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Effect of Nardostachys chinensis on Induction of Differentiation
in U937 Monomyelocytic Cells

Jin Kuk Kim, Sung Min Ju, Byung Jae Jeon, Hyun Mo Yang, Byung Hun Jeon*

Department of Pathology, College of Oriental Medicine, Wonkwang University

Nardostachyts chinensis (N. chinensis) belonging to the family Valerianaceae has been used to elicit stomachic
and sedative effects. The MAPKs are serinefthreonine kinases involved in the regulation of various cellular responses,
such as cell proliferation, differentiation and apoptosis. The PKC also plays a key role in regulating the response of
hematopoietic cells to both physiological and pathological inducers of proliferation and differentiation. This study
investigated the signaling pathways on the U937 cell differentiation induced by N. chinensis. N. chinensis induced the
differentiation of U937 cells, as shown by increased of differentiation surface antigen CD11b. Activation of ERK
increased time-dependently in differentiation of U937 cells induced by N. chinensis, but activations of JNK and p38
were unaffected. Inhibitor of ERK (PD98059) significantly reduced CD11b expression induced by N. chinensis in U937
cells. In addition, N. chinensis increased protein level of PKC Bl and PKC Il isoforms, but the protein level of PKC
a and PKC ywas constant. PKC inhibitors (GF 109203X and H-7) inhibited U937 cell differentiation and the ERK
activation induced by M. chinensis. These results indicated that PKC and ERK may be involved in U937 cell
differentiation induced by N. chinensis.
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T4 F74 WL anthracycline?} cytarabine?] &% 3 9 2 AP EAE el AgH Ao, A2 nud A7
a5t el o) oF 65% Al A FA Hafol] =LAt =& ot Hiif EFEE0] 34 AEF7A W8 (acute
"8 9l ¥ 318 ¥ (consolidation therapy) &2 ¢F 25% ] A5k A premyelocytic leukemia)MZEF<Q] HL-60 A X & A HPF
&9 #&) FEE FAFD. o] F BFH o) FS G 32 frEde dor HudgAdedd, Hiaw BFEEY
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23 EF dFE N A8 U /7Y Az I serine/threonin kinases©]TF®. T3 Protein kinase C (PKC)E
g X gA9] Mol B3 Aujoltt NMZE FEABA el i BHEY LA o] FHHUT
vt ghol] &b Hiage e ReYEris vt PKCe AZ547 E3tol gk Aelshs Hejsts fEadd
s WAAR  ARE, G AEF 3442 AFrheta Gelae g 2ZA T wge 2dsed T 4TS FIIPN.
- E-mail : omdjbh@wkuackr, - Tel : 063-856-6843 B PKC isoforms & calcium-¢] =2 PKCE & &AL

‘9__ =
A% 2011/01/06 - %7 1 2010/01/20 - AF : 2010/02/11 A FRsA ddelHa HL-604 2 w8hs SHA7IE 2

- 29 -



2 ®agof gt

meta 2 AFdME §4
HL-60 M|X9] B3lF=0] 855 71A
389 W8 (acute myelomonocytic leukemia
U937 MXx9 £3 fxo &S nxeA A

stol 9% A% A1) Baske vl

=

2
E)

R

wl

)

2 9y

A

1. A&
\oF:

Az
FF5 1 LE ARE-3te] 100Coll A 3412
00 rpmoll A 158 A4 &85t v4&
HE B2 7] Ao SETH No.

. 9PEL 12417 20T 2E F,
FEW/ W) oF 1282%%. 52
pH 7.4)9] 20 mg/ml T=Z £33t -2
o AR&3t7] Aol 5438t ARt

i
B
e
o

ot
=

i

100

)
rlo

ol
ol
to ¥R
»
g
o

4o
e
d
rlo

= o, “N’

ol
=

o
ofji

2 &

:Jd
_?L
32
o

1t

§ o
ofr
o

o
82

o

lo,

L Oiﬂ 2 ox ﬂf{N’
BN A
R
e
i
i

o o & 38

¢
4o
e
i

)
o~}
95]

()
a
o

BEsia, A

2 A% % @A)

Anti-B-actin, all-trans-Retinoic acid (ATRA), protease

inhibitor cocktail= Sigma-Aldrich Chemical (St. Louis, MO,

USA)AIZ 5 T4 2'-Amino-3"-methoxyflavone

(PD98059), bisindolylmaleimide I (GF 109203X),
1-(5-Isoquinolinesulfonyl)-2-methylpiperazine  dihydrochloride
(H-7)& Calbiochem (La Jolla, CA, USA)AFZH-E T3ttt

