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ABSTRACT

Faractin is a proprietary  blend of Andrographolide,  14-Deox vAndrographolides,  and
MeoAndrographolides, a bicvelic diterpenoid lactone derived from extracts of Andrographis
panfeulata, a plant indigenous o South Asian countries that shows  anti-inflammatory
properties. The molecular and cellular bases for this immunomodulatory capacily remain
unknown. Here we show that Paractin is able 1o downmodolate both humoral and cellular

adaptive immune responses. fn owitro, this molecule was able w interfere with T cell



proliferation and cyiokine release in response 1o allogenic stimulation. These resulis were
consistent with the observation that T cell activation by dendritic cells {DCs) was completaly
abolished by exposing DCs o Paractin during antigen pulse. This molecule was able 1o
interfere with matoration of DCs and with their ability w present antigens o T cells.
Furthermore, fn vive immune responses such as antibody response to a thvmus-dependent
antigen and delayed tvpe hypersensitivity were drastically diminished in mice by Pamdctin
treatment.  Finally, the ability of Paractin o inhibit T cell activation was applied o interfere
with the onset of Experimental Autvimmune Encephalitis, an inflammatory demvelinating
disense of the central nervous svstem that is primarily mediated by CD4+ T cells and serves as
an animal model for human Multiple Sclerosis. Treatment with Paractin was able 1w
significantly redouce EAE svmploms in mice by inhibiting T cell and antibody responses
directed to myelin antigens. Our data suggest that Paractin is able to efficiently interfere in
vitree and fnowive with T cell activation, a feature that could be useful for interfering with

detrimental T cell responses.

INTRODUCTION

Multiple Sclerosis (M5} is a chronic neuroinflammatory demyelinating disorder of the central
nervous system (CNS) that predominantly affects voung adults. There are approximately 1.1
million cases worldwide (Noseworthy et al., 2006)). Although the aetinlogy of the progressive
neurological loss has not vet been [ully elucidated, it is believed that envimonmental stimuli and
genetically determined susceptibility are both implicated in the detrimental sutoimmune
response against components of the myelin sheath ( Lucchinewi et al, 2000 Visconti et al.,
2003). Empirical evidence points toward an autoimmune pathogenesis, where mvelin-specilic
CD4+ and CDE+ T cells are thought to play a central role by reacting against and destroving
the myvelin sheath (Wingerchok et al., 2001). Plaques of demyelination with perivascular
inflammation, axonal damage and olipodendroglia destruction are scattered throughout the
white matter of the CNS. Autwimmune destruction of myelin leads w a long-term breakdown

of salatory conduction in myelinated libers with subsequent impairment of neuronal function

and axonal loss (Loochineti et al., 208W:; Lassmann et al, 20001:; Hemimer et al., 2002



Lassmann, 2002). The disease results in multiple neurologic symptoms and signs, which are
often disabling and show exacerbations and remissions that, can lead 1w a chronic progressive

course in later vears (Bruck et al., 2002).

Even if our understanding of the mechanisms that underhe M5 has progressed signilicantly
throughout the last vears, our means for therapeutic intervention are stll very limited. Current
therapies available include the use of Bdnterferon, glatiramer acetate, corticosteroids and
cvclophosphamide: however, none of these immunosuppressive or experimental treatments
offers a curative option {Moseworthy et al, 2000, Polman and Udehaag, 2003 Visconti et al.,
2003}, Thus, M5 treatment remains a major research challenge that needs significant efforts for

the development of novel and efficient therapeutic approaches.

Dwe to the Tact that it shows close similarity w clinical and histopathological aspects of human
M5, experimental autoimmune encephalomyelitis (EAE) represents a suitable animal model
for testing efficacy of potential therapeutic agents for MS (Sun et al, 2001; Kochmoo et al.,
2002} In CETBL/G mice, EAE can be induced by injection of a peptide derived from mouse
Myelin Oligodendmcyie  Glvooprotein  (MOG),  which  leads 1w chronic  spinal  cord
demyelination and paralvsis. EAE is characterized by focal areas of inflammation and
demyelination throughout the CN5, with axonal loss that results in ascending paralysis

invalving first the il and then the limbs (Iglesias etal., 20010 ).

