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Abstract:
4 .
" 'We have attemoted to determine the ability of’ Tr‘ cells .to recognize and

respond to carbohydrate antrgens by using a tumor assocrated glycoproteln

' eprglycamn (epr) and syntheuc carbohydrate )taptens rgen_rtcal to known

determrnants on epr The TF(a) ( B- Gal ~(1-3-)- g—GakNAc )" and Tn
‘ (n-GelNAc O Serrne), )mmunodomrnant determmants on epi were synthesrzed
conjugated \o a carriér, HSA .or KLH and used to trrggér a DTH response o
' generated to epi. A Thyl+ Lytl+ Lyt2— cell populatron prrmed \vrth epi was
elicited in a local Dm reaction by epi and the synthetrc haptens linked

- -4
to HSA or KLH but not by the HSA carrier alor}e not by an mapproprate -

‘ : carbohydrate hapten such as Le? lmked to KLH ‘J“cells of sirhilar ]

A3

specificity were xnduced by synthetrc antrgens The triggering of the '

local DTH reactron is dependent on macrophage antrgen presentation in an

/

H- 2 restrxcted fashron

: Effector cells generated to erther epi, synthetrc TF or synthetrc Tn were
Ah

‘

able to spec:l)‘rcally delay the growth ol‘ the TA3Ha tumor in a local Winn
assay The inhibition, of the tumor growth was dependent on a:Thyl+ Lytl+

,'»Lytzé cell popnlatton srmxlar to the DTH reaction.
ﬁlr

Direct | m vxvg rmmumzatton using epr or synthetrc antrgens led to a state

"of protectron from tumor growth followmg a live tumor challenge The in

B L)
‘\

-vivo mguced protecuon was specrfrc but. drd not correlate drrectly wrth

‘4\: B

cell medrated uinnunrty (DTH) or wrth humoral 1mmumty

. . B . —
Ty . . ' 7
. J . .

. '
3y

-,.%‘4
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Recent developments in tumor xmmunology have renewed mterest in the

potentxal ot‘ 1mmunotherapy for the treatment of cancer ’I'he ratxonale for,

tumor lmmunology agd lmmunotherapy xs based on three assumptrons (l)

extstence of tumor assocrated or Speletc anttgens towards whxch an immune
response can be directed, (2) that tumor growth reﬂects an madequate or

mappropnate immune respbnse and (3) that the restoratron of an

)

rappropnate xmmune response will correct the problem Drscussed below is
L&
the evndence from ammal expenmentauon and chmcal observatxon to

support these assumptxons. o ‘v ‘

Ehrhch f irst suggested that there could be antigenic dif f erences |
. between normal- and neoplastxc cells such that it mrght be possible to
: Tmumze agamst cancer Tumor 1mmunology then fell mto dtsrepute as nt

_became clear that in the early studies the re Jectron of the tumor graf t

was to a reactton agamst hxstocompaubthty anugens The development

»

of mbred strams of ammals in the 1950°s’ allowed the demonstrauan that K

\

'tumor grafts can be rejected by reactxons agarnst 1umor specxf:c antxgens

The exxstence of spectt‘xc tumor anttgens on methylcholanthrene -mduced

tumor cells was s&gested when the tumor cells ‘were re;ected by a

syngenerc host (l) The demonstranon that xmmumzatxon wrth tumor cells

‘/.._(

" protected agamst a tumor graft but 1mmumzed agamst nexther syﬁgenerc ‘



P

) comes from an. observatxon by Levme ( 1), A female panent with gastric

skin grafts, nor o®er unrelated tumors, provided further evidehice in ‘
(o ,
favor of tumor specific antigens (2), The demonstration that a tumor is

immunogenic in the animal in which it originated provided unambiguous

r - . . ‘
evidence for tumor associated antigens, Methylcholanthrene was used to
bl .

