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Abstract CD4 T-lymphocytes, which orchestrate imKey words Immunopotentiation - Schiff base -
mune responses, receive a cognitive signal when clon&@lystimulation - Cell signalling - Immunotherapy
distributed receptors are occupied by MHC class I
bound peptides on antigen-presenting cells. The latédabreviations APC Antigen-presenting celllFN
provide costimulatory or accessory signals through mawterferon L Interleukin -MAPK Mitogen-activated
romolecules such as B7.1 and B7.2 which interact withotein kinase S-NHS-biotinSulphoN-hydroxysuccin-
coreceptors on T-cells to regulate outcomes in termsimidobiotin - TCRT-cell receptor Th-cell T-helper
T-cell activation or specific non-responsiveness. Complgmphocyte
mentary studies at the chemical level have implicated
Schiff base formation between specialised carbonyls and
amines, constitutively expressed on antigen-presentintroduction
cell and T-cell surfaces, as an essential element in specif-
ic T-cell activation. The small xenobiotic Schiff bas€D4 T-lymphocytes, which orchestrate immune respons-
forming molecule tucaresol, which substitutes for thes, receive a cognitive signal when clonally distributed
physiological donor of carbonyl groups to provide a ceeceptors are occupied by MHC class Il bound peptides
stimulatory signal to CD4 T-helper lymphocytes (Then specialised antigen-presenting cells (APC) [1, 2].
cells), has been developed for testing as an immunop®C also provide costimulatory or accessory signals,
tentiatory drug. Tucaresol, which is orally bioavailablend it is these second signals that determine the outcome
and systemically active, enhances CD4 Th-cell and CDBBT-cell receptor (TCR) ligation by antigen in terms of
cytotoxic T-cell responses in vivo and selectively favouesther T-cell activation, leading to an immune response,
a Thl-type profile of cytokine production. In murin@r to an anergic state in which the immune system can
models of virus infection and syngeneic tumour growtiecomes non-responsive to that particular antigen [3].
it has substantial therapeutic activity. Schiff base formahe interaction between APC and T-cell is therefore a
tion by tucaresol on T-cell surface amines provides a oentral target for therapeutic strategies aimed at modulat-
stimulatory signal to the T-cell through a mechanism thag the immune response. In chronic infectious diseases
activates clofilium-sensitive Kand Na& transport. The and in cancer it is therapeutically desirable to strengthen
signalling pathway utilised by tucaresol converges withe immune response against infectious pathogens or tu-
T-cell receptor signalling at the level of MAP kinasemours. To this end cytokine therapies with interleukins
promoting the tyrosyl phosphorylation of ERK2 bylL) 2 [4, 5] and 12 [6, 7] have been pursued, together
MEK (mitogen-activated protein kinase kinase). Theith gene therapy approaches in which costimulatory
Schiff base forming class of immunopotentiatory drugolecules such as B7.1 are expressed in tumour cells [8,
provides the first orally active, mechanism-based ifi}. Although it is well-recognised that small, orally
munopotentiatory agents for therapeutic testing. Tucaeailable, systemically active drugs are ultimately prefer-
sol is currently undergoing pilot phase I/l clinical trialable to cumbersome and costly biological therapies, no
as an immunopotentiator in chronic hepatitis B virus imechanism-based, orally active immunopotentiatory
fection, HIV infection and malignant melanoma. drugs have been available for clinical testing.
The study of T-cell interaction at the chemical level,

complementary to studies at the macromolecular level,
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formation between specialised carbonyls and amineghe costimulatory process are only just beginning to be
[10-14]. The discovery of this chemical mechanism prexplored, but it seems that both protein and lipid kinases,
vides a new target for the manipulation of immune reich become associated with cell-surface receptors, are
sponses. Because small Schiff base forming moleculamlved in transmitting costimulatory signals [21, 22].
can substitute for the physiological donor of carbonyhe mitogen-activated protein kinase (MAPK) cascade —
groups and provide a costimulatory signal to T-cells, tianich activates a family of serine/threonine kinases con-
Schiff base mechanism permits a rational medicirtablling the activity of transcription factors — has recently
chemistry approach to the design of orally active irbeen implicated in transmission of signals determining
munopotentiatory drugs [15]. T-cell activation versus anergy [23, 24].

