
Close encounters of the monoamine kind: immune cells betray
their nervous disposition

Immune encounters with serotonin

Lo cat io n

Sero to n in ( 5- hydro xytryptam ine/5- H T) , tho ugh co nven-
tio nally co nsidered a neuro transm itter, is pro duced pri-
m arily by the entero chro m afÞn cells o f the gut.1 A recent
study in rhesus m acaques revealed that bo th CD 3+

( T cells) and CD 20+ ( B cells) lym pho cytes sit pro xim al
to 5- H T- co n tain ing entero endo crine cells.2 The 5- H T
released at these sites o n m echanical ( o r psycho lo gical/
em o tio nal) stress is taken up via an active transpo rt
m echanism in to a num ber o f cell types with platelets
pro viding an especially rich reservo ir o f sero to n in in the
circu latio n . Subsequent release o f platelet- sto red 5- H T
can be rapid, triggered fo r exam ple by platelet- activating
facto r, thro m bin , co m plem ent co m po nent fragm ents C3a
and C5a, and im m uno glo bu lin E- co n tain ing im m une
co m plexes. At sites o f inßam m atio n and platelet activa-
tio n , lo cal co ncentratio ns o f 5- H T co u ld greatly exceed
the relatively lo w am o unts fo und free in serum . Bo th pri-
m ary and seco ndary lym pho id o rgans are innervated with
nerve Þbres,3 as is skin ,4 while even under no n - patho lo gi-
cal co nditio ns bo th CD 20+ B cells and activated T- cell
ÔblastsÕ can apparently cro ss the blo o dÐbrain barrier.5

Thus bo th in the periphery and the central nervo us

system ( CN S) im m une cells have the po tential to be
expo sed directly to 5- H T ßo w ( sum m arized schem atically
in Fig. 1) . Tho ugh m uch play is m ade o f m ast cells as an
im po rtant so urce o f 5- H T in ro dents, sero to n in is no r-
m ally absent fro m hum an m ast cells, being fo und o n ly
when they are asso ciated with discrete patho lo gies such as
in the stro m a o f carcino id tum o urs and in m asto cyto sis.

Recepto rs

There are num ero us repo rts o f 5- H T m o du lating im m une
cell functio n . Of the 14 currently kno wn recepto r sub-
types fo r 5- H T ( see Table 1 fo r no m enclature and
m o lecu lar characteristics) , transcripts fo r eight have been
fo und in rat im m une tissues.6 Particu larly fo r the pro m o -
tio n o f T- cell pro liferatio n , a m ajo r target fo r sero to n in
actio n appears to be the 5- H T1A recepto r, a pro perty co n -
served between m am m als and Þsh. B lym pho cytes also
carry this recepto r subtype ( am o ng o thers) and, as with
T cells, display N F- j B- dependent up- regu latio n o f bo th
transcripts and pro tein fo r the 5- H T1A recepto r. At least
fo r ro dent splen ic B cells, this recepto r subtype seem s to
be invo lved in the 5- H T- pro m o ted augm entatio n o f
m ito genic respo nses to bo th lipo po lysaccharide and dex-
tran su lphate ( reviewed in ref. 6) . In terestingly, sero to n in ,
as well as the selective 5- H T1A recepto r ago n ist R- D PAT,
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Summary

H ere we review the eviden ce fo r im m u n e cells expressin g m u lt iple co m po -
n en ts o f the sero to n ergic an d do pam in ergic system s that are m o re co m -
m o n ly asso ciated with the cen tral n ervo u s system ( CN S) . We discu ss
where an d ho w peripheral en co u n ters with these bio gen ic m o n o am in es
o ccu r an d po sit reaso n s as to why the im m u n e system wo u ld wish to
deplo y these pathways. A fu ll taxo n o m y o f sero to n ergic an d do pam in ergic
co n st it u en ts an d their wo rkin gs in co m po n en t cells o f the im m u n e system
sho u ld facilitate the fo rm u lat io n o f n o vel therapeu t ic appro aches in dis-
eases characterized by im m u n e dysfu n ct io n an d po ten t ially pro vide a
ran ge o f su rro gate peripheral m arkers fo r registerin g an d m o n ito rin g
distu rban ces with in the CN S.

