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cel ls rvere f i rst  ident i f ìed in human connect ive t is-
Pau l  Ehr l i ch  (1878)  thanks  ro  rhe  metachromat ic
propertres of their prominent cytoplasmic granulcs
Ehr l ich a lso descnbed the c i rcu lat ing basophi l  leu_
that contain secretorv qranules 'u,hose stainine
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Abstract
ln  a l l  mammal ian  spec ies  in res t iga tc 'c l  so  fa r .  rnas t  ce l l s  and basoph i ls  a re  the
only cel ls that  synthesize histarrr ine anci  express plasma membrane receptors that
bind IgE with high af f in i ty (FceRI).  Hunran basophi ls ancl  masr cel ls c ier iv 'e f ior '
d ist inct  precLlrsors that  or ig inate in the bonc rni ì r row ancl  fètal  l iver and probably
circulate in per ipheral  b loocl .  There is extensive e,u, idence that mast cel ls ancl
basophi ls and their  rnediators are pr imi i ry ef fectors of  a l lergic inf ìammation. [ rn-
mLrno log ica l l y  ac t i va ted  human basoph i ls  re lcase t rvo  cy tok ines :  IL - : l  anc l  IL -13 .
Expression of  several  cytokines has been documentecl  in a nurmber of  erper i -
rnental models of human and rodent rnÍ.ìst cells. Ho,,veveq to clate tèr.v studies have
ana lyzed the  mechan isms o f  gene express ion  in  human FcERI+ ce l l s .  Some o f
these studies imply a role fbr  NFAT and GATA fami ly members in rhe lgE-medi-
ated act ivat ion of  cytokine gene transcr ipt ion in basophi ls and mast cel ls.  Studies
of human basophi ls and mast cel ls isolatecl  f iom cl i f ferent anatomic s i tes have
establ ished the di f ferent prof ì les of  e icosanoids released by rhese cel ls.  Recent ly,
the character izat ion of  arachidonic acid pools and the ident i f icat ion of  novel  en-
zymes involved in arachidonate remodel ing and rnobi l izat ion c lar i t ied in part
how eicosanoid product ions is regulated in mast cel ls and basophi ls.  In addi t ion
to histamine, human mast cel l  secretory -granules contain the neutral  proteases
tryptase, chymase and carboxypept idase that possess several  b iochemical  prop-
erties. In particulaq tryptase may play a role as a fibrogenic factor and chymase
might convert  angiotensin t  to angiotensin I I .  Nfast  cel ls are present in hr-rnran
hear l  and in human coronary arter ies rais ing t l ie possibi l i ty  that  local  act ivat ion
of cardiac mast cel ls might contr ibLrte to certain cardiovascular disease-s.  Recent
evidence also suggests that  mast cel ls and basophi ls can play a role dur in_s v i ra l
and bacter ia l  infect ions.  I t  is  now evident that  in man these tr ,vo cel ls noi  only
part ic ipate in inf lammation associatecl  w' i th al ler-glc c l isease. but also in chronic
and f ibrot ic disorders afJèct ing several  orqans and in l iost  defènse against  bacte-
r ia l  and v i ra l  in f ,ec t ions .

proper- t ies are s imi lar  ro those of  mast cei ls [2] .  In al l  mam-
mal ian species srudied so fhr.  mast cei ls ancl  basophi ls are
the only cel ls that  synthesize histan-r ine ancl  exprcss plasma
membrane receptors that  b ind the Fce port ion of  IgE rv i th
h i g h  a f f ì n i t y  ( F c e R I )  1 3 l .  H u m a n  b a s o p h i l s  a n d  m a s r  c e l l s
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F i g .1 .  I r r . ì n tunoso l r l  s t a i n i ng  1b r  SC 'F  t r i l
l r r r r r ran sk i r r  nust  cc i l .  Scct ro l ls  \ \ 'e re  s ta incc i
f ì r r  SC'F ( r r - ror roc lor r r r l  unt ibod. , '  unt i -hLrnran
SC t j ) .  Cìo ld  pr r t ic lcs  t i r t t  idcnt i i ' r ,  SC'F . i rc
f l rc -SCl t t  t \er  ì I I  sL-crc t ( r l ' ) 'g ranrr Ies  r r I thc  nrast
cc l l .  L  r ln) ' l  l cc ta tc  r r r r i l  l ca t i  c i t ra tc  s ta ined.
L la r  sca l c :  l . l  r r n i .

clerrve f iom cl ist i r rct  precursor-s that  ongrnate in the bone
rrarrow ancl  tètal  l i rer  antJ probably c i rcr-r late in per ipheral
blood. Hur lan basophi ls ar ' ìd mast cel ls isolated t iom di f Íer-
ent {lniÌtornic sites also diftèr u,' i th respect to the type of
cherrr ical  rnediators synthesized and rnembrane sl l r face re-
ccp tors  i4 l .

