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Sky Tyrosine Phosphorylation

Sung Ah Park'? Yoon Sung Jang® and Yung Hun Yang*'

ABSTRACT

Background: Snow lotus [Saussurea involucrata (Kar. & Kir.) Sch. Bip.] is used in Chinese herbal
medicine because of its antioxidant and anti-inflammatory effects. The mechanism of its anti-
inflammatory effect on allergic response is unknown.

Methods and Results: We evaluated the effect of the aqueous extract of S. involucrata flowers on
the allergic inflammatory response in dinitrophenyl-immunoglobulin E (DNP-IgE)-activated RBL-
2H3 cells. Cell viability and B-hexosaminidase release from the activated RBL-2H3 cells were
evaluated. The levels of proinflammatory molecules including tumor necrosis factor-alpha (TNF-
a), interleukin (IL)-4, IL-10, IL-1p, and prostaglandin E2 in RBL-2H3 cells treated with 5% and
10% S. involucrata extract. Treatment with S. involucrata extract significantly suppressed the
phosphorylation of protein kinase B (AKT), p38, c-Jun N-terminal kinase (JNK), extracellular sig-
nal-regulated kinase (ERK)1/2, and mitogen-activiated protein kinase (MEK) in a dose-dependent
manner. S. involucrata extract also inhibited the Fc epsilon receptor 1 signaling pathway involving
phosphorylation of Lyn, Syk, and phosphoinositide 3-kinase (PI3K), which is associated with the
PI3K-AKT-ERK pathway and cytokine expression. A major mechanism of action of S. involucrata
extract was to reduce the extent of the DNP-IgE-induced cytoskeletal change from globular to fila-
mentous actin in RBL-2H3 cells.

Conclusions: S. involucrata extract mediates its antiallergic effect by suppressing inflammation.
The findings will be valuable in the development of S. involucrata extract as a phytomedicine with
minimal side effects for allergic diseases.

Key Words: Saussurea involucrata (Kar. & Kir.) Sch. Bip., Anti-allegic Inflammation, Cytokine, 8-
Hexosaminidase, f-Actin
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(Hirzallah and Choi, 2016; gtromberga et al, 2017). ol &
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Draberova et al, 2019). FeeRI= o] M|zl HEshd A
HA W92 A58 FXeke T8 1o 24 wiiA (
Aol EFRI, QIEFZ, MRAEA ¥ 2 elawd)e] 4
2HE Alofgitt. 53], s|2ERIS 2t 95 S Y
AZ1Al |t} (Seresirikachorn ef al, 2019). FceRI 2L
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A3}l phosphatidylinositol 3-kinase (PI3K) % 5' AMP-
activated protein kinase (AMPK)oll ¥&2 T} Lyn % Syk
o] Mikshk= Al Zg WEATIAL, T helper AlEE 279
SINA sHTe] EHH-ASE FIS PE} (Lin et al, 2016).
TAEY WL Saussurea involucrata (Kar. & Kir)
Sch. Bip. (S. involucrata). 2 =3}3} o|7||A|olE2] thd Ay
Fow HistE Edvh = s 2,400 m - 4,100 me]
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1. &z

Agof| o] &3 FAFE [Saussurea involucrata (Kar. &
Kir.) Sch. Bip. (S. involucrata)l& Tgute] QoA A==
AzE BRES €952 wdFE FEE @EERDE 7
Yotd AFAER ARSI FE0 o8 =A% AR
= 704 7= A T U AFeE B3 A S
gRlskAth
2. M=t

RBL-2H3 AM|¥+= =4 E£5223) (Seoul, Korea)® ZHE| &
& who} Agof ARE-SFATE HjgHS RPMI-1640 (Capricorn,
Ebsdorfergrund, Germany) BJX]ol 10% fetal bovine serum
(Hyclone Labs, Thermo Scientific Inc., Rockford, IL, USA)
9} 1% penicillin streptomycin (Capricorn, Ebsdorfergrund,
Germany)©] EEE=E A|Zsl9 ).

