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Antiproliferative Effect of Drone Pupa ( Apis mellifera L.) Extract on
Human Hepatocellular Carcinoma (HepG2) Cell Line

Seonmi Kim, Se Gun Kim, Soon Ok Woo, Hyo Young Kim, Hong Min Choi,
Hyo Jung Moon and Sang Mi Han*

Department of Agricultural Biology, National Institute of Agricultural Science, Rural Development Administration,
Wanju 55365, Republic of Korea

m In recent years, edible insects have caught the attention of researchers, because of their potential
as an alternative source of food and nutraceuticals. Based on the record of use for edible and
medicinal purpose, drone pupa was approved as a new food ingredient in 2021. To investigate
the possibility of antiproliferative effect for malignancy, we observed the viability of HepG2 cells
by treating the extract. When the extract was treated in HepG2 cells at 10 mg/mL and 5 mg/mL
for 24 hours, the cell viability was 49.33 and 66.98%, respectively. Detection nucleosomes in
cytoplasmic fractions showed that drone pupa extract induced apoptosis in HepG2. Western
blotting was used to evaluate apoptosis-related protein expression such as Bcl-2, Bel-xL, Bax,
caspase 3. Our result suggest that drone pupa extract have apoptosis-induced activity in HepG2
cancer cell.
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7} 2188 %] 11 Itk (Lim and Byun, 2021; Qian et al., 2022). 2021 9dofl FAZNA LT, viZEH 2020 -2
T AFUER 57HE EF o2 vF7], Fofl, WA 2} APGRIEAl A=l W2 W S87] 8% A, &
A ], ZMAA Y, | AR, FTT S 2 87 AlE AR ofo] FE ARGQ]
do] /F, ol ARA Y, - ERH 77} Qe o5 o8 Ueton A AP 27%w o= AN, oF
2 FUHA o R =2 Thil Ay 2Hks ehRota glom APTELS Q1 109 WY 160.1H 22 2019WHT} 1.2%

Received 31 August 2022; Revised 8 September 2022; Accepted 22 September 2022
*Corresponding author. E-mail: sangmih(@korea.kr

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



7} S715E 2 0 2 et} (Statistics Korea, 2021). &2
ool A e ARl 2910 SRl Ao AL
O] IEZE LGS HEAY ZAISH= programmed cell death
(apoptosis) 9] 7ol A7} &= Rl=HY AT A= A
A5kl Stk (Siegel er al., 2022).

Programmed cell death (apoptosis)i= caspases2til =2
cysteine-aspartic proteases 2] -gel <Jsf wj7i=]= Al
Atolm o] G A= apoptosis®] FENZ, Aot EAAS

A gttt dE 9 phosphatidylserine externalization,

WO

chromatin condensation, DNA fragmentation, apoptotic
body=2] AJ/doIth(Gabler et al., 2004; Elmore, 2007). &
AL 2] H]HAFA QI programmed cell death 71732 A4S}
St 22 o o W A= 0] ®Ao] E & 9o thefet
TP EZAA HZAPE S sk FAlel B 4=
o] %3 Qth(Suo et al., 2015; Ji et al., 2016; Zhao et
al., 2016; Chen et al., 2020; Liu et al., 2021; Rodriguez et
al.,2021).

A7 = HEof &3 B F<1 Apis mellifera L.
strain©f| 4] A4tet A8tF o v A AEdRR 5|7t
of TheFet A I w3}, 7
of %9 9}
26.2%°] A% So s o

HIERY 58 Ghioin] SR4T 2e Sl AR o
g et AFdERE BT (Kim e al., 2018; Choi
et al., 2019a; Kim et al., 2019a). THHAE|7]9] =2 T
Aol ot oflicilz Eetstal 9lom gt A
QA hegRt BRSNS o ohe A o= e T
(Kim et al., 2018). A B7H] $-HHH7 | = ke, IHH T
750l E2s = B0 EiE H th(Kim
et al., 2019b, 2020; Kim et al., 2021,2022). ©| 2|3+ =] &
4 Hole W 7|7t A= o BAdA 1 Al ZATE
718 AAHo 2 St 4= 9lxz] aolH 7] 95t A
2 hepatocarcinoma cell line S! HepG2 A|Z5 tjAo =2
apoptosis = X 1 T 7] Ao o] gotr 112} 5FLt

100914 6.8 0] NEFE 2EEL Qe o] £EEL 3
A, oRotAEo|E, REHS AR 725t 2

0296 g, 0.824 g0 F227} 329 g9 B5-S 79HsE35}0]
Atk o) F B5-& ABSIATHKim er al., 2021).

