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Abstract

B. pilosa has been claimed as an anti-infectious or immunomodulatory folk
medicine. However;.the-pharmacological evidences for the traditional use of this plant
are still poor. To characterize the immunomodulatory compounds from this plant,
firstly, we screened plant constituents of B. pilosa which able to modulate IFN-y
production in T cells using luciferase reporter assays. Our data showed that two
flavonoids from B. pilosa, centaurcin and centaureidin, with the ability to up-regulate
IFN-y transcription, could be isolated using a BGFI procedure. Centaurein increased
the IFN-y expression in primary T and NK cells'and the [FN=y level in mice serum.
Centaurein elevated the transcription of T-bet but not GATA-3, which is consistent
with its effect on that of [FN-y but not IL-4. The sera with-elevated IFN-y levels from
the centaurein-treated mice could clear Listeria in macrophages. In vivo studies
showed that centaurcin protected mice against Listeria infection. Moreover,
centaurein per se or in combination with antibiotics could treat Listeria infection.

We also aimed to identify the bioactive compounds with the ability to modulate

il



T cell differentiation. By using T cell differentiation assays, two polyacetylenic

compounds, 2-B-p-glucopyranosyloxy-1-hydroxy-5(E)-tridecene-7,9,11-triyne (1) and

3-B-p-glucopyranosyloxy-1-hydroxy-6(E)-tetradecene-8,10,12-triyne (2), were

identified from B. pilosa ese two polyacetylenic

ells into Thl

compounds cc

cells bu o . Furthe in vivo
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Chapter 1. Introduction
1.1 Bidens pilosa

Bidens pilosa L. is a common plant in the genus Bidens which contains

approximately 230 specie
tropical and e world. B. pilosais glabrous airy and has

green oppos \

erb widely grown in

tendenci

agricultural te

Figure 1. Photographs of B. pilosa L. var. radiata.



1.1.1 Ethnomedical use of B. pilosa

Fresh or dried shoots and leaves of B. pilosa are utilized as vegetables, sauces

and teas (Chih et al., 1995). Food and Agriculture Organization (FAQO) of the United

Nations once promoted. the cultivation of i a because it is easy to grow,

edible and safe (Div

edicinal

person,

1.1.2 Chemical constituents of B. pilosa and their therapeutic functions

Compounds that were isolated from B. pilosa include polyynes (Brandao et al.,

1997; Chang et al., 2000; Redl et al., 1994), flavonoids (Alcaraz and Jimenez, 1988;



Wang et al., 1997), phenylpropanoid (Chiang et al., 2005) and terpenes (Zulueta et al.,

1995). B. pilosa. has been used in traditional medicine to treat stomach illnesses, liver

disorders (Brandao et al., 1997; Chih et al., 1995; Geissberger and Sequin, 1991;

Jager et al., 1996), cance ? 4 ri et al.;.2009; Kviecinski et al.,

2008; Ong et e al. ; ararajanet a ( ral infections,

infla i P : 3 ) diabetes

1.1.2.1 Anti-inflam DIy compou

Phenylpropanoids, polyynes and flavonoids of B. pilosa have anti-inflammatory

activities (Alcaraz and Jimenez, 1988; Chiang et al., 2005; Pereira et al., 1999). Ethyl

caffeate, a phenylpropanoid compound isolated from B. pilosa, was shown to inhibit



NFkB activation and suppress the production of inflammatory mediators, iNOS,
COS-2 and PGE?2 in vitro or in animal studies (Chiang et al., 2005). Ethyl caffeate at

1 pg/ml significantly inhibit the expression of iNOS mRNA expression in LPS-treated

macrophages (Chiang ideca-11(E)-en-3,5,7,9-
tetrayn-1,2-d

immu

tions,

show rema et al., 2001;
Sundararajan et al., 2006). Fla ‘ ‘ ids, isolated from B.
pilosa were shown to be cytotoxic against a variety of tumor cells and/or vascular

endothelial cells. The cytotoxicity of B. pilosa compounds is related to their

anti-tumoral activity. Among the flavonoids, Luteolin (Hoffmann and Holzl, 1989;



Seelinger et al., 2008b) and butein (Yit and Das, 1994), were reported to induce cell

apoptosis of different tumors. Polyynes such as 1,2-dihyroxytrideca-5,7,9,11-tetrayne ,

1,3-dihydroxy-6(E)-tetradecene-8,10,12-triyne and 1,2—dihydroxy-5(E)-tridecene-

7,9,11-triyne were isolate ibit angiogenesis (Wu et

el W d metastasis (Wu.et al., 2007;
Wu e / Another polyyne, 1-Phenylhepta-1,3,5-tri c
to

al., 2007;

et al.,
2009; Ubilla ease and/or
action in mouse mode a i pe 2 diabetes as evidenced by
decrease in blood glucose levels, islet destruction and the glycosylation of

hemoglobulin Alc in db/db mice, a mouse model of type 2 diabetes (Hsu et al., 2009).

Two polyynes, 3-B-p-glucopyranosyloxy-1-hydroxy-6(E)-tetradecene-8,10,12-triyne



and 2-B-p-glucopyranosyloxy-1-hydroxy-5(E)-tridecene-7,9,11-triyne show

anti-hyperglycemic effects on type 2 diabetes (Ubillas et al., 2000).

1.1.2.4 Anti-viral co
. pilosa were

Flavono

reporte

1.1.2.5 Anti-protozoan compo

Crude extracts of B. pilosa were reported to be effective against protozoa such as

Leishmania and Plasmodium. Butein, a flavonoid present in B. pilosa (Hoffmann and

Holzl, 1989), shows anti-leishmanial activity (Nielsen et al.,, 1998).



