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Immunomodaulatory effect of the
water extract of Aster tataricus
through mitogen-activated protein
kinase signaling pathway

Chea Yeon Lee (), Hyo Sung Park (©, Deok-Hoon Kong (), Young Kwan Kim @, and
Whajung Cho @

Division of Research Program, Scripps Korea Antibody Institute, Chuncheon 24341, Korea

ABSTRACT

Purpose: Aster tataricus (AT) is one of the Asteraceae perennial herbs used in traditional Chinese
medicine. The herb contains various bioactive substances, such as flavonoids, isoflavonoids,
and phenolic compounds in the roots, and exhibits a range of effects including anti-bacterial,
anti-oxidant, and anti-inflammatory activities. This study compared the immunomodulatory
effects of ethanol and water extracts of whole AT, except the roots, and analyzed the
molecular mechanisms for the regulatory effects on cytokine secretion from THP-1 cells.
Methods: The effects of AT extract on the cell viability and proliferation of THP-1 cells were
analyzed using the Cell Counting Kit-8 method. The concentrations of interleukin-1f (IL-18)
and tumor necrosis factor-a (TNF-a) in the cell culture supernatant of the AT-treated THP-1
cells were measured using an enzyme-linked immunosorbent assay. The protein levels of
cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS), inhibitor of nuclear factor
kappa B (IxBa), and mitogen-activated protein kinase (MAPK) phosphorylation in the cell
lysates were determined by western blotting.

Results: The water extract and the ethanol extract of AT did not affect the cell viability, and
increased the proliferation of THP-1 cells significantly compared to the vehicle. The water
extract increased the secretion of IL-1B from THP-1 cells in a dose-dependent manner,

but the ethanol extract had no effect. The expression of COX-2 and iNOS protein and the
phosphorylation of MAPK and Akt were induced in AT-treated cells. In addition, IxBa

was degraded by AT in a concentration-dependent manner. IL-1f secretion by AT was
reduced by extracellular-signal-regulated kinase (ERK) and c-Jun N-terminal kinase (JNK)
inhibitors, while TNF-a secretion was decreased by inhibitors of ERK, p38 MAPK, and JNK.
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Interestingly, the p38 MAPK inhibitor increased the production of IL-1p by AT further.
Conclusion: The water extract of the above-ground parts of AT contains immunomodulatory
bioactive substances that stimulate immune cells through the MAPK signaling pathway.

Keywords: Aster tataricus, THP-1 cell, IL-1 beta, TNF-alpha, mitogen-activated protein kinase
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W13 (Aster Tataricus, AT)= 213 SHe 3 22 747 25} 2to] E}'—Jc‘ﬂ B2 32 7250
SAo At Lol utets X FR, AR S ;
aTS) el 53 AF ool 2 A Holskor, 717 ehet 3 7
ZoA, &2, Futol2lAnle] G52 74T YTk F2A AUk [2-4]. AT 2] 2 HE
cyclic pentapeptides, triterpenoid ketone, saponin 5 TFYF3!
o] 59 7% Y 7|50 AFE ATt [27]. ATY] &S FZFF-2 streptozotocin O = F =3t
Fu¥ FHolM YL 25 A5 L AT RH FihH FUS5S BN E
7} 3ol HAE A [8], A ML F M| EZ 0| A lipopolysaccharide (LPS)®l| &3l -7 =5 =
et AEYAS ZANA AT d5S eItk AR vkl 9. EHE A
Toll A= AT B ] o) HehE FEEolA E2E ot A 7lE4) &2 50| mitogen-activated
protein kinase (MAPK)2} nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB)
A2 425 55l Lpsell &J sl F-E5 = ASA cytokined] #H|E A5 ATH= 25 H 1L
SHA T [10,11].
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Aoz AT B E AL £, 9, £V REY oE S FEER = FEEA M =
A ke 2ela} A Al Tl A E 39 THP A Eol 2 2222 128 % cytokine]
S Hu ZA s SRSk, & A&l Aokl &Rl B FEE 3 Hitl = A
JE O] & FE5-2 THP M| 20| A interleukin-1p (IL-13)2} tumor necrosis factor-o (TNF-a) 2]