48-well plate (SPL life science Inc., Pocheon, Korea)ol
2x10° cellswelle 2 A EE AHE|etal 18217 wjge &
Dulbecco’s phosphate-buffered saline (DPBS, Welgene Inc.,
Daegu, Korea)Z 23] &3 F anti-dinitrophenyl (DNP)-
immunoglobulin E (IgE, Slgma-Aldrlch Co., St. Louis, MO,
USAE | ugml ] =2 A2 & 24 Am v oFald T},
DPBSZ 2 3] Al&sle] e IgEE AA & FEES 312,
625 3 1,250 pg/mb A2]g - 1 AZF F el dinitrophenyl-
bovine serum albumin conjugate (DNP-BSA, Sigma-Aldrich
CO ST. Louis, MO, USA)E 6 AZF &1t skt vk

= AAAZI7] S8 da91ell 10 B2F A § wjgls 3l
o}%L 4C 2,000 rpm_i 10 278 942 & A5ds
3455t FIUIZFE S dexametason (Sigma-Aldrich Co.,
St. Louis, MO, USA), PP2 (Src family kinase inhibitor,
Selleckchem, Houston, TX, USA)YS ©]&-3}T}.

3. p-Hexosamididase 2
AAAF A 3] wjge 25 (E p-nitrophenyl

N-acetyl-B-D-glucosamide (p-NAG, 10 mM, Sigma Aldrich
Co., St. Louis, MO, USA)E X &3= 0.1 M sodium citrate
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buffer (pH 4.5)5 50 £ F7Fst 96-well plate (SPL life
science Inc., Pocheon, Korea)oll x1g]slz 37Col|A 1217k
v A Z o wES

==
gl o L

% B-hexosaminidase activity S
micorplate reader (Molecular Devices LLC, Sunnyvale, CA,
USA)E 405 nmol|A] T332 =431t
4. Cytokine ¥ PGE2 X
WAAZF AHIA B Wi 50 4F 18510 umor
necrosis factor-a (TNF-a, R&D Systems Inc., Minneapolis,
MN, USA), interleukin (IL)-6 (MyBioSource, San Diego,
CA, USA), IL-1p (MyBioSource, San Diego, CA, USA),
prostaglandin E2 (PGE2, R&D Systems Inc., Minneapolis,
MN, USA) ELISA kitE ©]-8-3}>] microplate reader= 450
m oA FFE=E ST

5. MEZ=sd 55

RBL-2H3 AIZFE 1 x 10* A EFE M £ 12 AIZF v
3§ v FEEE 312, 625 ¥ 1250 pyml 2 AP &
24 A7 7R kst Z- wellell 20 1£2] MTS (Promega
Inc., Madison, WI, USA) 2] § Zd= 73 20 £7F
w3k F micorplate reader® 450 nm oA FFEE =75}

At
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RBL-2H3 MZFE 60 mm A|XZ¥{%F HA] (SPL life science
Inc., Pocheon, Korea)oll 4.5 x 10° A|EF2 12 A7 w3k
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H wdE FE2E 312, 625 2 1250 wgymd B A2 5 24
AZFERE Fp et & MEE 38tk Phosphatase

inhibitor cocktail (ATTO, Tokyo, Japan)3} protease inhibitor
cocktail (ATTO, Tokyo, Japan)”} 323¥ radioimmuno-
precipitation (RIPA) lysis buffer (ATTO, Tokyo, Japan)=
o83t Aol 1 Ak w7t Eelld H 13,000 rpmollA 15
7 9141%2]7] (Hanil, Daejeon, Korea)Z UAE2]E AA|
stch dE Pierce™ BCA Protein Assay Reagent
(Thermo Fisher Inc., San Jose, CA, USA)E ©|-&3}o] A
3 5 20 g2 @A S SDS-PAGE gel methodE ©]-&3}o]
7171998312 membrane®l| transfer 33T},

1 xPBS-T (LPS solution, Daegjeon, Korea)= 5% skim
milk (KisanBio Co., Seoul, Korea)& A|Z3l] 1 A|7F &<t
blocking?t ¥ 1 2} &AE 747 1:1,0009] EE 16 A
b 4T WAl wkgAIZT) 3 3] PBS-TZ AlH3 7 2
A BAE 47 1:5,0000] 2 A2olA AE] F oA
3 3] PBS-TZ AlE ¥ Amersham ECL western blotting
detection reagent (GE Healthcare, Chicago, IL, USA)E ©]
435} Amersham imager 680 (GE Healthcare,
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Chicago, IL, USA)C.Z ZA3}Ht). T2 ImageQuantTL
software (GE Healthcare, Piscataway, NI)& ©]&3}o] #2435}
At