Responses mediated by CD%-helper lymphocytes
(Th-cells) can be functionally divided into two types,
termed Thl and Th2 [25, 26]. Thl-type responses pro-
duce a profile of cytokine production characterised pre-
dominantly by IL-2,y-interferon (IFN) and IL-12 pro-

A number of macromolecular interactions between ARiLiction. This type of response favours the induction of
and T-cell have been implicated in providing costimuldelayed-type hypersensitivity and cytotoxic T-cells and
tion to CD4 T helper lymphocytes, and the ligation omediates the elimination of intracellular parasites such as
the T-cell macromolecule CD28 by accessory cell madruses, mycobacteria and protozoa, as well as immuno-
romolecules B7.1 and B7.2 are principal examplgenic tumour cells. Th-2 responses are characterised by
[16-18]. CD28 in particular has been extensively impliytokines such as IL-4, IL-5, IL-6 and IL10. In this case
cated in the provision of an essential signal whose d#fve response is biased towards humoral immunity. T-cells
sence results in T-cell anergy — an important mechaniateo play a crucial regulatory role in limiting and termi-

in the continued maintenance of non-responsiveness&bing immune responses whose job has been completed,
self and other non-harmful antigens [3] (Fig. 1). and this is evident in the cross-regulation of immune re-

The ligation of T-cell CD2 by accessory cell CD4&onses between Thl and Th2 compartments [27]. Thus,
CD58 and CD59 also appear to be important in providFN blocks many of the effects of IL-4, including Ab
ing a costimulatory signal to T-cells [19]. CD2 can sulslass switching and Ab secretion that characterises the
stantially enhance TCR dependent responses, producirauration of the humoral response. IL-12 also exerts an
up to five-fold increases in the production of IL-2 whicmhibitory influence on Th-2 type responses. Conversely,
mediates the expansion of T-cell numbers. Additional db-4 and IL-10 act as inhibitors ofiFN production and
hancement of T-cell responses to antigen are also mégliction. In this way the nature of an immune responses
ated by other macromolecular interactions, includimgay be re-directed as it matures, and this is part of the
lymphocyte function-associated antigen/intercellular agrocess that limits unwanted elements of immunity such
hesion molecule 1 and 2 and very late antigen 4/fibronas-continuing inflammation and tissue damage following
tin [20]. The intracellular signalling mechanisms utilisethe elimination of a virus infection. Costimulatory sig-
nals appear to have a role in regulating the direction of
Th-cell responses, and there is some evidence that B7.1-
induced signalling may be more prominent in Th-1 re-

Costimulatory mechanisms in the induction
and regulation of Th-cell responses

ostimulation
LFA1: ICAM1&2
CD2:LFA3
VLA4&5 : Fibronectin
CD28 : B7-1 & B7-2
"CTLA-4:B7-1 & B7-2

APC

sponses, whereas B7.2 -induced signalling may have a
more prominent role in Th-2 type responses [28].

The effects of Schiff base forming drugs in T-cell
costimulation and regulation

Th-cell_

Non-self peptide  Complementary studies at the chemical level have shown
(anfigen) ~ that as a consequence of some of these macromolecular
' interactions covalent chemical reactions occur between
constitutive carbonyl groups and amino groups expressed
\ _ reciprocally on APC and T-cell surfaces [10-14]. The
4 initial evidence relied on (a) chemical modifications of
- > cell-surface Schiff base forming ligands to block induc-
tive APC:T-cell interactions, (b) re-donation of Schiff
Fig. 1 CD4+ T-cells receive a cognitive signal when clonally dif?ase forming groups by oxidising chemicals and en-
tributed receptors for antigen are ligated by peptide antigeymes to restore APC:T-cell interactions, (c) the use of
bound to MHC class Il molecules (signal 1). The outcome of ﬂﬂ_ﬁe selective reducing agent Cyanoborohydride to label

event is regulated by accessory or costimulatory signals transraij,; ; ;
ted by macromolecular interactions such as those between és{:f"ﬂ bases and render them irreversible, and (d) cell

and CD28. Such signals (signal 2) appear to be essential for T-ebiiface labelling techniques to visualise constitutive
activation Schiff base forming ligands. Figure 2 is a schematic dia-
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. - N @ ligation of surface amines with sulpidhydroxysuccin-
imidobiotin (S-NHS-biotin). Cell-surface amines react
Fig. 2 As a consequence of certain macromolecular interactiopgith the carbonyl group of tucaresol (arrow, Fig. 3), and