N,{ast  cel ls t r re usual ly distr ibLrted throughout nonnal
connect ive t issue. r , 'n,here they are adjacent to blood and lym-
phat ic v 'essels.  near nerves. ancl  beneath epi thel ia l  surfaces.
such as those of  the respiratory and gastrointest inal  systems
and the  sk in  [5 -7 ] .  Under  normal  cond i t ions .  basoph i ls  a re
never tbund in nomal human t issues. Basophi ls di f feren-
tiate and matllre in the bone marrow and circLrlate in the
biood rv i th a prevalence of  :0.50,6 of  total  leLrkocytes.  Un-
der certain c i rcumstances. basophi ls can be recr-ui ted into
t l ie int lamed t issr.re dur ing certain IgE-dependent react ions
ancl  in associat ion w' i th a var iety of  patholo_qic condi t ions [8.
t ) ] .  There is increasing evidence that basophi ls are inv 'o lvecj
in delayed-t ,vpe hypersensi t lv i t l '  react ions in the human
skin arrd lLrng [8-10].  Several  studies have shor,vnfht t t .ytent
c 'e l l  lùc ' tor ' (scF).  a lso te ru-ed'mast cel l  gro 'v i ' th factor ' .  c- / . i r
l i ganc i  (KL; .  o r  s tee l  fac to r  i s  the  pr inc ipa l  s ro rv th  I l l -13 ] .
c i i f l -erent iat ìns,  chemotact ic [14]  and act i . , ,at ins factor l l5.
161 o f  hLrman r ras t  ce l l s .  SCF exer ts  i t s  b io log ica l  ac t i v i t ies
irr  an interact ion u, ' i t l i  c- l i i t .  i ts  cognate receptor expressed
on t l . ìe cvtoplasmic r-nembrane of  r i l l  types of  human mast
cel ls [ -1.  l7]  .  Recent evic lence f iom our laborator-u- incl icates
that SCF is also expressecl  bv human rnast cel ls.  sLrggest inu
tha t  i t  m i -qh t  ac t  as  an  aLr rocnne i -ac to r ' lg l .  The pr inc ipa l
sro\,vtlt and dif-fèrentiatins firctor of hr-unan basophils ap-
pears  to  be  IL -3  !9 .  l0 l .

Cy tok ine  Express ion  in  Mast  Ce l ls  and Basoph i ls

Exper i rnents rv i th rnur ine mast cel ls have clear ly c ienron-
strated that IgE cross- l inking in i t iates the synthesis ancl  se-
cret ion of  several  cytokinc's [21] .  r ,vhi le infbnnat ion on hu-
man mast  ce l l s  and basoph i ls  i s  more  l im i ted  and s t i l l  i n -
complete.  There is good evidence that i r -nmunologicai ly
act ivated human basophi is release IL-.1 and IL- l i  12.2_211.
Expression of  IL- . l  and other cytokines, most ly related to
IL - -1  and typ ica l l y  assoc ia ted  w i th  a  Th2 phenorype ( lL -3 .
IL-5.  IL-13 and GM-CSF),  has been so f ì r r  documenre<J in a
number of  hr-rman or murine cel ls exhibi t ing i ì  miìst  cel l iba-
sophi l - l ike phenotype, inclr-rding: ( l )  mouse transfbrmccl
m a s t  c e l l  l i n e s  ( A B F T L - 2 ,  A B F T L - 3 .  p 8 1 5 .  M M C 3 . t )  [ 2 5 ] :
(2) mouse factor-dependent bone marrow- or fètar l iver-cle-
r i v e d  m a s t  c e l l s  ( P B - 3 c ,  C F T L  1 2 ,  C F T L  1 5 ,  C p l l )  [ 2 6 ]  :  ( 3  )
f ieshly '  isolated rnouse splenic or bone marrow FceR+ Ki t
ce l l s  [27 ] :  ( - l )  human bone mar row FceRI+  ce l l s  [28 ] l  (5 )
hurnan lung and sk in  rnas t  ce l l s  [29-31 ] :  (6 )  the  hur rnan mast
ce l l , ' basoph i l i c  leLrkemia  l ines  KU8l2  anc l  HVIC- l  [32 .  j3 ] .

ancl  (7)  human leukernic basophi ls f iorr  par ients rv i th
chron ic  rnve logenous leukern ia  [34 ] .  The re  i s  i rnmunoh is -
tochernical  er , ' idence thi ì t  human nlast  cel ls contain IL--1.
IL-5.  IL-6 and TNF-cr [29-32].  We har, ,e recenr ly c lernon-
stratecl  the presence of  SCF. the pr incipnl  grorv ' th.  d i f fcren-
t iat ine.  chemotact ic ancl  act ivat ing factor of  hr-rman nra.st
ce l l s .  in  secre tory  g ranu les  o f  hLrman mast  ce l l s  by  immurno-
gold stainin-u l l8] .  FigLrrc I  show's rhar af ter  i rnnrunogoic l
staining of  human skin t issue rv ' i th a rnonoclonal  ant ibocly
ant ihurnan SCF. gold part ic les appearecl  throushoLrt  a l l  thc
secre tory  g ranu lc 's  o f  a  mast  ce l l .  Thus .  must  ce l l -dc r ivec l
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SCF might rcprcsent arr  autocr ine f 'actor sustaining mast
ce l l  hypcrp las ia  and incrcased re leasab i l i t y  in  c i i f fe ren t
pa tho log ica l  cond i t ions .  In  v i t ro  s tuc l i cs  us ing  human mast
cel ls isolated and pur i f ìcd f iorr  c i i t ferent t issues to e.xplore
the concl i t ions of  mast cel l  cvtokine procluct ion have yielc lecl
inconc lus ivc  resu l ts .