1-Phenylhepta-1,3,5-triyne (Kumari et al., 2009), quercetin 3,3’-dimethyl ether
7-O-a-L-thamnopyranosyl-(1—6)-B-p-glucopyranoside  (Brandao et al., 1998),

quercetin 3,3’-dimethyl ether-7-O-B-p-glucopyranoside (Brandao et al., 1998) and

ere proposed as the

1-phenyl-1,3-diyn-5-¢

malaria, which is

bioactive co

causcd



1.2 The immune response

The physiologic function of the immune system is defense against foreign

substances including pathogenic microorganisms and macromolecules such as

proteins and polysaccharides. The immune responses can be divided into humoral and

cell-mediated responses. The humoral immunity 1s mediated by the antibodies

produced by B cells and caused the destruction of extracellular pathogens. Antibody

functions as the effector of the humoral response by binding to antigen and facilitating

its clearance from the-body." However, the activation and differentiation of B cells into

antibody-secreting plasma cells usually requires T cells (Charles A., 2005).

In the cell-mediated responses, various subpopulations of T cells recognize

antigen presented on self-cells. Both activated T helper cells (Th) and T cytotoxic (Tc¢)

cells serves as effector cells in cell-mediated responses: Th-cells.respond to antigen by

producing various growth factors known collectively as cytokines which can activate

various phagocytic cells and help them to phagocytose and kill microorganisms more

effectively. Te cells respond to.antigen by developing-into cytotoxic T lymphocytes

(CTLs), which participate the killing of altered self-cells (e.g., virus-infected cells and

tumor cells) (Charles A., 2005). Overall, T cells are key players in human immunity

including cellular and humoral immunity. T-cell abnormalities and aberrant T cell

cytokine profiles have been implicated in the immunodeficiencies, infectious diseases



and autoimmune disorders.

When a naive T cell encounters its specific antigen for the first time, it is

stimulated to differentiate into an effector T cell. Effector T cells can secrete cytokines

(e.g., IFN-y and IL-4 e in activating B cells,

macrophages and v 1S @ < at the response and

ncountering antige

a

tumor e at ; 1996;

Swain, 1999 he i , t in cell-mediated

immunity against intracell . ¢ obicidal function of

macrophages through formation of nitric oxide and reactive oxygen intermediates

(ROI). IFN-y stimulates the expression of class I and class II MHC molecules and

co-stimulatory molecules on antigen presenting cells. IFN-y also activates cytotoxic T



cells and increases the cytolytic activity of NK cells. IFN-y promotes the
differentiation of naive T cells to the Thl subset and inhibits that of Th2 cells and

induces B cells switching to certain immunoglobulin isotypes. The expression level of

IFN-y has been reported-to e ; : ar factors such as T-bet, NFAT,
et al., 1998;

with the

/| ‘
L Proliferation Expression of (% 0

Differentiation
L Production of  class 1T MHC activity T Antibody
IL-4 and IL-5 molecules production
T Microbicidal (T lgG2a; | IgE
activity and IgG1)

Figure 2. Immunomodulatory actions of IFN-y.
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1.2.1.1 Host immunity to intracellular pathogen infection
A characteristic of intracellular bacteria including Listeria, Brucella, Legionella,

Francisella and Mycobacterium is their ability to survive and replicate within

phagocytes or other cells and the : host immune bacterial defense

(Kaufmann, 3). ses listeriosis 1n @ ans. Once ingested,

species

overcome - t c resistance, the mmunomodulatory

therapeutics for

needed because
immunomodulatory therapeutics, in contrast with antibiotics, can not generate

antibiotic-resistant bacteria (Buchwald and Pirofski, 2003).

11



Listeria monocytogenes

Figure 3. Schematic representation of the Listeria monocytogenes life cycle.

12



1.2.2 T helper cells differentiation
Upon encountering antigens, naive CD4" T helper (ThO) cells can differentiate

into two distinct subsets, namely type 1 T helper (Thl) cells and type 2 T helper (Th2)

cells, as defined and categ ykine profiles. Thl cells are

characterized § etic nclu on i“ ma (IFN-y),

their cytok

1.2.2.1 T helper cells differentiation and autoimmune diseases
Under aberrant situations, a Th1/Th2 imbalance and various cytokines are

thought to cause autoimmune diseases. For instance, Thl cells and their cytokines (e.g.

13



IFN-y) can exacerbate Thl-mediated autoimmune diseases such as non-obese diabetic

(NOD) disease, rheumatoid arthritis and Crohn’s disease but improve airway

hypersensitivity, asthma and allergy. On the contrary, Th2 cells and their cytokines

can antagonize Thl ce
1996). Therefore ng- differentiatio -Cy : ninistration is

freque eat immune disorders.

ed disorders (Abbas et al.,

mice with a es as human

with type 1 insulin-depend e as an ideal mouse
model for IDDM research (Castano and Eisenbarth, 1990). During the progression of

non-obese diabetes, leukocytes first infiltrate into the pancreatic islets, and then

cells are destroyed, leading to hypoinsulinemia and hyperglycemia.

14



There are two general strategies for halting the progression of IDDM. One is to
suppress or eliminate the autoimmunity before it results in overt clinical disease. The

other is the use of insulin replacement (DCCT Res. Group, 1993), B cell replacement

(Ramiya et al., 2000) or a and B cell transplant

(Stratta and

sufficiency or

Beside
autoimmune : orini-et al. ; er-€ C eless, too

few prophylactic or therapeutic drugs arc now available for autoimmune disease such

as IDDM.