H|E -§-I=5}2L cyclooxygenase (COX)-2, inducible nitric oxide synthase (iNOS) THE}2 o] dF
ZHAIF T}, Cytokine BH] S 24 5t= WHUYUSZ S 9 5FLAF Akt, MAPK, inhibitor of
nuclear factor kappa B (IxkBa) £A+2] 914} 2l B3l A =& &-0l5}al, p13Ke}F MAPKS] A
A& o] &5t IL1p2t TNF-0.2] 2ol Tost= Al AE 2AHE AT o] ZHH&2
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= Aol ARGRFAT FEE2 H e E Aleleh &, E7], 22 100% ol &
(7Hv]#, BE0547B1) 2} &2 0] 85 FEE (HP]H, BW0547A1) 9] X £
7

[e]

Ak % g
2 Ao] Fd RO 2 LPS (Sigma-Aldrich, St. Louis, MO, USA)E AH-&-5F3ic}, Tl
BAS 950 AFEH extracellular-signal-regulated kinase (ERK), p-ERK, p38 MAPK, p-p38

MAPK, c-Jun N-terminal kinase (JNK), p-JNK, Akt, p-Akt, IkBa, iNOS®I| thgF £-0] 2] Q1 12} 34|
= Cell Signaling Technology (Beverly, MA, USA), COX-1, COX-2°]| Tt 1%} §4|+= Cayman (Ann
Arbor, MI, USA), B-actin®]] Tt gt 12} &A= Sigma-AldrichOl| A - 5Fo] AF&-31Th 22} A
&= horseradish peroxidase-conjugated anti-rabbit immunoglobulin G (IgG)2} anti-mouse IgG
(Cell Signaling Technology) S AF-&-5}31 T},

MAPK A5 A F2o] I d S AlEdst7] el AHE-E MEK1 SA|A] PD98059, p38 MAPK
A A sB203580, INK G A A SP600125, PI3K A A|A| wortmannin-2 Sigma-AldrichOl| A -4

EEREE T

MIZE 3 M|E HH
Abat el S M| I 2291 THPA M| 2= American Type Culture Collection (Manassas, VA, USA)©]|
A] B¢ wo} Roswell Park Memorial Institute 1640 medium©]| L-glutamine, 10% fetal bovine

serum, 1% penicillin/streptomycin, 0.05 mM 2-mercaptoethanol (Gibco, Grand Island, NY, USA)
2 J7kek w1 5 o] §3te] 37°C, 5% CO, 27 tol A i Fst ST

MNEW=Z 9 ZME £H

THP-1 (2 x 10* cells/well) A|Zo)] AT O|&HE FEE3 B FE 52 50 ug/mLe] 52 2447t
= 72A7F 59 2 2] SFAL Cell Counting Kit-8 (CCK-8) solution 10 puLa ] &5} 4A]17F 59
Hk-3-A] ZA Tk, Microplate Reader (bio-Tek Instruments, Inc., Winooski, VT, USA)E- ©]-8-5} 450
amolHe) SRES S5}l HEAEE D 24 ES AT

Western blottingS 0| 2% CHHZE 25 5l QI M3} £
THPA (1 x 10° cells/well) A Zol] AT &5 (10, 50 pg/mL) 2 FAJ 2O 2 LPS (10 ng/mL)E
] 2|skal 24 SElFof e} 3042, 8AIZF, 24A17F 59t v F £ PRO-P

Solution (iNtRON Biotechnology, Seongnam, Korea) S ©]-8-3l| A|2ZE- 83§ A| 7] 11 13,500 rpm,
4°Col| A 102 H LA 2| 5to] Tl A& Z5}FRU T BCA protein assay Kit (Thermo Scientif-

