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ABSTRACT

Thisstudy was conducted to investigate effects of pyrrolidine dithiocarbameate (PDTC), anuclear
factor (NF)-kB inhibitor, on cytokine expressons and suppresson of anterior chamber inflammationin
experimentd autoimmuneanterior uvatis  Uvetiswasinduced in the Lewisratswith theinjection of
meanin-assodiated antigen into peritoneum and footpad. At defined time points, cytokine mRNA
expressionsin theirigdliary body were measured by using asemiquantitative polymerase chain reaction
method.  Wefound that interferony (FN-y) and tumor necrogsfactor (TNF)-a mRNA expresson reeched
pesk during the active phase of uvatis, whereasinterleukin (IL)-10 mRNA incressed during the diseese
resolution.  Inasgparate experiment, PDTC (40mg/kg/day) was adminidrated intraperitonedlly after
immunization. Wefound that PDTC effectively suppressed ocular inflammation, asindicated by reduced
dinicd scoresand inflammetory cdlsinfiltration in aqueous humor andiris/ciliary body.  Theinhibitory
effectsof PDTC aremainly resulted from inhibiting the expresson of proinflammeatory cytokines TNF-a
and IFN-y but augmenting anti-inflammeatory cytokines, IL-10 expresson. These findings suggest thet
application of NF-KB inhibitors may be apotentia thergpeutic method for the trestment of acute anterior
uvatis



INTRODUCTION

Uvetisisamgor causeof visud defect. Themost common form of human uvatisisacute anterior
uveitisof unknown etiology (1). The recurrent neture of anterior uvatis may leed to many secondary
complications such as cataract, cystoid mecular edemaand glaucoma Because the exact mechaniam of acute
anterior uveitis remains unknown, nonspecific corticogteroids are dill the maingtay for the uveltistrestment.
However, complications of corticosteroid thergpy limit itsdinica applications.

Experimenta autoimmune anterior uveitis (EAAU) isawd|-established anima modd for acute
anterior uveitis (2). EAAU isinduced by immunizing animaswith bovine mdanin-associated antigen (MAA)
(3,4). Thedinicd coursein EAAU isvery smilar to that of human AAU (5, 6). Sudies on the molecular
mechanisms and trestment of EAAU would help usto gain ingghtsinto the pathogenesis of human AAU and
to devel op effective thergpeutic drugsthat block the activation of inflammatory sgnding pathways.

Cytokineswere important inflammeatory mediatorsthat had been provento beinvolved in avariety of
inflammeatory diseases (7, 8). Cytokinesare mainly secreted by helper T (Th) cells. Based on functiond
characteridics, Th cdisaredassfied into Thl and Th2 (9). Thl cdlsproduce IL-2 and interferon (IFN)-y;
Th2 cdlsproduceIL-4, IL-6, IL-10. Thl cytokines are known as pro-inflammeatory cytokines, becausethey
exacerbate inflammation. On the other hand, Th2 cytokines play an anti-inflammeatory role sncethey inhibit
inflammation initiated by Th1 cytokines (10, 11). In many human diseases, Thl cdlsare associaed with the
initiation of diseases, whereas Th2 cdlsarerdaed to suppresson of the diseases (12-14).

Thenudear factor kgppa B (NFKB) isatranscriptiond factor that can regulate the expression of
pro-inflammeatory genes, including cytokines, adhes on molecules and chemokines (15, 16). NFkB hasbeen
proven to play acentrd rolein avaiety of inflanmatory diseases (17). Theidentification of NFKB asakey
player in the pathogenes s of inflammeatory reactions suggeststhat NFkB-targeted thergpeutics might be
effectivein the trestment of inflammeatory diseases.

Thissiudy was designed to invedtigate the expressons of cytokinesinirigaliary body usng arat
modd of acute anterior uvatis. The effect of pyrralidine dithiocarbamate (PDTC), apotent NF-kB inhibitor
(18-20), on the expression of cytokines and ocular inflammationin EAAU was eva uated to gain abetter
ingght into the pathogenesis of acute anterior uvatis.

