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Effect of Fruits from Pyrus ussuriensis var. hakunensis (Nakai) T.B. Lee
on Macrophage Activation
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Abstract - In this study, we investigated in vitro immunostimulatory activity of fruit extracts from Pyrus ussuriensis var.
hakunensis (Nakai) T.B. Lee (PUF) using mouse macrophage RAW264.7 cells. PUF increased the production of
immunostimulatory factors such as NO, iNOS, IL-1[3, IL-6 and TNF-a, and phagocytic activity in RAW264.7 cells. The
inhibition of TLR2 and TLR4 blocked PUF-mediated production of immunostimulatory factors in RAW264.7 cells. In
addition, the inhibition of MAPKSs signaling pathway reduced PUF-mediated production of immunostimulatory factors.
From these results, PUF may have immunostimulatory activity via TLR2/4-mediated activation of MAPKs signaling

Print ISSN 1226-3591
Online ISSN 2287-8203

pathway. Therefore, PUF expected to be used as a potential immune-enhancing agent.
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E|2]0]| Qlof HAREE-0] 7|5/ 3 aa/do] Fa3HA| o AR AL
AtHAlagawany et al,, 2021), Q1Aof EA5H= thket HAA|
X F, AR Hekgol M Fa7t 98-S ke Al EE E
AAES Sl oF HUAREE AAE HEsh, nitric
oxide (NO), inducible nitric oxide synthase (iNOS), interleukin—
18 (IL-18), interleukin—6 (IL—6) ~1]L tumor necrosis factor—
a (TNF—¢)-5-8] HAZA/NAE 2H|sto] 33170 HAA|ael
T-A| 3z} B-A| 25 Z/JSHAIZITL G4 IeH(Duque and
Descoteaux, 2014; Tosi, 2005), 12]3}o], thAIA|E7} AHA
ekt ofjz} 214 Welkgol i Bolal] ulo] o
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AN 2] B/ ok o A = e oF7|w= AW A
o7 Xksk 4= Qrhal of AR 1L QItH(Mills and Ley, 2014;
Mills et al,, 2015),

)3 Rosaceae) HIU-F5(Ryrus)ofl £6h= Hiju7== o
Hll, =l 223 AR SR o] AulEar ArhKim et
al., 2020), BT Gull= As), 4, ofke2go] §lof gt
SHollA A T oJofom ARRE AL QltK(Lee et al,, 2011),
AR Fhagol] AL Q= W= Fl(Byrus calleryana),
EW(Prus pyrifolia) W AAEY(Pyrus ussuriensis) 7} L.
AREHlE o 25 AT oyt BAL T, S 59 oF
A2 ARGE 0] 2 A AEARo|THKim et al,, 2020). AHEH]
o dull= 717, 5% % FHtE| 2 WEY eslof anpAlojeial
HAE 3 QIeH(Kim et al,, 2019). AlG7E, Absu= 74t &
ARsh 23} 35 g0l lrkar A Itk et al., 2014;
Qu et al., 2016), ZLeu} FA|7HA] 4kEHl o] HASH Bl &
T AR Aot E|ste] & dtoll A= AkEt] Huf ol
HASAE S thAM 2 S35 F=E 53l A5stoirt
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Mz A Y

AAA=

op9-2 AINIEQ] RAW264, TAIE HlokS: 913t wiA]Ql
DMEM/F-12+= Lonza (Morristown, NJ, USA)oj|A] <Lufjs}$]
t} 3—(4,5—dimethylthizaol-2—yl)—2, 5—diphenyl tetrazolium
bromide (MTT), C29 (TLR2 SA|A]), TAK-242 (TLRA A|A)),
PDI8059 (ERK1/2 &IAIA)), SB203580 (p38 2IAIA) L SP600125
(INK A A= Sigma—Aldrich (St, Louis, MO, USA)AFo]|A]
9Jakglt}, 18]l Western blot 5412 9131 Uz} A9t o]
A} A 52 Cell Signaling Technology (Danvers, MA, USA)
oA 3Tt

H A0 A =2l A=Yl (Pyrus ussuriensis var, hakunensis
(Nakai) T.B, Lee) Gull= =4}t AR oRga el A
oA A5 54 ATt T AR & Bl A