15



1.3 Research summary
Natural products have been an important source of new medicines. It is estimated

that ~28% of drugs commercially available come from plants or their derivatives

(Newman and Cragg
methods for bio-act D 0 er to facilitate
drug d : C & egories

as_1ntlamm

Since IEN-y a. PO i i y tivation and
clearance for intracellular patl ¢ aime ntify phytocompounds with the
ability to modulate IFN-y expression in immune cells (T cells or NK cells). We first
screened plant constituents of B. pilosa which able to modulate IFN-y expression

using luciferase reporter assays (Figure 4). Our data showed that two flavonoids from

16




B. pilosa, centaurein and centaureidin, with the ability to up-regulate IFN-y
transcription, could be isolated using a bioactivity-guided fractionation and isolation

(BGFI) procedure. Centaurein increased the IFN-y expression in T and NK cells and

50 examined the likely mechanism by which

the serum IFN-y level in mice. We

centaurein _could 1 gula N-y transcriptio d. : he role of

Figure 4. T cell-based transcriptional assay.

17




We also aimed to identify the bioactive compounds with the ability to modulate
T cell differentiation. In this study, two polyacetylenic compounds,

2-B-p-glucopyranosyloxy-1-hydroxy-5(E)-tridecene-7,9,11-triyne (1) and

d adecene-8,10,12-triyne (2), were

3-B-p-glucopyranosyloxy-1

identified from B. a_us i a : gl ) based on a

BGFIp

-4-producing cells

Functio ’ e C ompounds could

suppress the differentiation of helper 0) cells into Thl cells but promote
the differentiation of ThO cells into Th2 cells. Since Th1 cells were reported to cause
insulitis and diabetes in NOD mice. We reasoned that these compounds may in vivo

prevent diabetes in NOD mice via down-regulation of Thl cells or up-regulation of

18



Th2 cells, which antagonize Thl cell function. We found that treatment with these

compounds significantly prevented the onset of diabetes and maintained blood

glucose levels in NOD mice. Here, we identified two polyacetylenes with the ability

to prevent autoimmune.diabetes ple ' C differentiation of T helper

cells.

ould be

19



Chapter 2. Materials and Methods

2.1 Cells and animals

Jurkat cells (a T cell line) were obtained from American Type Culture Collection.
Listeria monocytogenes (BCRC 15386) was obtained from Bioresource Collection
and Research Center (Taiwan). Human cord blood cells were obtained from Taipei
Medical University Hospital. €57BL/6J mice (National [aboratory Animal Center,
Taiwan), [FN-y-knockout mice on a C57BL/6J background (Jackson Laboratory,
ME, USA) and NOD mice (Jackson Laboratory, ME, USA) were maintained and
handled according to-the-guidelines of Academia Sinica Institutional Animal Care and
Utilization Committee. Female or ~male mice with similar body weight,

6-to-8-week-old, wereused in-all our experiments.

2.2 Mediums, chemicals and reagents

RPMI 1640, DMEM medium-and BHI broth were purchased from Gibco (Grand
Island, NY, USA). 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl " tetrazolium bromide
(MTT), methanol, butanol; ethyl acetate, fetal bovine serum (FBS), penicillin;
streptomycin, ampicillin, gentamicin, sodium pyruvate and phytohaemagglutinin

(PHA) were purchased from Sigma (St. Louis, MO, USA).

2.3 T cell-based screening by using dual luciferase reporter assays
To determine the effect of plant extracts on IFN-y promoter activity. Jurkat cells
(10 x 10° cells), a leukemic T cell line obtained from American Type Culture

Collection, in 0.6 ml RPMI 1640 medium were electroporated at 975 pF and 260 V

20



(Bio-Rad, Gene Pulser II) with luciferase reporter construct (10 pg of pIFN-y-Luc

plus 1 pg of pRL-TK). Plasmid pIFN-y-Luc was composed of a 615-bp human

IFN-y promoter (-487 to +128 bp) fused with luciferase reporter gene. pRL-TK

containing thymidine kina ferase reporter gene was

purchased ells were left

stimula

lysate sample: Promoter activitic ese : ized firefly

luciferase activities in

2.4 Cell viability analysis using MTT assay

Cell viability was determined using 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl

21



tetrazolium bromide (MTT) colorimetric assay. Approximately 10* treated Jurkat cells,
as described in section 2.3 were incubated with tetrazolium salt at 37 °C for 4 hours in

culture medium. The insoluble products were then collected by centrifugation,

dissolved in 100 ul DMSC

reaction prod azan S C

rature for 15 minutes. The

ance 560 nm.

ibiotic

G418 at a series of

limiting dilutions and fu : i . activity using luciferase

reporter assays. Selected Jurkat stable clones (A9, I8 and 19) were treated with vehicle

(mock), PHA (positive control) at 1 pg/ml, or centaurein at 100 pg/ml. The IFN-y

promoter activity in AU is obtained by normalizing the firefly luciferase activity of
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different treatments to that of the vehicle.

2.6 IFN-y detection in splenocytes

Splenocytes from wild-type C57B] i se. were collected and treated with

PBS (vehicle control) or ce 24 h, followed by

PMA/ionomyc

e IFN-y expression b

these transcrip , : G MI 1640 medium were
electroporated at 975 uF and 26 ( e IT) with luciferase reporter
constructs (pT-bet-Luc (10 pg) or pGATA-3-Luc (10 pg) together with 1 pg of

pRL-TK). Plasmid pT-bet-Luc containing a 1.5-kb human T-bet promoter (-1550 ~ -1

bp) linked to a luciferase reporter gene. Plasmid pGATA-3-Luc was composed of a
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2.5-kb human GATA-3 promoter fused with luciferase reporter gene was a kind gift

from Dr. Ho (Harvard school of public health, MA, USA) (Hwang et al., 2002).

pRL-TK containing thymidine kinase promoter and Renilla luciferase reporter gene

was purchased from Prome ecovery, the cells were

left stimulatec for 24 hr.

