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Effect of bee pollen extract on activation of dendritic cells and
induction of Thl immune response

Eun-Ji Cho', Yi-Eun Kim', and Eui-Hong Byun'**
'Department of Food Science and Technology, Kongju National University
*Food Science Research Institute, Kongju National University

Abstract Dendritic cells (DCs) are potent antigen-presenting cells that play a pivotal role in modulating both innate and
adaptive immunity. This study examined the immunomodulatory activities of hot-water extracts of bee pollen (BPW) in
bone-marrow derived DCs (BMDC) and mice splenocytes. BMDCs isolated from mice were treated with 250 and 500 pg/
mL BPW for 24 h. BPW, up to 500 pg/mL, did not display any cellular toxicity against BMDCs. In fact, it functionally
induced BMDC activation via augmentation of CD80, CD86, and major histocompatibility complex (MHC) class I/II
expression and pro-inflammatory cytokine (tumor necrosis factor; TNF-a, interleukin; IL-6, and IL-1P) production.
Interestingly, BPW treatment significantly increased the production of interferon (IFN)-y in splenocytes, suggesting its
possible contribution to Thl polarization in immune response. Taken together, these findings suggest that BPW may
regulate innate and adaptive immunity via DC activation and Thl polarization in immune responses.
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tfet 35 A}FEA(co-stimulatory molecular)S
ojif MEZH] FFo| HoJdte o] FFY FHAEAE FH
wWol L glo] thE WM EEH TRt HEA YA
Al Al Z (professional antigen presenting cell)2}3Z  SFCH(Todd
Bretherick, 1942). 5°]3 A WkS-2 T A|Xof| o5 HI-S-

T o
o2 FUAA AE7E MHC £7kol 23t T efo]=& A
AlshE Ao AFgit SolA Honhe-S fEske HAgelA
T8 A sk FAANANES AEA FAAAA 2L 5
o B AE, ZEANE, FAGAEL EAgTE B84 e
°] B Alxe g42H8o] &idsA MHC ##+¢] daldf=
A EASHA om, FEAAMEL] B TGS St

S

Fl
o
koo

T stk 2y A Az AR ol g8 &3
d&shs oA st A9uhe-S 2dste e A&
YA NEE LEHA JtHAndrade 5, 1997; Choi &, 2007).
B 271 (bee pollenys UEo] o oA Hol7] fls)A
gl 289e 71 B3 §4vF EE AuAE A
7 "olgl2 dnk /IR RT JPEe] TR QAN E
A A Ee 7 dHA UKClericizt Shearer, 1994). 2715
' Y 53 AFY dudgos vsE, A, vlolet
4 Fo JPdRel FHalth 53] Hel AFHe #F
BA7F EFEY o] ErREL AR TR
Fo] Az 2dAe] 98E o] &HK(Canon, 2000). 2
7FHEe HEmA s, e o|E, otEAlo|ol ) Bl 7F

o MeBy BAL TSI Ak HBM FY FAF 27
= 7)ol e AT ol RAHIA, B 2 A%
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of thet A= vHIg Aol w1 iR =FE S7M
A MYYSE st Aol 2u Al 24, AR

3 T USs Bl a3t ok gEA U H2de d9E
28-S Ueile AR WaAA] EAARE G AgAAde
2= G s F9S5 37 AFEUATHBanchereau
3} Steinman, 1998; Jin %, 2018; Kim &, 2015; Maruyama %,
2010, Shin 5, 2006). A & £7HFo g A+e P+ ¢
Aol #et AFolvt X934 Uz, 1 vre] Ao

)

¢
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B Ay v EZde] "B Tl Bsle] dolry] Yt vt
& ZFAERNE Bl FRVIAE B E71F (bee pollen)
S APsle] NEAEE, Haxd B Astds 95
ARl ETIRL BH)E, AlXi™ 4 A02HCD80/86, MHC class I,
MmEe W Foll vz J&ol| A3te] Lolrogtt.
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HERIIFO M=

2 AoA AM-E HEE/F= B Z="(Seoul, Korea)oll A
Tiste] AMgsl o, FERAS vt ot Az HEE
7S APdE B 7)(NSG-1002SS, Hanil, Seoul, Korea)Z &
sled, BEZE7RE 50 g0 400mLe] distilled water (DW)E 7}t
o] 100°CoA 2717 & E4FE SFith =52 filter paper
(No. 4, Whatman, Kent, UK)Z oJ3} ¥, 94152](3,200 rpm, 20
min)3te] JSNS 3T L Ho R 23] W Gt