H Ao 20 g2 400 mlL S50l AR 5 15T A 250 rpm©.
2 wHFPHA 3 59k =313t 3% £ 15,000 rmpof A 10

Aol A ARG vR-A THAANE RAW264, 7- American
Type Culture Collection (Manassas, VA, USA)oJlA TL&3}
T, A 10% FBS, 100 U/mL penicillinZ} 100 yg/ml, strep—
tomycin®| 33 DMEM/F-12 HjZ| 2 377, 5% CO, 8}l A]
B FE ATk AREH GufSEE2] RAW264, 74|20 thel Al
MNZEEL MIT assay® =48I THSeo and Jeong, 2020).
RAW264, TH| 25 96—well plated]] well G 2 x 10° cells2 8|k
5o A7} wello]l 90%013 J2 o, AR @vilFEEs &
= A P|BlaL 2447k F2b i FAIZITE 2417 5, 2t wello]]
MTT -§-H(1 mg/mL) 50 uLA] 7FSIAL 4X|7HHEGAIT] 2, A4
S & A|ABIL DMSOE 100 4LA Zhwello]l 3750} =91 3
UV/Visible spectrophotometer (Xma—3000PC, Human Cor—
poration Co,, Seoul, Korea)E ©]-&35}0] 570 mmof|A] SZ =5

243t

Griess assay

ALE )] GufjseEE-0] RAW264, 7TA| EZof| A] nitric oxide (NO)
Adol| wjx= P Griess assayE SA8HTHSeo and
Jeong, 2020). RAW264 7TH|3E 96—well plateo] well G2 X
10° cells& igFato] A7} wellofl 90%0|4f FhS uf, AHsul
Qo EEE 5w A5t 24417 Bok epAI AT, 24%)
7+ 2 A EvjoFNT} Griess A]2H(Sigma—Aldrich, St, Louis,
MO, USA)S 111 Hl&= 3]4]510] 2o A] 1587t HEG-A]
& UV/Visible spectrophotometer (Xma—3000PC, Human
Corporation Co,, Seoul, Korea)& ¢0]-&35}¢] 540 nmof| A &%
5S4l

Neutral red assay

AbEl Bolj3EE0] RAW264, TA| 2] AR thet
BF2 neutral red assay® 4519 ct RAW264, THEE 12—
well plated] well @1 x 10° cells2 vjekato] N7} wello]]
90% o1 Fe ), AbEvl] A S-S = Aestal 244
b5t viFAI AT, 24417t 3 Al amujoF A2 A ABFAL 100 pL
9] 0,1% neutral red &M(Sigma—Aldrich, St, Louis, MO, USA)
O & 37N AT BoE AlEE AMAFT AR &, 7t
wello] lysis buffer (ethanol/acetic acid = 1:1) 200 xLE A7}
5}o] A2 ZH neutral redE A7 UV/Visible spect—
rophotometer (Xma—3000PC, Human Corporation Co.,
Seoul, Korea)Z 0]-&3}0] 540 moj| 4] S4=S 2451}

SDS—PAGE and Western blot analysis

AE 5 Bala e 220l 919, A2 F AEE 4000
A 8-%]% 1 X phosphate—buffered saline (PBS)= 23] At
5 protease inhibitor cocktail (Sigma—Aldrich Co, )3} phos—
phatase inhibitor cocktail (Sigma—Aldrich Co,)o] X3}%
radioimmunoprecipitation buffer (Boston Bio Products, Ash—
land, MA, USA)E 4CollA] 80427t #]2]sto] Thal a5 255}
g} =% ThlEL Bicinchoninic acid protein assay (Pierce
Biotechnology Inc,, Waltham, MA, USA) & AHEA & =
2f0] Tl 21-8- 10% SDS—acrylamide gel 2 217]%%3}3L PVDF
membrane (Bio—Rad, Hercules, CA, USA)¢f| ¢]%A|7] & 5%
non—fat dry milk &= AF2-0)| 4] 1A]7F 52t blocking 3}t 14]
7E 3 12+ FAIE 5% non—fat dry milko]| -B-3[A|# 4T 4] 16
A|ZF 201 HH--A|7] & membrane 0.05% tween—200] X3+

=l tris—buffered saline (TBS-T)& 557} 33] A|23}3ict 1
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A=8(Pyrus ussuriensis var,

