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Inhibitory Effect of Dendrobium moniliforme on Degranulation and Histidine
Decarboxylase Expression in RBL-2H3 Cells
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The stems of Dendrobium moniliforme are used in traditional Oriental medicine as a Yin tonic to
nourish the stomach, promote the production of body fluid, and reduce fever. This study investigated
the effects of the aqueous extract of D. moniliforme stems (DME) on mast cell degranulation and
the expression of tumor necrosis factor-a (TNF-a), interleukin-4 (IL-4), and histamine-synthesizing
enzyme histidine decarboxylase (HDC). We used rat mast cell line RBL-2H3 cells and stimulated
them with PMA plus calcium ionophore (PMACI). Pretreatment with DME significantly inhibited
PMACT-induced B-hexosaminidase release and the expression of TNF-a, IL-4, and HDC. Furthermore,
DME suppressed PMACI-induced nuclear translocation of the nuclear factor kappa-light-chain-en-
hancer of activated B cells (NF-kB) and activator protein 1 (AP-1). In addition, HDC expression
was inhibited by SP600125 (JNK inhibitor), PD98059 (ERK inhibitor), and SB203580 (p38 kinase
inhibitor). Finally, the phosphorylation of p38 kinase, extracellular signal-regulated kinase 1/2 (ERK1/
2), and c-Jun N-terminal kinase (JNK) was inhibited by pretreatment with DME. These results suggest
that DME has inhibitory effects against degranulation, cytokine (TNF-o and IL-4) and HDC expression,
and that HDC expression is mediated by MAPK signaling. These findings suggest that DME may
have therapeutic potential in the treatment of hypersensitive and inflammatory diseases.
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S| 2Bl 84 ol o ®A S| AE Y R E A
[histidine decarboxylase (HDC)]oll &3l o}w] =4kl L-3] 2~
E] S 2RE ©EAAT. 3 2ERIS S oA

I, REAALE ST, Z1BAE FEFEA A, A
A BHE 33 TY €A vEEE g

i

oA 2ol ErE 8T, TFAGANA WG =
Agdel Bulg 2dstn, BU)T, BAFAE Fol
Agatel WA, AY, IPE, BEY 5o AFVSE 5

A8 = FTH20].

A 3} (Dendrobium moniliforme)2] 7| &% ol A
AZRE A& B, Y-S BEFshH, s, 2T 2§
I S WEle 28-S shH, &3 X1, ¥v] A7 Sl
AbgEo] 1], 432 alkaloids, sesquiterpens, phe-
nanthrens@} 72-& o]} AIAFE S 31§35l Y= Aoz
Ao A ATHA, 18, 23, 28, 29]. A= tiAAlES) B
7S FAAI7IH, 4E5NSE dAlStE 2o g By

o

ATHIL, 17]. 28V 1A ¥h-g-o)u} IRk &4 3}
i3k E3= 2 dHAA Gskrh wEhA B AFolA =
A 3ol vTkA| 2 o] &3t oJudt FFS v A=A &
olBRy I =A 7AS we|lax ok



Me 2w
M= FFEH(DME) FH|

< BHGCEFEZRYH USRS A=
Farol AL 100ToAA 443 Ft Fola
57374_/7: 3o 8 g& Ao
& PBS (phosphate
buffered saline)ol| A1 %O]_L 022 um ZEZ A ALY
ot

M| ZZHH 2k

F (Rat) HITHAH| 3ZF(RBL-2H3) A 3= Dulbecco’s modi-
fied Eagle’s medium (DMEM)ll 10% FBSE 7}t ufj oY

oA 37°C, 5% CO, g7l A sttt

as

HE MEE 23

DMEY] ME=4 E3E microculture tetrazolium (MTT)-
based colorimetric assay‘ﬂ'Hq o8 BAETh 2x10° A X

£ 24-well platel] B]F T 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide [MTT, Sigma Chemical Co.
(St. Louis, MO)] H(HF T 62.5 pgml)S ¥ 37C,
5% CO, 7ol A 3AIZE w3tk FSHS Welal Al
o] dol9l formazan A4S 150 pl® DMSOZE %91 &
570 nmol A §FE=E =AY

B-Hexosaminidase £H| &3

HThA| 2 o] &Yt E S 817] 98] HIRkAZS] 1
g =A3t= p-Hexosaminidase o] EHIE =43
t}. 2.5x10" A L2 96-well plated]] ¥ o] DMES 3 7}38}1
1AIZE vkttt 50 nM PMASH 1 mM A23187-% F713h
I 1ARE O HfERE $ Al eF 4SS dollal ¢

