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Abstract
In 2009 approximately 2.6 million people became infe

Immunodeficiency Virus (HIV). In addition to the estimate
currently living with the virus, this makes HIV/ AIDS an ep
scale in modern times. Treatment of HIV infection requires ¢
as a number of other drugs such as antimicrobials. Hype
reations (ADRs) to a variety of drugisferetecdo mmdonidaaHsV but
antimicrobial Sulphamethoxazole remains a major culprit. Hy
significant morbidity, with the skin and liver most commonly
top causes of death in the developed world. While the p
hypersensitivity in general remains incompletely und:
Sulphamethoxazole have been linked to one of-Hi#s. reactiv
Previous work from aolsio Isabotvasthatl that HIANbtein plays a role
SMXnduced hypersensitivity ADRs. We sought to determine i
Tat would have an effect on cellular toxicity. We also wantec
toxicity and whathre gpirotedah mediated those effects.

We created fusion proteins of Tat and its deletion mutar
protein and placed them in an inducible vector which was s
stably transfected Jurkat T cenlkdines.e Td éfea eartlilally induced
expression and then used in assays for cellular toxicity and ¢
and presence-HbhA.SWe& found that cellular toxicity was depend
of Tat used. In the preliheafiystepron of the Tat protein v
augment T cell death caused byHthe aaddittiat tdhfe SSMK death oc

via apoptosis. This cell death took place without alteration t



later experimentsffesiewrgt & at variantslemgiyh theofelh affected c
death afteitHSMKeatment. Also, exprelesnighh odroheirfuiMas able
cause an increase in ROS generated d&fferNonebaftithe vdid he S by
mutants hadfelis

To try to further elucidate -thd agffeercttshefcéllllMvlar redox s
set of experiments were carried out to detect the consequer
expression in the presence andlAabFBeincwinmg I WX argdression
incubation of the Jurkat cells withH&thtdre voeehlis | evemre SAMISKrupte
the presence of iodoacetamide and thedimeatei®nappdield
electrophdneshe absenceHa&f $SiveXekptressing cell lineg were a
under a fair amount of oxidative stress compared to the pa
infected cell line. Also in untreated cells, a small number o
oxidiz&xposure of-é¢kprdasing cells to -HAO &M SMXaidramat

increase in thiol protein oxidation.

KeyworddHIVl Tat, sulphametlsaxtphbhaheethexedzrobeylamine
hypersensitivity adverse drug reactions, Judkmenlsioalda] gedox

electrophoresis.
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CHAPTEIRGeneral Introduction



1.lintroduction

Thduman immunodeficiency aiwiusu¢HiéVjelensdiviansd
this gesua memberedfawiefdaaly of virusetsroViredaea group
of RNA viruses that iemfreactge difvansmal spalrliesoamepaireate in
the host cell using the enzyme reverse transcriptase to conv
Lentivirus takes itsheaimetwoodc lenti meaninpgeesio®s ase
characteritle@b blyty to chusmitness with long incslflbémyn periot
1998)They are transmitted as-stmaptbtoepedp osimgle sense viruse:
to a latent erimfetafloevy, 19®H8Y is the etiological agent of
immune deficiency syndrome (AIDS), a disease characterized
and depletion of CD4+ T cells from the peripherahi@hgans al
leasdto an immaumeremised state that in turndgiveisngisldntos AP ¢
such Reumocpaeismonia and tu(bocnedo Rils2004; Sdeedke
2005)

There are two strainsloanHliM2IWhiat share approximately
amino acid sequence hga@hgpyenethevitd 3Bomology in the
engenEevy, 20819y primarily infects CD4+ T cells, macropha
cells. The infection eventually leads tocallmathssive dbssnateG D
the failure of the immune system and susceptibility of th
opportunistic illnesses and cancexshalnfreecdahoaswothiated with
transmissdmntitgathogenic potential peolwmablyeviale bd thrculati
virus at all stages ¢(Behmst GildO®B8e Pepm@mei 99 97 houylh2

isassociated with a clinical spectrum simllahretr® tisad caaurked I



reduced rate in the loss of CD4pHolgredbsoamndTdeseaasons for

not clear at preistretstaarccdahter will beocdiined

1.HIV Genome and Replication

The maturd MIMon has a spherical mb2®maon oigqyy dodmMeOer
and consists of a lipidayeemhbreangubioushiapadconeleocapsid c
coreSiereata al2005Nhe nucleocapsid contains the genomic RNA
proteins protease (PR), reverse transcriptase (RT™) Nieftegras:
and some celluldfiéactoas2009he HIVgenome consists of tv
identical singleoRsNOn@kb in length with open reading frames
encoding nineteen proteins.

HIV infedtegnns with the attachment of the virion to the c
by an interaction between the extrackllgipd?0damadincedfulkl
receptors. The major relceptidref@CMDHB IMolecurlecaptorss ao@ the
sevdnansmembcaemokine receptors, CGRRBammamC&EORAKnight,
2002)Bndintgpthe receptors is followed by the fusion of the
membranes which leads to the injection of the viral nucleoca
Viral unicnagga is carried out by cellular factors as well as the
(MA), Nef and Vif. The viral RNA genome is rehargteh trans
doubséranded @MNABNAY the virdHRTich & Hookermh200ixal
d®NAassociates withelluddrapdoteins to form a preintegration
in the cytosol of theg Arefte dleddmoalgst the viral proteins in the
proteMprand Ithe formlesya significantthel 1 crossauxcg etdre

membrane by taking advantage oiimihoanta e hlivnlanrye wdiad ae r



isrequiredhfornntegmadf the viraindeDN& host chf(Amosoime
Haffar & Bukrinsky, 20031 P08be initial round of proviral trar
is carried out by cellular RNA polymerase Il which leads to t
the HIV proteins Tat, Rev and Nef. Once a sufficient amount
thisramstivatoftrarfscription controls and enhances further tra
genes.

The H1Vgenome can be transcribed to produce mRNA
depending on the pattéSchaofeestpAilciagOhhere is the 9kb transc
the partially skbcedarmscript angplmoddipdkb trédWsdsipns &
Edwards, .1DBf9¢rent transcripts predominate at different
replication Ityltds. Wleeemonstrdteich the early phase of the repl
cycle, the nswplliipdg taklscripts predominateagprddueisgof the
regulatory proteins TatM &KRlewt adnHOR 8§

Whenhe accumulation of Rev is sufficient, Rev binds to
the Rev Response Element (RRE) presesploned nsipailceRINAT
transcripts and facilitates their transport through the nucle
they aaestla(Pollard & Malim, The9@8nimhen g ltrigptsaf -H 1V
is translated intokthmolgpagoteiersygehleeis translatedSkbom the
transcript iBhy fpgretein gpl60. A friaoseosmafit during translatiol
to the expressionPof fthelypagtein tdattigaveisgarli enRYymeR
and IN. After translation the oV, pGatpinadmGag to the pl
membrane whene pheteins insert into the membrane and viral

takplad®erdoweskal2004andefir al20008 complex consisting of f



lenggrenomic RNA, viral enzymes and cellular compounds a
immature core and this complex buds through the plasma
immature virion. Budding #tigpge osf thR wbaiicch autocatalyticall
th&ag and-P@agpolypsotelaasimpatheeructural proteins and enz
The individual proteins undergo rfmithlge tloeaeda otaduse fol 1V
virion that is able to infect another cell.

l1.3ransactivator of Trgmnat)yiption

Once integrated, the HIV proviral genome is not only s
regulation by the host cell, but is also abientd ovectmahiism ow
(Karn, 1999; ®odald9@5Nhis is in contrast to murine and avia
where transcription from the viral long terminal repeat (
permissive cells and does not requims(Karal neOPO atBOYrpsiie |
al, 198bat is synthesized at both early and late shtagfasgl of vir:
lengtprotein is encoded by two exons. The first exon of Tat
while the second codes for the remainder of the amino acids
protein with a molecular weight6kiDetnvarvesldngiii ¥l Tat
exists predominantly in two-@idfesecuebermgtid 1Thesildues.
amino acid form ofigmree o mtieiont hydcinnicablatreosmf all -HIV
subtypescept subtypehicdh has @&aymomymous single nucleot
polymorpkremting a stop codon in the second exon and an 8
(Campbell & LoreSewdr@9)laboratory virus strains including L.
and NL4.3 artcodeatadiant ofaTaits thnlaym8iGeocids glpdeang et

al., 199 has been suggested that a premature termination ¢



arose artificially during tissue culture passagdMNguoéuth&se la
Jeang, 1199i&)this f®@namfnoTatcitdhat has heretofbrreeqbernlymost
useith reske@@anbell & Lore), T200G8 the product of a double spli
of the viral transcript. Two forms of Tat are genecwatéda; in the
depending on the number of times splifcong thostibdy. s@ hie efed rm
viradranscrihat prodbeefldhgth 101 amino akhe geacteridsform
evident after the onset of Relv taapsegssimncewhor singly splic
viral transcripts to the cytoplasm to be tranBhlatemnindd struc
Rev means ttextonhlde bdrinesencoded by the firandsxdm” amliyno
acids in l@mogtds & Peterlin, 299%1%&B)nvitrothiariants are
able to tramesaléivaltR efficientifebus MaMifeation differently.
Transcription of the iAte@goatedsHbEVYcharacterized by an
independent and-ceepatredembatphape.ciHild/ transctrhptiprmesance
of Tat is increased seweédalardinidreecssential for viral replic
lentiviral LTR is composed of U3, R and U5 regions with th
divided into the mddawl@eoryndepromo(Fegukal (&Knkareestkal.
2009)The modulatory region is the binding site for a wide ra
proteins that either enhance or(Kapmnesk9¥am scrh@mtioar regiol
has twadbinding sites, while the promoter has three Spl bin
element that is recognizeOibgim@PprOtATM). Downstream of the
is the ¢gRiome which contains the Tat activatiofBregabinal(TAR) e

2003)he LTR contains several additional DNA binding domain:



Figure AThe structure ol geendihé. A detailed structure of the
the numerous regulatory sites that- @aredoavegMadian oHeHuY

trangdibn. Also in the LTR are two dBebindepgasstessf, NFree
tandem repeatlsimndibp sites and a TATA box. The Tat protein
and encoded by two exons. The first exon codes for the firs
sufficifeort viral transactivation while the second exon gives

101. Tat recruits transcription factors to the LTR to upregu

HIVl genohmeagdapterdm Romamil 2010.



Figurel



cellular transcription factors, thcawndi#gPWNFAdamMsE® Greene,
2007)ThedBFand Spl binding sites ard nmeguicatdidoraldvVwhile t
other sites emmsamcetiorm, they are nonetl{®iEs$isandbs &e G alkelree,
2007)Members ofolBB® eNAR family can have both positive and n
on transcription depending orbowmid hton ebi@b &liffés in the LTR
(Brigeetti al2003; Williams & GrebPoein@O@igncy oENmPHP50
homodimers bind the LTR and promote recruitment of trar
histone deacetylase@do(HdmoCgl.1996; Williams & Grelane, 200
response to cellular stimuleaeidnrecrepltodiniggation or cytokine:
k12 andNFtE, Spl am NFoteins bind the LTR cooperatively
transcription syneRrgr&atallly39 Pelti al1994; Popik & Pitha, 19
Prinst al.1999; Sune &l@macoia 19988 heterodimeReIfAP50
displace the p50 homodimers and also recruit the cellular hi
CREBinding protein (CBP) daonmvelextowhlthed histone acetylatio
addition, RelA directs recruitment of cellular RNA polymer
includin@ EPb (positive transcriptional elongation factor
transcriptional(Witlieatiosn & Greene, 2007)

In the absence of Tat, RNA polymerase Il in complex wi
factors such as TFIIH (transcription factor IIH) initiates tran
and is able thhecheiaal tpromoter to transcribe TAR which
characteristic TARIOVAssteature that binds to RNA polymeras
RNA stem loop structure is located at the 5 end of all nasc

Tat, however, thigtiomnsomplex is defective for elongation
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production of abortive shortKairm,l 108M®0s cRipgd20i10n the
presence of Tat, the binding of RNA polymerase Il to the T/
Tat tlbe transcription complex where it also binds the TAR RN
with tREEFEDIingweatl1al1989H EFb is composedegpeanyelnnh kinase
9 (CDK9) which is the catalytic sa$éuthi¢ aegulkaytolin Fdbunit.
binding of Tat compleklEBb wioh TRR RNA is believed to
transcriptional elongation through the phosphorylation of R
CDK9 subunit -0EFihecBm{@Paxada & Roeder, 129631 RDM®gno
This phosphorylation is thought to overcome the action of ne
act to repress transcriptional elé¢bigpati @a2O@hhtthbulsT&Rcts as
an atherminator of viral transcription.

There sikeinctional domains in the Tat protein (Figure 1.:
is theeNminal or acidic domaimRIamhmat¢ aecndainds several acidi
acids and is prediang-tdetloxfo8mmgle residue changes in this do
toleedtlJeaayg all999he second domain (&8M)nics ac icdyssdhd ne
domain consisting of a highly conserved cluster of seven
involved imbrieraular disulphide bhardia aldt988; Raitbah
1989)Changes in six of the seven cysteine residdefawill ab
(Jeaag all99Next is the core domain-4@mwidhaaidend&rved VCI
motif involved in tubulin binding and apoptosis andlthe RKGI
HIV2 and SIV Tat, thoughsitidl funkifi@meas al200Rerhaps the
best studied region of Tat is the fourth or4&a9icwhdicchain (

contains a basic RKKRRQRRR motif that is important for nucl
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Figure 4FaZinctional domains-1ofT alhep Htb8\¥xco.nserved functional
domains have been identified in TAe¢rmimeadedaneaime {€)) cNste

rich, (3) core (4) bastcidb)agll-téyrm@ral domains.



Figure 1.2

12



13

proteiniatthte sequence that alloweseBatraac dléblerdy infected
cell and taken up by other HENngleboalrif§ocekbds@llil993;
Frankel & Pabo, 1%88alHa&Wdygeutamineh domain (amino acids
72)in combination with the basic domain, confers TAR RNA |
(Dingwatllal1989; Rogl1990; Weeks & Crothées sd@®mg od
Tatsthe-t@rminal domainwandhlbas mthtef RGD (arg, gly, asp) seoc
and the highly conserved ESKKKVE motif. Thxbihidstgis a |Ii
integrins expressed by activated endothelial cells, macropha
the significance of the latter h&B amoliealédi 9i192;n Heftioekod.

1990)

In addition to its regulatflotyamcsleriimtidhy Tat has been im
as a transactivator of numerous cellular genegulaae hlaes be
expression of cytokin&s aswdchl Las Wlell as the expression of
adhesion molecudieseictedI(@enllsrosah@l1997; Dheaawaall997;
Taylet all992; Vatc@dl994; WestetndbdIP9qdhe transactivating
effects of hat &imeited -tnféldMed cells due to a unique propert
allows the protein-indeexetdHd®Ils andthateceihsoin the absence
signal peptide fo(Bseg&titad2003)at is able to entersuninfect
through interactions cofintsvidbhshe pdeormn sugpyha@aespdospbayed on
the surface of most mammalian cell types and translocate to
(Frankel & Pabo, 198 &; 2Z0Walgdn uninfected cells, Tat can tra
cellular genes such as tumo(lbrasteyraki® 9t oras also been

shown to down regulate several genes involved in HIV pathoq
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| thereby providing a mechanism for the virusvhochviamdeuthe in
resglh the esitmabhitpefrsistent ifHootco®tftal1993; Vexthaéf

1998; Wei®snadh998)

1.HIV Infection and Pathogenesis

Thdoint United Nations Program on Hel§tinmdDe3 fHAAIDS)
infection has killed mateotrhgre®®ble around thewaorfiidssince
describred981. There were appmdklimatpkyBI3. living with HIV/,
in 29@ith more than 50, 000 i(lURAhR8a a0l courselof HIV
infection can be divided into three pharsemsegimse wirtimamy aafe
symptomatic illnlelss oyniphoms within the first four weeks afte
majority of individuals and is associated with a high viremiz:
sharp drop in peripheral blooda@G®d4heTescedlbticlhhmient of a rest
latently infected CD@hamk cell1991; Poarl1991; Heatrauld
1995)This is followed by thd cpeetifod ¢eMular and humoral
responses thattHeadlecline of plasma virapeoiddctieaep&ktnewin a
the set phontew al994; Ketwpll994; RosetnaEry9 7he chronic
or asymptomatic phase is accompanied by persistent viral re
other viral reservoirs, a rapid turnover of plasma virions and
peripheral blood CD4+ T cell counts. sThewvepladsweimbssually |
eventually reshudt DA+ T cell count in gatipihgdessls btlloamd
200cellafpthis stage the total number of CD4+ T cells in the

by at leagqDbak al2003As a consequence the patient s immu
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incapable of cahwpplomgunistic pathogens and cancers that d

final symptpmadecof HIV i(lDfecekoral2003)

The discoveimalopersisteaheeraladpomeitween a high viral I
witlhn increase in the rate of disease progression has lead t¢
more complete suppression of viral replication as an effecti
infection. This lead to the introduction of antirehiokinal ther
currently conduatednuisimgtion of at least three antiretroviral
at least two different classes. This has dramatically increa
lifespan of HIV patients. There are curreseldy ifo@amtiress@\si raf
drugs; nucleoside reverse transcriptaseiurrboosiitbags ré NdrEE)
transcriptase inhibitors (NNRTI), protease inhibitors (PIl) ¢
(Siermrtaal2005n thegomity of HIV patients ART resulted in redu
viremia to undetectable levels and increased CD4+ T cell co
for ye@3sereth al2005However-telomgccess ofinARANntrolling viral
loails mitigated by resistance development, pharmacokinetic i

effedbsthe drugs

1.51V and Adverse Drug Reactions

The use of antiretroviral therapy has had a significant
HIVinfection and on the morbidity ante otedt gplatyeatsHIMowever
advantages of ART come with a marked increase in the numb
(AD§ in this patient population. These include both minor ar

reactions. In fact, within the first year ofADRamdenbtwith |
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treatment failure that are the most common reasons for
antiretroviral {BeoatrBbansted al2008)p to 80% -imffdciéd patients
experience an ADR at some point during the course of their
immune disregulation or altered drug metabmondism tthee to
polypharmarcy used to(BreraBhldhxev ial2s008; Maer axl®®d7.)
Adverse drug reactions are unintended reactions to a dr
standard doses for diagnoses, prophylaxis ofRremmbhhamtedf a
et all998hey are classified pharmacologically into two major
Type (Rawlins & ThdmMpg3dhyperetactioan be predictable due to
known pharmacological or toxicological actions of the con
approximately 80%RoédeDd R2009; 8amd2096Rorsitance, the use
of minocycline can cause acdemukadioompgodmnwg in the skin le
hyperpaegtation. Such side effects are sometimes relatively co
users of these drugs and are usually déRaywgdaly. @@aekes or m
B reactions are unpredictable or idiosyncratic, beginning ol
introduction of the medication, whcllealleecouweenegml ladtehrime
two ddRseder, 2009; RoujEhis, 06y suggests sensitization a
immunological memory rather than direct toxicity which shou
specific -rekdseed threshold. These idiosynaltatdtickmrewatiarss
hypersensitivity uewxliyossart with fever and, over the course
cutaneous eruption develops and is sometimes accompanied
and hypote(tsiblnvan & ShearMikPDOlytaneous reactions usual

shortayter the starapogfhiltbenost severe reactions often becg
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(Roujeau, . Hyp@&)rsensrtgactiyons can be divided into two mair
immediayteee or yeédygpemmumeediateedactions. These hypersensi
reacticas Ibeediated bgpeérubic IgE or I1gG sandkleordpeididd by
penicillidjugpecific Tresplscti\Redychowdhury & Sveunlsseon, 200!
factomsatt make an dhdsusktweptible to these idiosgmcaiatic ree
speculativtbheapdthology of the peoneaxityomglisfactorial.

Though the use of ART often leads to good control of H
HIV diagnosis often means antsulsgaou P RT pidathea very low ClI
count2@<cells/pul) and a coppontutmimstectidan.the beginning of
antiretroviral trleadenehdte preadndgquesthlyw a variety of adver
drug effects such as rashes, hyperpigmentation, hypersen
reactsosuch eagthema multiforrdehnSoavesyndrome (SJS) or
epidermal necrolyYBicr{@HBNed al2008yeraHillVinfected patients
have a higher risk of developing cutaneous reactions to drug
(Hernanrllelazatr al2006; Laetralul99&utanedbDReave been
reportedll aetrovimeldicatusrest in the management afsHIV inf
well tomntdonvulsant and antimicommalb bge nisscoegtlications
of infectidhVipositive individuals. The sevesmyriefs cutaatdgus
andpatients with aAIiD& Up tofol@0OBigher risk of developing
cutaneous reactions such as SJS and TEN thanRbkhae$ in the
al, 199BXactly whedispasmgarticular individual to be more or le
to developing cutaneous drug reactions is unknown, but is i

as genetic background and concuUMrenitns,ed0debtion use
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One of the firsopyearittuddniesses encounterefledigdHIV
pesons Fiseumocpgaeismonia (PCP) whichPise cmosgid bise Cii
(formeRPhyeumocyastig(Morreas al200Buring the early years of the
epidemic, PCP waddhi@aiAdgDi$Iness for up to ®0t%eBA patients
(Morres al2004T)hough prophylactic and ART therapy have red
ofPneumociystiidgifected population, trends over the last seve
that the incidemeemofchiasisplateaued rather tmamredlecPdaRed.
remains the most common serious opportunisti©mldnstusdyn the
showed that ofhutthicesle from aassld¥iated illness, the mortality
Pneumocgeeismonia was 38% for those not recei8thginART, c
those receivindaeRTal2003; Kaplan.2000The situation in the
developing world is even worse with prevalencafetteg to 4
persons in Thailand and rates up to 51% in various age gr
(Morras al2004)

SulpimethoxdzoheethoprimTMMXis aicambdbn of two drugs
used for the first line treatment and prophylaxis of PCP. T
advantage of the fachavhatalagmeriairement to synthesize foli
while humans obtain folic acid throdugh &heercedssary¥ acloéaator
synthesis of thymidine and other purines and bacterial DNA
trimethoprim inhibit the bacterial synthesis of tetrlaghydrofol
active form of fpMiastkeerisial.2003fulphamethoxazole is a stri
analegaf paaminobenzoic aaidibatsd the synthesis of the inte

dihydrofolic acid. Trimethoprim is a structural analogue of t
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dihydrofolic acid and competitively inhibits dihydrofolate red
synwthesis of tetrahydfogol&).adilde (sequential blockade of two «
a single paghodances synerdiasdciericntial achtedpsrenvent the
development of bacterial resistance {(Measteesatd0OBgnent alon
Sulphamethelxrameltthopriactive agairysEntearmbacteriaceac
includbBwxchelmia condKlebsiella pnewhmomiiess why it is widely use
treat wurinary tract infections (UTI). The combination druc
commuraitguired upper and loweactreinigeratiomys,trincluding fol
prophylaxis and treatment oifnRCPe dn ptdpeu lhktYon. However, th
SMX has been associated with very high incidence of hypers
infected patientldy bedtwee®D 20Gorden all984; Hererteab.y
1995; Jatff@l1983; van eéeraVMleO 4l his is in comparison to 3% i
negative paBigheiis al1986; Kbedet all9710linical mansbdstation
hypersensitivityf Md® SSMX similaimfeaciéd and uninfecteéllepatient:
severe reactions such as SJS and TEN areimfache dh @raetieotsm

(Vilat al2003)

l.®roposed Mechaniwsen &l gReactioon

Mechanism(s) to explain how drugs produce what clinic
immunologitatliywted reaction remain(s) unclear and to some
Numerous lines of evidence suggest theeidhatéve memp corfethte o«
the immune system in the pathogenesis of dRigderdul®d Xuta

There are currently two major hypotheses dhamattempltht® exp
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Figure 41F®dlate synthesis andS M@ MsRPteesctodn. Sulphamethoxa
(SMX) is a structural amahomauleentzodaracid and inhibits the s
the intermediary dihydrofolic acid from its pmMe)uissoas. Tr
structural analogue of the pteridine section of dihydrofolic a
dihydrofolate reductase and thus the production of tetrahydrc

dihydrofoliclmaigle adapmeMa®ttens 2003.



Figure 1.3
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first isHEhpetenygbthewlsse premibatishemically resaotivthedrug
metabohbhtédaaptens when tlhewnlleintdy to proteins or peptides tli
processed by an antigen presenting iaeltluttcd HCoedlrsdapr @aphéac
modified peptides orFngohd)tThbeas é§ mall molecular wlsight conm
by themsatbetsieved uoalbée to eilmomtune response. However, ve
drug compounhdsmareehesnically reastideugdomust be metaboliz
a reactive species prior to haptenatfiroywhtdwddlduya& [pnodess®
2005)A survey of drugs associated with cutaneous ADRs reve
either metabolized or degradedRtoy ockdlttirye & beveiesson, 200E
For SMX the major route of metalxreliglintis nthnoRiiggu i) er (

a detoxificationAresacailbnfraction of a ¢dWeh aleseuoidergoes
cytochrome P450 bboacthierethayme ee@Bveydroxylamine (SMX
HA) metabolite sufficiently stable to circulaf(&l aistitbtalexcrete
2001)Further autooxidation gives rise -nidrecadpltB@Ethoxazo
believed by some to be the etfabodiGereact& ®imhleW h2i&06)
the liver is thye sptemaf bioactacetidansiNerase, cytochrome P45
other drug metabolizing enzymes have been found to be pr:
other cells andRoyghowdhury & Sven3fenni20dDss0) metabolite ca
detoxified drytabhielant glutathione (GSH), converting it to the
subsequently, the paremasamiegs KMRichldhif bEtomes importa
in the context of HIV infection as the virus exerts a degree o
cellular glutathione content, leading to a decrease in the cap

nitroso metabolite to its parent compound and thus increasin
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Figured 1Proposed mechanism of the hapteimdwpedhadverse S
drug reactions. Metabolism of t&§#d fpaocelncevncpewmndally reacH
drug metkidkbs, FHWMXand SWMX These haptens then bind cova
peptides or proteins thus producing adduct which are subs
antigen presenting cell and presentethotdifiedceléeptiale shap

neoantigmag.e adapme $adandentsalR006.



Figure 1.4
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Figure -Il.be metabolism of Sulphamethoxazole. The majority c
acetylated. The rest is bioactivated by cytochrome P450 en:
sulphamethexadzalmoxylamine that IS subsequently bioa
sulphamethexarzaodeBoth metabolites can be reduced back

compound by glutathione. Image aceapl2d0f6om Sanderson



Figure 1.5
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hypersensitivity to $SMXctedHp¥Pienasdas & Pichller,e 200@7)
hepatic tissues, many of the rbdfentcaempatimastelfebertive druc
metabolites are less active than in the liver.

Another set of factors that may determine individuse
hypersiamity ADRs to SMX are the known polymorphisms in
enzymAsleficiencyaoétMlaatobhoth the genotypic and Ipdenotypic
been reported to befarrisshRindtvegative péPiegmtchamed &
Park, 2001;eRiaedex91; ZiedinaslKl®O9Bn) contnaesther tdece NI
transferase gemdtgpetynme were shown to be majoangreaedisposil
not predict individual susepegstiittiviety & Biigthitgh aenteql 2000)
Functionally significant polymorphisms in the other genes cc
in SMX metabolism werdealsongnpebktng@arase chain reaction (P«
PCRestriction fragment length polPmbymbrphmiamalysisytochro
P450 2t@Bhe CYP2@&atH2 CYPBCQenotypes wrerereswarted in the
hypersensitivityhqgughipgnotreachtasticsailgificaem Furthermore,
polymorphisms in the glutathione transferase genes (GSTM1,
not associated with SMX (Fipercleasdidadl/20000; Wolkenhstlein
2005)

There have been a number of observationgpotthetsisuppor
These include the finding that SMX metabolites haptenate h
mononacleells (PBMC)imnoite@nsbet all1996; Neaits@ilt1999)
SMXhaptenated proteins have also been detectedSMXpatient

antibodies in padBedbtedtleabd2000; Gruethalllr998; N aits kailt.t
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2003)Reactive SMX metabolites can stimulate T cell prolifera
or cytotoxicity ifresrtriMbe maomeyderal19a; Schnetdad.
1997b)n the last decade the-dqegrcifoteTotedtagin drug hyperse
has been supported by the esspbtidshanédntedf dramges (TCC) d
from the blood lymphocytes or skinhlasiarsety péatcenas ewius
reacti{dhaudiellweyg all995; Sclnyaler000; Sclenyaledr99.7d)

cell clones cousadladedérom patients with a drug ingestion hisc
of cutaneous drudRreycdtoavdshury & SvensSonth&@0O5NICC were
obtained from already sensitized panientd mudasdifdes swWwvlerehe
drug, they mayraletvalmé in reflewdthggemesis updiembhyriyng
sensitization.