&A= anti-protein kinase B (AKT), anti-p-AKT, anti-p-
p38, anti-p-c-Jun N-terminal kinases (JNK), anti-p-Mitogen-
activated protein kinase 3(Erk)1/2, anti-p-mitogen-activated
protein kinase (MEK) (Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA), anti-p-tyrosine-protein kinase Lyn (Lyn),
anti- p- Src family tyrosine kinase (Fyn), anti-p- spleen
tyrosine kinase (Syk, Cell Signaling, Beverly, MA, USA)S
SEEE

7. F-actin A

RBL-2H3 AX2FE 60 mm A28 HAl (SPL life
science Inc., Pocheon, Korea)ll 4.5x10° AXF2 12 AJ7F

vl 5 w9 FEE 312, 625 2 1250 pg/ml 2 24 A
7Fet AEek & AEE T 1 x 10719 AEE 3
435to] pH 74 DPBSE A& 5 100 L fluorescence-
activated cell sorting (FACS) buffer, DPBS + 0.5% BSA
(Sigma-Aldrich Co., ST. Louis, MO, USA)+0.1% sodium
azide (Sigma-Aldrich, ST. Louis, MO, USA)l $EA]7|1,
0.1% TritonS 10 7+ 321914 %25l permeabilization
H4-E& APt

A|ZE 200 /£ 2] DPBSZ 3 3] A4 & 100 £ 2] FACS
bufferdl] 5 /£ 2] factin antibody (Abcam, Cambridge, MA,
USA)E A2 #7kste] 1 A1ZE &<t W A skt 200
(2] DPBSZ 3 3] A& & allophycocyanin (APC) A%
22} A (Thermo Fisher Inc.,, Waltham, MA, USA)E 1 :
100002 Agste] vEEAIZTE G AEE 200 109
DPBSZ 3 3] A3 F 300 L2 FACS ®HE 3H7}slo
flow cytometry (FACS, Attune NxT, Invitrogen, Camarillo,
CA, USA)E AH&-sto] E4sisitt.

8. SAIEAM

RE Yy AP 3 3 U 4P B £H8t 59
on, BARAL One-way ANOVAZ 21Z|47F p < 0.052
Z Bonferroni AFFAAS AAEIATE BAIZZ 23S Graph
Pad Prism 5 software (Graph Pad Software Inc., La Jolla,
CA, USA)E ©]-&3ltt.
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Za}7] #18 RBL-2H30X FE&0] 2te Alx25dS gklst
ATH (Fig. 1A). v9FE FE2E2°] 4¥5% 312, 625 2
1250 pg/ml oA Al 257d0] SlEA] eiglet.

=A1R0] o] 8" MTS 72 WEZE=gololA &
= mitochondrial dehydrogenase®} WES-3l= MTS AIES] Al
oFS o] gste] Ao FTHE EE MESAHS FHSH
(Wang et al, 2010). ©]#3F Ak MTTOA &3] =7 &2
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Fig. 1. Effect of Saussurea involucrata (Kar. & Kir.) Sch. Bip. extract
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on cell viability, B-hexosaminidase and histamine marker (PGE2)

release degranulation in IgE-stimulated rat basophilic leukemia (RBL-2H3) cells. (A); Cell viability assay. RBL-2H3 cells
(1 x 10* cells/wellwere seeded in a 96-well plate overnight at 37°C and incubated with S. involucrata E (312, 625 and 1,250

pg/me) for 24 hr. The MTS in vitro cytotoxicity assay was used

for assessing cell viability. All values are the mean = S.D. of three

independent experiments. Values of “"p < 0.001 were considered significantly different to the anti-DNP IgE plus DNP-BSA,
One-way ANOVA. (B); B-hexosaminidase release. RBL-2H3 cells (2 x 10° cells/welllwere seeded in a 48-well plate overnight at
37C and incubated with anti-dinitrophenyl (DNP)-IgE (1 1g/m) for 18 h. The IgE-sensitized cells were preincubated with S.
involucrata E (1, 5, and 10%, v/v) or dexamethasone (10 uM) for 1 h, and subsequently stimulated with the dinitrophenyl-bovine
serum albumin conjugate (DNP-BSA) (10 pg/ml) for 4 h. Value (%) Was calculated based on the O.D measurement of the blank
of the untreated cell group. (C); prostaglandin E2 (PGE2) release. IgE-sensitized RBL-2H3 cells were preincubated with S.
involucrata E, dexamethasone (10 M), or PP2 (10 uM) for 1 h before antigen treatment for 6 h. All values are the means + S.D.
of three independent experiments. Values of ‘p < 0.05, “p < 0.01, and ~'p < 0.001 were considered significantly different to

the anti-DNP IgE plus DNP-BSA, One-way ANOVA.
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Al ZElE oM 8.6+2.5% A3 (p < 0.001), 9 O|E7}IY TNF-u 2 IL-18E JAINA A5 &A1l A
AFERE 10 pM A @3 FA18E dAladS BYu (Fig o2 Feld

