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Induction of Autophagy by Rosa acicularis Leaves Extracts in
RAW264.7 Cells
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Andong National University, Andong 36729, Korea

Abstract - Autophagy contributes to enhancing the immune system (innate and adaptive immune system) against foreign
pathogens. Autophagy of macrophages is used as a major indicator for developing vaccine adjuvants to increase the
adaptive immune response. In this study, water extracts from Rosa acicularis leaves (RAL) increased the production of
immunostimulatory mediators and phagocytic activity in RAW264.7 cells. RAL increased p62/SQSTMI expression.
Inhibition of TLR4, JNK, and PI3K/AKT blocked RAL-mediated increase of p62/SQSTM1. RAL activated JNK and
PI3K/AKT signaling. RAL-mediated activations of JNK and PI3K/AKT signaling were reversed by TLR4 inhibition.
Taken together, it is believed that RAL-mediated autophagy may be dependent on activating via TLR4-dependent
activation of JNK and PI3K/AKT signaling in macrophages.
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gaard et al., 2004), AL A7FEA] Frew 2574 |
H328] A A ol Tefslr] wzoll, thAIHZ o] Ap7kazA]
FA A7 E EEEE WY vk A7) fit AAAel ¢
Al B ZA| 2 285 4= Qltkal B 1E 31 QJtk(Bah and Vergne,
2017),

017V Rosa acicularis Lindl, )2 Au] ¥ Rosaceae) ol 43}
© YA BEOR =, Y, BAlol, Bl TR AR B
, Foh|7H & gy SRl A APAYSEaL §lom, Ql7hEe]
o) F, el % Qe AT} oF8-415 2 FEElogTHOlen—
nikov et al,, 2021). Q17H59] A= SliE Aot A% A=
750 7HA] = A A Ak ofi) e AL Q7RE0) £ 7] 7@
B o5 9 YA D3k 728 95 AL lo] SreHOlen—
nikov et al,, 2021), T AFE E3) A71=-L aHiks) A,
A A s %”‘é‘”xﬂ 9 getedol qltkaL EJ"—’QJ— et
(Olennikov et al,, 2021), 12ju} A7HE2] HAZXEHA
G 8 AR, COVD 0 S
02 2 R ) 99 B o
Z & Ao A= 7R tiA A B Stof) Tt ¢
Asisict,

= o 12

o r

o

&)

Mz A &Y

AdA =

MTT, Griess & 3}514 oA 4|(TAK—242, 29, PDIS059,
SB203580, SPE00125, BAY 11-7082 & 1.Y294002) Sigma—
Aldrich (St, Louis, MO, USA)ollA sttt 12} A
(p—JNK, p-PI3K, p—AKT, p62/SQSTMI 2 g—olEl) 1] 7.2
Z} 314 (Anti—rabbit) = Cell Signaling (Bervely, MA, USA)||
A Fstict

NE2E
0172 Rosa acicularis Lindl,) Y- AR T}sH AHY
SHEAUR AT E AR, 1293

A e
American Type Culture Collection (Manassas, VA, USA)

ofl 4] 915t HRO-2 ThAIN|Z Q] RAW64, 7 AT 10% FBS,
100 U/mL penicillin®} 100 ug/mL streptomycin®] 3Z3He
DMEM/F-12 ¥ A& 37°C, 5% CO, s}l 4] ujoFe| gl

AEEy 23

17Hs 9 2550 RAW264, TA| 2Z0f| Tt A 2578 MTT
assay i =759 tHGeum and Jeong, 2021), RAW264, TA||3Z
£ 96-—well plateo] HjF3te] HlE7} wellol] 80%0 )4 ZF&f,
Wk Q) 22 L FEAR 204 B AT, WS
ol 228 Ae] 24X7F 3, ZF wellof] MTT £-4(1 mg/mL)&
wello]| 50 yL& A7181aL 4A17FE0F WA F T 4A17F = AF
NG A AL 2t wellof] DMSOE- 100 pL4 3471810 Alaze]
45 MTTE &£ A4 UV/Visible spectrophotometer (Xma—
3000PC, Human Corporation Co,, Seoul, Korea)& ©]-83}
570 oAl =S S5

