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MUC1 mucins  are h ighly  glycosylated glycopro- 
teins expressed on the luminal  surfaces of glan- 
dular epithelia.  In breast and ovarian carcinomas, 
their express ion is frequently upregulated and they 
may be secreted into the circulation of cancer pa- 
tients. Early studies aimed at the production of anti- 
MUC1 monoclonal  antibodies  revealed that MUC1 
was a potent  i m m u n o g e n  in mice with many mono-  
clonal antibodies  raised defining epitopes within 
the protein core of MUC1. The immunogenic i ty  of  
MUC1 has n o w  been extended to human studies 

Key windy.' MtJCI  mttcin, immunogcnicity,  peptide epitopes 

and it is apparent that patients with breast and ova- 
rian malignant disease are able to mount  i m m u n e  
responses against MUC1. These f indings provide 
information on the mechanisms  involved in the 
recognition of MUC1 expressing tumours.  The utili- 
sation of MUC1 related i m m u n o g e n s  to st imulate 
i m m u n e  responses to tumours  could lead to the 
improved management  of patients and the develop-  
ment of n e w  immunotherapeut ic  strategies airned at 
the eradication of MUC1 mucin expressing cancers. 
(Pa tho logy  O n c o l o g y  Research  Vol l ,  N o l ,  27 31, 1995) 

l n t r o d t t c t i o n  

~'ltlCl_l~ glycoproteitl~ or mucins are large, e x t e n s i v e l y  

glycos>,lated macr(~tnoleeules which are expressed and 
ollen secreted by diverse epithelia. Aparl from their major 
pllysio]ogical functions as protective agents and biological 
lubricants, they arc frequently elevated and/or altered in 
Cal lcer  an t ]  t hus  hk lvc potential as [UlIlOLII" l l la lke l -~,  x ' "  ~n~ 

In addition, acctunmlation or illcreafied expression of  mu- 
t ins at the tttlllotlr cell surface (which, in the transformed 

cell. is no longer directional or orderly) may reduce cell 
a~grc~alion by processes such as the mucking of extrat:el- 

lular dolnail> of  adhe,,ion molecules. "~ This fucilitate~, 
delachmei+t froln the primary tumour and contribute+ to an 

increased potential for itl\'aS]Oll alld nlctastasis. 

The M U C I  m u c i n  p r o t e i n  core  

Distinct families of  mucins have now been identified, 
Ihcv are Ihc prtKILIc'ts el dH Icl'ellt ,~,.,'11:," lot_'l Oll scparat,.." 

chron!o~nllleS. / \  large region of  the plotcin core of the 
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mucin defined by the MUC1 gene located on chfOlllt)S(}111c 

lq21 '~ c(mststs of ; uriable ilunlbcfs of  a hi~hlv~ , conserved 2t) 
amino acM repeal unit. P D T R P A P ( ; S T A P P A H G V T S A .  

Indeed. variable number tandem repeat (VNTR)  mills 
v, hich give rise l() an e• polymorphism seen at tile 
level of  epidlelial mucin I)NA and protein I~ '~ may be a 

COIl l l l lOn I+eatLire e l  > ,ever t t l  n l u c i l l  l a l l l l h e : , .  -- 

h i  the normal individuul, M U C I  inLICil/S are particularly 
expressed on the luminal surfaces of  the acini and t.luets of  

the breust and other specialised glandular epi thdia .  ~ ~'' 
These may be viewed as immunol(~gically pl ivi ledgcd 
sites which are essentially external to the body. In carol 

n,.~ma~, includin~ tho~,e of  the breast, lung. cohm. o \ a r )  
aud bladder, their expresxitm in el'ten up-regulated, 41 and 

their glyco,;ylation ix frequently altered ate a consequence 

of  neoplastic translormation. Post translational changes in 
tumour--tssociated mucin'~ inch_tde incomplelc,  or aberrant 
~lycosylation leading to shorter and less brallched oligo- 

saccharide side chains, the accnnaulation of  pt+ecursor 

MrLICtLII'CS: ..... /llld iLhe il3Cl'~_'Ll~.'d oK dC ll~l'o C\l)OSLlle ol 

regions of the inucin protein core. I" Thus. in the cancer 
patient, there may be exposure to elevated concentrations 

of altered MUC1 mucin which may be inf(wmative as a 
diagnostic tun]our marker, but there may he uddilional 
immunological  effects which ultimately l1 ~ ~37 i n f h l e n c e  