Follow

nto
cDNAs rst-stra is ki C iences, CA,
USA). Total cDNAs the thermocycler at
95°C for 1 min, 55°C for 30 sec and 72°C for 1 min for 27 cycles with following

specific ~ primer sets: IFN-y, ACGAGATGACTTCGAAAAGCTG and

TTTAGCTGCTGGCGACAGTTC; T-bet, CTAAAGCTCACAAACAACAAGG and
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AGAAGCGGCTGGGAACAGGAT; GATA-3, GTCCTGTGCGAACTGTCAGA and
TAAACGAGCTGTTCTTGGGG; IL-4, GCGATATCACCTTACAGGAG and
TCAGCTCGAACACTTTGAATAT; and GAPDH, ACCACAGTCCATGCCATCAC
and TCCACCACCCTGTTGCTGTA. PCR products were resolved in DNA gels and
visualized = with ethidium bromide, and the bands. were quantitated using
densitometery. Arbitrary units (AU) were obtained from the ratio of the signal of each

band to that of GAPDH control.

2.9 IFN-y detection in mice serum
To measure the serum IFN-y level, C57BL/6J mice were intraperitoneally
injected with centaurein at 20 pg. The sera were obtained in indicated time and IFN-y

concentration was determined using an ELISA kit (eBioscience, CA, USA).

2.10 Listeria detection in macrophages

The sera (1.5 mL) from C57BL/6J mice or IFN-y-knockout mice, already treated
with PBS .or centaurein for 24 h, were concentrated 3-fold using SpeedVac®
concentrators. For macrophage preparation, resident peritoneal macrophages from
C57BL/6J mice were harvested by peritoneal lavage with 5 ml of ice-cold PBS,
followed by centrifugation (Andrade et al., 2005). Peritoneal macrophages (2 x 10’
cells) were incubated with 0.5 ml of the concentrated sera or a volume-matched
mixture of anti-IFN-y antibody (1 pg) and the serum of C57BL/6J mice with a 24-h
injection of centaurein for 16 h. The cells were incubated with GFP-expressing

Listeria (5 x 10° CFU), which was already transformed with plmo-GFP plasmid, for

25



30 min. After extensive washing, the cells were analyzed with FACS and fluorescent
microscopy (0 h) or subjected to an additional 6-h incubation with gentamicin (40

pg/mL) and analyzed with FACS and fluorescent microscopy.

2.11 Listeria challeng

Listeria noCy btained joresource

Hg/me

determinatio

2.12 T cell isolation, growth, differentiation and intracellular staining

Human umbilical cord blood CD4" ThO cells were purified with a MACS

column (Miltenyi Biotech, Germany) and grown in RPMI 1640 medium. ThO cells
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(0.5 x 10°/ml) were incubated with RPMI medium containing ThO cells (0.5x10° per
ml) were incubated under Thl condition containing PHA (2 pg/ml) plus IL-12 (2

ng/ml) and anti—IL-4 antibody (200 ng/ml) or Th2 condition containing PHA (2 pg/ml)

plus IL-4 (10 ng/ml) and a ng/ml) was added 48

h later. Plant elper T (Th)

cells fo

NOD mice from

betes

incidence was ~60% of the ouSe ation 0 weeks of age. Urine glucose
was monitored using Clinistix” (Bz / indicated ages. Mice with 28
mM glucose or more in their urine for two consecutive weeks were considered to be

diabetic. The concentration of blood glucose was monitored at the indicated intervals

using Glucometer Elite® (Bayer, PA, USA). Blood insulin concentrations were
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monitored using an ELISA kit (Crystal, IL, USA).

2.14 Statistical Analysis

Data from three independent exr > arepooled and expressed as an
average of all the experime andard error > an. T s.e.). For the
survival d

atistically

significa
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Chapter 3. Results
3.1 Screening strategy for the identification of bioactive compound(s) from plant

To explore immunomodulatory phytochemicals from plants, we developed T

cell-based screening methods ‘ ye | extracts, fractions or pure

compounds 1 n cted manner (Figure 0 , de extracts
d a T cell-based screening method. Effective crude

onated 1nto _difterer

er examined their i

rude exiracis

| Effective

\ Fractlt;natlon
l E E ‘ anlsmstudyr
|

| Invivo mouse models |

Figure 6. Screening strategy for the identification of bioactive compound(s) from

plant crude extracts based on a BGFI method.
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3.2 Establishment of an in vitro screening method, namely T cell-based

transcription assay

In this study, Jurkat cells, a T cell line, transiently transfected with a plasmid

construct containing a luciferase IEN-y promoter were used

to evaluate ds _can affect

to this

entify the bioactive compounds: from odulatory B.

pilosa. To this end, combined an II promoter, luciferase reporter genes, and

Jurkat T cells to analyze bioactive extracts, fractions or pure compounds in a BGFI
manner. First of all, we found that B. pilosa hot water crude extracts at 500 pg/ml

could induce a 2-fold increase in IFN-y promoter activity (Figure 7). Subsequently, a
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butanol subfraction from the B. pilosa hot water extract at 500 pg/ml increased IFN-y

promoter activity by 6-fold (Figure 8). This increase may be attributed to the

enrichment of bioactive phytocompounds in the butanol fraction. Based on

bioactivity-guided puri and centaureidin, from the

B. pilosa buta 10dulate IFN-y

o/ml

production as well as cell death in T _cells VEVET,

3,4-di-O-caffeoylquinic.a id not have significa ctionand T
cell death (Figure 9).In contrast, o F C( ; : oblast cell line, were
living when they were incubated with PHA, centaurein and centaureidin at the same

concentrations (Figure 10), supporting the notion that PHA and the above flavonoids

caused cell death in T cells via T cell activation but not cytotoxicity. Overall, these
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results indicate that our T cell-based transcription assay platform is able to

characterize bioactive phytocompounds from crude extracts based on T cell function.