IB). 9%5¢] 27] SlolA =441 E3 S B 55, o AT Fo A3 9548 AClETR] & TNF-o
2A| 2, BT 29] S3kE Xlshes 950 SS9 © RS A= e s S-S Fxleke & WAl
+ "7RAIQ] PGE2E I8 A3 PGE20lA= 1250 pg/mle] WS- (innate immune response)l] ZHA| Fdl= AT
EAE FEENE dAEAE RIS (p < 005, Fig.  wAelth B IL-1pe €S TAATE SR WA

1C). AolE7I] 3 FF (TNF-q, IL-6, 2 IL-1B)% IL-6= ol 9tz WE ul Ut} (Hagman er al, 2019). IL-1B=
A 2g TNF-a 2 IL-1poA 625 pg/ml o] £UE FEE0] Y A A AP S #Eo] Zlof o]& A
S AgE oM HaEE a9E FRIEIIT (p < 005, R thEE WHE0] YR ow A thide] HUth
Fig. 2B and 2C), IL-6= BAASZ {23t Ao]E HolA| TNF-o ¥ IL-1pE= vfE23R]e} 222 X Fe 78AE A
22T WS 24521 DNP-BSAY o3l =¥ adeA] el Foh= HYFZEY E (IgE)E A3l FeeRl ATHAGHZ

917}9) Bhexosaminidase B PGE2E ZAAZAT, 954 % 5 2Esh, ohjdgA 2 uke @uE FAFANS o
*
A ! {
LI w
E 40+
2
b
;' 20+
0
DNP-BSA ¥ *
S. involucrataE = - 312 625 1250 -~
Dexa - - - - - 10
2 - . - _ C - ,
¥ by 30+ 0 - ’
o
r l=l
= 404 E:EE - =
E v % z - =
S = 2
— e -
o
? 204 =
= I
: =
0- - T T
g +
DNEABSA = s F DNP-BSA - + o+ + o+ +
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Dexa - - - - - 10
Dexa - = - - N 10

Fig. 2. Effect of Saussurea involucrata (Kar. & Kir.) Sch. Bip. extract on degranulation in IgE-stimulated inflammatory cytokine
production in IgE-stimulated RBL-2H3 cells. (A); TNF-a release. RBL-2H3 cells (2 x T0° cells/well)were seeded in a 48-well
plate overni§ht at 37C and incubated with anti-dinitrophenyl (DNP)-IgE (1 rg/mf) for 18 h. The IgE-sensitized cells were
preincubated with S. involucrata E (1, 5, and 10%, v/v) or dexamethasone (10 pM) for 1 h, and subsequently stimulated with the
dinitrophenyl-bovine serum albumin conjugate (DNP-BSA) (10 xg/ml) for 4 h. (B); IL-6 release, (C); IL-1p release. Values of ‘p <
0.05, "p < 0.01, and ""p < 0.001 were considered significantly different to the anti-DNP IgE plus DNP-BSA with One-way
ANOVA and Bonferroni post-test.
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oA LA HES et (Kong er al, 2020).
H AFE wAE FEES 01831 FeeRl MG =
2HE Bk =io] gl i 9 4¥S 8 39

TFAH o7 FEAS}AL, B-hexosaminidase, PGE2, TN !