'

induce a tumor in the leg of a mouse, . The leg together with the tumor was

then amputated and the tumor tmnsplantsd to a syngeneic host, The‘tumor

was grown, and later irradiated tumor cells were used to immunize the
animal in which it originated, A subseq,uent live tumor challenge of the

N .
immunized animal failed to grow demonstrating that the tumor had expressed

'

antigens distinct from the host tissue (3), Thus, it has been relatively®y,’

easy to demonstrate strong antigenic changes following neoplastic )
~ N

transformatipn by cancer inducing ‘agents such as viral or chemical

’

carcinogens, Spontaneous tumors appear to be less immunogenic than

deliberately induced tumors. However, there are now,_ reports of the .

presence of tumor associated antigens on spontaneous tumors, For example, “

[

a monoclonal antibody (B72.3) generated to membrane preparations of a

' " - - n i
mammaryAadenocarcinoma metastasrs,bmds to 50% of breast carcinomas and to

80% of colon carcmomas but not §ngmf ri'ntly to normal adult tissues

A .

tested (4, S, 6) Recent evndence suggests the antxbody detects a mucin

like molecule (7). Inappropnately expressed blood group antrgens are

‘found on some tumors For example there are suggestions that blood grdup

A" and "B'-" hke anttgens are expressed on tumors in pattents who are

’

otherwxse blood group 0" (8,9, 10). Possnbly the the most stnkmg

P g— - '
@

‘ exampie m‘ mapproprxate blood group antngen expression in cancer tissue

'

st
L "
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cancer showed complete tumor regression after recieving an incompatible
blood transfusion, It was later discovered .that the patient was "pp" blood

type while the mismatched blood was "P" type. The tumor tissue, when
ex;mined, was determined to have " P" like surface antigens (1), It

appears that the patient mounted an anti "P* imm‘une response after

recei\v/ing the blood transfusion and this immune response jnduced the
regression of the tumor, The complexity of tumor immunology is l
demonstrated bvy the B}6 mela‘nor.na cell line, which is non-immunogenic usin

Pl N

standard immunological pr()“cegiures but can be made immunogenic by trea(mem/

with bromodeoxyugidine (BDU). The BDU treated cells can be used to ( |
. S

immunize a syngeneic host against the growth of the parent B16 line,

indicating thé presence of antigens which can b® recognized by the ‘immune

system (12). These demonstrations of the existence of tumor associated

antigens and tumor immunity provicie the rationale for tumoyr immunology and

hope for tumor immunotherapy.; ,
Tumot associated antigens can be characterized by at least two sub -

classes : 1) n;mor specific, thus not expressed in any othe‘r\ tissue.. or'2)

abnormally~expressed, either qualitatively or quantitively, Iin tumor

tissue and thus functionally tumor associated. Examples of the former

classiare virus or chemically induced antigens and, of the latter,

oncofetal or cjevelopmentzil antigens.



.

"Tumor Associated Carbohydrate Antigens

Oncogenic tmﬁsformation of cells js often ;xccompahied by draxr;atic %
changes in the composition and architecture of celt~surface glycolipids
and glycoproteins (13), including the secreted ggycopro_teins constituting
the mucins ;)roduced by m;any tumors, iThese changes are in many cases
sufficiently differeﬁt from the progenitor cells to be recognized by the
body’s immune system, The exact significance of sucﬁ changes is not
totally understood but it has beén suggested that the aberrant ,
carbohydrate expression may reﬂecit. c;evelopmental arrest of the cells
(14). The aberrant surfac;e :arbbhydrate expression may be intimateiy )
related to the invasiye and infiltrative properties of the tumor cells ana

P
4

'{)rovide the key to fhe failure of the tumor cell to express normal -
"functional cell contact” and "cell communication” .(15. 16).

Aberrant surface glycolipid expression can be the result of (17, 18)
a)blocked synthesis which is sometimes acco?nmnied by the accumulation of
precursor oligosaccharides, b)loss of crypticity at the cell surface, or
c) the activation of glycosyltransferases in. the progenitor cells
resulting in carbohydrate ne‘osyntheslis. Glycoprotein 'chan'ges in tumors may
include a) the presence of large moleculér-weight O- and NQlilpked

" oligosaccharides (13.19.20,21,22) b) the‘appeérance of densel‘y '
o-glycosylated structures (23,24), and ¢) the p}eseng:e ‘Of either

incompl'ete or neosynthesized O-glycosidic-linked strixctures (17).. The

structural changes in the carbohydrate content, particularly glycolipid



content, of the tumor cell membrane may also result in an altered
fluidity of the membrane which in turn may affect the function of
receptors, membrane enzymes, and the over all cellular metabqlic turnover,