(AU)

and 500 pg/m e ind a ; n the ratio of
luciferase activity to ‘that enilla : he same cells (10%)
were tested for cell viability using MTT assay (lower panel). Data representative of
three independent experiments were expressed as mean + s.e. and (*) p< 0.05 is

considered statistically significant.
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left stin icle (M), PHA (P), water fraction (Pane tanol
fraction (Pane of B.p 0 ng/ml. The

Il hot water crude extra 0, 2

induction fold in A obtained from the 0 of the firefly ferase activity to the

Renilla luciferase activity. (C) The same cells from butanol fraction were tested for
cell viability using MTT assay. Data representative of three independent experiments

were expressed as mean = s.e. and (*) p < 0.05 is considered statistically significant.
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i

promoter (AU)
I o

/

\ S

1.

Aﬁiﬁlm

50 100

centaureid )q o/ml. The induction fe ii’ obtained from the

ratio of the firefly luciferase activity to the Renilla luciferase activity (upper panel).
The same cells were tested for cell viability using MTT assay (lower panel). Data
representative of three independent experiments were expressed as mean + s.e. and (*)

p <0.05 is considered statistically significant.
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transfection. i S iption assays,
we intended to emplo nes containing an [FN-y promoter reporter
construct to screen bioactive compounds from herbs. Here, three Jurkat stable clones
(A9, 18, 19) were established. As expected, we demonstrated that centaurein at 100

pg/ml up-regulated IFN-y expression in three different stable clones (Figure 11).
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Therefore, T cell stable clones could be used to screen immunomodulatory

phytocompounds. Interestingly, the clones obtained here seemed less responsive than

transient transfectants after various stimulations.

centaurei ] in A ained by
normalizing the o that of the vehicle (M).

Data representative of three independent experiments were expressed as mean * s.e.
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3.5 Centaurein elevates IFN-y expression in primary T cells and NK cells

To better understand the effect of centaurein on IFN-y production in primary T

cells as well as other immune cells, we incubated splenocytes with vehicle or

centaurein and then assessed th “ Si ow_cytometry. Centaurein

) y T.ce ( to 41% in
/- suggest that
a

augmented IF

CD8
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&
410 10° 25 [ CD4 ' 1a7:10
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CD4-gated 1077 1077 g
g E 10 66203
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eFs % i 21%] & o
0 1 0 1 103 M CN
=+ *
i 1 = CDB " ,i3i0e
CD8- 101 0.5
Ji - 20y A 400, o €
e 0
0 107 1
NK
a
gated b\s
2107
oy i
2 Cl
re 12. Centaurei T and NK ¢
cytes were incubat. P 0 pg/mL (CN) for
, d by treatm
a ells stﬁvith anti-IFN-y-PE together with anti-CD d
anti-N j FACS analysis. After cells ount of
IFN-y-producing “cells wa representative of 3

independent experiments (left panel). The histograms (right panel) show an average of
3 independent experiments with standard error of the mean (mean + s.e.). Statistical
analyses were performed using Student’s t-test. P (*) < 0.05 was considered to be

statistically significant.
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3.6 Centaurein up-regulates the transcription of T-bet and IFN-y but not

GATA-3 and IL-4 in T cells

T-bet is a crucial nuclear factor which specifically regulates IFN-y expression

(Szabo et al., 2000). In egulate IL-4 expression.

Since centa \ W ( nin the effect of

centa '/i' an

Our results showed tha

SC []
g/ml, used as a positive control, elevated the trar , f T-bet,

IFN-y and Fig 4). P 3 not su to induce GATA-3
transcription in pri Figure . These results suggest that

centaurein can specifically up-regulate IFN-y expression via control of T-bet.
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Figure 14. Centaurein increases IFN-y and T-bet gene expression but not 1L.-4

and GATA-3in T cells. Human umbilical T-helper cells were treated with mock (M)

or with 1pg/mL of PHA (P), and 100 pg/mL of centaurein (CN) for 24 h and were

subjected to RT-PCR analysis using specific primers for T-bet, GATA-3, IFN-y, 1L-4

and GAPDH genes. PCR products were resolved on DNA gel and visualized with

ethidium bromide and bands were quantitated using a scanning densitometer.

Arbitrary units (AU) were obtained from the ratio of the signal of T-bet, GATA-3,

IFN-y or IL-4 bands to that of the GAPDH bands. The data are representative of three

independent experiments.
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3.7 Centaurein augments the serum IFN-y level in mice

Centaurein stimulated IFN-y production in the main IFN-y-producing cells (T

and NK cells). Thus, we wanted to evaluate this situation in mice. C57BL/6J mice

were injected intraperitone A assays revealed that

/‘" U N C ) peaked 24 h

post-i ion (F

centaurein _ au

>

from 3 r

or centaurel

concentration of [IFN-y was mea SING 4 i var graphs represent an

average of three independent experiments with standard error of the mean (mean +

s.e.). P<0.05 (*) is considered to be statistically significant based on Student’s t-test.