Despite this evidenx efettheaetimmes about the validity of tr
hypothesis. For example, for severaindvutf®,cdheakitmedicsnof
appeadoshteo fast for any involvement ofSamtngar pgdt®O&xa9ing
SMX, in the presence of APC, activates T cells almost immed
and sustained intracellulailSaHoyate giMcr@aFhis timing cannot
be reconciled with an imesyun eichegt bdbssitegpnd processing that reo
at least an houiSthnoyaeltauier|199.74) addition, the bioactivation o
a key requirement for the initiatoowrs e fi nathien mapmte mesppothes
many studies have provided evidence agairest giooedssaitn@ind
Many different, chemically inert drugs were foundh® De able
cell recepCiginf an MdHependent manner including SMX, lidc

carbammpred Schnyderal199.7&)pecificalTdb€acted to the parent dr
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even when CheveXB fixed by glutaraldehyde which excludes t
metabolism and processing.

In contrast, unlike typical haptens, certain drugs do not
After pulsing APC with the drug for an hour theallsnctheaeng
was no stimulation dfythlee Tdrcedbslidocaine, carbamazepine, |
SMXPichkdral2006; Zdnalil998jJowever, the reactive metaboli
NO was able to stimularehshelils caplable of covalently modify
MHGeptide cofpdrlrerxyelte a1199.78Many studieseolsUBRSs using
immunolabelling of skin biopsies have found infiltration of ac
a predominance of CD4+ T cells in the dermis and CD8+ 1

(Miyauehiall991; Veltaada992)

In an effort to account for the above observations, Picl
proposed a second model to explain drug, tiemmduedred cutane
pharmacological interaction withp-ijcoucepteckpdcordinfg to tl
authors, this hypothesis is not intended to replace or contrac
rather to complem+emnctoncelphespates that certain drugs can bin
reversibly to the highly saraildfie, TdhRigesbdadtbyf kiomling the
MHGeptide compdeké&(), leading to an immune response direc
drug alldehédral20063uch aTdrRgintéiran would be manhalbolism
processimbependaihe MHEptide complex would still be necec
cell activation and would in fact mimic drugmmitenactoipicalwittl
receptdhss model was elucidated dothdCsR sugugeslikie-iB poss

cell recepnt®ralso activated in a Bhmyldrkenanhes.mechanism t
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situation seen in the case of divalent nickel ions (Ni), whic
haptens even though thegvdlemtdy bon@dgroteins but rather forn
coordination coimpéexsteqgl2005) identified and char®®erized an
promiscuospedNiMCER where Ni interacts simultaneously with t
TCR by making contactsrweidhHas 8 b nimn -DiRe -¢tthlaAn as well as

Tyr29 and Tyr94 in CDR1+ of the TCR. Thus, much like a s
bridge between both receptors though requiring idiotypic resi

The-iphypothesis would explain oorfoafndhreg nasmpeecds o
cutaneous drug reactions, namelyintdeceéichdrmgecdtidaeddrsgin
reactions can occur within a few hours after administratiol
exposure to the drug. This is the case WRChMyadiomeantadst
contrast agent used to improve the visibility ofabhaesedal bodi
imaging technigues such as CT (computed tdhmogstaphygengr r
2002; Christitaq$200The kinetics of-irdude@Mreaction is much
fast to be explained by the induction of a olassicdbreomeary
how else could RCM or other inert drugs stimulate the inna
usually required to induce an immune response?

To explain these phenomena, the authors proposed the
bypassing the innate imantumey sytstreunas@ ecepitdeemory T cells
Memory T cells have a lower threshold of reactivity compare
threshold might be further decreased if a generalized immun
addition, a secongarpmmmmeenosesponse is generally faster and

immune reaction within the time frame observed for some ADI
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Figure 1lA6comparison of the mechanism behind the-ihapten h
concept in stimaédltsngThHe solid lines indicate covalent bon
antigens and the MHC while the dashed lines depict noncov
cases, saptay also bind covalenthyage thkadgteld.frem aPichler

2006.



Figure 1.6
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woulgaxplain the higher incidence of ADRs during infections a
The-ipconcept implies that ADRs areraatuavlyy dafe pteop tirdbes sp e c
memory T cells to certain drugs. In line with thisHAdtion is t
EBV or CMV infeltearenthere is a general stimulation of T cell
risk factor for ADRs. The incidence5&f iADtRe tge M Al isodpulat
but incseas®0% in the HIV population, while AD&Rg$romadmoxici
5% in the general population to 90% during an active EBV inf
While some clinical and laboratory evidence exists in st
and-iphypothesis, | believe that the preponderance of eviden
the iprary pathway for the development of hypersensitivity
associated with ADRs have known reactive metabolites, but f
note that the absence of known reactive metabolites does n
drug net bioactivabtddsermaud of detection of reazotive breetaboli
function of the limits of currently avanlata lgwwatrha rets palk tmtet h c
our ability toedgteedcdnvde thus very unettalbhdéitasergheal.
2008)A wedlthoulygd quantitative majgrmgtabolism occurs in the
theslevegeneramesdtabolites are unlikely-cted!| stemaieaes Tin othe
organanless the metabolite is able to avoid detoxification pr
stable to cilcaMatgheal20083tudies over the past decade have
presence ometralgoli@¥MRnzymes in immune cells as well as se\
skin cells including keratimocmtela,ndchrnteslasadsleangitic
cellsSRoychowdhury & Svensson, 20028k ndreesenskin cells

express less of-nteeabdluming enzymes than hepatocytes,
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counterbalanced by the larger weight and surface area of the
explain why the skin is a primary targetA®rRavergygpersensit
2008n addition, while most important hepatic CYPs are expre
several CYPs that are much more abundant in the skin and h
the li&randarst al.2008)s wehbls noted atth@vdijver hhals
concentrations of many detoxafyhrayeeexpiveesd to deal with the
products of drug metabolism, systems which are often much
Also, theidim@erimmunologically prducle glh@gatgad, cell activatic
is mdrkely to result in totkaamanaepadahlbgrenic imnfaerderspanse
et al200Bhusmmunologically relevant metabolism may be tisst
than hepatic.

Recently, the generation ofa@idedlltecldomesvbd of knowled
the ongoing attempts to decipher the mechanisms behind tl
Using this methodology, ala&Gi0gjaretermined the relative fre
drugnd drug mesalecliftie T cells in the peripheral circulation
a history of hypersensitivity ADRs. The authors found that tl
(78%) displayed presigenastagseagainst SMX meta#iNiteersd (both
SMXNO). They also showed that there werep8cipicttédrmcelbf
stimulation; first, clones that wereementdbotiltenespethidic we
stimulated by the pareahddsubglaloene stimulated by SMX and
metabolites. The authors also showed data that concluded t
responsive T cells were stimulated through a hapten mechan

APC.
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The strongest evidencei agmdapt thethpe finding of asso«
between certain drug hypersensitixiltaysseh atlilehnssanichél loAajori
patients with ADRs to abacavir, approximaBely7024%,llebaried
compared to only 1.7% of cosiorotise Bespeiasian mihearbam:
treatment with the appealahasonf Stedear8éimesleamcarrying the
HLAB*1502 allehaieg al20049uch strong associatablesewitanidL A
support to the important role for HLA molecules in ADRs, a
hapten hypothesis for at least these drugs. Furthermore, pt
shown evidence that suggest polymorphisms in detoxication
play a role in an individual s susceptibility to ADRet This w
al(200d)scovered a polymgtpbhsmma b5 of an HIV patient witt

of ADRs to SMX, a polymorphism that caused the enzyme to &

1. Dxidative Stress and Redox Proteomics

It is generally accepted that a central pathologic feature
oxidative stress, leading to apoptosis and depletion of CD4+
be defined as a situation where cellular homeogxsrtadustismlter
of reactive oxygen/nitrogen species (ROS/RNS respectivel
cellularoxmndiant defences, leading to a disruption of redox cor
or molecular glkromage 20hee)se reactive species target a larg
biological molecules myukriates,caultbeic acid, unsaturated lipic
with the latter being the most common target making up aj
oxidized molecule$Rimahekaetel20083eactive oxygen/nitrogen sj|

can cause specific, reversible and/or irreversible oxidative
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proteins that can lead tdua cth@amgoer iactivety ¢D alkBeommogtein
et al2007)

Reactive oxygen/nitrogen species can target lipid mem
peroxidatidonthen formation of multiple aldeéhyddesynioceémaeing
(HNE) a highly reactive molecule capable of inhibiting DNA,
(Sackeata 20043 phingolipids are a major class of membrane |
cells and are particularly abundant in the nervous system, w
most abundant sphingoli(@Sd  ciked heel 20r@4dFphingomyelin and HN
levels have been used as markers of oxidative stress and it
these two markers are significantly increasewdainflthd bfain
patients witshsdbldiated ded@ntibt (Bl estimateathitdaofomecdults
infected with HIV develop dementiADwhiolownélae detdchitngl caus
dementia in adults younger thantl6® Y e atresd BDtadyessitc lal.

2005)

Antoxidant esyst have =evolved to counteatripogenaially
consequeafti’sng in an -mxhWgabmosphere thedatedctove oxygen/
nitrogen species, including enzymes like superoxide dismi
reductaperoxiredoxdincatdHaesht al2009; PoedraiRl@®@053mall,
no#wprotein molseohesas GSH, thioredoxin, vitamin C and E
flavanoids also-axitdastandnd it is the decoxadanitnle¢hvess tdratt
lead to added oxidativeindereted imaHeWwwts. The concentration
decreased imumheliver and CN®fedtédd Vpatients while administl

theGSHorecursoeacely-tysteine (NAQ@ptiemta #rRT stunmhys
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shown dimcrease mdiHalztenleer@l.1997; PocetrnatB005Jhe
micronutrients selenium, vitamin C and vitamin E are also ¢
HlVinfected su@Qémtsstetd al.1989; Pocetnidh2005Felenium
supplemiemtaincreases glutathione peroxidise acndutyednd in
HIV replication while supplementation with vitamins C reduc
infection and produced a downwakdotadnid ian HijxIkdedtudy
al, 1998; &ltol19973upplementation with vitamins A, C and |
decreased the levels of oxidized DNA bases and lipid pero:
activity of antioxidant enzymes supetfasgEiarcbmml2tt&2) and cat
Oxidative stress induced bytoROS& as napargltbuse of chr
neurodegrative dissmeeifically, some studies suggest that T
contributor-toddientia. In the brain the rAloigtfeomech ccrelly Hylpes
are microglia, macrophages anddptesomthoaxglentiresitrreplicat
limited in as(Kaayt&s Lipton, 26061 KOOor@; Bhiadl994TNat is
actively released by these infected cells and is taken up by
such as ndirattsen al2005)n patiefested with Hignificant
dysfunction and neuronal loss occur despite the fact that |
(Nath, 2002) is thoughhetdiabt®@raof neurotoxicity with brain e>
patients width d¢liwentia having eleva(édtileeM2 00 ®;f Hadcdrnich
al, 2005)he Tat sequences from these brain extracts are m
substitutions in the(Beaareitcdxd®98etLal2009hese mutations
may decrease the aloilbtey tatkdmatup by cells, thus increasing

concentrations anpgromlasatgiyotoxic geHfeyxhan all19937at
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induced neurotolxetieyeds to be thedugtredtwo distinct excitot
mechanisms involvinbattstatnah2 005 at is capable of depolariz
hippocampal neurons and humamccenticrad nretun&lediatais Ca
followed by mitochondrial calcium uptake, generation of ROS
apoptd&isgt al2006n neurons, Tat also activates-kihasphatidy
increases leyelselefat@sium fregeniFitive endoplasmic reticului
internal shnarescaeases thepactevitykimfase C, all precursors of
streldaughedyall1999; Kretmahl998,; Sadtatilelr991fat activates
astrocytes and induces the expression of inducible nitric oxi
to the overprodu¢ctionooifde (NO) that can react whihtesuperoxi
form neurotoxic peroxyhikKrad GQON@On, 2004200dNat also
induces-ANWwhich in turn induces INOS, leading to the increa
in HiwWfected macr(@ukagreskywl1995et@ll. 2009)

TNF is known to stimulate HIV replication in infected cel
of the transcriptiodilB fRased tofhs knowledge Wetstalh 86 Bp

examined the ability of Tat-ihautedubattevatdBnTaeyW Found

Tat expression was able&lBoaehtnilvanicoen NF response to TNF in |
stably transfect@atgein®BVesdaenddrgp 1995 milanlgen synthetic

Tat protein was added to Jurkat T cells or dediac e d®BEE it pote
activation andediMFed cell death. As this was inhibited by
suggested to the authors that the activitgrofedax wtastdinkled)
furthebserved that Tat, either produced intracellularly or

significantly reduced RNA and manogamdelkearedendofsuperoxide
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dismutaseSOND), an enzyme which serves as the primary defe
derived free radicals in cells. In another study looking at tl
redox state of T cetlf200bgwshowed that Jurkat T cells inc
recombinant Tat revealed an incg@askoinlamifaddldtultdreHncrea
H.Oowas due to Tat, the authors treated the-Tadllasn tbtddineesutr
that resulted in the inhibition ¢€» the production of H

The reactionidafnts with biomolecules is the molecular t
changes in the cellular redox state (Eaton, 2006). Under
nitrosative stressscédheasnillpdiuesidues, cysteine and methioni
susceptible tonoandatcan undergo various reversible and il
alterations in response to (P@eancd arl 20N Blilwls aceass
of orgamulphur derivatives characterized by the p®élgence of
at theictrea cetaéleonneet al2007; Rinaltdat2008)Biological
thiols can be classified as large molecmldecmébasrs npassteimaesn O
proteins, free thiols andhcaste’8H all thiols are important a
sensors, as most protein thiols do not react with oxidants at
found in (Cedten, 2008 majority of cytoplasmia@cprotteeiimes con
sulphydryl with a pKa greater than 8.0 and in the reducing er
remain protonated at physakeleoginehl apPiOO0O7Hlowever, thiol pKa
values can be lowered by their surrounding environment as a
with neighbouring, positively charged residues making some

sensitive (Sheehan, 2006).
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Cysteinyl thiols cadiwerder@oray of redox reactions whicl
dependent on the species and concentration of the oxidants
the presence of increasing ROS concentration and an oxide
reactpvetein tlthol®aiized at physioloagnclae pK)dized to a disulyg
(PSSP), sulphenic (PSOH),HpudphdaiphoRbt) (PcSDs. The first
three of these modifications a(fealkBoakg ad26 0Bi)}slelphide
bonds may form within a protein, intramolecularly, or betwee
In the presence of oxidants, protein thiols may alse form m
molecular mass thiols(BDatleoaseGCG3H 007t wsdethhought that
the formation of protein disulphides can protect the protein f
damaging, oXRlimtabdatail2008)

A numbérmethodebdean developed to study protein disulph
including diagonal gel electrophoresigdlimleicthioasad doahy oifs tin
investigating aealbxnodifications since disulphide bridged var
highlresol\veduf@e) Proteins are electrophoresed in the first
under -n@chucing conditions then reduced in the gel and this
onto a second gel and ele¢tttootfhteo oe sgich aalt d@ection. In the s
proteins magmagdt angles to their origAstdle lIidajoigtgtodncellula
proteins are not-lodnketdphhee will fall on the diagonal in this
migrated equidistance in both directions during electrophore
the diagonal line connecting opposite corners of the gel. Uj
subunits of proteins connected by intermolecular disulphide |

diagonal because the individual units migrlahk ddsdemphan the
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Figure 41Redox -twmensional gel electrophoresis. Electropho
dimension is carried geduwordgr coomitions. The relevant str
placed in a reducing sollaufeosrdandtohansecond geésaend agdlectr
90to the original Ihirecdisecond gel, proteins migrate at righ
original migration. The majority of cellularlipketeiandamnalinot
fall on the diagonal, having migrated equidistance in [
electrophoresis. U@monh credpotnient subunits of proteins co
intermolecular disulphide bonds will resolve below the diag
intramolecular disulphide bonds will migrating more slowly ir

diagornmlage adapted frcem dl20d6ert



Figure 1.7
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thesecond dimension (2D). Proteins with intramolecular disul
more compact structure that will be unfolded following redu

slowly in 2D and resolving above theedoxgoegulbitead qfr at@mr

(Rinaldat@l2008)
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1.8esearch Hypothesis and Objectives

HlVcurrently infects 33 million people around-iBe world
000 people in Canada. Infection with HIV usually leads to Al
to opportunistic diseases and ddafhmimngtemnsdysédDsuch as
Twentynse after the identification of HIV as the etiological ag
no cure for HIV though there is an effective regimen of
antimicrobials that can sustain an infektegearsdivHdwalvefor
hyperseinsty adverse drug reactions (ADRs) to many drugs, s
used to treat REWX @AM significantly more common in patie
infection than in uninfected people. Hypersensitivity ADRs
antiretrodinugls. These ADRs can be fatal; ADRs are one of
death in Canada. Despite this, the mechanism(s) leading to
understanding of the mechanism(s) of ADRs in the context o
us to beweéirctpthe population at risk. It will also offer some
design safer and more effective therapeutic agents or trea
clinical complications that would mean a higher quality of |

HIV.

HyposheTlat thlHdVYl Tat protein alters the intracellular environ
cells to increase cellular sensitivity to reactive metabolites ¢

Specific Objectives:

l.a)Establish T cell lines in-lwhedhptloeeHIMTats0delanodn
mutants (Tat86, Tat72,04a%5FJ) anan Teed differentialdg induced

characterize thefer déld Bxgression of the Tat protein.
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2. Determine if the differential expression of Tatl01 or the
diferential cellular sensitivity in tHA, paeseactavef nBeMxbolite
SMX.

3. Deterthimmability of intracellulaxidaanth envea lpuraetld etdhid a t

and the deletioonnmbeagesneration of ROS ithd prelselncesaimd

absence of the reactive -fhAtabolite, SMX

4. Determine what effect Tat or its deletion mutisutisidh@ve o]

proteome with or wHAoint thd XIurkat T cell lines.
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model Sofrphamethoxadaleed adverse drug react
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2. llntroduction

Human Immunodeficiency Virus (HIV) is the etiological
acquired immune deficiency syndrome (AIDS), a disease
immune dysfunction resulting in opportunistic infections a
(Huiget al.2004)hough the mechanism(s) underlying the
pathogenesis of AIDS is still not completely understood, stud
between the loss of CD4+ T cellslaathathee appe anavica of the
manifestations(DbWweéb &12003T)he link between the disease and
suggests there is a contribution nrladegblatosrsye ptriatle ibhis. The
trarmsctivator (Tat) protein is believed to be one of those prot

Tat is A5kDa protein essential for efficient HIV transcriy
(Huigen al2004; Puetliel2€® 05T)he Tat protein is a transcriptiona
factor gengratradsbdation of multiple splidBdigatalalt2808c¢ripts
Huigemn al20049ry early after viral entry into the infected cell
its tvv®on form as a 101 amino acid protein. Subsequently, th
resultshenpredomiaasltation of Spdesivgtgl transcripthe@roducin
onexon form of theipf@tamino @tudgeh al2004; Maitlianl.

1988)

In addition to its roik lifetlte cHds Ttdhte hability to influenc
cell s phenotype by modulating the exp(esslianFed&naeéllular c
2002aWleibet al2000T)he protein has been found to stimulate t
immumegulatoytyokines, including the pogodbetionsmegulation o

which is implicated in the pathogeasesdsiatfedepatiablAgbDess suc
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psoriasis, B cell lymphoma andAkaposdatsmsh®®dhmaanother

study, Tat was able to increase-hetmo(dbiNdgensisexXxpcession by
activating the TNFES@asetyodelr9 90T at also inhibits the transcrip
tumor suppressor gene, p53, possibly contributinglattedhe de
canceisiet al.l®5b) Tat suppresses the expression of mangar
dismutaseSOND), contributing to oxidative stress, a cbndition .
infecti@@hoet al.2000; Fekdresl.1993Additionally, this situatio
exacerbated by a systemic decrease in glutatimfercreedonter
individy8lshelt al1989; Staall992b; Waeihsllelyd97)at is also

proposed to have a major, but indirect, role in apoptosis v
mechanism thought to contribute to the progressivelloss of
infect{(élluigetal,, 2004 his is thought to occur by mechanisms
ability toewgplate the expressien anfd CaBp&Eein T cells the
increasing their susceptibility to ex(Biartixz & pbmieortima rs,i gin%d 9

Westenagdrpll995a)

The steady decline of CD4+ T cells duritbhginfesctcomurse
progresses to a stage where the patient developsnmudfiple op
the most common of these diseRsemoicysdtas sj@addweygiys
responsible for the lung ingaeummckrsdven pae un{MoirreéP CP)
al, 200W)jithout treatment, over 75% of people with AIDS dev
this ferctiopMorriet al.2004)The drug combination- trimeth
sulphamethaxaze M X()TMs the treatment of choice for the

prophylaxis ¢M#&densal20033MX is a sulphonamide drug co
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associated with hypersensitivity adverse drug tgahORBRss (AD|
in patients with AIDS wusually present as a high fever fol
cutaneous er(Fdugrau & SternThEk9949k for patients with Al
approximately 50%, significantly more presalemeg@iane in
populati@b%tCaert all1993Bhere is a marked increase in ris|
among people with HIV infection and AIDS compared to both
people with other causes of incrhuneosde€icnercy osuprimar
immunodefi¢Deanwip & ShearerWhoOl@8)he reasons for this are u
increase in risk for ADRs appears to be very specific for HI
broad range ofidtuggl2006)

Previous data indicates that hypersensigtvietye A bDRsthe S
reactive metabolites of SMX,-hydroixullamiyn ¢6MHR Ke detr
al, 1988%iven the increased risk of adverse drug events il
infection, alterations in thenfaleitledy cefllHH1v¥0 handle reacti
metabolites may be an important element instlaa pertheo gy giol
reactions among people with HIV and AIDS.

In a study ey fl€aert all998@g degrime vofigpersensitivity
to SMEKA was linkedvitwyptokicity by showing that primary lym
from hypersensiimnMecteldV patients are significantly more s
metabolite than lymphotyieesrdeamitnoe controls. We further c
this study by showing that GD4H IV creflécltiece is more suscep
toxicity by-HSAMXhan the uninfected pé&Reeadetr a€lld 9i5)eh e

metabolite produced-depeadermattitorxicity in-iad etatreed MIOI V
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human T lymphoblasts, a result significantly grexfteatatien th
cells. Hifected cells also had substantially lower glutathione
infected cells. There was a fuwrépendeorcece¢ddinarhiong
content when both cell types werddAncobhsed weiith sSMXies usi
lymphocyte cell lines transfected with the HIV regulatory
analogous (Aselktsal2005Dheisie vitFocell models-lA ANDR S
suggested that there was a relationship betwbBdé&nanal lthar sel
Tat protein.

The relationship between Tat expti@nisienaadyn dm\Vicimfree. T
significant increase in the viral load of a patient at the late
indicative of a similarly considerable overall incresask in the
extracellularly. This in aupmofaghd ledveect on the hypersensiti;
and its metdlallitet® al2002)n this study we sought to determ
differential exprfe$atoprotein is associated with differential c
SMXHA. Thus, we conducted this study to investigate how

expression changes the ability of cells to detoxify reactive d
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2.Materials and Method

2.2(0elllnes

The human T lymphocyte cell line Jdrka)X, bvad ¢ATaG e d |
from the American Type Culture Collection. The Jurkat and F
HlVisobtained though the AIDS Research and Reference Reag
AIDS, National Institute of Allergy and Infectious Diseases, |
The cell lines were maintained (RoweriplBbekRM&mhorial Insti
l64tmedium (Invitrogen) supplemeglutteadn midh 21086 Lfetal calf se

I1mM sodium pyruvate and 100units/ml of penicillin and strept

Construction of plasmids and cell lines

The Tat gene vaasplPfC&d from the plasmid pSV2tat72. T
encodes the first exd@R)(odstideletpirbtein and was obtained thro
AIDS Research and Reference Program, Division of AIDS, |
from Dr. Alan (FFrramkeell & PaboThleg&)t fragment was cloned |
plasmid pBRGFF lonltrec.H, resulting in a TatGFP fusion gene. T
was excised frolml mEGaHP Nhe I/Not | fragment and inserted in
digested plasmid pBIG2i, an indnecsipteasidexgxpckeagion ve
(Strathete@l1999he result was pBIG TatGFP GKP @ ecrom tiirmlm th
PEGFW¥Y1 was also cloned into pBIG2i to create pBIG GFP.

pBIG TatGFP or pBIG GFP were tram&feciedceildso byurl
electroporation (BioRad Gene Pulser Il) according to the ma

generate stable afellufrikieet pBIG TatGFP and JurkatpBIG GFP 1
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expression of both TatGFP and GFP was induteadhdfiedhedibat
cells with doxycycline (Sigma).
Selective media

Post transfection, positive cells werensilgloateidragemg hAyc
a concentration of 0.8mg/ml. Stable clones were derived fr
limiting dilutiosw=ellnpbstes and the resulting cell lines wer
complete RPMI 1640 medium (Invitrogen) -glpimieened 06 witt
fetal calf serum, 100units/ml of penicillin and streptomycin a

B.

2.2Q2onfocal microscopy

Confocal microscopy was performed with a BioRad Rad
scanning microscope. Jurkat pBIG Ta&iEFPcalhsl WwarkatnpBh@te
with 500ng/ml of doxycycline for 72hrs, fixed with 1% paraf
HC, then centrifuged onto a microscope slide using a cytosp
were cover slipped with MVgetadhaehdirntpardeantaining Dapi
(Vector Laboratories). The images were-Ppoo&e8sdtMedsang

Cybernetics) and Adobe Photoshop 6.0 (Adobe Systems, Inc.)

2.2Real time PCR analyses of Tat/ GAPDH mRNA levels

RNA was isolatedinfemtddd M urkat T cells as well as cells
cell line following doxycycline induction. Total RNA was ex
Mini Kit (Qiagen, Valencia, CA) by following the manufacture

tot&®INA was reverse transcribed using the High Capacity cDN
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Biosystems, Foster City, CA) according to the manufacturer
timPCR reactions were performed in the absence of cDNA ter
usedaastousekeeping gerRCR aalatymies was performed using A
7900HT Sequence Detection System (Applied Biosystems)
Relative expression levels were determined by the comparat

(Wong & Medrano, 2005)

2.2l4nmunobdodalysis

To characterize the expression of TatGFP and GFP prote
lines, Jurkat pBIG TatGFP and Jurkat pBIG GFP cells were
doxycycline for 38hours, solubilized and the pPt6&ilgyeesolve
comining 6M (Argst al2005After transferring to a PVDF (poly:
difluoride) membrane, the proteins-madrea nmshatdl michsanti
monoclonal antibodies (Advanced Biotechnologies Inc. an
Another membrane was probed with & FRbanttipoldyc |ochlae nairctd n
Bound antibody was detectehowss@goigogpdrathrgittihorseradish
peaxidase®njugated secondary antibody and enhanced c
(Amersha@mgtin was used as a control for protein loading.

