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Regulation of Wnt Signaling and Anti-cancer Effect of Propolis
and Honey Mixture according to Filtering Condition
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m Among the various signal transduction processes in cells against cancer, the activated Wnt
signal is activated through the initiation of an intracellular “disheveled” signal, and it is induced
cancer through overexpression of intracellular TCF/LEF genes through GSK-3f and binding
inhibition of B-catenin. GSK-3f and B-catenin were overexpressed which correspond to
Whnt signaling pathway in PANC-1 cells as a pancreatic cancer cells. We prepared a mixed
formulation called “honeypolis” that honey and propolis mixture. Through inhibition of PCNA
expression and Akt phosphorylation, and increasing of ERK phosphorylation, honeypolis
inhibited PANC-1 cell proliferation. However, honeypolis dose not exhibit apoptosis of PANC-
1. This effect is caused by specific functional components in propolis and it was confirmed
according to the mixing and filtering order of the honeypolis. Cytotoxicity evaluation showed that
specific components had an effect on cell death, Western blotting confirmed that the reducing
expression of GSK-3B, B-catenin and mTOR protein corresponding to activated Wnt signaling
pathway in PANC-1. In addition, this effect has been shown to be enhanced by a mixture of
honey and propolis more than honey and propolis only. This result means that honey and
propolis mixture has synergistic effects and it can be regulates Wnt signal cascade on PANC-
1. Therefore, we suggested that the honeybee products regulates cell functionality about
molecular level and it can be used to possibility against cancer.

LWL E  Propolis extracts, Acacia honey, Honeypolis, Wnt signaling, 3-catenin

N B shot Attt T2 A= Fot ATt (Fisher et al.,
2013; Meacham and Morrison, 2013). 3ol JJoJ A& &

A2 A AAHCRE & HAR =2 AATES 7 @ 39l Aol AP, | 2 71BN =2 HERE
A7 ZAgholm, QI4Le] L3t Wl ¥k whA o] Hste] wh o] Wystar, o4 o] 79 FHed, Het, 71 8RS, A,
2} of g Eo] Z7 = o] 9ith(Siegel er al., 2013). ¥ &L AT IEo] =4 Uehdth(Siegel et al., 2016).
£ AR AHR]olA] Alzkst Aio]7] wiEe] fol| thigh ojgol= Feou; A e ¢ro] =2 H&S 2]

Received 9 April 2024; Revised 19 April 2024; Accepted 19 April 2024
http://journal.bee.or.kr/ Sung-Kuk Kim and Si Won Moon are co-first authors and contributed equally.
*Corresponding author. E-mail: wooso1(@korea.kr



Sttt (Schottenfeld and Fraumeni, 2006). 42 71&3 1 &
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al., 1996; Yang-Snyder et al., 1996; He et al., 1997). Wnt
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1. S{UZ2| A =

2 A AMgE B 2 Eeas U Fesdol
A T oA EY B2 Ee A FEHS AMESHS
ow AP F 7k o= FEste] Atstalrt. ¥
A E25g2 80% ot 1:19] Hl&= 25| &9
Stal, FF9] 32t FRSTE A7 o] e Ee A
250 uLE 7ot S8t th3 0.45 um9) syringe filter
= IEHSIATHMF). 7 34 A2F e m2EeA
£ 2odsbr] A dAllA B 22 EYA FE95 045
um2] syringe filter2 2}t e[S oh2, Eof 250 pLo]
n2EYAE F7toto] ehds] ZRbstthEM). F AR
o] it 2 EE| A B9 10: 10]9, ARtE A=
Azl Aejstr] A ¥4 Bakstqit.

