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Synergistic Inhibition of PMA-induced U937 Macrophage
Differentiation by Robinia pseudoacacia Honey and Propolis

Sung-Kuk Kim, Samgyul Lee, Se Gun Kim, Mun Seon Lee, Hyo Jung Moon,
Sik Ryu, Sang Mi Han and Soon Ok Woo*

Apiculture Divistion, Department of Agricultural Biology, National Institute of Agricultural Sciences,
Rural Development Administration (RDA), Wanju 55365, Korea

m Macrophage differentiation of U937 monocytes is induced by PMA stimulation, which is driven
by the expression and phosphorylation of numerous intracellular proteins. We prepared
honey, propolis, and a mixture of honey and propolis called Honeypolis, and confirmed the
inhibition of macrophage differentiation by PMA. PMA at 10 ng/mL promoted U937 macrophage
differentiation, accompanied by increased expression and phosphorylation of TLR4, CK2-q,
PPAR-y, NF-kB, and SOCS3. Furthermore, the U937 cells differentiated into macrophages and
became adherent to the culture dish. However, when propolis and Honeypolis were co-treated
with PMA, macrophage differentiation was inhibited and cell morphology remained unchanged,
and adherent cells were not observed. In addition, propolis and honeypolis were affected the
expression and phosphoryaltion of intracellular protein molecules, decreasing the expression
of TLR4, CK2-a, SOCS3, and PPAR-y and the phosphorylation of NF-kB and PPAR-y. In addition,
propolis and honeypolis regulated the major protein of MAPK such as p38 phosphorylation and
SAPK/JNK phosphorylation and expression. Especially, honeypolis showed a higher effect on
protein expression and phosphorylation than propolis, indicating that the combination of honey
and propolis exhibited a synergistic functional effect. In conclusion, our results show that both
propolis and honeypolis inhibit PMA-induced U937 macrophage differentiation. And our study
suggests that propolis has the immunosuppressive effects, and our results provided in vitro
data forimmunosuppressive agents application.

WOWLIEER  Propolis, Honeypolis, U937, Macrophage differenctiaion
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At} (Bogdan and Nathan, 1993; Lee et al., 1993). T34