Favorable immune modulation observed in response w plant-derived mwolecules [or several
mflammatory diseases, such as arthritis and MS (Killesiein et al., 2003; Shin et al, 2003,
Soeken etal., 2003), provides encouragement for the potential use of those preparations Lo reat
autoimmune disorders. In this direction, extracts [rom Andrographis panicalata, a plant
indigenous o Southeast Asian countries, have been shown to modulate inflammatory immune
responses (Wang et al., 2004 ). One of the molecules present in the extracts of A panfculata, a
bicyclic diterpenoid lactone known as andrographolide, has been reporied in several assays 1o
b particularly efficient at regulating the immune response (Calabrese et al., 2000 Rajagopal et
al., 2003). This molecule has recently been shown o work as an anti-inflammatory agent by

reducing the generation of reactive oxvgen species in human neutrophils (Shen et al., 2002}, as



well as preventing microglia activation (Wang et al., 2004).

However, the molecular and cellular mechanisms responsible for the inmunomodulatory
properties of Andrographis remain unknown, as well as the potential in vive anti-inflammatory
effects resulting from wreatment with this extract. Here we provide evidence for a role of
Pargctin Andrographis extract as an inhibitor for T cell-mediated immune responses in vifro
and in wive. fn vitro, we show that T cell activation by antigen-pulsed DCs can be compleely
abolished by exposing DCs o Paractin during antigen pulse. In addition, Paractin interfered
with T cell proliferation and cviokine release in response o allogenic stimulation. fn vive,
Faractin drastically diminished antibody response w a T-dependent antigen, as well as a
delaved tvpe hypersensitivity response. Consisient with these findings, mice wreated with
Faractin showed a significant reduction of EAE symptoms, as well as reduced T cell and
antibody responses oo myelin antigens, compared w control mice. These data indicate that
FParactin - can  interfere with T cell acuvaton, and  support the notion  that  the
immunosuppressive properties of this molecule could be applied [or treating sutoimmune

digepses,

MATERIALS AND METHODS

Animals.
Sixn to eight weeks old female C3TBLAS mice were used in these experiments and kept under
pathogen-free conditions at the animal core Tacility of the Pontificia Universidad Cawblica de

Chile. All animal work was pedormed according to institutional guidelines.

Reagents and synthetic peptides.

Paractin and Pure Andrographolide was kindly provided by HP Ingredients. A stock solution
for this molecule was prepared by dissolving andrographolide in dimethylsulphoxide (DMS0)
at SmM, which was then serially diluted in PBS immediately prior 1o ex periments. Myelin
oligodendrocyle glveoprotein-derived peptide (MOG35-55,
MEUVGYRSPFSRUVUVHLYRNGEK), Chicken Egg Ovalbumin (OVA) peptide SIINFKEL



(OVA257-265, for presentation on H- 2Kb) and OVA peptide TEWTSSNVMEERKIKY
(OWVA265-280, Tor presentation on [-Ab) were svnthesized by solid-phase method vsing Frmoc
chemistry on an automated 4334 peptide swnthesizer (Applied Biosvstems, Foster City, CA) al
the Feptide Synthesis Facility of the Albert Einstein College ol Medicine. All peptides were
purified o >98% homogeneity by reversed-phase HPLC on a Vwdac C-18 column (2.1 or 4.6
mim x 25 cm, 300 A) using HP-1090M HPLC (Hewlett Packard). The identity of the purified
peptide was determined by a tandem quadrupole mass spectrometer {TSOQTN, Finnigan MAT,
San Jose, CA).

