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Inhibition of Inflammation Response and the Immune-related Protein
by Treatment of Actinidia arguta Pollen in Raw264.7 Macrophage

Sung-Kuk Kim*, Moon Seon Lee?, Si Won Moon, Hyo Young Kim, Hong Min Choi, and Soon Ok Woo*

'Department of Apiculture, National Institute of Agricultural Science, Rural Development Administration (RDA),
Wanju 55365, Republic of Korea

m In this study, we proposed the functional effect of the anti-inflammation effect of the Actinidia
arguta (A.a.) bee pollen and the molecular mechanism of its anti-inflammation. Two A.a. bee
pollen samples commercially available in Korea were extracted in 70% ethanol, and finally
dissolved in 35% ethanol to prepare a 100 mg/mL. The A.a. bee pollen extracts was treated with
LPS, an inflammatory factor, to Raw264.7 macrophages. The A.a. bee pollen extracts reduced
the NO production induced by LPS by approximately 60%, indicating that the A.a. bee pollen
extracts had an anti-inflammatory effect. In addition, the intracellular molecular mechanism of
the anti-inflammatory effect of the A.a. bee pollen was confirmed by Western blotting, and the
expression of inflammation-related proteins such as iNOS, COX-2, NF-kB, and IL.-18 induced by
LPS was reduced by the A.a. bee pollen. In addition, the expression of intracellular antioxidant
molecules such as SOD2 was also decreased. However, it did not affect the phosphorylation and
expression of MAPKs that related intracellular division and apoptosis. The results of this study
showed that the molecular mechanism of the inhibitory effect of the A.a. bee pollen extract
on hyperimmunity caused by inflammatory factors, thereby providing a basis for the immune
function of the Korean A.a. bee pollen and the increased utilization of the pollen.
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COX-17} COX-29] T 714 Fo& ZAI5H=t] (Bailey,
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2002; Moreland, 2004; Opriessnig et al., 2011; Marza et
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18,1L-8,1L-6, IL-12 Z12] 1! tumor necrosis factor (TNF)-a
= HY ukgo| A 71 £ 2 40|™ (Rubin and Reisner,
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4, Ho] A AR, Ald 9l EE0] YF FAof whet
T4 A4 9 gk 4ol @Al E ok (Roulston and
Cane, 2000; Szczesna, 2006a; Liolios et al., 2019; Mayda
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H3ME 27 (1-C, -0y FYst] AHE= ARE-SFAT. 2t
HASHE W JE 252 $15] 10 g2 100 mL2] 70% oflgh-2
of] g&Fsto] YWl stirring plate©l| 4] 12417+ o] Rk
o}, WHF & Whatman No. 2 BEE o|-&35}to] e[},
A s=71004 40| FFAHT F5H AEE 200
mg/mL9] FE7}t HEE 70% EES HUeh, B
9] distilled waterg H7}Isto] 2| ole-& FEE 35%7t
k= A&kl Al AdS 96 F555 045 um
9] syringe filter= ZE P}l tha Aol AHES wj7b]
4oCollA Hsteict.

2, HYX] 92 A|2}

Raw264.7 A2 HjFZ 915l Dulbecco’s Modified
Eagles Medium (DMEM), penicillin-streptomycin< Gibco
(U.S. A)APOA £945HE.2 M, fetal bovine serum (FBS)
2 GenDEPOT (Korea)Atoll Al 915t ALg-Sl Tt +
UeF FBS= 56°COllA 5027t inactivation? ¥, 50 mL
conical tube®]| &5-5t0] HyFGtLl PR AJof oA ARG
sholek. tiAA o] AF A=52 71 913 LPS+ Sigma
(US.A)APlA 't A ARSI, Al AEs 5
A& 913t EZ-Cytox Plus solution= DoGenBio (Korea)©]l
A 48+, Nitric oxide (NO) B7HE 913+ NO assay
kit= iNtRON biotechnology (Korea)ollAl -5ttt Al
FZo| A Tl 252 949t 2HFN-2 Invitrogen (US.A.)
o A 5= nonidet P-40 (NP-40)5 AR&5H9lom, o
e drdl g QlAkel HES 916 Western blotting©ll AH&-

H extracellular signal regulated kinase (ERK) (4695), stress-

activated protein kinase/c-Jun N-terminal kinase (SAPK/
JNK) (9252), p38 (8690), phospho-ERK (4377), phospho-
SAPK/JNK (9251), phospho-p38 (4511), inducible nitric
oxide synthase (iNOS) (13120) Z1&] 1 IL-15 (31202)+= Cell
Signaling Technology (U.S.A.)°A] 45 aL, COX-2
(sc-166475), nuclear factor kappa-light chain-enhancer
of activated B cells (NF-«B) (sc-166588), superoxide dis-
mutase (SOD)1 (sc-101523), SOD2 (sc-137254) 1811
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (sc-
32233)= Santacruz Biotechnology (U.S.A )4 745}
STt Western blotting®I 4] 22F A2 AHEH goat anti-
mouse-HRP (SA001-500)2} goat anti-rabbit-HRP (SA002-
500)x= GenDEPOT Al&-2 Tt AL, 9d AEo] At