Such chadges in surface structure may contribute to the failure of thess

\

"

cells to respond normally to their environment,

"

i ‘ \
The Thomsen-Friedenreich Cryptic (TF) Antigen I‘ ,
! \

' The original report on the TF aittigen had no relationshi#" to tumor
immunology. It was obsérved that if red blood cells were left at room
temperature for some gime they became panaggliutinable b); human sera (25).
This phenomenon was later ascribed to bac;erial or viral contamination
which carried with it neuraminidase‘(NE) activity and' thus revealed the
normaily cryptic TF-antigen, against which there are high titres of a
naturally occurring antibody in all normal human sera (26). The TF

eterminant can be revealed on red blood cells by treatment with NE (27).
The TF antigenic determinants are desc'ribedl as part of the MN blood .
group system present oﬁ glycophorin in the red blood cell membrane.
Biochemical work reveals the TF antigenic determinam as
B-Gal-~( 1—3)-a-GalNAé which is attached to the élycophorin molecule through
an O-serine and/or O-threénine linkage (28). The Tn stru;:ture is the ‘
immediate precursor of the TF éntigen,_ and is reported to be-.‘
a-GalNAc-O-Ser/Thr (28). Normall;} the T F determinant is cryptic due to the
bresence of a terminal sialic acid;regidﬁe, while the ;Tn-determinanlt is

. S ,

exposed only in individuals with a recessive. genetic dissorder (29)

=
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Springer (30) claims that the TF and the Tn antigens are exposed in’

over 90% of breast, lung and 'pancreatic cancers. He also reports increased

~

immune activity , both humoral and cell mediated, towards these antlgens
by most cancer patients, These claims are based on studles using crude red
_blood cell membrane preparations as antigens by which means it is

g

impossiblé fo determine the fine specificity of the response (30)‘. Other
clinical investigators report a decrease 'in the levels of 'natural anti-TF
antibodies in oatiems with advanced disease suggestlng that the tumor
may express TF antlgen which complexes with the antibody and decreases the
- concentration of" free antibody (31). In some tumor models the express:on‘
of TF antigen by the tumor correlates with the tumor aggressnveness
Certain human cancers such as mallgnant unnary bladder carcinoma also
express TF and Tn antigens in a pattern that correlate; with the S
aggressiveness of the tumor, and may thereforehave some prognostic value,
(32,33).

Early in the history of tumor immunology it wns recognjzed thnt
altered carbohydrntes may be immunogenic (34). Additional evidence that
altered tumor assoctated carbohydrates are _potentially mmunogemc comes
f rom expenments where anxmals were 1mmumzed w:th libosome mcorporated
' glycolnptds extracted from SV40- transformed cells. The 1mmumzed _
) anlmels‘\yere‘ shown to be resistant to tumor gron/th" following a challenge
| -Witll an- itljection of ~live tumor (35) sugge.sting that the glycolipid
camed the: 1mmunogemc determmant From clinical observatlons it is
known that serum f rom patients with ovarian germ cell tumors contains
' -annbodxes whxch react wnth F9 cells and glycopepudes xsolated t‘rom F9

A

s



\,
cells while normal sera lack this acttvxty (36), An altetnauve approach
- -

resulted from human monoclonal antibodies produced by EBY transformauon

of peripheral blood B~ lymphocytes from a melanor%panent 37). One

"

monoclonal anttbody OFA 1 detected an Oncofetal anttgen expressed by

t

melanomas, some bram tumors and "breast cancers, The antigen detected by

OFA 1 was shown to be GM2 (38) Another moifhclonal anubody produced in

“\ .

a similar manner detected a determinant associated with neuroectodermal
tumors, which is present on GD2 (39). Agam, Spnnger s claim that

adenocarcinoma patients' haye both cell mediated and hurhd‘ral.responses to

the TF and Tn 'antigens ‘(40,4 1) also suggests that spontaneoqs‘ tumors have

-
[}

" tumor associated carbohydrate‘antigens'. _ _ BN

.

N ,'”: 'S
Antibody mediated immunity.

\

Demonstrattons of the _presence of antigens on tumor ttssue and

detectxon of . autologous tumor antxgens in pattents sera do not

4

g necessarily tmply_ that an effective_ a'nti-tumor immune response will be

‘ _induc'ed. .Ix} fact many immunogenic tumors appea;' to grow in 'the'face‘l of an
ongoingﬁ‘)anti#tumorvimmune response. The ineffect‘iveness of the immun‘e
response on the growth of an estabhshed tumor may be due to partxcular

propemes of the tumor such as weakness of tumor transplantatton antxgens

or hxdxnlg of surface ﬂugem as xn anttgen modulauon (42) _and‘producnon.