0

ZO

2. M| i

2 AolA AHEF HepG2 Al = AP hepatocarcin-
oma cell2 10% fetal bovine serum (GIBCO)$} 1x penicil-
lin-streptomycin (GIBCO)E 72t MEM (GIBCO)< At

23519 37°C, 5% CO,2] Z7 0| 4] uljoFste] AR89t

3. Mz=d

TR 7] 25 Al254dS =Rlsty] fI5ke] 10%
fetal bovine serum (GIBCO)2} 1 x penicillin-streptomycin
(GIBCO)E 47}t MEM (GIBCO)& A3} 37°C, 5%
C0O9] 74 2] w5t d HepG2 A ZEE 1x 10
cells= 96 well plate®]] #5510 16A17F B2t A ZE Hf
FAZ. HEAY7] 79 55 10,5,1,05,0.1,0.05,
0.01, 0.005, 0.001, 0.0005 mg/mL == 2|5} 24,
48, 72, 96 A7+ “&QF HI ST ZF well & EZ-Cytox
(DoGenBio Co., Ltd.) solution= 10 LA 75}l 34]
ZF B2t 37°C, 5% CO, 274 FEGAIZ] F microplate
readers ©]-85+ 450 nmoA SFEE SH oAt

24

4, 72 E A=

opd

Sandwich enzyme immunoassay &0l T Cell death
detection ELISA kit (Roche)E A8-510 apoptosis7} -+
=S o 5= 2ZP nucleosomes AO|EZ0) A A
ZE5H= AE-S AWHSHATE. 1% 10 cell/well 2 96 well plate
ofl HepG2 cell& 255101 16417t 53 HFAIZ] & = H
7] &2 10mg/mLoE 2|5}t 4, 8, 16, 24A17t &
F gt Azl EFA A 2]ste] YEe]ste] e
A3 pellet©]] 200 pL lysis buffers 1! 3027+ H2]5}A T}
13200 g2 10 Bt Aot A2 Ak
kit A Al-5-g Bt 2 ELISA assay S 5353t

5. MEABRH{

HepG2 cell-S 2x 10°/well AZEE 6 well plate®]] 55}
16A17F B3t Biokstolct, o] & £HHdy] #8 55

10 mg/mL == 4,8, 16, 24 h A2 gF & RIPA buffer
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MOy =E=

S AREStA] cell lysateE A|X3 & BCA assays &0l
lysate @] T Hfe AASIA. ZF A== 4~15% Tris
Glycine (TGX) gelfl 10 ug®
buffer (0.025 M Tris, 0.192 M Glycine, 0.1% SDS, pH 8.6)
£ 100 VE 2hrs 5%t 7] 95010 A7) 950 2 &
Turbo blotter (Bio-Rad) 71715 AF&-5to] 25 mVE 727F
715 &2 PVDF membrane 2.2 ©]- A1 & 2% skim
milk blocking buffer= 247t 5t membrane-S blockingdt
ST}, 12} antibody (Bax, Biolegend; Bcl-xL, Cell Signaling

| loadingdt1! 1 x SDS running

Technology; Cytochrome ¢, BD pharmingen; Caspase
3, Cell signaling Technology; GAPDH, Cell signaling
Technology)E E1l =204 2417k &<t BHSAIXT &
I XTTBSZ 15#3F 33] membranes A&ttt 22
antibody IgG-HRP (Cell Signaling Technology)E 7715}
o] INZFERGAIZ] & 1 X TTBS §H O 2 1557t 33] A4
SFALE, kA9 2 membrane®l] Western Q (GeneDEPOT)
solution= 2|5} ChemiDoc™ XRS (Bio-rad)S A5
o] apoptosis-related protein®] 4 12 SRl
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1. HepG2 celloilM +EH7| &
cell viability

Jiok
0

x
FESQ

FHHY 7] FEES HepG2 Al ZFol A5t o
MEEAS ot 7] 951 10, 5,1,0.5,0.1, 0.05, 001,
0.005, 0.001, 0.0005 mg/mL2] “FEE 1% 10* celloll # 2]
Stof 96 AIZE7EA] HE-SAIZTE. 11 A HEHEIH)Y ) 5=
= AdehA] b2 et Hlwskele = 10 mg/mLS’Jr 5
mg/mL =2 SHAYY] FEES AEst9S o A=

Alzbe] o)EH o & AEHo] HolR= Zlo= YEKRT
(Fig. 1).