G4FEE] US54 2 limulus amebocyte lysate assay kit

(GenScript, Piscataway, NJ, USAYS 73l S0 oH, 35
E 2 B35 UEa S [SpymL (0.1 EUmL) ©]&= =
4= Ak

Al
=

=
o
HEEES 673 (1820 g)¢] CS7BL/6 3 P-2=5 OrientA}
(Seongnam, Korea)ZH-E T-jsto] ARE-at}. L2 v
© ' AR UF AN 157 3R F wEs 25
AEZE HH37] ekl AREaITh 2 Aol AHE HAAEE
< d=AAEATY sEdd 29193 SAS el JY
31 BHKAERI-IACUC-2016-008).
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C57BL/6 "F-=2HE 24 2|58 FAP1(BD Biosciences, San
Diego, CA, USA)E ©|&3) tEf ZFE AFAsIATh AFAS
=55 27 A4HeEE 2 Y 4 (phosphate buffered saline; PBS,
Invitrogen Co., Carlsbad, CA, USA)Z 33 A3 F 1=
AAs] 5] B8 (red blood cell; RBC) S3lE8Y (Invit-
rogen Co.)E SmL A3t 1087F WA QA2 H4
2 39 A3t A8 AA7ZE &3] AASATE Eg 1
3 ZTAEE FAGAER E3A7]7] flste] 10% ZEjot
& A (fetal bovine serum; FBS)©] X&% o] 9+ roswell park
memorial institute (RPMI) 1640812 (Invitrogen Co.)*ll 2 mM &=
FEF, 100 unitymL YA H(penicilliny 2=E 3] Eulo] X (strepto-
mycin), 50 pM HTIE | eH-E(mercaptoethanol), 0.1 mM H|Z o}

1] = 2k(non-essential amino acid), 1 mM I]FELFAE, 20 ng/mL
FE A ER F A1 A (granulocyte-macrophage  colony stim-
ulating factor, M-CSF, R&D System, Minneapolis, MN, USA),
20 ng/mL IL-4 (R&D System)S H7lsted 8 &<t vt

=T 25 f= FX& MES ME 4ES "I}

3} R4 AEE 96 well plateol] 3x10* cell/well2] &
B3 T 37°C, 5% CO, ¥1%¥7](incubator)ll A 12A17F &
b wiFshax MEE @3] FHAIL BPWE A8
(WelGene, Daegu, Korea)oll £33Fe] 250 2 500 ug/mLe] =%
2 At B3, SAANERTEE AZ ol T A
AFgAS A, FeNETE AE TR (lipopolysac-
charide; LPS)E 200 ng/mLe] FE2 X2|3}ATE 24X & well
2 30uLe]  3-[4,5-dimethylthia  zol-2-y1]-2,5-diphenyltetrazolium
bromide; thiazolyl blue (MTT; Sigma-Aldrich, Co., St. Louis,
MO, USA) &9(1 mgmL)S 7Fsted 417§t vEgAIZITH
MTT AloFe] H712 FAE EriZH(formazan)S 07| 34
thol | g A ZAlo] = (dimethyl sulfoxide; DMSO, Sigma-Aldrich,
Co)E 100 LY H7Fstal 1A & wlo] AR EF o|E
(microplate reader, BioTek, Winooski, VT, USA)S ©]-&3}o] 517
nmollA FE4 =S =433, ZTF(control, medium only)2] &
FE S VFECE AE AYEES VASITh

Ao|ETIRl BH| TS "It

48 well platel] &5 13} FAF AIEE 5x10° cell/wellZ
F3 %, BPWE 2503 500 pgmLe] F=Z X233, gl
239 AWATNFRE 200 ngmLe] FEE ATt 24417
5, BEE i F A AelA A EFRI(TNF-o, IL-6 E IL-1B)
dFS SAEIA Aol BT FE-& ELISA kit (eBio-
science Co., San Diego, CA, USA)YS ARE-3le] 24 31%lor, o]
o Ale|EFRRIS] FEE J|Ed X3 e XF §HomH
H &R BEddo2NE ALbEd

