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Studying of the Effects of Cyperus rotundus L. extract on Th1/Th2 Cell-derived Cytokines

David Jong-hoon Yom, Hyung-koo Rhee, Sung-ki Jung, Hee-Jae Jung
Division of Allergy & Repiratory System, Dept. of Internal Medicine College of Oriental Medicine, Kyung-Hee University

ABSTRACT

Background and Objective : Cyperus rotundus L. (CR) is a commonly used herbal medicine in Asian countries such as
Korea, China and Japan. The present study was designated to evaluate the direct effects of CR on helper T cell activities and
on Th1/Th2 lineage development in vitro.

Materials and Methods : Spleen cells from 8 week BALB/c mice were cultured in CR extracts containing medium
without activation for 24 hours and with activation for 48 hours . CD4+ T cells were isolated and analyzed for mRNA
expression levels of INF-y, IL-4, T-bet and GATA-3 by RT-PCR and secretion cytokines levels of INF-y, IL-4, IL-5 and
1L-10 by ELISA.

Results : The results demonstrated that CR had no mitogenic effects on unstimulated CD4+ T cells, but augmented
CD4+ T-cell proliferation upon activation with anti-CD3/anti-CD28 antibodies in a dose-dependent manner. CR treatment
significantly increased CD4+ T cell population and the IFN-y expression was significantly enhanced, while IL-4 expression was
significantly decreased. In addition, in vitro Th1/Th2 polarization experiments revealed that CR enhanced IFN-y secretion in
Thl cells, but reduced the IL-4 in Th2 cells in a dose-dependent manner.

Conclusion : These results suggest that CR treatment could be a desirable alternative therapy for the prevention or
correction of Th2 dominant pathological disorders, such as allergy and asthma.
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o e wF Aoz AztEo] [FN-y, IL-49
AARIAFSl T-bet, GATA-39] mRNA & HS
RT-PCR (Real-time polymerase chain reaction)Z
A& ¢, IFN-y, [L-4, IL-5 2 [L-109] Ev)=
ELISA(Enzyme-linked immunosorbent assay)
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Cyperus rotundus L; CR) F&H&
ﬁﬂ%ﬂxﬂ" (Lot No. 242608, Taipei, Taiwan) .23
B FYste] 10mg/mle] HESF =5 Wi 24ARF

Zob &9] T, 3000rpmolA] 1027 94 Ea)s
T A5 HE syringe filterZ A#HgE F AFo| o]
&3

3) W g

491 anti-CD3e (clone:145-2C11), anti-CD28
(clone:3751), anti-mouse IL-4 (BVD4-1D11),
anti-mouse IL-12 (C17.8), FITC-conjugated anti-
CD4 antibody, recombinant mouse IL-4 (rIL-4),
recombinant mouse IL-12 (rIL-12)(BD Biosciences,
USA) 9} Magnetic cell sorting CD4 (L3T4) microbeads,
mouse IL-4 secretion assay detection Kit, mouse
IFN-y secrerion assay detection Kit (Miltenyi
Biotec, USA) ¥ OptEIA mouse IFN-y set, OptEIA
mouse IL-4 set, OptEIA mouse IL-5 set, OptEIA



mouse IL-10 set(BD Biosciences, USA) 5& T
A3 T

A ER S At AME-E mediat 10% defined
Fetal Bovine Serum (Hyclone, USA), 1% penicillin
/streptomycin (Invitrogen Life Techologies, USA)
10 mM HEPES (JRH Biosciences, USA), 11 mM
sodium bicarbonate (JRH Bioscience, USA)7} ¥
stz RPMI-1640 (Invitrogen Life Techologies,
USA)E A3 T

2. &

D Hg dub 2H

&3 BALB/c vh¢-29] WIS dEdd FA
712 34 3 & cell strainer (BD Biosciences,
USA)Z AYuisltt. ©dst & vgszo] Jd+
AAE 3ted 5m PharM Lyse (BD Bioscience,
USA)E %L 53t §HgAIZITh Cello] F-f o]
A= tubed] SmlY] culture media® F7H3F F
300xgoll A 1087 d4lEesta d5ds AlAsH
At F& cell pelletS 1mle] media® suspension
3 T AESFE SH3A

