEFS BT (P = 0.06). AW o] 4F7F NK
AR Bl v A GES Blws] B, NK AlE 8]E2 CD-DCTR.th
HFD-DC#ollA]  17.2% (P< 0.05), CD-DSi*}X.t} HED-DS A 20.4%
okt (P <0.05). INK AlE B &2 AAZ o7 DCTET DSTolA (P<

0.05), CDX.t} HFDwellA Stk (P < 0.05). NK A3 B]&of o
33 :



HIEF D &3%& Wwd|®™, iNK Al3E H]$°] HFD-DST oA+ HFD-
DCTHTE 14.1% Yoy (P = 0.05), CDTAlAE= A<l Afol7)
At 283l INK AlE 8] &S CD-DC-X.tF HFD-DColl A 14.3% (P

<0.05), CD-DS+* K.t} HFD-DS7oll A 17.7% “Skth (P<0.05).

mNK Al H]&2 2ABAolE AHTE Aeol FoFow
w$okow (P <0.05), HIEFN D BZof &3k xfol= itk a0l &
AFHT A mNK AE HjEo] thxAolE AFHET AFHT 2
A= INK Al EME YERSTE HFD-DC- 2] mNK A% H] &2 CD-
DCT2 ZH$HU} 13.8% Ykal, HFD-DST2 mNK A% BH]&2 CD-

DS 9 BlERT W2 FF g2 e (Figure 5).
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Innate immune cells

14
H]
12 % als
b b

e 10—
=
v o oCD-DC
= B
ﬂ § — BCD-Ds
s B BHFD-DC
& 6 S
£ a BHFD-DS
o ab he a
£ 4 ) ab b
E o <

2

ab p oy,
Macrophage NKceells iNKeells mMKcells
P-value Macrophage NK cells iNK cells mNK cells
Fat amount 0.385 <0.001 0.001 0.008
Vitamin D supplementation 0.196 0.013 0.013 0.330

Interaction 0.027 0.911 0.854 0.906

Figure 5. Proportion of innate immune cells in bone marrow cells

Values are represented as means = SEM, n =9 to 11 per group. Means with different letters
indicate significant difference (P<0.05) by Fisher’s LSD multiple comparison test.

CD-DC, 10% kcal fat +1,000 IU/kg of diet; CD-DS, 10% kcal fat +10,000 IU/kg of diet;
HFD-DC, 45% kcal fat +1,000 IU/kg of diet; HFD-DS, 45% kcal fat +10,000 IU/kg of diet.
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4. HEE DS Hwe] T4 HSHUANET X

nA e 9%

B MXEe H]E2 HIEMY DE HF3 49 Wki=d, CD-DCTH.t}
CD-DS+°] 15.0% (P = 0.06), HFD-DC<" K.t} HFD-DS<*¢] 8.4% “Skt} (P
<0.05). B A3 B]E&> Aol E AAPS W =2 Aol AT (P
=0.06).

CD4" T A¥X ¥&2 HEY] DE B3I HF 3 FAIFS
HAoH (P=0.06), X210 HF oo ot Xfol= U3t CD8' T
A9} Treg AIE, NKT AE v &ol e vl D ®BF 9l 2o xut

gregell o3k o] #AHA ¢kt (Figure 6)
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Adaptive immune cells

35 a
ab
T
30 +——f:
b |
2z 25 | B
7 Ed |
o : ocCD-DC
2 E
= 20 Zn aCcDh-DS
E | OHFD-DC
215 |
z | ®HFD-DS
3 e |:
2 10 H g
4 |
7
SHUTE
ZHE
O . L
Beells CD3 Teells CD4 T cells CD8 T cells Treg NKT
P-value B cells CD3'T CD4*'T CDS8'T Treg NKT
Fat amount 0.062 0.645 0.345 0.813 0.570 0.228
Vitamin D supplementation 0.030 0.100 0.056 0.207 0.148 0.178
Interaction 0.576 0.777 0.857 0.526 0.991 0.504

Figure 6. Proportion of adaptive cells in bone marrow cells

Values are represented as means = SEM, n = 8 to 11 per group. Means with different letters
indicate significant difference (P<0.05) by Fisher’s LSD multiple comparison test.

CD-DC, 10% kcal fat +1,000 [U/kg of diet; CD-DS, 10% kcal fat +10,000 IU/kg of diet;
HFD-DC, 45% kcal fat +1,000 IU/kg of diet; HFD-DS, 45% kcal fat +10,000 IU/kg of diet.
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5. HEFY D&} H|Rto] HIEMY] D &A1 9

CD4T AX #AF FAALH nX= G

HIEFY D ¢} vl¥to] CD4" T M3z¢} ¥ AAFRIA} (transcription
factor) 9 AlO]ETFQ1 (cytokine) H&ol WA= FFES glstr] 913l
QA =7 AXANAN Gata3, Ifng, Thx21, 114 A & FA3FSIT

AF AFES CD4 T AE T AdgdAFols wvlepl Do JTE¢E

g

=0 4HZA T helper 1 (Thl) A3 T helper 2 (Th2) A3

AARRIZESE AL EFEQL Fol A Adestqlvt. B3 var A HES

=7gsko] wlehn D B33 vlwo] MIERY D target A W] v] A
FPe RO s

o HElYl D ®ET

N
rr

Gata3®} Ifng, Thx21, Il4 mRNA
FA Al AFH offeo] mE FA o7t GISTE (Figure 7). Vdr
mRNA 7 HER DE BEPS W Gt %o (P < 0.05),
2ol T Aol ojgk zkol= U HFD-DS 8] Vdr 4°| HFD-
DCTe FERT FoHoR E8oy CD-DST¥ CD-DC fhell