Gl = A A S =8 HAAAZA (Gautier and T 95 FHollA RolA o cluster of differentiation
Yvan-Charvet, 2014; Strauss ef al., 2015), O]-=<] oIt 44 (CD44)%t -2 E4 3H TS 54 extracellular
AHE AP EFRYARILl DR A A4 AR 52 = matrix (BCM) F= T2 A Ao F2E S (Geiss-
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mann et al., 2010; Ingersoll ef al., 2011). 2 Tl
£ wot TS Fof WA fAA 2R Ad<o)
o] ¥go A Al P WS} Az B S 12]al
lipopolysaccharide co-receptor (CD14), toll-like receptor 2
(TLR2), TLR4 59| 2 @A o] 45 E4o= ot}
(Henning et al., 2008; Daigneault et al., 2010; Mantovani
et al., 2013; Yoshihara et al., 2013). BFtH =2 o-integrin M
(CD11b), a-integrin X (CD11c), THAAZ A B 5
+ o 29 gl cpes ¥ FTH A B7-2 (CD86)->
A E T (Lanier et al., 1995; Ramprasad et al., 1996;
Ward et al., 2001; Victoria ef al., 2013). U|A=2} T A|3E
el Aol E7ERIO] A= WA Ql Al AL g 9l
interleukin-1f (IL-1p), IL-6, IL-13, tumor necrosis factor-o
(TNF-a), nitric oxide (NO)2t 22 Afo]E7}Q1C] A3/ o
2 o|o] Rt} (Brune et al., 2013). ©] I A AN E =
7 2] et o2 29y 542 g55te 7154
tHFAE 7HAAl E o (Gordon and Taylor, 2005). THAIA
Z7t Z4J3}E]= F<F nicotinamide adenine dinucleotide
phosphate (NADPH) A8l a 4 2 HE] YA E= reactive
oxygen species (ROS)= H T AAE w11 45 ¥
of tigt A% A vIEQAA FaF 74 8471 €
T} (Gordon and Tayor, 2005; Lawrence and Natoli, 2011;
Brune et al.,2013).
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FAIZITth (Mosser and Edwards, 2009).
A W w5 vi7stal A5 W
F} (Saric et al., 2015; Celhar et al., 2016).
ZA HjFZ Foll 5 AN E 9 &
Ale] oflgo] qlrt. o] &9 B & fldl
off £ Aol A A F sl stal,
U= A 7t e A7) "
J AN EE AT ARGl Wi AlREA o]
T} (Schwende et al., 1996). ©1&gF o] f-= AN 2}
A= Al &80 AR 8l U937 = THP-13 &
2 A ZE Gl A2 235} REll= go] ARET 59
U937 AT+ el o] E4& Ad "HEFolA Fai
%912 ™ (Sundstrém ef al., 1976; Harris and Ralph, 1985;
Liu et al., 1996), phorbol 12-myristate 13-acetate (PMA),
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25-dihydroxyvitamin D3 (VD3), interferon & retinoic acid
50 A=l wet vrefet AN 2R Z9HE T (Hattori
et al., 1983; Olsson et al., 1983; Kiley and Parker, 1995;
Moriuchi et al., 1998; Naldini et al., 1998; Song et al.,
2015). ©] & PMA°] 2J3t Z}=-2 protein kinase C (PKC)
o] 7t &AdAIQI diacylglycerol (DAG)S] FAMA 0|2
=2, PMA A2 A] U937 A Zof| A= PKC A8 M H 2
7} ZF % ©] nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) % activator protein-1 (AP-1)=
ARt o] A IS Tl AT FAA EH o]
S} TH(Chiu et al., 1987; Ghosh and Baltimore, 1990;
Pedrinaci ef al., 1990; Fan et al., 2014). 53], NF-xB T}
AL AT Al EZII 3ol Fa't A7t H=t (Li
and Verma, 2002), NF-kB2] Al @42 F2 IkB kinase
(IKK)2] 7181 Al oA & kBof| oo =82
T} (Baeuerle and Baltimore, 1998). gt mitogen activated
protein kinase (MAPK)¢t 22 gl Ao ddg 42 o
A Z/g5tE]| o] tiAA A FE3tol] JeFs 7
1997; Chen and Lin, 2001).
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2 EYAE AEoA fEE odtt 24& 0]
Ell-g Sgste] e Zlog $Hl I EUS X
ghotal Qiot. e T2 EE A EHo] HYS HIo}Y]
et olut HH O SAFH BES elots BHoR
-850tk (Burdock, 1998). LU E Q& oA g =
2 A5 A IS Qg 5o 2 Egsiy=dl, A=
ngEg o E2 71544 Edo] 23t AL o5t

of opQFst Bolo] 85131 )t} (Fernandes Junior ef al.,
2005; Sforcin, 2007). ZEE 2] A= o9 thofola e F5
ot S o] Eof EHlisS ookl Jl7] el @
o, A 121 e Agoll & o-8E oA it
e T Yeh 52 EvtE o] E9] Q17 75 A &
Fof] 5] RIISFR I (Yeh er al., 2021), Kim 5= X
Ze|A7F dzsto]n o] YR10] Bl tau T o] T4
S sl o e= EASHITH(Kim er al., 2021). E
ot Kim 52 MPTP?] 2I3F a-synuclein T4 9] o]A} &
e 2 EYATL 4T 4 Y-S B, ZRET A
X oA 7Fsd= RSt (Kim er al., 2022).
|9F Zo] e Ze|~0] 754 aitE o835 &8 H e
7F 2t =] 9l
2 AFolME Z=E20 U9379] Z3t A