2) CD4+ T cell ¥

B9 1x107cells/ 0l F=T 10202 magnetic
cell sorting CD4+ (L.3T4) microbeads (Miltenyi
Biotec, USA)E F7Fste] 1587 4ColA -
F, 300xgl A 103t A4lee & & FFAS Al
Astal 5mY media® washing 3F3Th B2 cell
pellete]] 1x108/500u42] T=7F HEE mediaZS ¥l
resuspensiond}AT}. Ls separation column (Miltenyi
Biotec, USA)& varioMACS separator (Miltenyi
Biotec, USA)ell Zx]e+ & 3m(2] buffer (PBS with
2mM EDTA and 05% BSA)Z columng 53]
712 HERFAS columnetez FYaATE Al
EEfrdo] columne F3te] WEAUZFA A 2me
9] bufferZ columns 3% ¥HEE} . Columne
separator] A 223 W & 5mY] bufferE Y1
plunger® =84 CD4+ T cell& elutionst Gt}

GEE - 0/FT - HEI| - A

3) AEE 2 35 3H

Mitogen©. 2 2512 g3 HA Qa9 AE
+5 24317] Y8 CellTiter 9% TM Aqueous One
solution cell proliferation assay (Promega, USA.)
9] protocolE ©]-&3t% CD4+ T celle &8 3 &
4x105 cellsmld F=2 1002 flat bottomed
%6-well plated] seeding 3tk CDA+ T cell7}
seeding ¥® plated] FHl 1 F=4S 0, 001, 0.1, 1,
10, 100, 1000zg/ml E== F7}skar 10pg/ml anti-CD3e
(clone:145-2C11, BD Bioscience, USA)7} coating
H platedl X 2pg/ml anti-CD28 (clone:37.51, BD
Bioscience, USA)Z costimulationd}$3t}. ]2
EFES 48A7HEC 37C, 5% CO2 incubator
(Nuaire, USA)oA f &}t

4) CD4+ T cell¥ Thl/Th2 cell2 #3}

10 pg/ml anti-CD3e7} coating® 12-well platesell
CD4+ T cell& Thl cell ¥3lo|l A= 2x106cells/ml
2 seeding, Th2-cell E3oA= 1x106cells/ml =
seeding 3 ¥, 2ug/ml anti-CD28E costimulation
stal, Fh - F24L 0, 0.1, 1, 10ug/mle] F=0]
A 24X17F Bt 37C, 5% CO2 incubatoroll A Bjj %
ST Thi cell plate= 50U rIL-2 (Sigma, USA)}
10ng/mé 1IL-12, 10pg/mé anti-IL-4 (BD Biosciences,
USA)E H7lste] wjeksta, Th2 cell plated]e
50U rIL-2 (Sigma, USA)$}F 10 ng/ml rIL-4, 10pg/
m¢ anti-IL-12 (BD Biosciences, USA)E % 7}5}¢]
B F3HATE Thl cell ¥3lollMe= 7247+ ¥, Th2
cell 3o A= 48417k 39 cell S PBSE washing
3 & 10pg/m¢ anti-CD3e9} 2ug/ml anti-CD28Z
restimulationd+ 3 24A]17Hg-<t vl kst Th

5) Thl/Th2 cell®] CD4+ T cell #3} E¥ %=
373

CD4+ T cells 4)9] W} Zo] £33t cell
< harvestdte] wash buffer (PBS, FBS1%, Sodium
Azide 0.1%) 2meoll F-+ A1Z1 & 300xgol A 5&3¢
HAET & 3 wash bufferZ 2¥1 washing 3}t
Cold mediumE cell 1069 4507} HEE cell
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pelletS- resuspension 3t Catch regent (Miltenyi
Biotec, USA)E cell 1069 500 H7F3lar 4T
A 587t incubationdtil warm medium®.E cell
F7F 1057 HE== 34ste] 37CoIM 4583t
incubation gt} Incubation 8 tube®ll cold buffer
SmlS Fojstar 300xgol A 1087 A4 Eesta,
AEHG A A 3 2 cold bufferS cell 1063 45040

cell pelletg resuspensiondtth. o 7]9l] PE-
conjugated Detection antibody, FITC*conjugated
anti-CD4 antibodyS A7} & & 4ToA 1087+
incubationd}$3th. Cold wash buffer® 2% washing
3l & FACScan (Becton Dickinson, BD biosciences,
USA)o.2 #4314tk