3. Y MESE

ohef 3o 754 & Aol AR £ tiAA
Q) Raw264.7 A= A 2572304 F-915HA
o}, Al i 8k DMEM HiZ] ]| 100 units/mL 2] penicillin-
streptomycin?t 10% <] FBS7} Zd7He vz ol 4] v st
Fom, A g2 37°ce] 2= FA2 @Al 5% CO»
7t 3FERE w704 viFsteH, Al Alell=
trypsin= A 2]5}4] 911, cell scraper (SPL, Korea)S AH&-

stk

4. Cl2f H3lE FE22| ME 54 "ot

ot Ak 55 1-C9HI-C7F 7H Raw264.7 HAA]
Iof tiet Al =4 0t Ad kol ditt 242
3] lethal dose (LD)so S 2F1otalAt o}oict. Z} ol sk
FE520, 10,20, 50, 100, 200, 500 1217 1,000 pug/mL
o] Tk oJEA o dATI oM, WA Raw264.7 HE
= 96-well plate®] 2 x 10* cell/well 2] =2 Al4oto] B
SEAL 244171 3 A1z Tl B SRR o] martof] Tigh
iz oz oA A2lstA] gkal s gnts ¥
A3t ohf] EShE gl 35% olEhe A= A5t
Ch A HE 4R §, B OJEX 0 2 o] AR I-
e} I-C7F 2H2F A7He WAl = wASEAL HA] 24413t &
ot HijeFsto] Raw264.7 Al Z5=0f| tgh thf] HakE o] Al
=/ S Gkt Al 5/ H7H= water-soluble
tetrazolium (WST) -2 -5-8%F EZ-Cytox plus solution=
A o] 9] 17102 A2Jskal, 37°C Al Hjg7]olA] 2
AZE B 9ESAIZ] & 450 nm @] 1] SpectraMax M2
microplate reader (Molecular Devices, San Jose, U.S.A.)Oﬂ
A FBEE S

T
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5. Cf2l 'Eel2 &= NO 4d "ot

WA ME =4 FrloA AHE FE= 1 ug/mL &
O] LPS2} o7 Raw264.7 A| 0] A 2]ste] thef| ke
FZEE 1-ce -l tig NO A4 oA a7HE Brkeks
c}. Z} o] HolE 225 1-C9HI-C 5=+ 500 ug/mL2}
1,000 pg/mL2] F =2 2|5k LPSE 1 ug/mLe] &
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g Ao Astit. 2744 txa oz A HjgTS
2 AEZTT} 35% oS-SS A3 Alzv-g A4St
2, NO AJAdofl tiet 4 tiEw2 24 1 ug/mLe] LPSE
At Al EatS Aokt v ¥eki2 LPSE 7t
ShA] kil ohef) ek T o 29k A gt Aoyt LPS
oF o7 el k& ARt Aele-S AASklH 12-
well plate®]] Raw264.7 MZE 2% 10° cell/well ] 2
FoPal 24417 v &, A9 ol whet Alazof Lpset
ohef) kR FEEo] H7He mddS wekskeltt. 244
F &, Al B FAE 75k 9,000 rpmell A 10:23F
4 2 3|45}kl iNtRONAFS] NO assay kit
protocol ]| weh A S ZY 5kl 540 nm <] mHol| A &3
£ SRt o 24 JHE NO 42 S7otsirt.

6. Western blotting
ctefl ok dF Asfofl digt Ml W o Hs}

£ 221517] $13l Western blotting= A A|SFAE. 100 mm
dishl| 1x107 cell/dish® NZEE FF3taL NO B7ke} 2
< A o= Lpset v ¥ekE &= 1-coH II-C
£ Astgint. A2 2447 3, Al viFA-E A A5t
1 x phosphate buffered saline (PBS)Z 23] $=A2t &, 200
uLS] NP-40 lysis buffers A7}ota Al ZE Ssie 7,
S 3okt gl S 75 vortex®
F, 15,000 rpmOl|A] 20427t FAlE2]sto] 7Lt A4Sl
= 3]okoitt. 24 Tl A2 BCA Ao AYs
¥, 5% SDS sample buffer (250 mM Tris-HCI (pH 6.8),
5% 2-Mercaptoethanol, 10% SDS, 0.5% Bromophenol
blue, 50% Glycero)S 1 x7} HE= H7I5 3, 100°C
AN 1023t B Al=mE FHISHA. 30 pg] SHES
100 voltage® Al 4~15% TGX gradient geloll H7}g &,
transblot (Bio-Rad, U.S.A.)°llA] 12 voltage/7+# £ 0=
polyvinylidene fluoride (PVDF) membrane®]l transferst3]
o}, A 9] HIEo]A w5 AAE QIS 1% tris-buffered
saline-tween 20 (TBS-T)°l 2% non-fat dry milkE 37}3t
blocking solution &2 A2 A 2AIZF WS A 1 Tl A
9 A5S Yg FAE 1:1,0002 2 blocking solution
o] s]4slo] A-2A overnight ¥+-5-A1F T GAPDHE=
1:50002.2 5|45t ARSI 12 A °Hhg &, 1x
TBS-T 802 2 membranes 42| AI5tAL, 12} A<