EAE induction

Six o eight weeks old female C3TBL/G mice were injected subcutaneously with 50 ug of
MOG35-55 peptide emulsified in Complete Freund’s Adjuvant (Gibeo, BRL) supplemented
with heat-inactivated Mycobacterium tubercalosis H3TRa (Difco Laboratories). In addition,
mice received intraperitoneal injections with pertussis toxin (500 ng, Calbiochem) at the time
of sensitization and 48 hours later. Clinical signs of disease were seen usually between day 15
and I8 alter sensitization and assessed daily asccording to the following scoring criteria: (0 = no
detectable signs of EAE: 1 = flaccid wil: 2 = hind-limb weakness or abnormal gait; 3 =
complete hind-limb paralvsis; 4 = paralvsis of fore and hind limbs: 5 = moribund or death. In
order w prevent unnecessary animal suffering, mice severely affected by the disease were
euthanized with the sopervision of a velerinarian. Data shown are means ol daily measured

clinical score that were obtained from 4 independ ent e xperiments.

Paractin treatment

Mice were treated intraperiioneally with a daily dose equal w 13 mg/kg of Paractin in FBS
{iotal volume of 1O ul) Treatment started one week before MOG sensitization and continued
through all the experiment. As controls, age matched female mice were sensitized with MOCG,
but not treated with Paractin. Treated and control mice were clinically evaluated on a daily
basis. Al the doses used, Paractin was well wlerated by mice and no evidence of woxicity was

observied.

DCs, antigen-presentation assay and T cell hvbridoma activation



Bone marrow-derived DCs were prepared as previously described (Inaba et al., 1992 Lopez el
al., 200My; Kalergis and Raveich, 2002) Briefly, DCs were grown [rom bone marrow
progenitors in EPMI 1640 containing 5% FCS supplemented with GMCSF (50 U/ml). Day 5
DCs wene weated with andrographolide 10 pM for 24 hrs, After this tume, DCs were pulsed [or
16 hours either with OV A protein or OV A peptide (OWV A257-265 [or presentation on H-2Kb or
OVA265-280 for presentation on I-Ab). After the pulse, DCs were washed and co-culwred at
different ratios with either <105 B3 or 1105 OT4H T-cell hybridomas. B3 and OT4H are
specific for H2KWOVA257-265 and FAROWVA265-280, respectively and secrete TL-2 upon
TCE stimulation (Shastri and Gonealex, 1993). After 20 hours of DC-T cell co-culwre, 1L-2
from supernatants was measured by cyokine ELISA as previously described (Kalergis et al.,
200d); Kalergis and Nathenson, 2000, Kalergis et al., 2000). DC viability was determined by

Trypan blue exclusion.

T cell cviokine release assavs

Inguinal and mesentenc lvmph nodes were obtained on day 21 afier EAE induction from
control or Paractin treated mice. Cellular suspensions rom these lvimph nodes were cultured
(5105 cells/well) in RPMI 1640 containing 5% FCS with different concentrations of MOG35-
55 peptide. Cultures were incubated in 96-well round bottom plates for 48 hrs at 37°C in a cell
culture incubator. IL-2 release in mesponse 1w MOG35-55 peptide was determined on culture
supernatanis by cviokine ELISA as previously described (Kalergis et al., 2000 Kalergis and
MNathenson, 2000; Kalergis et al, 2001) IFN-y release was also determined by cyiokine
ELISA, but using purilied anti-mouse IFN-y (clone R4-6A2, PharMingen, ) as captune antibody
and biotin rat antimouse IFN-y (clone XMG 1.2 PharMingen) as detection antibody.
Measurement of Anti-M O antibody response

Mouse sera obtained on davs 7 and 21 alter sensitization with MOG35-35 peptide were
analyzed for the presence of MOG-specific IgG by ELISA. Briefly, ELISA plates (Falcon)
were codled at 4°C overnight with 10 pgfml MOG35-55 peptide in 0.1 M NaHCO3 bufTer (pH
B.4) and then blocked with PBS-BSA 1% for Zh at KT, Serum samples were diluted in PBS-
B5A 1% starting at 1:60 and incubated for 3h at room emperature. IglG was detected with

rabbit  anti-mouse IgG antibody  conjugated o horse-radish  peroxidase



{Amersham_Phamacia). Afler extensive washing, HRP substrate was added (33755

tetramethylbenzidine, Sigma) and plates were resd at OD450nm on a micro plate reader.