6) ELISAZ ©]€3} Cytokine 4]

Flow cytometryollx¢t 2& zAo=z 233k
Th1/Th2 cell®] A=do|A IFN-y, IL-4, IL-5,
IL-10 #HlES 437 Aste] OptEIA Mouse
IFN-y Set, OptEIA Mouse IL-4 Set, OptEIA
Mouse IL-5 Set, OptEIA Mouse IL-10 Set (BD
Biosciences Pharmingen)®] protocolS o] &3}

=0
6
gy

capture antibody (anti-mouse IFN-y, anti-mouse
IL-4, anti-mouse IL-5)& coating buffer (0.1 M
carbonate, PH 95)Z capture antibody (anti-mouse
IL-10)E coating buffer (02 M carbonate, PH

2 3 A3t 9%-well plated] 1002 £33+ &
4T 1247t 52t coatingdF T} Coating 3F plate
£ wash buffer (PBS/Tween20, 0.05%)=2 |23t
% Assay Diluent (BD Biosciences Pharmingen)Z
200ul/well A EF381 & 22004 1A]7F 52t blocking
9tk tAl wash buffer2 A238ka Working
Detector (Detection antibody+Avidin-HRP) 1000
A 7 wello] #7HgE & A2oA 1AIRF BkE H
wash buffer2 A28t 3 Substrate Solution (TMB
Substrate Reagent; BD Biosciences Pharmingen)
setg ZF well vt} 100 A7)ska 1 5 A
2JE Y] ofF XA NE FU AT F
2N H2S04E 50pb #7Fsk 3 30% <ol Microplate
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reader (Molecular Devices, Sunnyvale, US.A)Z
450nm/570nmell A 21 it
7) Real-time RT-PCRS ©]&

4

(1) Total RNA Isolation
CD4+ T cell& £33+ Thl/Th2 cells =3}
o] PBSZ washingd}al Trizol solution (Invitrogen
Life Technologies, USA)ol| A|ZAF] protocolel] &
3lod total RNAZS H2)3t3
Cell pellet pellet pestles o]-&3t] 23} &
At #F23 ® gdo] 500109 Trizol solutions
A71sta 7P A vortexd & Ao A SR HEE-
AZT o] &l BA] 1004419] chloroforme
7hete] & e T AL 38 BT o
4TCoA 12000xgZ 1557F S48 314
S M2 tubedll &7131 o37]o) 250109 Isopropanol
A7t 10837 A2oA v-SA 7T oA
oA 12,000xgE 1587+ Y48%] stk 4=
A AT 2 pelletS 500409 75% ethanolE Al
I ATAAN 7500xg 2 587 YAEY ATk
A AAT T pelletS AZdI] 50109
PC (diethylpyrocabonate) %183t &F<=o] RNA
% %?l S spectrophotometer (DUS00, Beckman
Instruments Inc. Fullerton, USA)Z o]&-3}o] Ak
sttt
(2) cDNA2] A
cDNA®] 3H4 (reverse transcription)< M-MLV
Reverse Transcriptase (Invitrogen Life Technologies,
USA)E o]-&3tith
25ug9] total RNAY] 1.1 9] 10x DNase I
Reaction buffer, 1409 1 Unit/ul DNase I (Invitrogen
Life Technologies, Rochville, USA)E #7}3t
DEPC A FRTE Fol o] 1ol EM]
S & H2oA 15%3t wigsld] A AS
£ DNAZ AAsHH. W F 1w nﬂ}%cﬂ.‘%
‘L}i st T2 S DNAZF Folle=A] 891
3}7] 943te] PCR W& 3ttt 10u0e] RE-E-<e