Apoptosis an#H ASMokicity was assessed by Western blo
cytochremend ca8pimsdurkat pBIG FatrGlRiRede Mith 0, 31 or 500t
of doxycycline and then treaté¥l GiIMMA,f60 Drhda00s. The dru
were removed and the cells left to recover in an incubator f
the cells by centrifugation, thesaospepeéeetleetsn wgsesrbuffer [

NaP,© 100mM NaCl, 1%100itdn5% sodium deoxycholate, 0.1%
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EDTA pH 8, with the addition of a protease inhibitor <c
Diagnostics)]. The cytosolic fractions of ttheohyd®dtlésSWéSre tl
PAGE gels. The proteins were transferred to PVDF membrane
monoclonatyaoathromentibody (Santa Cruz Bioteaspalogyld or
rabbit monoclonal antibody (Cell STdreakands daesdstdBbagyy) .

detects endogenousaclevaisd/xfleaved (ddfpr)Idese bound

antibodies were subsequently detmotesk usdngerqaashamptaroxic
(HRFR)njugated secondary antibradypibridgaat ganeéid secondary
anbiody respectively (Jackson ImmunoResearch Labotori
chemiluminescence (Amersham). The consistency of protein |

obactin monoclonal antibody.

2.2NTTcell viabasiggy

Drug toxicity was measured(2girdgmtentd yMFFp@D |5
diphenyltetrazolium brAhdirdeh)Scgmaproliferation assay. Cell
was quantified by colorimetric conversion of MTT, a methoc
(Mosmann,.1BB&Yly, Jurkat E6.1 (control), maximally induce
(control) and differentially induced Jurkat pBIG TwadGQFP cell
plates and innohelpaeteidfeith 1AMMOSMX (parent druigld(iilgmar
25800M of SMXA (active drug metabolite) for 2 hours. Afte
removed, the cells were resuspended in medd€ &od la8Bhowed t
Next, I1mg/ml MTT was addeandoinlceabwddf oat &3i7other 4 hours

The reaction product was solubilized overnight at reom temp
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dimethylformamide/ 20% SDS solution and the percentage of

by an ELISA plate reader at 590nm.

2.5Flow Cytometry analysis of GFP expression and apoptosis

Doseesponse experiments were carried out after incubati
and Jurkat pBIG GFP -t@0iGsngvimh ®&f doxycycline for 38hrs
analyzing them using a FA@Sti(fdu@desetlnsorting) calibur
(Becton Dickinson). Time course experiments were conducted
TatGFP cells5@0thn@d/ml of doxycycline for up to 72hrs, prio
samples through the flow cytooeiatredAe vieratst M@re measure
each sample. Flow cytometry data was analyzed using FlowJ
appropriate, cammpdboeaciampoprb)sisatb used as a positive cont

each sample, events collectedlwerresganeed.for GFP f

Alternatively,-3caspiamseg and GFP fluorescence was used
HA toxicity and Tat expression. Jurkat pBIG TatGFP cells we
concentrations of doxycycline for 24hsdAthadnc brrecamedratith S M
0, 100 ad 2f{@® 8hrs. The cells were then washed in PBS, fix
formaldehyde, permeabilized with cold 70% ethanol and the
£, in the dark. After removing the ethanol, the cells were w
with phycoerythoomj(B&ted rabbiivantal3pme@aoclonal antibody
(BD Biosciences) for 1lhr. QWPE dhdoeasspase was then anal)

flow toynetry.
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2.2 Statistics

MTT cell viability data were analyzed in SPSS Version 1
deviations (SD) were used to report comtayuANO VAriwhtles.
Tukey's post hoc procedure was used to compamre@upsahodiffe
different concentration levels. To account for multiple compa
considered statistically significant. GraphPad InStat progran
San Diego, CA) were used to calculate mthaenrantPt€tRendard e
datd.he E@alues were calculated using, @hapd Pthee Xrigalu®s
(concentration-HoX) SiveX etrlmmgsformed and the Y values (% cel
were normalized to define 0% and 100% as thhessgmealtiestyand

This was folloiwed imalsrespeonse (variaduevieiope)
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2.Results

2.3Characterization of Diondycylct¢¢hees

Our goal was to test whether the HIV Tat protein contrit
in a Jurkat T cell model for sulphonbmljhelucetda D Re T& MIXis
end, the-ekioat of the Tat coding region was amplified by P
fragmenas wnserted into an EGFP plasmid to create the fusiol
product was then inserted iimtbuaildexyeygtodifise Balthdic al.
1999)The control vector consisted of the GFP fragment of th
into the pBIG2i vector. After transfection aedistdectionkaf |
E6.1 cells, single cell clones were isolated by limithng dilut
confocal microscopy and western blotting were utilized to c:
fusion protein and GFP in their corresponding cell lines. Tr
pBIG TatGFP transfected Jurkat cells with 500ng/Mhmsf doxyc
resulted in the respective induction of GFP and TatGFP pr«
microscopy images showed GFP fluorescence throughout ce
pBIG GFP and pBIG (FiguG#FIFA. anHigur2lB,respectlively
Immunobloafiag 38 h of induction with 1000ng/ml -GfFBoxycycl
(FiguedChnd ahaiFigu2&D antibodies showed that Jurkat pBIC
cells not induced with doxycycline did not produce the TatG
Figukda C agdD.

Next, we used flow cytometry to further assess the nati
inducible expression. Analysis of the Jurkat pBIG TatGFP c¢

doses of doxycycline showed differential inlduotidber db GFP flu



70

Figure 2EXpression of GFP and the TatGE&dn ffaisad ninpageéeasimnf
Jurkat pBIG GFP (A) and Jurkat pBIG TatGFP (B) cells, 72
500ng/ml of doxycycline. The images vReréd Radtanee &0th0aMP
laser sognoonfocal microscope with a 40-kamnd phjexitsvehoRig
nuclear staining with Daphamdhipantle kdfow GFP staining. W
lysates from Jurkat pBIG GFP cells (lane 1) and Jurkat pBIG
1000ng/mycgockine (lane -2ndocexdr(lane 3) were afsPfeGEed by
and western blot analysis. The membranes were pobRd with

antibody (C) or a mouse-Tradnamcionced yafi) .
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determtiine time course of induction, Jurkat pBIG TatGFP ce
varying concentrations of d@&hysyahdetifen @nalyzed. As expe
level of induction is time dependent and the effect plateal
(Figu22A. The viability of the cell populatiours el eexd animlea tsi|
was consistently over 95% throughout the duration of the exp

To determine the ability of TatGFP to be differentially
TatGFP arkatJpBIG GFP cells were treated with increasing
doxycycliA®@0@ng/ml) and analyzed after 38 hrs. Western blo
Tat antibodies showed the gradual increase in the level of
concentrationycyfcldmx incifegse&B)Densitometric examination
these blots revealed that TatGFP expression was maximal at
of doxycytdiantea not shboe®g results not only indicate that T:
expressed in tlkReod&bdexnycycline, but also that the level of T
directly correlates to the amount of GFP fluorescence when
population is treated with doxycycline. In parallel, similar re
GFP celkts (dot shown).

We have previously demonstrated that H9 and Jurkat T
show increased cellular sethAiompatredSMKkh the uninfected
cell liferet al2005; Rae&kdér998Y) is, therefore, important to det
doxycycline concentration that induces physiologically relev
chose to do this b RRealiffdenaes not possible to quantify the I«
Tat protein expressedfemntehd HA ell line. The amount of Tat |

concentration of doxycyline was ME®Rsased dsy theeabhmowent of T
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Figure 2Li2creases in the concentration of doxycycline result
expression.

(A) Time course of TatGFP induction upon exposure of Jurk
doxycycline. Jurkat pBIG T3t@EPectadatesixtvdth 0, 15, 31, 62,
500 or 1000ng/ml of dowypdyeslinrdolwrcQtometry was used to de
level of induction at 0, 12, 24, 36, 48 and 72hrs. Data a
independent experiments carried out in triplicate.

(B Differential expredBPomproteiat Cell lysates obtained from
TatGFP cells tredt@@OwgtimlOof doxycycline were prbded with
or adbdactin antibodies. Data are representative of three indep
(Q Total RNA was ismdasedilmed itnto cDhMA. PRCeRilwas performe
using -F@mecific primers and mRNA expression of Tat was ad
copies of GAPDH in each sample. The assay was performe

separate occasions.
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MRNAn Hilwfected Jurkat and H9 cells. The results showed th.
250ng/ml) of doxycycline induction are well within the range

HlVinfected Jurkat (Figaldeli22.e€C).

2.3.Qell viability is furthen dber@asesdnce of Tat following tre

with S MDA

Earlier studies demonstrated that tH& twailie affectitfdeaf i8N
the presencéAgeTal2005No determine if there was a relation:
increasing levels of Tat pHAteoxiantg,SWeX exposed cell popul
Jurkat pBIG TatGFP cells expressing different levels of
concentrationsHNoOSMB® of SMX then assessed cell viability
MTT assay. The assay cotofiiimedfelce mfonhe parentdlrug (SMX
data not shown) in all cell lines. There was, with -respect
induced TatGFP exprebspengdeand decrease in cell viability wi
concentrationsHMMFSdMIRE). The assays confirmed that Jurkat pl
cells differentially induced for TatGFP expression were sigr
the effects ¢ifAStMAn either of the control cell lines, Jurkat E
GFP cells and also acifgerkicardtbyn the uninduced Jurkat pBIG
(Jurkat pBIG -UagG®IPX(Figu2z®@) Furthermore, MTT assays were
out with Jurkat E6.1 cells pretreated with 500ng/ml of doxy
with various concentrallidnd lodr& Mas no significant differen

Jurkat E6.1 cells pretreated with doxycycline and cells that w
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Figure -ZL8tGFP expression decreases cell viabtHAy upon expo
The MTT cell viabilitytlasswwabsihiawsgprofile of cell populations
doxycycline (ng/ml Dox) to express various levels of TatGF
exposed to increasing conceH®&aoirondhbDlbfSBMX. Data are

representative of three indepenwetmt exgperpmeformed in trij
*P<0.01, Jurkat E6.1 vs. Pk mthe,r JumoketsE6.1 vs. TatGFP: 3:
and 500ng/ml do* g¢0oWlpsGFP vs. TatGFP: 31, 62, 125 and

P<0.01, TatGFP: Ong/ml dox WPs.grdlUpstped lTaf&FGFP: 31ng/n
dox vs. all othéP<grdupsTatGFP: 31ng/ml dox vs. TatGFP: 12

dox.



Figure 2.3
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EGothe median effective concentration, or 4+h&R a@abncentr
which 50% of the cell population is dead, wlastidh@termograd wi
GraphPad Prism, v4.0 (GraphPad Software, Inc., San Diego,
values, stwolvamle ,2olnfirm our interpretation of the results of
Namely, that in our model TatGFP expression and cell viabil
higher the TatGFP expression, the lower the celluldA viabilit)
(p<0.05). The induction of GFP expression with 500ng/ml do

cell line did not have thabba)geleffect (

2.3poptosis is a mecharHamtoXi SiyX

We have previously shown, using flow cytometric analys
of apopiadisced cell death as detected by Annexin V stainin
treatment of cellsHwWitin AMKose dependent fashion, following
TatGFPpeess(iidngt al2005Fells not treated withAdivy svéseM X
highly viable and the initial stages of apoptositedvasthot in
SMX 10MQ again confirmihagxibeffent of the parfdnprc@aminpound
2005)These previous experiments dehadin$omxatety atd&eIMeX
concentrations of &® &amdal20®ell populations that was mar
pronounced in cell populations expressing higher levels of in

The relationship between-thpopeasnsenIMakd Tat expressi
furelr extended here by examining whether key participants
pathway are activated as assecsetdiacaicvyted hwespeasre blot

assay. Cytochisomerotein normally confined to the intermemb
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Tablel2Expression ofdEarté&des Eddues were obtained after an
MTTdatasing the GrapdPad Pridatad sodtmareen of three indep
experimedds: doxycycline.*P<0.01 v&P ®J0tkats.E@BIG GFP:

500ng/ml doR<®n@l vs. pBIG TatGFFPOOMmIviopBIG TatGFF

31ng/ml dox.



Tablel2
Cell Populatio EGo(uM) | 95% Confid
Intervals
Jurkat E6.1 175.3 1600 1920
pBIG GFP: 500ng/n 146.0* 13@ 1564
pBIG TatGFP: Ong 143.0* 135 15D
PBIG TatGFP: 31n 68.%72 63.20 7 322
pBIG TatGFP: 62n 580% & 53.74 6264
pBIG TatGFP: 125 515% & 47.165627
pBIG TatGFP: 500 525% & 48.465689

80



81

mitochon(diaen, 2065)he event of apoptotic cell death, it is
cytosol where it functions to activdGaedr, calhm)sendaseauld
of this cascade is the activation of-3handxapafpBaides caspe
induction of Tat expression and drug treatment, cytosolic pr
from each of the various cell lineBAxGH Hedded onto SDS

None of the Jurkat pBIG TatGFP cell pivp BlifiddAns expo:
contained cytytoalihcomreigu2éA)ln nenduced Jurkat pBIG TatG
cellsomd0of SMX was required to cause the transdowathen of c
cytopldsFmuz£A) As higher levels of TatGFP are induced with
presence of gnc3&dANn concentrations, cytoselidnciydasbhsome
(FigukdA. The level of ecytooxgrreosseon doubles in the Jurkat pl
cells as the concentration of doxycycline increases from 31n
exposuredio cFOSMXA as assessed by (deatsitroot eshipevmesults
demonstrate that there is a direct connection between the le;
the amount of ciytorceleamed from the mitochondria, with hi
expression associated with a more pronouacetdbbdhecast of c
200M of SMDA.

Western blot analysikclefaaedsp 8sedxpression also confirn
our previous annexin V flow cytometry datangde S TatGFP
treated cells. Jurkat pBIG TatGFP cells were aitredluseidhwith
SMXHA for 2h then left to recover for 18h, after which the c
lysates analyzeRAlGYESPUPEBshows that Gaksspavpe activated in tl

absence of TatGFP expression {Qrugkfb)pBIIG t i etd@efiPation
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with low TatGFP expression (Jrkradg/ pBXG ekptoGEPéNto 50
SMXHA resulted in the activalionitlbofmoarep@senounced activa:
200M SM-MA. An analogous effect was observed in the cell po
high TatGFP concentration (JGLOCatg)c DenGiKBmetric analys
showed that as doxycycline was increased from 3dfabdml to 5
increabn caspagcdaivation of cells in thodv pSdkAceAlsfo2QBere
is no activation -dfimathpasadsenc-el Lof(SNMXA 0BV ) despite the
expression of high levels of TatGFBOQrugkeix.pBIG TatGFP
Additional flow cegxpemements were conducted to direct
TatGFP and activaledegpspasion so as to further examine the
TatGFP expressHA ,aBMdpoptosis. After inducing TatGFP exp
the Jurkat pBIG TatGFPRted lwine®Mtker 8h, fixed, permeabil
and stained fo#88 aesspgsa+acaivie cal3pmoweoclonal antibody, tr
analyzed for activé8teatha alsgpt&dssFeP fluorescence. In agreement
annexin V flow cytometry(Aeppetinadnta2i@03he western blot
experiments described above, the -depelideshoiwmede as & oiqe d|
toxicity in all cell poigulednansv.a¥ further enhanced with incre
expression as demonstrated by theé8 iamsseaissetedn ftasmpeasTe n
coinciding with higher levels of-a$ab06rR e éXxplnecFRiprea c e
24Q0.This was not seen ierisnenkar ceaxpied out with Jurkat cells
pBIG GHFRgU2AC ingetTaken together, the data indicates th

metaboliteiHBMXas able to induce apoptosis and that this eff
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Figure ZTdtGFP expressmdnniation wiHA $&M0lts in the inductio
apoptosis.

(A) TatGFP expression increasmesn lptoathoomteo the cytosol o
pBIG TatGFP cells upon tregdmemstnmidbhc8M>Xxells (Ong/ml do
cells induced withd330@nmimdnof doxycycline were each expo:
200M of SMXA for 2hrs, followed by a recovery period of
populations were harvested and the cytosolic fractions isol
blottidbgctin was analyzeédotrocoarstisdency of protein loading
(B) Increases in TatGFP expression ¥3 sadtsva hiomigheri cdsge
cells and cells induced to express two different levels of Tat
50 or om0 0of SMXA for 2hrs, follawreekcdvery period of 18hrs. T
populations were harvested and total protein was analyzed o
blot data are representative of three independent experiment
(C) The rise in TatGFP expression is coaspaBemikprgfsionrea
upon treatment of Jurkat pBIG TatHAEPJeekbs wbBiIhG SMXGFP cCe
were induced with 0, 100 and 500ng/ml of doxycycline thet
200N of SMDA for 8hrs. The cells were fixed, slaaricadpaigh an
3 antibody and then run through the flow cytometer. Data ¢
independent experiments.

Inset is the same experiment carried out with Jurkat pBIG
induced with 500ng/ml of doxycgOédieqgftSaiedowiBhrs and

processed as above.
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2.Discussion

The advent of effective treatments for HIV infection b
challenges. The treatment regime requires a complex comtk
combat the primary viremia as well as the many opportunisti
the diseadewever, HIV infection is associated with an i
hypersensitivity ADRs to many medications, with (8MMnranked
et all992; Davis & Sheardral200&)Hene are several factors tr
influence the susceptibility to A®.R g hims eH livi ¢ piatde o/e da |
immune hyperactivation, perturbation of drug metabolism ant
in celThese ADRs usually manifest as asymptomatic HIV in
AID$Rieder & Dekahahhig00bWOggests that risk for the developm
linked with expression of a factor unique to HIV. We have |
expression of HIV Tat correlates with sensitivitX-H& the rea
(Arpt al2005Though it is unclear if the expression level of T
progression from HIV infection to AldsSaandfié dh isn cttheen grec hd e
of ADRs, there is evidence that maintaining control of viral
appears to lower the risk for drug (lCygleeteal20id/2f)y thDR s
study, we tested whether a differential level of Tat expressi
cellular sensitiviHW tim @M pendent manner in a T cell model
HA induced ADR. To dedtlisystem to differentially induce the
Tat and then assess cell death 4dprPon exposure to SMX

The inducible pBIG vector develtop@Esdt riay héterealth3ee)

enabled us to differentially express a TatGFP fusion prote
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directlyflbpresceased methods. The TatGFP fusion protein is
doxycycline induction as can be seen in the confocal image
using flow cytometry and western blots illustrated the induci
system.

Our laboratory has previously demonstrated that consti
produces a cellular sensitivity to the re-&lddivieatdrisgemeitadl@int
to that seen ammfregtietMMAalds al2005Fell viability experiments
the MTT assay demonstrated no toxicity to the parental drucg
significant decrease in cell viabilityneensiimgheo pecenemdeo D |
the active metabddite, CEMoentdapeardent cell death associate
incubation witthASWas seen in all cell populations, even tho:
TatGFP. In the case of cells expressihigalnatGadRl ipireon aind ex rei
in cell viability was evident as the expression of the Te
physiologically relevant levels of Tat seen in HIV infected
TatGFP had a cooperativedAftectcony ,StMxhafffexcas dependent c
the level of Tat expression. Of importance, cell death occuri
levels of Tat but also in thH& ranmgee offr BtVos likely to be se
tissues of patients undergoingl GGl X Ri e dema Inlt9 055

There is limited data on the relative contribution of apo
death in the cells of patients who have sustained hyperse
Keratinocydksteds from lesions of patients-imdtitedultpxonam
epidermal necrolysis (TEN)harsdnStsegwnedr®eme, two -potential

threatening diseases resulting from ADRs, have been show
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apopto(fAbet al2003; Paquet & Pierared, ad0®36)has!| study
suggested a potential mechanism for the sendiRivitlyoafhurka
SMXHA was able to induce apoptosis in cells laagkieat!VatGFP
potentiated as TatGFP expression increased. The role of apc
data showing the release @afnadytloehpoeseence of the activate
casp@#8sein a manner dependent on increasing TatGFP exy
mechanism for this may involve Tat s known ability to suppre
In models of traumatic brain injury, reductions in MnSOD gre
of cytochco(heweat al.2001; SuHivah.2002However, further
experiments are needed to establish this mthatanhseme ild see
synergistic effetltAoanIIMTXat protein that potentiates apoptotic
cells. The appapeptodgro effects of Tat, which have been foun
such as thoset lglLieit all199%a)d PetkalParkt al20019dould
contribute to the increased incidence of ADRs i H4V infe
potentially an example of apoptosis deregulation, which has
other conditions such as neurodegeneratibhaadtdbamni0dtyL an
et al2004; Rego & Oliveira, 2003)

Tat protein expression has been linked to an increase |
and mitochondrigliCHehad000; Reatidell20023pecifically, in the
association between-Hainadnd ellNtidx established HArdertp et al.
al, 20059ells stably transfdehagdhwTtdt fwmélre significantly more
to SMEXA and thiigisiggscorrelated with decreased total GSH c¢

these observations, we hypothesized that tfexpnessiansg ngelden
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to SMEKA would be related to a perturbation in the GSH redo:
GSSG/GSH rhaaitoexpression increased. However, the concentr
oxidized forms of GSH in the cells not expressing TatGFP c
from those expressing increasing levels of TatGFP (data not
to the uskeotfruncatedind2acid (single-sypdic)edloronef Tat in ou
model. WestendWpsdermdbrgpl1995hpwed that total GSH conten
cells exposed to-aswilnbdlac8b Tat protein was significantly low
the control cells. This same study also demonstrated that a
exposed to the same cells geashenedilel t®St-haontent of those
et alChcit al2009h)owed that the expression ofefolltdength T.
transgenic mice was associated with decrea(@®oe® SH. synthe
2000)The fact that the GSH content of the cell populations il
irrespective of the level of the 72 amino acid form of Tat ex
are other factors involved in the pathogenesis oftlexpeasensi
Tat expression and HIV infection. Additional studies similar t
fulHlength awdnBBo acid forms of Tat will help to clarify this is:
Furthermore, the role of other HIV proteins such as V
mitochondria needs tdMetaddesemifd20d03; YeadavalPOOSQur
data suggests that Tat, in addition to conferring increase
mediatofrapop(dluiigen al2004; ¥amg2003gdlso confers an increa
sensitivity to the intrinsic activation of aypyopdoadica8pabeing
at least in.Theedlssta presented here constitutes an important

the mechanism of hypersensitivity ADRs during HIV infection
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in Tat expression during the progrtassidao AlDBecbluVdipfedisp
the infected individual to hypersensitivity ADRs related to

important in the care of patients living with HIV infection.
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CHAPTER 3: Cytoplasmic distfibUdatoneatillildes
Jurkat T ceSdbph@amethoxayzdrlexylamine induced

toxicity.



96

3.lilntroduction

One consequenck imffektYon is the gradual decline of th
immune system which allows for vulnerabilitfyhéofopgostunis
Pneumocystisitakeseadvantage of this immblugcBdedntoeysyido
pneumonia, a lung infection that is commonly treated v
sulphametheaxemetboprimTMMKhis combination antimicrobial
used to treat urinary tract imfegaitons po dhieetHdIM X moiety of
the dragassociated iwcideac®08f or moreedverse drug reaction
(ADRsn HHIV infected patuéndedd® in patients not infe-@ted with
Adverse drug reactions can be defined as a response to a
unintendeuwrricngc at doses normally used for gRoellglrax29 0X) tre
The most sefiotlsese is the hypADdfonrsicosiuglly presents as -
delayed reactisomchardcterized by theaomhdeemodcEddkerthe
development of a sastochd slsiBIonerson syndrome or toxic epi
necrolysis. The liver amdlstkedtmenye cimvolved, presenting clin
hepatotigsnterstitial(Repteiti2009)

Thenechami behhpdersensAtb\Rsyin gendhaolsangitimulated by
SMX in partiemairoaclear, however the hapten hypothesis |
bioactivation and haptenatdioa odlithleardpugteimnsocrigroaéinrs
initiating awmneammesponse. Sulphamethoxaacltevatndahrgoes bi
cytochrem®0 enzyme CYPRYIotoyliasnine metabolite, which is
oxidized to -8MKdBswmth metabolikeswardo be toxicnteifcells

however this cytotoxicity is -midudattednwicto glgiutathione
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(GSH)aantioxidearnitts precrcsety Ny JtRiadsetr al198B)dedbte

in vitrexicity was thetheasiisitodlgnosis of hypersensitivity Al
peripheral blood lymphocytes from patients with a history
showesdgnificaimdyeased toxicitycacaestraaomge of -BMX
compared to those from controls apndy pafti-agperwetrhsiaivityt
reactiOReedetr al1988)similar findingrtwdsimegd®itive patients
wherfeeM XHAcytotoxiwaty greater inwpdtypatsensitivifC aeR R s

al, 1993&)nhanced lymphocyte se#Awastyaltsoo SMHelated with
expression of-ltheamd&ctivator of tdaigcotpdnan was associated
with reduced intracellular G(@H pdoal®OtFations

Tat is a smaltlnuaoural transcriptional regulator essentia
replication of human emayuniodefityipd)l THtVbinds to the spec
sequences of TAR (Tat activation region), a stable RNA hairp
all nascent viral transcripts. This binding recruits and act
potentiate RNA eolllymersaynthelirzgtfulllV tra(fsacmigtts al.

2010)

The coding sequenatgenef dhe located on two exons and t
protein has a moleculai6kbeaighlitabfistdnade up of 101 amino &
residu€® Bncoded by the first exdmhrechcededsdgoiilBe exon.
The 101 amino aclidi$ehmtoédgsund predominantly in clinical isol
all H-IV subtypes exceptwhilochy fheasDay momymous single nucleof
polymorphism creating a stop codon in the second exon and

(Campbell & Lordtho2@9®99)herae fexisltaboratory strains that expr
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amino acid form of Tatis thlugghterrespo@asent an artificially trur
protein. However, this 86 amino acid Tat has frequently bee
properties of the protein. The-lTEGhtamihat pcokeifrulisidivided |
domains. They deemtin@oM ainl-da, cystedhedomain-3Jajg 22
core domain4d(/ada B&8sic domaoid)thaepl k@ mincddomain (&d8 61
and theeninal dom@ih0 (@@ampbell & Loret, 0Q;hédothrbst
three domaindg8)atoglether circumscribe the chaomaiomofadhierati
protewrhich mediates its interactions wit@aoéBltulkarl 9®dchiner)
Derssgt all991; RemardR01The basic domain, also known as tl
transduction domain, contains the nuclear localization seq
confers on the protein the -abiiniftected eaxletd Bitl&r uninfected targ
cells. Ultimately, extracellular Tat facilitates the-Ispreadin
infection. The basic domain in @lutpmiatdbomaith dbhefers TAR
RNA binding properties to Tat. Theopr@aargt withhfeverdomreains
represents the combination of the activ-dtirodi ndgpo meag nesn atrhah tt h s
required for funclidnardskkcMivating activity.

In this study we sought to determine which reditdre of the
cellular toxicitydfppa®dM Xurthermore to determine df the same

proteinvas responsible for modulating the cellular
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3.2Materials and Methods

3.2ell Isne

The human T lymphocyte cell lineT IRBLrka)t, Bvead ¢BTaC e d
from the American Type Cu(lAdr@Cqdldéeceildnline was maintain
Complete RPMI 1640 medium (lnvitrogen) -gluppleidénted witl
fetal calf apdumOOQunits/ml of penicillin Tamel Gobrse pit oaeykilnne
(ATCC CRL ,B6mlonkey kidney-Ifklerckelldsliine maibwwbébeedois
Modified Eagle's(DMMEMM with 10% fetal calf serum and 10

penicillin and streypdsnoypcarined from ATCC

Construction df mplmadmneiell lines

The Tat gene wvaasplPfC&Rd from the plasmid pSVTat. Th
encodes thenfjuhh Tat gene and was a kind gift from Dr. KT Je:
of Molecular Microbiology, the Molecular Virology Section,
length Tat gene (Tatl01l), with or without stop codons, and T
Tat72, Tat48RhH7Jptwere cloned into theNdAlgChodtpEIG FiPc.),
resulting in Tatl01l, Tatl0O1GFP, Tat86GFP, dBIHRAGERIioM at4d8
geerespectively. The fusion genes werdlexasisdbdefridMotp HG
fragments and inserted into the Nhe I/Not | digested plasn
doxycyctersponsive expres(Sormathaeet@rrl1999)he results were th
following plasmid constructs; pRIGOT&AR L, pBBEGTat86GFP,
Tat72GFP, pBIG Tat48GFRIakhE. pBd Ga Tcatntrol, the GFP gen

PEGFWY1 was also cloned into pBIG2i to create pBIG GFP.
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constructs or pBIG GFP were tram@fkcTedeilhsobyuinketleofect
(Lonza, Amaxa Nucleofector) according to the manufacturer
stable cell lines of Jurkat pBIG TatGFRspretti@eka? gBllZ GFI
were also transfected with the pBIG TatGFP constiuess for c
The expresegiomeofTatGFP fusio®G pRPoteinlseprcenhdyimaluced

by incubating theapBft&ctied cells with doxycycline (Sigma).