MATERIALSAND METHODS

Antigen and Induction of EAAU

MAA was prepared as previoudy described by Borekhuyse and Kuhlimann with amodification (2).
Theirisand diliary body were carefully obtained from fresh pigmented bovine eyes. Thetissue was gently
homogenized and filtered through awire mesh to remove cdlular debris and connectivetissue The




homogenate was centrifuged at 1.2 x 10°g & 4°C for 15 minutes and washed once with phosphate-buffered
dine(PBS) a pH 7.4. Theresulting pdllet was suspended in 2% sodium dodecyl sulfate (SDS) (Bio-Rad,
Richmond, CA) and incubated a 70°C for 10 minutes After centrifugation, the pellet was washed threetimes
with water. Theinsoluble antigen was dried and sored a —20°C.

Lewisrats, 6-8 weeksold and weighing 125-160 g, were used for the experiment. All animaswere
trested in accordance with theARV O satement for the Use of Animdsin Ophthamic and Vison Research.
Toinduce EAAU, theratswere given two separaeinjectionsa the sametime: 1). 0.05 ml MAA was
suspended in PBS, emulsified (1:1) in complete Freund's adjuvant (CFA) and injected into | eft hind footpad
2).0.05m MAA, emulsfied with 1ug purified Bordetdlapertussstoxin (PTX) wasinjected
intrgperitonedly.

PDTC Tregtment
Thetreatment protocol was conducted in arandomized and double-masked fashion. Theraiswere
divided into two groups asfollows
(1). Group A received intrgpertoned injection of PDTC (40 mg/kg) daily Snceday 1. (2). Group B
recaived intrgperitoned injecton of PBS daily asacontrol Snceday 1.

Clinicd Activity Scoring

Theratsweredinicaly observed on adaily basswith ditlamp biomicroscopy for dinica sgnsof
ocular inflammeation. Disease severity was assessed with ascderanging from 0to 4: 0=normd; 1 =dight
irnsvess dilatation and some anterior chamber cdls, 2 = irishyperemia, with somelimitation in pupil
dilation, anterior chamber cdls, and adight flare, 3=amiatic, irregular, hyperaemic, and (sometimes) dightly
damaged iris, with acondderableflare and cdls (espedidly with accumulation neer theiris); and4=a
serioudy damaged and hyperaemiciris, amiotic pupil often filled with protein, and doudy gd-like aqueous
humor (AgH).

Tissue Preparation

Ratswere sacrificed onday 3, 9, 11, 14, 18, 25. The eyeswere harvested. The eyeswere quickly
dissected, and theirisand diliary body were isolated from the remaining ocular tissue by using an operating
microscope.

Preparation of RNA and cDNA

Tota RNA was extracted from theirig/ciliary body with Trizol reagent (Life, Gaithersburg, MD). One
microgram of total RNA from eech samplewas annedled for 5 min at 65°C with 300-ng oligo(dT)(Promega,
Madison, WI) and reverse transcribed to cDNA by using 80 U Moloney murineleukemiavirusreverse
transcriptase (MMLV-RT) (Gibco, Grand Idand, NY) per 50 pg reectionfor 1 h at 37°C. Thereaction was
stopped by heeting for 5min a 90°C.




Polymerase Chain Reaction

The amplification was performed with athermocyder. (MJ Research, Watham, MA) The 50-ul
reaction mixture congsted of 5 ul cDNA, 1l of sense and antisense primer, 200 UM of each
deoxynudeotide, 5l 10x Tag polymerase buffer, and 1.25 U Taq polymerase (Promega, Madison, WI).
Conditionsfor amplifying each cytokineswere asfollows: denaturation, 1 min at 94°C, and dongation, 3min
a 72°C. For the anneding temperaturefor cytokines, 62°C to 42°C wasdesigned for IL-4, IL-10 and IFN-y.
Thetemperaurethen dedined a 1°C increments and thiswas followed by 20 cydesat 55°C. Theanneding
temperaturefor TNF-q,, IL-6, TGFB1 and TGF32 wasfrom 67°C to 50°C, dedining & 1°C increment and
followed by 21 cydesat 60°C. At the end of amplification, the reaction mixture was hested for 10 min at
72°C and then cooled to 4°C. A 10-ul sample of each polymerase chain reaction (PCR) product was
separated by g dectrophoresis on 2% agarose containing ethidium bromide (Sigma, . Louis, MO) and
then andlyzed under ultraviolet light againgt the DNA molecular length markers. Theintengity of the products
wasandyzed by usng animage andyzer (Digitd 1D Scence; Easman Kodak, Rochegter, NY), and the
amount of PCR-amplifiable materid in each reverse-transcribed sample was sSandardized againgt the amount
of ahousekesgping generat 3-actin. The primers sequenceswereliged in Teble 1.