3t cytokine &
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1102] 0.5ug/ul Oligo(dT)12-18 primer (Invitrogen
Life Technologies, USA)E A7}g & 70Tl 15
7 &9t BRAIZL 3 2143 ISl Wo] RNAY
O|ATRE FFUTh WAl 409 5x first
strand buffer, 109 10mM each dNTPs, 242] 0.1M
Dithiothreitol, 1109 200U/xf M-MLV Reverse
Transcriptase, 05¢02] 40U/ul RNase inhibitor
(Invitrogen Life Technologies, USA), 550 DEPC
A FHRTE FUlet HF F9E 20w v
37CoA 60 7t 8ikste] single strand cDNA
gkt who] i R A2 72T A 15
ZF st enzymes £ St

(3) cDNA® Real-time PCR (Polymerase Chain
Reaction) WH&-

747re] Bo] A HEFS F37] st
St E cDNAZE Real-time PCRS A8tk 14
9] ¢DNA®] 125¢02] 2x SYBR Green PCR Master
Mix (Applied Biosystems, UK), Z2+2+ 15409 5uM
sense, antisense primer (Genotech co. Korea), 8. 10
9] FRTE 2o Bt HA FF Gene Amp
5700 Sequence Detection System (PE Biosystems,
UK)olA PCR3}%EE PCR 272 HTolA 108
7t % denaturationd & BT 15%, 60T 602
40 cycle ¥HE35I4 Ty GAPDH (Glyceraldehyde-3
-phosphate dehydrogenase), IFN-y (Interferon-y),
IL-4 (Interleukin-4)
Table 13} 2t}

cDNAE= 247+ 1, 1/10, 1/1002 serial dilutiondt
% 7t =9 W4 PCR st HA S *}9‘5‘}01
o} ZF k3 A 9] amplification®] thresholde] =
3t Cycle number (Ct)E 7|52 standard curve
S a8A AF sEn 7+ §Axe W
GAPDHY W& #e ©]83l normalizationd}s]
ok PCR W9 8 F 60-95C AbololAg) 2%
9 signalS £A3FY dissociation curveE 2HJs}

At

Mroan Rl

A2 primer sequence®

[of =
|=R=]

L0817 - Ba - HH

Mo

Table 1. Sequences of Primer Used for Real-time
RT-PCR

Gene Oligonucleotide sequence
GAPDH RV 5:- GGC ATG GAC TGT GGT CAT GA -3
FW 5~ TTC ACC ACC ATG GAG AAG GC -3
FW 5- ACA GGA GAA GGG ACG CCA T -3
RV 5- GAA GCC CTA CAG ACG AGC TCA -3’
FW 5~ TCA AGT GGC ATA GAT GTG GAA -3’
RV 5- TGG CTC TGC AGG ATT TTC ATG -3
FW 5'- GCC AGG GAA CCG CTT ATA TG -3
RV 5- GAC GAT CAT CTG GGT CAC ATT -3’
FW 5'- GAA GGC ATC CAG ACC CGA AAC -3

GATA™3 by 5 ACC CAT GGC GGT GAC CAT CC -3

IL-4

IFN-y

T-bet

) st

EAA2]= pose-hoc test (Newman-Keuls Multiple
Comparison Test)S ¥38HF one-way ANOVA test®

Fo4S A9 Y. B4 4L SAS program
(SAS 80 for windows)2.2 F3slHon SA 4
oA Ao]E * p<0.05, ** p <001, *+x p <0.001Z
8] 3t

1. %% R

1. EF7F 22|12 CD4+ T celle] MZof| o|X|=

gt

FHhfl 77} ¥ el APC (antigen presenting cell)
7} Slol= AHAoZ CD4+ T cell A& FeFs
=4 &Qlst7] Yall CDA+ T cellE £33 &
EHT FEAE wEEE Fosia 48A7HES
Hj ket A3} mitogeno] $le dEldAE= CD4+ T
celld] AEE] YFs vAA gas AT F
AT vt anti-CD3e/anti-CD28  antibody &
activation A1Z-S wWlol= 1ug/mlo A CD4+ T cell
o] AEE0] F7FskSArHFig. 1.
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Fig. 1. Proliferation of CD4+ T cell in medium
containing  various concentration of CR
extract after 48 hrs incubation.