transient covalent chemical events in the form of Schiff base for ; ; ;
mation between specialised carbonyls and amines take place,?g\?d resultant Schiff base is subsequently rendered irre-

this process appears to be essential for optimal T-cell activati¥gISible with the selective reducing agent cyanoborohy-
This reaction is readily reversible [29]. These chemical events pelfide. This reaction is then measured by the loss of free
vide a target for the manipulation of immune resporises cell-surface amino groups reacting with S-NHS-biotin
[15]. The latter is measured with fluorescent avidin la-
belling and flow cytofluorometric analysis. Schiff base
gram of these events. Schiff base formation is a readitymation by tucaresol on cell surface amines, which
reversible covalent reaction at physiological pH with throceeds within seconds, can also be measured by spec-
products and reactants tending to an equilibrium [28jophotometric methods and by radiolabelling with cya-
However, Schiff bases can be rendered irreversible by meborotritide or radiolabelled drug. In the absence of
duction with cyanoborohydride. The importance a@&ny TCR-directed stimulus tucaresol has no effect on cy-
Schiff base formation as a physiological process twokine production, nor does it produce a proliferative re-
APC:T-cell interaction provides an explanation for thgponse at any concentration. However, TCR-induced re-
earlier experimental phenomenon of oxidative mitogergponses are substantially enhanced by tucaresol. Opti-
sis in which artificial generation of cell surface Schifhally, a five- to ten-fold enhancement of IL-2 production
base forming groups had been shown to be a potent imiebserved when the T-cell is stimulated with anti-CD3
togenic stimulus for T-cells in vitro [30]. (mimicking TCR ligation by antigen). Tucaresol favours

Schiff base formation occurring between constitutivae Th1-type profile of cytokine production, enhancing the
ligands during APC: T-cell inductive interaction appeapoduction of IL-2 andyINF [15]. In contrast, the pro-
to be an important element in the costimulatory mectduction of the Th2 cytokine IL-4 is reduced in the pres-
nism. Small exogenous Schiff base forming molecules)ce of tucaresol while IL-6 is unaffected [15]. As dis-
some of which are xenobiotic, provide research toolsdossed above, this is likely to be favourable in immuno-
examine the effects of this covalent chemical event. Tpatentiatory therapy for intracellular pathogens such as
substituted benzaldehyde tucaresol, the leading molectiteises, mycobacteria, and protozoal parasites, as well as
in this class, has been the most studied [15]. immunogenic tumours.

Tucaresol (and other Schiff base forming agents) en-These effects in vitro are fully reflected in vivo, and
hances antigen-specific T-cell proliferative responsisgleed the drug is considerably more potent in vivo
when added to cultures containing APC and T-cells. Bakere low concentrations produce very substantial ef-
hancement is optimal when the Schiff base forming mdéécts in the presence of antigen. This may be because of
ecule is added 24 h before the antigen. This may be the drugs susceptibility to oxidation in aqueous solu-
cause the compound acting simultaneously with TCR tiens in vitro. A consistent feature of immunopotentia-
gation may interfere with Schiff base formation occution by tucaresol is the bell-shaped nature of the dose-re-
ring between constitutive ligands. The latter may be imponse curve. While 200- to 3(¥4 concentrations are
portant both in costimulatory signalling and in mediatingptimal in vitro, the immunopotentiatory effect is lost
the adhesive interaction between APC and T-cell. Tabove 60QUM. In mice, daily oral doses of 20 mg/kg are
caresol is also potent in potentiating immune responsggimal while the immunopotentiatory effect has de-
in vivo [15]. Used as an adjuvant (i.e. mixed with a vaclined substantially at 50 mg/kg. Tucaresol given par-
cine antigen and administered subcutaneously) tucaresdkrally or orally at an optimum dose potently enhances
and related compounds potently enhance antigen-spedifith the CD4 Th-cell response to administered antigens
T-cell responses occurring in regional lymph nodes, aand the generation of CB&ytotoxic T-cells against vi-
in this respect are comparable to aggressive physica-antigens [15]. In the latter study mice were immuni-
chemical adjuvants. sed with a hybrid peptide containing immunodominant