DC maturation assayvs

DCs wene weated with andrographolide 10 uM for 24 h and then incubated with LPS (1 ug/ml)
for 36 h. Unweated control DCs were included in all the experiments.  After LPS treatment,
cells were analveed for expression of surface markers I-Ab, CDE6 and CD40 on a FACScan
Mow cyvtometer {Becton Dickinson). To evaluate DC maturation, DCs were double-stained with
anti-CD 1 e-PE {clone HL3, PharMingen) plos either anti-I-Ab-FITC (clone AF6-120.1,
FharMingen), anti-CDE6-FITC (clone GLI, PharMingen), or anti-CD40-FITC (clone 3/23,
FharMingen), lixed on PFA (1%, PBS) and analvieed by FACS. To determinate the densities of
H-2EWOV A complexes on the surface of DCs, OV A-pulsed cells were stained with anti-
CD1le-PE and 150 pl of 25-D1.16 supernatant (mouse kappa-1pGGl mAb specific for the H-
2ZKWSIINFEKL complex). Afier washing, goat anti-mouse [pG-FITC (PharMingen ) was added
1o the DCs. Cells were washed in PBS, lixed on FFA (1%, PBS) and analvzed by FACS.

Mixed lvmphocvie reaction

Lyvmph node cell suspensions obtained from C37BL/G and Balb/c mice were coculiured in 96-
well round botom plates at I 105 cells per stmin on each well for 72 h. After this tme,
supernatants were harvested and analveed for IL-2 release by cviokineg ELISA a8 described
above. T cell proliferation was assessed wsing Cell Titer Cell Proliferation Assay (Promega)

[ollowing the methodology provided by the manufacturer.

NP-specific antibody response.

Mice were immunized subcutaneously with 50 pg 4-hvdroxy-3- nitrophen vlaceiyl conjugated
w bovine serum albumin (NPI7-B5A, Biosearch Technologies, Inc.) in Alum (Fierce). Seven
and 14 days alter immunization, Npspecilic gl antibodies were measured in mouse sera by
ELISA. Briefly, plates were coated at 4°C overnight with NP23-CGG (0.5 vgfwell) in 0.1 M
MaHCO3 buffer (pH 9.5) and anti-NFP gl antibodies were detected as described above.

Delayed-type hypersensitivity reaction



Mice were immunized subcutaneously with 100 pg of OVA (Calbiochem) emulsified in
complete Freund's sdjuvant {Giben, BRL). One week afler immunization, animals were
miracutanecusly challenged in the ear with 50 pg OVA dissolved in 20 pl of PBS. Ear
thickness was measured at different times afier challenge with a micrometer (Mitovo, Japan).
Increased ear thickness was expressed as the means of at least three measurements per mouse

in millimeters x 10-2 + 5E.

RESULTS
In vitro T cell activation is inhibited by Paractin.