patient SLIfViV~.tl. The e n h a n c e d  surface expression of me- 

tills by turnout cells may aid their escape from immune 
-- ZlZ sur' ,cillancc hV cytoloxic cd lu la r  eltcctors, end indeed. 
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even exclude the binding of anlihodies, u, In this way. the 
elcvaled expression of mucins appc:.lrs to COllfel Oll the 
cailcer cell selccii\e advantages for grox~th and stir\ ' i\al. 
Oil file other hund. novel delerll l inanls exposed in mtlCiilk 
pfocessed by nia]ignant cells Ila~e been invoked as t:.ugel,, 
lk)r inlmune nlanipulai ion in the cancer patient since they 
may induce bolh cellular and htinloH] rcs, pt)n>,es,. The 
significance of thc~,e l-CSrJOll:,c$ i~, 4~ ~ct ullkllt)wn, hil l 
rocenl oh,~eivalioils hi this {iiea ilia), oflt 'r ailct, v basis for 
lherap5 of ina]igllant disease. 

#mmunodomi#ta#lt epitopes in the MUCI protein core 

l'~arly in\.resfigatioias tlpon file MUCI  i l lucin established 
lllat ni~llly clinically-relevant nlurine anti-nlucin nlonoclona] 
anlibodics (which v\ere orighlally produced agtiinsl hunlan 
ttlnlotlr cells or eXll4iClS aild othef coniplcx inlilltli]OgCllS) 
lecognised epilopes within tile A P D T R P A P  region of lhe 
protein core. <~: Hydropathicily aim antigenicily calculations 
t)ll the repeated VNTR seqtlellce of lhe M UCI protein core 
indicated thai the first se~en residues. PDTRPAP,  con> 
prised a particularly hydrophilic region which should bc o i  
high antigenicity according to the prcdictixc algorithnls. ~e 
Epitope mapping lests using syntiaetic peptides wi lh sequen- 
ces related lo tile M LICI proteins estahlished thai all of tile 
mucin core rcacti\;e antibodies recognised deterlninanis of 
3, 4 or 5 anlino acids within this discrete doe{ i l l  and, ill 
lact, the central R residLic was presen[ ill the cpilopes of all 
antibodies tested. 4~M2 

In the lllOUSe, thercfore, the I ' D T R P A P  fegion of the 
protein core is fenlarkably inlnmliodoiniMla~lt. Even lhough 
MUCI illUCillS arc highly glycosylatcd,  it is the exposed 
protein core which appeurs to be recognised by the lilLIriric 
inlnlt ine ',;ysle ill. 

Human antibody responses to the MUCI protein core 

Evidence is accuniulating thai tile Sallle shorl peptide 
sCqilCilce il l the MLIC1 illtlCill core defined by l]lurilac 
illOilOClonal antibodies is i l l l lnt l i logcnic in mail. Htl l l lal l  
antibodies have beell gcllelatcd ffolll EpsleJn-Barr vii'ilk 
immortalised B-cells f lom tuil lotlr draining lynlph nodes 
of  {in otaIi:.in cailcer palient. ;~ One of  tile B ceil clones 
re{clod with :.l sy, nthetic pcptide v\rith the seqtlellCt," 
P D T R P A P ( ~ S T A P  containing the hydrophil ic  mot i f  Zilld 
tills antibody, tin lgM. was also positive with sevc14il 
MLICI expres>;ing cell lines. 

A different approach was adopted by Kotera el al-'- wile 
scrcencd serum samples from cancer palients lku-reactJ\'ily 
with synthetic peptides 60, 80 and 105 residues long 
which correspollded 1.o 3. '4 :./lid 5.25 {;.iildolll fepeal.s of  
htlll lan MIJCI  nnlcin. Scfzi were obtained froni patients 
with caiqeor of file hleasl, colon and t)ailcrcas, a[ ValiOtlS 
stages of disease, arid these were tested using till enzynle 
l inked illlilltlllOSOrbenl assay (El .ISA ). Arotl l ld l ()9< ~ of tile 

sura r t a c t d  w d l  ~i lh  tile antigenic peptido,< with rcac 
fivity being hi~he~l against the 105-mcr. Serunl blocking 
experiments established that short peptidcs conlainin,~ the 
motif  A P D T R P A P  ~cre  able to inhibit file positive cancer  
puticnt sertun rcact i \ i tv  by greater than 6054 whereas a 
control peplide was wilhouI elfeet. -'4 