Selective media

Pogtucleofectoasirpcsitives 7 and cdealikatwere dsalsiote
hygromycin B (Invitrogen) at a concentradtiokalon@s 8mar/enl|.
derived from single cells following -WalitigplgBeidku td o s riens 9c6f
stably selected transfected cells were also smerei@and use:l
resulting cell lines were maintained in complete RPMI 16.
supplemented wgthtamine, 10% fetal calf serum, 100units/ml

streptomycin and 0.5mg/ml of hygromycin B.

3.2Qonfocal microscopy

CospBIG TatGFP cells were incubated with 500mg/ml of «
incubated with 6uM MitoTracker Far Red (lotvitrrodpeit) for 20
Hoech3s3258 sttltaemmages were takZaiswsithSM 510 META confoc
microscdpe. images pyecessed ushrg IGma@gE@ledia Cybernetics)

Adobe PhotdtSBAdobe Systems, Inc.).
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3.2Bose respontsmearcd wfsdoxycycline induction

The concentration of doxycycline required to induce ex
fusion proteins was deteresimemnsenedpseiments where cells
different cell lines were -LrOddWegt/endl wiftkd@xycycline for 40hrs
the celbsewanalyzed on a FAC Sac(tfiluatreets ceald eGadrib urg)
instrum@retcton Dickinson). Time course experiments were co
cells witBo®ng/ml of doxycycline for 72hrs, with aliquots take
analga bfyow cytometry on adiFlWC3InCboth the dose response
course experiments agalteadste ld®n0dOOwWere mehassarmgl éorFéaw
cytometry dasmavgzed and the percentage of GFP+ cells det

FlowJo prograSta(Tremec.).

3.2Rleal time PCR analyses of Tat/ GAPDH mRNA levels

To compare the level of Tat mRNA present in the stabl
HlVinfected cells, cells from each of the stable pBlbyTatGFP
treatmeinth ®02 400, 600, 800 and 1000ng/ml doxycycline for £
was extracted using the RNeasy Mini Kit (Qiagen) by follo
instructions. RNA was also jsphdeecdetirodonrkdy T cells. Total
(10%g) was resgerseedramsing the High Capacity cDNA Archiv
Biosystems) according to the manufacturer s iAsCRictions.
reactions were performed in the absence of cDNA templates
control housekeeping gen®ER Reralysimewas pertbhemBO using

PRISM 7900HT Sequence Detection System (Applied Biosyste
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Relative expression levels were determined by the comparat

(Wong & rMad, 2005)
3.2l,nmunoblpalasis

To characterize the expression of the TatGFP fusion pr
lines, cells from each cell line were differentially induced wi
which the cells were washéeénvsicleibnliP8®b with RIPA buffer c
50 mM HCd pH 7.4, 150 mM NaCi10D% 1PsitDedxum deoxychol:
0.1% SDS, 1 mM EDTA and complete mini protease inhibitor
lysates were sonicated for 2xed sdaclth®0 Ooemtrfdbd®l Trhen at 4
supernatants were collected and the protein concentrations
BioRad DC Protein Assay that is a modification of the Lowr
albumin (BSA) was used as themrstasstbard in the protei

The proteins were resolveRAGEagéb¥h & Sransferred to a
(polyvinylidene difluoride) membrane. The membrahats were
antibody (Advanced Biotechnologies Inc.). Bound antibody wz¢
mouse horseradish -cop@jogiadt@sle secondary antibody and
chemiluminescence (Amersaram)od@ APdhla) was used as a con
for protein loading.
3.2MTTcell viabasiggy

Drug toxicity was measured -04ifalgmaeh WlHiala | 5
diphenyltetrazolium brAhdideh)Scgmaproliferation assay. Cell
was quantified by colorimetric conversion of MTT, a methoc

(1983Briefly, pBiklaatGFP cells werelyiffédueetdalith doxycycli
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for 40 washed twice with PBSelilséwell 5wa e sereallé dpliamt OS5
and incubrhegpe s b wfiftdr aMMOSM X (SiAldaich) @0dMS of SMX

HA for 2 h. After the drug was removeddddeircemhladiae rrende
incubated@dCattoax718hrs. Next, I1mg/ml MTT was added to the we
33C for anothelrhé heaction product that precipitated was solt
room temperature by the addition of th\edisheph g bflartimoanm (& € o
20% SDS) to the wells. The following morning the absorb
determined by an ELISA plate reader at 590nm and equated
cells with the help of a Jtmisdasdagumvas perfeemseebh armatenr

occasions for each cell line.
3.2Detectiomeadtioggespecid&sOP

Following tlheddXycycline inductiwaee thaskedlstwice in PB!
and resuspended in HBSS (Hank s buffered saline solutior
1xP0ells/mdll Guspemisibpl)s wdaced in ofedl 96well plate, the p
centrifuged at 1500rpm for 5min and the supernatant decani
20uM DCIHBA (27dichlorfluorkiaceitate, ighBaSi was added anc
the phaseincubate’® dorBdfter wthiehplwt® centrifuged at 1500rp
for 5min andptheasant decanted.r@hfellwdllwithe 130@aindHBS
background fluacesascearic485nmrexxitdat27nm emidsisAowea SM X
added to tlseiwequadruplicates and the pl@twiih ificabatednae
readings at 30min imtEhvalasbary2was performed on three sepa

for each cell line.
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3.2 S3tatistics

MTT cell viability data wérrea pmRaylgd verJiG@mnaphP ad
Software Inc., San .DAdagevaZAANOVA Bondferonmost hoc
procedure was used to compare mean differences betwee
concentratiofHe@gValues were calculated usingw@Geaphtthad Pri
X values (concentratHdn wfreMBdmgsformed and the Y values
viability) were normalized to define 0% and 100% as the sn
respectively. This wasidgmldodwed delsypesnse (variablueefstope)
GraphPPadsf(GraphPad Software Inc., Soesn als®gd .t Aalwulate

mean and standard errorrPfGR tthataeal time
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3.3Results

3.3TMatGFP constructs

ThdéulHlength HIV Tat protein (Tatl01l) was PCR amplified
the -tNermireanld of E&OWFP plasmid to create the fusion protein
number of deletion mutants of the Tat protein were similarly
othdraEGFHRusion prodesriructs; Tat72GFP, which encodes the f
Tat protein; Tat86GFP, which encodes the first exon of Tat
terminal domain; Tat48GFP expresses the first three domair
TAtGFP espes thelehwth protein without the protein transdi
(domadnF#guit@). The fusion constructs were insemtadiimteo a d
vector pBIG2i and the different plasmids were subsequently 1
T celAdter a period of Hygromycin B selection, limiting dilut

single cell clones that were used to establish stable cell line

3.31atracellular localization of TatGFP constructs

Confocal microscopy was useithttacweildabailzeathen of the
different Tat cfooribdwnitagsnsitemainsferctddos 7 cellhe intracellular
localization study was carriedsouleiyn a&desnv/oice lddns ugpwee to
ofimagiagalyshanhe smalberd uokatellthat have minimal cytopla
Studies have previously shoWwnTahaproleinHIli¥e dtrantsihpeort
mitochon(deéda Gaizo & Paynken 2008ffort to confiklm wese the
tread with 500ng/ml doxyclyclimeubate4l8 with 200nM of mitocl

specific MitoTracker Deep Red 833bthaamdvidicbcétsains for DN
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The confocal images show rndadetrhobh &@FRAtII0GGFP, Tat86GFP
Tat72GFP constrdectalazedcwith the Hoechst dFagu8@Athe nucle
C). The mitotstailnerd mitoohereduiniedd be evenly disouphoed th
the cytoplasm. In contrd8&3FPodahdtAeat4d8GFP coad®fuRts sho\
fluorescence in the entsrdtye odidtoebwHllthe mitoc otrhcria
cytoplasm of the-exptrdedG FRy acxilmilar to that of the other col
(Figure 3.1D). Inhewndppsttarbe mitochaggdreglation around th
nucleus in the cell tleelpadEssPognstriEtgure 3.1Eno+#The
punctate/diffuse nature of the GFP fTlGBPesxrechcE€atih8GHe T
expressing celsshemggerso -localization betwedheGireRative |y
structumetdhondimathese(Eedsre 3.1Dlangd Egmmonly accepted w
visualizing colocalization, to present results as a simple ove
channels. For axaavglday of green and red images will give
spots where the two molecules of interest are present in the
are limits to this rather elementary method asouHd prmpéynce
meaghnn ayshcal definition of coHhactaWpabiromore types of fluore
molecules occupy the same p(Zerdchukth& Gnag€enbhuoker
2009 However, biodtdbgcadilzation meamenhefatheoclor more differ
molecules to the same strucTheeneithottheofcellhoice to quan:
colocalization on subcellular structures relies on their fluor
(Bolte & CordelierAs, exad)nahieniné profiles for the images
TAtGFP and Tatd8pgxERBsing cells showed there wdsGFd coloc:

fluorescwinthemitochondria.
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Figure 3Cbnfocal images showing localization of the various
from (A) Tatl01GFP, (B) Tat86GFP, (C) Tat72GFKKFF) Tat4
lines were treated with doxycycline for 40 h, stained with M
33258 s#@adnthaemalyzed uda@iesrs atSM 510 dBEdAal microlseope.

scale bar represents 20um.
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Figure 3.1
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3.3.3 Characterization of the TatGFP fusion constructs

Theaexstet of experiments involved the charaduekiataflion of
cell lines. Time course experiments were carried out to deter
induction of protein expression by dishesremelld@syctlyelimeindo e
which the cell lines expressed the maxii@F Refnedrofetimsir var
The different cell lines wereld0dubgdeld owidhoxycycline and a
taken at various time points and analyzed by flow cytome
doxycycline inqebagdiime TatlO1GFP weedl slubaetbyntiree of
detect®&HP expoeBsguBe2)A At ilRetime point analyzed, the incr
concentration of doxycyclicempriadmicedsa conthe percentage o
expressingFGFRxample, la pimgituctiancubawiom 1000ng/ml of
doxycycline had produced approximately 80% of cells expre:
concentrations of doxycycline ppodutéivregcedWwser TGFP trend con
at the 24 andnB&® points by which point thexmpeessnhggé FoH ael
500ng/ml and 1000ng/mdpeoaearctsacdidemaximum of approximate
90% of the cells analyzed. Thisutatbe halidnestpadyithe
experimenhamed Watde nevidenceeldt expressimgré&scRifte at the

Ong/ml doxycycline cowerehiiea?idrmh the cells were analyzed

The other cell lines ekglegasesnnguiiants demonstrated vert
kinetics of GFP inductiemgtd thaetlf@llIGFP cell line as assess
cytometry. In all the cell lines, increasing the concentration

increase rax@Fdssing cells at every time point after the start
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Figure 3T2me course of TatGFP expression followiag differ
induction. Cells from (A) Tatl01GFP, (B) Tat86GFP, (C) Tat7
(E) T&tFP lines were treated with various concentrations
incubated for 72 h. Aliquots of cells were analyzed by flow ¢

ex@erssion at six differeDtatamereanebsn of three independent ex
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Figure 3.2
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incubatibngure -E)2BThe exact perceneageendingFRells at ea
concentration of doxycycline tested differed slightly for ee
instance, at 24 h and 250ng/ml doxycycline, the Tatl01GFP
50% GéE&Ppseing cells companad t95%7¢h the Tat72GFP and Te
cell lines respectively. Furthermore, the -exgpxiasal nmge ced ha aige
the Tatl0O1GFP and Tat86GFP cell lines is maximal at 500ng
Dox for the ¢tlheeseln addition, GFP expression generally be
36 h time point and is maintained for at least the 72 h perio
in these experiments. In four of the five cell lines, there we
cells expressing GFP in the absence of doxycycline (0Ong/r
cytometry. The exception was the Tat48GFP cell line, wher
(Figure 3.2D, 0 h) approximately 6% of cells expressed dete
absea of doxycycline (Ong/ml). Approximately 85% of the Ta
GFP at the maximal level of induction by 1000ng/ml doxycy
TAtGFP cell line (Figure 3.2E), but somewhat lower than the
for therot¢kel lines.

Each of the stably transfected Jurkat T cell lines was
western blotting to determine that the correct fusion protein
data in Figure 3.2 detected GFP fluorescencEad®F R efd pircensum
protein it does not explicitly confirm that the Tat portion
present. To this end, Jurkat pBIG Tat cells were incubated fc
doxycycline identical tahthdsmeusedrse £Xx[@0degmim]|) then

the cells were lysed and protein extracts prepared.
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The use of spelcatiamtnbiodies showed the presence of th
eachtok cell Tihneesvestern blots shdwéwsitpaodoteimxipressed
eveimthe absence of doxycycline in thd&iQaBe@l GREB tredl kimee (
expression of the protein increased with increasing concentrze
Significant expression of the protein was not detected by we
dxycycline was used although trace of the protein could be s
The other cell lines showed a similar trend, with significant j
doxycycline for Tat86GFP (Figure 3.3B) and Tat72@FP (Fig
250ng/ml doxycycline" &P tlcellT dithe (Figure 3.3E), respec
exception to the general trend is the Tat48GFP cell line (F
Tat48GFP expression even in the absence of doxycycline tre
of ptein is comparable in the lower range of doxycycline tre
only shows significant increases when concentrations of 250
were used. The western blots were confirmed the expected
constructs in each case (Figure 3.3).

3.3.4 QuantitaPi@R RT HIV Tat and TatGFP specific mRNA

In an effort to determinBakfxphresleivel iof the engineered c
is comparable to ihaecitredHk\ells, guanmi¢aPiCG® neas performed
This was necessary as the Tanferottednd ur ktdote THEM M 3 Waisrk at
undetectable via western blots. Using primers specific f
guantitative PCRT amtedredn all the cell linkast@&@KkPréssiaog

proteins as well asHhvVthellsurkat
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Figure 3EXpression of the proteins from the various Tat cons
induction. Cells from the (A) Tatl01GFP, (B) Tat86GFP, (C)
and (E)Y dRP lines were treated with different concentration
1000ng/fmt)40 h and then the cells were lysed and protein e
were analyzedPAGEDES 1Id membranes bl0atednwiililisdaig £.H

was used as a loaDiatga @aoetrepresentative of two independent
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Figure 3.3
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The Tatl01 cell line showed Tat mRNA inethedabsi@emce o
(Ong/ml PoxyBeA)that is already more than half of the amoun
HiVcellsThere amasncrease in thel amRNMt ad the concentration
doxycycline measddctandas aat exposure concepipadixamatiely
400ng/ml| Dox that the Tatl01l cell ITaéen R&NaA Iseect it hie Itdnee U wrfk a
HIV cellBe TatlO1GFP adseblhbiwed-fald loweouamt of mMmRNA at
Ong/ml|l DPompared to tiHdVIdrklassthowed a much steeper incline
increasesTadimRNA in response to increasing doxycycline
FurtherntbeeTatlOt&IFAHIine had ahewucdamiudintmddNA overall
compared to the Tatd€2DO0edIminBox was sufficient to reach t
Tat mMRNA seen inHtlhve cladikat

In the Tat86GFRheekl Wag a small, but detBate®NeA amount
at Ong/m| Bpproximateld ldwer tlmamoumeéen in JHinkadells
andcancentration of 200ng/ml Dox wlhaiGe@BRBMN Ad $nmulae
amounts to those Jodkdeell(BiguBe@). The Tat86GFPalksdl line
showedeameratreaskatimRNA with the increase in doxycycline c
with the maximal BathoRNtAodccurring with 800ng/thkem®owas a
subsequent decrease of the mRNA levels at 1000ng/ml Dox.
ceél line elidwradual incfemfReNM as the dodypswalsnimcreased
with a maximal amount at the highest cotrecsd@FrqauBe®).of doxyc
Like the previous cell line, the Tat7R&rRPNce [dt | apep nhyidruatesd

200ng/m| Doxswdomlparabdmotonthat seen dHhiIVuc&Hs.
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Figure 3 Quantificatiioamm®NA in the various cell lines. Cells
Tatl01l, (B) Tatl01GFP, (C) Tat86GFP, (D) Tat72GFP (E) Ta
lines were treated with doxycycline for 40 h then RNA was e:
was reverse transcribed and ss®mnddéaocdgenevatewith GAPDH ser
the housekeepilngmdrd\he .was detected-umsanifia pBatar.are

mean of three independent experiments.
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Figure 3.4
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The Tat48GFP cell line €aldelosear aant®@ami RONFA at
Ong/ml Dox (Figure 3.4E) in compatesloocelbs HAYain, there v
increasEaimRNA levels as doxycycline concentration is incre
cell line also had considerably less Tat mRNA tha&eldescrib
lines, needing 1000ng/ml| Dox to reach the {#Meélseblfs mMRHINeA ir
TAtGFP cell line follows the general trend aslTam®WNAwith ar
tracking with increases in doxycycline concentraéef@an (Figure
MRNA levels coincide with theHavaeldts bretiwar&k@at200 and 400
Dox.-RQCR analysis was also carried out using RNA from unin
well as Jurkat T cells expressing only GFP andtectidbég cell
amounTathRNA (data not shown).

3.3.5 Cell Viabiletypodssamg cell lines after trethAment with SM

Earlier studies have consistentlydspmenvhe rctorto& ndirtaytiopo
incubation ecHHASMKh cells ifepts pidth a history of hypersensiti
to SMX. Studies have also shown that this effect on viability
of the Tat protein and is also influenced by the amount of 1
2005). To determinenwdricdomeagn of the Tat protein is involve
toxicity, thenfjth protein and deletion mdéactsbieus ad doeGdre
evaluated. These cell lines were employed in MTT assays the
activity to tdsectthefeSEMX and its reactiveAnehabelitei SIMNty.
The assays were carried out using untreated cells (controls)
concentrations of doxycycline to induce different amounts ¢

fusion pmeteor induced to yield the amount of Tat equivalen
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infected Jurkat ceTlsmiRadAdeorels (Figure 3.4) or th€ahighest .
MRNA in the cell line.

Previous studies have shown that SMX hascrdlwslignifica
viability of JurskaTHhliscedl conFiigu@&d%or each of the Tat constru
assayed by the MIh& MSIslayawaaythen usedthe ass$layiability of
differentimdiwced Tatl01l erdkeaataBd.1 T celilesendbédeof various
concentratiomsacftive metabbléd,. Indeed, cell viability rem
largely unchamaggedof the cell populations until the-ldAdition of
At 200pM SHIMXstably transfecedlls duekaé&d Omidlomd000ng/ mi
Dox showed a trend towards lower cell Tvaabllity edisgaidred to
Doxndotheintransfected wrkrattrd6.1 T cells. The difference bet
viability of thexpatetk&lng cell lineE@anide!|makagnificant at
400uM of HIMX Atiscltoncentration there was no significant diff
the differentially induced Tatl01l cells.

For the TatlO1GFP cell line doxycycllo@ ab@Cregq/tmdtions
were testheed vehiMeSO (OFMXHA had no discernable effect ¢
viability odfehementcerlkesd However, there wasdepeodeehtrati
decrease in cell viability with the increasediMmRigeB8eAncentrati
inthe Jurkat BGad wellthahrekoxycyciireateall populaiedhs.
toxicity of the Jurkat E6.1 cells was significantly different fr
with 100ndérakt 20400uM SMAXAt UM of SMA, the decrease in
cell viabilityioflwedts with 100ng/ml doxycycline began to be

comparedotdr the Jurkat E6.1 cells aot itthcktuced for Tatl01
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expresstog/ml OQigure B).At the higher concentration of do»
however, this decligewians vaaboBgte®dOpupM of-HRAMXhere is a
significant difference bregielenDdke and 1do&ecgygctrilce |
populations and this wad08|sMMXdA Mhile cells induced wi
500ng/ml doxycycline followed the general trend of decree
increasing concentratH,s tbes@MXellsddnmlo msdttrate changes |
viability that were significantly different from doxycycline ut
OnginmDox).

In the Tat86GFP cell line, the effect of incrdé&swigsconce
determined using three cell populations induced at 0, 200
(Figure 3.5C). Between 25 dhAl thCOpeMw&MMX slight increase
prokifation of cells treated with 200ng/ml Dox in comparison
experiment. In fact cells induced with 200ng/ml Dox have
increase in cell proliferation compared to JurHat H6Gelrecells
was @la significant decrease in viability of the Tat86GFP cell
cells at 400 and 8BAuNMASMEIl there was a significant decrea
200ng/ml Dox and the 800ng/ml|l Dox cell pdpuPatsomsaat 100
result sseeesn in the Tat72GHFiBuBeB0ime that there was a concen:
dependent decrease in cell viability due to the iHhBae@dsing co
a significant difference between Jurkat E6.1 cells and the 2
céls of the Tat72GFP cell lindAatHéWw@ywer S differential ind

of Tat72GFP had no significant effect on cell viabHIAty at any
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Figure 3The effect of Tat constructs on cell toxi-tliAy Tathe pre
expression was induced for 40 h from (A) Tatl01, (B) Tatl0
Tat72GFP, (E) Tat48GEBFPIrliffe)s Tyt treatment with various co
of doxglage -1(@O00ng/ml) then incubated with 200uM SMX
concentrationsH® @UXuM) for 2 h after which the drug was
media and the cells iACublatednakxt3day the cells were incu
5mg/ml of MTT af8@ihcaatp&iod of 4 h. The percent cell viabi
determined the following day via a plate reader at 590nm. C
mean of three independent exeecempeéiotrs,owilbhrkla¢ E6.1. The
from the Jurkat E€athceldseilnare the average of 25 different |
carried out in conjunction-ewphesisfegene|Tditnes over a course

monthB<0.000wxkat E6.1.
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Figure 3.5
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Tlviabilotftythe Jurkat E6.theedddfldashd Tat48GFRvaell line
unchanged when treatddigmiBbB)STMere was howewvigmificant
decreasmaimility of the Tasd®@RPcemldared to Jurkat E6.1 cell
200 and 400pMiASMBRurthermoirenifacant decrease in viability
doxycycinmeicedll populations becom®zGuMvIiSIMMK,adbwer
exposuretidaseseermnyitife cell lines dlkesekibE@OuM HHMX
the viability of the Ong/ml| popuwlaappmolxamnh ad ed p pd%t At this
concentration, the cells induced with 200ng/ml Dox showed
30%When the cells were induced witllLO/0adhghbydrbpped but
wasot signifidefmelnent foatrol Delgdlox Cell viability continue
to decrease at the higher condAntbattiotheal SWaX no signif
difference in the differentiall@imnidutedthealdswas no signifl
difference between the differentileatiyo nsdat ddifeé@idptressing
cell I lheguBeb). The main difference between this cell line and
above is the general sensitivitifgdAf thieesellsetis SMXw approxil
70% and 30% cell viability wiOOpMuMMNMAMandspectively,
concentrsadatomhithecell limpressing Tatl0l, TatlObGFP, Tal
Tat72GHPplayed cell viabilities of 90% and above.

Comparing dh(éeLiCal concentration, 50%) of each of the
that bothatBh8GIFP dn@GFPatell lines are particularHAsekhsitive t
shown in Table 3etaluess UGr the Jurkat E6.1, Tatl01l, Tatl01l
and Tat72GFP cell lines were in the c800aMr&MAnwiahge of :

that of Tatd8GFIFAFP wa®l2 tofslid lowerldi6GM and9pi
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Table 3LGovaluet the various cell lines used in the MTT cell t
the cells used in the experimesscwiece -8rtams yelotreel cell line:
with téeception of the two cell lines given the pooled mon

lines were generated by hygromycin B selection post transfe
multiple clogswsalul®@re calculated using GraphPad Prism v.5

the methods.
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Tablel3.

Cell Line Ong/mMdx 400ng/ml 1000ngDwol
Jurkat E6.1 300 n/a n/a
Tatl01 264 250 243
TatlO1GFP 302 156 265
Tat86GFP 328 310 280
Tat72GFP 262 197 228
Tat48GFP 77 67 106
TAGFP 59 52 57
Pooled Tat48(C 161 162 137
Pooled GRP 149 146 138
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SMXHA respectliivedy.effort to determine if this pdpeecdafmenon w
the pBIG Tat48GFP acd-PBIONATwtas used to transfect Jurkat E
the pool of stably selected transfectants rather than single
MTT assay. Ulhewres gnoLCABOUM andlABBM respectively. Whi
in both cases this is hisghoaurnth am tthhee d<say using specific clol
much lower than the otédmorcetdaltiimgsselective-HAxiaithhéseS M X

two €tdlnes.

3.3.6 Generation of -BXOTesysihgtcell lines

To evaluate one possible cause for the cell death obser\
preoxidant effects df The priorein and its deletion mutants we
net series of experiments. The cells from the various cell Ii
same doxycycline concentrations as in the MTT assays an
presence of SMXHAraS\WdXDCFH, a cell permeable dye whose
fluoresceélseimpresence of ROS. Incubation with SMX generate
amounts similar to the fluorescence seen when the cells are
DMSO used to facilitate dissolutiHotm iof a3jMXoas DM er. Signif
productio®@®fiRRonly evident upon theHAadtotitne dfatSIMX cell [il
(Figure 3.6A) and reaptt$®id encrease in ROS prodAced by
concentrations of 50 and 200uM, respectively. Furthermore,
whereby inadnetlsesdoxycycline concentration lead to increasec
Cells induced with 400ng/ml| Dox, produced a small, but sic
compared to the control (doxycycline untreated) cell populat

SMXHASimillyy, cells induced with 1000ng/ml| Dox, generated a
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Figure 3Réeactive oxygen species generated -HhAtlaemdptéeence
various Tat constructs. After induction with doxycycline, cell
(B) Tat86GFP, (C) Tat72GFP, (D) "TaRP8LER®s owe(E) skxtded a
concentratiokOceflI5/ ml and incubated with°COfoM D®QFH tedr87
followed an incubation with differentHcdoofoenzrhtadnwha€hS P
the fluorescence was determingpRl<0ia0a psat@n(ptoad@d.xcells),

#P<®Ws200mgl/ Doxata are mean of three independent experim
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Figure 3.6
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increase in ROS compared with the uninduced eANsamwdhen inc
this was significant at SO XdMd PIl@OOyeMer, the higher concentr
doxycycline did not result in a production of more ROS and i:

from the amount of ROS produced by the cells induced at

SMXHA.
The relationship betaeles ihetivarT etd®rleGBEihg cell line i
not dissimilar to that of the Tatl01l cell line with SMX produc

and the additioHAfredMXting in s4goificlanincreases in the amo
of ROS produced. HR@8verodilhetion fromeXpteBiiGhgPcells show
a biphasic response to the doxycycline concentration as th
initially, then decreases and is subsequentlyifpuBeB)ed by an
The initial increaseuirs RWOth cells induced Dvaoxand OOmegden |
produced significantly more ROS than was seemafedmwihhe un
50uM SMA. This is followed by a decrease in ROS production
200ngDwlx a decrease nhfacdgguM SMAX. Finally, cells induc
with 500ndmgenerasstigaificanti RO ndranthreoemninduced cells, b
significantly lower than ROS from cell®ordub6dawdt 2 OOV g/
SMXHArespectively.