Lo

MSEEA (1) (nitric oxide) RES W}

22E wF FE 100 uLell 5] Griess (Sigma-Aldrich,
Co) AE ATt 108 5 WHSAIZl F nlo]AR Zo|E
HA=5715 olgste] 517mmollA] FREE ST Askda
FEE oA E(NaNO,, Sigma-Aldrich, Co)S AHE-51o
B AN vaste] e

e =
o B

FR|MMES| M= =M &M QIXk(cell surface marker)ofl O
X A&

FASAEL] AE FAH B4 Q1A B vXE IS
A7) Y5t rhe-2 FFAERZRE BEslE FAAEE
7} 6 well plated] welld 1x10° 72 £33 5 BPWS 2503
500 pg/mLe] FE2 AR, FHAERTI AWATGT/FE
200 ng/mLe] =2 A3t 2447+ & kst =2 BPW
£ A A4 AZE 3t FA v BolHl At
S WAE] flst 3lgeE Z42he] MRl 1ug/mLe] Fey VI
(BD Biosciencesy2 A #]ate] 4°CollA 2087+ WES-A1Z] 3 anti-
CDS80-PE, anti-CD86-PE, anti-MHC 1 % II-PE (BD Biosciences)
o] FAE 22t 1,0008] A ste] Alxzed] At 30 &9F ¥
SAZIZL, FAIE $4]71(FACS callibur, BD Biosciences)S ©]-&
sto] FRGAES] M ZH A Ak wH| wX e JF
of #ate] EA STt

Ny



446 =2 Z 358 %] A 50 W Al 4 & (2018)

X2t M= =2

15740 £5lE Rl we-2E AF 9EHOR AN &
AFE FHdoz JE3t 10%2] AejotdA s} A Y
Az 2EE0lo]Al (100 unimL, 100 pg/mLyS 3§ RPMI-
1640 WA= 33] A|Hs & =& 2 7](tissue grinder, Corning
Costar, Corning, NY, USA)Z #A3lste] At AZ2E F2IAFA
th Alzggele] AETE A A °]3}°4 AT G3ds8
A (BD Biosciences)E H7Fele] AETE AAFAL, A7)
£ o3t AEFE SA U
X2} MZe| ME S5 "ot

96 well plateol] welld 1x10°702] A2} AEES BEF3 T
BPWS 250 ¥ 500 pg/mLa} ¥4 2721 Con AE 1 pg/mLe
Feg AL, 37°CE FAEHE 5% CO, AlE HjY7]olA
24X17F BF3E & WST-1 (Daeil Lap Science, Seoul, Korea) &
HS 7} Zko] wellell 10 uLA HA7}elar 2417+ B<F HeA7] &
450 nmollA FBEE SAt AE F25S Hreidh A2t
A EZE] S5 the 2ol oste] ALESI

Sample 2|7 FHE
Sample 779 FE=

Splenocyte proliferation (%)= x 100

X2t MzZe| hst Alo|EFIRl RH|s TIt

At 2Ho 2R E EEE HAIEE 48 well plateol] welld
2x10° 7|¥ B33 F BPWE 250 % 500 pg/mLe] T2 A
s, T3 g tIET7< ConAE 1pgmLe SL2 A3}
Ak 24A17F Wi =, wieF e el EAlEe Al EFIRIIL4
2 IFN-p)] 3ol #ste] A6t AtelEvlRle] k57
£ ELISA kit (eBioscience)s AMg-3te] =439

A4 =4

ol do] AgollA Hojx A= Statistical Package for Social
Sciences (SPSS, 10.0, IBM, Chicago, IL, USA) softwareZ ©]-&
sto] dLujAErHEA o R EAsIR o, A8 7+ {982
HA AHOZE p<0.05, oA ¥l
Y
BPW X2|0f| [ME FX[AMMES dEE EIL

BPWS] A7} FA A2 Alx §4}.‘:o]] HX= 3ol
ste] 7alr] Y8te] C57BL6 HFS-22RE ulist 5 Al

£ Bt FAd AlER B3 & BalE XA /‘ﬂi"ﬂ
SAANETE= BPW Al T3] QlikekEgds AT,
G dz2T2e FAGAIEY FAREE S A (mitogen) AW