If there is a serological  response to MUC1 in cancer 
patients, then it is reasonable Io suggest that ~,ome patients 
at least may produce immune complexes  of MUCI  mucin 
and specific antibod}. The prc~,cnce o lc i rcu la t ing  immune 
complexes  in breast cancer patients has Ion E hccn the 
subject of extensive investigation. ̀ ~j4.~:'-: The findings 
would infer thai breast tull lour-associated antioens can 
elici l  a humeral  in lmune response in the ho<,t and that a 
proport ion at least of the antigen released from the tu 
recur  becomes  complcxcd  with antibody.  This proposal  
is supporled by fine results of a recent investigation show- 
ing lhal polyelhl, lr g yco precipitates frol l l  breast 
CallCel patients' S0l'{ill] saillples (contai i l i i ]g putative inl- 
lllUlle COlllplexes)ii/~.t}, be fractiomitcd uiider condit ions 
to release antigen ]ronl lhcse coinplcxcs 5 and thai 
M U C I  ailt igell Call be identif ied in the ailligei-i coFllain 
hi7 l:raclions. Furlheri l lore. lhc lnltjor proleil l  bands in 
the i i l l int l l le eonlplex ir,:.ietioi/s, which were analssed by 
SDS-PAGE, migraled irl lhc gels with the mobil i t ies of  
lg(.] heavy and l ight chains. 

The MUCI allli.~en i d t n t i f i d  in inllllkllle COlllplCxcs in 
hieast cancer patient 's  serum was recognised by tile highly 
specific antibody C595 wlfich defines tile tetranleric motif  
RPAP in the mucm protein core ."  hi bleasl c:,illcer, positive 
antibody reactivity (in terms of binding to high niolecular 
weight antigens in fr{tctioli;_tted saillples) was loulld ill 7110 
sttbcciltliar illClllbranc preparaliOllS of  ttlillOLIf aild ill 4110 
SCl'tlllq Salllplcs allalyscd hv ~v\"eslcrll hlotling, ~illl  no bind- 
ing to sanlples fl-onl patients with benign breast disease.: 

The MUCI  ll lt icin is the nmjor circulaling ttlnlOtlf nmrker 
which is presently tillder ill\,restigation ill bre~.lSt C;.lllCel, 4~, ~.ll]d 
i l:  antigen is coinplexed in the blood with antibody, at least 
in a proportion of patients. Ihcll this inighl explain why a 
nuinbcT of patients witl l a significant tunlour burden .:.tppc:.ir 
to be negative li)r circulating MUC I. Prclinlinary evidencc 
h:ls now been prcsenled to ktlggekl thai lhe lorl l lal ion of 
hnnltll le complexes conlciiiling file MUCI  nlucin occurs> in 
tip to 3054 of patienls and lh:.i[ these f~lcl(~r,, lllay i l l lpair 
~el[_,C l illll]lLlilOaSS;.ly pefl],)fllltlllCe, ii-7 

The findings cnlphasisc the need to devise inmiuno- 
;,~.,<i.7-, h, qtiil i i i i l ')  ,'~,&H' M{ :C I  ~llliigl211 hi ilic cilct.iiaiit)ll 
since lhis Ill~ly be illore informative in assessiilg the M:.itus 
of  iht_, patienl fllan pre~>enl tests which have been devel- 
oped to I/lt.';ISLIfe free circulating antigen. 

As well as interfering with the sensitivity of diagnostic 
inlnlUilOaSsays, circulating antibodies ill:.i,,' exeft effects 
which ndghi l imit [UlllOtlr growth or the dcvelopnlcnl of  
illcl',lstases. Co14pIeilleni depcndenl cl, tolysis, p{ul icularly 
as medialed hy IgM anlibodies, andtor antibody dependenl 
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cellular cytoloxici ty may be inw)ked as possible mocha- 

nisms. The potential deslruclive llalnre of  ai1 anti-toucan 

anlibodv in destroying huinan tulnour cells has also boca| 
higt~lightcd by' Kt)iera el i.il. '~ It \v~ts suggcslcd that inf lu- 
encing lnore effecfivc cognate T cell help throtlgi ' l  care- 
ful ly designed lnucin ~accines may change the i~al, ure of 
the htiniora] response into a ve ry  pov:erful one. consid- 
ering its tLu~lour specificity. Tiffs was ilhistrated by refer- 

ence lo a recent reporl (m the deteclion of circulating anti- 
in|loin anliboclics in 5 o1 19 patients with ulceral i \c coN- 
tis. ~s The reactivity here is directed to the Sklllqe epitnpe in 

tl~e ill | loin landcnl  repeal, expressed in ibis case on infhma- 

cd cohmocytes .  Moreover,  it is associated wifl-i the sites o f  
ilalqan|nlation suggesting its pathogenic role. and interest- 
ingly, the dominant isolype o1' the unti-nlucin antibody in 
ibis destrnctive disease is not IgM but rather I<,G:. . > 

H u m a u  c e l l u l a r  r e s p o n s e s  to t he  M U C I  p r o t e i u  core  