Keywords: central nervo us system ; do pam ine; lym pho cytes; sero to n in ;
transpo rters
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were sho wn recently to increase cell survival and S- phase
transitio n in m o use spleno cytes stim u lated by T- o r B- cell
m ito gens: these pro cesses being acco m panied by trans-
lo catio n o f N F- j B to the nucleus.7 These o bservatio ns
in toto po in t to a po ten tial 5- H T1A recepto r/ N F- j B-
dependent am pliÞcatio n lo o p in lym pho cyte respo nses
to sero to n in . Extracellu lar signal regu lated kinase ( ERK)
pho spho rylatio n is ano ther do wnstream signalling co nse-
quence o f ligating 5- H T1A recepto rs in peripheral blo o d
m o no nuclear cells.8 In additio n to its activity o n lym -
pho cytes, the 5- H T1A recepto r has been im plicated in
up- regu lating phago cytic functio n in m o use perito neal
m acro phages.9

A recent detailed study highlighted the expressio n o f
5- H T recepto rs, the signalling pathway they engage, and
the bio lo gical activity o f 5- H T o n hum an dendrit ic cells
( D C) . Im m ature D C preferentially expressed transcripts
fo r the 5- H T1B, 5- H T1E and 5- H T2B recepto rs, while
m ature D C m o stly expressed 5- H T4 and 5- H T7 recepto rs.
The use o f iso type- selective recepto r ago n ists sho wed that
5- H T stim u lated 5- H T3- dependent Ca2+ inßux in bo th
im m ature and m ature D C whereas 5- H T1 and 5- H T2

recepto r stim u latio n induced in tracellu lar Ca2+ in im m a-
ture D C o n ly. Activatio n o f 5- H T4 and 5- H T7 induced
cAMP elevatio n in m ature D C while enhancing the

release o f in terleukin - 1b ( IL- 1b ) and IL- 8 and reducing
the secretio n o f IL- 12 and tum o ur necro sis facto r- a.10

Tran spo rter

Cell lines generated fro m B lym pho cytes transfo rm ed with
EpsteinÐBarr virus have pro vided a rich and pro ductive
reso urce fo r geno typing po lym o rphism s in the pro m o ter
regio n and in tro n 2 o f the sero to n in transpo rter ( sert) . Yet
a functio nal ro le fo r lym pho id SERT has, un til recently,
been essentially igno red. We recently reviewed in detail
the evidence fo r lym pho cytes expressing functio nal SERT.1

This was pro m pted by o ur Þnding o f SERT pro tein and
active 5- H T uptake in the co nstituent cells o f BurkittÕs
lym pho m a, a highly aggressive tum o ur characterized by an
extrao rdinarily high m ito tic index and pheno typically
resem bling B cells fo und in the germ inal centres o f seco n-
dary lym pho id tissues. The co nsequence o f 5- H T entering
these cells was the pro m o tio n o f apo pto sis, a pro cess
reversible by transpo rter blo ckers [ such as the selective
sero to n in reuptake inhibito r ( SSRI) ßuo xetine] bu t no t
5- H T recepto r antago n ists.11 In terestingly, at higher co n -
centratio ns, the SSRI are them selves pro - apo pto tic fo r the
lym pho m a cells, o ffering the po tential fo r a deliverable
therapy in BurkittÕs lym pho m a.12 We have since fo und
appreciable levels o f SERT pro tein in a diverse range o f
B- cell m alignancies representing stages o f differentiatio n
arrest fro m pre- B ( B- cell precurso r acute lym pho blastic
leukaem ia) thro ugh to plasm a cells ( m u ltiple m yelo m a) .
Tho ugh 5- H T co u ld affect a num ber o f the m alignancies
( as registered by cell- cycle arrest) , an apo pto tic o u tco m e
appeared to be speciÞc to BurkittÕs lym pho m a cells,
reßecting their ready pro pensity to enter this pathway as
a resu lt o f negligible expressio n o f the Bcl- 2 survival pro -
tein .13 SERT m ay additio nally o ffer a target to am phetam -
ine analo gues, such as m ethylenedio xym etham phetam ine
( MD MA) , in these cells. The im pact o f MD MA Ð also
kno wn by its street nam e, ÔEcstasyÕÐo n im m une functio n
was recently reviewed by Co nno r.14