The ability of Paractin to interfere with T cell activation was evaluated on a mix [vmphocyie
reaction between CSTBEL/G and Balb/C splenocvies. As shown in Figure LA, in this assav, T
cell proliferation and IL-2 release were inhibited by Paractin in a dose dependent fashion. No

measurable effect on backgmund proliferation and 1L-2 release was observed.
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Fig. 1. In viwre T cell activation is inhibited by Paractin, A, mixed Iymphocye reaction is inhibited by Pamactin
Lymph node cell suspensions from CS5TELS and BA LB mice were coincubaied as described wnder Aecge riecds
el Me ooy, Paractin was added ai the indicated concentrations to the cells, Pooliferation {illad squanes) and 1L-
2 releame femply cinckes) wene determined afier 72 h of cultuse. B and C, T cell activation by anti gen-pulsed DCs
is suppressed by Paractin, Contrel DS (Alled squanes) and Paractin-irested DOs femply squares) were pulsad
with 0¥ A protein and coculiured either with H-2E0V Ass s-speciTic {B) or LA DV A s s -specific (0 T cell



hybridomas.  As  conrols,  Paactin-seated  DCs owere  pulsed  with OV A-pepiides  SHNFEKL  or
TEWTSSNVMEERKIKY for presentsiion on H-2K" or 1-A”, respectively {empiy wiangles) {, p < 0.01 when
compaied with contrels, Student’s 5 odesth. D, Paractin trestment did nod affect antigen-independent T oell
activation. BIE (Allad squares) or OTAH (Allad circles) T call hybridomas werne stinm based with plate-bound anti-
CD3e. Plages treated with vehicle wene inelided as controls {empty squanes for B3Z and empy circles Dor OTAH).
Paractin was added at the indicated concentrations, and [L-2 selease wis determined afier 24 h of culiuse. E, DC
viabilily remains unaffected after treament with Paracting based on trypan blue exclusion assay. Data shown are
micans of &l least four inde pendent experiments.

To determine whether this was an effect on the T cells or the APCs, an antigen presentation
assay was sel up with bone marrow-derived DCs pulsed in vitre with OVA and co-cultured
gither with H-2Kb/OWV A257-265- or FAROVA265-280-specific T cell hybridomas (B3Z and
OT4H, respectively). As shown in Figure 1B and 1C, weating DCs with Paractin before OWVA-
pulse prevented them [rom activating both CD4+ and CDE+ OV A-specilic T cell hvbridomas.
This inhibition was only observed when Paractin-treated DCs were pulsed with whole OVA
prodein, and not when OVA257-265- or OVA265-280 peptides were exopenously added 1o
these cells (Figure 1B, 1C). Consistent with these lindings, Paractin treatment had no effect on
APC-independent T cell activation with anti-CD3 (Fig. 1D}, In addition, trypan blue exclusion
assays show that viability of DCs remains unaffected alter wreatment with 30 pM Paractin
{(Figure 1E). These data are supporied by measurements of mitochondrial function showing that
concentrations up o 150 oM Paractin did not affect cell viability.

Thus, our results suggest that, at the concentration ested, Paractin inhibits the ability of DCs o
process OV A and generate the peplide-MHC complexes required for T cell activation. To test
this notion, the ability of Paractin-treated DCs to process and present OV A derived peptides on
MHC-I was evaluated using an II—EE“IGVA;_.,,m-Hpeciﬁ-: monoclonal antibody (Porgador et
al., 1997}, In these assays, Paractin was able o prevent processing and presentation of OV A

peptides on the MHC-I molecule H-2K” (Figure 2A).

A B C

E Il||_I E-u::."-““.III .. "'| I‘] N a

B ,'I -},‘ 1*.';,‘_ *‘?'.u. a o :".%'xﬂ_ “’,Ii M'EE".‘-“__ -"I,t E;::

e I
/Y e I S | ]ﬂ If'l i

H-ZK"Ova, [-Al LG o0

Lo coan



Flg. L. Antigen processing by DCs and D maturation are inhibited by Paractin. A ability of D do process and
present OV A-derived pepiides on H-2K" was sholished by Paracin {iop, unireated DCs; bottom, iresied DiCs).
Histoprams show fluorescence inensity from binding of 25-D1. 16 mAb 1o H-2KYSIINFEKL on CD 1 1e" cells
{shaded and clear histograms show control or OV A-puked DCs, mespectively). B, up-regulation of maiuration
markers 1-A", CDAD, and CDAS in response to LPS is inhibiied by Paractin. Histograns show surface expression
of matwation markers on CD1 e cells. Shaded hiswograms indicate immatmre DS, and whike histoprams
represent LPS-reated DCs {lop, contrel DCs; bottom, treated DoCs) O, bar graphs show the increase of mean
flucrescence intensity fior 1-4", CO86, and CDAD{CD] 1c* gae). Black bars represent control DCs, and while bars
indicate Paractin-ireated s, Data shown ane means of ail least three inde pendent ex periments