Recent findings have indicated thai sonic cancer patients 
n / a y  halve Lln ~_|c[ivc c e l l u l a r  i l l ln lkl l le  response t(> [11111o{Ir% 

which involves the recognition of the MUCI toucan. Ana- 

lysis elf Itlnlotlr reactive cyto~oxic T lylnphocytes ((_'TLs) 
isolated flom patients has identified populations of these 

cells which are able to kill ttunc~ur cells thl-ough recognition 

of MUC1 cxprcsscd at the mali.~nanl ecll surface. [l has 
been reported that HLA-unrcslriclcd and MUCI  reactive 
CTI, couht be induced from tUlllour-draitfing lymph node 

lylnpbocylcs. J:" These inchlded patients with pancreatic and 

brcztsl carcinonla. That the response was directed aguinst the 
prolein core was suggested by the demonstration thai file 
mtu'ine SM3 antibody, which iecugnises the hie | i f  P D T R P .  
blocked the l-esponsc of the ty ro | ex i t  eflcciors. This pal-ticu- 
hlr antibody has previously been shown to exhibit preferen- 
tial reactivity with MUCI  mucin derived flom l lmlignant 
cells, lu and other anti-nlncin core antibodies failed to inhibit 

CTL cytotoxicity. The suggestion is therefore that the CTL 
response displayed u specificity which was most evident 
against tunlour-ttssociated MUC1 detcrnlinanls. 

A T cell line which was established from a hunlan m/ll- 
liple myeloilla has been ei-nployed by' Talcahashi et ;ll ~s to 
furl:her probe the MUCI  recognition event by CTLs. This 
line expressed T cell re:copter (TCR) o'713, (?D3 ;.llld CD8 
molecules, and ils cytotoxicity for tufiqour cell targets was 
il| l l ibiled by' trcatmenl with anti CD3 but not "mli-H[./\ 
anlibodics. The data strongly Indicates lhat [he activity of al 
Jezint M)I/IC pOl)ullatiOllS t)[" ttlll lOtll leaCli~,e CTI,n is lhrtltlgh 
iecognition of MUCI  inuciils and lhat recognition occurs in 
;111 l lLA-unrestricled 111,~i1111e1\ The exact ni:l{tlre e l  this lypc 

of event is largely unexplained although the repetitive 
nature ofepi topes  within the MUCI  toucan protein core may 
allow cross linking of  the TCR to occur upori toucan reac- 

tive T cells. Additional evidencc has suggested that the anti- 
It_llnOtll-rmlcliviiy of CT[ ,s From palienls wilh ovarian cancer 

is directed againsi lhe MUCI  toucan protein core. t'j t lowe- 

�9 ,er. recognition of MUCI  core related pep|ides by CTLs 

and the induction of killing occurred in an MHC-restricied 
nlanncr, s~,:. thtll the involvement of [he M1 fC in these events 
requires further evaluation. 

DLs'ctts,vion 

The ability of determinants in the MUCI  toucan to slim- 
tllatc cells of the immune svstcnl io evoke anfi-tunlonr 

responses makes these molecules candidates for use ill 
active specific imlmmotherapy. ~' Trials using el synthetic 

MUC1 core relaled peptide admilfistercd in admixture 

with BCG have aheady begun. Resuhs are awailed with 
intcresl. ''~ [rl our laboratories, we have soled that circu- 

lating MUCI  toucans are considerably elevated in the third 

t l imester of  pregnancy and MUC1 levels soon return to 
normal values p o r t  p o r l z m r  h is feasible tllerefore that 

sensitizzltion to pro|earl core epitopes in M U C I  mueins 
during prcgnancy may c<>ntribnte lo lhe protection against 

breasl cancer observed in muhiparous womel~." 

Other strategies for the acli,~aiion of  cellular immunity 
against M U C I  toucan include the development  oF anti 

idle |Epic antibodies as antigen mimicing lbe binding to so- 
cal led regulatory idiotopes on B or T cells. :-'~ The synthe- 

sis of novel epitope constructs involving T tel l  epitopes 

linked to the immullodominant  B cell inotiF oF the M U C I  
core is also being explored ;is a lneans I(> enhance antibody 
responses to M UC l lnucins." 7 

Finally. M[JCI muciris expressed on ovarian tumot]rs 
have been exploited as targets for radioimlnulmttlerapy 

amine,_ anti-protein core monoclonal  antibodies. > ,gn unex- 
pected allli-ltHllotlr therapeutic bona, is w;is detected in 

patienls receiving such treatment. Mouse antibodies adnli 
nistered to patients generated T cells capable of recog- 
nising the antibodies and thus focusing the host 's  cellular 

i lnmune response againsl Ihe targeted tumotu. It was 

suggested that lnultiple treatments could lead 1.o the induc- 
tion o f  T cells  ,.,~ith specificity for the idiotypic con/ponent 

of  the zldministered antibody. It renmills to be seen wheth- 
er this approach can be developed as an altcrnativc sara 

tegy in the therapy of  M U C I  expressing tUl-nours. 
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