http://journal.bee.or.kr/



S|L|Z2| Ao U937 THll 1 M 23t x|

et
OCEJ _:‘1::
—_ rOlI
rr "]“
o
2 1l
fu}
i ot jﬁl
N o
el
£
e rg

jg)_p‘
12
2
il
kﬂl‘

o
_?L
R
kl

%ﬂMﬂwmﬂﬂbﬂﬂ
7 0% ﬁQ:ﬁm%uaiaﬂﬂthﬁl
w5} o] Tt 71 AT b mulg
roz 440 A7E B AEdorE 2

o L
—|—4-|>~

of ThaA)
REER
oI},

1. 5{L|E2|A HiF

o oA ET T e
wofsta Qe & ECE
Lolt 3=F 10 mg/mL% J|EoR S % A& AH8-st
ATH E 2.5 g2 80% olleh-=1} 1:19] Hl&E E9sto,
vortex mixter} rotators ©]-8-5to] & @5] S3tokaitt. o
710l thA] L] 32 FRGE A
EYA FEES F7bolal o] £t th, 045 um
9] syringe filters ©|-&5to] BEH5IH T 2 Ee|A

=T Eo] 23] = 11009, AR A8 A5
71| §7 HskelTh

dqiﬂ*ﬂ*%%ﬂ*P
- Qi

2. Media & Reagents

AL v eFo] AFHEH B R Gibeo* (Gaithersburg, MD,
USA)AHE] RPMI1640 BIAIE AE5FloH, o= 4
Z AAE {3l GibcoA] 100x anti-antig XF 1x
o] Fr 2 Hfz]o] 3475ttt Fetal bovine serum (FBS)
+ GibcoAt®] Heat inactivated FBSE Tioto] A|E bj
& HiA19] 1710 Fo= H7IstA. A E 23S 9
SF PMAE Sigma-Aldrich (St Louis, MO, USA)IA] ¢
51319 ™, Western blotting®ll AFH&-H 12} 4| 5 CK2-a,
SOCS3, PPAR-vy, phospho-p38, total p38, phospho-SAPK/
JNK 12]1 total SAPK/INKE Cell Signaling Technology
(Berkeley, CA, USA)lAl 19I5}%1.2 ™, TLR4, NF-«xB
712]31 GAPDH= Santacruz Biotechnology (Dallas, TX,
USA)oflA F+dsto] AHg-sHdT,

Table 1. Experimental condition for this research.

Group Experiment condition
Media NT
20% EtOH Solvent control
DMSO Solvent control
PMA 10 ng/mL
AH 25%
Pro 25 ug/mL
AHP 25% AH + 25 pg/mL Pro
PMA + AH 10 ng/mL PMA +25% AH
PMA + Pro 10 ng/mL PMA + 25 pg/mL Pro
PMA + AHP 10 ng/mL PMA +25% AH + 25 pg/mL Pro

3LHEF S S Z2EE| A0 HAME 23} X

Aol AHEE U937 BT A EF= A 725
of| A F-}ysto] AlhefFste] ARE-sHAT U937 Al 2=
A I B FH o] suspension™|©] ZH2}7] w2l 20 mL2] =Y
212 AFgsEIL, A|ZE HiSF 2L 37°CoA] 5%2] CO S
SaotHA sttt

T2 ZaA0} sJYE A0 U937 A EFE thAAE &
3t AAIE Felstarzt shelet. A 23 U937 Al
Zof 10ng/mLe] PMAE AEsto] fstdlon, =2
E2 9 SIYEHA] HAANE E3} AAE g6
el oA E, ZrEYA T8N SYERAE 22 10
ng/mL2] PMAS} HA| A iof| 2 2] skgit. Al 2ol A 2%
L2 EAA Bl 25 ng/mLE A5t 7 Aok
A|stal 24417t B2t wiFotal, o & Thermo Fisher
Scientific (Waltham, MA, USA)AF2] EVOS XL Core &@H|
Ao g M FEE FJotnt. A A 21& v
o] gofshairt.