2 9IHE 200 ng/mLE ims}wgm] BPWE 250 % 500 pg/
mlLe] FEZ Hsle] FAG AE AEES MIT WS 53t
o F7rslSithFig. 1). FASAIZAA BPWE 2503} 500 pg/mL
9 FEE AT n=4)3tAR-g ul, AlE FEEo] ZH2t 105.05+1.14,
107.84£0.45%% HZE S oH, ol SAHNWZET(CON)S}H H] st
A4S W BPW e HEES *}Wlﬂﬂ 2= Ao eyt
olzfdt A=z Ho} BPWe| AHTe FAG Ax tidt AE &

B AorA e Aow BRHTh B AT AGE A
AGYRE SEANES} ALY GARD EAAZ, A
AP A A B4 RS DU weud Axe) @
B Z7A7, Bl e] ARel B W@y Bo Al G

150

100

Cell viability (%)

o

CON LPS 250 500

BP (ug/ml)

Fig. 1. Cell viability test of bee pollen (BPW) in bone-marrow
derived dendritic cell. BPW was treated at the concentration of 250
and 500 pg/mL, and lipopolysaccharide (LPS) was treated at the
concentration of 0.2 pg/mL as a positive control. Cell viability was
conducted in triplicates (n=4), and the results are expressed as
mean+SD.

ZTEA WY AL vuslEd F2
FAVIAEY] BPZHE dhe 32 HoHd AYPEe] o
273l A3 F33 TS AT 5 Aok wEb B AT
M BPWY AHEEe FARNEY AEEA0] 9 nx|R| o
gtom % BpW Ao wE W XS Hrlslr] st 5
AgA L] At E7IRIF} AbstE A ] wHFel PIX= ol
#ate] A

AREEITHKIm 5, 2015b).

BPW Xz2|7} =X|& Mz=Zo| L

H|Eo]A 3Fo] 9 ]>
Aeta, Feol nF AuEs FHARgo Zd%é}oq, A o
g dee) B9¢ fEdch Bustd £

A U 29e do= d9L gHFow zﬂ‘ﬂov °] Dl—
©o 2 ARg-EthLee 5, 2006). WA AAR-g-o] F7HS Adtet
7] #13te] NO #4592 F7he FAVSAES] &/dste] gk vt
olomAR FE AR-ETHGao 5, 2000). Hlud e Fro
NO¢| H#Hle HoAE o] e &4 f= 4 fAlske $8&
gk 2l nuclear factor (NF)-« BE &3} Al7]3 WY 28-S
s = AA WY AR A"k
2011).
BPW2| A7} FAdA| 2 BAdslel| vl Jako) #ste] o
28k, 214 Aol BPWE Hz2ldt & Al 5o

o

7}sH7]

Al ARt BRSOl Hste] ZolRUTHEFig. 2). A
2l AE FRE At A A EH5n=4)0] A
=718l % % st ¢ QIh Ed Al A JES vlH|
A = 2507 500 pg/mLE BPW= A 2]sl] NO2| #

e
v %%6& ZQ_IJr BPWE A0S 44, % &=
D] BHlsS STRTIE JoR J‘ﬂr’é‘ﬂi’idp v
FAFA L] Pz A thdRe] Aot Blwd
Ardog o Row wol BPW| AEE W ZHIAEA]
AR Ae] BHeS FelF o STMTIE AoR AlEHM,
Boh Wlg 248 9lste] BPWE AlolE7IQ] Hulwel| st
HE3A

BPW 2|7} +X|& M=Z2| A|E7|2l =2H[S0l DXl A&
FAVG AEE 2 FAA|ES0] N A=ol| ofsf 248t =



Y 22712 (bee pollen)?] A A &3} 447

20

15+

104

Nitric oxide (M)

2000

1500+ — b

1000

IL-6 (pg/mL)

so0{ d

L

T T

CON LPS 250 500

BP (ug/mL)

IL-1B (pg/mL)

2000

15004

1000+ C

TNF-a (pg/mL)

2
<
o

1000

800+ =

600

400+

d

-

0 T T

200+

CON LPS 250 500
BP (ug/ml)

Fig. 2. Nitric oxide (NO) production activity and cytokine (TNF-a, IL-6, and IL-1) productions activity of bee pollen (BPW) in bone-
marrow derived dendritic cell. BPW was treated at the concentration of 250 and 500 pg/mL. Lipopolysaccharide (LPS) was also treated at the
concentration 0.2 pug/mL. After 24 h, cytokine productions in culture supernatant were measured by using ELISA kit (n=4). ***“Values with

different letters are significantly different (p<0.05).