4

mor ol AN

Nitric oxide (NO) &3

QA7HE 9l 3559 RAW264, 77} ZH| k= NO AJ/dol| 1| A]
= 3R Griess assay = =48} THGeum and Jeong, 2021),
RAW264, THIZE 12—well plateo] BjFslo] A|E7} wello]
10701 Fa, Q7 o FEES TR 2447 B A
AT, IS 9 2R Azl 20417 7, AZsopols)
Griess A]2K(Sigma—Aldrich, St, Louis, MO, USA)S 1:1 H]&
= 3j4sto] o)Al 1587 ¥ES-A1Z] 3, UV/Visible spec—
trophotometer (Xma—3000PC, Human Corporation Co,, Seoul,
Korea) & 018510 540 mol|lA] S35 453t

FE A 2L (Phagocytosis) A

Q7 9 F550) RAW264, TH| L0 Ao thelh gk
L neutral red assay® %5} tHGeum and Jeong, 2021).
RAW264, THI 25 12—well plateo] HjOF3lo] A|3EZ7} welloj
0%V F2 o, A7k o FEES TR 24AIEF A
231} A7HE o 2EE A2 24417 5, Al ZHjoFl S A
A8}l 500 pL9] 0,1% neutral red -2-2H(Sigma—Aldrich, St,
Louis, MO, USA) 2.2 37TCoA] 3AIZ 53t Al 5 FAIAIZ
o} 3A17F &, ZF wello lysis buffer (ethanol/acetic acid = 1:1)
500 uL= A7lsto] M2 45 neutral redS §EA|A
UV/Visible spectrophotometer (Xma—3000PC, Human Cor—
poration Co., Seoul, Korea)Z 0]85}0] 540 mol|A] S4=S
2151,
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SDS—PAGE and Western blot analysis

RAW264.7 A|EE5-1 X phosphate—buffered saline® = 23]
A2t & protease inhibitor cocktail (Sigma—Aldrich Co,)
1} phosphatase inhibitor cocktail (Sigma—Aldrich Co,)0] &
1= radioimmunoprecipitation buffer (Boston Bio Products,
Ashland, MA, USA)& RAW264.7 A| L2 E] Thil )& 225}
At} &% W22 Bicinchoninic acid protein assay
(Pierce Biotechnology Inc,, Waltham, MA, USA) & % afHA]
St FUEe] Tl ES SDS—acrylamide gel 2 7] %5
5} PVDF membrane (Bio—Rad, Hercules, CA, USA)¢]| ©]%
AlZ1 & 5% non—fat dry milk & AF20f| 4] 147k %<} blocking
SHATE. 1A=, 12} IS 5% non—fat dry milkof] 844
4°C oA 16A17F 521 HES-A17] Z membraneS- 0,05% tween—
200] ZGFE tris—buffered saline (TBS-T)Z 5571 33] A&
aHlth 1 % 22 A= 5% non—fat dry milke] -§-3A]A
membranee] 44264 1412} A28}, TBS-T% 557} 33
A A & membrane2 ECL western blotting substrate (Amer—
sham Biosciences Co,, Little Chalfont, England)E ©]-85}o]
e Sttt

Reverse transcriptase—polymerase chain reaction (RT—
PCR)

RAW264.7 AJ3EE 1 x PBSZE 23] A &l$t 3, RNeasy Mini
kit (QIAGEN GmbH., Hilden, Germany)S ©]-&35}0] RAW
264.7 M| ZEZEE total RNAS FE3F9T} 1 ug9] total RNA
£ Verso cDNA synthesis kit (Thermo Fisher Scientific Inc.,
Waltham, MA, USA)E 0]-838}o] cDNAS 3HAJS19ITH PCRS
PCR Master Mix Kit (Promega Co,, Madison, WI, USA)E ©]
goto] 3= ¢lal, ARE-E primer+ Table 17} 2T},

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

Gene Name Sequence
NOS Forward 5'-ttgtgcatcgacctaggctggaa-3'
Reverse 5'-gacctttcgcattagcatggaage-3'
IL-1B Forward 5'-ggcaggcagtatcactcatt-3'
Reverse 5'-cccaaggccacaggtattt-3'
GAPDH Forward 5'-ggactgtggtcatgageccttcca-3’

Reverse 5'-actcacggcaaattcaacggcac-3'