Transcr ipt ional  Regulat ion in Mast Cel ls and
Basoph i ls

Ferv studies have been conducted to crate to analyze the
r lc -chan isms o f  gcne express ion  in  FcERI -  ce l l s .  Most  o f
thesc stLrcl ies hav'e fbcused on IL-- l  gene transcr ipt ion in
t rans fbr l red  moLrse  rnas t  ce l l  l i nes .  These cc l l s  cxpress  h igh
levels of  IL-- l  rnRNA const i tLr t ively.  a fèaturc sharecl  lv i th
other t ransfbrrnecl  cel l  l incs.  I t  has been shorvrr  that  cel l -spe-
c i f i c  d i f fe rences  ex is t  in  the  cont ro l  o f  IL - .1  t ranscr ip t ion  in
rnas t  ce l l s  anc j  T  ce l l s .  A  b7O-base -pa i r  (bp)  Bg lU f iaqment
located u' i th in the seconcl  intron of  the nloLrsc IL- .1 gene.
ident i f ìeci  by DNase I  hvpersensi t iv i ty str , rc l ies.  exhibi tecl
enhance r  ac t i v i t r  in  rn t rusc  rnas t  cc l l  l i ncs  L ru t  no t  in  the
nloLrse T cel l  l ine EL-; l  [35]  NlLrtat ions of  two e- lements
r i  i th in th is region decreasecl  e nhancer act iv i ty by alrnost
50' f ,n 136].  Nr-rc lear proteins binding to these elerrrents.  in-
c lud ing  GATA-1 .  GATA-2  and pu . l ,  a re  spec i f ìca l l y  ex-
pressed in di f ferent murine rnast cel l  t ransfbrnrecl  ancl  IL-3-
dependc-nt  l rncs.  suggest ins a cr i t ical  ro le in cel l - restr icted
act iv i ty of  thrs intronic enhancer.  An acldi t ional  mast cel l -
speci f rc enhancer has been located by delet ional  analysis
betrveen bp -6300 and -791 of  the mouse IL-4 promorer,
rvhi le a possible mast cel l -speci f ìc negat ive regulatory ele-
ment rvas identifìed in the region betrveen bp -7t)7 and -*{zl2

[35]
Huntan basophi ls express mRNA for GATA_2 and GA_

TA-3. sLrsgcst ins a role of  these proteins in sc-ne regulat ion
in  these ce l l s  [37 ] .  IgE c ross- l ink ing  and SCF inc luce  in -
creased rnRNA levels fbr  the Ap-r  fàctors c-Fos. c- . lun and
JunB in mouse bone marrol 'u ' -der ived mast cel ls 13g].  More
recent studies har, 'e invest ieated the role of  nuclear t i rctor of
ac t iva ted  T  ce l l s  (NFAT)- l  and re la tec l  p ro te ins  in  cy tok ine
expression i r r  FceRI* cel ls.  NFAI- l  has been involved in the
transcr ipt ion of  most cytokine genes expressecl  in mast cel ls
and basoph i ls .  inc l i rd ing  IL -3 .  IL - -1 .  IL -5 .  Gv l -c rsF.  TNF-c .
anc i .  perhaps ,  IL -13  [39 ] .  An  induc ib re  NFAT- I i ke  t i rc ro r  has
been fbuncl  to coopcrate rv i th a const i tut ive GATA fami ly
mernber in nrediat i r rg IgE-nrecl iateci  st i rnulat ion of  the hr_r-
man IL-5 pror 'orer rr  a moLrse masr cei l  r ine l - t { ) ] .  A -+l-kD
factor has been ic lent i f ìeci  in an IL- j -c lepenclent l l loLrse nlast
c e l l  l i n e  ( c ' F T L l 5 t  b v  U V  c r o s s l i n k i n q  r o  r h c  n r o u s e -  I L - 4

pron lo tc r  [11 ]  fh is  fàc to r  i s  l r r t igen ica l l v  re - la te t l  ro
NFAI-1.  bLrt .  Lrrr l ikc NF,. \T fàmi ly nrenrbcrs,  is  prescnt in thc
nuc lc i  o f  L rns t i rnu la te -c l  ce l l s  and b inc ls  to  DNA i r resocc t rvc
o f  thc  ce ' l l  ac t i va t ion  s ta te  [ - l l ] .

wc ha'u 'e recent l 'v '  c letected an NFAT-r- imniunorci ìcrr 'e
protein bv'  i r r i rnunof ' luorescence stainin,g of  hurran baso-
ph i l s  (n ranuscr ip t  in  p repara t ion) .  L ike  NFAT-1 .  th is  p rorc i r r
i s  cons t i tu t i re ly '  e rpressec i  in  the  cy top lasnr ,  wh i lc  IgE-  o r
car ' -mcd ia ted  s t in ru la t ion  induces  i t s  t rans loca t ion  to  the
n u c l e u s  ( f r g  2 ) .  T h i s  p h e n o m e n o n  o c c u r s  r a p r d l y  ( u i t h i n
5  r l in )and is  tvp ica l l y  b lockec l  by  cyc lospor i r r  A  or  FK506.
Ho'uv'ever.  t ranslocat ion appeared to be transient.  in that  the
protein spontaneouslv retrrrrrecl  to thc cytoplasnr rv i th i r r
30 nr i r r .  This is at  s isrr i f ìcant var iance rv ' i th prer, ' ious stucl ies
s h u v u i n g  p r o l o n g e d  s t a i n i n g  ( > 5  h ) o f  n u c r c a r  N F ; \ T - l  i n  T
ce l l s  s t i rnu la ted  r i , ' i th  ionornyc in  o r  an t i -cD j  1121.  Taken
toget l rer .  these f indin-ss.  surnnrar izecl  in f ìsure 2.  open the
possibi l i tv  that  unic lLre t ranscr ipt ion fhctors contr ibute to ba-
soph i l -  o r  rn i i s t  ce l l - res t r i c tcd  c - r - tok ine  gene c rpress ion .