To further evaluate the effect that Paractin could have on DC function, maturation of DCs was
induced by LPS weatment in the presence ol Paractin. As shown in Fig. 2, B and C, Paractin
also inhibited up-regulation of the matoration markers I-A°, CDM0, and CD86 (B7.2) in

response o LPS.

In vivo T cell function is suppressed by Paractin treatment.

The data shown above suggesied that Paractin could be able wo interfere with the initistion of
an immune response, by inhibiting T cell actvaton by antigen loaded DCs. To test whether
Paractin was also able o affect in wive immune responses, CS3TBL/6 mice were treated with
Paractin and immunized with NP-BSA (a thyvmuos-dependent antigen) adsorbed 1w alum.
Seven days post-immunization, anti-NF g tters were determined by ELISA using NP23-
COG as antigen. Compared to untreated controls, significantly reduced anti-NP 10 tiers were

observed for Paractin reated mice (Figure 3A ).
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Flg. 3. In vive T cell function is suppressed by Paractin tresiment. A, T cell-dependent antibody production is
diminished by Paractine Contrel {filled circles) and Parsctin-iresied CSTBLA (empiy circles) were imnminized
with NI o -BEA s deseribod under Merericeds eoned Metfods. Beven days postinmunization, anti- NP IgG tite s were
determined by ELISA using NP 000G & antigen {, p< 001 7, p < 0001, Student’s 1 iesi). B, delayed-iype
hypersensitivity B seduced by Pasactin treatment. Contnel {filled cireles) and Parsctin-ireated C35TBLA (emply
circles) mice werne immunized with OWA as described under Meferfals e Me fuwds. One week later, mice were
chalkenged on the car with OV A dissobved in PBS. Ear thickness was measurad ai different times afier challenge
{Lpenl ™, p <0001, Stadent’s 1 test). Data shown are means of two inde pendent experiments.

To evaluate the effect of Paractin directly on T cell effector function, delayed type
hypersensitivity (DTH) against OVA was induced in control and Paractin treated mice. As
shown in Figure 3B, Pamctin almost completely suppressed DTH induced by OVA
immunization and challenge in C3TBL/6 mice.

Paractin _ treatment  significantly reduoces severity of Experimental Awntoimmune
Encephalomyelitis in the mouse.

To evaluate whether inhibition of T cell activation and antibody production by Paractin could
mdulate an autoinumuane response, C3TBLG mice were reated with Paractin and induced 1o
develop EAE by injection of MOG. As shown in Figure 4, control {solvent injected) C57TBL/MG
mice presented signs of disease on day 14 after sensitization. The pmgression of EAE
symploms was equivalent with the observed in previous reports (Bright et al., 2003, Gilgun-
Sherki et al., 2003). In contrast, reatment with Paractin not only delayed the onset of EAE, but

also significantly reduced the severity and incidence of disease (Figure 4 and Table ).
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Fig. 4. Experimental sutoimmune enoephalomyelitis is reduced by Paractin treatment. EAE was induced by
immunizing ooninel (flled circles) or Paractin-neated femply circles) mice with MO ass peplide a5 described
under Mererieels eond Me thedds, Clinical score was determined according o the criteria describod uwnder Mere gy
enved Merhoely {p < 0005, from Mann- Whitney rank sums two-tailed analyais, applied 1o the entire data 50, The
analyszs (o each time period after imnmnization between the twe groups. show statistically significant dif ferences
during peak severity {weeks 3-8, p o< 00001, Studeni’s §test) and no significant differences in nesidual clinical signs
{afier & weaks) Data shown represent average weekly clinical soones of all animals i the group and ae means of
fiouir i e ndend @ 3per iments.