F-a
IL-1pe] %Ho| FeeRIQ] AlTAE} #do] x| thig
9] gRlo] Haskitt.
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FE=20| thnl p3 Kol

B = (B1ZE, HITHA|E 7]uiA], EFERA, Al
ol 2H|2}A] )& matrix metalloprotease (MMP)S A1 3}A|A
24 NED-ES AT (Patruno e al, 2018). - Al
EENAM A EFZER} (adherent molecule)®] 7FwAdS A
A7, 578 WET 9 gEge] §908 28 Hot o
25k Gl thdet A EAS7F 2=t FeeRI Al
AR7} F23 S It} (Kong ef al, 2020). IgE AT

A DNPBSA - + o+ o+ o+

S. involucrata E - 312 625 1250

Dexa 10

W e e e
-_— e

—_——= -

— ————

3 plyn

&3 Lyn

Fold change
compared to DNP-BSA

VOIS,
NASSSSSNNN]

Fig. 3. Effect of Saussurea involucrata (Kar. & Kir.) Sch. Bip. extract on
The level of phosphorylation of Lyn, Syk, AKT, p38, JNK, MEK, Er

ol-g-ato] Azl T E 452 FeeRI A

gelsAtt (Fig. 3A). PI3Ke} s
W32 o1y, FOE 55 A
FTE 9FFHOoE MAPK A3HAEHEZ (AKT, P38,
AT RS 3

- A= T

A
INK, Erk12 2 MEK)¢] <2132 ni
AskAth (Fig. 3B). 531, TNF-o ¥ IL-182] o] 125
Wl =R%E FE= Al aE A Lyndt Syk Ql4ks)
£ Alske F=7F 2ok e T Ak RS B
TNF-a B IL-1pe] ZHo] #Ho] e Zlo= Bl

Svk
PI3K
B-actin

&2 psyk

=3 syk B3 PiK

******

INRRNRRNARRRRRRNNN] o B

Erotein phosphorylation in IgE-stimulated RBL-2H3 cells.
1/2, and PI3K was determined by western blot. (A); FceRI

pathway and PI3K signal control was determined by western blot analysis. (B), MAPK pathway was determined by western blot
analysis. IgE-sensitized RBL-2H3 cells were preincubated with S. involucrata E, dexamethasone (10 uM) for 1 h before antigen
treatment for 16 h. All values are the means = S.D. of three independent experiments. B-actin was used as the loading control.
All values were from three independent experiments. Values of ‘p < 0.05, “p < 0.01, and “'p < 0.001 were considered
significantly different to the anti-DNP IgE plus DNP-BSA, One-way ANOVA and Bonferroni post-test.
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Fig. 3. Continued.
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PI3Ko] #F3teE &9 Alad 5 AkE 43R serine/
threonine kinase®] 721 PKDE 29|%-9] A= 2 A XujjF-9
AsE 2Asle olF FASHL AlE F23 AES 2dse
w2 o]8sht} HAHQ Akt AlEE AXEE S8, <
9 DNA &4 5ol oJste] 2stEo] Al ZHeA e
HEHYI 2d& T3] S #HoJsit} (Méndez-Pertuz et
al, 2017). RFH, PKBol| oJgt AxF2] ZH2 AxZAE
(apoptosis)e F=3tAY SHEE ST, ASATE
IS Mast Al E9] Akt A5 AEi7iAIE &8l 249
slEH, ol 954 AelETRIS F7RI7IE Wizt €tk
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(Ye et al, 2017). o)’3e] AAE Fdlo] =AFE FE2E9 A
27} rat 53 mast AEAA A=H At-MAPKE 7H4A]7)

31, 08 Ba) 934 AolEriele] RulE AT 4

= sk
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A2 FE29| Factin THHE TH
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Fig. 4. Effect of Saussurea involucrata (Kar. & Kir.) Sch. Bip. extract on F-actin expression in IgE-stimulated RBL-2H3 cells. The

signal from the F-actin antibody conjugated to allophycocyanin (APC) was determined by flow cytomet

analysis. All values

were from three independent experiments. Values of ~ p < 0.001 was considered significantly different to {Ke anti-DNP IgE plus

DNP-BSA, One-way ANOVA and Bonferroni post-test.
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Fig. 5. Effect of Saussurea involucrata (Kar. & Kir.) Sch. Bip. extract on FceRl and PI3K-AKT-MAPK signaling pathway in IgE-

stimulated RBL-2H3 cells.
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et al, 2019). 53], AZAR, olm)71d, szslzd 2 FEl&
Wsh P Bepiiol= B YUTE feske At 9
t R0 P glo] wAR F2BO FEEAY 0 o
£ 3258 2 98 Ax3d wEsl 2e® Ao @

‘EFJE]- (Pang et al, 2019; Guo et al, 2019; Lodhi et al,
2020; Tiboc-Schnell et al., 2020).
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