l

2. Media & Reagents

A|Z el A8 i A]= Gibeo (U.S.A)AFS] Dulbe-
cco’s modified eagles medium (DMEM) 2] & AHE
stalow, Alat 47 JAE Al H7HE penicillin-
streptomycin G A] GibcoAtoll A S ASFATE. AL vl ol
429l fetal bovine serum (FBS)< GenDEPOT (Korea)
Aboll A FE]iste] H7Eski=tl, H7Fst7] A FBSE 56°C
oA 50423t E2/dset F ARSSEAT A2 =4 B7L
of] A8 WST Al2F2 DoGenbio (Korea)2] EZ-Cytox
plus solutione AH8-5F AL, Western blotting®ll A% 1
2} @4 % Phospho-Akt, Akt, Phospho-ERK, ERK, Bak,
Bax, Bcl-2, Cytochrome C ZL2]3 mTOR &A= Cell
Signaling Technology (U.S.A.)°IA #4391, PCNA,
AIF, B-catenin, GSK-3p 12|11 GAPDH+ Santacruz
Biotechnology (U.S.A.)°llA ottt o]UZ2]| A 5o

AR B8 9]t acetonitrile Fisher Brand (PA, US.A.)
®} trifluoroacetic acid (TFA)+= Sigma (U.S.A.)°lA] Z+2F
T,

3. MIZS HieS

Ao A8 LA EZFE= pancreas duct AZF2]
PANC-12 24| Rh=3tofstd-lof A ool AlthHy
&t Aol ARgstaint. thaEA Q] ”74/\1]i~1r°1 SH-
SYSY A7 oM 2F A EZF= A A L F2P o A
TF-dsto] AhaiFste Aol ARkt *ﬂi Hj ¥
& HiZ]:= DMEM 7]+ BiZ]e]l 100 unit/mL2] penicillin-
streptomycin, 10% 2] FBSE 7Fsto] AR&sE3lo™, Al
T 37°CR FAEIL 5%2] CO7HEF 5= wld7] oA
¥t

4, |L|E2|A HE2| ultra-performance liquid
chromatography (UPLC) 24

= HHlo] ohE T Aol tig Ho] 4E9 =4
< photodiode array (PDA)7} ‘25l UPLCEA] Waters
(Minneapolis, MN, USA)AF2] ACQUITY UPLC I-Class
5 AHgollnt 2] Halo C18 (2.1 100 mm, 2 um)<
o]-gsto] 30°ColA 245 71&7] FE+ 8 A
(0.2% TFA in water)2} £ B (0.2% TFA in acetonitrile)
£ AHgste] 2451929, 0.4 mL/min?] §8 £E2
0~2 min (5% B), 2~30 min (50% B)2] X712 F 254 nm?]|
A FASHAT iU ER A Algo] gt 2oz T2
dEE 2702 FHRE O A5 Z2EA B
A &5 Hwsloh tix Al JA] o] HF T
20% oleh=2 AAsta £ Alol= 32t SRTE =%
Sho A 2fshodet.

5. PANC-1 M|ZZ0j| Ci3t s{LIZ2|A HlEHe ME =M
Wt

AGLAEF PANC-1 A2 tigh & 742 Al <]
3 YZ2]29] lethal dose 50 (LDso)S 2Helat7] 915l A
2] sro| W2 Alx 54 G35 H7Fskth PANC-1 Al
EFE 96-well plate®]] 2x 10* cells/well®] =5 E7t
T, 2417 B9 IS PESIAI AT Bl Aol F
712 AR ] UE LS Adstet, ZREYA T
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Fig. 1. UPLC analysis of honey and propolis mixture sample MF: Each sample mixing before filtering. FM: Each sample filtering before

mixing. Honey and propolis mixture is 10: 1 ratio, respectively.