TARBLE 1 Summary of EAE disease paramelers

EAE was indwoed by immunizing contrel or andrographolide -treated mice with MO, o peplide, as described
under Merge rieedy comd Merheds. Clinical score was evaluaied on a daily basis, and mean maimum soone was
calculated by adding clinical scoses st the peak of disease for animals that develop EAE ineach group and then
dividied by the wtal number of animals.

Croup Incidence  Maximum Score Mean Maximum Score Day of Onset

mean + S5

Control 14/ 14 { 100%) 5 3.7+0.1 14.7 0.2
Paractin  8/17 (47%) 3 19201 176+05



" = 005, compared with the conirol, unpaired Student’s 5 iest.

Reduced anti-myelin T cell and antibody response in Paractin treated mice.

The diminished EAE incidence and severity resulung from Paractin treatment in the mouse
could be due either w an interference with autoreactive T cell activation and antibody
production or w a nonspecific anti-inflammatory effect of this compound. To approach this
msue, 3 weeks afler EAE induction, lvmph nodes wemre oblained [rom control and Paractin-
treated mice 1o evaluale cvioking release in response w MOG peptide. As shown in Fig. 54,
IFN-T and IL-2 secretion was observed only in lvmph node suspensions oblained from
untredted mice suffering from EAE. In contrast, neither IFN-T nor IL-2 could be detecied in
supernatants from MOG-stumulated lvmph node cell suspensions derived from Paractin-treated
mice. Consistent with these observations, anti-MOG IgG could only be measured in sera from
control animals sulfering fom EAE, whereas Paractin-treated anumals showed an almost
complete absence of anti-MOG antibody titers (Fig. 5B). Thus, it seems likely that Faractin
trestment reduced EAE severity by impairing T cell priming by DCs, which could also

indirectly alfect antibody production against myelin antigens.
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Fig. 5 Beduced antinrelin T cell and antibody response in ands oprapholide Areated mice. A, three weeks afier
EAE induction, lymph nodes were obtained from conteol (Filled squares), andrographolide-reated  {enmpty
squares), and naive femply circles) mice o evaluaie cyiokine releme (IL-2 and IFN-T) in response o MOG
peptide {, p <005, p <001 p <0001, Student's 1iest). B, sera were obiained from the same animalk, and
andi-MOG specific Lol tters wene measured by ELIS AL Control mice are shown & black bars, andrographolide-
trested mice as shaded bars, and naive mice s white bars {, p= 001, Student’s 1 test). Data shown are means of
three independent experiments.

DISCUSSION

Mew immunomodulatory therapeatic siralegies are required o prevent or real suloimmune
disenses, such as multiple sclerosis. Here we provide evidence for a potential role of a blend of

bic yelic diterpe noid lac tone-—andrographolide, | 4-Deoxvandrographolides, and



Meoandrographolides as an inhibitor of T cell medisted immunity that ameliorates EAE in the
mouse. When tested on a series ol fn witro and in vive assavs, Parsctin was shown 1o interfere

with T cell sctivation and function.

Paractin was able o prevent OVA-pulsed DCs from activating either CD4" or CDE" T cell
hybridomas. This result is consistent with the absence of |I—E|‘:h."ﬂ1kr.'5|.l-,;_3\4ﬂ'llﬂ1}lflﬂi on the
surface of DCs treated with Paractin at the time of OVA pulse. Thus, it seems likely that
treatment with this extract prevented processing and presentation of OV A peptides on MHC

molecules w OVA-specific T cells.