W o] A, 5 Hlolgzu Alwtel] 29 MEE
AH{H 02 ghaste] APEATIAY 7HFA 0 WA EH S 43}
£ AllETRIolg: BS AT Lee 5, 2012). AlPIE
7Iele ool AARZA 9 g Wtk o) HAHE 7b
9 < A3t st Al diske] § A Alxet =
5ol frIFoR A4 F UAEE ZokE BN ol o5
9 I & of X wjS Fag A%
< g AP A2z Bh)she gl Aol ERlCE
2 , 2 FAIHES EA3)
AZ2A theket B2 WY 48 ddsle AR A
(Calixto 5, 2004). TF I} A= E&A e TNF-o= A
A E7E BHlshs dlEAQ] AlETRRIC R &
slol] 7]Q18tar FFM 2 st st AlEsA
SR o gelol] e FE MEe] AdlTEE
AR E F43} AA Z7] Hukso] Fa3 o
thKim 5, 2004). [L-6= HAJWHS- =8zhe3 95
N =

A|EZRRIC R FEAE £3E fr=ste] B AlE, T Alxe &
3= FANNAY 2 7 Aslo] HFzEe] ol
A

& off
o
B
i)
ol

A7 Fste] Fe8-S vehliAY 2
7Ieg 2Aste] oA ] Fdl we A5 A
shehar G JthByun, 2015). IL-18E

Henkgol] #ojste] AARLE Ha
FEAAE] 24 A, m=APES B AESH T
o] JRANEES WEA F
THCho &, 2017). B3+ ©]2]gk Ato] E7IRI
AAE SISt AL wRE ol 4
1 AQAE AFAIA S5 Akl
THITL HAEATHRyu 5, 2006).
PWe| A 2|7} FAFA 2] Aol 271

EY
H
o
2 fr K
b
il
b
™=
ER
R
o
2
2
18 4
=
oo

2

J

ofy [0t
= K orlo
an

& ZozAe] ©

ueba] 2 ArelA

Mg
3

=

o A= IS Hrsh] et A AE] BPWE FE
(2503 500 pg/mL)E A Elate] v FFqell EAls= Aol
E7RR19] S ELISAHS |83ty =73 th(Fig. 2).

FAUERTRA LPS A Al BE MM A BRI (n=4)
o] FH|Fo] Frlehe Ao HAEAUTE F=E (2505 500 pg/
mL) BPW2| #2]¢o)|A TNF-o, IL-63} IL-1p2] EH|HFS F=
O|EH O F Ao BRI HH|Fo] Frkshs AoE AAFHUT
olg]st As}Z w|Fo] Hol BPWE Hele FAIHEY 4teld
21 BH F5%5S S7M7E A3 A Al EFI #
T% 3 ke AoE #EEe] FRPAEY] WY EA0
7195t Aoz ddE

BPW XE2|7} =XMMZS| M= =M &M °IX Dixl= A

FAG AEe FAE AFH6H T Alxol FdE AATe
Al AEZE] F2E frEsith £ AE7E T AZE 43
e AL A F 7 QSR Um ¢ Aok WA FRGA
7F A FLES Elste] ARlel TR e FRAATA
3| (major histocompatibility complex: MHC) 2}3 3l Ao
e HEl|=E AFAA T AX 3 F8AE A=Fete As
7F Aok T R AlEe] AlE FH AR Kcell surface
activation marker)?] EAR= AE Fwo] B2E whz BExlg T
Az F9 wild BAE A5shs A2 Ve § Aok ods
WY AE2TES AXEH 7Y e 91 &4 720 o
g AZE S olyg S sl E8F
sit}, ol#fet XYY CDe= 22 T/ HAXEE £
Asle AFelE w9 F83H ARSEH, Mlxe] &4dstet
ato] Fae AEZ AMEETHLee &, 2001; Piani &, 2000).
CD80} CD86> A A 2] E43ke Uehll= AE2A o
gk EA10] W] FTlelA HW dUAA T Sk, T

|

2z > oo
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Fig. 3. Cell surface marker (CD80/86 and MHC class I/II) expression levels of bee pollen (BPW) in bone-marrow derived dendritic cell.
BPW was treated at the concentration of 250 and 500 pug/mL. Lipopolysaccharide (LPS) was also treated at the concentration 0.2 pg/mL. After
24 h, cell surface marker expression was measured by flow cytometer using specific antibody (n=4). ***‘Values with different letters are

significantly different (p<0.05).