5 71E2R 003%,0.15%°] T2 Aot tix
F2A B} D2EeAst SEEA e DR EA
= A=t E &5 ARE Agsto] Blustglon, guj
2T 2= 20% ol A2w-= A5t 2H
Aol T Al =4 B7HE Sls 18] 22 25t
A M= ohE e Hlasto] A2 542 F7lskeldt
SUEC A Aelotal 24417t 0| EZ-cytox &8 Hf
A Fu] ] 17102 A 2lste] 2417 FeF v 7)ol A wEE
AlZ121 450 nm 2] SpectraMax M2 microplate reader
(Molecular Devices, San Jose, U.S.A)A SEEE =74
Skt

6. Western blotting

Al =4 B7Ee] 230 weh A=E AEoA
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7‘%_1-% ZF235}9] Western blotting= A A|SHATH Z+ A
o slyZ&e| 27t 24417 FoF AH HEZE 1x
phosphate buffered saline (PBS) (Invitrogen, U.S.A.) 2= 1
3] A %, 200 uL2] nonidet P-40 (NP-40) lysis buffer
(Invitrogen, U.S.A.)= H7}5FL cell scraper2 A|XE m}
st &kt 29 9HE-L 17,000 rpmOA] 20
21 Al elste] AFEHS 2451, bicinchronic acid
(BCA) &l Ao r AFotict. Add &
ol 5x SDS sample buffer (250 mM Tris-HCl (pH 6.8), 5%
2-Mercaptoethanol, 10% SDS, 0.5% Bromophenol blue,
50% Glycero)E 1x 9] H&7t EZ=5 H7Fskal 100°C
oA 10423t Fol TS HAAIZITE 20 pg®] T
Al=E Bio-Rad (U.S.A)AHS] 4~15% TGX gradient gel
o]l loadingStal 100 voltage®ll A 1A17F <+ AN &,

oflh I
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transblot (Bio-Rad, U.S.A.) FX|E ©]835}% 12 voltage
ol Al 73T polyvinylidene fluoride (PVDF) membrane®]|
transferSF ATt Western blotting A 2] H|E0]# Hh-5-&
ZFAsE7] 98l 1x tris-buffered saline-tween 20 (TBS-T)
ol 2% non-fat dry milk (with 0.02% sodium azide)E 3
7Fet gl o Ao 1A HEgAIZI e H, o] % 13}
FAIE A2A 1647t Tt WA 13 A T
phospho-ERK 2} phospho-Akt A= 1:5009] H-E&Z
A5k, GAPDHE 1:50002.2 3453 0w, 1t 2] g
A= BE 11000 H-&E 346}t ¥hSof| Al8s}iTh
12} 4] ¥ 3 1 x TBS-TZ membranes washlngO]'
a7, 22} A goat anti-mouse-HRP E+= goat anti-rabbit-
HRPE sodium azide® 7FoFA] %2 5% non-fat dry
milk] 1:2,0002.2 8]45to] 20X 1A]7F <t Rh&
5}t ©]2, 1 x TBS-TE membrane< washd}t1l ECL
pico detection system (GenDEPOT, Korea) 2.2 {4 o
ChemiDOC (Bio-Rad, U.S.A.) 2. & HE5I3H.

I Lok

=

Zin} gl N
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Fig. 191= A% sl &2 Ag 9] uPLC 23 Y
BRI Qo "E Y Aol wet Yehhe 205 BHH,
- 11]7‘4 ¢l peak= F 7] AlmollA] B] A FASHA LiE

O} 2780 A YEFGE peakoll A 2Fo]7t HAY AT &
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T B At BU AL peak’t A5t Yk
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s
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2. 5|L|EE| AL ME SH HWIt