Production of ROS from the restepfcomdircre SdVikhss furth
produced significantly more ROS than the pareantnducuagd SMX.
expression of TRi@6&BP aind Tat7 ECGQruBepP) lead to a slight, bu
nossgnificant increase in ROS production compared to the ce

the fusion proteins. Wenerahen®R @ SfedtAotv&MXtill evident in t
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Tat48GFPgyYBeBb) anbdtGFPF(guBeB) cell dintbe expresseon of th

consushad no significant effect on ROS production.
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3.4Discussion

HIVl currently infreititisprB8ple wodlihe use of antiretrovir
therapy (ART) has dramatically improved the quality of life
individuals iwfelctelde dislelaessree are several classes of antiret
based on thyclefethe uwirats the drug bntilbhtes primary function o
antrietrovirals (ARNg suppression of HIWigeiglicatroed out mo:
effectively when comAR\ati® nssHodvev,ehese dcagsserious
adverse eHEMXtsprimarily targets CD4+ T cells and one of the
HIVl infection is the rapid and massivé deldbetilonsofnthar@ Dda
to a state of immune deficiency that allows the propagation
that also rteqainekin¥l infectibmoven taskse®ciated with an increa
risk ADRso ARV that vary by drodivedbalodteydaction with othei
drugs. One of the masugsomnoaducing adviarsldtiivaféeded
individuatllseigantimicrobbaMl XageRtto SMxXually manifeslt as HIV
infection progresses to AlDS$hathidle peg@éntise varkuesyis
contuitbng factevioBsigsearchdwe that the Tptppaocsednebe
such factor as the expression of the protein correlates wit!
metabolite ofAg@itXal2005We have also detmandtrateidferential
expression of thamapren aimelabemnsitiviSMIXHA(Adeyaajual.
2009)in thudy we sought to determine the region of the Tat p
this efflectthis end, deletion mutants were created that were

upon treatment WKkh SMX
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The inievaderimemnducwedso establish ldredcettubution of the
fullengaGFP fusiomtein as well as the dialeG@ioosn 7Tmasadlsts
expected, thengthl Tat protein localized taoihshurclebeus dL
localization s(@NgwS)nceere was minimalftwonesGdRce detected in
cytoplasimh thd OEP cellTiheedeletion mutants Tatg@GFP and
showed the same cellular distributibm oofn G tTlkttdBeEGER nz®d
TAtGFP fusion proteins were distribeledidtridwgiroautihakite rn
islikely due to the lossaldbwhegNdi$fusion of the proteins into |
This overall distribution however did not include colocalizat
evidencetheyifference itundle psttrttean ofuthi@enGFR®t proteins an
the mitochonhdeialack of colocalization of the GFP fluore:
mitochondria i'hGthe dmd Tat48GFP cetésl vmaasbexp proteins a
missing the NLS which alsprfatedniomanassiubdbatdolioavs the
proteins to pass through celhelarodenmnalieanecsrease in GFP flu
in the nucleudtsfFtheand Tat48GFP cells is most likely due to
Tat proteins to membsasipafotmal tcamplekEfFucambs P300/CREB
binding prdétiennlar observations were obtained in the corr
transfected Jurkat cell lines (data not shown).

The apparent mitochondrsale agipee J@thépressing cell
couldibdicatafeen eastgpowards apoNpittosisondria play an impor
role in apoptotic signal transduc2idamayyrpgati@itnsgaBdlcytoch
c reletlsadtead daspasctdivation. Studies haveaalmoteshloovdrial

dynamics have a significant role in regulatingtapgl2@t03)is. In
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showediantitatmwialylaser scanning cytometry that mitochond
precedes cytochrome ¢ releasanduthmg apbpdbsosme c relea
dependent on mitochondrial aggregation. "TWF$ vexplressuiggesH
in the absence of any other stimuli, is able to prime the cell
The characterization of the celltineesouumsgemumedniwdths
well as western DbPECtRapp&rimbptstime coursenéspeemne
necessarymimnsdealiat doxycgep@edent induTaitdhFioRNA
expression showed a do#fse thesgonsme course ewgreriments
ilrtrumental in determimpinigitttae wimeh the induction of the
proteimnassmaxiahThe -BCR experiments proved a relatively easy
thedifferenao@satmmRNAdArodudadeach of the cell limeguiTdds was
particulbalyothheHlVinfected cell lindaabh@ltlcell Wasterm
blotting protocwnabierteo detect Tat protein from thelyormer
able to detect very falatlfniotuamstiod LaTtee lack ivifvstenef
the western blot in this instabeeawss thesT dikplptein leaves
Thushetfdélngth TatlOl(lpickte@pns abl@aws thridwegmuclear pore
complex by passive diffusion deispiNel Flhuetheeseoree dife existe
of the protein transduction domainssaltbems@ldtdadéadaition
the use -BCR) allovhedcomparison of thBammRdNwotodl cetd
different doxycycline c¢onhtendraprionsehlglictestfamMRNA in
the HiVfected ceBldseeguent expreirrmendsriediomgtdoxycycline
concentratioms udeatG FPRNA tdteapproximateseéewelin the HIV

infected. cells
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Results from the MTT asbayidmneetyoudéynonstrated
significant decreasxeicidgcredl the cell linesnofhenteresdnce of
increasing concentraHAnwholfeSdMXhonstratiegpowsdtericells
are incubatethewiplarent compouunddeSMHentical .cbmeitions
constitutive expressmaene aSaMiditAmediated taeitityun effect
similar to that seefechedl I¥bElsdifferential exprabshad af Tat
cooperative effeeH Aome bidided tohuirditgr significantly decreasir
viabilatsythe expression of the TatGFP (Ar@tteai2Wa¥dhimceeased
observations were the basis of the cuwhdortegr@sefcthéoTdeterm
proteirfairgesponsible for these results. For this several dele
protein were generdtéa astdsdbsiehy trandle&ieedTlioeld that
were nmhevaewdaiMTTceltloxicaysaylBhe results show that the diffe
expression ohtTatéOdhysilytegewgaht concentrationshatindhoxycycl
additeffédect on cellinobhieipyesence of the highest cldAcentratic
Ashtedoxycyctdiorecentriatco@aaed the amount of Tat present incr
degree of toxicity was corresphiNedtimndiey paceaa sceolds po)nd
at a concentrationodh@00wkr concentrations,o$ MHHA(Betabolite
100pMpussgnificantooeditindeabere seems to be a growth inhi
the lower concentratildnsvioifcl® MsXin concordance with previou:
dateHe®d all997In thasl01l well significant clee¢élgioxiatt00uM
of SMKA whé&atl®0lRNA as levels equivalent to or higher than
HiVinfected. cAtIgi00uM andS3OXHLM the celtiegexodi the three

doxycycinmec®€dtl01l cell populmdtosisgraifecantly different fron
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other, possibly due to tleé¢l flace tdradrelsisesaandaehdcodbllatl0l
MRNA at OrmgdxHiguBeA) an amount only slightly less than tf
400ng/mbx While doeycycinmdeicelcatl101 cell populations are
significantly different frdme onell aniatthiéinteyse cewilgsifscantly
different from that of Jsthatirmkd .at QOIOEH M. SM X

Theiability of the Tatl01GFP cell line2bphlinsitte decre:
populations of Ong/ml and 100ng/ml doxycycline.-Hds the co
increased, the viability of the 100ng/ml Dox cell population
was significantly different from the Ong/ml| Dokabpbdptylatfion a
the 500n@émplopulation remained largely unchanged at the low
SMXHA €000uM) and was not significantly different from the O
at any of the concentr#ltAohessdddsS Mndjectory oiflityelinvibb
TatlO01GFP cell line where low expression of Tatl01GFP res
and high expression of the same proteinetamsbiessigmpifozamte
effeca phenomenon that typically occurs in immtugerassrays
antibody bind all the receptor sites, leaving nothingsavailabl
quite different from the results seen &modro uhde blea el toe kih ¢i
differences in thelaexpuesodd in the twe clalrdciesized by the
MRNA l|lewvedsides the fact that the Tatl01l ceDlokihe sdogaky a
of Tatl01l expression created by the increases in doxycycline
as that found in the Tatl01Geentedf MaelOThm RAMA Dadx400ng/n
and 1000mglxsl only-faldnd Foddreateaspectively thamnthat see

control c@nigg/nMDlox In compathsommounitatdf01GRRNA at
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400ng/ml is affmlodsrtedaOer while the atog/Mdas B@®Idreater
than that atD®ghmsheamnlere is a much wider rangentdfeconcen
expressitoatb01Gé#Pthe observance of the prozone effect.
Anothpaossibkglanaftaonhe discrepancy betweientyhre cellts
from the Tatl101 cell lihetWerG&ES thed | thimte the fusion of GFP
Tatl01l has an effect Gmetre flasuétssce® AP twidely insed
vitr@s welinagiae molecular nAdtkeugh GFP is found in several
of marine invertebrates, GFP traditionally refers to the pro
jellyfisbguoneatori@FP has also been identified -iormiwvagriety
corals where the proteinoi® oo lcoupkst.efmtesystpmse of GFP
fluorescemihegellyfiamdn the coralcueedstlywinsmunlR@u
Abdallethal200dpweyvéire fluorescent chromophore originates fr
SelTyiGly sequence thaanslgptoshally modified in the presence
oxygen to form a fluorescent ring structure that is maximally
475 nm and emifd5anBoBbdallathal200®)hile molecular oxyger
IS requiocedhfe -prasitslationatiomatafrahe protein, isfauunre i@ FP
corals where hyperoxia and reactive oxygen species (RC
photosynthetic activity of(BbghbldaymibhedA00DAyecent study on
the distribution and function of GFP in CarwdbkagpeoE@HF® su
from the hydroAepuosrae,a viotaoyidave the abilitgupe roxedeh
radicals )(@nd exhibilikOdctivity by competing witéir cytoch
reaction withT@®e authors fouB®Bhiea afltisvity of GFP does not

the fluorescenceoprolperpiraashaincan provide supplementary an
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protectoobnhe cWrhalthis actcoithd potentially have a profound ef
outcome of the varioudeasxpidreoh grndsesnimportanvotahnoge.t
Firstiyhe authors used wild type GFP in their experiments wl
deletion mutants were fused tgree@FRuUperbB ag @t damtiaitn
mutarnhat has been optimized for brilgigeer flaxgrreessscsEooe in
mammalianaoaeéllso reduce clusteringHefmthal EGSOHS5R Thastrup,
19973ince the purpose of GFP in nature is still being debate
EGFP mutation in relation to the orignmcdkedu.n Steco nafl yG RReid
generated AbdBollah and Gha6s8degmgests thiaytpawiGIFP has the
ability to specific@hly rquénals, however a study (B90Glulow e
showed that there was no dete@tdbden gbeedatioat df cell line
incubation withthlearte Wasignificant incOg dderiefdte,f ethen |
SObike activiwpdyp&FP is maintained in the EGPpErimuetatst, th
by Gulow et aklu@gd®®igt fnsionE&FPo Tat and its deletion mui
would have a miniomhefO&ctgenerptédithlat cothlehead to
oxidative stress and cell death

Thereforan efftortdetermine if the fusithapfoGdids a
significant edflerktmdolh viapMTtiexperiments were carried out wii
line expressing oWhjle&GRRere was the expecickdapedonheretntrat
decremseell viability in thiempresSimgél Adf there wgaihieast
effect ontaexigitpninductionGlP expression, even at the m
concentration of ROMDMeg/sralme pattern was seen in the cell [i

Tat86GFP and Tat72GkRfewtse od-HAMXceéearly visiblepofbut that
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théusipmoteinsa affde failure of Tat72GFP expression to add si
SMXHAmediatedl destnishacmntrast to previously (Aulelyahed date
et a1.2009; eArpl200Bhis could be due to tbegfiaen cteh Dt tithhee
protein used in the aparnenceandobfreedebeyven amisooaqedr

to tAeaprotein used in the cWrhridet bmrtdjelcat variants may have
basic Tat properties itthse posbenblactidadifferences usethe Tat
previously confer a greater ability toxicktsdiate exMXple the
substitution58f iréd atGHRison protuesiend previduwslyaajual.

2009; Atpal200/mith AJ& in Tlagonstructs used in Tthes cyltdicter.
structure pfoltheede chaimposition 58 could affect protein tra
nuclear locaobifzahieoconasdtiuectresiswigim the basic ldhodea&id,.
Peloporedsa&ll999%reamong theaofisbhow that differences in Tat s
could have an eféetitvi@ghedsuthorlsemically synthesized six dif
Tat proteins fdonsdHa¥es found in different parmnsootdptdreeadvorld
sometbeir biologicielsmactiffierent dheayydound that all six varia
the abtbthind the TAR region as well as cresisn mleenb raamiéidy bu
to transactivate anmepovYtekTBene in stably transTédietied Hel:
experiments showed that the high-tisultance fobmoMfeitldVcoulc
reladtego Tat a&tiveeythen a number of publications have demol
acid variations betwesgrectliec clatiepaoteeidsfferent transactiva
potentials in experiments using conventional re@eater gene
significant effect on the regueatiexp@tldddnstudies have shoy

that the sequential differences in Tat eprentadyff@moemcyleastf
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leadingifbereretiptresoifogenesiuding those DNFE ARS,
and -LI(Desfoetsexl2005; Gana@ah2009; Samiktkahh@09; Wobng
al, 201090 my knowledge there has not been a study looking a
differemmelsatregulatigenodfs that could -HA¥ etotx EMt¥a s udlo se
involved in redox regulation for instance glutathione syn
dismutase, two genes known to (Meemtehdimagg OB bl)at
Thdat48GFP awd-Fadelldirerelatively more sensitive to th
metaboBWMeXHAthan both the parent cell line Jurkat- E6.1 an
expressing cdall Iinmmesrtant felau4d@GRE amwd Fadell lines have ir
commornhist they are both missing the prot®imritmgnamdi€itVon dc
infection, cells infected with the virus produce Tat intrace
eventually able to leave the cell aad extreace hlinlidre Teatikiells
of Tat to translocate across the mammalian cell ofgdmebrane i
PTDOvhich also conNaiSWitheut thea®Pd Dhus thleoNL J,at48GFP
and T@FEP fusion proesinspeatrhe nualecusmahate in the cytopla
Thebest studricemlerbdifeshe Tat proteinttsiacbwad tiaattivgt yt hoen
viral genomtes arbdlitggtudtlie expresfsvamrious celluAaroggses
those geneveaerfaomhe cytoskeletwlhsgimteanbeentbobeddown
regulated by the ((GdipatepdPrOO6l)additierntracelTaltahas been
found to interact with cytors kéle tayltpofbdbem@Ehket al2002;
de Mareuilal2009he link between microtubule polymerizatio
protein was first suggested a few yearstragosiienthye toassfeate

Tat interacts directhyulvutdnmlees+tadnd polymerizedcaliggotubule
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the formation of abnormally stameé pricvembiowbasibule
depolymerit@hieant al2002; Huo L, Th0d09bility of Tat requires
integrity of four amheovakitinaangerved Tat cqaendroanacnds
36-39.Experiments by det M§2O@ddjtheroedthat thelefuglth Tat
protein is not necessary to enhance tubulin polymerization
central region had the same prbgegthe € oantehpannitild hse
demonstrated thamtmtimeisNandetrmen@3 adfare not necessary for
interaction withTheb@limctional conseqla&imadeu cafistdhreof the
dynamic property of the microtubulteanss uxededth Bimgnaa pr
apoptotic relatiZreleéddnol to mitochos{Giialcap,0 RtOE5; Matarre:
& Malorni, .ZI00IS) is corroborated in preliminary experiment
incuban of Tat48GFP Gkl flusstion pwoteSMSXHA leading to
apoptotic cell death.

Both exanal intracellular Tat display thacdahersntligture
when sgathed inside the cllIMldumfegteon than when it is relea
infected acredl®nters unihiteOtreal lech difference is in the mod
host cell cytoskeletal strudthue ec atros Kahecttaani.s involved in cel
proliferation and intracellular trafficking including the traffic
HIVl infectibe.cytoskeleton is also-Invalced imekibrane fusio
viral assembly arfdolpwthde ngatsal2010n) this context, intracellula
has been found to -requd¢atibaowaf several cytoskkeddbdmfjiproteins
and-tubulWhile binding of extracellular Tat to cytoskeletal p

crucial in activating admptwoctheomtdai@dptotic pathewpan atiloen dow
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of these proteins by intracellular Tateblpprd restbhdastiabelnze the
of apoptosis despite the high expressiggestinytrndadl/inktaacldtl
Tat plays a role in the modification of the cytoskeleton struc
to HiV infec(anirats al200Burthermmastuidy looking at the effec
Jurkat cells stablyeehmpmasacred Tdah®@l or intracellubar Tat72
cytosketetated functions such as cell morphology, prolifera
actin polymerizatibmertaspa(2010dpund tmadificationtshese
functiovese dependent on the secOmal xoslsng eeraplanation fol
differences in the behaercus ohteatrallulan HAdV isntdated cells,
Tat localizes predominanflolliowihg ntscyatisadithetaeplgsm

but remains largeyftyophashiier being eadholtgt®sthe paalhein c
retained through the binding to cytoskdle/tacpandelids such
leading to cellulaqiIChpapads0d?2; &tpad2005)

Neither case-onbrekritmacellular Tat completely represents
the T&GFP anldGF#&t cell Nheise Tat48GFP' @GRB &ae¢ both
synthesizerdcelludadiythus capableegtldaywigskeletaltbenes,
absemdetiNeL Slue tloe loss BfTBmethese constructsame baasy éhey
the nucfletse cytoplmadnare able to move freely between the tw
The higher concentration of these Tat mutants in the cytopla
bind to cytoskeletal proteins in a manner similar . ®Buthat see
unilke in the case for extracellular Tat, the consédquefhce of t
proites being in the cyhoghesmsessativith At xSMXy rather than

direct apoptesishe fact thétFPherdaein has -bar mntraist ds
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maytilbeable to altereataketd functions, making it more s
cellular ithjamythe Tat48GEP cell line

The ROS experiments mirrored the cell viability data,
differeimcehe ptocdu®DS wepesneradeldy the Tatl0l and Tatl01lC
cell linfehseeffect of ROS exmotoeheoridria can oftketriireardt atlo
consequences such as oxidative damage to mitochondrial I
MtDNAwhich encodes proteins of the wespdradonyproimasre
mitochondrial ATP production that ulti(anedy &adlgOP2r;s \Vagpropto:
Houteh al2006ROS are also known to be triggers of the intrins
vianteractions with components of the mitochondrial permeab
anextdarge ppr&nning the inner ianadh @udeiralmme ndixriamesv e
modificationsegafotéiensluding cyclophilidelpewdétmtganion chann
(VDAC) and adenine nucleotide twahislecasidicANY) impac
mitochondrial anion fluxes, leading toemiypehpotaammbmembr:
eventuahle collapse of the mitochondria(Baemelsrah20pdtential
Kokoszkaal2004; Scetirpd2005)

Another possible consequence of heightened cellular R
intracellular signalling and regudbhti®® S Syrd cudifta ahidd K
signalling pathway is associatedUwstheamll odpdPKosss the rec
senvidi MAPK kinase, ASK1l whose activity is inhibited by in
proteins suohedsxiifrxhnd heat shock proteins (Ghiptd, Hsp7
al, 1998Q9nly reduced Trx1 binds ASK1l resgltaingsomeheha&tSK

functions as a redox switch that senses cellulxidRz2®g and i
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conditidhRsjinot al.2007®Sinitiate Trx dissociation from the
signhalostdomeugh oxidation of thetiVex shea@eractive cysteine th
AKS1 is thus activated and able to signal downstrretdyn JNK a
apoptosisher via the mitochondria or-ltdepsamdehitoprofpfoptoti
signal(i@igcu & Aw, 2010)

Given the ability of Tat to modulatéy @lrladarcimghdOBalan:
therole this plays in apoptoticweugdalden beneficigaheto expl
contribution of-1theroHéVother giostslational mesaicanissnghe
formation of protein thiols as a mecharisnoxiflaeidbox stagelafic
peroxiredoxins that occuragtomighncdoncaeticallx0l10ata in
Chapteweaelyld be one suitablanend@odmt fismbudies of this type.
Thisould further the upéesdewveilrogp memeres e nsAtbh\Rdwyring

HIV1l infection.
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CHAPTER 4: Detection of oxidant sensitive th
HIV1 Taaxpres<iamlds by reddxmtennsional

electrophoresis.
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4.1llntroduction

DuringlV¥l infectibme progression of the disease is acc
increavixiglative #atrressmber of studies have showavehsatoifntrac
themucleophnicoxidg@plutathione ipGgeénNipheral blood T cells tenc
markedly decreased at advanced (Ragdsepfalth@ddPpibase
studies have demonstrated decreaseadi@IHotédeed s e Hml dbld/,
infected indi\GCdsadghaall1995; Droge & Holm,etl R9I9 RRtaal
Staal all992fntioxidant depletionoirs @afndiendrieased immune fun
as cells of the immune system generally require a higher an
other cells to retain redox bahdageityarad ¢ f(Berciteerr eente
al, 2002b; Stehbenrnns,HI0/Pp4)hology, oxidative stress plays a ro
responsiveness, apoptosis and depletieoddidio€ D 4kreffe cislla. st
association between decreasiedestedivaldiofiddiMs and low thic
in serum and CD@BralMadellis. 2009)

Thioxidative shrel@sge part is ddeéeVitotramesactivator of
transcriffah®Besides beiotgnd viral gene trdmsacaivatersecrete
from H-IIWnfected cedhdeandninfected cells in a biologically acti
regulates the expression EHucgelulalr2@@s,e R cehaxnli2 010
There aoewtawws for Tat to influence the edHatbsblywreg obhestate
antioxidant concenitrate@assng the oxiddret dapalsity of Tat tc
decrease antioxidant concentrations is linkéuwlao gelaadb.ility tc
exampllat suppritdiesexpression of manganese sup8BR)dea dismL

mitochondrial enzyme that is part of the cellular antioxidan
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streGBlorets al1993; Weskedndblrp950@)he HIprotein is also able
directly decrease cellular GSH galntgnthleyedawme required f
synthesis, glutathiof@hstnai20®09dIternativatyis able to induc
the production of reactive(REx$igpera ypeches of different cell
(Guloat al2005; Priae2006; TuCblhéewo al2009 urthermore, Tat
activation of astrocytes leads to the expression of inducible
leading to the overproduct(®moxefreithl? ®@X5J e

Reactive oxygen species can function as second m
transduction, modulating a variety of biological responses in
proliferation amgdslapeoptransduction of an oxidant signal int
response can be mediated by the oxidatide olipHatreoupthiol g
on the side chain of the amino acid cysteine is particularly
and has babdhislsed as a reMostsenmodein thiols do not react wit
under normal cellular conditions, however some thiols are m
they are ionized at physiolblgecalspHodneing environment. F
cystetheols can sometimes form transient catebdicyimleermedi:
of many enzymes. This allows oxidants to alter the activi
modifying the redbtlkestattevef functionally aesslenbirmtieifuels
serves as a signal transduction mechanism that couples prc
functional aMtampyregulatory proteinsreantawesternnecaésidues
that daneract with a variety of oxidants, to rMfoilmeicomahentas

modificafibese inchudand irmm@decupaotednsulphid@soobein
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mixed disulphidesawdtlar@Sadl major mechanism by which prote
be contrahlkegrotected during dEiatatny e2@0rGe)s s

HIVl Tat is a protein made up of 101 amino axndk, divid
domains. One of those domaiicé idko tihai rc wsh ed b ev@nytsatini e
residwend is highly conserved amongl thteadnisfeaprdtisidMates.
redox state of this domainessekrdoagnoteirbegunctacriiny
confirming the pidskamasr@ictcwestetheol in this. Wemlaawve
examdnde protein disulphideitiatmdatbon oxidadcdmvyesteine
thiols in thle THItV protein as pmalkigdsanheffedtsndftAe@ reactive
metabodifeM Xs@ilphamethdx &AMKA(sulphamethbyazokeglamine)
byemplimygredox Wmensional electrOphoockepsastive was to estatl
what effect the Tat priohAeisepraiaNlXly or in coomoxidaioon had

of highly expedlsslad thiol proteins.
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4. 2Materials and Methods

4.2 dell lines

The human T lymphocyte cell line J-a6KRat WEaSL (ATRC: d IfBo m
American Type Culturen€ eldelctina.wlas maimpdetedRibMI 1640
medium (Invitrogen) supplemeglutteadn migh 21086 Lfetal calf serum

sodium pyruvate and 100units/ml of penicillin and streptomyc

Construction of plasmids and stable cell lines
The Tat gene wmaplPfCd&d from thgpSplEaamidhis plasmid encode
fullength Tat gene and was a kind gifafthenMofe®utadkdgyeang
Section, NIAID, NIHendted fludt gene (Tatl01l) with two stop cc
deletion mutants (TélZdH79hdwéred cloned into the-Nolasmid p
(Clontech Inc.), resdibtih@linTatlO1GFP, Tatd@EGEFPfusidnTat
gersgespectively. The fusion genes werNlexsiaadNfmem /NBGF
fragment and inserted into tlestddeplldBmidl pdabgG2i, an indtL
doxycycltersponsive expresSomrathaeEetolrl 999N he result was pBIG
Tatl0l, PRtG2GFPpRh@HIBFP. As a control, the GFP-gene fro
N1 was also cloned into pBIG2i to create pBIG GFP.

pBIG Tat constructs or pBIGcGHP iwmteoreEGriaatfeells by
nucleofection (Lonza, Amaxa Nucleofector) according to the |
to generate stable cell lines of Jurkat pBIG,Tasdediaald .Jurl
The expression of both TatGFB GUsSRowasrahainsednby incubati

pBlG-Riansfected cells with doxycyealucéedBagman, Positive c
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were selected using hygromycin B (lnvitrogen) at a concent
clones were derived from singfheitcredl difotiowslgnpbstes and
the resulting cell lines were maintained in complete RPMI
supplemented wgthtaeine, 10% fetal calf serum, 100units/ml
streptomycin and 0.5mg/ml of hygromycin B.
4.2Purificatipolydloaratibodies sgroum of SHVAKLHIimmunized
rabbits

TheolyclonabEMMHIA antibody was prepared by Dr. Jane 1
laboratory if Dr. Micheal Rieder at Robarts Reasearch Insit
OntarPhastmmmunization serum from New Zealand white rabbit
SMXHAconjugated to Keyhole Limpet Hemocyanin (KLH) was
and storezld&t The pommunization serum samples (10 ml) we
overnighdCatwlith continuous stirring, against 2LrABBSol(pH 7.2
and DDialysnembrane (1.8 cm/ml) (SpBcdatynedTexraulsnm. was purifi
using a Protein G Sepharose 4 Fast Flow column (Amersha
selectively capture all 1gG drmtabprbytesmbtymesntrations of eac
were determisned wthe -RBdo protein estimation assay di
previou$Slymples with protein concentrations greater than 0.7
overnighdCatwith continuous stirring, against 1L PBE (pH 7.2
until needed.

4 .3Slot bdo

Cells from the different cell lines were incubated with d

tre@d with varying concentHaAidoas DfhSMKe ¢thkélsoMeceed
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antlysed RIPA buffer containtHE€I5pmM . Zrigs50mM NacC-, 1% Tri
100, 1% sodium deoxycholate, 0.1% SDS, 1mM EDTA (pH 8
protease inhibitor cockth8B §Rloicth)e Tae dell lysates were soni
twice for 20hstieee then centrifuged at hB0O0€Cpdmhdor 15
supernatant was collect8d@dCa®amstiorsdbfanll the treatment com
of every cell line were generated on three separate occas
subsequently btetted thr

lugrptein resuspended in cold PBS was applied to slot
microfiltration d®wicte&S KBApparaRasl,) Bicocording to the manufac
instructions. Briefly, after asBemlisly AppthreatBso wwtdt the pr
ntrocellulose membrane, the appoapmdtie semhiglevesodution. Tl
flow valve was adjusted to allow the entire sample to filter
gentle vacuum then each well was Waftflee ds avliitrhe TBS M Mrilsris
7.6,50mM NacCl), again by pulling the wash liquid through by
were completely drained, the membrane was removed.