FrelA9l Fol = ggie

38 1A



mMRNA levels of bone marrow cell

3
a
2.5
o
£ 2 =
e a B ocpoc
z s ; ! @cD-Ds
g £l marFD-DC
= b _
s 1 ]  mHFD-DS
5 =
= -
= os =
o = A |
Thx21 GATA3 VDR
Thl Th2
P-value Thx21 Ifny Gata3 14 Vdr
Fat amount 0.747 0.446 0.275 0.630 0.352
Vitamin D supplementation 0.759 0.970 0.714 0.604 0.024
Interaction 0.094 0.445 0.301 0.894 0.382

Figure 7. Bone marrow cell mRNA levels involved in CD4 T cell cytokine

and transcription factor and vitamin D receptor

Values are represented as means = SEM, n = 8 to 11 per group. Means with different letters
indicate significant difference (P<0.05) by Fisher’s LSD multiple comparison test.

CD-DC, 10% kcal fat +1,000 IU/kg of diet; CD-DS, 10% kcal fat +10,000 IU/kg of diet;
HFD-DC, 45% kcal fat +1,000 IU/kg of diet; HFD-DS, 45% kcal fat +10,000 IU/kg of diet.

39



V. z

K

EtYl DE RFI A9 125(OHpD Fxsk var 50
u, HIRE ool mep gme Aolrh vk dixvhe-ie)
Al REvpg-2 ol HIERR] D T BEol el =5 o] oAl
Aol M37E Ao, =] tiAAEe}E NK A, iINK Al ZeA =

Bk oo weh wlebyl D ME Fbvh 7247 ohE A Lhebh

© A7dde] m=

2

g% 25-(OH)D ¥E*= H|Et

)
w)
e
ojy
2

MRt FoHoR E3kal,

gt

J 1,25(OHpD sE+= HEW DE
BEsAY axgAolE ATt Ae =2 AFHS HIth 1,25-
(OH»D+= VDR¥I A3tste] HIEI DE EASAI7I= &4

hydroxylaseE® 9 Alstal  HIERW] DE ESAYIIAII= a4 24-

hydroxylaseS ZZ1A]7]7] wj&o] 125(OH)D F+< AAQeA =dd)
(Chow et al. 2013, Wang ef al. 2015) ©]& <l ¥ A7 Ay vt
= B3] we 4 25-(0OH)D F5x FYFo7 worsoy, ¥4
1,25<(OH),D 5+ A 4 71doz Qs 43 Afo]7p wAyst~]

%2 o7 AtgHt I B|WkeE A9 1,25<(OHRD 5= A W9

1,25-(OH),D AAS =XA7]= Z 2%l pTHEH|ZF F7lge wet

3 D +11 &=
47 '||'1_.l| ot ¥
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1985),

v lom  (Bell et al
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Hlekeke-2of HEMN D & in viro® AT A7 diFEoln
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Abstract

The effect of dietary vitamin D supplementation
on subpopulation of bone marrow cells

from diet-induced obese

SeungEun Lee
Department of Food and Nutrition

The Graduate School
Seoul National University

Bone marrow (BM) is important for production and maturation of immune
cells. Vitamin D and obesity have been shown to affect innate and adaptive immunity.
Contradictory results regarding vitamin D and subpopulation of BM have been
reported with in vitro studies, but little is known about this in vivo. We examined the
effects of dietary vitamin D supplementation on the subpopulation of BM in normal
and obese mice. C57BL/6N male mice were fed control or high fat diets (10% or 45%
keal fat: CD or HFD) containing vitamin D (1,000 or 10,000 IU/kg of diet: DC or
DS) for 12 wk. Serum 25-(OH)D and 1,25-(OH);D level were evaluated through
radioimmunoassay. BM was isolated from femurs and tibiae. The population of
immune cells was analyzed by Fluorescence-activated cell sorting (B cells, CD4" T
cells, CD8" T cells, regulatory T cells, NKT cells, Macrophage, immature NK cells
(INK)), mature NK cells (mNK)). mRNA expression of Thx21, Ifng, Gata3, 1l4, and
Vdr was determined by real-time PCR Concentration of serum 1,25-(OH),D tended

to be higher in DS groups and higher in HFD groups. The percentage of macrophage
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was higher in CD-DS group than CD-DC group, but not in HFD groups. The
percentage of NK and iNK was lower in HFD groups than CD groups. Dietary
vitamin D supplementation resulted in lower percentage of NK, iNK, and B cells.
The HFD groups tended to have higher percentage of B cells compared with CD
groups. The percentage of CD4" T cells tended to be lower by vitamin D
supplementation, but there was no significant effect of dietary fat amount. The
expression of Vdr was significantly higher in DS groups than DC groups, whereas
there was no significant difference regarding fat amount. In conclusions, dietary
vitamin D supplementation affected serum vitamin D concentration, Vdr expression
in BM, and subpopulation of BM depending on the adiposity. These results suggest
that the effect of dietary vitamin D supplementation on murine BM composition

might be influenced by obesity.

Keywords: dietary vitamin D supplementation; obesity, high fat diet; bone marrow;
macrophage, natural killer cell
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