AFAA T PANC-1 Al2Z20] Tigh S|YZ e A A=
O] Al 54 Elotqitt. sl E 2| A MFHFM AR &
Aol 2fotal 24417t Fofl WSTH S -8-8-8F EZ-cytox
solutionC. 2 A|EZ o] AMES HrIgct ZF A|m9] Ag] =
T on2EgAY EgtHLolE 2L E J]E0 2 003%
2} 0.15%= A=stlom, Ao AMSH txa-2 ofF
ALk Afota] ob2 A2t gufjol] tiet thx- 0= 20%
o] ofetES Aeet AR v wotgitt T3t S|YEE A
£ B 2 EAE Bitoto] Aket Algo]r] wiEe]
T 75 E9olA] o2 TR E AL B 717 Ao
A gote] Bl w5kt Fig. 22] 23S HH, MFE A 2|g
A= A2 5 9 A=l Aaglo] Alzof gt 54
= WERA 24Tt 12iv FM Al A= 0.15% 5=
Z704 E& A LRt AlROAA A|ZE FAJo] ek,
DR EA G A g 58 2Rt AlRolA] T et
Al =482 Uttt ol 94 LC =4 dlofEloflA] b
EP MFQF FM Al & 7t AR H3tol o3t Axt B g
E|20] Tl ot GAE AFE 7] 52 oJu| gt
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Fig. 2. Comparison of cytotoxic effect of MF honeypolis and FM
honeypolis 2 X 10* cells/well of PANC-1 seeded to 96-well plate.
After 24 hrs, honey, propolis or honeypolis were treated and incu-
bated for 24 hrs. Cell viability were measured by microplate read-
er at 450 nm. MF: honey and propolis mixing before filtering. FM:
honey and propolis filtering before mixing.
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Fig. 3. Honeypolis decreases the expression of cell proliferation-related protein, but it was does not influence apoptosis-related protein. 20
ug of proteins were seperated 4~15 gradient gel. (A) All of phospho-antibodies were diluted at 1:500. Dilution factor of total Akt, ERK
and PCNA were 1:1,000. (B) Relative intensity of essential protein level. (C) All of antibodies were diluted at 1: 1,000 except GAPDH (1 :
5,000). Primary antibody incubation for 16 hrs at R.T. This result repeat 3-times.
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ot X2 F A 9l FRFO] & 20% eSS A =gt
20}l Western blotting &2 A3 E& off
H2 2 APE Tl o] ¥iStE ER13Tt. Fig.
AE B tf 2o vl T2 Ee A0t 5 &7
= AP uf, Akt
fud 2 AJs AktO] QJAISHE TAaAIZ oW A
7 o Ae Z2EA gE A vt Akeo] QA4S A
o gt ol it =y Akt T 9lojAE sy
2271 o @yEo|dtt. ERK Q] ¢14tsh= FM U=
2 AmE AHS of ot S7HEET, Z2Ee
=0 2 A2e TFONA oS ZFeh 14rE vk
1, HA] ERK®] & #3te]| QlojA T FM S|YE= A A]
=279 a¥o|glen, o W2 ERK HHY A4S Y
With. Eo], Al Bgof it vl F9] shz oy
PCNAY| 7% FM sl & A7}t 35 3d d4E
EFATH GAPDHE Al & 719 loading ol theh t+to]
™, Western 22t 5|4 phospho-Akt, phospho-ERK —L&]
31 PCNA T2 o] WFAQk-S Fig. 3Bl LERH it

QIASLE A F o FMYt MF
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Fig. 3ColA+= Al oA Al APES fhshe o
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Cytochrome C9] W& Z71= vehz]| kot 12
Bcl-29] Z9-olls Tl Wdo] F7hE= A= Ve
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=
S

4. s|L|Z2]| A0 2|3t Wnt AMS A2 CHHZ

HAPGAA LT PANC-1 A EFOf|A] slHZ =] A0] 9
SFQF A5 24 tisf] Ehlstaict. ol gt chekst Al
2 A% g 3 Foll Wat/B-catenin 415 =0 A
wlo] Q= ThifE o] e g ERIgt A3kE Fig. 4A)A
SIS 4 qith. sl &R A A& FollA FM A&+ Wat
o] 4% 7jA| 2 0] F-0] 2= B-catenin THHA O] WA A
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of protein lysates were used in this experiments. Primary antibody were diluted at 1:

1,000 except GAPDH (1 : 5,000) and incubated for 16
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