In addition o impair generation of peptide-MHC complexes, Paractin reduced the efficiency of
DC matration in response o LPS. Thus, when fold incresse in surface expression was
evaluated, reduced LPS-induced up-repulation of maturation markers I-A°, CD40, and CDE6
(B7.2) was observed as mesult of Paractin treatment. Although it was apparent that Paractin
slightly modified basal expression of A", CD86, and CD40, these differences were not
statistically significant. The ability o interfere with DC maturation suggests an explanation for

the inhibiton of T cell activaton observed in vivo afier Paractin treatment {see below].

Accordingly, the in vitro inhibition of T cell activation caused by Paractin is consistent with the
suppression ol the immune response in the mouse, as shown on three different experimental
assays designed 1w measure immune systiem function in vivo, Thos, antibod y (TgG) secretion
apainst the T cell-dependent antigen NPoo-BSA was significantly reduced by Paractin
treatment. Similarly, the DTH response against the antigen OVA was diminished 1w
background levels by weatment with Paractin. These results support the notion that T cell-

mediated immune responses can be elfectively impaired by this molecule.

Finally, we evaluated whether the capacity of Paractin to impair T cell activation could be
applied w prevent the onset of EAE in mice. As shown in Fig. 4 and Table 1, Paractin
treatment significantly reduced both the incidence and clinical severity of EAE in C57TBL/MG
mice during early phase of disease. Residual clinical signs were not significantly changed by

treatment with this molecule. Clinical data were consistent with the observation that [vmph



node cellular suspensions derived from Paractin-treated mice showed reduced IFN-T and TL-2
relesse in response o MOG (Fig. 5A), two important pro-inflammatory  cviokines that
participate in EAE pathogenesis (Lassmann et al., 2000+« Lucchinetn et al, 20k,
Wingerchuk et al., 2001+ ). These data support the notion that the beneficial efTects of Faractin
are mediated preferentially by specific interference with antigen presentation by DCs and, thus,
with T cell activation, and they correlate with the clinical scores shown by the animals. Further
research 15 required 1o evaluate the potential therapeotical capacity of Paractin when

administered after symptoms of EAE have started.

The reduced in vivo T cell priming, which is probably responsible for the decreased DTH and
EAE responses observed in Paractin-treated mice, could resolt from the impairment on DC
maturation and generation of peplide-MHC complexes caused by Paractin, However, whether

this molecule is directly altering DC function in vivo remains o be evaluated.

In additon o activation of asutoreactive T cells doring the sensitization phase, EAE
pathogenesis involves several inflammatory mediators, which are also responsible for myelin
damage. Recent siudies provide evidence suggesting that Androhraphis could also interfere
with the function of inflammatory cells such as neutrophils and microglia (Batkhuo et al.,
2002%: Shen et al., 2002%. Wang et al., 2004%). Because these inflammatory cells have been
inplicated in the pathogenesis of inflammation in M5 (Calabrese et al., 2002«; Smith and
Lassmann, 2002« Hill eval., 20044 ), the relative contribution of Pamctin Andrographis exiract
o diminish adaptive versus nonspecilic inflammation neads o be delined. Furthermore, an
antiapoptotc activity has been shown for andrographis (Chen et al., 2004}, which could also
contribule o reduce severity of EAE in the mouse by increasing neuronal resistance o cell
death induced by local inflammation. Thus, it is likely that Paractin Andrographis exiract
interferes with EAE by preventing activation of aotoresctive T cells and by reducing

inflammatory damage.

In summary, the data presented here sugpgest that Paractin is able to modulate T cell activation
baoth in vitro, as well as in vive. The exact mechanism by which Paractin exhibits its benelicial

effect on EAE is stll unknown, but we provide evidence it could prevent initial T cell priming



by interfering with DCs maturation process and antigen presentation properties. Therefore,
Paractin may be a promising therapeutic agent [or the treatment of auoimmune diseases, such

as multiple sclerosis.
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