Th. U937 A= v g Aloll FatEA] o
A2 AstAE pMAC] olal 2kt
ot A= vy HA] vl R wabA Al
ol A 2o wheh ol FEo] Gex|A |
oh @uF o2 Mg gelstal B2 AEo] 79 uf
Z]& A|ASHLL 1x phosphate buffered saline (PBS) &4
o2 13] FA%F H, 200 uL2] Nonidet P-40 (NP-40) cell
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4d=, o[ A, ZMU, O|2Y, EaH, § &, oH40|, 25
lysis &8-& 75t cell scraper2 A|EZE -8-5lstict. Aot m2EeAe} sjyEe Ao oo £37F oA
B39 AMlZE+= 50 mL conical tube®l] EOFA 3,000 rpmO]] H Mz FeE HolF ot PMAR A=E%] &2
Al 1587 dARER o, vlgdS AlASEAL 10 mL U937 A= vjZ]of| A B/otHA T FEio] AE 3
9] 1x PBSE A7Foto] A5 200 pL2] NP-40 cell Bl Tl QAT PMAR A5 79 AliEe tfAA
lysis -&H-& H7F6FL, vortex mixer= 7FSHA wHFs}o = 7otxo] A& FHE FIFE 7T ofd FEg §9
dA-S =E5kth FEH A2 bicinchronic acid Ho] Yeptal vigrol] Kzhel Jej= v A "ok 11
(BCA) & Aoz AeFstict. A o4 U & T2 Ee A 20 sYELAE U937 AlE

o] 5% SDS sample buffer (250 mM Tris-HCI (pH 6.8), 5%
2-Mercaptoethanol, 10% SDS, 0.5% Bromophenol blue,
50% Glycerol)S H7Fstal 100°CANA 1027F boilingst
of Sl ES HAAAH T FHEH A Alg 20 ugs
Western blotting ]| AH-&-5FSITH.

5. Western blotting

AeFE A 20 ugS 4~15% TGX gradient gel [Bio-
Rad (Hercules, CA, USA)]°]l loadingSF, 100 voltage®ll
A IAIZE FoF e Eabeo] whet £ 63T Gel
o] ehlA-S: ransblot (Bio-Rad)S ©]-85}F9] 15 voltage
oA 587 polyvinylidene fluoride (PVDF) membrane®]l
transferot . Tl o] X4 o]%H membrane= 1X tris-
buffered saline-tween 20 (TBS-T) 2ol 13] $AIgH H,
A o] vl Eo]A vk A2 215 0.02%2] sodium azide
(Sigma)”t H7FH 2% non-fat dry milk (Bio-Rad) -§-2¢]
A2l A 1A Bt HREAIZAT o] 7 A el A
=2 Slall s A= 1: 50002 5|45k, 1 9 o
2 12 A= 1:1,0009] s]Avf&= Aol A 20417t
B9t HESAIFH T 0] % membrane= 1x TBS-T £
2 AIRE H, 12} A9 sourceol whet 22F A1 goat
anti-mouse-HRP F+= goat anti-rabbit-HRPZ 1 : 2,000
©] Hi&-2 5% non-fat dry milk (without sodium aizde)©]l
5] Asto] A2of| A 2417t <t BE-EAIZITH Membrane
= 1x TBS-T= 53] A3t 5, GenDEPOT (Baker, TX,
USA)AFS] ECL pico detection system 2.2 A oF-2-
ChemiDOC (Bio-Rad) S 2 EZ THiid-S AZ5]K Tt
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1. Z2E2| A SLIE
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2|20 o/t Chel ol
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AP dle AT FE2 FHE 1 Ak PMA
oF E& Aol ARt A, B2 PMAS BikE A5t
A Z5tn] PMA T A 2jef npriA 2 AliErt Z5hE
FHl= UEhdth PMASH Z2E2 A PMAS} S]UEd]
A A Apole A 2 52 FH AlxE
ZASH o, o] ZREYATE PMAS AZ TS
2psto] Al 2315 AR 28 ol Qlrk PMA
o] gul =722 A8 DMSOE A2|gh Aot
=, Z2EYA YEYA gl iR os ARG of
ol Al FeE7t Bt T4 Ao s L
How, ol tAA|ZE 23} ¥ 7140] PMA, Z2EF
2 23 slUEE A Fofl oJsiA et A ofn|
ghet,