The blots were first bTo¢kK8& wiflhB8.1% Tween 20) contai
dry milk hoatlroom temperaturestwakhngerathd then probed ovel
£C with arSEINHA rabbit polyclonal antibody .0 idilTiBi®n of 1
The incubation with the primary antibody was followed by wa
for 10 min each timle. Wité @8 adaibody wasamjugRPed goat
antfriabbit antibody diluted to-T1.3bhe0blonhs TBé&Sre then treated
chemiluminescent agent (Thermo Scientific Pierce ECL Weste

visualized with a Fluorchem tmalyeICéANlBiaslnirmces). The blc
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then stripped and proGa®DMHtm@amdclonal antibody0@8igma) &
followed by a dombkegeacbinjugated to HRP at 1:2000. Band

determined by the AlphaView software (Santa Clara, CA).
4.2F3ampleeparatiomedox 2D gel electrophoresis

Jurkat pBIG TatGFRBxd¥tlslI63.%vere induced with 0, 200,
1000ng/ml of doxycycliate wiloirc#Opdint the cells were washed
phosphate buffered saline (PBS) bypaenfomfifmgalhencatdl$500re
resuspended in HEPES buffer and seeded %adedlsdbnTaetratio
cells were then treatedSMXHA 200iMe vehicle (DMSO) at a
concentration of 0.5% therfCinfoub2atdd &he3Zells were subse
collected and lysed in RIPA bufferH®In paHn7 4n MG AMC T, r i1s%
TritoAl&0, 1% sodium deoxycholatE DTHpoH SEpdBndlcomplete
mini protease inhibitor cocktail (Roche cat. # 1 836;170) ant
SigmaThe cell lysates were sonicatedeaohi¢emenvitenfoaeBOrifu
at 1000rpm for 15%@inTdte 4supernatbdettwdsand s8dCedoat

future analysis.
4. B5Progtinsaay

Protein concentrations were determined using the BioRad D

modification of the Lowry method. Bovine serum albumin (BS/
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4. BNorreducireg/lucitwggdimensionalg8ddex/trophoresis

The diagonal A®ES procedure was a modified version of
Sommer and Traut (1974). Briefly, protein samples were diss
free of reducing agenissanesbtheepgronea 1.0mm thick, 10% pol
gel by subjecting the gel to electrophoresis atlahcfoibdwretdcur
by 1-25hat a constant current of 24mA. After electrophoresis
containing the se@iarateaspertised from the gel and immersed
SDS sample buffer containing 100mM DTT (Dithiothreitol)
temperature with gentle rocking. The gel strip was then wasa
running buffer then immepsedouif&@®i®agnl00maM IWIin at
room temperature with gentle rocking. After another wash wit
strip was applied horizontally to a 10% polyacrylandide gel
23cm(L) x 20cm(W) in d&ilre ptroireersgsd carried out in the sect
dimension at constaapproiema7iédErch treasemmepde every cell
line was subjected to the above redox 2D electrophoresis pr

times.

4.ZSilvetrasning iamadganaly it 2D gels

Each set of 2D gelstaiaedsidvmmultaneously on assrigck of
freshly prepared Aob6tetiowvesshing the ngenlsinfoa $0lution of 50¢
methanol, the gels were sensitized with 10.912 6 asrodl iw ans hleid st
with deionized watermitwidenefeerbsitized gels were then stain

nitrate solution (0.25% silver nitrate and @i05%ofbaowmeaddieynyd
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washing with deionized water for an badgmteanadf 2the. Jdls dvea
conducted in a solution of 6% sodium carbonate, 0.012% soc
formaldehyde until the desired gel resolutions were obtained
incubated insalwtiom of 5% acetimiacaddfoat®r scanned by a

scanner (Epson).
4.2.8 Statistics

Slot bdata were anaGpBSddtMeans and etrao@Ssydwere
used to report continuoutwewvaniaBid®V A with Tukey's post
procedure was used toncamparenceea between groups for

concentratioofeeeche eIl line
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4. 3Results

4.3 .Quantification ffASNMMNced haptenatiexpimesiSang Jurkat T

cells

Our current belief is that the mechanism ef daulgyperse
reacti@dDRi)s basednitidbpten formwdticom may or may not lead
hypersensitinvittlye ctahsee saflphorsainidiss metabohbicedtytivated to
chemicaEgctive -BMXan electrophilic tmeettadaslitte haahean
beomes covalemtigateeleotedlular prAfeensantigen processing
presentation, immune rels@odisestev @daomsparheohapten
protein conjBgateous datdefreBndadoratoryahraavaedy shown that
SMXHAat concentratiioManalf a2oeveects evdthular pridMancthanda
et al20029 determinexiressionHoY threotein Tat @omitsudtdedeédi
in Jurkat Tacmeldséfect thes MeXHeAIimduclealptenaniadurkat sédlks
blot experiments were carried out.

The various cell lines we4® imiatb &fteredbcentrations of
doxycyctiontacilitate expression offalHewleah I#ytoeaitmsent with
varioesesncentrations of the readdMMHAnatad opit@tein isolatiol
Proteins in cellSygwedesuljjected tPASESand blotted with an &
SMXHA ahotidy to visualize the haptenation pattednlLTdre each s:
gualitative differences between the haptenation patterns of t
decipher on the western bbb gelsowititize tgelsedoix cab
amountdhefdifferent protein absophesnwelrcet blots and the mem

probed whiamtSMXHA antibporédyaration described abewvef the
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Figure 4REepresentative film and slot #lAitsdskbedihgp$Sénation.
(A)mage from a western blot of-Z@0IsMt redEdr vaitpe®@iod of 2
h, protein extracted and resoPARGEoNntra2%fedmred onto a P
membrane whichm Wwhsttehde with-StMe@HAnaintibody. -BanCGksMl1
laness4100 pM and9tlames0 7uM-HEAMLanes 1, 4, 7: Jurkat E6.1; I:
5, 8: Tatl01GFP,; lanes 3, 6, 9: Tat72GFP.
Alternativetglrotein asbadsined from the lysatedowicle | hsa rtirceuas
concentrationsHf @ &M»&s0,16, 100 a0 pM SHIX respectively)
anapplied amitoocellulose membrane via aT#le tmkelrab reampea maa s s

then blott®)d $dkMA stripped then KHCytGerdP DoH .
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Figure 4.1
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SMXHAspecific polyclonal antibody preparation means that
bands that could be detected on the membramguMoiS¥MY»e samp
HA (solvent control) or 200pM SMX (negatidHeA)coitrel, lac
membranes were then stprpped amteAIFNDIH antibody and the
intensity of thendlyady densitotmetdgtermine the degree of p
loadiddheatsof the band interussieiksowgeaeerate thgeuge@phs in F

Alltheetling had baSMMeA/ GAPD&ttios of approximately 0.2
the absence-dHA ShatnFregudep. The ratcosaatdeds®Bfold
when each of the cell limash@®feMe Sttkaveidh further increases
the concentratiothAow&Mdhcreased. The pareritallsiieaanwkead &6.1
significant incre88HA/GPePDH watho the additionobtth&OuM
reactiSsXmetabolWlile the ratios increasededtiomthofthhreghdr
concentrations-HoX, 8l Xincreasesowegiggnificantlyfrairhf etteent
effect with 50u4MA SMXubation of the cells Wopriddx0Qag/ml
treatment witHASMXulted in a loveeM XHAVIG A®IAH 100 and
200M specifically 34%owad r26%eEtigueis’ ).

Induction of TatlOltexleneslsiompproximating these seen
infected Jurkaty TirealtmigdOOngDwobsignificantly incsédb$ed the
HA/GAPD&tio at 50pMiASMEmMpared to thab meaxth ®wg ek s
increase was aMiolgladedmd Doxtreatmenitheatios increased
approximafeld %ith a doubling orfatioen coof-8AXLOOUM, but
thiee was no significeatwewfitecarious doxycyclineotbaecdharation

att000ng/ml Bioxilarly, the ratio at 0nd/ o an dn4 0&@aegréah |
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2foldrespectively wdditiba of 2004HA.SMMMKe the ratio from th
1000ngDbmokreateaimplet 2008M XH Awasloubtleat observy@u@Mat

SMXHA, thagiwastilbwer thalhnghiml and 40d0ngtmecline samples a
200puMgain, the higher concentration of doxycycline seemed
haptenation as the ratioHaA @8 uMtSMKerent thanHa&A.100uM S

The TatlO1GFP cell line showed a similar trend-in that t
dependemeane inNSVA/GAPDHtio with increasing concentral
SMXHA (Figure.€). There was, however, no significant differe
treatmenttheitharious doxycycline @asnoéserrateadnwith the Jurka
and Tat 101 cthldé Iriamteas from theDbOGsROMglen bt 200 {HA VM X
unchangedtfddOOuM SMAXdatand lower than dhseraeidsfor the 0
and 200 ng/sdnDpdes seen at 2KdA|HVg GMeR&).

For the Tat72GFhPherdIlsWianeotncendepteadent inctteease of
SMXHA/GAPDdtio at each conceiMinétAofrorothe Ong/ml and
1000ngDbmbksamples, though there were no significant differen
doxycycline daigpke®). There is alsoratiamgremdent increase o
thSsMXHA/GAPD&tio at 50 and 160H0AMo% MiXe 20Doxgamiple
which approximates the amount otinfettedRNRuUlicnthelVratio
decreases to the 50uM leveH Aot 20D pEIti®Maxt 1 0HAI MdB& X
200ngDmbsample was significantly higher thansthmpdeeen for t
also significantly higher than the 200ng/ml| Blé&X{Fsgpumple at
4.R).The protective effect of 1000ng/ml doxycycline was obse

SMXHA concentration and was maintained at 200uM.
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Figure 4SMXHA induced haptenation in Jurkat T cell lines. A
doxycycline, cells from 6he¢, (@) Juakbh@lEsFP, (C) Tatl101, (D)
(E) T&tFP or (F) GFP cell lines wer#¢lAré@rme dnditth &ssM Xrotein
was isolated. The protein samples were applied onto membra
and then blotted for GAHBHRhanbad&MXntensities were measure
and the ratioD plataed.mean of three independerdsesperiments
400, 10@/Onl mdkpM SMIXArespectivelyP<bQ5@s.f0400, a@OMml Dox

at GuM S MIXArespectivRekp5@s200g/ml oxOUM S MPXA
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Figure 4.2
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Results from" @GP Tad!ll line were somewhat different.
concentrdeimeindent increase of the ratio atA500ared dd ®@ifMh&M
doxycycline samipbeighamedt significantly different, there was &
ratio for the 400sgmmplleDecompared to they coythlemaenwo edoat
100pM SMAX(FigudeBE)At 200pM SHMX the ratios from the Ong/m
1000ngbmbksamples were almost identical DwrsleemthiehdddhOng/ ml
approximates the amount of -lefte otB M el sHiE®tio that was hig
than that of thsoddughmilceameFEgudeE)The ratios from the GFF
expressinglioel did not show any differences between the \
concentraFigudge@)Thus, taken together it does not appear tha
Tat or its mutants causes significant diffesttAnesianedhe le
haptenatiodoed aplpatadoxycycline at tbenr@@®@®magt/imh did have

small to moderate protective effect against haptenation.

4.3 Petection oM@ Hive thiol proteins

While Tat did not affect the ghtohméedeateldoiaPlberation T
expression is known to alter the overall pattern of gene ex|
therefore may alter a set of genes to makeothéessmEuadlieenvir:«
to protein haptenation. To exploperadusipgésiddlutyng SDS/ 2L
electrophoresiwasystmmloyegrasidés a directonbeodh identify
protethat are redox regulated via oxidatiystedheodagsve prote
througdhrmation of-prrottesiim mdkseud p h.idestetmst contain reduced
protein th$dl) (Pesieifeobeing agpdplto the first di-mee sioo el d

on the diagoaftledinlee gel is run in the secomnhledempgmostieimsb e
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are not further redudedcoyptDalsTp rprtetaakred disulfides are redu
by treatment with DTT in the first dimension gel matrix, afte
electrophoresis run, so that the thimld@hftermled w po ndirsew phtiicbe
bonds are resolved below the diagonal olffinprateéen tdimessoc
disulphbededs the attendant decrease in molecular mass after
dimension. However, proteins withidretraohdeeudarincsabste in
molecular massalmowe rdre diagonthHelisecond difhemsearuction
with DTT

In the present study, the primary opjecdin@tenasmixadent
disulphfdemed in theepodsiitgl Tat proteitns deletionamdutants
more specifically to document oxidative changes (i-e. enha
protein mixed disulphides) as a result of treatmenlAvith the
Each treatment conditioonwhe &mMalyzledat least three times ail
recoadbnly if ipmesserdtihetvgd of the three gels.

A summary of the protein spots identified on 8dhé gels is
The first set of imade3hiowBi@bhraml prHotein sfaowrpléferent
control cell lines, inrttinachisfgp@medt cellutkmd Erbc dbaweith
and witH®@WtOngdrmkycyc(FngudheB and r2spectively), Jurkat T c¢
infected withiglu¥eB) and the stably transfected Jurkat T cell
onlgGFPF(gud4eB).Figudedgashows 2Dofrelstrol ,ualtlisansfected
Jurké@igudeA)and HIV infecte@#idur&Btas wellthes gels from
vehicle camtnadluced cells (Ong/ml Dox) of tlregddd@Fent cell |

The noeducing/ reducing 2D gel system revealed a number of
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Table -Sammary of protein spots seen in the redox 2D gels.
the presence of the corresponding protein spot in that cell |
the presence of the corresponding protein spot in that cel
200M S MIXA .

JE6.1 + dox: Jurkat E6.1 incubated with 1000ng/ml doxycyc
E6.1 cells infected with HIV. *Concentrations of doxycycline
TatGFP mMRNA equivalent to-infatteaeduinkat| VYec@&dsl 0fb@ RR
and Tat72GFP cell libex #@@ngémd, whilPo40Wwag/mded for the

rest of the cell lines.
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Table 4.1
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Figure 4R®dox -twmensionalP A®E of thiol proteins from variou
cell lines; (A) Jurkatk&#®lY, (B) &WHP and (D) Jurkat E6.1 +

Dox. The sample from panel D was incubated with 1000ng/r
prior to drug treatment. Cells from each of the various lines
DMSO for 2hrs, collecttednawdsthsopabed. 85ug of each proteit
loaded onto the first dimension gel and run for 3hrs followec
second dimen®wonthgelleft side of theeadhagehalreo molecular we
protein statthchdrdse enumerated on bothTdie egse losf fthoemimagels /

and B are duplicated and usEduaesdd@fference in



171

Figure 4.3
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intermolecular disulphide bonds (lodhdwyithteersee i tecséd

just below 3dkdlead( and lasleMéadch &ame putative peroxiredox
proteifkdigh abundance proteins in this specific molecular w
identifiethatyaxssisted laser desorptioaredpszationygMisc peptide
digests performed at the London Regional Proteomics Centre
cellpefoxiredoxnmpdroxireddpaimd in HEK 293 cells (peroxired
peroxiredosorio2zmamd peroxiradottiamb8j)atdbrdro JBekdthe
Universiwwestedntadfiloondon, OntariAWwaysheh, MSc Thesis, 201
shown in Figdrés d4lI3the samples from the different cell lines
of induction displayed thesAnmlyskipamtesipopatterns of the dif
gels indicated thagmagesllwere wiithilmost of the spots reso
betweem@ABkKEDa butdwiftdtrences in theimdimidaraldy rpesotleiend
spot®@f the control samples in Figure 4.3, tHEV gednshlewhag th
the most protaithogep®it$8 and-173 Figure 4.3B), indicative of il
oxidative stress, with the majority having intermolecular bol
the diagonal line. The parental cell line Jurkat E6.1 (Figure
protein spots dbklVJwrklds while Jurkat cells incubated wit
doxycycline shows only five proteins (Figure 4.3D). Jurkat
slow only spots 1 and 7 T(lreglaeldi3@nhd Tat72&Fkdusted| lines (
and E.,4respectively) dignpedayegsinthee of disulphide Qrroimins
doxycychinté five of the six proteins resolviedebehowhdehgediad
Both cell lines had proteins 1, 2, @Ridureendlt.4adnaodmdméB)

Tatl0O1GFP cell line (Figure 4.4D) had proteins 1, 2, 5, 7, a
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Figure 4R&dox -twmensionalP AS®E of thiol proteins from (A) Jur
(B) Judtklamt, (Tat101,TE@LO01GFP, (E) Tat72GF®PFendt (&) gl mt
doxycyclihe.redox 2D gels in panels A and B are replicas of
4.3. Cells from each of the various lines were then treated
collected and the protein was isolated. 85ug of each protein
first dimion gel and run for 3hrs followed by an overnigh
dimensiorOgetlhe left side of theeadhagehalreo molecular weight

standahdd are enumerated on both sides of the image
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Figure 4.4
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Figure 4RedoaxweaimensionaP AA®E sis of thiol proteins from (A
E6.1, (B) -Bluvka(Tatl01l, T@LO1GFP, (E) Tat72GFP, @F)XhTat

panelskF dnduced for 40hrs with 400ng/ml doxycycline (C ar
doxycycline (D anddEYygptieatimentedox 2D gels in panels A ai
replicas of those seen in Figure 4.3. Cells from each of the \
with 0.05% DMSO for 2hrs, collected and the protein was iso
sample was lomdbd dimst dimension gel and run for 3hrs folloy
run of the second di@enshenlafdl.side of the aditaggpalalare

molecular weight protéiat stendaudserated on both sides of the



176

Figure 4.5
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Figne 4. Redox -tvmensionalP AA®E of thiol proteins from (A) Jur
(B) Judfklat, (Tat101, (DINLO1GFP, (E) Tat72GEBFand WiEh Tat
paneld Cnduced for 40hrs with 1000ng/ml doxycycTlime prior t
redox 2D gels in panels A and B are replicas of those seen i
of the various lines were then treated with 0.05% DMSO fo
protein was isolated. 85ug of each protein sameinsiw@agédbade
and run for 3hrs followed by an overnight runOamf ttthee I€edcond
side of the diagonal on each gel are molecuthatwaight pr

enumerated on both sides of the image.
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Figure 4.6
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proteonly seen in the HIV infected deeedignatetthigrcidige,13.
TAtGFP sample had only two prguetied. (1 and 7,

| first examined the different cell lines treated with cont
that would induceiotmeoéxthree Sflsat or TatGFP mMRNA to approxin
of Tat mMRNA that occur in HIV infected lhunkatt oceld$ Ta hladl e
expression with 400ng/itHidoxey MyrBl€e@l @dotein pattern on the
gels similar to that of the vehicle control (Ong/ml -Dox) sar
induced cells did notprcotreBaispdthy induction of TatlO1GFP
200ng/ml doxycycline did not chiedegeitipeoih@imbetrhatr resolve
away from the diagonal compared to the Ong/ml Doxfsample |
the Tat72GFP wighl 2ilh@ng/ml Dox (Fegwrdéed.b5k the disappearan
protein no.4,oleanhimggelteimol,2, 5and as well as @rotewn
(designated proheinprdatein patterafsearmpH e sgtitrl@@tGFP cell
line induced with 40QPbig/mel YRlB&Ewed the appearance of protein
below the diagonal protfteewTotk(#sgpure 4.5F, nos 10 and 11)
found above the diagonal line. These two proteins were nc
doxycycline (Figure 4.3F), nor on any of thEhetlyel gbhbsvdigcu
samples from the GFP cell line dewsisteptbgtehmdspbes of
doxycyctersgponsive cedtoltimiaes 1, 2 and 7 were found in thes
treatment with at 400ng/ml Dox

Inductioofnprotweith 1000ng/ml daorythyelTreea 101 (Eedurdeéne
4.6) resulted InssHfeone e@fptbteins Ynsoeen in gels of lower

concentraotfiodosxycySlimelathye gel for the Tat726 BEB09arg prhd
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DoxFigu#eB)shows dppeararfcproteidinocomparison to the gel
20ng/MloxFigudeB) The level "d3FPatxpression induced at 100
doxycyc(FmgudeB)resulted in a protein pattern almost identic:
400ng/ml doxycycline with the exception of the ihGaedsed int
11The induction of Tatth0sd GHfe with 1000ng/mdadseagcylceéine
disappeaodnrreoteilfi@B8deb)Theddurkad.E cells showed pIrpteins n
2,4, 5 and bt a loss ofd pcouered upon inaud®0ONng/ ml
doxycyclFngurdeB)compared to cells grown in the absence
(FigudeA)

Theontrol cell lines treated WiAdr & OsthwMFi])iKe 70 n e
ofhte obvious differenbgstmeeddadtigdorHAfiSMKXe dramatic reduct
in the intensity of the putative proo¥jimeudex nl)@mno ae¢l ntd g
cell lihreated witlHAMXere is 2lso-f@8ldncrease in the number
proteins resollotthee diaglomeéMany of these proteins were also s
absence ofH8NMKgudedl.pand are numbered.ddeo pdiotglins that
are the resudkiafathvee stiqasépulting fradditthenModHAB are
lettemesdn thiegus&and in Table 4.1

Treatment of the parental cell line-HAikdath &t6 alf fevctht ISeM .
resolutiamamy fof the nuymbesigdut saw the gpdoitteoms af, d, and f
(FigudeZ&)to the prohieeonly differerae tbiftnmementioned cell lin
(FigudeR)andBMXHAtreatédrk&®6.tells incubated withDd©X00ng/m
(FigudeD)is tlappareeductiaheointensitgrotfetiiBe ahshois the

latterdicating lower amounts arfetba&sedizpadtEei®s occur as prote
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Figure 4Redox -twmensionalP A®E of thiol proteins from variou
cell lines; (A) Jurkat EWLY, (B) &GwRaand (D) Jurkat E6.1 +

dox. The sample from panel D was incubated for 40hrs with 1
to drugtrmreerat. Cells from each of the various lines were the
SMXHA for 2hrs, collected and the protein was isolated. 85
was loaded onto the first dimension gel and run for 3hrs foll
the sacanmension gel. The gels from panels A and B are du
reference in figur®@s 4h& left side of the diagonal on each g

weight protein stanhdaedsnumerated on both sides of the imag
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Figure 4.7
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protein mixed disulphides) in the Jurkat E6.1lcells treated

treatment of-itmfeedteMd Jurkat cell FH¥Y ocwaitkseSiMiXe loss of prote
and 4 and also dramatically increased the numbeé¢ronfogrotein
a, f, g, h and i including proteins unique to this cell line, n
Redox 2D gel electrophoresis of extracts from cell line expt
resolution of proteins 1, 2, 5, 7 and 10hgeFigtutreer edd 700 p,t dilnts n o

With minimal Tat protein induction at Ong/ml Dox, cells
fusion cell lines were treateeHAIBMR2GOpM eSMMXs are shown ir
4.8. TheGIF#R cell line shows the most proteia m@mqbsif(yigure
which are proteins with intermolecular disulphide bonds, runi
of unresolved proteins on the gel. In the TatlO-HAetld line t
vehicle control cells (@aglted Doxthe apgpsered nhnteecsriey of prote
spot 4 and the resolutidn-Bofdpretefirssnd g (Figure 4.8C).

The TatlO0O1GFP cell line saw the resolution of proteins
but there were no changes to the proteinsn atlre aallyserea orf |
SMXHA treatment. There was a much more dramatic effect or
with the additio#Aft®&MXe cells of the Tat72GFP cell line at
addition pagoteans seen in Figure 4.4E, proteilnd aind8efl8MX1,
HAspecific proteins a, f and i (Figure 4.8E) wereHresolved. T
the cells of G Tcetll line at Ong/ml Dox resulted in the resol
3, 5, 8, 10, 11 and 12 (Figure 4.8F)xipiatain® tthatulwardemsoin
absence ofHB8Mat that concentration of doxycycli-he (Figure

specific proteins a, b, ¢, d, g and i were also resolved in the
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The induction noRNPaxpression in the difeesreta tedl lin
approxirmemefisunich Hivfected wasbdlowed by treat2DntMwith
SMXHAand the results of redox 2D electroighdoesimenftecxklinly
Figude 9ln the Tatl01 cell line the intensity of peatéyns 4 ¢
reduced. In addition proteins 1, 2, 5, 7 and d were resolvec
lysed proteins from the TatalO1GFP cell line resolved protei
SMXHA specific proteins a, i and m (Figure 4190he Roie the
combination of 200ng/m| BdXaktdeadhiemMts resulted in the res
of proteins 1, 2, 5, 6, 7, 8, 10, 11 and 12 as well as prot«
Expressiof @6FHatt 400ng/ml| Dox resulted in detaieasss@doitsten s
10 and 11 and the resolution of proteins 1, 2, 5, 6, 7, 12, 1<
SMXHA (Figure 4.9F). The control cell line expressing just (
saw the resolution of proteins 1, 2, $ybkedOeandad 2Dabéa oix 1
analysis.

Redox 2D electrophoresis of protein samples from Ilys
1000ng/ml Dox then tredtAdamatbh®MX in Figure 4.10. In the
line, proteins 1, 2, 3, 4, 5, 7 andn}%2aindadfdananitwegeotreiso
(Figure 4.10C) while the Tat72GFP cell line produced proteir
f, g, i and s (Figure 4.10E). The Tatl01GFP cell line at 10
SMXHA only differed from the untheatedreameteibtyensity of p
18 and the addition of proteins a, f, i and r, the last of whi
(Figure 4.20bg.again" GkePTaell line presented the most protei

severe oxidative stresshe meshdiuttioon tof proteins seen in the
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reactive sulphonamide metabolite (Figure 4.6F) proteins 6, 1
and g (Figure 4.10F) were also present. The last three of the
this cell line.

In summary, the indu@étBnewpréasion with 400ng/ml or 1
Dox produced proteins 10 and 11, two proteins otherwise n
from the Tat72GFP cell line werddAredatetl GuaiRh irBdiXtion
followed by treatm&8MA resulted in protein no. 6 being resol
also seen in the Tat72GFP cell line. Furthermot&Fttheomaxim:.
Tat72GFP in cells induced with 1000ng/ml Dox in combinat
SMXHA produced tgreotreorsd oxidized of any of the experimental
a number of proteins unique to each cell line. This can also
though there were not as many oxidized proteins produced a
lines. Differeanduction of Tatl01GFP did not appear to affect
spots resolved away from the diagonal:folldermecmeas eh o mw et\neer
number of spots seen when doxycycline induction is combi
SMXHAIn this exyaressing cell line. There were also a number
redox 2D gels of lyindeectefd Htledhsjn the absence and presence
HA that were unique to this cell line. Overall the control cell
as theepadurkat E6.1 cell line produced very few -pliioteins wi

in comparison to extgrebseidgtcell linesndeadtellecHINMIine.
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Figure 4R&dox -timensionalP AA®E of thiol proteins from (A) Jur
(BYurkHtV, (Tat101,TE@LO01GFP, (E) Tat72GF®PF&ndt (&) gl mt

doxycyclihe.redox 2D gels in panels A and B are replicas of
4.7. Cells from each of the various lines were-HHAefiotreated
2hrs, collected and the protein was isolated. 85ug of each pr
the firismesdsion gel and run for 3hrs followed by an overnig
dimensiogetlhhe left side of the diagonal on each gel are mo

standahds are enumerated on both sides of the image.
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Figure 4.8
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Figure 4R@dox -timensionalP AA®E of thiol proteins from (A) Jur
(B) Judfklat, (Tat101, (DINLO1GFP, (E) Tat72GEBFand WiEh Tat
panelskF dnduced for 40hrs with 400ng/ml doxycycline (C ar
doxycycline (D amtoEJdrpgidreatment. The redox 2D gels in pa
replicas of those seen in Figure 4.7. Cells from each of the \
with 200uM-tF6AMM Xor 2hrs, collected and the protein was isole
protein samplededonbvo the first dimension gel and run for 3
overnight run of the secon@ndtimednsforsiglel.of the diagonal or

are molecular weight prdtetimrsteendianésated on both sides of |
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Figure 4.9
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Figure 4 R&dox -twmensionaP AAS®E of thiol proteins from (A) Jur
(B) Judfklat, (TAt101,TE@LO01GFP, (E) Tat72GFBF&®ndtH&)| astt

four panels showing samples induced for 40hrs with 1000ng/n
treatment. The redox 2D gels in panels A and B are replicas
Cells from each oflthesvaeimugshen treated wHA ROORMrsSM X
collected and the protein was isolated. 85ug of each protein
first dimension gel and run for 3hrs followed by an overr
dimensiogetlhe left thieledimfgonal on each gel are molecular

standahds are enumerated on both sides of the image.
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Figure 4.10
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4.4Discussion

The class of antimicrobials known as sulpbsednasies h;:
broad spectrum antibasctémialNoagentAmericaomiiemation
Sulphamethelxamet@oprim -T(BR Xcbrimoxa)zole wused to treat
uncomplicated urinary and genital-negaitindeicitdownisiual $Hlahd i
first line treatment and Pnepmybteysstvéaggnreumonia (PCP), a
common opportunistic infection in HIV patiémeésusBMbXgh very
TMHANn Hilhfected paabaesnn implicated in the (hightoi nx0&e mce
moreo)f hypersenARstyan incatddedé®told highain the HIV
negative pof@d®t)ibme mechanisms that lead to the dewvelopmer
are still unclear, bbestneeod girigladh atisonbe Hapypeothkesis.
This states that the inptaah ogeipshoyp ethssensitivityna®Re the
metab dlicactivation of the drug, imxhkatianeodftisdM arent dru
the hydroxy(&mpbHA)a reactive interatedaated further oxidized
nitroderivatiSsB-NO.)These reace¢itadolites or haptento aoam
covalemtnjugates with proteins that can be retmgnimed as
responses may be directed againstptbaeeiadrwenjmarab@athihe
Machanedéa al2002) showatd ctorectentratiquiant 2% 8 WexH A
binsto cellular p&Gotemshe high incidence of hgpenhensBliltVvity /
populawendecided to dletbemex@ressjoa majbatHIV protein, wo!
increalse lev8IMOH Ainduclealptenation in Jurkat T cells.