Table 1. Sequence of oligonucleotide primers used for RT-PCR

Gene Name Sequence
NOS Forward 5'-ttgtgcatcgacctaggctggaa-3'
Reverse 5'-gacctttcgcattagcatggaage-3'
16 Forward 5'-ggcaggcagtatcactcatt-3'
Reverse 5'-cccaaggccacaggtattt-3'
L6 Forward 5'-gaggataccactcccaacagacc-3'
Reverse 5'-aagtgcatcatcgttgttcataca-3'
TNF-a Forward 5'-tggaactggcagaagaggca-3’
Reverse 5'-tgetcctecacttggtggtt-3'
GAPDH Forward 5'-ggactgtggtcatgageccttcca-3’

Reverse 5'-actcacggcaaattcaacggcac-3'

& 22} 3HA| = 5% non—fat dry milko]] &3 A|# membrane®]
AR Al 1AZF AEaloal, TBS-TE 587F 33 AlF &
membraneS ECL western blotting substrate (Amersham
Biosciences Co,, Little Chalfont, England)E ©]-&-a}o] thill
A8 SIS

Reverse transcriptase—polymerase chain reaction (RT—
PCR)

Ao A RNAS 23171 fIiA AIEE 4CollA 418 1
X PBS® 23] A|23F & RNeasy Mini kit (QTAGEN GmbH,,
0]-83}o] total RNAS FE5FTF. 1ug
9] total RNAE Verso cDNA synthesis kit (Thermo Fisher
Scientific Inc,, Waltham, MA, USA)E 0]-85}0] cDNAS $H4]
3}t PCRE PCR Master Mix Kit (Promega Co., Madison,
WI, USA)E o] &5}0] =31 =| 011, ARE-E primer+= Table 137}
A,

Hilden, Germany)&

AR

RE AT 8] W 34 ¥ 0+ BEUAE Uehyg)
1, AP 7E A2 Student’s t—testE 7531 p—value gt
0] 0.05 n|Rtd o SAIA 0.2 frofsiriarl #gst At Microsoft
Exel 2010, Microsoft, Redmond, WA, USA),

)

AL Ao £&E9] YAANE A3 =
COVID-197} A3 Q= 82, QIA|9] W7o digt

hakunensis (Nakai) T.B. Lee) @ujo] thAlA|3E A3} G SA]

=% éﬁ}ﬂ AL A] FH] E= NOw= A4 o= ol
A& Z1she Aoz I A QlthFoley and O'Farrell, 2003;
Nathan and Shiloh, 2000), IL-15% tiAA|Z2] 3H AJA] &
A T-H| 329 AETS S7HIZIAL, e A HeAl
9] EAIIE GEstrtar A A QItk(Seillet et al, 2014).
[L—6 T-A2£9} B-A|Z9] 23}5 F71 A[7]aL, thAA|2S]
RS BAslelet dofshe A= AR ot
(Neurath, 2014; Scheller et al,, 2011; Wang et al., 2018), ~1
23 TNF-a= HHAAIE ] ZAAE-S frste] 9 WA

£ A|7Askctal R 1% 31 QIck(Barbara et al., 1996), ©)AH
AN ZE A4 Heluke ) T34 woluks-o st o
HUA| = RE QAE Hoshe o Fast @ gt} whebA
AN EASHE E3 NO, iNOS, IL-13, IL—-6 2 TNF-a2}
e WASH ] Bi)Z S HAe 4AHY
o Z7) S-S 7 A o g 7kRE T gtk

o =
Op-A TAIAEQ] RAW264, 7 A| 3o AbzHl dﬂﬂzr%';@
PUF)< A 2|a}aL 24417t 3, Al A|2ofA] 2 HHL a5
RS EAS Aut, & 4T 24}, Akl dujlFEEo] A
2% RAW264. 7A| 32| A NO, iNOS, IL-13, IL—6 X TNF—«2]
284 O & e thFig. 1A and 1B), thAALo]