REP Protein Extraction
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ic, Pittsburgh, PA, USA) S AF-8-5}of THal Al 8- A &Fa51a1, 30 uge] Tl Al-S-10% polyacrylamide
gelol| 4] sodium dodecyl sulphate-polyacrylamide gel electrophoresis= 717195 sttt &2
& THEHZLL pitrocellulose membrane©l| transferdtod 3% skim milkS 2 7}t tris-buffered sa-
line (0.05% tween 20) (TBST)E2 4-2-01| 4] 3027t blocking$t &, p-ERK1/2, ERK, p-p38 MAPK,
p38 MAPK, p-JNK, JNK, IkBa, p-Akt, Akt, iNOS, COX-2, B-actin®]] E-0]Z 1 12} &A= 1/1,000
O 2 3]A435}0] 4ol A 16413t 5 RESAIZAT. ©] %, 1024 38] TBSTE M| {3}l 1/2,000
O g 3|5k 23t A E Aol A 1AIZF Bt RS AIZATE 1024 53] TBST= A& & ECL
Substrate reagent (Bio-Rad Laboratories, Inc., Hercules, CA, USA)E ©|-85}9] X-ray filmoll &
leict.

Enzyme-linked immunosorbent assay (ELISA)E 0|28t cytokine ™

THP Al| 220f| AT F5& 2 LPSE A 2]5tal A AJ2H & M| 2 45 HS 2 o] IL1p2t TNF-0.9
55 ELISA kit (eBioscience Co., San Diego, CA, USA)E A5t &5} 21 cytokine2)
s kito] Z9E o] e EE G2 RE AEH REFA 2R E ALE I

H
=i
=
=

1

SAXZ

A1) A 3}= PRISM version 5.0 program (GraphPad Software, Inc., La Jolla, CA, USA)S- ©]-&5}
o] 4 (mean) + £F 22} (standard error of mean) = E AT 2} A g o] B &5
EAA [ AL t-test 2 p < 0.05, *p < 0.01 & **p < 0.001 =0l A B]| 5} T},

21}

AT £E29| THP-1 ME2| 4= U 2] 0|X|= P

AT FEE9| A 542 got7] 9Jsto] THP1 Al 2ol DMSOZ ol&HE S22, = FE=
250 pg/mLE A 2|5}l 24 A1 & M| o] Y EE-2 ST Aaf, B e A EoM M E 542
R A= LEHEHT (Fig. 14). o] ol B3l M| 3 S:-4]of] FoF2 x| 4] Lot 7] 9fsh 2+ 5

B
150 - NS < 250 - *
r 1 > 1
NS ~ *k
S — % 200 - —
Z 100 =
z § 1501
S ©
= 50_ HO_;) 100-
3 S 501
0 8 o
Vehicle EAT WAT Vehicle EAT WAT

Fig. 1. The effect of AT extract on cell-viability and proliferation of THP-1 cells. THP-1 cells (5 x 10*/well) were
cultured with ethanol extract or water extract of AT (50 pug/mL), respectively, for 24 hours (A) or 72 hours (B). Cell
viability and proliferation were analyzed as described in materials and methods. Results are present as the means
+ SEM (n = 3) and asterisks indicate significant differences (t-tests). Representative data from 1 of 3 independent
experiments is shown.

EAT, ethanol extracted Aster tataricus; WAT, water-extracted Aster tataricus; AT, Aster tataricus; SEM, standard
error of mean; NS, not significant.

*p < 0.05; **p < 0.01.
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28 A3kl 72417 F CCK-8E 0]8-510 450 nmol| A L =S =4S 2, DMSOE
2] gk 2ol vlsl ol ehE 252 154, B FE2E-2 28 =74 W= A} (Fig. 18). ©]
A= AT F220°| THP1 AN 2] SA1 S S7HA & o v gt

AT & F=E0 2|8t THP-1 MZE2| cytokine £H| Z7}
B Ao A= AT FE529] THP1 Al ZE 9] cytokine HH|of B] 2| =
A3Eol| Zt 2 EE5-3 48A1XF 59t 2 2§ & LpsE 3 7hsto] 24A17E
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>
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o
38,
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—
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T