N o rm al B cells also express SERT tho ugh in their basal
state its levels are lo w. On stim u latio n , ho wever, they rap-
idly acquire readily detectable SERT pro tein with charac-
teristics sim ilar, if no t identical, to the 5- H T transpo rter
fo und in brain . We are currently undertaking a fu ll
m o lecu lar co m pariso n o f lym pho id and neuro nal SERT.13

Why sho u ld lym pho cytes express the uptake m achinery
fo r 5- H T? One po ssible answer co u ld Þnd analo gy to the
m echanism s and co nsequences o f 5- H T transpo rt in
the brain . Thus at lo cal inßam m ato ry sites o f high 5- H T
pro ductio n , activated lym pho cytes expressing functio nal
SERT co u ld serve to lim it/ regu late the am o unt o f bio ac-
tive indo leam ine available fo r external recepto r- triggering;
at the sam e tim e, any sequestered 5- H T pro tected fro m
cellu lar m o no am ino xidases ( which are undo ubtedly pre-
sent in lym pho cytes) co u ld be sto red fo r later release o n
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Figu re 1. 5- H T sto red in platelets o r lo aded in to nerve Þbres/cells
within the circu latio n , skin , prim ary/seco ndary lym pho id tissues and
even po ssibly the CN S is released o n appro priate im m une/ inßam m a-
to ry ( stress/em o tio nal?) activatio n . Im m une cells expo sed to 5- H T
ßo w respo nd via recepto rs ( up to 14 po tentially, m ajo rity o f which
are 7- transm em brane do m ain ( TMD ) G- co upled pro teins; 5- H T3 is
a 4TMD catio n io n channel) and/ o r the sero to nin transpo rter, sero -
to n in transpo rter ( SERT; also a target fo r the SSRI antidepressants
that blo ck 5- H T uptake) . N o vel SERT- m ediated signalling pathway
recently described by Walther and co lleagues in platelets ( 15) m ay
also o perate in im m une cells where direct SERT- driven change has
been sho wn ( 11, 13) : transpo rted 5- H T via transglu tam inase ( TGase)
used to Ôsero to nylateÕ sm all GTPases such as Rho A and Rab4,
bo th o f which im pact lym pho cyte ( and o ther im m une cell) effecto r
functio n .
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appro priate stim u latio n at a site distal to the in it ial expo -
sure. In additio n , evidence has been presented fo r SERT
acting no t m erely as a transpo rt pro tein but as a signal
transducer in its o wn right when co ntacting substrate.
Mo reo ver, SERT- delivered 5- H T was recently sho wn to
affect signal transductio n directly by a no vel m o diÞcatio n ,
the so - called Ôsero to nylatio nÕ o f sm all GTPases ( see
Fig. 1) .15 Thus, SERT appears to be po tentially equipped
to m o dify a lym pho cyteÕs functio nal behavio ur in a num -
ber o f distinct ways. The precise unravelling o f these is
likely to be an area o f in tense research, pro viding fascin -
ating insights in to the way sero to n in affects im m une
respo nses. Mo reo ver, SERT is no t restricted to lym pho id
cells within the im m une system : m acro phages fo r exam ple
express bo th transcripts and pro tein with the appro priate
pharm aco lo gy fo r the transpo rter.16

Immune encounters with dopamine

Lo cat io n

As fo r sero to n in , there is evidence that the innervatio n
o f lym pho id tissues can be do pam inergic in nature,

particu larly during psycho lo gical stress, thus pro viding a
so urce o f this catecho lam ine fo r im m une cells in an
appro priate lo cale when released o n sym pathetic activa-
tio n .17 H o wever, in additio n to this po ten tial paracrine
ßo w is the reco gn itio n that im m une cells them selves have
a capacity fo r do pam ine pro ductio n whereupo n the do p-
am ine co u ld be utilized either in paracrine o r auto crine
m o de. Catecho lam ines are present in lym pho cytes, m acr-
o phages and neutro phils and at least in the case o f the
Þrst two , do pam ine is actively synthesized in the cells
fro m tyro sine via the in term ediary l- do pa ( reviewed in
ref. 1) .