A 2ol 0.5% Triton X-100 &4-& Fo] AXE &35t
o} MEe] e FEAG MELNE ZF 10 WE 96-well plate
o] wkZ ¥o] 5 mM p-nitrophenyl-N-acetyl-B-D-glucosamine
(0.1 M sodium citrate buffer, pH 4.5 4ol =) €4 10

2 A7Fska 37°C oA 4053 wlFst T 0.2 M Glycine,
pH 10.7 €94 150 wlE 78t W& HRAAI7]13L 405
nmmo| A FFEE =439 . Hexosaminidase 2] HH]=

obel 402 At
Az g5 F

+ A Z &3]

RT-PCR

M 2] ZARNAE RNA-spin mini RNA isolation kits
(GE Healthcare, USA)E £&]g < oligo-dT15-primersE
©]-8-3}o] Maxime RT PreMix (Intron Biotechnology, Korea)
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2 DNAE AHANZHT. T9 primerE o] &3}
TaKaRa PCR Thermal Cycler Dice (TaKaRa Bio Inc., Japan)
ZIAZ PCRE $ & agarose Aol A9 &S 3T
TNF-o-forward (5°-TTCTCATTCCTGCTTGTGGC-3"), TNF-
a-reverse (5’-GTTTGCTACGACGTGGGCTA-3"), IL-4-for-
ward (5’-ACGAGGTCACAGGAGAAGGG-3’), IL-4-reverse
(5>-AAGCCCGAAAGAGTCTCTGC-3’), GAPDH-forward
(5’-AGGTGGTCTCCTCTGACTTC-3"), GAPDH-reverse (5’-
TACCAGGAAATGAGCTTGAC-3’)

CHE %5 9 Western blot &4
AEdo] Tl M Z 8 H (1% Triton X-100, 1%

deoxycholate, PBS)E ©| &3} FE3}Th Al £ o
AL o)dol AdE Wy o7 FE3HUT 2] AIEE PBS
fdo 2 33 AL T AAH(10 mM HEPESKOH, pH 7.9,
1.5 mM MgCl12, 10 mM KCl, 0.5 mM dithiothreitol, 0.2 mM
PMSF)ol] 4Coll A 1583 ) okﬂoal:} NP-40 (0.1%)& 3
7¥8ta 4Col A 183F w3k 3 1,700 goll A 1837 94
Bt 43dS AASAT =0l 1ZH20 mM
HEPES-KOH, pH 7.9, 25% glycerol, 420 mM NaCl, 1.5 mM
MgCl,, 0.2 mM EDTA, 0.5 mM dithiothreitol, 0.2 mM
PMSF)S 211 4ColA 3083 718 E50] FAA uj
3t 1,700 goll A 583 AR E)she] A3 g
o] e FFTAE 70T BAsIATh ST did
< 10% polyacrylamide oA Z719%5 [SDS-PAGE
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis)]
3}al 0.45 pm nitrocellulose membrane 2.2 ©]-5 A F T},
MembraneS o-HDC 3 A|(Eurodiagnostica, Sweden), a
-tubulin, a-p65, a- c-Fos, a-c-Jun, a-HDAC3, anti-JNK, o
-p38, a-ERK1/2 & (Santa Cruz Biotechnology, CA, USA),
a-phospho-JNK, a- phospho-p38, a-phospho-ERK1/2 anti-
body A|(Cell Signaling Technology, USA)$} Ztztol] th 3k
o]z &A= wj¥3tL enhanced chemiluminescence de-
tection system (Amersham Co., USA)S.2 ZZ3} AT},

Hoiga 3=xFE0|4 2E(immunofluorescence con-
focal microscopy)

MEE cover-slipdl 7] & -20C W&LZ 1083 2
43kl 1:1000.2 3143 A S 16417 A3ttt PBS
Z A& ¥ fluorescein isothiocyanate (FITC)7} @& A=
221 FAE oA 4N YAt AZHE | my
ml 4°,6-diamidino-2-phenylindole (DAPI)Z 443} 31. LSM
510 Meta 3273 1|7 [confocal microscope (Zeiss, Jena,
Germany)] &2 #2513 T}
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Al ol whEsktt. BA A E #18l Prism 7 &AZE
A ©1(GraphPad Software, inc., USA)E ©]-83}< one-way
analysis of variance (ANOVA) +4& 3t9 3, 24t IF<
H| 11 3}7] 93l Tukey’s post hoc testS AHE-3FA T} p<0.05
A AT FAACE Fostthar EAEAH