host®]] w2t 22} FA|Q1 goat anti-mouse-HRP E+= goat
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anti-rabbit-HRPE 5% non-fat dry milk (in 1 x TBS-T)°]|
1:2,0002.2 3]A5to] A2ofA 2417t 5t HH-GA|ZA T
H-S & | x TBS-TE membrane< 43] wash$t =, ECL
pico detection system 2= MG ¥ ChemiDOC (Bio-
Rad, US.A.) FA] oA Tld o& HEsk3

Za Y o
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1. Chal Hel2 FE22 ME 54

Fig. 194 Raw264.7 SAA 2] Tfgt ch=f HEHE
I-C (Fig. 1A)} 1I-C (Fig. 1B)°] AIE =4 AvE Ltehy
Act. thef HSHE 1-C, -2 &5 Raw264.7°0 TSl 7F
=2 FE3 1,000 pg/mLoA T Al FAdo] Yeh=] oF
dom, 03| AE E2ES S5k 222 YEitt o]
£ Psko] o HakHEe Asie Aol thiol 54
2] oF7] wEof] Ao theh FAAd-E vER= Aol

1= skl dagle] ¥kt 37 7Fs = ol
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Fig. 1. Cytotoxic effects of A.a. bee pollen I-C and II-C. Dose-
dependent A.a. bee pollen I-C (A) and II-C (B). All of groups was
treated bee pollen extracts for 24 hrs. To determination of optical
density, add the EZ-cytox plus solution and measured at 450 nm.
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Fig. 2. A.a. bee pollen extracts inhibit LPS-mediated NO production. (A) Determination of NO production were carried out through NO
Assay kit of iNtRON biotechnology. 1 ug/mL of LPS and 500 pg/mL and 1,000 ug/mL of A.a. bee pollen I-C and II-C were simultaneously
treatment and incubated for 24 hrs. (B) Microscope image of differentiated Raw264.7 cells by LPS and A.a. bee pollen I-C and II-C.

2. LPSE QuE|= =0 st Clal 'Haleo] Xaj| Eat NO 28/ ZoiE Wetiltt. ot ki 5= 11-CE 500
pg/mL FE= LPSe} oM/ A2 -9, LPS T= A2+t

Raw264.7 AN ZF= Lps A2l wat 43 H-go] Hr} 50%9] NO A4 A5 Ve, 1,000 pg/mL2e] &
FIET 5 WSl WE A7 F9 ofth= Al A EE A3 te= 60% o1 No B A4 AE
°] NO JA S 915k Z1o]| 22 Raw264.7 Al Eo]A BRIt LPSE A gotA] ¢har ohef) HahE &1 A
LPS ZF=02 §= % NO A7 S7tol digh ofefl dste 2|3t Aol A4 9] NO Ao ) 2folE LER
FZ2E 1 n-co 8= eIttt Fig. 2A°14 LPS 2] gtk ol= Lpsell 9l FEE= dF = o

eF &7 el fekE F52 1-CE 500 pg/mL A2 A Aol FEE0] Adllshe 2e HoiFa ot ot NO
ol A= LPS T A2lol vl 30%2 NO A AsiE A4 oAl avke ol EokE e 4 Tk oJEH R
UEHAAL, 1,000 pg/mL O] FEE A2 e 737 °F 60%°] uehgtor, ol |ohE FE3E9 SRl #AlIjlel 9%
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Fig. 2BolA= NO A/ 7oA vehd A Jeis
EVOS XL-core microscope (ThermoFisher Scientific, U.S.A.)
dAn]F o2 gIgh Zloltt LpS A2 17 oF2 2t
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Fig. 3. A.a. bee pollen regulated LPS-mediated antioxidant-, inflam-
matory response-protein expression level. 30 ug of protein resolved
4~15% gredient gel. (A)~(C) All antibodies diluted in 2% non-fat
dry milk at 1:1,000 except GAPDH (1 :5,000) and incubated for 16
hr at room temperature.

Tk oEAH o= Lpsoll osl = iNoSe| TS oA
A Fct 57 HEE F8 el cox-2 JA] LPSY|

Oloff TrAo] Z7 =] YA, oheff A3l =55l ool &
aElom, 22k dF w7 EAE S/d3A7]= NF-«B
+ LPSel| oJsff o] 7= AR tef) H3tE 55
of oJsff A= glom, AFI WA A Ao EFRI &
o] sl E/dske 1L-18 HA] LPS Aol 2Ja o]
S7HE QA G o HEtE FE2ES AT eEN I
o] ZrAsktt =, Raw264.7 HIAA|ZE LpS AH=of| 2]
ol @5 W0l A= AL, o] Bl A4 iNOS, COX-2, NF-
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