Quantification of Leukocytesin Aqueous Humor

Aqueous humor (AgH) was collected from the eyes using a30-gauge needleimmediately after the
anima was sacrificed on day 18. The AgH was pooled in silicontreated microcentrifuge tubes (Fisher
Saentific, Attsourgh, PA). Two microlitre (2 uL) AgH from onerat was sained with 0.4% trypan-blue
solutionand the number of leukocytes was counted under phase-contrast microscopy

Higtopathologic Evauation
Onday 18, raswere sacrificed. The eyeswere enucleated and embedded in paraffin. Then, 5-um
sagittal sectionswere cured and stained with hematoxylin and eosin (H-E)

Sdidicd Andyses
Differences among the amounts of the cytokinesmRNA at different time pointswere evauated usng
Mann-Whitney U-test. Vaues of p<0.05 were consdered as sgnificant.




TABLE1  Sequences of Rat Cytokines and (3-actin Primers Used in RT-PCR

Cytokines Sgquences Product sze (bp)

B-actin 5-CTGGAGAAGAGCTATGAGCTG-3 ol
5-AATCTCCTTCTGCATCCTGTC-3

TNFa 5-TACTGAACTTCGGGGTGATTGGTCC-3 -
5'- CAGCCTTGTCCCTTGAAGAGAACC-3’

IFN-y 5 -ATCTGGAGGAACTGGCAAAAGGACG-3 o7
5 -CCTTAGGCTAGATTCTGGTGACAGC-3

IL-4 5 -ATGCACCGAGATGTTTGTACC-3 0
5 -GGTACAAACATCTCGGTGCAT-3

IL-6 5-CAAGAGACTTCCAGCCAGTTG-3 -
5 -TTGCCGAGTAGACCTCATAGTGACC-3

IL-10 5-AAGGACCAGCTGGACAACAT-3 -
5-AGACACCTTTGTCTTGGAGCTTA-3

TGFp2 5 -CCTGCTGTACCTTCATACCGT-3 o1

S5 -ATCATCGTCATTGTCGTCATA-3

RESULTS

Clinicd Scoresof EAAU and CytokinemRNA Expressonsin IrigCB During EAAU

Clinicd 9gnsof EAAU showed on day 11 pogt-immunization. Thedinicad symptoms reeched peek
onday 18 and entirely relieved by day 30.

TNFa mRNA wasdetected in pardld with thediseese progresson. . Asthe diseaseresolved, TNF-a
declined to normda contral leve.  IFN-y sarted increasing on day 11, concurrent with the disease onset. At
maximd dinica activity, however, IFN-y mRNA dropped abruptly to the control leve. IL-10 mRNA
increased on day 18 and 25, corrdaing with remission of the disease. The expression of TGF32 mRNA was
remained a ahigh leve. However, when compared with normd control, therewas no satidticaly sgnificant
changein TGF32 mRNA during the course of the disease. The mRNA of 1L-4 and |L-6 was undetectable
throughout dinicd evdugtion (Fgure 1).
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Expresson of mRNA of cytokinesincuding: TNF-a, IFN-y, TGF32, IL-4 and IL-10inthe
irigdliary body from Lewisrasat different time pointsduring the courseof EAAU.  The control represents

the norma rats not being immunized. Bar charts represent the rdativeintensity of mRNA of cytokines
compared to 3-actin. Line charts correspond to the dinicd scoresof thedisesese.  Dataare presented asthe

mean + D infiveras

Effectsof PDTC on Clinicd Activity Scores

Ratstreated with PDTC (40 mg/kg) demondrated asgnificant reductionin dinica severity than those

*p<0.05, ** p<0.01 when compared to normd control

trested with PBS. The maxima dinicd scoresin ratstreated with PDTC (40 mg/kg) was significantly lower

than inthosewith PBS (Fgure 2).
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FGURE2  Effectsof PDTC ondinica scoresof Lewisraswith EAAU.  Rastreated with PDTC (40
mg/kg) showed a sgnificant reduction in dinicd severity than those treated with PBS.  * : Mann-Whitney
U-teg, p< 0.05.