H

=}
=

Zu
HIZEMIZE EHEErE0)| Cfst DMES| &1t
DME<®| 285 #H#3}7]o) hA DMEZ}F Al =4 0]
AEAZS MTT assay YO 2 ZAEQA T F HIRkA X
<l RBL-2H3 A X DMEE #2312 w DME9] T%
o F&3HA MTT Sl W37l I th(Fig. 1A). wEkA
1,000 mg/ml &= WA= DMEZF X548 YEH
A FeS & F Ao, o]F A3l DMEE 1,000 mg/
ml & %=74A *}%o}ﬁt}.

A 120

,_
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o o
1 1
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Fig. 1. Effect of DME on mast cell degranulation. (A) Effect
of DME on cell viability. RBL-2H3 cells were in-
cubated with various concentration of DME for 24 hr.
Then cell viability was measured by MTT assay. (B)
Effect of DME on degranulation. RBL-2H3 cells were
incubated with various concentration of DME for 1
hr and then treated with 50 nM PMA and 1 mM
A23187 for 1 hr. Degranulation was measured by -
hexosaminidase release. *p<0.05 vs PMA plus A23187-
treated group.

IgE/&Hd ¥ Tt o}y g} PMA2} Ca ionophore (A23187)
3] % 2][PMA plus Calcium ionophore (PMACI)]7} H] gt
MEE AF3td 2sdg FE2E G471 A=
& A 9laL, PMACIE ©] &3t HIRIZE &4 3547
© A77F wol MEH I TS5, 10]. wEkA B ATl A
£ PMACIZ A @3lo] RBL-2H3 AlZE Z43Az10H,
HTHA| 2 o] gt g2 AT dE)tel 01U E B-hex-
osaminidase”} #H == HAE=Z YEM ST} Fig. 1Bl
A B0, PMACI®O| ]3] B-hexosaminidase®] &BI17} &
7}sh= ¥k DMEE X g 49 PMACIOl 9% p-
hexosaminidase®] #H|7} FEoEH R AAHS #F
sttt kA o] A¥= DMEZF PMACIOl &) & BIgHA]
zo] g3gE dAZTE As AT

TNF-a, IL-4, HDC 2§06l Cist DMES| oA 1t

vl mA 27} B4 3LE W TNF-a9) IL49) E3 3 2n)7}
7t ZAe2 4#A UTHS, 7]. RBL-2H3 A2
PMACIE A 2]3}l¢] TNF-02} IL-42] &S RT-PCR W
o2 #AA3FTE PMACIE AP W TNF-o= 4413k
A, IL-4% 3412l A mRNAYFe] L5 Ho|(Fig. 2A),
DME ZA gl o5 1 &do| dA3] Foles AL &
4 AATHFig. 2B). E3F 3 2~EY YA &4 HDCO
TH = PMACE A2l ofaf ARl A HlE B
A (Fig. 2C), DME AA glol o)A+ 1 Tde] AA 3T
24 E A SH(Fig. 2D). WERA] DMEZF HIREA| 7} &4
2 u EHEE TNF-a9} IL-49] @3 e o
HDC9] %?ﬂ_% AAEo=ZH 3| 2Nl AAE S A s
HIREA L2 QI3 42 A] whgolut dSuhe<

olo

NF-xB &40l CHSt DMESQ| &1t

ZAARRIAFR] NF-«kBoll ©]3] TNF-0} IL-49] o] =4
Atk o] ¥ A 17] W& ol[26] DME7} NF-«B p652]
A gAst=A BEEATH NF«B7F /43 3tH Al
2o g 717] o AEd FEEAA pese] F& =
Abell 2 A3 PMACIO ©J314 F7HE p657F DMES! ]3]
AA8] ZaEE B 5 AATHFig 34). =3 AEE G4
st FFAW G o w2 AFeAS o AlEZd AL p6s
7} PMACI®] 9J3] 3} o= o]F3 ¥t DME A& 3
At AEAe B Bol FoldFE E 4 UXUTHFig. 3B).