42



3.8 Centaurein augments the serum IFN-y and decreases Listeria level inside

macrophages

IFN-y is known to activate macrophages, resulting in Listeria clearance within

macrophages. We next testc taurein-treated mice could

activate the se peritoneal

pressing

various serurn ecatme e, centage of

D um of control C57BL mice,

Listeria—infected mac
was around 46%, similar to that of Listeria—infected macrophages, pretreated with the
serum of centaurein-treated IFN-y knockout mice (6 h, Figure 16A). In contrast, the

percentage of Listeria—infected macrophages, pretreated with the serum of
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centaurein-treated C57BL mice, decreased to 15%. However, that of Listeria—infected
macrophages, pretreated with the serum of centaurein-treated C57BL mice in

combination with IFN-y-neutralizing antibody, was 34% (6 h, Figure 16A).

Accordingly, fluorescen : indice 1t the i of Listeria insides

macrophages, pret A : C 9 Listeria,

simila
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Figure 16. The effect of centaurein-treated serum on Listeria levels inside
macrophages. Mouse resident peritoneal macrophages (2 x 10°) were incubated with
the serum of C57BL/6J mice with a 24-h injection of PBS (WT, Mock) or centaurein
(WT, CN), a mixture of anti-IFN-y antibody and the serum of C57BL/6J mice with a
24-h dnjection of centaurein (WT, CN + anti-IFN-y) and the serum from I[FN-y
knockout mice with a 24-h injection of centaurein (IFN-y'/', CN). ‘After a 16-h
incubation with the sera, the cells were infected with GFP-expressing Listeria for 30
min. (A) Following extensive washing, the cells either started to undergo FACS
analysis (0 h) or an additional 6-h culture (6 h), followed by FACS analysis. The
histograms show an average of 3 independent experiments with error bar (mean +
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s.e.), indicating the percentage of macrophages with GFP-expressing Listeria. (B) The
Listeria inside macrophages was visualized using fluorescent microscope. The

average bacteria number per infected macrophage is expressed as mean + s.e. White

<

arrows show the place wl )5 .(*) is considered to be

statistically significe

could ir protect mice against Listeria challenge. Thus, we d

centaurein o

(Figure 17).

ent fashion
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Cumulative survival rate (%

3.10 IFN-y gene disrt iated Listeria prevention
in mice

According to aforesaid data, we hypothesized that centaurein protected mice

against Listeria infection via IFN-y production. To test this hypothesis, we assessed
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whether IFN-y-knockout mice challenged with Listeria could be rescued by

centaurein. Our results demonstrated that centaurein lost its ability to protect

IFN-y-knockout mice against Listeria infection. In contrast, ampicillin at 1000 pg/mL

could protect against Listeria infection (Fig & , these results showed that

centaurein prao S AQa eria intfection 0 T

surviva

Cumulati

infectio ntraperitoneal

injection of PBS (M centaurein at 20 pg (C picillin at 1000 pg

for 3 days, twice a day (AP 1000, ). er 24 h, the mice were intraperitoneally
challenged with Listeria (1 x 10° CFU). The cumulative survival rates of mice were

determined. Mouse numbers per group are indicated in parenthesis. P < 0.05 (*) is

significantly different from controls based on log-rank test.
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3.11 Centaurein treats Listeria infection in mice alone or in combination with

antibiotics

Since centaurein protected mice against Listeria infection, we next examined

whether centaurein could be used to tre ice already infected with Listeria. Our

data showed that ce - & 0% of the mice
infected with / isteri Fig
ampi 5 pg ampicillin, 2 times per day for 3 days) rescued

n contrast,

e that
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3.12 Establishment of an in vitro screening method, namely T cell differentiation

assay

We aimed to identify the immunomodulatory compounds from B. pilosa. Here,

we utilized the in Vvitro | i 0 screen fractions or

¢ principle of

phytochemica

bioact

d \ bioactive

fractions or phytochemicals from B F e water and butanol fractions

Here,

separated from the plant extract were subjected to the T cell differentiation assay. The
butanol fraction showed a 50% inhibition (IC50) to the differentiation of ThO into Th1

cells at 200 pg/ml and completely stopped the differentiation of ThO into Thl cells at
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500 pg/ml (Figure 20). In contrast, the water fraction of B. pilosa did not affect Th1l

cell differentiation from 0 to 500 pg/ml (Figure 20). These results indicated that the

butanol fraction but not water fraction could inhibit the Th1 cell differentiation.

>

BuOH

ell differentiation (%)

[
s

rentiatio

fraction of B. pil ions (ng/ml). T cells

ed using F percentage (%) of Thl cell differentiation was ot

g s

! the water fraction to that without any treatment. (B

except t BuOH) was used at the indic

ons (pg/ml).

(C) Relative cell viabi vas determined in the

presence of butanol fraction of B. pilosa (BuOH) at the indicated concentrations

(ng/ml) using an MTT assay. Data representative of three independent experiments

were expressed as mean T s.e.
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3.14 The butanol fraction of B. pilosa promotes the differentiation of ThO cells

into Th2 cells

Thl and Th2 cell differentiation has been demonstrated to be cross-regulated

(Abbas et al., 1996). O itanol fraction of B. pilosa

could suppress the clls o F oxt e e efficacy of

). Our resu
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Th2 cell differentiation

108
50 pg/ml 27% 150 pg/ml

e sam@nent as described for Th1 cell differentiati
the percen

three experiments
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3.15 Two polyacetylenic compounds, identified from butanol fraction of B. pilosa,

promote the differentiation of ThO cells into Th2 cells

Our data showed that a butanol fraction of B. pilosa promoted that of ThO into

Th2 cells but inhibited the ‘differentiation of ThO into Thl cells using FACS analysis.