Effectsof PDTC on Cdlular Infiltration in Aqueous Humor

Ratswere sacrificed on day 18 and the cdllsin the anterior chamber were quantified.  PDTC trested
eyesshowed alower number of cellular infiltrations; the number of infiltrating cellswas 960 + 160 cells/ ml
inthe control rats and trestment with PDTC resulted in asgnificant reduction of the cell number to 240 + 30
cdlg ml (p=0.001)

Effectsof PDTC on Hisdlogic Changes

Leukocytes, mainly lymphocytes, werefound to infiltrateiniris/cliary body of ratson day 18. (Hg. 3,
left pand) The number of leukocytesin irig/diliary body was markedly reduced after PDTC tregtment. (Hg. 3,

right pand!)




Fgure3 Higdologica section of eyesontheday 18 after immunization.  Ratstrested with PBS (Ieft pand);
Ratstreated with PDTC (40 mg/ml) (right pand)). H-E staining; origind magnification X 400.

Effectsof PDTC of CytokinesmRNA Expressonin IrigCiliary Body

Onday 14, trestment with PDTC demondrated asgnificant reductionin IFN-y mRNA expressonin
theirigdliary body (p=0.001). Onday 18, treetment with PDTC resulted in Sgnificantly reduction
INTNF-o mRNA expresson (p=0.001). In contragt, trestment with PDTC augmented IL-10 mRNA
expresson when compared with contral (p=0.001). Therewasno sgnificant differencein TGF32 MRNA
expression between PDTC tregted and untregted groups (Fig 4).
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FIGURE4  Effectsof PDTC on cytokinemRNA expressioninirigaliary body of Lewisraiswith
EAAU. Daaarepressnted asthemean £ SD infiveras ** : Mann-Whitney U-test, p<0.01.

DISCUSSION

In the present Sudy, we demondrated that pro-inflanmatory cytokines, IFN-y and TNF-a, increased
in padld with the diseese initigion, whereas anti-inflammatory cytokine, 1L-10, incressed during the



recovery periods of the disease. In addition, we investigated the in vivo effects of PDTC, a NFkB inhibitor,
on the expresson of cytokines in rat modd of acute anterior uvetis We found that PDTC effectively
suppressed ocular inflammations; as indicated by reduced dinicd activity scores, diminished leukocyte
infiltration in irig/dliary body and agueous humor. These anti-inflammatory effects are mainly by means of
decreaang TNF-a, IFN-y, as wdl as augmenting IL-10 expresson. These results indicated that timey
expresson of cetan cytokines is citica in the pathogeness of EAAU and PDTC exerted it
anti-inflammetory effect by regulaing the expressons of specific cytokines.

Previous udies reported that expressons of TNF-a and IFN-y are corrdl ated with diseese
progressonin severd autoimmunediseases (21, 22).  TNF-a wasreported to play acriticd roleinthe
initiation of inflammeatory reactions, induding the activation of T cdls(23), induction of vascular cell
adhesionimoleude-1 (24), and activation of leukocytes (25), dl of which could contribute to the tissue
dedtructionintheautoimmunediseases.  IFN-y enhanced the cytotoxic effect of TNF-a and dso activated
macrophages (26, 27).  These mechaniams presumably mediate the pro-inflammetory rolesof TNF-a and
IFN-y in generating uvatis In our study, decreased IFN-y and TNF-a expresson by PDTC resulted in
diminished dinicd severity of uvatis, further supporting the pivotd role of IFN-yand TNF-a inthe
pathogenesis of uvdtis.