Arach idon ic  Ac id  Metabo l ism in  Human
Basoph i ls  and Mast  Ce l ls

Large quant i t ies of  arachidonic acid are storecl  in r ler l -
b rane g lycero l ip ic ls  o f  human mast  ce l l s  anc l  basoph i ls .  Up-
on ce l l  ac t i r , ' a t ion .  a rach idon ic  ac id  i s  mob i r i zed  f iom the
stora-ee pools by di f tèrent phosphol ipases and is conveftecl
to prostanoids by cyclooxygenases (COX) ancl  to leLrko-
t r ienes  by  5- l ipoxygenase (5 -Lo)  [43 ] .  The pro t i re  o f  e ico-
sanoids -generated by act ivated hLrman mast cel ls and ba-
soph i ls  has  been exrens ive ly  s ruc l ied  [11 .  45 ] .  Mast  ce l l s
isolated f ì 'orn human lung, heart  and gut t issues synthesize
predorn inant ly  p ros tag land in  D3 (PGDr)  anc i  leukot r iene
cr (LTCr) rvhen chal le 'ged in v i t ro rv i th IgE-mecl iated st i -
mu l i  [4ó- '18 ] .  Sk in  rnasr  ce l l s  p roduce pGDl  bur  r i t t re  o r  no
LTC, [19]  In contrast .  human basophi ls _qenerare only
LTCr r ,vhen st imulated r ,v i th l -uE-dependent st imLrr i  [50.  5 l ] .
Actir,e secretiorr of LTA* has been sho.u'r 'rr in vitro in rnast
ce l l s  a f ie r  s t in rL r la t ion  [52 ] .  The se  c rer ion  o f  LTAr  coLr ld
provide a nleans fbr markeci  ampl i f icat ion of  leLrkotnene
fbrrrat ion at  inf larnrnarorv s i tes.  Endothel ia l  cel ls ancl  p la-
te lets containine LTC_* svnthasc 153] can qenerate LTCI
f iom rnast cel l -  and neLrtrophi l -der ivecl  LT,, \ r  t54l

The b iochemica l  bas is  tb r  thc  c l i f  fe ren t  p ro f ì re  o f  e icosa-
noic is released by basophi ls anci  nr i lsr  cel ls isolatecj  t iom cl i t ' :
fèrent anatorniclrl sites is not knolvn. F{orv'e'u,er. our l<no,i.1-
ec lge  on  thc  mechan is rns  o f  c icosano ic i  syn thes is  in  n r i rs t
ccl ls anci  basophi is has great lv ertendcd in the last  fèr .v vears
vu i th  t l rc  idcn t i f ì ca t ion  o f  r rove l  rnzvn les  anc l  rcgu la to rv
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Fig.2. Schematic rcpresentation of the signal transclLrcriorì path-
r ,vays lead ing to  the induct ion o f  cy tok inc ge ne cxpress ion in  basophi ls
and mast  ce l ls .  St i rn i r la t ion o f  thest - -  cc l ls  v ia  FcERI  cross- l ink ing by
mul t iva lent  a l le rgen induces a cascade of  in t race l lu lar  s igna l ing events
leading to the activation of several DNA-bindin-u t ictors. IgE-medi-
a ted s ignal in-u  induces an increase in  in t race l lu lar  Car ' .  rcsu l t ing in
act i !a t ion o f  the phosphatase ca lc ineur in  (CnA) .  Dephosphon. la t ion
of NFAT family members by calcineLrrin induces their nuclear trans-
locat ion.  IgE-mediated s ignals  a lso increase p2 l " ' '  lRas)  i ìc r iv i t \ ' .
rvh ich resu l ts  in  act ivat ion o f  the Erk .  Frk .  and Jnk k inases ( IVIAPK) as
rvel l  as nuclear translocation of NF-xB. IVIAPK act to requlare the eK-
prcssion and function of Fos and Jun factors that act ivate transcript ion
tiom AP-1, OAP, and somc NFAT sites in ser,,eral cytokine gene pro-
moters. The actir , 'at ion of Car - and pl l" ' -depcnclent pathways can be
mimicked in part by simLrltaneous st imulat ion rvith PKC-active phor-
bo l  es ters  (Pt /A)  and Cl r -  ionophores.  Horvever ,  Car- -  and ca lc ineu-
rin-mediated actirat ion of NFAT appears to be sr:f  f ìcient for ntaxintal
IL-- i  transcrìpt ion in human basophils. Also shor,vn is the contr ibLrt ion
of PU.l and GATA fhctors. slro,,vn to bind to a masr cel l-specit ìc en-
hancer located lvi thin thc sccond intron of the rnurine IL-- l  gcne (see
tcxt  ) .

molecules involved in arachidonic acid metabol ism. The
major c i iscover ies in th is area are schematical ly i l lustrated
in t ìgure 3.  At  least  t r ,vo major phosphol ipases Ar (PLAr)
are invoh, 'ed in arachidonate mobrl izat ion in mast cel ls.  a
high-molecLr lar- \ \ , 'e ight  cytosol ic PLAl (cPLA, )  and a lo 'w-

molecr " r la r - rvergh t  secre torv  PLA2 (sPLA: )  [55 ,  56 ] .  cPLAI
is an zrrachidonate-select i ' , ,e PLAr act ivated by rnicron-rolar
Car- concentrat ions [57] Upon translocat ion to the nuclear
membrane. cPLAr generates f iee arachidonate that is most-
ly converted to leukotrienes. Ttvo mechanisms of upregu-
lat ion of  cPLA, exist  in mast cel ls act ivated by IgE-depend-
ent st imul i :  a rapid mechanisnt occurr ing lv i th in minutes af-
ter  cel l  act ivat ion,  based on phosphorylat ion mediated by
MAP kinase, and a delayed mechanism based on transcr ip-
t ion and expression of  ne.w enzyme ntolecules [58] .  The lat-
ter mechanism requires several hours to be effective and is
strongly modulated by cytokines [59].