w2l A DMEE NF-xB2] 48 oAIg o 24 TNF-a2}
IL42] ¥dS Aeste Aoz FZ5H

AP-1 &40l Cist DMES| &3t

Q1ZF HDCo] o] HARIARRI AP-19] ]3| =d=th
= 231371 ASL7] wEel DMEZ} AP-19] &48 oA
=R TESFA T AP-12 c-Jund c-FosZ T4 =3 &
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Journal of Life Science 2023, Vol. 33. No. 2 179
B PMA + A23187
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Fig. 2. Effect of DM on the expression of TNF-a, IL-4 and HDC. (A) RBL-2H3 cells were incubated with 50 nM PMA and
1 mM A23187 for indicated time. (B) Cells were incubated with various concentrations of DME for 1 hr and then
stimulated with 50 nM PMA and 1 mM A23187 for 4 hr. Total RNA was extracted and RT-PCR was performed. (C)
RBL-2H3 cells were incubated with 50 nM PMA and 1 mM A23187 for indicated time. (D) Cells were incubated with
various concentrations of DME for 1 hr and then stimulated with 50 nM PMA and 1 mM A23187 for 8 hr. Equal
cytosolic extracts were analyzed by Western blotting with a-HDC antibody. Tubulin was estimated protein-loading control

for each lane.

A PMA + A23187
DME (pg/ml) - - 100 250 500 1000
p65
HDAGCS | s s o s e

B DME
P+A

Fig. 3. Inhibitory effect of DME on nuclear translocation of NF-kB. RBL-2H3 cells were incubated with various concentrations
of DME for 1 hr and then stimulated with 50 nM PMA and 1 mM A23187 for 30 min. (A) Nuclear extracts were
analyzed by Western blotting with a-p65 antibody. HDAC3 was estimated protein- loading control for each lane. (B)
The effects of DME (1,000 mg/ml) on nuclear accumulation of p65 were confirmed by confocal microscopy.

A3 E W HZ3 o2 714 DNAY Zd3io)
EA c-Jund} c-Fos &S ZAS] £ 23} PMACIO
o)A Z7}E c-Jun Y c-Fos7} DMES o8 @A 5] 7H4
HE B AATKFig 4A). =3 A ZE G4t F3H
Aoz #ASEE w AEF YW c-JunF c-Fos7}
PMACI®] 93] sl o2 o]%3 WA DME A2 & 7
5 For ol o]FsA °‘%% E 7 AATHFig. 4B,
Fig. 4C). W&}A DMEE AP-19] E4& AATo2H
HDCO] TdE& Adst= 743; Zz=gr}

AZ3 F=

Mitogen activated protein kinase (MAPK) &A0j O]
Xl= DMEQ| &1}

HDC #&ol Toste= Asdd A2 disia] &3z
A7 2] ko4 c-Jun kinase (JNK), extracellular signal
regulated kinase (ERK), p38 kinase 53 &2 MAPK| <
3 =deths Bavt 9tk Q1ZF HDCO] '#3 o] ERK S}
p38 kinaseol| 2|3 ZH =1 INKeb= 4@t Ruvt
T W3, 12, AF A A2 A LPSel o g

HDC 32 ERK®} INKO] o8] zddth+= Bt ok
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DME (ug/ml) - - 100 250 500 1000

clun |Hw N B S8 an
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[11]. wekAl, 3 vIEA 2o A HDC 3ol MAPKZ| &
3l=2] &<l ). RBL-2H3 Al Z o) SP600125 (JNK A
3l Al), PD98059 (ERK A 3| #ll), SB203580 (p38 kinase A3l
A Fo T ksl g AsAE AA 2 T PMACI
£ A 23la HDC 23S B23 A3 ol A3las
A Al o3 HDCS] ao] dA 3] A= AThFig. 5A).
o] A3} p38 kinase, ERK, JNK7} PMACI®] 2|3+ HDC
o] FRF ANTHIGAEZE 2832 AAEITE 3,
Z} MAPK Ao m X DMES &S Lol A3
DME A8 Z 3+ 7% p38 kinase, ERK, INK2| &4 o]
53] p38 kinase®] &4 o] 7 AA 3]
7431 thFig. 5B). ©|#gk Z¥EE Kol DMEZ}F MAPK
A4S JAFoEZN HDCO| TEE AT Ao g F5
Hr}
B Ao A DMEE BIRHH 2] 23]
2EFYL A4 ARl HDCO IS ¢
7} g5 2 o 2gE b olv] vhEolA QY ] 2-Ef
, dlad, SR EAHTHA E-So] ZIZEHohA,
chymase, tryptase)7} A ¥ro 2 Hu|E =4, o]# 3 %L
Fgo] A=A 3| 2EHle] o3 frEE= F3olt
548 F7h 71=FS ol AAlH 1, whl s E*
o 93 f-X=%+ ILC2 (innate lymphoid cell 2)2} A
A3, aF T 9 SAF o]F Tol dAF dFe]
2HTHS, 7] =% TNF-09} IL-4% H]REAIE29] T 50l
oju] ¥HEolA Stk Zlo] WalHET[s], £ AFlAE=
DMEZ} TNF-a.9} IL-49] @& A 3]st HIREA Z o
A 5] TNF-a= A 3A| 3 (dendritic cell)ES &4 3}
A 713, IL-4+ BIVHA| 29} S A7 9] £31E5 FX3A
713 B M2 A IgE AAPS F218H Th ¥H-& F =