2. SHHH|7| 22 FEE0| °|St HepG2 M Z0IM

S & cell death

HepG2 AlZEe] 10 mg/mLe] =W H|7] 28] 259
m24h m48h wm72h mS%6h

0.1 0.05 0.005 0.001 0.0005

Concentration of drone pupa extract

Fig. 1. Effect of drone pupa extract on cell viability in HepG2, human hepatocarcinoma cell. HepG2 cells were seeded on 96 well plates
at a density of 1 X 10*well. After sixteen hours, HepG2 cells were treated with serial concentration of water fraction of drone pupa extract,
and were incubated for 24, 48, 72, 96 hrs. And then each well was added with 10 pL. of EZ-Cyto reagent and incubated for 3hrs at 37°C. The
results represent the mean + standard deviation. The experiment was performed in triplicate. *p <0.05, **p<0.01, ***p<0.001, compared

with the control group.
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Fig. 2. Detection of nucleosomes in cytoplasmic fractions at differ-
ent treated times. HepG2 cells were seeded on 96 well plate at a den-
sity of 1X 10%well. After sixteen hours, HepG?2 cells were incuba-
ted at various treated time with fraction of drone pupa extract (10
mg/mL) or without drone pupa extract at 37°C. After cell lysis, the
cytoplasmic fractions of samples were prediluted with incubation
buffer and performed the immunoassay. This experiment was per-
formed according to the method provided by the manufacturer. All
experiments were performed in triplicate. *p <0.05, **p<0.01,
*#%p<0.001, compared with the control group. PC indicated posi-
tive control provided by kit. NC indicated culture in medium only.

Ol5l F=H cell death®] FEN7} apoptosisQIA] LoOHE 7]
Azt )% et
RocheAt2] Cell death detection ELISA kitE AF8-5F3iTt 1
Arh 7] 28-S AEoHA] g iR (NC) HH]
Al7ro] Aol w2} nucleosome ] o] E7HE-S &0l5HY
o g AZAOIN ABE FAHZTE F9) W50

$I5tod cytosolic nucleosome=

Ao o3-S Selstylrt. o] Atz W7
23] 2259 o5 =% cell death+= apoptosis P &
= ASITh(Fig. 2).

$HHG| 7| FES0] 23t HepG2 MIZ2| Bcl-2
family protein '&# H2}9} caspase 3 &4

HepG2 AlZof| =HHH|7] 55 A2 4, 8, 16, 244
7+ 3 apoptosis = T -FHALe] TASF HIFE western
blot2 Eaf LotHgtth. 1 A} Bel-xL - AAR= 9
H7] =522 A2lotA] %2 HepG2 M ZET 2 tiH] 4=

7] 22 AgTollM Had A% Aol &

E] A& R} Bax A 78‘—?— SR 7]
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r

1JrE’r”*E}.
= gAdstE e 19, 17kDa4 HEZF e A

A
2
£ 8 4 9)9lt). 7§44 A9 Y27 O GAPDHE
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T3St caspase 3=

(A) C 4h  sh 16h 24h  kpa
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Fig. 3. Effect of drone pupa extract on HepG2 cells. HepG2 cells
were treated with 10 mg/mL of water fraction of drone pupa extract
for the indicated time and whole cell extracts were analyzed by im-
munoblotting. (A) The change of expression levels of Bcl- Bel-xL,
Bax, Caspase 3, Cytochrome ¢ were analyzed by western blot. (B)
Bcl-xL, Bax, Cytochrome c, Caspase 3 expression in (A) was quan-
tified by Image Lab™ software. GAPDH was used to normalize
relative expressions among groups.

=
At A} st ATH(Kim er al., 2020;
Kim et al., 2021, 2022). =& A-§2F-=0l ot ohefst
ofe]2] asol tigt A7 5] AFEAL s 7Tl
o]=29] apoptosis = H 1 7] 7_?_} H7F 99k
(Hwang et al.,2019; Wu et al., 2020; Lim and Byun, 2021).
Apoptosis= A|Z2] A 13} /\ﬂ&TE =2 AT &
Z|5H= SHAMA] 7| o2 WHAuke ZEe dHio] 7| Ko &
= Aol =EH Ao A Ldojdtt.

il

o] &3t apoptosis
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ZA9 o]/ ¢, autoimmune lymphoproliferative synd-
rome, AIDS, ischemia, Parkinson’s, Alzheimer’s, Hunting—
ton’s disease, Amyotrophic lateral sclerosis®t Z-2 neuro-
degenerative disease®ll 52 HIOZ 28T} (Gabler et
al., 2004; Elmore, 2007). ©] A5 25 apoptosis 7]
Ao ol g o r Ui wshA dojutry 132 23t A
Soltt. &2 FAFZ apoptosis7t o2 dojuhz] &
of 7= Aoz 2 AAES] apoptosisE =5t
= ket B2 st A7t ALE T 1tk Jiang et al.,
2013; Raza et al., 2016; Chen et al., 2020; Liu et al., 2021;
Rodriguez et al., 2021). $-2|Ueh= 7] APl S
£2]2 242|511 QloH o APYE-L 7Hoto|
g the0 rk A% R EIL B S
7] FEEL DYAET AL 1] A FA4]
RIS B o A o 9 A2 s Poh
2} 5191