PLAr is stored within cytoplasmic granules of  quiescent
rnast cel ls [60]  and is rapidly released when the cel ls are
act ivated bv immunological  st imr-r l i  or  by such cytokines as
SCF. sPLAl is a non-arachidonate-select ive enzyme and re-
q u i r e s  r n i l l i m o l a r  c o n c e n t r a t i o n s  o f  C a : - .  s u c h  a s  t h o s e
f 'ound in the extracel lu lar  nt i l ieu.  for  i ts  act ivat ion.  sPLAl
can be considered fbr many aspects a mediator of  inf ' larnma-
t ion becaLrse ( l )  i t  is  re lea.sed in discrete amounts in the ex-
tracel lu lar  environment at ier  immunological  act ivat ion of
m a s t  c e l l s  [ 6 0 ] ; ( 2 )  i t  c a n  b e  m e a s u r e d  i n  v i v o  i n  s u c h  i n -
flammatory f ' lLrids as broncholaveolar lavage fluid of arsth-
rnat ic pat ients [61]  and the synovial  f lu id of  pat ients rv i th
rheumatoid arthr i t is  [62]  and (3) i ts administrat ion repro-
duces signs and symptoms of  inf lammation [63] Once re-
leased, sPLAr can hydrolyze phosphol ip ids on the outer
layer of  cytoplasmic membrane of  mast cel ls generat ing
arachidonate that is mostly converted to prostanoids such as
PGDr. In addi t ion,  recent evidence suggests the presence of
a specifìc membrane receptor for sPLAr on murine mast
cel ls [64] .  Act ivat ion of  th is receptor,  which is blocked by
hepar in.  induces the release of  both preformed (histamine

and proteases) and de novo synthesized mediators (eicosa-
noids).  The existence of  a sPLA2 receptor on human mast
cells has not yet been demonstrated.

Tivo other biochemical  events related to arachidonic acid
metabol ism occl l r  in act ivated mast cel ls:  the t ranslocat ion
of 5-LO and the expression of  the inducible COX (COX-2).

5-LO is a microsomal enzyme in rest ing rnast cel ls.  Cel l
activation results in the translocation of this enzyn-re to the
nuclear membrane rvhere it interacts with an 18-kD protein
referred to as 5-LO-act ivat ing protein (FLAP) [65]  FLAP
stabi l izes the binding of  5-LO to arachidonate released f iom
cPLAl,  the other enzyme translocat ing to the nucleus, _qen-
erating LTAr and. subseqllently, the othcr peptide leuko-
tr ienes.

COX-l  is  the stable.  const i tut ive isofbrm of cyclooxyge-
nase in most human cel ls and is responsible for  rnaintainins
the physiological  levels of  prostanoids in the k ic lne v:  l i r , 'er .

l l 0 VI arone,  Caso I  aror '  Pate I  I  a,  F lor . i  o,  Tr- i  g, t r  an I



Fig.3 .  B iochcmica l  e 'u 'ents  re la ted to  ara-
chidonic acid r letabol isrr i  in act ivateri  rnast
cel ls. Interaction of anti_qen rvith nrembrane-
boLrnd sur face IgE molecu les induces:  (  l )  se-
cret ion o f  sPLAl ,  (2)  phosphorv la t ion and
nuc lear  t rans loczt t ion o f  cPLAl .  (3)  nuc lcar
t rans locat ion o f  5-LO,  (4)  in teract ion o f  5-LO
lv i th  FLAP on thc nuc lear  membrane and (5)
t rans ient  exprcss ion of  COX-2.  sPLAl  acts  on
the external surtacc of ntast cel l  producinu
arach idonatc  that  is  most lv  conrer tcd to  pros-
tanoids.  cPL, \1  produces arach idonatc  in
c lose prox imi ty  to  5-LO.  thus gencrat ing prc-
dom i  nant lv  leukot r ienes.

l ,ng and gastr ic mucosa 166] [n conrrasr. cox-2 is not de-
tectable in rest ing cel ls but i ts RNA transcript ion and pro-
tein expression is rapidly induced in acrivated inf lammarory
cel ls including mast cel ls [67]. Data obtainecj mostly in mu-
rine mast cells indicate that both CoX-l and cox-2 are re-
sponsible for prostanoid production in st imulateci mast
cel ls. current evidence sLrggests that coX-r is mainly re-
sponsible for prostanoid synthesis induced by IgE,-depencl-
ent mechanisms, whereas cox-2 is the major source of
prostanoids generated in response to cytokines [6g. 69].

Mast Cell  Proteases

In addit ion to histamine. al l  mast cel ls contain in their
secretory granules several neutral proteases. The major
mast cel l  protease, present in al l  human mast cel ls, regard-
less of subtype, is tryptase. Tryptase is a tetrameric trypsin-
l ike serine protease of approximately 130 kD thar is stabi l iz-
ed by heparin [70]. There are two genes codin,e fbr tryptase
cr and B. Tryptase is virrually absent from human basophils
and thus appears to be an excel lent marker of mast cel l  act i-
vation in vivo as r,vell as in vitro 171,721. The average con-
centration of tryptase in human mast cells r,,aries in the skin
( :35 pg/10 'mast  ce l ls) ,  hearr  ( :20 pr_ei  106 mast  ce l ls) ,  lun,9
( :10 pgi  106 mast  ce l ls) .  and synovia 1:5 prgr l0n mast  ce l ls)
173, 741. Tryprase is a mitogen ancl comitogen fbr fibro-
b lasts  l l5 ,76l  and t racheal  smoorh muscle ce l ls  [77] ;  i t  ac_

tivates col lagenase [78], urokinase [79] and stromelysin
[80]. whether mast cel l  tryptase plays a role as a fìbrogen or
anti-fibro_9enic agent remains to be defined.