Sorted CD4+ T cell were treated with anti-CD3e
/anti-CD28 antibodies to activate T cell. Cell
proliferation was quantified by MTS assay.
Error bars indicate S.E.M.

2. FMFF7F Tht cell 2K cytokinedl| O|X|= &1}
1) Flow cytometryS ©]-&3F IFN-y #¥X % 23}
Naive CD4+ T cello] &7 FE9L 01, 1,

10pg/m¢ FJ3tal 50 U rIL-2, 10ug/ml anti-IL-4,

10ng/ml rIL-12% ©]-&38kef 59 &< Thl cellZ
318t & CD4+ T cell 3 E¥XEE Flow

cytometry2 218 A3} Thl cell £3} AF3o) A

2ol Hlste] IFN-yo] E3E o] 0.1ug/miolA

258% =7}, lug/miol A 4.34% 37} 10ug/mlol A

0.28% S7Fete Aas RAthFig. 2).
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Fig. 2. Analysis population of cytokine polarized
Th1 cell into ThO.

Sorted CD4+ T cells were treated with rIL-12
antibodies to polarized CD4+ T cell for bdays.
Cells were stained with FITC-conjugated anti-IL-4
and PE-conjugated anti-CD4 antibodies. A;
Cells were incubated in medium without CR
as control. B,CD; Cells were incubated in
medium containing 0.1xg/mf, 1xg/ml, 10pg/mé
CR extract.



2) ELISAY S o] 83t IFN-y ®Hl% 23

Naive CD4+ T Cellell &ff - FE4L 01, 1,
10pg/ml FA3t 50U rIL-2, 10pg/ml anti-IL-4,
10ng/ml rIL-12Z o]&-3}e] 54 %<k Thl Cell2 ¥
313t & Az oA cytokine #RZS ELISA WY
S ol§ste 43 AF, glzTol HIste] IFN-y
o] Bu|gke Ff 1 01pg/molA 57.9% Z7Hp<0.01),
1pg/meol A 494% Z7Hp<0.01), 10pg/miollA 123.6%
Z7F5k (p<0.001) BE FEIA Fo4dE F71
£ HAokFig. 3).

250 KRR

IFN-¥ (% vs control)

0 01 1 10
Concentration of CR (ug/ml)
Fig. 3. Comparison of secreted cytokine from
Th1 cell.

Sorted CD4+ T cell were treated with rIL-12
antibodies to polarized CD4+ T cell 5 days.
ELISA assay of the IFN-y expression in
polarizing condition on 5 days. con; Cells
were incubated in medium without CR
extract as control. CR; Cells were incubated
in medium containing 0.1, 1, 10 pg/ml extract.
Statistical analysis was performed by one-way
ANOVA followed by pose-hoc test (Newman
-Keuls Multiple Comparison Test); #* P
<001, #+x P <0.001 vs control group.

3) Real-time PCRES ©]&3% IFN-y &} T-het

TdE 4

el
o

wmif T FEAE T8t CD4+ T celle 5Y
St £38}8 Thl cellol A total RNAE E2lsta
cDNAE 3438} real-time PCRO.Z fdA}
HFS st Ao o 2t

(1) GAPDH

!