AL
=
T

H

T 33| W 2 F W+ EERAR ehis
1, A7 8948 Student’s t—test® 7355}F0] p—value 4t
°] 0,05 n|9td wf SA1 2] 0.2 f-ofstrial TSIt Micro—
soft Exel 2010, Microsoft, Redmond, WA, USA).
R E
WHE A FEE9 dAAEZ 243 7=

Q] AL 7 2710l ool HAAS 214I5hi A)
Ak A WA AES B 39l o) S
su)31o] 9fe) BUAE AR 584 WA TgElo]
9Ich(Hirayama et al, 2018), KA WANE F AN 2L
O HHA MY A BAsFE o HARF QIR #u|e} 24
A-8-2 F ol e BAASS AATAL D2l A QlckSieweke
and Allen, 2013), “L2] L2 ThAA| 2 9] B 3hk= Q14| 9] A
3 HAAIA Y] ZFatel WAt Aol Slokarl A=A qlch

7HE A FE=(RAL) O] AN L] BHY3LE fedheA]
BRl817] 91l RAW264, TA3EOl| Q171 ¢ F25-8 Hejdt &
RAW264, 7TH|E7} EH|3}= NO, iNOS 18] 11 IL-152] AAJoF
T 321 A DA} R| 32 A AE-S FAIEHIT
2 AT QA7HS o FEE-E RAW264, 7 A2 A 22 YA
£ T35k NOLFINOS L2 thefRt A4 H oA e} 216
g ML) B35S R iedhs IL-189) A3 S7HAIF T
(Fig, 1A), Z12JaL Q7HE ¢ S25-50] A 2|E RAW264.7 A=
oA 2A12E-0] DSV} = H ek Fig. 1B). thAMIE7E &
H|5k= AR RIAE-E A1 o] WA A Zdetet BAjeh v
o] Lo} =gt HAR=RIARE O] FHl= Al 25/ frddt

¢

52 RAW264.7 A 320 tigh Al E=A4)S gRolst AT, <l
7HE Q) 552 RAW264, 7 A|22of| Tt Al EE5Ao] ¢l A

B2 Q] W28 HEE 9 7154 Aolof A B
g0l 75T RO pag,

A7HE o FEE WHAZ A7FEA =

HAAIE 4 &
Adshe A5 WAz Agshe F Al 1Ea
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Fig. 1. Effect of RAL on macrophage activation in RAW264.7 cells. RAW264.7 cells were treated with RAL 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.

S BAANE AL FAZG AT Bl
ooy

[e) il
e A2 Ap7tarAat WA Sl Qlrkal HalE 3l
QITHWu and Lu, 2020), AN L] Ap7}EAlL- vl A] St =
QItHChou et al., 2020). WAl

Holl A= Fa5HA| BEar
1= 2o} Aol Ba} 31l Sol 4 BAES s
2A7} 25 0] Qe BEAlE T |29} B AL 3
ol 444 viel g2 Byalap] Sl BoHoR o
tHChou et al., 2020). HAIA|ZE L] Z7}EA] S E51 319
A7 bs AR T AT BEEE 27] Wel 1SS 5
= WAl B xA ko] =9 Aeko 2 S8 1 QItk(Coffman
et al, 2010). p62/sequestosome 1 (p62/SQSTM1)-2 A} 7}3EA]
T of| 4] 2.3} cargo receptor 2 cargos 4| FESHH 57
A& A A7EEA A ol Aefohs 9T TtHKomatsu
and Ichimura, 2010; Lamark et a/ , 2009). p62/SQSTM1-S X
Ash= e HAAE #2481 uhzol A7fEAof Fa5htal
o} 4] QItH(Zheng et al., 2009). 12|15} p62/SQSTMIS 2}
7bA) Sho] 2 A x2S T QItkLiu et al, 2016).
A7HE A FEEo] hAAIE A7 REA o] A= JoFe =
AF317] $18) Q171 Q) &-Eo] A2)%l RAW264.7 Ao A

p62/SQSTM1 THH A O] 225 S5}, 71 A}, 17k ¢
FEE AP SAHTH p62/SQSTMLE] @ 2 571

AFtHFig, 24), 1A Q7S 9 2B 5k oEog
P62/SQSTMIS] THilZ] 22228 =LA ZArK(Fig, 2B), & AT}E
blo] 2 0], ke o) FEHES AN ES] 712 Fiol
344 Pk v = 95 Holeth, 2| rapamycin
AN AP RS ik B glo] WAl B2
Al %%1% 23t A ?ﬂ:ll7]' 3|11 QJtH(Huang et al,