ApoptosisT

2 o] =&

oYz E AH|ol= o] B Aw
St BEZF7]H O 2 cysteine-aspartic proteases$] caspases2]
Ao o5 dojtth(Elmore, 2007). ©] 4+ chroma-
tine 22t ohget 3719 DNA T2 A4t o] DNA
ZH-2 mono-, oligonucleosmes FEIZ 7|95 4=
g+ A| DNA ladder® X0]&= apoptosis®] EHE_ 2 EA

Sholtt. ofof] W] S22 AE IHIAHIEF
HepG2°ll AgJste] AlZAPEO] fEk]= —7%%%—4 %‘—
£ Ut o] AlZALS] 7]17 0] apoptosis Q12| oFHA] &F
H7] 150 apoptosis®] tE2 4] DNAS] THHo
71=2] &<1517] 5l AMZZ W mono-, ligonucleosomes
S HET 4 = ELSIA assay= AA|oF3 T} o] W
-2 apoptosis”tF ==& o YEth= @%4<] phospha-
tidylserine externalizations 2}Q15l= FACS 24 oL}

ro ofN o

_4

o)

17

chromatin condensation, apoptotic body= 2}¢15l= &
0]78& o83 FEiA oy 7‘17103%% %?l DN
fragmentation 2Tt 111 A&7 LotE 4~
2 7] F550] HepG2 Al 74*“4H°1 AIZE

Aol Tt nucleosome ] HEY0] FAZ 2 {5t
A F7Fete Foll ¥ E7] FE50] apoptosisE -
Stk AS & S St Fig. 2). A7 €% vl
Fofl dojdtt. 1%
ThE Shtbe
intrinsic, mitochondrial pathway®]tt. ©]& pathway= =
Uo7 ok M2 Aol BB YT U] A5

>

OJ5}H apoptosis<> 27H] pathway =
SHtH= extrinsic, death receptor pathway©]1l

Ao A2 Ao & & & 1‘:]'(Jiang etal., 2013;
Raza et al., 2016). =HHL|7] FE2E0] THIAZF &
3t apoptosis= O pathway s Foh=%] LotE7] 9
Stof western blotE =ote] T A= WA A &
A RS dolET} Apoptosis -2 proteolytic 2
2 7= 10719 FH caspases] ATAg o7 Aol HE
&o] MEA FEE=t 1 npA9; AdPA; s sk A
2 caspase 32 ©] &40 T2 apoptosis7t =] AT
= T o2 377} o} Intrinsic pathway+= mitochondria
oF T E pathway©]™ Bcl-2 family F-2FeF 3= Qlck
Bcl-2 familyoll+&= apoptos1s 717 Tofsh= 25709 &

2b=o] £t o] 52 A apoptosisS FEoh= -ﬁ-’ﬂ
A1 Aok FAAER SR ApoptosisE I
AsHe EAQ AR Bel-29t Bel-xL 5] 91.oH
apoptosisE f-=ot= A& Bax, Bak, Bad 5°] §)

(Elmore, 2007; Jiang et al., 2013). °]5 & & A=
Bel-xLY} Bax 9] H2hE gotu et 87| FE58=2
=% apoptosist= Bax F2Fe] W 0] A7 wet 5

Aok Ade HAT Bl WAL Fa AFS Ut
He™ cytochrome c= S71ohH= 74 St o]t
-2 A3H= mitochondria membrane—J potential= HI}HA|

# cytochrome ¢9] releaseS 7=, caspase 38 24 3}oto]

apoptosisE -FE= e AdE O] e AL 4 A st
At YubH O =2 apoptosis”t FEEAEA] obdA] ot
H7] 913 92 DNA ©H3}, caspases @] 243}, | ER
Eajo} ubzhE cytochrome ¢ 2] BH] o B2 EAT 4= 9]
ot & dAolss SR FEES A ET) A
2]oto] DNA T Aol 2RI caspase 3
o] HJ3tE FEE 2RI5HAA Bel-2 family F-HAH=2]
oA HH It FEEHE= AoE 42 5 AU
ApoptosisE o= A 2ot A= thefstAl EARY
I3]'(Nepal and Park, 2013; Wang et al., 2017; Tanaka et al.,

2020; Wu et al., 2020). & A2 T tofst 418 2L
T 455 ol Y] FEE 0] AR A o% o]
Aok &/do] &= F8E 4 A skl o= o

E A% 549 o] of i =Rlo] Qs 3t E ¢ of
It A|aLef| A-8-5ko] 1 AL A] apoptosis = O,
241 o]of] W pathwayoll et A& A= =5
FIEES 2= 2R E8E 5 e THE vHsH
= Zlolt}, ¢fo g WYY F=E=0] 4YA E42
Zh= olofaA 2 E-8E & U7]E 7]ttt
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