2% ZasAL

o
12
2
_0|L
K
ol

Con P+A

Fig. 4. Nuclear translocation of AP-1 is inhibited
by DME. RBL-2H3 cells were incubated
with various concentrations of DME for
1 hr and then stimulated with 50 nM PMA
and 1 mM A23187 for 30 min. (A) Nuclear
extracts were analyzed by Western blot-
ting with a-c-Jun or o-c-Fos antibodies.
HDAC3 was estimated protein-loading
control for each lane. The effects of DME
(1000 mg/ml) on nuclear accumulation of
c-Jun (B) or c-Fos (C) were confirmed by
confocal microscopy.

DME
P+A

A PMA + A23187
- - SP PD SB

HDC —

Tubulin | <

B PMA + A23187
DME (ug/ml) - - 100 250 500 1000
p-p38 -
p38 *;—-—
p-JNK e oty

Nf TR T

p-ERK —_——— e —

FRK | S SBSS SIS

Fig. 5. Effect of DM on ERK, p38 and JNK activity. (A) RBL-
2H3 cells were treated with SP600125 (10 mM),
PD98059 (10 mM), or SB203580 (10 mM) for 30 min
and stimulated with 50 nM PMA and 1 mM A23187
for 8 hr. Equal cytosolic extracts were analyzed by
Western blotting with a-HDC antibody. (B) Cells were
treated with various concentrations of DM for 1 hr and
stimulated with 50 nM PMA and 1 mM A23187 for
15 min. Equal amount of cell extracts was analyzed
by Western blotting with a-phospho-ERK1/2, a-phos-
pho-p38 or a-phospho-JNK antibody. Western blot de-
tection of non-phosphorylated kinases was estimated
protein-loading control for each lane.




o GdH A A7) Wb DMES TNF-02} 1L-42] 23
< AATFoEN HITA| Z O] 239} FAE AAstL
Th2 ¥8-& AT & J& A= FHHET
Fo Mol &ElAlg Fo3tH HDC Hdo] 7=
[6], 1A 45 Kol v A, T4 FE587], ol E
3] 3kA}9] keratinocyte®ll 4] HDC @& Z71=E o] tha
B EATH9, 14, 15, 22]. HDC-knockout (HDC-KO) A8
= 7129 Auukey ST FUMSS wvE A
Eo] IgE %g ZAaANTa BEHATH16]. =3 HDC
22 -8 A (polymorphism) 5 54 FE|7F ¢ A 4
4 AES Atk Ao] A ATHE]. dv T
HDCe| & ZHTo2ZH AFNEE-E& B¥& F e
B Ee] HEFHI JYl0, 16, 19, 21, 24, 27]. ZHER
HDC9] & o] &dejA] nldoly} olEY, F=87] 59
HRES-o vl FQ3A ALt AL & T U
DME~7} HDC &S Ao zx olefg ANk
=3 4 QT =S TN
A, oA Az, Al 18
1804 43 & 5 A& oy
o7 dHA JOoE R[5, 7, 20, 25],
A st= DME® o] 8§ thkst ds=
% © 2930 52 ANEE Ve

K

ol rr 12

QoS &9, DMEE ¥ THA |29 23 e o
TNF-0, IL-4, HDC &8 & ZAAZ oY, Aadg
MAPK B4 & W31 NF-kB2} AP-1S A &3ttt o]
3t A3=2 Hol DMET H|WHAIE7} B3t Aridt
S, BA, Ed AT T OIS FIEY NEAR
NEd 7tsdE 7HAE 222 Asdn. $4% d7=
DMES] o] 3t A3 AHA YA (in vivo) EHE
ASE Fart dota Arsd.
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