RPE-conjugated anti-CD11b@}FITC-conjugated anti-CD14 %]
52 DAKO (Glostrup, Denmark)APZFE — FY3F3
Anti-ERK, anti-phospho-ERK, anti-phospho-p38,
anti-JNK,  anti-phospho-JNK Cell  Signaling
Technology INC. (Beverly, MA, USAAIZHE Y39
Anti-PKC @, anti-PKC B 1, anti-PKC BII, anti-PKC y A &L
Santa Cruz Biotechnology, INC. (Santa Cruz, CA, USA)/\}il‘%
B skl

anti-p38,

FAEL

3. AlZa)

U937 AMXZ=American Type Culture Collection(ATCC,
Rockville, MD, USA)Z3E £ wgtw, 10%
serum(FBS, Invitrogen, Burlington, ON, Canada), 100 U/ml
penicillin, 100 pg/ml streptomycin®] Z3¥ RPMI1640 HIA]
(Invitrogen, Burlington, ON, Canada)E A}§-3l9 37C9} 5%

CO, ZZefoll A nf st At

fetal bovine

4, AX
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E(\
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U937 MlE= 1 30
A EFEES 0,50, 100 pg/mle) T=2 47 19 11402
54 A2tk Az Foll, AIES 5F3te] PBS(pH7.4)°1 &=

el 10 pl9} 0.4% trypan blue £ 10 plE %

st Az Al
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&t Hemocytometerl] #-&3to] Fetdn|F oz AEFE 27
st AEFE mlF A E4(cells numbers/ml)Z Al AFsF3 T

H EFESES A AEE 583819 ice-cold PBSO
%, 0.25% BSA/PBS &< 100 plol suspensiond} %]
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FITC-conjugated anti-CD14 mAb& 10 ul37}8te] 4 CellA 302
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2H A#H3t9 3 1% formaldehyde/PBS89 600 plell 324313
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sorting (FACS) Calibur (BD Biosciences, CA, USA)& ©] &3}
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PKC  Kinase  Activity kit
(Non-Radioactive) (Stressgen, Victoria, Canada)E ©|&3te] &
A3t AIEE ice-cold PBSOl A& gk &, sample preparation
lysis buffer (20 mM MOPS, 50 mM [-glycerolphosphate, 50
mM NaF, ImM sodium vanadate, 5 mM EGTA, 2 mM EDTA,
1% NP-40, 1 mM dithiothreitol, 1% protease inhibitor cocktail)
2 5 YoM 5% lysisstH 3L, 4T A13,000rpm o2 15% ¢
A BEstgnt. gz Bradford assayE ©|-&3te] &743}
Atk Z 500 nge] A S kinase assay dilution buffer2 3|4
3 4APKC substrate peptide’t ZB ¥ 96-wellell loadingat Tt
PKCEA A= Z welloll 10 ul9] ATP (diluted 1 mg/ml)&
S H7FSA30TCAAA 1217 midetgith. 24 welle antibody
dilution bufferZ 2% AMH3 F, 40 pl¢ phosphospecific
substrate 3AE 7} wellol]l F7Fste] 1A17F viFstd o 2F well
£ wash buffer 10%4" A 43t ¥, dilution bufferZ 1:10002
2 5449 - Hl IgG HRP-conjugated FAE 78 30%
RTeIA  wiFatdth 2t well> 49 60 ule]
tetramethylbenzidine substrate® % 7}8Fo] 304 RTolA B &3}
Aok, HRPHE-S-2 20 ul9] acid stop solutions #7}3te] wH8-&
A A AL, SpectraMAX 250 microplate spectrophotometer
AR&3ted 450 el A 2 well®] F2EE 453t PKCE4
HAEE WA [(mean OD of treated cells/mean OD of

control cells) x 100]2.2 A1ttt
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7. Western blot analysis

AEE 45 YAE PBS(pH 74)2 A A3}l 1% protease
inhibitor Egde] ETIH 4L I L3 LFTHG0 mM
Tris-HCl, pH7.4, 150 mM NaCl, 1% NP-40, 0.5% sodium

deoxycholate, 0.1% SDS, 1 mM sodium vanadate) 2= F-f A

2 F 45 HolA 302 &tk ME &S 4TAA
14,000 rpm 2 2 208 42 31, @M 5= = Bradford

ANME olgdta 24aAd. 30 g U WSS

SDS-PAGE AZ #2393 40Vl A 3 AlZF nitrocellulose =+
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3+ H Tris-buffered salinetTween-2020 mM Tris-HCl, pH7.6,
150 mM NaCl, 0.05% Tween20)0.2 F2A171 3, 13 4=
AFAAY. A &L peroxidase’} B 31 anti-rabbit &=
anti-mouse 23t #FAE AME-3}4 SuperSignal West Pico
Chemiluminescent (Pierce, Rockford, IL, USA)o| 3| &3}
At
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deviation(SD)Z 7] =341t}
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3t meantstandard
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1 Az A K &t