Recepto rs

A co m prehensive descriptio n o f do pam ine recepto r
expressio n in the im m une system was undertaken by
McKenna and co lleagues who used ßo w cyto m etry and
subtype- speciÞc antibo dies to study the distribu tio n
am o ng peripheral blo o d leuco cytes.18 Of the D 1- like
recepto r fam ily o n ly D 5 was detected, and o f the D 2- like
recepto r fam ily all three recepto r subtypes were fo und.
T lym pho cytes and m o no cytes had lo w expressio n o f

Table 1. Mo lecu lar, functio nal and pharm aco lo gical in fo rm atio n o n the hum an pro teins that reco gn ize 5- H T

5- H T1A 5- H T1B 5- H T1D 5- h t 1E 5- h t 1F

Structure 7TMD 7TMD 7TMD 7TMD 7TMD
Transductio n Gi/ o Gi/ o Gi/ o Gi/ o Gi/ o

Selective ago n ist 8- OH D PAT no ne no ne no ne LY334370
Selective antago n ist WAY100635 SB236057 BRL15572 no ne no ne

5- H T2A 5- H T2B 5- H T2C 5- H T3 5- H T4

Structure 7TMD 7TMD 7TMD 4TMD 1 7TMD
Transductio n Gq/11 Gq/11 Gq/11 In tegral catio n

channel
GS

Selective ago n ist no ne no ne no ne no ne BIMU 8
Selective antago n ist MD L100907 no ne SB242084 Ondansetro n SB204070

5- h t 5A 5- h t 5B 5- h t 6 5- H T7 5- H TT
Structure 7TMD 7TMD 2 7TMD 7TMD 12TMD
Transductio n unkno wn unkno wn GS GS Transpo rt
Selective ago n ist no ne no ne no ne no ne 5- H T3

Selective antago n ist no ne no ne SB271046 SB656104 Paro xetine4

In acco rdance with IU PH AR reco m m endatio ns, recepto rs in lo wer case appellatio n are classiÞed as gene pro d-
ucts because o f the absence o f a deÞned respo nse in native tissue.
1The 5- H T3 recepto r is co m prised o f Þve pro teins which fo rm a ligand- gated catio n channel. To date, Þve dif-
ferent 5- H T3 recepto r subun its have been identiÞed ( 5- H T3A, 5- H T3B, 5- H T3C, 5- H T3D and 5- H T3E) altho ugh
o n ly the 5- H T3A and 5- H T3B have been studied in detail. To date, no pharm aco lo gical to o ls are able to dis-
crim inate between the 5- H T binding sites o f the expressed iso fo rm s ( presence o f the 5- H T3A subun it appears
essential to fo rm a functio nal recepto r) .
2Expressio n o f the 5-ht5B gene in hum ans is do ubtfu l because o f the presence o f a sto p co do n in the gene
sequence which wo u ld resu lt in a heavily truncated, presum ably no n - functio nal, pro tein . A num ber o f addi-
t io nal Ôo rphanÕ 5- H T recepto rs ( e.g. 5- H T1P) have also been described altho ugh no co rrespo nding gene
sequences have been identiÞed. TMD , transm em brane do m ain.
35- H T is the transpo rted substrate o f the 5- H TT.
4Paro xetine blo cks the transpo rter.
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Table 2. Im m uno m o dulato ry effects o f do pam ine

Co ncentratio n Organism /Cell type Effect Pro po sed m echanism Ref.

I m m u n o su ppressi ve
D o p 250 pm H um an T cells ( CD 4+ /CD 8+ )

activated with IL- 2/anti- CD 3
 50% decrease in
thym idine uptake

Activity at D 1- like recepto rs.
Effects reversed by D 1- like
recepto r antago n ist SCH 23390

24

D o p 10 nm H um an B and T cells Apo pto sis Bcl- 2/Bax and Fas/FasL alteratio ns 25
D o p 30 nm H um an T cells activated

with anti- CD 3
ß thym idine uptake;

ß cyto kine release
D 2 and D 3 recepto rs ( reversed by
recepto r antago n ism )

26

D o p 100 nmÐ
100 l M

Murine splen ic B cells stim u lated
with anti- l

Inhibitio n o f pro liferatio n
( EC50  10 l m)