0] G WAL EAZ B0 AP A2 BRI
Toll-like receptor 4 (TLR4)2] Q17}5 ¢
PAAZS AR §Eo] WAL Ja
Y AA| 3E+= Toll-like receptors (TLRs)= E3f 2| HYA|
2 Qs 1) Helke-S ANgiet et 91 o
23t 2L Q1A| 9] Moy A wpofof vl Fa sl HiEy
QItH(Chou et al,, 2020), L Bilof| b2 TLRs+= A7}E
248 sl dAMEe] 4 A2l 2 U AN 7158

FE2E9 93t
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Fig. 2. The effect of RAL on the expression of p62/SQSTMI in
RAW264.7 cells. (A) RAW264.7 cells were treated with RAL
(200 pg/mL) for the indicated times. (B) RAW264.7 cells were
treated with RAL (200 ug/mL) at the indicated concentrations
for 6 h. The level of p62/SQSTM1 was analyzed by Western
blot analysis.

A7) Ao 2 B EIthChou et al,, 2020), At}7} TLRs=
A7paEA) gol| Al Fa gt A7 REA A 2] Ao = Fholglict
1 ¢4 A QJtWu and Lu, 2020).

A7 A FEE vl p62/SQSTML T 3 F71o]
TLR29} TLRAZ} Tl 32| 2AF}7] 24l TLR29} TLRA AAA|A|
A 3t Q7HE o FE=2 A1PISkaL Western blot #4102
p62/SQSTMI THil A e 4238 shelslglrt, 1 A3}, C29¢]
I3 TLR29] A= Q17HE o =55 vij7lf p62/SQSTMI T2
2 e ST obFd Rko] iglon), TAK-2429] ot
TLRA| A= Q171 o S5 w7l p62/SQSTML Thifdl 4=
& 571 5 kA Al ZiekFg. 8), o]’ Avk= <l
7HE o) Z 25 ulj7]| p62/SQSTMLY] Z7}H= TLR40| & A o]
2kl ek

TLRs % TLRA 2] AP7FEAL A7 A LA S /8t
o)} HYAE AAT I A A YrhXu et al,, 2007), E3F
TLRA W7} 27| A Frlet= WAL 2] 7S 913 anpa|l

DMSO C29 TAK-242
+ = + -+ RAL (200 pg/ml)
= * | p62/SQSTM1

S G e Sue e wee| Actin

(Fold of CON)

p62/SQSTM1 level
O = N W bk OO

+ -+ + RAL (200 pg/mi)
DMSO  C29 TAK-242

Fig. 3. The effect of TLR2/4 on the RAL-mediated expression
of p62/SQSTM1 in RAW264.7 cells. RAW264.7 cells were
treated with RAL (200 ug/mL) in the absence or presence of
C29 (TLR?2 inhibitor, 100 nM) or TAK-242 (TLR4 inhibitor, 5
ug/mL) for 6 h. The level of p62/SQSTM1 was analyzed by
Western blot analysis.

EHOE AGE T Gou] ArhRA 715S Y 4 Gl
TLRA AHEANEE QAo WAL B2 ARG 1L SIEhStein
hagen ef al, 2011), WhebH, Q1745 9] S&22] TLRA o) o)
AAE APNEA G Q7S o) FER0] WAl BA A