In our study, IL-10 mRNA increased in associaion with the disease resolution, wheress IL-4, IL-6
MRNA did not change during EAAU. Previousreport demondirated thet -6 was activated to antagonize
anterior chamber-associated immune deviation (ACAID) inrat modd of endotoxin-induced uveitis (28). The
difference between our udy and that reported was due to differencein the methods of inducing the
experimentd uvatis. 1L-10 was reported to be apotent suppressor of macrophages, T-cdlls and NK cdlsand
suppressed the growth and transformation of Thl cdlls (29). Therefore, at diseaseresolution, IL-10 helpsto
reduceinflammeation and restore ocular immune privilege.

PDTC, aNF«B inhibitor, may suppress pro-inflammeatory cytokine, TNF-a, expression but enhance
anti-inflammeatory cytokine, 1L-10, expression, thereby reduceinflanmations.  Nemeth e al demondrated
thereductionin TNFa and increasein IL-10 expression after PDTC trestment in LPS-induced endotoxemia
mouse (30). However, ance both I1L-10 and TNF-a genome contain NF-kB-like recognition Stes (31, 32), it
ispossblethat PDTC may influence the expression of these two cytokineswith different mechaniams.

Recent sudies demondrated that PDTC could augment protein-1 (AP-1) activation, which wasfound to be
presented in the 1L-10 genome (33, 34). Wetherefore postulated that the enhanced activation of AP-1 by
PDTC wasrespongblefor theincreased IL-10 levels. However, further sudiesare required to support this
finding.

TG isthought to contribute to immunosuppressive propertiesand isimportant for the maintenance
of theimmune-privileged environment of the anterior chamber (35, 36). Severd sudies demondrated
reduction of TGF[3 activity in agueous humor of uvatis (37, 38). In the present study, however, we could not
find any sgnificant dterationsin mRNA expresson of TGF32 during EAAU. TGF[3 issecreted in alatent
complex that neadsto be transformed into mature TGF[3 to become biologicaly active (39). Inthisstudy, we
principaly tested the regulation of cytokinesa theleve of transcription. Theleve of MRNA detected for



TGF3 may therefore havelittle rdationship to biologicd function.

PDTC representsadass of antioxidants reported to be apotent inhibitor of NF-KB (19, 20, 40). In
addition, PTDC has been shown to block IkB-a phasphorylation, precluding the dissociation of NF-kB from
IkB-a and subsequent NF-kB trand ocation from the nudeusin responseto inflanmetory dimulation.  The
potential for modulaing cell activation suggeststhat PDTC and its andlogs may offer therapeutic benefit in
inflammatory conditionsin which activation of NF-kB playsamgor role

Thereareseverd limitationsin our sudy, which was desgned to beapilot experiment to examinethe
expressons of various cytokines and then determinesthe effects of nudear factor (NF)-kB inhibitor, onthe
expressonsof these cytokines Therefore, we Streened the expresson and regulaion of cytokinesonly a the
transcription leved. To obtain more information on theroles of cytokinesin uveitis, further sudy with
expressonsof mgor cytokineprateninirig dliary body isnesded.  Secondly, despite PDTC successtully
dleviaed thedinicd sgnsof EAAU, PDTCHreated rats showed aretarded body weight gain, suggesting the
presence of atoxic action of PDTC (41). The ultimate benfit of such targeted thergpy will depend onthe
ddlicate balance between suppressing inflammatory and interfering with norma cdlular functions. By
s ectivey targeting specific NF-KB subunitsthet have adegree of tissue specificity, one might attain
thergpeuti c efficacy and minimize sysemic toxicity.

In concdlusion, the present sudy demondrated theroles of IFN-y and TNF-a inthe diseeseinitiation
and prorogation and IL-10 in resolution of EAAU. PDTC showed important modulatory effects on cytokine
expression and effectively suppressed ocular inflammation. These effects are mainly by meansof inhibiting
the expresson of proinflammeatory cytokines, TNF-a but augmenting anti-inflammeatory cytokines
expression. Thesefindings suggest that PDTC may beava uablethergpeutic dternativeto uvetis
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