Oudata confirm that prodeiocltapséwibkat aeélsposed to

SMXHA at concentrationspdManaowhaes|&0el of haptenation is am
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the concentration of the reactive (RedabB@liRatisnitrsc peahegh
dos€otrimoxazbkaapgvpea8MX plasma concentrations of 1.5
SMXHA concentratioh8208&mn odfethese plasma oonCdrbdrmMons
and SNIXaccountapfmroximately 2% oWMahehdatsi@al2002he
concentrationsH@ ®ded in this thtarckeyfwaedeé within the therapeu
range attiaiwvewo

Oudata also showed that theg iordutstioel eatho®h toultevels
comparable toetrosien -iHf®¥cted cells increased thidAlevel of
haptenagfoprot@ngudeRThe reactions of drugs with proteins ce
formation of bonds of differentoptremigthsomiicdhahgdhydrogen
considered weak interactions enrdicawviallentondd considered
bonds. The interaction between a hapten and a protein resul
covalent bonds, allowing the anoihloitieo mefabohiges of SMX a
reactive electrophilasitroobt@anzienge ring asmudcernetibéeyto proteil
haptenatiannucleophilic substituTioen maacttangets of small m
electropbiulers as -BNM&Xre aminb sadie chains with nucleophilic p
such the cysteine sulfhytdreNHamumpal amin@rgheptidine
imidazole @Dowlpowitc al200Pyoteomic studies have shown tha:
containing reactive cysteine thiol hanciegs n uwdiecdp hidvate ndue
ilonization of the cysteine thios$,foargahpsefemapdesatteon reac
(Liebler, 2008; Wong & .LOsfbbkagnhid0deBae protein has-a cystei
rich donfamino s22287)fhat would make it a very attractive te

electrophilic metabANRenBtddXnanalsysis by deletion and point
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in the cystehndomain has revealed that six of the seven Cys
for Tat transcriptiqalaactivat2009 owever, the structural ba:
this activity is still not well understood, though the transcri
has been shown to be a monomer, and reducing agents dram
suggesting that Cys residues form two intramolecular disulpl
for transcription@fkadahiedtia! 200Fhugiven ftflopatr of the seven
cysteine residGgsicddmain fotmmoledislalphide baoradsfamiti
Tat activheye remlanes free thiols that can dEKalaneduealeophile
2008Both control cethXunkst E6.1 andexpeeS&SHRg calkdine
showed significant haptenation as elNAd&nAcROHLyaAth@asisSM X
not unexpected as the eklAtcaphblie@adSMXseveral types of amin
chains on cellular proteins that would by definitiomede comm
line and the doxgcpychiniee cell lines.

Whereas the expression of Tat in the different cell lines
SMXHA/GAPDH ratios, nloereellvalsne that was consistently s
different from the othetsTart choen A F.HF haptlo biamkely reféefcastt
that all danstructs used imeftdishcgtsueédyneh domain. One of th
differences seen is the discrepancy -bredweseampHesdok ythyeclit
Tatl0l1l and TatlOircelsPate3DuM ASTVAXs may be due at least in |
theliscrepancy in size of the Tatl0l1l and Tatl0O1GFP proteins
latter adds 25kDa to the size of thé& NMKd#eito. relesctabaolie ytrodr
formf thergettpro may be hindered or enhanced by the nuclec

thredlemensional pvotemmemt. For inst@pnkisiaenchlain may be
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embedded amongst residues witholaydisagbobh@ainsomaking it
accessibldraphcchemicals. Similarly, the surrounding amino
the pH of the local micma&nwvgrmameancally different from the p
surrounding medium, thus greatly influenciang thea d@fgrtere of
nucleophilic sifeichaebsal2005The degree of side chain ioniza
also be altered depending on the site of hapteemstianeas int
more acidic than th® ionktogilcad M0 05)

Common to the Tatl01l] and Tatl01GFP cell lines as well
is the significant decliHaA/GIAPHRHSMXios of thdo xLOW hrgé m |
indedsamples, particularly ai 200hM SMX perhaps be attribut
ability of doxyayctlehracyolihend-miccmrobial taughtsas matrix
metalloproteinasefadMiM&)ng its use in the treatment of othel
(Golwehh al1987; GetfilR010he oxymgeh lower half of the doxycy
molecule isforittiltissl binding and interference with this region
the effectiveness of the drug. This region is also importar
Binding of doxycycline to proteins may be greatly enhancec
complexetd diitalent metal iofdSosuMd( Task Elaeshdal1986)he
bindingdotycycline to MMPs is thought to be mediated by the
and structti@hg&mwithin thewvbinztymre turn leads to MRPRrinhibiti
et al200TLhe relative affininy teftrdai¢yelénes for a given metal di
highly dependent on pH and the preq®&receéhotholtOe83meBtrabnons
et all985; Lamia$1984)he reladpweriority of doxycycline as ar

inhibitor is due to its increaSed abfimdayison Zm tetracyclin
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minocycline, another chemically (Badidted! 108 2agtabng can
form coordnnatonds with nucleophilic centres in the protein
comparable in strength to covalent bonds. In essence this
chelatdmgycycline molecule would bind to the nucleophile in
the amount lavagksction tWwethelectrophiHA TSNMsX in turn would
mean less -BNbXd An compflenm atidence IlgrssteSMXHA complex
woulddedeady the antidboodying loower SIMX GAPDH ratio.
Another consequence off tABBAaisthreceell is the ability of
reactive metabolite to induce oxidative stressscdioyn dgignemating
of oxidativeosteesh,thesmaxcsetptible potentithetahgeltsgrieup in
protesinwith reaogtetepéholresidu®sy We have shown previously
increasing concentratHédnsnofe886 ROS activity in the cell |
here (previous Ilohapeerpresence of increasing corltcentratior
oxidationn oiforaizeydteine eewidhin a protein can result in a |
oxidatmedificatcbnsf amonddimggmenitibdrmation of satpdenic
(PSOHMnhd subsequent ogudphiionc tfP SaO sulphonit) (&c3 Ds
(DalBeonnet al.2009he proteinensulpadhcids are able -to react
enzymatically with glutathione or with thiolglotfadthhenypaoedin
proteifypsrotein glutathione mixeas dvelllpasdggptein mixed
disulphides where these can be either homlhgkddmresrior het:
disulphide bridgesaareéenkarowolecrudaiiereas those between thio
the same protein aimegrammoheddkarlphibdes.The redox 2D

electrophoresis system is an effecthee quayntity deterquaeity
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disulphide bonds formedointhleeHdMe Sanceroediecanthdéhrecactive
metaboliteHAMXas on these interactions.

The presenteeacdtive cysteine ithiliat goo @wwsyargdor
SMXHAhaptenatbamaylsprovide the clanmemtikretdamolecular
disulphigeswell as intermodepuddeimprotixed disulphides. AnN
glutathionylatedformoeéelinssre not resolved by regpdor2disgel ¢
because of the small mohanwlarreeubthng from the addition of
to the protein. However, formation of either Tat intermols
disulphide iBolnkelyesalt in a significant structural or function
that could be a contributing factor in the proghnessliidh towar
infected p.afhentmrary structure a@Dllaaine acids divided into
functional domains. -Milcd dypswéif@bntains seven highly conse
cysteine residues. Mutagenesis stabidsuthavikestipsterinkat
residues are indispensable foofthans$canbtaottvarticet HI1V
protelimdeeditrthrescriptionally active form ahd at du @ myoagaerdis
have been feumochdgby ithiigbativity, suggetiteystichiamte residues in
Tat form intramolecular deagqulfede fobontdanscriptidmokledactivatio
al, 199A)so, increased transcription activity was seen in bact
was subjectedptotsiowefolding, which allowsoffodighigidermart
bonds (Kalatnzdli008). Thteesesudggest that the redox state of tl
residueslyraffteciebiological function aodTatthwuitiresrmore,
Kalantari (t0@8howed that three of the seven cysteine residt

free thiol form andalbblynfpressdmsulphide bonds independently c
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to maintain TaTadtivitgrcdh,rwed2dugel electrogxperr@amients to
determinbeifexpresgiamndfits deletion mluttem ttdeen &Bquative or
gualitative naituulgplmifde bonds, and what effect, if any, the ad
metabo3iMeHAwill have opridtedisulphideibohurkat T cells

The most ubiquitous ands poonaildethte sgpelks tise spwttative
peroxiredpnateinBeroxired®xxsgre antioxidant fenndmies all
organisms with the singBere&ktiapbiwng(ddrd ead Bhoermr e bimecies)
(Hadt al200%his family of antioxidaeetappooxims80dp a2 in
sizendse specialized cysteine residues to decompose peroxid
Prg towards peroxides in combinatildolavitbxphesrsilbighmean t
proteins BfrxhHamily are a primary line of defence against per
critical role as cellul@R esndifoxlidadiitbe physiological importanc
peroxiredoxins is illustrated by thaix Pekati® e oh btlnred ancst
abundant proteins in erjakkmogtebiafteith a wide cedfular dis
different isodotmes cytosol, nucleus, mitochondria, endoplas
plasma memMeaammealian cells contain at |ledstmssxofliffherdrix i:
enzyme W(torP@xwith all six Perx@epdundnnimctbasd®rxl being the
major cytoplasmic form i0Chuask atl TO@R)IsPrx enzymes contain
conservedctcwestethealesidue (designated the pergwldideic cyst
Prkto PAxalsontain an additional consedeeid rCiyhedresialwe ng
cysteimkeTIiCe Prx enzymes whdt d@yegdpenthus refedr@yst ® rxs
whilRkrx enzymesvo conserved cystairee dresiigin@Geys dP2L$Hh o

et al.2010; Hallal.2009Mhe -QysPrxs exismoftovale-itnked
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homodimers, with the two monoeeaid Seret ratleed hEerardb xid e
detoxatibphte -2ys Ppxseceentfiree main steps: peroxidation, res
recyclilffggure 4.1Thé¢ first stewheabe@sSHof omeonomier
selectivxliylized by peroheslelp htenicirteidn e dia$@H at the
activeeactive cysteitere Rreiodlutiore ab&xosf the second monome
reacts whidh-SOHtoformdisulfldeked intermoleculamd® rxraddomee
waterThe catalytic cycle is ctden plietelgp bwchedsh subsequently
reducetgpiclaylyhioredoecycling the free thiphrndrihg@hdhe C
et al2010;e$e0200Peroxiredoxins can alsoxbkicemheaoogetphinic
or sulphonic acids when a fraction of the sulphenic acid is
catwatlic cycle rather than formi{BgtayhealQiGWI p Wed e2002)
This leatsssoof peroxiredoxinatdtiokbstiandobshtheP formation of
the dead end sulphinicmpeidtiiosn iwith the resolution step of
catalytic (Woeée¢ al2003; €amd200@hder mild oxidative condition
amount of inactivation caused by peroxiredoxed,opodasibdy cal
byde nowwynthesis of the native,Haotewe hemzyemposed to strong
oxidative stress, the normal form of Prxs disappears due tc
inactivation by oxidation which effecbaséyl aembiubeftersceéhe Pr
(Rabilleu&l2002)

The present@raprotedinsulphigreoteinnddgch of the 2D gels o
Jurkat cell lysate mesmhmates that &6 lLJoEldatebeeing subjected

tomildxidative stress even before -HAdtmeap paitdhhnS d&Xcrease o
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Figure 4.0The cwutiecl cycleccgp$ Peroxiredgpinatyarxsare
homodimers th&tOserdubeee main steps: peroxidation, resolutic
H,O, isfirsteduced with a peyexidatioxi&i@é{sl.tadhe SOH then
condenses with the resolving Cys of the other subunit to fo
subsequently reduced by thitdhnedoxdaydlTRK)the H8Mhodimer
(D'"Autreauxedamnol 20Mth)le event of excessive oxidation in t
enzyme can become overoxided (4), when a fracfiOpnsor all c
SOHip further oxidized(toyS@HpdinsalphonicCa8i@s$) instead

of formindishéphThea&ormation of the su(l@isid)iscreéversible

by ATdRependent reducti®@H obyCygalphiresdlRX(D 'Autreaux &
Toledano,.2@@7)ional oxidageismulphinhc aS@H)jChesads to the
formation of the sulph®&gt) acnd (Bgsirreversible inactivation

enzymel@gge adaptedintoéadx and ,Te0®OdFano
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Figure 4.11
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the Prx protein disulphide (protdnfelk)itesctk erlinlithe Hild/gests tr
cell line is under enhanced oxidative stress compared to the
long established consequend® whltHaAY9 B e Rto@ateaéX 991)

The cell lines exprksfatgoHIW¥eletion mahawesd adsoapparent
decrease in the amount elvemropteonckntration of doxycycline

both the parental cell ltimdexzneldtioee| Hitdeed there seems to |
apparent decrease in the anbeuwterf phreteimnduced and ma»
inducealls of tiexplrassing cdlhisiggesstthere was an inactivation
the Prx enzymerdhentoompensaiddhni aheperoxiredanxtihat

the expopsfsiTattordeletion mutants resulted ve asdmesidoimal oxid
the Jurkat T cells.

Thadditimfn SMEKA to theferegtllineslso lead fuortherer
oxidation and inattithetipreroxiredosiin enmtythe celh lines
comparison between the parent cell line, Jurkat E6.1, and th
an apparéowiggamount of the peroxiredoxitha ita(fFmdeiucie)

The treatmentTatxpressiald limash SMXA also resulted in th
inactivatiPmanfl an apparent dexmeaet timetbeoteino in sproed

to the cells treated witmegrlttoecehdédbe the cell lines expres:
Tatl0l, Tat72CGRBRMdthe decrease in the Prx spot after trea
HA looked to be more pronounced tha#ntdatedeeallsn thloa g
perhaps roughly equivalent to that seen in the parent cell |
(FigudeD)D This waseroved at every concentration of doxycycline

the HiVfected cellstabettelmlimpensate for the oxircattmy stress
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SMXHA than the cell lines expressing Tatl®RAPThas7RGCFP a
probadlye two disfianxttors; thethHersatbibity of HIV infection to up
the expression of the Prx1l protein in accordhpocetwdth a rej
(2003). In that study the authors compared @G®rBet-eldsession
of HIV seropaosdtivel k C-D8HsTof seroimedgatdweals and found that
Prxand®rxBgenewsere expressed in greater quarctelysiofbdI¥ CD8
infected individuals. Additionally, they showed that these pr«
amountshenbtood plasma of |pmggresf@lohnsR® )ut not in persons
treated with ART or uninTdete dsipewsadnshat these genes, nor
regulated via oxidative stegsidatednbgestipulatCdB3 winthl anti

cell&Aschromiimmuaetivan of cealils a consequence of untreate
infection, this could account for the elevated levels of Prx:
HlVinfected indiMeéudéyn & SilvesFurtl2®mlOddre, they showed

Jurkat T cells tranBfetteddew®rNResults in elevated levels of P
Prx2 protieaanthmahibil HéYlicdtidhmpseviolbselgn shown that some
Prxs have antiviral actiMitpyadacnsetadih\y free radical concent
their antioxidant enzyme fumegudatiamgd dkdBe waFhway, thereby
blocking trpanen oflHMAsutatal,. 1992; Okamaitb992)

A report byeMigla60@orroborated the finding about Prx2 a
shoiwgsignificantly elevated serum levelexpfofad?2 dnomfeldl¥®d
individuals comparedinbethedr $elMial partners and also compae
controls. Furthe-PCd&RreanRBllysis conductadtonafeuretiesubsets

fromaeh cohort showed that Prx2 tramsamnipt < @8 +eTdeédlsteah d
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to a lesser extent in Tibed+otheceftbksason for the apparent dec
amount of the Prx disulphide after exgrtesaitmgeceld$- thiehT& M
HAis that th-& H&aY protein is able to suppress the expression
as glutathviman@a reduction in glutatamnadn& G ntheacsters that wo
normally counteract the oxidative SM3 A (&bsmed atledd 938it h
Westenagdrpll995b)

The HivVfected cesHolwreagtriratessumber of protein spots whic
anticipasedhis ceékpreesseditionalpbléicomtaintimigbsich as
Vpr, CA, NC dhdtPcRin poteortoabklylphide doomparethdocell
lines expressing just.fiheGFdt pebltéime had the fewelsdthrotein
in the absence and presence of ,t9\d XHefaThiveisnptababty due t
the fact that the variant of GFP used in this study is not kng
thiol gradplsouglcould be potewmdiadllyy dantioxidant properties
overexpressed GF.P possesses

The T@FP cell line consistik mtby ebitsep ha v o tise drixdCh e
gelshan the otfteexpréasing celThlimemay be because of the
distribaun of the Tat construatts cfsenved bibabitelHAMKIth the
exception of the aforéBé&monseduldtath is missing the basic d¢
(and thus the nuclear localiNBSbibme setthugandit@tinssed in this
study have a predominantly nAicdewahtides arjidrutyo dfadt@E P
constraexpressed can ibetheundtcheusoss of the NLSad@means
readily detected tiheoagtogpdasonontriastjntracedistaibution of

SMXHA as dermtedmbyndhaneéd al2002) uduoyesdcahbheélling and
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confocal microscofpyatthlkeomeaacdttive metabolite was distributed
cell cytopTaemaMX antibody staining demonshratdedgtibgt pro
SMXHA couwle visualized inside theneall timevesliclaembrane wi
fivenin olie cell bredoigawith SMA Sixtminteafter exposure to the
metabolptetebnnding was vislualugéidiet cytopillmsomcentrated
discrete buaasds obserthee inuclBluscytoplasmic localization of
SMXHA and" G&ttsuggests tHattGtihle consmrigdktaeatemporal
advantager the other @snsheuetldectesx pdedicc SMEKAmMight
accumulate more quittklyrelsieente in the same coiHpdntment as
addition,rehdetive nature-H® SuM¥ests the majority of the m
introducedthemteultmediuwould be boundelwuthr proteins in th
cytoplasm before it is able to reach the nucleus.

The reportnblyatMaat g12002) evatlvated lular distribution of £
HAonlgt two time theinos,ger of whicBecassle hreatment with S
HA in thiky swas e€drout for a peridtdeotedlhlar dsdtowvbiuntgon
SMXHAbinding to pmdyein the cyh@aylaomrbe at later time poini
Indeed there have been studies showing that nuclear accumi
protecrasr take up to several hours and, depending on the size
h potstansfecAbaumiaantaki2009)

The nuclear envelope separates the nucleaplasmixcgrtme
thereby necessitating nucleocytoplasmic transport. All nuc
imported from their site of synthesis in the cytoplasm while

the nucleus such as mMRNA, need to be exporteglasmhe cytc
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exchange of small molecules and macromolecules occurs
complexes (NPC), which are embedded in the nuclear envelo
of material in two distinct modes: passive diffusioncknd facil
and Gorlich, Fac0llijated translocation can accommodate the
objects as large as several megadaltons and is often coupl
energy that allows transport against a gradient @brdhemical a
2001D)n contmpeesstsive diffusion does not require any specific i
the diffusing species and components of the NPC, it is fasi
macromolecules, but becomes increasingly jeeffapigmtaabethe
a size limi-d®KD20 (Ribbeck and Gdohlectiela9éd)dynamics of pa
diffusion throughcoluddNexplain the quantitative and qualitat
between th@FTaxtpressing cells and the otheer faell thadsalA the
Tat constructs have a presence in the nucleus would explain

the protein spots between theHAllirtiatnseaftter SMX

The next step in this project worelalcbidnebd pdemeifisethe
Tatxpressing cells after treallAemtd wothctsaMXcterize the rel
sensitivities of the differeldtpretsindti®@rgetsght also address
of oxidadn the funofidhe individuaBapeotal2@85) conducted a
similar study weeughtthéy determine whetheliud&rdhtpoat®ifns
is selective or part of more gloddleyxudeefroeecomaimgagproach t
identify thiol proteins that become vxreizted adudkiotumdcell
that proteins with a wide variety of OUninti®mess w es e hoexi rdf zreddin

the oxidation of GAPDH, a theme reinfqBred eagnplr20/0dus stu
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Cummieg al2004; Fedtal002Given GA®#tDH bhmolecular weight
0f36kDA, there is no protein spédtreratedtsatitidd Bis present in
all the samptlleast amatches thThiwedightd be a reflection of the
oxidizing ageit tlheexperimantsvell asobhltentraticdmrahnieon of
oxidant tre®DtmemtnterestisgdpndieeBlabgt al200&)enoesin
heat shock protein 902, ubiquitin thiolesteraaél b6 whdcklonc
have estimated MW -bkGwBAnag6ording to theiheépDsgtebsns on
That issamerolecular wengdproteins p,,qQrandgitfvatewenique
to the" G&texpressing caflietirBdMAX treatnéretse protmiay be
important as they are potential targets fdrdi@Edr theleoculyar bo
Tamutant wstlgnaficaynoplasmic disMrolesinoms a protein involve
cell structure, functionlimggeasbatweess the plasma membrane
filaments. Heat shock protein 902 and ubiquitin thiolesterase
folding and degespatcbively whtileneflmatgpa 2 is used in transla
RNA procedsinfgur are proteins that primarily reside in the cy
Further proteomics research in the interactions betwee
cellular proteins can lead to increasmeéltandemstaredhimgd ah el
developmemMD RRFOne future direcpiani oltaldiy includes the use
techniques such as mass spectrometry to isolate, purify and
the metaboli+eASIMXthe context of Tat ewourlds filco be benefici
determine which proteins are involved in the formation of m

differences the expression of TAas$ bewsa mmpdeethta egxgtrsession
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of Tat lead to mitochondrial ppoimiary dacgetifgramixed disul
bamds?

In summary, the results frometbsrnggesttinemptression of
the H1VTat protein can have an effpcota@naplenamiomnnbrofught o
by the reactive metdbdHbeye8dtottad amount -BIAISMXced
haptenamiaynbless important than the specific pheteielltdaget.
distribution of the Tabegarbdaed nmimayatrgay speepifotsifor
haptenawlich may contttilbbaiteetiular sensitivHtty Thee 2N X
experiments confirmdtAthataSphXent oxidizing agent that is .
about the formation of mixed disulphides, bonds that could af

of proteins required forxstadislar home
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5.1Discussimth Conclusions

Prior to71%® antiretroviral drugdowetiteecavmidablef HIV
infectaonrd thecapgisted of treating opportunistic diseases and
arisiffgomimmunodefic{Enxolelt al.1987)n that envittement
antimicrobials used for treatment or prophylaxis against opg
the most attentnomsdanbhen drugs responsible for hypersensit
AIDS pati@hdsr & CooperCelOoboxazole, use® ntoe mioscatstis
jirovegheumonia was thmmmasy cited drug, but a significantl
incidence of hypersensitivity was observed with other sulph
antimicro@@aks & Cooper, 1998t GlaPBPM reasons which wer
unclear, the rate of ADRs among peompboeawlyhwHleh iimffeecctiiioom h
progressed to clinwassl tRITf8ld that of the general population.

The advent of antiretroviral therapy (ART) almost a dec
drasticalibypngde course of HIVniNferah odmeomca rapidly fatal on
to one which is now a dlrriomichdmseds®0d Wse of ART has al
resulted hange in the epidemioloigymafnADRBsoastituth@n mean:
need for prophylaoticopperapryistidcsdisdas®edl subsequently, th
problems associated with ihdlreancd opedr ea®andmielsamed, 2007)
As well, amongwptatiweis controlled viral |loaslaspprearrsate dfe AD
much closer to that of the gHowealdAP&®msultatiamtimicrobial dru
have been replaced by ADRs to antiretroviral agents includi
protease inhAsbMetb as anticonvulsantusetd otbat ohreigsymptoms

of Ht¥ssociated d@aent&aCooper, 2000; Pirmohamed & Park, 2
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In the general popudatiorsPDRsible for 3% of all hospital
and occur2i%l O6f hospital (inpadeetndsl 998Nhey are a major publ
healtlobdedwue to their frequency, potential for majamdmorbidi
also the impact they have on the developfRiretdan,d.28DO of me
the develpworilsleadse prevalence, access to medications, dru
drug managemenareyesrtleadd yferénotm those o fe doeoven orplelss
impaagn the incidence and natutlee ¢ ADIRMtoiress.of the first
studiesdtetermine incidence and nattSa@hafaADARfsica Subing tl
HIV/AIDS pandemed,a2008) tbahdheidence ofinAChRsr study
populationltddbeuth Africa has one dfVphreviailgmest rates in th
worldih approximately 12% of the total population infected v
60% of thoksieidwaaks on ART. In their stuafl 0 Melsearved that
ADRs to antiretmusgvwearde more frequently reported than in dev
and severely -iinfeéltled individuals, wihecewwiaegtimetroyvirals
frequently developed ADRs toogmpwgsuumsstdcttootre.at

Coetrimoxazole is associasedswithithypBE3Rs of the HIV
negative poubatidareVel1991)n HpWYsitive patients, ADRs occ
30% oftipats at prophylactic doses and 50% of (Caaren&s at t
Cooper, 1®@&@5)moxazole is a combination agent composed of t
sulphonasulbehamethoSav¥peM X bselieved to be the aetiologica
fothe hypersensitivity ADRs emaduntetrreadiafitreorh cxoazole and

thus represents an ideal mtodeinveshigateskctheenisms of
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hypersensiDRStynAHdV¥sitive pa@tmMemtsour considerable knowledc¢
its disposidnd metah®litmimhbamed, 2007)

The research embodhedisnwasscarrdesesatthe contribution
HIVlTato JurkatlT toxicity induced byutpkbonaactikdaedolite
SMXHA Tostudy these wesuessed a vectodisfiesteemhiabdy induce th
expression of Tat aedceihleabalagpsreatmentSMMhAThe data
in Gapt2demonsthatthe expression of the fimsstekrtan offe dteetd
Jurkat Tpoeldawl@aecooperative effdtA ooxbEdityeffect dependent o
the level of Tat eMprassoordenmneandshraait apoptdbies pramary
mechanism of cell thaathdepuassion b&ddTao effeetlilohar
GSH/GSSG coowoasni¥ratancluded that the first exon of Tat was
affect the redox state oWV e wllsat clocelllsled that oxidative stre
primary mechanism driving cell death.