Mazeke] MAE 7F A& E-(cell to cell interaction)e Hv= TS
SRR CD80F CD86S Wd Z7te FAAAEe 243t
oF wj§- WA FHo| Utk Mo 5, 2017). & AFdAE= 4
A E7F B3 =S W 7RlE £8¥<U CD80ZF CD862| ¥
dol| Hateo] FHERA7E Tt 45U thFig. 3). BPWS
FEE250 9 500 pg/mL)E A2 SRS W A AlEe] 29
g4 A1 CD80} CD86S] o] TS T7hdE Ae #ET

< "J9te A HAAE %‘é}o}ﬂl 2|
Hdsle T Al2xolA HeAe] F48 AAH
= HANA FHA R FAL AA| & 4+ @\_7_ F23Z
g ?}Zﬂ (major hlstocompatlblhty complex, MHC)7} AE FE
o] wralsl= Tl 39S ATAA Agsith, =22
A= MHC 132 17} zH st 2d3stE A BhE ole

AZ B 22 o] AR SAStEH WHEE o] F
7kste] T Aol W& Fe] S A F Jom, T AZE
A or Gt A ] WS s A ITH(Piani
S, 2000). whEbA] - AgtelA] BPWe] X8l W FAEA
Xo] AZEH FA2AA] MHC class 13 IM¥&e] st 23
3 A3 fFoldog MHC class 13 11 2&0] BPWS] APE &
T &R AX FH BRIAEY FHS T/MAT= AL
2 AFEATHFg. 3). o1HT AAZ H|Fo|Hol BPWO A
A

ox i JN g
> @
£
c>>J rulo

i

>

i

A AR A TH B ket AdAes M
AAEE B} AY)E Ao AR

BPW 2|7} X2t MzZo| WEZ0| O|X|l= A&
AellM Aehe Fad wgrjaozs ddore ff=
= el tsle] 4 EE s Fdske 4712 B9k T

1504 3
-
9 b b b
2 100]
=
©
2 501
@
(]
c 1] L]

CON ConA 250 500

BP (pg/mlL)

Fig. 4. Cell viability test of bee pollen (BPW) in splenocyte
separated from mouse spleen. BPW was treated at the
concentration of 250 and 500 pg/mL, and concanavalin A (ConA)
was treated at the concentration of 1 pg/mL as a positive control.
After 24 h, splenocyte viability was evaluated by WST-1 assay
(n=4). *"Values with different letters are significantly different
(p<0.05).

P3| A& FiUt o]FoAe HZI|HSE olHd Y=
o] #Eshs "X v T8 onE ZH "diMo &,
2017). Aol thFst HAMEZEo] EAlsk=t, 2 T A=
7t 60% o3-S ApAEH, UHAl= B Alxet gAM|EE] At
A st 53] A= HP” Howke L e AHo] glon, 1
A7 7 R AQ 1Y AHER o]§E F AUrk(Shan F,
1999). ¥ ANz FAFHNEES Ao Z BPW/T AHHSA
o] WS TS FEstheE Ae SHY & A, THHA
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Fig. 5. Cytokine (IFN-y and IL-4) productions activity of bee
pollen (BPW) in splenocyte separated from mouse spleen. BPW
was treated at the concentration of 250 and 500 pg/mL, and
concanavalin A (ConA) was treated at the concentration of 1 pg/mL.
After 24 h, cytokine productions in culture supernatant were
measured by using ELISA kit (n=4). ****Values with different letters
are significantly different (p<0.05).

IL-4 (pg/mL)

& g@3dshe T Alxel tigh BPwe] ©
dobrr] flste vhe-i2RE ATE

=

% APBERY ARHAEE 23 F BPWE A8t 7<1E‘r

I

N2 A F2lFdd 1A ol Hste] H7FelAth(Fig 4).
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