U937 A9 E3lol mE HivE EFEFZ U3 AX 5
AqA Y aHRE 2AF8H] A8 HiILE E5FEES 50 ug/mld

=T
100 ug/ml =2 1, 2, 3, 4, 597 ATk A3

LA

A trypan

blue ¥4-& 53 heomocytometerE ©]-&3t9 SAsFTh HiR
& EFEES 1-597 A 23 AY sxd HlEst AxE
FE FAaAFAL, 5Y2 AP HiIAF EFEFE50 ng/ml 100
ug/ml o)A iz vlwste] 7472k oF 20% 9 50% HE 4
2 Z2AAYFig 1).
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Fig. 1. Effects of N. chinensis on proliferation of U937 cells. The cells
were incubated with various concentrations of A. chinensis for 1, 2, 3, 4 or 5 days.
Cell numbers were counted using hemocytometer. Value are means = SD, N =
3. @ Control; A: 50 pg/ml N. chinensis W: 100 pg/ml A. chinensis
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Z73 vlaste T3 S8 HAh(Fig. 2). 13 CD14-
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50 pg/ml N chinensis 100 pg/ml N. chinensis
Fig. 2. Effect of N. chinensis on differentiation of U937 cells. The cells
were treated with 50 pg/ml and 100 ng/ml A. chinensis for 5 day. The cells were

assessed by FACS analysis using RPE-conjugated anti-CD11b mAb (A) or
FITC-conjugated anti-CD14 mAb (B).
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Fig. 3. Effects of N. chinensis on activation of ERK, JNK and p38
in U937 cells. The cells were treated with A chinensis (100 pg/ml) for 1, 2, 3,
4 and 5 days. Whole cell lysates were subjected to SDS-PAGE followed by Western
blot analysis with an anti-ERK, anti-p—~ERK, anti-p38, anti-p—p38, anti-~JNK and
anti-p-JNK antibodies.

s M
Tt M °Ea“"‘“““’""‘ ‘M‘ Mm"“‘ o
Control 100 ugmlN chinensis
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Fig. 4. Effect of inhibition for ERK on U937 cell differentiation
induced by M. chinensis. The cells were preincubated with each inhibitor
(ERK inhibitor, PD98059) for 1 hr, and then treated with 100 pg/ml N. chinensis
for 5 day. The cellular differentiation was assessed by FACS analysis using
RPE-conjugated anti-CD11b mAb.
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PKCS] 842 Ax] &3t tefr] Aotk HinFE &
FEE o) = UB7AES B3l A PKCY #HAALS =
AL8l7) 8f, U9B7THIEE 100 pg/ml FE9 HIAFS 1~59%F
A g &, PKCo 47 #d S ZAEIATh HIREG EFEF
& AtJEH O ® PKC XS S7HIAT (Fig. 5A). HinF
EFZE 93 PKC &4 710 W& PKC 2d S %A}s17)
2] 3l], Western blotg £3}4] PKC isoformE 9 Td &S 43}
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FEE - AEE
Aot HIAE 2328 PKC B1 3 PKC B9 23S 433
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A At (Fig 5B).
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Fig. 5. Effect of N. chinensis on PKC activity and protein levels of
PKC isoforms in U937 cells. The cells were treated with 100 pg/ml M.
chinensis for the indicated times (0-5 days). (A) PKC activity was measured by
using a PKC Kinase Activity Assay kit (Non-Radioactive). PKC activity represents
the percentage of PKC activity of each treated group relative to the untreated
control group. Values are mean =SD, N = 3. (B) The conventional PKC isoforms
were determined by Western blot analysis with an anti-PKC a, anti-PKC B |
anti-PKC Blland anti-PKC y antibodies.
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Fig. 6. Effect of inhibition for PKC on U937 cell differentiation
induced by N. chinensis. The cells were treated with PKC inhibitors (GF
109203X and H-7) for 1 h, followed by incubation with A. chinensis. for 5 day. The
cellular differentiation was assessed by FACS analysis using RPE-conjugated
anti-CD11b mAb.
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HIAE BEFF 50 9% PKC Td 7 &Ao] UR7THZE3}
o dFE FAEAE AR HE, UB7HEE PKC
inhibitor (GF 109293X, H-7)& 1Azt A A3 ¥ HiE &5
255 8359w PKC inhibitorES HIAE SFFE 2
%718 CD11be] W& 74A A th(Fig. 6).

7. ERK A4 o3t PKCEA A a3

PKC= M EE3}e] MAPKsA &4 Z oA upstreamol] 9] %]
3 Aok A %% Eo 98 F=¥ UBTAEY E3lo)A
PKC/ERK ZA=Z¢] % ZAV87) 918l, U937+ X &= PD98059,
GF 109293X, H-75 1 A &, g 5
239tk PKC inhibitor?] GF 109293X$} H-7& HIA% &3
Zo 98] Z7l9 ERK &4& A A Z th(Fig. 7).
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Fig. 7. Involvement of PKC/ERK pathway in U937 cell differentiation
induced by N. chineisis. The cells were treated with 20 uM PD98059 (PD), 4
uM GF 109203X (GF) or 10 uM H-7 for 1 h. The activation of ERK was determined
by Western blot analysis with an ant-ERK and anti-p-ERK antibodies 3 day after
treatment with A, chinensis.
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