27

D o p 10 l mÐ
100 l m

Murine splen ic lym pho cytes
stim u lated with Co n A/LPS

D o se- dependent inhibitio n
o f thym idine uptake

28

Co ntinuo us D o p
in fusio n

Murine splen ic T cells ( in vivo) ß num bers o f IFN - c -
pro ducing cells

D 2 recepto r. Effects reversed
by D 2R antago n ist

29

D o p/ D o p ago n ist
500 nm) 1 m m

H um an peripheral lym pho cytes Apo pto sis b - adrenergic recepto r engagem ent
at least partially respo nsible
fo r effect

30

6- OH D A
50Ð250 l m

H um an ( m ale) peripheral blo o d
cells

Apo pto sis Oxidative stress ( H 2O2 pro ductio n ) .
Reversed by antio xidants

31

D o p > 100 l m Macro phage cell line RAW264.7 ß pro liferatio n,
Ý apo pto sis

Oxidative stress. Effects reversed
by asco rbic acid

32

D o p 1 m m Murine thym o cytes Apo pto sis Oxidative stress. Effects reversed
by dithio threito l

33

l- D OPA
1Ð100 l m

H um an lym pho cytes o r m urine
spleno cytes stim u lated with
LPS/Co nA

ß thym idine uptake Oxidative stress 34

D o p o r l- D OPA
10 o r 100 l m

H um an PBMC stim u lated with
T- cell ( Co nA) o r B- cell ( po keweed)
m ito gens

ß thym idine uptake
ß IFN - c release
ß num ber o f IgG/ IgM-
secreting cells

35

D o p 10 l m Murine splen ic and thym ic cells
stim u lated with T- cell ( Co nA) o r
B- cell ( LPS) m ito gens

ß thym idine uptake,
EC50  10 l m

Co uld no t be reversed with
D 2- like recepto r antago n ist

36

D o p
100 l m) 1 m m

EBV- transfo rm ed B- lym pho cytes Im paired m ito cho ndrial
functio n

Suggested to be resu lt o f o xidative
stress

37

D o pam ine
( in respo nse to
physical stress)

Mo use ( in vivo) Im paired Th1/Th2
cyto kines and im paired
N K respo nse

D 2 recepto rs ( effects reversed
with D 2- like recepto r antago n ists)

38

I m m u n o st i m u l at o ry
D o p < 1 l m H um an T cells Activatio n Signalling via D 2 and D 3 recepto rs 39
D o p o r l- D OPA
in fusio ns

Murine splen ic T cells ( in vivo) Enhanced respo nse o f
Co nA/anti- CD 3 stim u lated
spleno cytes

Signalling thro ugh D 2 recepto rs.
Effects reversed by D 2 recepto r
antago n ist

29

D o p/ D o p- R
ago n ists

Murine spleno cytes with Co nA
o r LPS Ð in vivo and in vitro

Enhanced pro liferatio n Recepto r- m ediated 40

D o p levels ß
by lesio ns to
do p. neuro ns

Mo use Im paired pro liferatio n o f
splen ic lym pho cytes;
depressed N K activity

In ferred that do pam inergic
pathways necessary fo r
im m une functio n

41

D o p recepto r
ago n ists

Mo use m o del ( in vivo) Enhanced im m une respo nses 42

100 nm
D 2/ D 3 ago n ist

H um an CD 4+ o r CD 8+ T- cells CD 4+ cells shift to TH 1.
CD 8+ cells triggered to
pro duce IFN - c

Signalling thro ugh D 3 recepto r
( effects reversed by D 3 antago n ist
U - m aleate)

20

D o p, do pam ine; Co nA, co ncanavalin A; IFN - c , in terfero n - c ; LPS, lipo po lysaccharide; N K, natural killer; PBMC, peripheral blo o d m o no nuclear
cells; Th1, T helper type 1.
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do pam ine recepto rs, whereas neutro phils and eo sino phils
had m o derate expressio n . B cells and natural killer cells
sho wed higher and m o re co nsisten t expressio n . D o pam ine
recepto rs D 3 and D 5 were fo und in m o st individuals
whereas expressio n o f D 2 and D 4 appeared m o re variable.
D o pam ine, via a recepto r- dependent m echanism , also
appears to m o dify directly the activity o f regu lato ry T
cells ( Treg) .19 The catecho lam ine was sho wn to reduce
bo th the suppressive and trafÞcking activit ies o f Treg

thro ugh type 1 recepto rs ( D 1 and D 5) which were abun-
dantly expressed by these regu lato ry cells. Evidence was
presented fo r do pam ine having a negative im pact o n
D 1- like recepto r- dependent ERK1/2 pho spho rylatio n in
the Treg po pu latio n .