The formation of a Schiff base by tucaresol on T-cdiklper and a cytotoxic T-cell epitopes of the nucleopro-
surface amines can be visualised by competitive covaltih of human influenza A [14]. Because both helper and

/

tucaresol

Fig. 3 Stucture of tucaresalrrow, cell-surface amines react with
carbonyl grou;:
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cytotoxic T-cell epitopes were provided, we do not yethere Schiff base formation is important in a physiologi-
know whether tucaresol exerts direct effects as a costoat process the carbonyl donor is an organic prosthetic
ulator on CD8 T-cells. Tucaresol is therapeutically efgroup or coenzyme such as pyridoxal phosphate. In the
fective in murine models of virus infection and tumouwrase of lysyl oxidase the carbonyl donor is the di-ketone
growth. In an acute model of cytomegalovirus infectianoiety of pyrroloquinoline quinone [33].
tucaresol substantially reduced viral load over a 5-daySchiff base formation is also central to a number of
course of treatment. In a model of syngeneic tumasignal transduction processes. The visual system pro-
growth tucaresol given every 2nd day over a 14-day pesides an important example. Schiff base formation be-
od reduced the outgrowth of the weakly immunogentiween retinal (vitamin A aldehyde) and rhodopsin is cen-
adenocarcinoma MCA38 by 70% [15]. Consistent withteal to the process of changing light energy into a neural
T-cell dependent mechanism, no significant effects on tignal in the form of Naflux [34]. Light falling on 11-
mour growth were seen in T-cell deficient (athymiais-retinal produces a conformational change which re-
mice. sults in a 3-A shift in the Schiff base linkage in relation
to the ring structure of the chromophore. This produces a
conformational change in rhodopsin which continues
Mechanisms of Schiff base signalling with the transition of retinal through a series of interme-
in physiological systems diate isomeric forms until the deprotonated tedlis

form which dissociates and diffuses away because it does
In order to begin to understand the mechanism of Schiéft fit the 11eis binding pocket of rhodopsin. This con-
base signalling in immune induction and its potentifdrmational change in rhodopsin produces photoexcited
therapeutic exploitability, we need to consider physidaodopsin which activates a G protein, transducin which
logical precedents in which a good deal is already knownturn links the activation event to a phosphodiesterase
about mechanisms of Schiff base-mediated signalling.which hydrolyses cyclic GMP. The fall in cGMP levels
chemical terms, Schiff base formation is a carbonyl-antfitenclosescation specific ion channels in the rod plasma
no condensation that occurs as a result of nucleophihtembrane. In the dark, sodium ions flow rapidly into the
attack by the amine on the carbonyl group in the followuter segment of the rod because the electrochemical
ing reaction: gradient, maintained by the NK+ ATPase pumps locat-

ed on the inner segments, is large. The closure of these
R—C =— 0 + NH—R, - R—C —= N—R, + H,0 Na* channels via light-activated rhodopsin inhibits*Na

influx resulting in hyperpolarisation. Schiff base forma-
The term is properly applied to the reaction when the tibn by tucaresol on nucleophilic amines on the plasma
trogen of the amine is attached to carbon. If it is attachmdmbrane of T-cells has marked effects ort &led K*
to another nitrogen, the condensation product is a hydiax (see below) providing an interesting parallel with
zone rather than a Schiff base. If the carbonyl compouhé visual system. Schiff base formation is also at the
is an aldehyde, the resulting Schiff base is an aldiminecéntre of light-driven ion pumps in bacteria. This is an
a ketone, it is a ketimine. The extent of imine formatiantriguing field currently providing some of the most in-
is markedly dependent of the structure of the carbomgtesting observations in receptor structure:function rela-
compound and of the amine. Aldehydes react more réipaships [35]. The pumps are seveansmembrane
idly and more completely than do ketones of similé&rhodopsin-like) receptors, and their chromophores con-
structure. The condensation reaction is believed to dist of retinal linked to a lysine residue be means of a
general acid catalysed, and the initial step is the nuclpostonated Schiff base near the middle of helix G.
philic attack by the amino nitrogen on the electron defi- The sequence similarity of the proton pump bacterio-
cient carbonyl group to form the aminocarbinol. Suchodopsin and the chloride pump halorhodopsin has led
aminocarbinols are usually unstable and either reverttdospeculation that the mechanism of ion transportation
the starting materials or dehydrate to the imine. This raight be similar even though one translocates a cation
action is readily reversible and in consequence the imamed the other an anion in opposite directions. In bacterio-
exists in aqueous solution as an equilibrium with tlkeodopsin, proton transfer from the retinal Schiff base to
aminocarbinol, the carbonyl compound and the amine.dspartate-85 is crucial in the transport cycle. Remark-
general terms the imine or Schiff base product is itselfhbly, it has recently been shown that substituting the bac-
a reactive species and is prone to further reactions redeittornodopsin aspartate-85 for the halorhodopsin threo-
ing in the addition of nucleophilic agents (e.g;NR, nine-85 functionally converts bacteriorhodopsin into ha-
HSR and HOR) to the imine bond [29]. lorhodopsin when expressed Halobacterium salina-