St A=At vl g At

S Ao A | A Q1 A/ cytokineQl IL1BS] F= ELISAZ S43H AL et 252 ©
502 A2 Al ob e o] gl oy (HEHA E), FE2ES A A2 T LpsE A 2gt
- LpSTF A 23t T1550f] H] 5l cytokine] A 4to] ZhA 0}93\‘4 R e sl

21 2] A] LPSE A 2] &t 1E o} o] B2 o 1L1pe] AY4HS R =5 oM LpSE F7H o 2
2] 2)5to] = AJH A EH= QAT (Fig. 24). IL1BL] BH|FS 225 9] X2 A|7ta} =0
ol 0 & F7tsh= S B O, TNF-02] ¢ 25|28 24417t & FA 3] AT

L
=]
(Fig. 2B and C). ©]= TNF-o”} autocrine 2. 2 285191 7| tj £ 0 2 of A X},

ILp c IL1B
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Fig. 2. The water extract of AT induces cytokine secretion by THP-1 cells. (A) THP-1 cells were cultured with ethanol extract or water extract of AT (50 ug/mL)

for 48 hours, and then further incubated in the presence or absence of LPS (10 ng/mL) for 24 hours. (B) THP-1 cells were cultured with ethanol extract or water
extract of AT (50 pug/mL) for indicated times. (C) THP-1 cells were cultured in the presence of indicated doses of extracts of AT for 72 hours. Concentration of
IL-18 and TNF-o. in the culture supernatant were measured by enzyme-linked immunosorbent assay. Results are present as the means + SEM (n = 3) and asterisks
indicate significant differences compared to vehicle (t-tests). Representative data from 1 of 3 independent experiments is shown.

Conc, concentration; IL-1B, interleukin-1B; LPS, lipopolysaccharide; EAT, ethanol extracted Aster tataricus; WAT, water-extracted Aster tataricus; ND, not
detected; TNF-o, tumor necrosis factor-o; AT, Aster tataricus; SEM, standard error of mean.

*p < 0.05; p < 0.01;
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Fold change of INOS
relative to vehicle

Fold change of COX-2
relative to vehicle

Fig. 3. The AT water extract increases the protein expression levels of COX-2 and iNOS in THP-1 cells. THP-1 cells
were cultured with AT water extract (10 or 50 ug/mL) for 8 or 24 hours to detect COX-2 and iNOS, respectively.
LPS (10 ng/mL) was used as a positive control. The protein expression level of COX-2 (A) and iNOS (B) were
detected by western blotting. The band intensity was measured and normalized from 3 independent experiments
using imageJ. Results are present as the means + SEM and asterisks indicate significant differences (t-tests).
COX-2, cyclooxygenase-2; WAT, water-extracted Aster tataricus; LPS, lipopolysaccharide; iNOS, inducible nitric
oxide synthase; AT, Aster tataricus; SEM, standard error of mean.

*p < 0.05; *p < 0.01; **p < 0.001.

AT 2 FEE0 2|8t THP-1 M|Z2] COX-22} iINOS H¥ =H

Mo Hk-3-9] 25t uf7HA)| Q) prostaglandin} nitric oxide (NO) AJAro]| ol = COx-22}
iNOs T o] Wi o] ot JFS LotEdTh THP1 Al 2O AT & 252 sEHE A