Chymase is a monomeric chymotrypsin-l ike protease of
30 kD stored in the same secretory granules as tryptase and
histamine. Some human mast cel ls contain both rryprase
and chymase (MC1.), whereas other mast cel ls contain only
tryptase (Mr) [81]. Recent studies indicate rhat most ana_
tomical si tes contain a mixture of MC1 and MC16.. Thus,
while MCt predominates in the lung and small  intest inal
mLlcosa, N4C rc predominates in the skin, heart, synovia, and
small  intest inal submucosa [48, 74]. As a result,  human
mast cel ls cannot be classif ied as MC1 and MClc- based on
tissue location alone.

The enzyme activi t ies of chymase, a chymotrypsin-l ike
mast cell serine protease. include the activation of procolla-
genase [82] .  o f  ge lat inase [83]  and of  fL- lB ro IL- l  [94] ,
and the con'ersion of angiotensin I to angiotensin Ir [95].
carboxypeptidase is a 35-kD metal loprotease present in
mast cell granules that removes the carboxyterminal resid-
ues from a varietv of peptides.
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Fig. 4. Schernatic reprcsenration o I hunran n.ìasr cel l-  f i  broblast in-
teract ions.  Human mast  cc l l  ac t i . ,a t ion by i rnnrunolou ic  (ant igen.  ant i -
IgE.  ant i -FceRI .  c5a)  or  f ìbrob last -dcr ivcd SCF rcsLr l ts  in  rhc re lL- i lse
of  sranule-s tored mediators  (h is taminc.  t r ) ,p tasc.  chvnrasc.  protcog l l , -
cans)  and ner , l ly  s1-nthes izec l  tned ia tors  ( l ip id  meci ia tors .  cv tok inc.s) .
c 'hemica l  mediators  re leased by mast  ce l ls  a f fèc t  b lood vcsse ls  and
can inf ' luence f i  broblast propcrt ies 1 fìbroblast prol i fèrat ion. col lagen
prodr-rct ion). In parl icLrlar. truprase. histaminc. and peptide leuko-
t r ienes can act i ra te  t ìbrob lasts  to  s t imulate  co l lagen s) , 'n thes is .  thus
ind icat ing a  d i rect  nrast  cc l l  invo l r , 'emcnt  i r r  the f  rbro t ic  prcccsses.  F i -
brob last -der ived cy ' tok ines ( lL-8 .  MCAF.  SCF)can acr ivate  hLrrnan ba-
sophi ls  in f ì l t ra t ing in f lanred t issr_rcs ro  re leasc pro in f ìammaton,
mcdiators  and cytok ines ( lL- - {  and IL- lJ ) .  Ster l  ce l l  fhc tor  conta incd
in secretorv granules of hLrrnan rnast cel ls ci ìn exert an autocrine ef-fèct
on  t he  sc  ce i l s .

Mast  Ce l ls  and Basoph i ls  as  E f fec to r  Ce l ls  o f
A l le rg ic  In f lammat ion

There is ertc-nsi 'e evidencc. that  rnast cei ls.  basophi ls
and their  rnediators are pr i rnary Ètfectors of  a l le rgic inf ìam-
rnat ion [86] Se'u 'eral  excel lent  re l ' ie 'uvs have erte nsively cx-
amined the role of  rnast cel ls.  basophi ls ancl  their  nrecl iators

in al lcr{ Ì ic  d isordcrs fs7.  88].  r \natornical  ancl  t ì rnctronal
evic lence has supported thc not ion that basophi ls ancl  rnast
cc l l s  p lay  a  rna jo r  ro le  in  the  pa thogenesrs  o f  a l le rs ic  d is -
eascs .  Basoph i l  in f ì l t ra t ion  has  bcen fbund in  rhe  lung o f
pat ients r ,vho died f ì 'om asr l rma [89].  and incrcasecl  basophi l
and mast cel l  re leasabi l i tv  has been clocumentecl  in pat ients
wi th  b ronch ia l  as rhma and a l le rg ic  rh in i t rs  [90 ] .  The rnasr
ce l l  i s  we l l  es tab l i s l ied  as  a  rna jo r  in i t ia t ing  ce l l  o f  the  ear ly
phase o f  a l le rg ic  responses  [88 ]  [gE c ross- l ink ing  by  spe_
ci f ìc al lersens or the act ivat ion of  the di f ferent membrane
surt-ace receptors on hurnan nrast  cel ls act ivates a complex
ser ies of  b iochernical  events leading to the rerease of  pre-
fbrrnecl  ( l r is tamine. neutral  proteases, secretory phosphol i -
pases).  c le nov'o-synt l lesized rnediators (prosta{Ìrandin D..
pept ide  leukot r ienes .  P{F)  o r  cv tok ines  tha t  a re  respons ib le
fbr most of  the ear lv events that  character ize al lergic rL ' i ìc-
t ions of  the respirator l r  t ract ,  intest ine and skin.  Inf ì l t rat ing
basophi ls contr ibute '  rv i rh eosinophi ls and other cel ls to the-
chronic inf larnmatorv e vents of  a l ler ,s ic disease [8-10] .  The
growing  ev idence tha t  IgE c ross- l ink ing  in i t ia tes  syn thes is
ancl  secret ion of  several  cytokines by human basophi ls [22-
211 and masr cel ls [29- i l ]  supporrs the hypothesis t l iar
these cel ls plai r  not  only a proinf ìammatory br_rt  a lso an im-
rnunomodulatory role in al ler_eic disorders.