Schiff base formation is essential in a humber of dyium [36]. Although we are at an early stage in exploring

namic physiological processes. These include enzyrdetails of the mechanism in immune induction, these an-
substrate interactions such as those in transaminatiant and widely distributed light-driven mechanisms
decarboxylation, and other amino acid modifying reagtay eventually have something to teach us about events
tions mediated by pyridoxal phosphate [31]. Other exain-the immune system.
ples of covalent catalysis include muscle aldolase, lysyl
oxidase and acetoacetate decarboxylase [32]. In all cases
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. . . . . inhibitor of MAPK tyrosyl phosphorylation, which acts
Mechanism of action of immunopotentiatory Schiff at the level of the ?(linage pone F;tepyupstream of MAPK
base forming drugs (MEK, a MAPKK) [39], prevents both the phosphoryla-

. . tion induced by tucaresol and the costimulatory effects
How does the formation of a Schiff base by small exog&-,caresol in terms of enhancement of IL-2 production
nous molecules on specialised T-cell surface amines RFPfesponse to TCR-CD3 stimulation.

vide a costimulatory signal to the T-cell? Electron probe \yihie some of the important events in the costimula-

X-ray microanalysis studies have shown that the formgsy nathway exploited by tucaresol have been identified
tion of a Schiff base on T-cell surface amines produ are in the process of being characterised, other

marked changes in the levels of intracellular potassi ; : :

. X . ) ually important questions remain unanswered.
and sodium [15]. The resting state of high potassium/lgh, o<t these are the identity of the cell-surface macro-
tSO(tj'Ium '? trﬁve(;sed bé’ tuzcar:elsol \|N|tfr1]|n > min OI ?jd;n'nt'ﬁiolecules that transduce a costimulatory signal in re-
ration ot the drug. By evels have reverted t0 6,56 1o Schiff base formation on functionally sensitive
resting state. These large changes are similar to thoseQGi 5roups. What kind of macromolecular process do
curring, for example, in epithelial cells stimulated witfy, envisage taking place? The physiological precedents
epidermal growth factor. The tucaresol-induced changge e Schiff base formation in at the centre of a signal
in Na and K are prevented by ligation of cell surfagg,nsqiction process would suggest a mechanism in
amines with S-NHS-biotin before the addition of Schiffhi-h, schiff base formation takes place on conforma-
base forming drug. The changes are also completely gigaiy pivotal lysyle-amino groups expressed in the li-

vented by low concentrations of the potassium chanfygl,q binding site of integral membrane proteins. Such an
antagonist clofilium tosylate. We know that these chanQ;ant could induce a conformational change in the mac-

es are an essential element in the immunopotentiatory, &y jecule thereby transmitting a signal across the plas-
fects of tucaresol because clofilium likewise inhibits the- ' ambrane. One of the initial observations on Schiff
costimulatory effects of tucaresol in terms of enhanogése formation. in immune induction showed that E-ro-
me(r:n of IL-2 produc;tlon by T-cIeIIs (Fig. 4|)'. o qoette formation at room temperature provided an ana-
TCRocr;vergednce 0 htucarrtlaso bcost!gm ‘3;5!03 W'th I”]S ue for Schiff base formation in APC:T-cell inductive
i ﬁngenglg V:‘Sy @Zp;?e-n dentiiie / ﬁtt € '€¥fteraction [12]. This cellular interaction reflects macro-
of the ] [37]. IS a serine/threoningy,acylar interactions between CD2 and its ligands, es-
family of kinases activated by tyrosyl phosphorylatiofecially  lymphocyte  function-associated  antigen-3.
and important in the downstream transmission and iNMgjeqe”ghservations together with the markedly similar
gration of a wide range of mitogenic and activational egzfije of CD2 costimulation and tucaresol costimula-
tracellular signals [38]. Preliminary studies in the Jurkgly, " ave CD2 an attractive candidate as a principal re-
J6 T-cell line, show that stimulation via the TCR wit epior for Schiff base costimulation. [40, 41]. The re-
antl-é:D3 mc_jumles the phﬁsphorylatllorw); MAbPKH and $Q.n4y described three-dimensional structure of glycosy-
too does stimulation with tucaresol. When both stimuylieq"hyman CD2 reveals certain structural features that
are given together the phosphorylation of MAPK is SUfze might expect of a receptor for Schiff base costimula-