AT & F=ES0] 2|5t THP-1 M Z2| MT ME 22X} 23}

AT 3553 THP1 M| 20| == 2 2] 2|5131 308 T MAPK R} Ake2] Q1AHSH ! [xBa o) Bl
H3HE western blotting @ & ZAFSITH AT & 252 A 2|8 4%, ERK, p38 MAPK, JNK
£ HIZ AkeQ] QI4FEH7} o 2 to) Hsl oA 07 F7tE|Qleh et oty AT & &
Eoll 93 kBal] Fol 7 F-Ex = S FRA 4= AU (Fig. 4). AP REASHG 2
Zko] M7t BEE AL o4 229 9t TR 4o ofd AT & FE2F WA E AR
Zo| A 711 A2 o AXIT} of 2] A& A 2+ F oj" AV} AT & FE2E°
cytokine2] AJAto]] Ioi5l=%] ol 7] 9|5}o] 32 2] MAPK R} Akt A A = o] &5}o] AE
S 435t} THPA Al 2Lof] PD98059 (50 uM, MEK1 A A|A), SB203580 (10 uM, p38 MAPK &}
AA), SP600125 (50 uM, INK 2 A Al]), wortmannin (10 nM, PI3K S A #)S- 30+ 7+ A 2] 2] 51
AT & 35 50 pg/mL-& A 5kt 24A17F 2 45 Aol A IL1B2t TNF-02] 5= E 57
St A3} % cytokine 15 MAPKOI| 2J5l] 2 == & =I5ttt (Fig. 5). S1EA %, p38
MAPKS] A A& ] 2] gt 7 IL1p2] EH|= S715H BHH, INF-02] #H]|= HAE| ]l o]
A= p38 MAPKZ} 7 9] cytokine HH|of] 25 To{SHA|THL1pE SA A O 2| TNF-0+=
Ao g A= Rt g 7HA] AL Q&5 9| gt}
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Fig. 4. The AT water extract induces the phosphorylation of MAPK and Akt and the degradation of IkBa in THP-1 cells. THP-1 cells were cultured with AT water
extract (10 or 50 pug/mL) for 30 minutes. Phosphorylated and unphosphorylated form of ERK, p-38 MAPK, JNK, and Akt and whole IkBo were detected by western
blotting. The band intensity was measured and normalized from 3 independent experiments. Results are present as the means = SEM and asterisks indicate
significant differences compared to vehicle (t-tests).

ERK, extracellular-signal-regulated kinase; WAT, water-extracted Aster tataricus; LPS, lipopolysaccharide; JNK, c-Jun N-terminal kinase; IkBa, inhibitor of
nuclear factor kappa B; SEM, standard error of mean.

*p < 0.05; *p < 0.01; **p < 0.001.
IL-1B TNF-o
250 - 250 -
. 200 * 200 -
E E
E 150 = Vehicle E 150 + ® Vehicle
'S 100 m WAT 'S 100 = WAT
< c
o (e} *kk
© 50 o l © 504
ND ND ND ND *** ND ND ok
0 T I. T T T 0 -
> e} Q “ Q& ™ o o % S
& & & & & S
0 » O S & ® $ o S &
<o 8§ DI S

Fig. 5. The AT water extract regulates cytokine secretion in THP-1 through MAPK signaling pathway. THP-1 cells were pre-incubated with inhibitors of extracellular-
signal-regulated kinase, p38 MAPK, c-Jun N-terminal kinase, and PI3K for 30 minutes, and then further cultured in the presence or absence of AT water extract for 24
hours. Concentration of IL-13 and TNF-a in the culture supernatant were measured by enzyme-linked immunosorbent assay. Results are present as the means = SEM
(n = 3) and asterisks indicate significant differences compared to control (t-tests). Representative data from 1 of 3 independent experiments is shown.

IL-1B, interleukin-1B; Conc, concentration; ND, not detected; WAT, water-extracted Aster tataricus; AT, Aster tataricus; TNF-a, tumor necrosis factor-o; MAPK,
mitogen-activated protein kinase; SEM, standard error of mean.

*p < 0.05; *p < 0.01; **p < 0.001.
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Fig. 6. Schematic diagram of signal transduction of the AT water extract in THP-1 cells. The AT water extract
induces phosphorylation of MAPK and Akt and degradation of IkBa in THP-1 cells. It also increases the expression
of COX-2 and iNOS and induces the secretion of IL-1B and TNF-a.. AT regulates cytokine secretion through the
MAPK signaling pathway. Among them, p38 MAPK plays an opposite role in the production of 2 cytokines that
negatively regulates IL-1B production, while positively regulates TNF-a production.

AT, Aster tataricus; ERK, extracellular-signal-regulated kinase; JNK, c-Jun N-terminal kinase; IkBa, inhibitor of
nuclear factor kappa B; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2; IL-1B, interleukin-1;
TNF-a, tumor necrosis factor-a; MAPK, mitogen-activated protein kinase.
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