Relevance of  Heart  Mast Cel ls in Al lergic and
Cardiovascular Diseases

Mast cel ls àre present in human hear- t  t issue and in the
advent i t ia and int ima of  coronarv arrer ies [18,  -+8. 9l ] .  The
concentrat ion of  h istamine and the densi ty of  mast cel ls are
sieni f icant ly increased in the ar- ter ies of  pat ients wi th car-
diovascr-rlar diseases, and coronary arteries fiorrr these pa-
tients are hyperresponsive to histamine in vitro l92l semm
IgE are increased in patients with coronary artery clisease
[9i ,  94] .  These f ìndings raise rhe possibi l i ty  that  rocal  act i -
vat ion of  cardiac mast cel ls might contr ibute.  thror_r_sh the
release of vasocactivc- mediators. to certain carcliovascular
c l i seases  [8 .  95 ] .

we have recently established a complex techniqr-re fbr et--
t - ic ient  c l ispersion of  mast cel ls f rom human heart  t issue
(HHMC) [48],  and rve have ident i f - red rhe i rnnrr-rnorogic ancl
non- imrnunologic st imul i  that  induce hear l  mast cel ls to re-
lease vasoact ive and proinf ìammatory mediators l4g,  96].
Interest ingl"v.  HHMC appear to be the onl i r  type of  human
rnast cel ls that  can be act ivated by certain eosinophi l  cat ion-
ic  p ro te ins  (ECP and to  a  lesser  ex tenr  V IBp)  196 l  Th is  ob_
serva t ion  ra ises  the  poss ib i l i t y  tha t  in  pa t ien ts  u , i th  chron ic
and acute  hypereos inoph i l ia .  in f i l t ra t ing  eos inoph i ls  can
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produce car( l iac dcrangenle nts through thc rc leasc of  vaso-
act ive and proint lamrnatorv rnediators f iorn HHVIC caLrsed
by ECP ancl  MBP.

Role of  Mast cel ls in Inf tammatory and Fibrot ic
Disorders

PaLrI  Ehr l ich.  the discoverer of  rnast ce l ls .  not icecl  the
presence of  mast ce- l ls  in chronic inf lanrrnat ion -  a process
of ien including t ìbrosis l l l .  The cel ls ancl  the mecl iarrors re-
sponsible f 'or  f ibroblast  prol i fèrat ion and col lagen accumLr-
lat ion are.  at  least  in part .  unknovv'n.  v last  cel ls.  normal ly
fbund distr ìbLrtcd throuehoLl t  connect iv.e t issues. ar-c rn-
volvccl  in nlany types of  chronic inf larnrrrat ion ani l  are
fbLurd in inc 'easecl  numbers in f ìbrot ic r issues [1.  lg.  97] .
iVIast  cel ls also af fcct  f ìbroblast  act iv i tv throu_sh the release
of  t ryp tase  [75 .  76 ] .  h is ran i ine  19 f ì l  anc t  LTCr  t99 l  Th 's .
rnas t  ce l l - f  rb rob las t  in te rac t ions  nrav  l rave  a  ro le  in  hea l th
ancl disr-iìse ( fìg. -l ).

Increasecl  nurnb.:  rs of  nrast  cel ls are f ì lurr iJ i r r  the synovial
t issLre ancl  f lu id of  pat ients r , r , ' i th chronic i r r f larnnlatory ar-
th r i t ides  [97 ] .nnc l  rhcse  ce l l s  can  be  ac t iv 'a tec l  by  rnanv  o f
tlrc sLrbstances arrcl neuropeptides tbuncl in inflarnrnarory/
synovial  f ìu id [74,  100].  Increased histarr ine and tryptase
corr tent and ntast  cel l  densi tV are also fbund in the fa i l ing
heart  of  pat ients r ,v i th id iopathic di lated ancl  ischemic car-
dioniyopathies,  two condi t ions character isecl  by an increase
i r r  f ìb rous  con lponents  I l0 l ] .  F ina l l y ,  inc rensed mast  ce l l
c iensi tv has been documented in the lesional  skin of  sclero-
demra pa t ien ts  [102]  and in  the  luns  o f  pa t ien ts  rv i th  b ron-
ch ia l  as th rna  l l03 ]  o r  f ìb ro t i c  lL rng  d isorc le rs  t l04 ] .  Sc le ro-
denna pat ients also showed enhanced basophi l  re leasabi l i ty
compared to that  of  controls 'uvhen chal lenged in v i t ro r ,v i th
I L - 3  a n d  a n t i - l g E  [ 1 0 5 ] .

whether mast cel ls play a f ibrogenic or ant i f ibro_senic
role in chronic inf lammatory disorders remains to be cieter-
rn ined.