An in trigu ing study, recently repo rted by Ilan i and
co - wo rkers, indicates the invo lvem ent o f D 3 recepto rs in
a no vel paradigm : the neuro transm itter- m ediated brain
regu latio n o f peripheral T lym pho cytes.20 Their study
appeared to be spurred, at least in part, by the co nßict-
ingly lo w co ncentratio ns o f do pam ine fo und in the per-
iphery co m pared to the relatively high am o unts seem ingly
needed to exert discern ible effects o n im m une cells. They
reso lved this parado x by dem o nstrating that: ( 1) o n ly
in- vitro- activated hum an T- cell ÔblastsÕand no t resting T
lym pho cytes respo nd to D 3 recepto r stim u latio n ; ( 2) per-
ipheral T cells fro m rats in jected with l- D OPA/carbido pa
dem o nstrated pro perties identical to tho se o f hum an
T- blasts expo sed to do pam ine; ( 3) perturbatio ns seen in
the m o del system s were recaptured by peripheral T cells
fro m patien ts with schizo phren ia, po stu lating here that
activated T blasts will have been expo sed to increased
brain levels o f do pam ine asso ciated with the disease. The
autho rs pro po se a Ôbrain - to - T cellsÕ pathway whereby
activated T- blasts that are kno wn to cro ss the Ôblo o dÐ
brain barrierÕ are expo sed and respo nd to do pam inergic
ßo w befo re re- entering the circu latio n and transm itt ing
kno wledge/ in fo rm atio n o f the enco unter Ð via, fo r exam -
ple, cyto kine release Ð to peripheral T ( and perhaps o ther
im m une) cells excluded fro m the CN S.

Tran spo rter

We recently reviewed the published evidence fo r lym pho -
cytes expressing a functio n ing uptake system fo r do p-
am ine.1 As fo r sert, lym pho cytes o ffer a readily accessible
reso urce fo r geno typing po lym o rphism s in the do pam ine
transpo rter ( D AT) . Co rrespo ndingly, Mill and co lleagues
dem o nstrated and quantiÞed D AT transcripts in cerebel-
lum , tem po ral lo be and lym pho cytes using quantitative
real- t im e reverse transcriptio nÐpo lym erase chain reactio n
when investigating the im pact o n expressio n o f individual
variatio ns in the 10- repeat allele o f a variable num ber
tandem repeat ( VN TR) in the 30- un translated regio n o f
the transpo rter.21 Tho ugh also sho wn to co n tain im m uno -
reactive D AT pro tein , no speciÞc functio n fo r the

transpo rter in lym pho cytes has so far been pro ffered.
N evertheless, the sam e argum ents o ffered abo ve as to
the teleo lo gy o f SERTÕs presence in im m une cells co u ld
be applied equally to D AT and an explo ratio n o f these
po stu lates sho u ld pro ve a fertile area o f fu ture research
activity.