stantially enhanced and prolonged. A selective synthgjig, [42]. The ymphocyte function-associated antigen-3

binding domain contains an unusual concentration of ly-
syl residues whosg-amino groups appear to be confor-

’-{‘.COOH mationally pivotal. The unusual concentration of positive

K SH charge generated by these groups is destabilising to such

a* e - a degree that it is the function of a mannose-rich N-
y y linked glycan to counter this effect and maintain stabili-
PTKs o y APGC ty. In the absence of this check the protein unfolds.

These groups are thus poised to generate macromolecu-
lar conformational change — just the feature to be expect-
ed of a target for Schiff base signalling across the plasma

MAP Kinaseqmm® TCR .

o membrane. We know by direct labelling and immunopre-

v % " MHC ' cipitation, that tucaresol reacts with CD2 and are seeking

" ZRi0 ] clesll / to ask, by a number of techniques, whether tucaresol ini-
Th-cell o IN=CH.[c-goner] / tiates a signal through CD2.

econ L, 0=CH--{Caoned] A Another intriguing question is the nature of the natu-
N ral donor of carbonyl groups mimicked by costimulatory

Schiff base forming drugs. In all cases where Schiff base
Fig. 4 The formation of a Schiff base by tucaresol on specialistdrmation is important in a physiological process the car-
T-cell surface amines provides a costimulatory signal to the T-qgﬂmy| donor is an organic prosthetic group. The coen-

through a mechanism that activates sodium and potassium trans- : : :
port. Tucaresol mediated costimulation converges with TCR s%‘\ﬁne pyridoxal phosphate is an important example [31]

nalling at the level of tyrosyl phosphorylation of the MAP kinas®hile pyrroloqginoline quinone fulfils this r9|e in the en-
ERK2 zyme lysyl oxidase [33]. The role of retinaldehyde in
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hood that naturally occurring carbonyl-amino reactants
may underlie pathogenic processes in autoimmune dis-
ease and autoimmunotoxicity. There are a number of in-
triguing possibilities here, some of which are being ac-

g%’gﬁc K o tively investigated. For example, bacterial abscess forma-

goups: Pyridoxd K tion induced by amines on capsular polysaccharide (e.g.
«——yphosphate? of Bacteroides fragilismay be due to aberrant signalling
4.:Reﬁn ?