BB VAl Y B e B YR
OJu|a}7] wjZof|, neutral red stainingS §3f| ARsHl Do
AR

2o AN E] TAZLS SAslsl=A] Bholslalrt 1
A}, AbgHl] duljEzo] A2]E RAW264, TH| 0] A neutral

reds] 47} 3710, ol ALEH) ARl AT

of 45t FrEathe 2 tehichFg, 10, W% 243
T Rl R A A

Zyelele Ao dEA glo), THEs Wzl 01xpe] A
= EH*‘*ﬂioﬂ MRS S ok 20 R Halsa §lry, 11
EIOM ARE G S22l OJFh RAW264, TA| 329 A| 25/
H71gt A, Absnl G SEE-2 RAW264, TA] O] Af|s2AY

Toa 377l AR YERIthFig, 1D). & A3hS vlF
of £, Absel AuilrEa2 diAAIEe] UASA Qe
S FE=sto] AA o] HAAAE AL = Qe Ao
ek
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Fig. 1. Effect of PUF on macrophage activation in RAW264.7 cells. RAW264.7 cells were treated with PUF for 24 h. NO level (A),
mRNA level (B), phagocytic activity (C) and cell viability (D) were measured by Griess assay, RT-PCR, neutral red assay and MTT
assay, respectively. P <0.05 compared to the cells without the treatment.
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Fig. 2. Effect of TLR2 and TLR4 on the production of immune enhancing factors in PUF-treated RAW264.7 cells. RAW264.7 cells
were pretreated with C29 (TLR2 inhibitor, 100 ,M) or TAK-242 (TLR4 inhibitor, 5 ;M) for 2 h and co-treated with PUF (50 yg/mL)
for 24 h. NO level (A) and mRNA level (B) were measured by Griess assay and RT-PCR, respectively. ‘P < 0.05 compared to the
cells without the treatment. “P < 0.05 compared to the cells with PUF alone.

-380 -



A=8(Pyrus ussuriensis var, hakunensis (Nakai) T.B. Lee) &1 tjAAE EAI3} &= EA4

TLR29} TLRAZ} AFE U Efj5E&Eo] AZd tfA A Z A
HESA AR Al A= FF

QH HAA o HYA U EX} 9 &l (Pathogen—associated
molecular patterns)e QlA15H= 487 2 dh= AN E9
toll-like receptors (TLRs) W =X QxS Hu|sto] A
3 HekeZ ZHAISHLL, o SolA] HoRkEel 334 WY
Hk-S-of = Tojdittal B 1%l §)tHJaneway and Medzhitov,
2002), T2J3to], TLRs 93 HUAE AA ) Lol
2t of AR 2L Qth(Kawasaki and Kawai, 2014), Z+L TLRs
% TLR29} TLR4= HY] B 2A| 7o) £Q3t 207 3-g
%] 9JthToussi and Massari, 2014), TLR4S A}=51=lipo—

(A)
10 ¢
¢ d
_Ea d
® O =
£5 :
B
ggd
]
w
- 2 F #
o LML
222803
= =2 & m ©
o O © 9
OSE
ﬂ.mm
PUF (50 pg/mil)
(C)

0 1 3 6 10 24

- S — —

e D BB mm oo S

polysaccharide (LPS)+= 7325t WA= &4 71R] 3L §lof
WAl T Mo HpA R o] A7t R glo, LPS
o] =AJo g olaf ARgo] AJgtE] 1L QJtHToussi and Massari,
2014), Z1efsto], A A sEofl A AbEul] Fuf ol ofeh |
A2 QA4 o] TLR29} TLR47} Tholsl=2] B7ls}7] 9
3fl, RAW264.7 A|ZZe]l TLR2 JAA|Q1 C292F TLR4 A A1
TAK-242F 2AIZF AA 2ol AREHlE 24417 -8 A2t

3 HoZzxi0lxte] AL ZAEgcy O ATk TAK-2427}F
A2)%E RAW264, TA| oA AbEH HuljSEEo] 2J%H NO,
iINOS, IL-14, IL-6 ¥ TNF- 2] A§/Jo] =3t 51| A4 =]
L A0 YepgdrhFig, 24 and 2B), ATk, ARSH] S