We next tracked down and characterized the bioactive compounds with the efficacy

on modulating T cell differentiation based on a BGEFI principle. Here, two

polyacetylenic compounds,  2-B-p-glucopyranosyloxy-1-hydroxy-5(E)-tridecene-

7,9,11-triyne (1) and-3=B-p=glucopyranosyloxy-1-hydroxy-6(E)-tetradecene-8,10,12-

triyne (2), were identified as bioactive constituents that capable of modulating T cell

differentiation. Our data showed that the compound (2) at 5, 10 and 15 pg/ml

increased the percentage of IL-4-producing cells (i.e., Th2 cells) from 11% to 15%

(Figure 22A) whereas it at the same doses-decreased-that-of IFN=y-producing cells

(i«e., Thl cells) from 60% to 37% . (Figure - 22B). . However,

2-B-p-glucopyranosyloxy-1-hydroxy-5(E)-tridecene-7,9,11-triyne (1) showed, if any,

only little ‘inhibition (10%) of the differentiation of ThO into Thl cells and slight

enhancement (8%) of'the differentiation of ThO into Th2 cells at the dose of 15 pg/ml

(Figure 23). Taken together, our results display that this T cell differentiation method

can be used as a highly efficient platform to distinguish bioactive phytochemicals

from the crude extracts and lead to identification of bioactive phytocompounds.
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differentiation (F s was calculated.

Data are representative of three expe
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3.16 The butanol fraction of B. pilosa prevents the onset of diabetes in NOD mice

Thl cells were reported to cause insulitis and diabetes in NOD mice (Katz et al.,

1995). Our in vitro data exhibited that the butanol fraction of B. pilosa could suppress

the differentiation of ThO into Thl cells and preferentially promote that of ThO into

Th2 cells, implying a potential role of the butanol fraction in treating Thl-mediated

autoimmune diseases. We reasoned that the butanol fraction may in Vvivo prevent

diabetes in NOD mice via down-regulation of Th1 cells or up-regulation of Th2 cells,

which antagonize Thl cell-function. To test this hypothesis, we utilized NOD mice as

a Thl-mediated autoimmune disease mouse model to examine the effect of the

butanol fraction in the diabetes progression. Our results indicated that mice with

intraperitoneal (i.p.) injection using the butanol fraction at 3 mg/kg per dose had a

lower diabetes incidence (33%)-thancontrol-mice (56%);»which has a similar

incidence in the publication (Kai et al., 1993). Likewise, injection of NOD mice with

the butanol fraction at 10 mg/kg could stop the initiation of the disease (0%). Thus,

the butanol fraction treatment could protect NOD mice from developing diabetes in a

dose-dependent manner (Figure 24). We also examined diabetes indicators such as

blood glucose and insulin. We found that the butanol fraction treatment at 10 mg/kg

prevented mice from hyperglycemia and hypoinsulinemia in comparison to control

mice (Figure 25).
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1400 B BuOH 10 mg/kg
1200 ~[_] Control

1000
300 |

[
—

Blood glucose (mg/dl) -

in NOD e concentration of blood glucose (mg/dl '
butanol fraction of B. p cate : nice (4, 15 and 18

0S: d (BuOH 10 mg/kg 0N ,

weeks of age) was' determi g glucometer. Data (mean + s.e.) are

representative of three experiments. (B) The same mice as indicated in panels A had

their blood insulin concentrations (pg/ml) determined using an ELISA kit. Data (mean

* s.e.) are representative of three experiments and * : P < 0.05 by Student T test..
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3.17 Two polyacetylenic compounds, identified from butanol fraction of B. pilosa,
protect the diabetes onset in NOD mice.

We next determined if the bioactive phytocompounds identified from the the

butanol fraction have similar effects prevention of diabetes as the butanol fraction.
We found that tre with these two compounds s nifica nted the onset

Table D).

CCLl O -.i

of diab

able 1. ) n

Compoun % I ; Y’
Ompoun 2 (N—)) di1abeti

NOD .-4' seks of
age with d ] g) or compound 2
(45 pg/kg). The
Figure 24. n :

1 in the legend of

1896

\%
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Chapter 4. Discussion

4.1 Bioactives from B. pilosa

Natural products have been the most productive source of leads for the drug

development. More than 80 iral products or inspired by

a natural co C s ab ' t ar . 4 to 2007 are

based o

were able to r tudy how
both flavonoids co [ n.. Our results showed that
centaurein could activate the transcription activity of T-bet. Therefore, we postulated

that centaurein mediated IFN-y expression through nuclear factor T-bet. Our data

manifested that centaurein or centaureidin can in vitro boost IFN-y production. Their
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in vivo function in immune modulation (e.g., pathogen clearance) was further verified

using Listeria infection mouse models.

We here proved the concept that a combination of IFN-y promoter, luciferase as a

reporter gene, and T cells can be used to screen i odulatory phytochemicals

from the B:. pilosa d ¢ to improve immunity

] stimulation. Of
\‘

butanol fraction a ab i o normal levels of

W E

blood sugar, insulin prod 0 our knowledge, this is the
first report so far to demonstrate that the butanol fraction of B. pilosa can effectively
prevent IDDM, as evaluated using a NOD mouse model. One possible scenario for

the suppression of IDDM may be that the butanol fraction and polyacetylenic
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compounds inhibit the generation of Thl cells and promotes that of Th2 cells

infiltrating into the islets of NOD mice as the fraction and compounds do in vitro.