initiated by the reaction of these groups with functional-
ly important cell-surface carbonyls of lymphocytes [53,
54]. This possibility is currently being investigated by A.
Tzianabos and colleagues at Harvard Medical School.
Schiff base forming ketones and aldehydes are generated
in the inflamed synovium in rheumatoid arthritis and
may well exert immunomodulatory effects that contrib-
ute to the disease process [55]. This is a focus of interest
for D. Blake and colleagues at the Bone and Joint Re-
search Unit of The London Hospital. The Schiff base
mechanism also provides a direct mechanism for the in-
duction of immune damage in alcoholic hepatitis [56].
Fig. 5 Possible macromolecular mechanisms in Schiff base ¢ieetaldehyde, the primary metabolite of ethanol, is a po-
ﬁgrr?“'gg%”-ig g’r']agt?rrggﬁgugné?dcaﬁg"g% iChlrfifn(?iaZ? r‘;%Set'TO”r' ent immunopotentiator in vitro and in vivo by virtue of
Schiff base costimulatiorii.,, Identity of naturalpdonopr of carb%nyl S SCh'ﬁ bas_e forming reactivity [15]. _We tested acetal-
groups. Many physiological precedents suggest that the nat@ghyde in this context, at the suggestion of A. Eddleston
donor is likely to be an organic prosthetic group such as retinalafr Kings College School of Medicine and Dentistry,
ﬁgrnidgx?éﬂ?asr?sh%ﬁ“é.%h? fgsf'% e‘;}%’;tsh'é?kiggoﬂgkr]‘:\'/éragﬁgc ondon. A fourth area of interest has been generated by
characterisedy, 'Iphe upstre)egm glepmentg in t¥1e MAPK caé/cade lﬁ?e studies of S. Page .and coIIeagqes on outbreaks Qf S€-
ilised by Schiff base costimulation have yet to be characteised Mous food-related autoimmunotoxicity [57, 58]. Reactive
species such as the Schiff base-gthylidenebia(-tryp-
tophan) decomposes to a very reactive carbinolamine,
light-driven signal transduction has already been daising the possibility that direct effects of lymphoid re-
scribed [34]. Vitamin A appears to play an essential rateptors sensitive to Schiff base forming molecules may
in the immune system [43—45], and it is incumbent upbe involved in autoimmunotoxicity.
us as immunologists eventually to identify a specific lo-
cus of action. At the same time in APC:T-cell interaction
we have to identify a physiological donor of Schiff badRotential clinical applications of immunopotentiatory
forming carbonyl groups, a function in which retinaldeSchiff base forming drugs
hyde, in other physiological systems, is a principal play-
er. Of course there may be several loci of action for vitais the function of the immune system to distinguish be-
min A in immunity, and one that does not appear to itween normal components of self and harmful foreign or
volve retinaldehyde is in the process of being elucidatettherwise pathogenic neo-elements, usually, but not ex-
[46, 47]. Pyridoxal phosphate is also an interesting causively, infectious pathogens. In this way the adaptive
didate in the light of recent evidence suggesting a r@leamnestic immune response combats infection, protects
for its precursor, vitamin B in T-cell-mediated immune against re-infection and may play a role in controlling
responses [48,49]. We are currently employing a numltiee emergence of certain tumours, particularly those that
of techniques to address these questions. Schiff bgse evidence of being immunogenic. An orally active,
forming prosthetic groups are likely to be light-sensitivejechanism-based drug that acts systemically to potenti-
and this could potentially explain some of the photolate the immune system and biases immunity towards the
bile features of the immune response in terms of imnuell-mediated Thl type of response should have potential
nosuppression and anergy induced by UV light treatmapiplications in a wide range of chronic infectious diseas-
in vivo and in vitro [50-52] (Fig. 5). es caused by intracellular pathogens. These include viral
infections such as chronic viral hepatitis, HIV infection,
mycobacterial infections such as tuberculosis and lepro-
Significance of the Schiff base mechanism sy, protozoal parasitic infections such as malaria and
in immunopathology leishmaniasis, and other parasitic diseases where cell-
mediated immunity is likely to be important. As an im-
The importance of the Schiff base mechanism in immumeinopotentiator, tucaresol is also likely to be comple-
activation illuminates an entirely new area in immunopeentary to vaccine therapy in which the aim is to pro-
thology. In particular the observation that aldehydes avake cell-mediated or Th-1 type immunity to pathogenic
ketones can potentiate immune reponses raises the likaliigens. Such vaccine therapy strategies are currently

—/—>
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being developed for the treatment of chronic hepatitis B Hendrzak JA, Brunda MJ (1995) Interleukin-12. Biologic ac-
virus infection, HIV infection and malignant melanoma tVity, therapeutic utility, and role in disease. Lab Invest

. . e . . 72:619-637
using a variety of subunit immunogens designed 10 Sting- 1ahara H, Lotze MT (1995) Anti-tumor effects of interleukin

ulate T-helper and cytotoxic T-cell responses together 12 (IL-12): applications for the immunotherapy and gene ther-
with suitable local physicochemical adjuvants [59—61]. apy of cancer. Gene Ther 2:96-106
Because tucaresol is an orally administered, systemicaftyNabel GJ, Chang AE, Nabel EG et al (1994) Immunotherapy

active immunopotentiator with an antigen-dependent co- fsqrsgf;‘%er by direct gene transfer into tumors. Hum Gene Ther

stimulatory mode of action, it is likely to be effective ing Fenton RT, Sznol M, Luster DG, Taub DD, Longo DL (1994)
enhancing the immune response to administered vaccine phase | trial of B7-transfected or parental lethally irradiated
antigens as well as antigen presented to the immuneallogeneic melanoma cell lines to induce cell-mediated immu-