After obtainingletmgtiuTlat protednfffeoemtaviatdwesol
constructed deletion mutants in an effort to determine the r.
was responsible dbatobhicitelthat was obapt2éditiengGihat
and the deletiewematatably tramtofekueldat Tdcelesercell lines
were useclinviability and sRI@Scaidbsadtapt@rThe cell viability
assays sthawdfferedtadlexpredigionndea significantne$dEt o
HAIinduced cell toxowityhathadwevéeheROS assay showed that |
expression fatlahgihaproteimcreased the ROS generated by tr
Jurkat T cells wiAlckdBd M Kstent widkhidapmtorole. Of signefieafance, |

the deletion mutants hadadtbwisgmeodbfiedte thatighgtliuTlat
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protein is required for timerienaBE®Bio N wrfkat RredVsous reports
have shown tdalkteflian mutants (Tatd@&n oimdiled®69r augment R
production in cultured theslswalsowkservedtie lgdaithdre of
recombiaatrtacellulprrofleadn the cu(Akreesredval2006; Gaitl aw.

2005; ¢€iual2005)

Evaluation cofnsleguences of the doxidedieyleS¥H Aswas
stueld inhaptdrby analyzing changes to the diRedwmmidte prote
dimensid@®lelectrophoresis of lysates of -exepkeskriomg LimeesTe
produced numerogsotshatearose from dimwiitdhh pmoeemaslecular
disulphide Oordsfsehe@roteins spleéshwpsly expeessigedoxin
enzymethe apparent intendiuystoatethdhidinfectedlinabhs
unddesexidatbieedsarnthe Textpressing celédveEnewielkxpwtsure
SMXHAExposure of the ceHls lteod S Xa dramatioxindcatdaaseoin
cysteine thiolapreeeimsn the redox 2D gels.

A major obstacle to the eradisatienpeksksi\etthe virus in
reservoirs. In patients that have not9beéemftpdatemmwaths ARV
mainly generated by repeatedreptilestioh imfexdiovated CD4+
(Coiras al2009nhe resdukes to viral replicationrefsengotaltiular
produceslHdV loweranatem pessesting T cells, infected dendritic
macrophageilsctare more resvst@snitduoed cytopatbrccelfscitrs
anatomical sites with low pharmacological activity for ARV d
the ARVs to penetrate tissues such as the (Qultexakcahtral ne

2008; Ctual2008; Cetiedd28009; Guastaqudp@06; ®Rtuad1999)
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Ongoing viral repODdtioh ¢ells cannot be fully efcluded d
infection, @wadhnenns undergoing antir€ orrose gaul & hhebyhIpAT.a t
protein is continupustgdbaimdbatsic domain allows the protein
infected cells and enter, uninfédhea FyankredeandeHabo (1988
demonstrated this unique property of Tat, their results sugg
was followed by tranbporuazieous toatnscriptionally active form.
determined that it took 6 h for approximately 80% of the inte
in the nuclear compiesrtmeahs there is a substantial portion
cytoplasm for Furitdheérmore, the basic domain allows Tat to er
including the heart, liver, lung, spleen, kidffeohweae&i@aland ske
1999)

Therapy SWithroduaesystem wide distributaod whileetdeug
liver is quantitatively the primary site of bioactivation for r
also been shown to occur in other organslumglddeeblsthoef shken,
immune sy <telmet all1990; ¥yaxsl200Ghe cytoplasmic distributio
the T@FP cell lihikghrasponsidblelemsartor the increased sensiti
of thaddsiek@D4 T cells tedSMXeatmbaaptEd 3). The 2D electroph
ofJurkat CDdlet|$ expressGirdg Taatd treated-hWAtlyi8NMIXinique
protein spots ahsao weakably due to ¢heistytbptasm™d@ RRe Tat
fusion proteernv.oRassceniariviwhere fithkkength (wil@aygp@notein
iIs released fdiofredied cells, enters andnfecatizeellis the cytop
wherdn the presendeAdfa®Mps the tHdebdhroapoptosistheading tc

increasetl deafthbotheHdlVinfected CD4+ T cells and afninfecte
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various (¥pgsre.5The loss of the CD4+ T cell compartment has
immune deficiencies for ,ttbaitHiltvV cpatfice ptotentially also lead t
ADRs due to the loss of the regulatory CD4+ CD25+ T cell
mirror the situation desatridle2i0D0y)Kfich contact hypersensitivi
Contact hypersensitivitys aaldergnowontact dermatitis (ACD) i
hypersensitivity ADR. It is a common inflammatory skin dise:
to repeated skin exposure to cpmiteciin adlhemgiecrad s rooanhaptens
2, dinitrofélbbenzeneB(D&Md oxazoloWeo dOx®odonal2009CHS
regonses are mediateantd sl EpFkNducing CD8+ T cells primed by
dendritic cells gpmdsleapgiteg Langerhans cells (LC) migrating fr
skin to the draining (@ mmpoha cloae & FaAdtholdgh CD4+ T cells &
not required to mediate the CHS response, eithelrs,as effe
regulatory CD4+CD25+ T cells have been fspwercdfito COB+idt tt
cell expansion for CHS seeaspl®R0Dbs 20Dveg of the major differet
between CHS and hypersensitivity ADRs induced by SMX me
nature of the effects caused bypBaMXrgawnslvnngomturldast to the
area of skin that is sensitized by the allergen in CHS. This :
the severity of-inldeucxM Xreakhieomside spread distribuTieotn of H
increases the probabilitypeiinghien prrooteimityH Ao rMs{ng the
cellular toxicity and increasing the incidence BfeAiDrRBsaimy the
data from experiments looking at the externalization of an
apoptosisw that the cell demtbh&gbBG&EtPvasd Tatd8GFRncell line

th@resence ocHASNMsXmediated via apoptosis. This is in keeping
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Figure 5The mofdbelincreased incidence of ADRsfrimcHbW pétier
the SMX dose is metabolHigAednto SMIXwhiahebotlable to
haptenate celluldmerihapitemnatedr predaimtsthemrocessed by an
antigen prese(AiPR@¥@caeding to recognitablnrégeq torciamm uan e
response. During HIV infection, Tat is released by infected c
of uninfected cells where it changes the disulfide proteome
for cell deattthe presencdd Af whNoh wihellgad inicreasednantige

presentatCdB8¥ocells aneévdlopme@mDR to SMX.
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Figure 5.1
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found in AdeyaiiJ009).

Another consequence of incrdagpseg ceddded a(tthignre 5.1) is
that these apoptotic cells can be a source of immunological
may influence subsequent iBipewnkiceldpontsdsas been shown th
derived from phagocytosed dying or skseadioefiés snaryab e mptigea
presenting cellto (PdnE@snte-rdsitCidted peptides that are then 1
activation of CD8Whetcallz00€)assically, MHC | molecules p
antigens synthesized within the cell to CD8+ T cells, while -
via endocytic uptake are loaded onto MHC Il molecules for pr
The probgswhiARE€ acquire anslepogea®us antigens into the N
pathway for presentation to CD8+ T cpriéseistadknonn aas ¢he
resulting stimulation of CD8in Tviusllerraspdpsios fRock &
Shen, 2005)

It is not clear eantittbdnbowapoptotacecedlseased and acquit
by the APCs, though there is now evidence that -the imm
presentation to monitor tesewmee fofr ftdreign anhdigenrfrom
virus@dere is also eviidce nrceei tildautals with chronic HIV infectio
T cells seem to activate a wide repertoire of CD8+ T cells t
epitopesvigRawseotnal200lMdeed the magnitude of the CD8+ T c
directed against afpepitwagédptieééls correlated with the decline o©
CD4+ T cells. eRaal(20007) sadjyjatstthe presence of these CDS8+
HiVinfected individdapsetnatthCD4+ T cells dercdettssredfGiDed+ T

cell help may be duetyoodkma ratipacelbe independently stimulat
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variety of dngrnabdamoptoficellsaxpressing the CD40 ligand (C
(Propeatto al200D)ead or dyehg used as afsanmtcgeasodsr
presenda is not limited to CDd4antigklss ihedreeeld from intern:
apoptotic welbblsehashown for madekeog aguwctreastricted ,antigen
cells that support HAvVdiafeqpdamntive for Tat éAbrerstsi@004;
Fleeteh al2004; Maedrain2008n) the model of ADRs in HIV pa
(Figurd,the metabolism of SMX leads to tH& foandh &) of SM)
both shown to haptenate to cellular proteiMmaninmhdededls (Cha
2002)Nnd most likely in othEhe dlé atfp®d these haptenated cell:
to thesgrmesentation -refl ERIK andnglem®s immune response manifi
clinically as an ADR to SMX.
5.Future studies

One of the major obj¢leiviemss ab tihhusld upon the work publi
Adeyarejtu al2009), specifically to ascertain dhelaeqgioateoh the
needed to amplify the cell toxidH®y. dawesddiVay 88/d in that
report amelxplerimerChapners 3waare 4rom two different sources
result hadamdnoequence differences. It would help clarify th
the cell viability datetim|f20/Bmapleand the results describe
Chapter 4 if the two Tat variants -veT® . scb(BtVeangotéeldMinal
repeduciferase) reporter assays. The asrsays ovwophdtdeitegrmine
of tideffer@at protRegsardless of any potential differences in t

two Tat varidotsftbell death appears to remain the same.
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We have detdhminthee stable transfeeltidatoproteald Vv
mutant that retains the protein transduction domain (PTD)
nuclear localization selgagsrerididsS)exclusively, to distribut
proteiin the nucleus. Indeed therdeowashaoflewirkcesceant micros
experimeéoatsuggest that these proteins (TatlO0O1GFP, Tat86(«(
ventured out of the nucleus to impact other orgafdelles suc
biochemicakliyy vthese results, we could carry out mitochor
subfractionbddedlsxtrabtys differential centrifugationPAGEBwed b
and immunoblotting-mathaad/a®@Banitibody.

The datGhapters 2adsd Shdwatd shabiiyansfedueklacell
lines showed a decrease in cell viability when treated with t
HA. Howeveantrihee |l dlidfereaxipalessitoatv01 GHResellsad a
small additive effectlidgvhceer| tvealbed whHA bSIMX o significant
effect withiffeeertiptessianyobf the otheTan836&LR&BL72GFP
Tat48GFP"@3FREhapterit3ywould be interesting to determine if t
differences in cell viabilitiebhgtieleat tgre tfaiill and the deletion
they were applied to the T cell culture, both in tHA.plmesence
other wordsmimetehat effect extracellular Tat has on a T cel
without SIMMXThe extracellular application of Tat and its dele
also mean that the number of Tat molecules in a particular
this amoauwnltd cchen be multiplied many fold to determine what
expression of Tat might have. The use of the deletion mut:

particuégron of Tat had a synergistic effect on T cell viability
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Another potentialelencaetearctoegaluabhe cytokine profile
produdedthe incubation of peripheral blood mononuclear cell
protefimst followed by eMaldArke somilar studyelbbyal2€94)
showed thatHSMXeduced mstiogdateBMC production of the
inflammatory cytokireensd-TIPANH haeuthorlso fomadchange -fn IFN
productiomsilgumtificant diewctéasgeoductli®@ading them to conclude
PBMC poosed to-tbMXould lead to a hleiigihmamed rEdpdhse.
immune respontdeoughéactount for some of the characterist
hypersensitivity ADRs such as dela@eve ronthedtaelinietateser.
monocytes to prodflamnpaderycytokimecludiig M. and T=ENF
(Chext all997; &ltatH1999)ch an expwounheénnastablish if the addi
of the HIiYroteomllcad aomore roplusesipohisiemight account, at
least in part, for the higher incidence of Hypected piaditvetryt ADF
5.8onclusions

Drug hypersemdReidptribute substantially to patient mc
mortajJieyspecially-infeldt¥d p.aflibaye a major public health prob
developed countries and increase the burden and cost of me
overstretched healthcare system ObBlhedeveedbpnmgmmsatindsrliying
development of hypersensitivingoMmpRetedye deetilhetudies have
shown a contribution of the Tat protein in the HIV populatio
this thesis lay the gromdenvsdakifemrgole playedybgypltdemic
distributidratofn dskasitivity 4o0f TDrells to thesulpaonamide

metabo&vexHA



228

5.4 References

Adeyanju, K., Krizova, A., Gilbert, P. A., Dekaban, G. A. & R
HIV Tat potentiates cell toxicity in a T cell model for sul
induced adverse drugVrieastg®e®®.s37-282.

Aksenov, M. Y., Aksenova, M. V., Nath, A., Ray, P. D., Mactu
Booze, R. M. (QO606&iHmeediated enhancemantoxicity in rat
hippocampal cell cultures: the role of oxidative stress ar
receptNeurotoxiclb@y-728.

Albert, M. L. (Réauhefying immunity: do apoptotic cells influe
antigen processing and pNaseRé¢atilond, 2233 1.

Alexaki, A., Liu, Y. & Wigda@GkllR|lar0688rvoirisamfdHheir
role in viral per€istearcteHIV re&ed8800.

Bailey, J. R., Sedaghat, A. R., Kieffer, T., Brennan, T., Lee,
Rotolo, M., Hag®ypeMy, Kamireddi, A. R., Liu, Y., Lee, J.,
D., Gallant, J. E., Cofrancesco, J., Jr., Quinn, T. C., Wil
S. C., Siliciano, J. D., Nettles, R. E. & SReciaua,l R. F. (
human immunodeficiency virus type Hhtveretmianin some p
antiretroviral therapy is dominated by a small number of
rarely found in circulatingJGDrhalTocelil&Q16496l457 .

Carr, A. & Cooper, D. RFathb9emesis and management of HIV
associated drug hyiwetdldnSiclinical, re®ifew

Carr, A. & Cooper, D. AdvEezG@0O¢ffects of antiretrloanradttherap
356 14213430.

Chen, P., Mayne, M., Power, C. & Neaghl,aA.pfd9&ik).of HIV
induces tumor necresliphfaptoductnoplicationslfor HIV
associated neurologicadalheislmasesal of biologicaTZhemistr

2238532388.
Chun, T. W., Nickle, D. C., Justement, J. S., Meyers, J. H., F
Hallahan, C. W., Kottilil, S., Moir, S., Micaw,add,M., Mull

D. J., Kovacs, J. A., Mannon, P. J. & Faarciisttenge (@008)
HIV in-gasociated lymphoid tissudedes pmiteirlotrgviral
theraplyne Journal of infectioLl%7di%d2a6es

Coiras, M., tHbpertas, M. R.;OPmedz,. & Alcami, J. (2009).
Understandindy lkhkténcy provides clues for the eradication
term reserWNoatrgre reviews812.

Coopman, S. A., Johnson, R. A., Platt, R. & 8taneo®Rs S. (19¢
disease and drug reactionsniihelWemfe&otgland journal of
mediciB28 16710674.

Cribb, A. E., Miller, M., Tesoro, A. & SpiEHrexgdesseP. (1990)
dependent oxidation of sulfonamides by monocytes and n
humans and Mmodscular pharmad@go7d@d% 1.

Edkstein, D. A., Penn, M. L., Korin,-Adabs, SxriptuiZzeack, J. A.,
Kreisberg, J. F., Roederer, M., Sherman, M. P., Chin, P.
Goldsmith, M. A. H2@O0 4ytively replicates in naive CD4(+)
residing within human lympmondntit§s6é&8 2.



229

Fischl, M. A., Richman, D. D., Grieco, M. H., Gottlieb, M. S.,
A., Laskin, O. L., Leedom, J. M., Groopman, J. E., Mildv
Schooley, R. T. & et ahe(®298¢acy of azidothymidine (AZT
the treatmentieordtpawith AIDS aetdaAd®STomplex. -A double
blind, placehobtrolledTtheaNew England journal3dffmedicine
185191.

Fleeton, M. N., Contractor, N., Leon, F., Wetzel, J. D., Derm
Kelsall, B. L. Py®4)s patch dealdsipicocess viral antigen
from apoptotic epithelial cells in theinheeseiheTickereoviru
Journal of experiment2l0(h2ascim.e

Frankel, A. D. & Pabo, CC&llu(a®8)take of the tat protein fro
human immunodeficuesDeipy 11819193.

Gorbachev, A. V. & FaircdDHWUH COD.2b+ regulatory T cells utilize
as a mechanism to restrict DC priming functions in cutan
responsEésgropean journal of i 20@KDJ b .

Guadalupe, M., Sank&aarg®, M. D., Reay, E., Verhoeven, D.,
Shacklett, B. L., Flamm, J., Wegelin, J., Prindiville, T. &
(2006Vyiral suppression and immune restoration in the gas
mucosa of human immunodeficie-nrcfie viedsptaytpenis
iniating therapy during primary orJoumoeilc ahfwgilom.y
823®8247.

Gulow, K., Kaminski, M., Darvas,-Web®usdM.D& , Khremmer, P.
H. (200B)V1l traqastivator of transcription substitutes for o
signaling intecaindaced T cellJdleamu.dd¥y 5249260.

Hess, D. A., O'Leary, E. F., Lee, J. T., Almawi, W. Y., Madre
M. J. (20Ihhjibition of cytokine production ard interferenc
receptoediated-Stak signalinghpdroxeylamine metabolite of
sulfamethox&zaslebly 18515857.

Kish, D. D., Gorbachev, A. V. & FaircGD8+ RH. dell(2®dbYuce
-2, which is required for CD(4+)CD25+ T cell regulation
T cell development foreceahadctivig respansas.of
leukocyte bibdo0o93b35.

Kish, D. D., Gorbachev, A. V. & FaircREegulRtoky f20@7i)an of
CD4+CD25+ T cells from a@lafsieinMbBiCce in contact
hypersensitivity reJouaomaé saf |eeulboo By 89 2.

Lazarou, J., Pomeranz, B. H. & Corlenidende (df98@8yerse drug
reactions in hospitalized pamnahtsisaomptaspective studie
Jama79 12010205.

Liu, K., Chi, D. S., Li, C., Hall, H. K.oryisginhemngnmy. &. & K
(2005H1VlL Tat preitedoced VAQAdkpression in human
pulmonary artery endothelial cellsAmmedictesn sjigunran an go. f
physiol@@p L25260.

Mandron, M., Martin, H., Bonjean, B., Lule, J., Tartour, E. &
(208)Dendriticimeéllced apoptosis of human cytomegalovirt

infected fibroblasts propresentaties of pp65 to CD8+ T c¢
The Journal of gener&ad vi86logy



230

Mehta, U., Durrheim, D. N., Blockman, M., Kredo, T., Gounde
K. 1. (20B88)erse drug reactions in adult medical inpatien
African hospital serving a community with a high HIV/AIL
prospective observatiBnidishtydyrnal of clinical pharmaco
65 39406.

Nath, A., ConanterK.PChScott, C. & Major, Era®@siéh299).
exposure tdl Hlat protein results in cytokine production in
macrophages and astrocytes. A hit and hret d plrenrad noénon.
biological chemgsiralvdg 102.

Pirmohamed, M. (2@@7MHypeerrsitivBasel: Karger.

Pirmohamed, M. & Park, BHIW. 42d0dnNug a@lergnt opinion in
allergy and clinical ilpn8ds8dleo.gy

Propato, A., Cutrona, G., Francavilla, V., Ulivi, M., Schiaffel
Dunbar, R., Cerundderra&rini, M. & Barnaba, V. (2001).
Apoptotic cells overexpress vinculin-sgred iifn d ucya otioncie!l i n
T-cell crpsemingature med7ci®@F13.

Rawson, P. M., Molette, C., Videtta, M., Altieri, L., Francesc
T.Finocchi, L., Propato, A., Paroli, M., Meloni, F., Mastr
d'Ettorre, G., Sidney, J., Sette, A. & Bamssba, V. (2007).
presentation of -chespuaesaed apoptotic self antigens in HIV in
Nature medl@inlet 311439.

Rieder, M2Q09)mmune mediation of hypersensitivity adverse c
reactions: implicationsEhbopetrtheacpipyion on d8u@ Ilafety
343.

Rock, K. L. & Shen, Crdg®ms)entation: underlying mechanism:
role in immune survranmlbmcle.gecwiled7 16683.

Ruiz, L., van Lunzen, J., Arno, A., Stellbrink, H. J., Schneid¢
Castella, E., Ojanguren, I., Richman, D. DR,aCiotkt, B., T
& Racz, P. (PY®%¢ase inkibntaining regimens compared w
nucleosidnalogues alone in the suppressich of persistent
replication in lymphAiBDSi¢sardon, Eh§laBd)

Schwarze, S. R., Ho, AMkbamcero. & Dowdy, S.IR.v[¥699).
protein transduction: delivery of a bedhogntallilieactive prc
mous&.cience (New Y@B5 INbBISH 7 2.

uhl, M., Kepp, O., JuSadatgoesH., Vicencio, J. M., Kroemer, G
Albert, M. L. (ROtbPhagy within the antigen donor cell fac
efficient antigepriorimgs of-sypewcsfiD8+ T c€ldsl. death
and differenligdt9@4005.

van der Ven, A. J., Koopmans, P. P., Vree, T. B. & van der M
Adverse reactiofisimoxearzole in HIVLUanhe&38mM3433.

Vocanson, M., Hennino, A., Roygaeeré&s., A .NiBolas, J. F. (2009).
Effector and regulatory mechanisms in alleAglerggpntact d
64 16919714.

Vyas, P. M., Roychowdhury, S., Koukouritaki, S. B., Hines, R
K., Williams, D. E., Nauseef, W. M. &2806RkszgmeC. K. (
mediated protein haptenation of dapsone and sulfametho



231

keratinocytes: Il. Expression &wodteahdngf flavin
monooxygenases and pelfbeidasgersal of pharmacology and
experimental therah® 46B%65.

Zhang,,ZSchuler, T., Zupancic, M., Wietgrefe, S., Staskus, K.
K. A., Reinhart, T. A., Rogan, M., Cavert, W., Miller, C.
S., Notermans, D., Little, S., Danner, S. A., Richman, D.
Wong, J., Jordan, H. L., SchaR&er, P. WiRanzr K.,
Letvin, N. L., Wolinsky, S. & HaasSexAalTtrdh9m9dssion
and propagation of SIV and HIV in resting and activated
Science (New Y@®Bg INBBIZ357.



232

APPENDIX



233



234



235



236

Curriculum Vitae

Name: Kaothara Oluwakemi Adeyanju

Possecondary Honours Bachelor of Science

Education and Department of Biochemistry

Degrees: University of Ottawa
Ottawa, Ontario, Canada
1998000

PhD, Microbiology and Immunology
University of Western Ontario
London, Ontario, Canada

2002011
Honours and CIHRHIV/AIDS Research Initiative Doctoral R
Awards: AwardBiomedical/Cliemamal Str

Schulich Graduate Scha0a0ship, 2006
Western Graduate Schd0drG.hip, 2004

Related Work Research assistant
Experience The University of Ottawa Heart Institute
200P004

Reseaskdhlimclude

Flow cytometry and analysis

ELISA; Enzymelrhmkeasorbent Assays
Virus cuMiured plaqgue assays and titration
Mammalian cell culture; transfections and colony iso
Western, Northern and Southern blots
Recombinant DNA techniques; subcloning
Polymerase Chain ReatTitmanCand R
Isolation of genomic and plasmid DNA
Gel electrophoresis

Restriction enzyme analysis

Redox -twmensional A®EBS

Qx Ox Or Ox Ox Ox Ox Ox Ox Ox Ox



237

Publications:

Paper

Adeyanju K., Krizova A., Gilbert P.A., Dekaban G.A. and Ri
potentiates celintaxTcidgll model for sulphduceth @davzake drug
reactid/nsus Ge&Bqd8):-822

Adeyanju K., Dekaban G.A(2806d)RCyteplMsmic distdlibluaion of |
sensitizes Jurkat T cells to -msydpdrayh@mhorazioldkuced toxif
(Manuscript in preparation).

Adeyanju K., Dekaban G.A. andDRitedeiomMof(DdXidant sensitive
proteins iRl H¥xpressing cells bydimeédosgiotmad electrophore
(Manuscript in preparation).

Abstracts
Wang, H.W., Antillon V., Hartman K., Adeyanju K., and Van I
of Brain Mda,Plkse by Adenovirus. C¢a&8n(SapglarBj)oll75B, 2002.

Hou X., Theriault S., Adeyanju K., Lingrel J. and Van Huyss¢
Pressor Response toda& cNwa.-AWaPrase Deficient Mice. Can J.
(2003)

Adeyanju K., Krizova A., Rieder. M. &hargaekabR.n Moffat Grac
Research Day. London, Ontario. May 2005. The contribution
adverse drug reactions induced iy dSokyHametboxazole

Adeyanju K., Krizova A., Rieder M. and DekabaheGHLIA. The ¢
Tat protein to adverse drug reactions induced by sulphonami
Conference 2006.

Adeyanju K., Krizova A., Rieder M. and Dekaban G. A. Sulj
cellular toxicity iMmatHeEXpressing celdelpeas eist nooklehgthull
protei'iCanadian Therapeutics Congress, May 2007.

Adeyanju K., Rieder M. and Dekaban G. A. DiffénenRralt&ixpre
by T cells Confers Differential SensitiviHydtox $lulmhmen e Thaex
IX'"World Conference on Clinical Pharmacology and Therapeut

Oral Presentations:

Adeyanju, K. The Contribution of the HIV Tat protein to A
induced by Sulpharmgoroxgtaieane. MICROIMM 540y, Depar
Micadbiology and Immunology, The University of Western Ont
April 2005.



238

Adeyanju, K. The ContributiolatoprdteiHIVo Adverse Drug R«
induced by Sulphonamides. MICROIMM 540y, Department
Immunoloflye University of Western Ontario. London, Ontario.

Adeyanju, K. The ContributiolatoprdteiHIVo Adverse Drug R«
induced by Sulphonamides. Guest Speaker for the BioTher
Robarts Reseaneh Lositdobn, Ontario. January, 2006.

Adeyanju, K. The HIV Tat protein and Adverse Drug Reac
utilizing sulpham-byldoraygbdmine. MICROIMM 9250y, Depar
Microbiology and ImmuUoilvognsithef Western Ontario. Londol
November 20, 2006.

Adeyanju K. Understanding the mechanism behind adverse
AIDS Patients. MICROIMM 9250y, Department of Microbiolc¢
The University of Westleondonta®intario. October, 2008.

Adeyanju K. Differential ExgrefatoirofeiiiVby T cells Co
Differential Sensitivity to SHygphamyelhmnixeezol&uest speaker in
Pharmacology Grand Rounds, Departmiemity erfsille difciee s tlelra
Ontario. London, Ontario. April, 2009.

Adeyanju K. Understanding the mechanism behind adverse
AIDS Patients. MICROIMM 9250y, Department of Microbiolc«
The University of Westerm,O@haaroo.LNongember, 2009.

Activities and Contributions:

I was a member of the governing council of the Society of
representative of the department of Microbiology and Immun
Western Ontafr26002005

|l also sat on the Academic Committee of the Society of Gra
charged with organizing the Western Research Forum. Estab
Research Forum is an annual, multidisciplinary conference
Academommm@ittee and heldhet &JoOMOerence features both poste
presentations from graduate students in the arts, bioscience:
science s-200385

| was on the editorial board of the Western Goadinete Rev
publication that profiles the outstanding research conducted
variety of disciplines at UWO. The Western Graduate Reviev
resource for current graduate students, asntwuallllya$ uhodsiergnade
graduate degree. It camtbe: /Ywewmne.divad.ca/sogs/W@ROBdex.ht
2008.




	The HIV-1 Tat Protein and Adverse Drug Reactions: A model system utilizing Jurkat T cells and sulphamethoxazole-hydroxylamine
	Recommended Citation

	The HIV-1 Tat Protein and Adverse Drug Reactions: A model system utilizing Jurkat T cells and sulphamethoxazole-hydroxylamine