Ro le  o f  Mast  ce l l s  and Basoph i ls  in  Bac ter ia l  and
Viral  Infect ions

A protc-ct ive f ì rnctron fbr mast cel ls and their  rnec- l iators
has lons been proposcclon the basrs of  sorne wornl  infèct ion
models.  Al thoLrgh human basophi ls possess surf ì rce recep-
to r  fb r  fb r rnv l -conta in ing  bac ter ia l  pept ic les  t106] .  no  ev i -
c ience existed as to the in v i r , ,o s igni f ìcancc of  nr i is t  cel ls in
bactcr ia l  rnfèct ions.  Tu, 'o rccent rcports har.c c lenionstratccl
th i ì t  n las t  cc l l s .  * 'h ich  arc  sc lec t i rc ry  roca ted  a t  thc  por ta ls  o f
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Fig-  5 .  Ef ' tcc t  t t f  incre l ts i t ì -s  conccnt ra t ions o f  pro tc in  Fr  pp Sis t l -
rn inc  ant l  IL-J  sccrc t ion f r -onr  l r t r rnan basol rh i ls  obta inec i  f rorn  * i  nor . -
tna l  t lonors .  \a lLrcs  arc  cxprcsscr las  thc  nrcar ì  +  SEÌ \ ,1 .

bacter ia l  entry.  are i rnpoftanr ro host defènse I l0z l0g] .
Mast cel l -c lef  rc ient  rn ice (w/w\ )  are s igni f icant ly less et1l-
c ient  that  nonnal  +i+ l r t termates in c lear ing enterobacter ia
and this phenomenon is,  at  least  in part .  c lLre to c lecreasecl
TNF-g, prod'ct ion I l0Z 108].  v loreor, 'er ,  leukotr iene-defì-
c ient  nr ice rnani fèst  enhanced lethal i ty f iom Klel tsìel lu
pneunroniue l l09] .  These resul ts rcvealed a previously Lrn-
reco_qnised role of  rnast cel ls in bacter ia l  infèct ions.

It is inrportant to note that sr-rch bacterial fàctors as pep-
statin A !06. I l0l. type I f imbriae of E'c'he,ichiu c'oti l l l l ] .
protein A of  srap h. t , lococ'ct ts ( luret ts l l l2.  l l3] .  protein L of
PepIos'Íreptococ'c'tt.s ntogttrs Il l4] can activate human ba-
sophi ls and, 'or  mast cel ls throu_eh di f ferent immunologic
mechanisms. Interest in-glv,  such viral  products as gp 120 of
HIV and protein Fr ' .  in 'n ' i 'o induced dur ing v i rar hepat i t is .
can also act ivate hurnan basophi ls ancl  mast cel ls to release
proinf- lammatory rnediators anci  in ln lLrnoreguratory cyto-
kines 172l  Recent ly.  in col laborat ion u, , i rh. lean-pierre Bou-
v'et rve have fbund that protein Fr,. lvhich is an endogenous
sLrperant igen released in v ivo in pat ients sLrf fèr ing l rom r i_
ra l  l iepa t i t i s  l l l 5 ] .  s t imLr la ted  no t  on iy  the  re lease o f  h is ta -
rnine f i 'orn pur i f ìed per ipheral  b loocl  basophi ls.  but  a lso the
cle novo svnthesis of  IL- ,1 ( f ìg.  5 ) .

Takcn to-uether. these obscn'ations sLl_ggest trrat lrrÌst
ce l ls  that  are locatet l  near sr-rr faces exposed to the e. \ temal
cnv i ronnten t .  can  p lay  a  no t  ye t  c rp lo red  ro lc (s )  c lL r r ins  v i ra l
l t r r t l  b a c t c r i a l  i n f c c t i o n s .

l l r o l o g v  o f ' B u s o l t l r i l s . r n d  \ l u s t  (  e  l l s
t l a
_ l  )



lmmunopharmaco logy  o f  Human Basoph i ls  and
Mast Cel ls

Numerous studies have locused on the in v i t ro and in v i -
vo effects of drugs that modulate the release of pretbrmed
and de novo synthesized mediators f iom human basophi ls
and rnast cel ls isolated from di f ferent t issues [7j ,  100. l l6-
118].  Signi f ìcant di fÈrences har, 'e been documenrecl :  (a)  be-
tr,veen mast cells and basophils as re_eards the pharmacolog-
ical agents and the rnediators they produce; (b) betu,een
mast cel ls isolated t iom di f ferent anatomical  s i tes.  and (c)
between compolrnds of  the same pharmacorogic c lass.  In
addi t ion,  th is approach has signi f icant ly contr ibuted to c lar-
i f y ing  the  b iochemica l  mechan isms by  wh ich  these ce l l s  re -
lease nred ia to rs  in  response to  i rnmuno loe ic  and nor r i r r r -
muno log ic  s t i rnu l i  [95 .  l l  l - l l 4 ] .

Conc lud ing  Remarks

In th is br ief  review we have touched on some recent ly
elucidated aspects of  human mast cel l  and basophi l  molec-
ular and cel l r - r lar  b io logy and immunology. The avai labi l i ty
of  suf f ic ient  numbers of  human basophi ls and mast cel ls
isolated fiom different t issues is paving the rvay to the char-
acterization of the rnolecular and biochemical aspects of
these cel ls that  have intr igued immunologists s ince their
original discovery. It is now evident that in man these trvo

types di f lèr  b iochemical ly.  immr-rnologicalry and pharmac-
ological ly and play di t fbrent roles in al lergìc anci  inf lamma-
tory reactions.

I t  is  now becoming increasingly evident that  basophi ls.
mast cel ls and their  mediators part ic ipate not only in inf- lam-
mat ion associated r ,v i th al lergic disease. but in chronic ancl
f ìbrot ic disorders af fect ing several  organs. Mast cel ls and
basophi ls presumably play a role in host defense against
bacter ia l  and viral  infèct ions.  Mast cei ls could also be in-
volved in the formation and progression of atherosclerotic
lesions and di f ferent cardiomyopathies.  These cel ls,  d i rect-
ly or through mediator _eeneration. affect the function of dif-
fèrent cells in inflammarory arthrit ides.

Yet the fundament quest ion remains:  do mast cel ls and
basophi ls play a prominent proinf ìammatory and immuno-
regulatory role or do they'help to orchestrate protect ive host
inf larnmatorv responses in di f ferent pathological  condi-
tions'.)
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