system in the normal course of an infection. Oral admin- Nity against tumor associated antigen presented by HLA-A2 or
; . . . . . HLA-A1 in patients with stage IV melanoma. NCI protocol
istration during vaccine therapy would provide a unique T93.0161. BRMP protocol 9401. Hum Gene Ther

means of strengthening the desired immune response and:1385-1399
this would not preclude the use of local adjuvants (unlike. Rhodes J (1989) Evidence for an intercellular covalent reac-
tucaresol, adjuvants, by their nature, cannot be used syston essential in antigen specific T-cell activation. J Immunol

: . . 143:1482-1489
temically). Alternatively tucaresol could potentially b?l. Gao X-M, Rhodes J (1990) An essential role for constitutive

Used |Oca”¥ as an adeVam_ in V?ICCine therapy with or schiff base-forming ligands in antigen presentation to murine
without additional oral administration. T cell clones. J Immunol 144:2883-2890

Costimulatory Schiff base forming drugs exemplifie2- Rhodes J (1990) E-Rosettes provide an analogue for Schiff

by tucaresol provide the first mechanism-based orally ac—?ig‘?‘lgg_r%’g'on inspecific T cell activation. J Immunol

tive immunopotentiatory therapy for clinical testing. Thes. Rhodes J, Zheng B, Lifely MR (1992) Inhibition of specific T
fact that this strategy is entirely new means that it is un- cell activation by monosaccharides is through their reactivity
tested against disease targets. However, pilot clinicalas aldehydes. Immunology 75:629-631

studies have been initiated in chronic hepatitis B virus it Zheng B, Brett S, Tite JP, Lifely MR, Brodie TA, Rhodes J

. . . . . (1992) Galactose oxidation in the design of immunogenic vac-
fgctlpn, H[\/ infection, .and in mallgnant melanoma. Con- ines Science 256:1560—1563
vincing evidence of clinical efficacy can only come froms. Rhodes J, Chen H, Hall SR, Beesley JE, Jenkins DC, Collins
the results of carefully controlled clinical trials in poten- P, Zheng B (1995) Therapeutic potentiation of the immune
tial disease indications where both disease parameteréyStem by costimulatory Schiff base forming drugs. Nature

. . : 77:71-75
and parameters of immune responsiveness can readil hompson CB (1995) Distinct roles for the costimulatory li-

measured and quantitated. Responses in phase I/I clinicajands B7-1 and B7-2 in T helper cell differentiation? Cell
trials will be measured both in terms of disease parame-81:979-82 _ _
ters and T-cell responsiveness to disease specific and AdnBluestone JA (1995) New perspectives on CD28-B7-mediated

i ; i ; _ T cell costimulation. Immunity 2:555-559
specific antigen, anti-CD3 and mitogen. Read-outs WiLcli Allison JP (1994) CD28-B7 interactions in T-cell activation.

include proliferative responses and production of Th1l and cyrr Opin immunol 6:414-419
Th2-type cytokines. The aim of immunopotentiatory thet9. Bell GM, Imboden JB (1995) CD2 and the regulation of T cell
apy is to tip the balance of the contest between chronicanergy. J Immunol 155:2805-2807

infection and immunity in favour of the immune systerff- Shevach EM (1993) Accessory molecules. In: Paul W (ed)
. g . . Fundamental immunology, 3rd edn. Raven, New York, pp

with the minimum effective dose of the drug. With the 537 575

proper assessment of risk versus benefit and approprateaugust A, Dupont B (1994) CD28 of T lymphocytes associ-

choice of therapeutic regimen, costimulatory Schiff base ates with ~ phosphatidylinositol -~ 3-kinase. Int  Immunol
forming drugs provide a new opportunity for testing ay, 6:769-777

. . : . . August AS, Gibson S, Kawakami Y, Kawakami T, Mills GB,
orally active mechanism-based immunopotentiatory thef- Dupont B (1994) CD28 is associated with and induces the im-

apy in chronic infectious diseases and cancer. mediate tyrosine phosphorylation and activation of the Tec
family kinase ITK/EMT in the human Jurkat leukemic T-cell
line. Proc Natl Acad Sci USA 91:93479350
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