2, MIZ L CHHE Ot Eelg S8t Z2Ea|A9)|
2 AH|

Fig. 20= tHAAIE Hol A T s Tl g o]-8s
of T2 EL A0 tAANE E35} oA 'yt 1124l sjUE
g 2of ofgt 13} oA 7154 A fiﬂr~ e 9
of AlE of ohefRr o tﬂél*ﬂ =
TP ] A o QWQ}HL
o] Western blotting= & e
T Al A AN R BahE off Yol 7ok o
FZ 9] utz] HZA.C TLR4, PPAR-y S5°] A5t ot
2 o] QAL F7HE Bl I & Sl b T
2 NF-xB, CK2-a, PPAR-y 5°] 3t} £ =woA+= 4
Hh2] o 2 ezl np7 ghld o] 9o SOCs3 Thal A of i
ﬂﬂl A2 Eote]] A b Tl QS ks
JIAI5EAF $Het. TLR4, SOCS3 Z18]1 PPAR-y= PMA
T A7t AFEE Fdefo] S7HEM, NF«B, CK2-a
T19]31 PPAR-y= A4S} 7T PMASH 97 B
AP 7oz 23t A B UEhtA] 9241 PMA
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S|LIE2| A0 U937 THH T M 23} oA H|

PMA+Pro

PMA+AH

PMA+AHP

Fig. 1. Change of the U937 cell morphology by PMA, Robinia honey, propolis and honeypolis. Cells were treated with PMA (10 ng/mL),
AH (50 pL), Pro (25 pg/mL), AHP (25 pg/mL including propolis), PMA + AH, PMA + Pro and PMA + AHP for 24 hrs, respectively. 20%
EtOH and DMSO is solvent control (AH: Robinia honey, Pro: Propolis, AHP: Robinia honey + propolis mix).

A gt Aot Aol 7k YISt v 22 Eej A0t 5
YZFAE PMASE @7 AT %9 TLR4, PPAR-y 1
a]_]__r SO CS3—4 I:]-Hﬁ;do] 1—1/\1-_7-3,]- u}x]—ﬂ-;{]_,] _/'\_z_oi
o] ZHAE| AT} ESF NF-«B, CK2-0. 1831 PPAR-y
it A A o2 UElh 535]. NF«BY
A2t} PPAR-y O] @A} Q14tStof| Qlof 71574 axt
2EPAE ARRT ARG S| ER| 20A | Aet
AE UEh o] B T2 EYATLE

e HA EH
A2 Bl AAof gt 754 s aytE vEhl
T} GAPDHE= 2 A3 oA AFE-H A5 dj 2ito|Tt,

3. ZREa| A0} 5{L|Z2| A0 o[ MAPKS|
NS A2 xH

ST AR EASk= U937 A7 PMAR A=E
o] AN ZR E3bd of U= MAPKS] A5 H =2
T A o] Q14tste} WHd-& E915H%I T MAPK A=
o A tEE= p38¥ SAPK/INK | ¢14tste} vhed-S 5t

HU

>
5 -PMA +PMA
< o o
= xx 2 T r & =
= w oo a0 < < a K
e e 2—-—-<TLR4

- wwe e 4NF-xB

-"-‘-—-

- s e W CK2-0

e d Lad 4S0CS3

= ¥ s » <PPAR~y

W ——— S——— vy s < 4 GAPDH

Fig. 2. Propolis and honeypolis regulates macrophage differen-
tiation marker expression and phosphorylation 20 pg of proteins
were resolved in 4~15 gradient gel. All antibodies were diluted
at 1:1,000 and incubated for overnight at R.T. This result repeat
3-times.