(B)
PUF (50 pg/ml)
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2 8 =
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Fig. 3. Effect of MAPK signaling pathway on the production of immune enhancing factors in PUF-treated RAW264.7 cells.
RAW264.7 cells were pretreated with PD98059 (ERK1/2 inhibitor, 40 M), SB203580 (p38 inhibitor, 40 ;M) or SP600125 (JINK
inhibitor, 40 4M) for 2 h and then co-treated with PUF for 24 h. NO level (A) and mRNA level (B) were measured by Griess assay
and RT-PCR, respectively. P <0.05 compared to the cells without the treatment. “P < 0.05 compared to the cells with PUF alone. (C)
RAW264.7 cells were treated with PUF for the indicated times. Protein levels were measured by Western blot analysis.
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&oll I3 NO, iNOS, 2|3l TNF—a2] 48/d0] €292 #{ejof| 2
aff ohas stk 202 UEsiTtHFig, 2A and 2B). & AiE
njfo] & o, AMEH) GujFEE5E-2 TLR29} TLRAS A=5}0]
HAFZ A S st whitol, Akl duljs2=
2 WA S $3E HAMYZ AMEE 2 9l& AR
ik

MAPKs 413 Hgo] AHEH] duflF:EE0] 24 tiAlA
Zo A HYFA QAL A v X = FF
Mitogen—activated protein kinases (MAPKs) A1 & &

38k tiAA| ) HARES 7HAI9} TLRs 412 0f| &J3F 4
Houkgo] Zu| W 2-o| Fofols Ao HIE T gl
(Reiling et al,, 2001; Zhang et al., 2013), MAPKs A& A<
extracellular signal-regulated kinases 1/2 (ERK1/2), p38 L
2]l c—Jun N—terminal kinases (JNK)Z A% o] 3o
(Wada and Penninger, 2004), S-A|o] = =2 0 &8 A3}
=]o] AN ol A NO, iNOS, IL-18, IL-6 L TNF—¢ 2} -
Hod=7 o1zpe] AYAJof Thedstrkar ok A QIthLee ef al,
1994; Nick et al., 1996), “L2]a}o] MAPKs A3 A go] AFEuf
25 oJgt U ARt Aol n]AE FEFE A
8}7] $13l), RAW264, 7| 0] MAPKs Al 4 A4S 247
AA sl thEl FufjSEES 2447 HeA e ot & W
SR QIR B3& SAslet, Akl A=l ofsh A
AE)=NO, iNOS, IL-18 Z12]11 IL-6%= SB203580°] 2]3t p3
A9} SP60012500] 213t INK Ao o8] ZhAsl= Ao g
LUERGTHFig, 3A and 3B), AFEH] Hul &5 o] AA
L TNF-¢= PD98059¢]] 2J3F ERK1/2 A, SB203580] &Jat
p38 A2t SP60012500] 2t INK SAof| &Jal] 7rakl= AL
2 YEpTHFig. 3B). Attt AREH EujS&E-2 ERK1/2,
p38 I JNKO| QIAISIE G519, o] Al gujass

o] MAPKs Al o HeE B/3kA)7]= Zle ofn|ghtk(Fig, 3C).
& Z3}E v]Fo] £ uf, ERK1/2, p38 @ JNK7} AbEl Gufis=
S50l ofgt HAFA AR} o] 5HA R 2SRt
MAPKs 4134 o] 4hzul GufjE= wi7) M52l QIAF A
Aof| Tojah= Ao FhohE T

ox ﬂlﬁ

E

_lR

OO

o]/\]—g] oq:rL 7:1311-§ u]_E,_o1 EEH L‘JEEHH oﬂuH %% EH%_}
N|Zo)|A] TLR29} TLRAS: 2}=510] MAPKs 413 HE-S SH4Js)

3o NO, iNOS, IL-18, IL—6 U TNF—o} Z-& H

O] WS FEstal, EH*‘*ﬂi«l ZAE-S 2y

07 gietEch whebi] ARsHl S22 A
Sl QA HAAIARIS Bl = Qlo g JfT HY HE

At HESZE 913t 7]54 A)QJ ok 7S flgh &

o] 7ksd Ao ' 7R

13

AL AL

B =R ARAEE A AR AaEr]e AR
A}1(2021377C10-2123-BD02) 7 SH+ATLAITE o] 2 Eof 7]
ZATALY] F AT AR YA (NRF-2018R1AGAIA03024862)
O] 2|0 & o]Fofz] AuLR ofof] ZAF=HUTE
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