Overview/syn thesis o f do pam in eÕs en co u n ters
with im m u n e cells

We have attem pted in Table 2 to sum m arize the literature
that is available regarding do pam ineÕs im pact o n im m une
cells and/ o r the functio n ing o f an im m une respo nse. It is
evident that the bu lk o f repo rted effects are inhibito ry
rather than stim u lato ry. We wish to suggest that this
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Figu re 2. SpeciÞc Ð recepto r- m ediated: Binding o f the m o no am ine
to do pam ine recepto rs alters cAMP levels thro ugh m o du latio n o f
adenylate cyclase ( AC) Ð an enzym e to which these recepto rs co uple
( via stim u lato ry o r inhibito ry G- pro teins) . Activatio n o f D 1- like and
D 2- like recepto rs m ay inhibit T- lym pho cyte activity ( 26) po ssibly via
increases in cAMP levels ( 24) . Co- activatio n o f D 1 and D 2 do pam ine
recepto rs m ay in it iate a un ique signalling pathway, no t activated by
either D 1 o r D 2 recepto rs alo ne ( 43) . Alternatively, recepto r ligatio n
m ay in it iate a signalling pathway that leads to o xidative stress ( 44) .
SpeciÞc Ð transpo rter- m ediated: D o pam ine can be actively in ter-
nalised by cells that express the do pam ine transpo rter ( D AT) . In tra-
cellu lar do pam ine m ay bind directly to cellu lar co m po nents such as
GTPases to alter their activity ( 15) o r enter the nucleus ( 45) and
bind to nuclear elem ents ( 46) to alter transcriptio nal activity. Cellu -
lar do pam ine can also chelate iro n leading to cell cycle arrest ( 47) .
Inside the cell, do pam ine can be m etabo lised by enzym es with the
generatio n o f reactive o xygen species ( ROS) which m ay dam age cel-
lu lar co m po nents leading to cell- cycle arrest o r death. N o n - speciÞc
m echanism s: Extra- cellu lar do pam ine can undergo auto - o xidatio n
to generate quino nes, sem i- qu ino nes and hydro gen pero xide ( 48) .
Quino nes/sem i- qu ino nes m ay bind to thio l gro ups o n cell- surface
pro teins and inhibit their activity. H ydro gen pero xide generatio n
fro m do pam ine is to xic to im m uno cytes ( 31, 37) po ssibly thro ugh the
generatio n o f supero xide and hydro xyl radicals which can dam age
lipids, pro teins o r D N A, cu lm inating in cell cycle arrest o r death.
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co u ld reßect in large part the generally accepted Ôto xicityÕ
displayed by the catecho lam ine against a variety o f cells,
bo th im m une and no n- im m une. An o verview o f po ssible
m echanism s that lead to this o u tco m e is presented
picto rially in Fig. 2. It needs to be determ ined which
( co m binatio ns) o f these are o perative in speciÞc im m une
cell respo nses to do pam ine and related co m po unds.

Closing remarks

The cum ulative data fo r im m une cells expressing m ultiple
m o lecu lar co m po nents that equip them to respo nd to
bo th sero to n in and do pam ine are o verwhelm ing. The
precise ro les o f the recepto rs and transpo rters fo r these
bio genic m o no am ines within the im m une system are at
present, ho wever, less clear. N o netheless, their eventual
disclo sure sho u ld pro vide fresh insights and o ffer new
paradigm s to the in terco nnectio ns o perating within the
neuro Ðim m une axis. Excitingly, this in turn will indicate
no vel therapeutic targets o n im m une cells fo r which phar-
m aco lo gically well- characterized drugs are already avail-
able, a co ncept recently reviewed by two o f us in so m e
detail.1 Finally, the co nstituent cells o f the circu lating
im m une system pro vide a readily accessible so urce, and
reso urce, o f m aterial that can po tentially be explo ited as
surro gates to pro be fo r m arkers o f CN S- related distur-
bances. The exam ples o f sert and dat po lym o rphism s have
already been cited, the latter in relatio n to atten tio n deÞ-
cit diso rder fo r exam ple, the fo rm er in a wide variety o f
psychiatric disturbances including o bsessiveÐco m pulsive
diso rder and m ajo r depressio n . Recently, the do pam ine
D 3 recepto r has begun to attract special in terest with
respect to the Ôperipheral m arker hypo thesisÕwith m RN A
levels repo rted as being disturbed in individuals with the
perso nality trait o f ÔpersistenceÕ, in cigarette sm o kers, and
tho se suffering fro m schizo phren ia;22 m igraine sufferers
sho w increased D 5 recepto r expressio n .23 A fu ll taxo no m y
o f the precise co m plem ent o f sero to nergic and do pam in -
ergic co m po nents expressed by distinct im m une cell sub-
sets, to gether with the details o f their regu latio n , will
greatly facilitate and accelerate bo th the therapeutic and
diagno stic pro m ise being indicated by the in trigu ing, but
lim ited, studies described so far.
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