GEE - 0/FT - HEI| - A

Foy

Z¥21e] k] HEHS normalizationdl?] 91814
internal control24] A8 GAPDH] dissociation
curve} 71 Bol FHH sampled] Ctihs 71E
9 2 standard curveE ZHJ3HA T Standard curve
£ At AHE datad] A3 AR A
R*E 0996622 UEA standard curves 24
g Aoz QAU

(2) IFN-y

[FN-y &Aoo ulgt real-time PCR A3
dissociation curve$} standard curveZE 233t
Dissociation curves= nonspecific PCR product“t
primer dimerd] AL AW RS HoFy F&
3 Ct gk A3 ARAAY RE 099282 Yl
WA standard curves AA3E Ao 2 AT

Standard curved ©]-&ste] A& Fhff =
IFN-y F349] Ji42l & GAPDHO|
S o] 835t9 Um 22 M normalizationdtith. Thl
cell &3 FollA [FN-y 2@ZFe tzad Hlst
o FHT 01ug/miol A 32% F7F 1ug/miol A
23.3% 7424, 10pg/mioll A 176% ZAastdoy 5
AR o st

(3) T-bet

T-bet FAA| Wt Realtime PCR A3
dissociation curve$} standard curveZE 2335t
Dissociation curves= nonspecific PCR product“t
primer dimerd] AL W AL HoFY F&
W Ct g AFIALEAH R2E 0994602 U}
ElUA standard curve® ZA3 ACE A
.

Standard curveZ ©|83}e] AL sample ¥
T-bet Fa2+e] 2] &2 GAPDHS Hd#
& o] 43t YE O 2H normalizationdt]th. Thl
cell E3}43to A T-bet HHFS 2ol H|3}
o Fift 7 01pg/mboll A 37.6% 7HA(p<0.01), 1pg/
mloll A 51.0% 74 (p<0.01), 10pg/méoll A 50.3% 7+
238k (p<0.0l) BE FEAM FI94%0E Fas
H A} (Fig. 4).
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Fig. 4. Expression level of T-bet.

Each amounts of mRNA were normalized with
respective amount of GAPDH. con : control,
CR : 01, 1, 10 pg/ml extract.

Statistical analysis was performed by one-way
ANOVA followed by pose-hoc test (Newman-
Keuls Multiple Comparison Test ); ** p <0.01
vs control group.

3. BMFF7t Th2 cell 2H& cytokinedl| O|X|= g1t
1) Flow cytometry S ©]83 L4 X% 43}
Naive CD4+ T cellol] &l F F24S 0.1, 1ug/ml

2od3}ar 50 U rIL-2, 10pg/ml anti-IL-12, 10ng/m{

rlL-4& o]&3to] 49 <t Th cell2 £33 &

CD4+ T cell 3} EXEE Flow cytometry= &

g A, thxrtol| Histe] IL-49] 3 =Fo] FHlff

T 01pg/mloll A 1.74% 7+, 1pg/mbol| A 4.41% 7+

Asle 43S RAdHFg. 5).

10! 102 103 10
CD4
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Fig. 5. Analysis population of cytokine polarized
Th2 cell into ThO. Sorted CD4+ T cells
were treated with rlL-4 antibodies to
polarized CD4+ T cell for 4days.

Cells were stained with FITC-conjugated anti
-IFN-y and PE-conjugated anti-CD4 antibodies.
A; Cells were incubated in medium without
CR as control. B,C; Cells were incubated in
medium containing 0.1, 1 xg/ml CR extract.

2) ELISAYS o] L4, IL-5 ¥ IL-10 ¥
v A}

Naive CD4+ T Cellell &l 1 FE4E 01, 1ug/ml
FoJsta 50U rIL-2, 10pe/md anti-IL-12, 10ng/mé
rlL-4& o] &3t 49 <t Th2 Cell2 #3}3t &
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Fig. 6. Comparison of secreted cytokine from
Th2 cell.

Sorted CD4+ T cell were treated with rIL-12
antibodies to polarized CD4+ T cell 4 days.
ELISA assay of the IL-4, IL-5, IL-10 expression
in polarizing condition on 4 days. con; Cells
were incubated in medium without CR extract
as control. CR; Cells were incubated in medium
containing 0.1, 1 pg/ml extract.
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Statistical analysis was performed by one-way
ANOVA followed by pose-hoc test (Newman
-Keuls Multiple Comparison Test);#+* p <0.001
vs control group.
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