Intriguingly, B. pilosa has been used as herbal medicines to treat diabetes without

scientific ~ proof A mixture of

2-B-D-glu D

osides affec

(~25 to 30%) (Rouquette a erche A rugs are currently used for
Listeria infection. However, antibiotic-resistant Listeria strains have been
increasingly reported (Yamaoka et al., 1998; Yamaoka et al., 2000). Therefore, it is

necessary to develop new therapeutics for treating Listeria infection.

Several herbal medicines have been reported to have a protective effect against
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Listeria infection in mice. For example, the crude extract of a Chinese medicine,

Bu-Zhong-Yi-Qi-Tang, up-regulates IFN-y production and, therefore, eradicates

Listeria infection in mice (Yamaoka et al., 1998; Yamaoka et al., 2000; Yamaoka et al.,

2001). Some polysacchari ea. purpurea plant protect

mice against e detailed

activation.

IFN-y can activate t : hag ing of intracellular pathogens.

Both IFN-y and macrophage activation are pivotal for Listeria eradication in cell and

animal models (Hubel et al., 2002). IFN-y alone or in conjunction with antimicrobial

agents, is also reported to clinically treat patients infected with an intracellular
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microbe, Mycobacteria (Hubel et al., 2002). Of note, IFN-y showed a promising effect
on the adjunctive treatment of multidrug-resistant Mycobacteria in patients (Hubel et

al., 2002). We report that centaurein alone or in combination with antibiotics protects

against and treats Listeria ection via up gulatio of JEN-y. In addition, the

anti-bacterial 7‘ showed that the i1 Ty centration of
centa g eria is over 200 pg/ml, indicating that-centau did not

onific l-mm Listeric
=IE! S >3
Li
acrophage
Our results are e
antibiot

s A3

apeutics for infectious pathogens.
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4.3 Autoimmune diseases

Autoimmune disease is the third largest category of illness in the developed

countries—behind cardiovascular disease and cancer. It was estimated that over 20

million people are afflicted e dise hat a conservative medical

expenditure ¢ ars per year.

the induction

Our study is desigr [ § omodulatory plant extracts and

phytocompounds using in vitro T cell differentiation method in combination with

NOD mouse model. Here, we have successfully screened out a butanol fraction of B.

pilosa and its subsequent two compounds which can suppress Thl differentiation but
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promote Th2 differentiation from ThO cells. Our results from NOD mouse model also
demonstrated that the butanol fraction and compounds can prevent the progress of

Thl-mediated diabetes. Our results are encouraging the potentially therapeutic use of

butanol fraction and bioactive compounds iated autoimmune diseases.




Chapter 5. Conclusions and future perspectives

Our results demonstrated that both T cell-based luciferase reporter assay and T
helper differentiation assay can be wused to identify immunomodulatory
phytochemicals from the B: pilosa. These screening methods may be further improved
and developed into a high throughput platform for evaluating and screening other

immunomodulatory herbs, fractions and compounds.

We demonstratethat“centaurein protects against or treats. Listeria infection
through a regulation of IFN-y expression. However, in our studies, the beneficial
therapeutic effect of centaurein was only based on healthy young mice and/or IFN-y
knockout mice with serious innate immunodeficiency. Additional experiments in
evaluating the efficacy of centaurein inpartially immunocompromised mice, such as
dexamethasone-treated mice, needs be considered. The use of healthy mice and mice
with innate. or acquired<immunodeficiency to  evaluate the therapeutic effect of
centaurein on Listeria infection help draw the conclusion on the efficacy of centaurein
in Listeria elimination and may be-more like humans susceptible to Listeria infection.

Our data showed that centaurein increased the IFN-y production in T and NK
cells. T-bet is required for IFN-y production in T cells and NK cells (Szabo et al.,
2002; Townsend et al., 2004). However, T-bet was reported not to be required for host

resistance to Listeria infection (Way and Wilson, 2004). Our results showed that
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centaurein augments IFN-y expression in cells and mice. Such an increase

accompanies T-bet up-regulation. Therefore, our results strongly suggest that

centaurein elevates IFN-y production via control of T-bet. IFN-y was reported to

induce T-bet expression ochvani al., 2001), raising the possibility that the
up-regulation s_an indirect consequence of ce

\4 ing IFN-y.
in. stil -bet

Howev S S Id not be the case because centaure

activation-ind d . We als ved that similar to

PHA, centaurein and ‘centaureidin in S0 S ] transcription as well

as apoptosis in T cells. However, PHA and both flavonoids at the same dose showed a

marginal effect on the cell death of a non-T cell line, COS cells, suggesting that the

significant effect of the above compounds on T cell death was partially ascribed to
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activation-induced cell death. How both flavonoids can cause T cell

activation-induced death needs to be further examined.

The concentrations of centaurein used in our studies are 100 pg/ml in cells and

10 to 20 pg/mouse i that centaureidin, an

aglycone ction 1es more than

compg

detailed me

B. pilosa was documented >gories of diseases. For instance, B.

pilosa extracts was shown to decrease acid/pepsin secretion (Alvarez et al., 1999) and

inhibit ulcers (Tan et al., 2000). Besides, its extract was shown to have

anti-hypertensive effects in rats (Dimo et al., 2001; Dimo et al., 1999), inhibit the
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vasocontriction by blocking the Ca®’ influx into the cells (Dimo et al., 1998;
Nguelefack et al., 2005) and slow cardiac pump (Dimo et al., 2003). However, no

specific compound responsible for the above categories of diseases of B. pilosa has

been identified up to date: on.and isolation approach

can be take ointestinal and

cardiov
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