3+ ATS Fig. 3014 HoF1 otk p3se] A thAl
AEZ Fohe o Shude] gagele Jol} theht
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4=, 0142, dH, o=

>
s -PMA +PMA
< o o
= xx £ Tz £ I
= w oo < o < o <
o — wwe w4 Phospho-p38

D S S S Wy W S Vs ) 2 4 TOMal P38
S S G G - — s - ww= 4 Phospho-SAPK/JNK

- v o QD e W W 2--4 Total SAPK/JNK

Fig. 3. Propolis and honeypolis regulated MAPK kinase phos-
phorylation and its expression. 20 pg of proteins were used in each
experiment groups and seperated in 4~15 gradient gel. Phosphor-
ylation antibody of p38 and SAPK/INK were diluted at 1 : 500.
And total p38 and SAPK/JNK antibodies were diluted at 1: 1,000.
Antibody incubation for overnight at R.T.

2] AQATH ESH &, R E A T2 sUEE Ao 9
SfiA ke Tl drd o= oJRko] vrehkA] oottt T1eu
PMA, &, Z2 &~ T3 §YE2| 2o oJsfiA] p382]
itskrt A H o] UERTH PMA A2l 23] p38<2] <l
AP A, T2 Ee et s|yEe A o5 <l
A2l oAl Z7Fd o] YT 8L PMAYE 225
2] G2 AH A E T2 Ee A0t s|UEE A= p38o]
SRS S7HAZ =T, o] olE°] A2 MAPK 2
% p389] }ﬁoﬂ 11%3 ook Q- ofu|ei),

e}
‘*E‘r PMA°ﬂ ool o]F2] Mt AR =], &
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Ely
S}
o

o o

g A0} SlYE AL AFsh S o & Atk B
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AFAES & & e, 22E2A%) sjYEA
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o] A5t A A A ALg-o] 42 o|th(De Bleser et
al., 2009). - Z =1 HE oA T Afo]EZF]] Z-Fo]
Ofgt M o ¥hg EA7F 2 A 24 vE Qlek(Sun er al.,
2020).

2 AFollA= dEAQ FeiteEd B T2 EA
£ &-8oto] Y A 7Hsd=
AN 23 S A 5 e 715 A
oA AEokadnt. o] o] Aol A e ThelLo] T AlA|
X B3} 7oA carbon monoxide (CO)2] 23} A3 &
¥+ 2 7 g9l HO-1, CD14, CD18, ICAM-1 59
gHol5} I A (Kim et al., 2017), 2 =R A= A
71GAECR &4 8T 5 e FeAES &
oto] thAA|E E3tol| Fhofoh= Tl E Tt Al W 4l
Ad 71 et i Il 9 7)5 HIE g}lst
}.

PMA A= 2Jsf] U937 Tl A|Z2] tAlA| . 23}
7} FE =, o] 32 TLR4, NF-kB, CK2-a,, PPAR-y 5
o] et Wrdl o Qliksle AYHES SRIsHiTh =
EZAe} s|UEYAE PMAY U EE o T
A 7kt QS JAlstl e, 6] sjy & A7t
o 2Rt A RS eIt ERF 7]E0] H R 7]
Ad =22 AN E E3} 1Al sSocs39] HAFT7H
7} PMA Aol 9Jsf] fFrdS SRIstA, T2 &eA
9 U EHATL o] & AATE st ol HEl
O] thAA| 2 73] A2 Tl o] oS A A|5HH,
Fe HANE B} M A1S YERAE FHshs
T2 d 5 AS5S AR F7H 02 MAPK 4
T AR QA A AR Z3to] TojshH, ﬁiiﬂl/\-‘&}
YEe A7t o B= dado] QikelE £
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