= R A AR 262 o e Holeth

|

i

PISK/AKT AL50E ] U718 9 3280 g AAE
o ANEA fxol WAL I

Mitogen—activated protein kinases (MAPK), nuclear
factor kappa B (NF—¢B) B+ phosphoinositide 3—kinase/
protein kinase B (PISK/AKT) 2] EAISH= TLR4 o]&4] Z}7}3E
Al G o] W4Ao|gtal B a1k al QIth(Puissant et al,, 2012;
Van der Vaart et al., 2014; Yazid and Hung—Chih, 2021), ~1
2|5kl RAW264,7 A| 2ol A Q171 9l F+55o] ©J7h TLR4 1
A AhA] Go] offl ALEAITo] Tofst=r] ZALBHSILH
71 A3}, PDIS0590] 2]t extracellular signal-regulated ki—
nase 1/2 (ERK1/2) 14, SB203580°] 2|5} p38<] oIA| 1a]
117082 SJ3F NF—¢BS] S| Qb 9l &) ot
p62/SQSTM1 Thil &l == Z7ho]] opired ko] Qlglrh(Fig.
4A). 13V SPe00125¢f &J3t c—Jun N—terminal Kinase
(INK) SAL} LY294002¢] €]t PIBK/AKT &A= 17k &
FZ= w7l p62/SQSTML T E - F7H5 53t
HaAFTHFig, 44), ol&gt Aak= Q7S o &= w7l
p62/SQSTM1 THl 2l 4~ Z27]1= JNK W PISK/AKT Al &4
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o
«©
2 2 & ? 8 RAL (200 pg/ml, h) 14 - —e—p-JNK
3 2 3 S S 3 CONO5 1 3 6 10 e 12 A e p-PI3K
Q -3 I © > R~ E 32 10 7
3 & o & & 5 ! v 63 /
-~ = 2 .2 .9 .= d pUNK 20 ¢ /
- — - 4+ -+ -+ - % -+ RAL (200 pg/ml) P PI3K %; 6
| - - e e o@D | p62/SQSTM1 L1 EC 4
- = == « w= [ p-AKT
w0 & e W e e At g
- e en on an == | Actin CoN 05 1 3 6 10
12 -
3 RAL (200 pg/ml, h)
iz 10 ©
=3 s
Bs o DMSO TAK-242 v .
g E . - + - + RAL(200 pg/ml) 12 up-PI3K
= —— i
€, " p-JNK $Z 10 Rp-AKT
=S 835
0 =] 4| p-PI3K £%
2 § % 6
o) @ o e} o o - @B - | pAKT auw 4
g 38 § & 8 8 >
3 3 8 S = 3 - W W ,ctin 0
[a} I T N
o ] & z ] + - +  RAL (200 pg/mi)
@ DMSO TAK-242

Fig. 4. The effect of MAPK, NF-¢B, and PI3K/AKT signaling on the RAL-mediated expression of p62/SQSTMI in RAW264.7
cells. (A) RAW264.7 cells were pretreated with PD98059 (ERK1/2 inhibitor, 40 M), SB203580 (p38 inhibitor, 40 M), SP600125
(JNK inhibitor, 40 M), BAY 11-7082 (NF-«B inhibitor, 20 M), or LY294002 (PI3K inhibitor, 40 ;M) for 2 h and then co-treated
with RAL (200 ug/mL) for 6 h. (B) RAW264.7 cells were treated with RAL (200 ug/mL) for the indicated times. (C) RAW264.7
cells were treated with TAK-242 (TLR4 inhibitor, 5 ug/mL) for 2 h and then co-treated with RAL (200 ug/mL) for 30 min. The

protein level was analyzed by Western blot analysis.

o] &gatol 7191k A o & ki), Tejste] 7k Q &
Ho] JNKQ} PISK/AKT Al & ATHS: 8- 3l51=x2] ZA}519IL),
AT Q7R 9l 3558 INK, PISK, 18]aL AKTE] Ql4ks}
£ FEst8la(Fig. 4B), o]AL Q7HE 9 FEE0] INKS}
PISK/AKT A5 A0 2315 frdivhs 21g Hojert 11
231 TAK-2420] 2|8k TLR4 A A], Q1715 ¢ $ZE uj7A
JINK, PI3K % AKT| QIAtel7} 2431 3ith(Fig, 40). 2 2XE
1 ol B uf, Q7HE ¢ FEEol| o5t p62/SQSTMI T 4
Z7H= TLRA 9J2%] JNKS} PISK/ATKT A5 7d 430

7l Qlgh Aow woErh

Aol A QI7H 9 FE50] RAW264,7 A|320f| A HeR}
AR IS FTHA7| AL A ARGL] EAJ3LE gtk
Z& I, At 7k o FEES TLR4 9&4
JNKS} PISK/AKT Al 54 2/3Hs Fof) A7peslS fegt

A7V e B oA 24 AL 1EEly] 95 o

2 TolelAAIE AMsI] uhizel ek 218714 73S
ol Tokt oA A E SRNAS 23 2744 Q1 Wa
sfeha sheke,

Al AL

QI SR o) BEok FH ATAK| YAINRF-
2018RIAGAIA03024862)] 7] 91e]] o] o} 20121 Zkez o]
A=,
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