, -
'

L
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“of‘ cell‘associate'd mu.cins (43). Alternatively‘the inef’ fecti\/eness of the'
immune res'porﬁe' may originate with the class'of ‘the immune réSponse
\mduced Tumor growth may promote the generatron\of suppressor T cells
(44) and tumor mduced generatlon of soluble blockmg factors has been

.‘ reported (45). That anu t'umor immune responses may affect tumor growth
_has been clearly shown For example, xn 1964 Moller demonstrated that Co
tumor specrf ic antxsera,lm contrast to sera specific forAan irrelevant
antigen, has the céxpac“sd’ to both enhance and inhibit;tuntorg'rowth. (46).
Efl‘ective humoral antl-t\umor 'immune reactivity' was demonstrated using a

X,
monoclonal anubody drrected against a tumor assocxated glycohprd

73 mo.

Admrmstranon of thrs monoclonal antibody to an ammal moculated,,w{lth '

L5178 lymphoma prevented the growth of the lymphorna (a97).
o o . : N
*

s .
) Lo . L

Cell Mediated Immunity’
There is a great deal of evidence from‘ experimental systems that T cell
mediated ,an‘ti-.tu.rnor ir‘nrnunity‘ma‘y 'cause the linitiat‘ion of tumor rejection.
At present the'exact roles of the different subclas‘.ses ot‘ thevT cell
’medrate;i anti- tumor responses rernam unclear In fact the relatxve
: xmportance gl‘ the dxft‘erent subclasses may -be dtfftcult to detemune
“ 4partxcularly in lxght ot‘ recent reports of lack of correlanon between ‘I‘
. i “ cell populauons medxatmg in vrtro anu -tumor acnvxty and in v1vo tumor "
. reJectxon (48) i . : o | ‘

The exlstence of unmunosuppresstve T cells has been clearly

demonstrated (49 50 51 52 44). partxcularly m ammals with ,large tumor ‘

T



c i o . . LN ' o .
e . . . : : K i

10
burdens. A p0pulauon of cells expressmg CTL activity in vxtro can prov.
de protectton agarnst an estabhshed tumor followmg treatment of the

recipient with cyclophosphamrde to abrogate active suppressron of the | |

-

rejecting response (53).

Numerous 'reports impl'y‘ DTH sctivty as the effector in the rejection of.

some tumors (54,55,56), Perhaps the most convincin‘g evidence of ‘

anti-tumor DTH actnvnty is the demonstratron that Lytl+2- cells actrvated

with the approprrate antrgeq in the presence of syngenexc antlgen

.

presentmg cells (APC), actlvated macrophages to display non- specxf ic

antitumor actxvrty An 1mplantable mrcro growth chamber drvrded into_two . N
o

compartments by a semi- permeable membrane was used Tumor specrf ic DTH

.effector cells (Lytl‘+2-' cells) . together; with syngeneic APCs and specific ‘

antlgen were placed in one chamber while the tumor cells and macrophages :

were placed xn the other chamber. The loaded mrcro chamber was rmplanted

" into the mouse pemoneal cavrty. It was later retrieved and the tumor

cell growth examinedi This experi_ment showed a recit'iirement for specific

Lt antrgen and syngeneic APCs in the T (DTH) cell chamber whnle the ﬁnal

1nhtbmon of tumor growth was non- specrfrc+57) A lrmrtatron of these

'studres was that the nature of the tumor assocrated arlf' 1gen was not

defmed L . B C | :,-': o

Delayed Type"Hyperse'nsitiirity S SO e
u L. D' L

s

M Hrstorrcally Koch 1s credrted wrth thevrnmal recorded observatxon of

.*DTH He observed m the early 1900’3, the dermal reactmty of

“'“



o tuberculous men and ammals lto exposure of tuberculm (58) The DTH
‘reactxon is for this reason often refered to as. the tuberculm reactton
Nearly half a century later the flrst def mxte evrdence for lymphocyte
tnvolvement came forth from Landstemer and Chase (59). Usmg guxnea plgs
\they demonstrated that DTH actmty could be transfered wnth lymphocytes
. but not thh xmmune serum f rom a sensmzed to an unxmmumzed ammal It
was later demonstrated that DTH isa 'l‘ cell dependent phenomenon (60)
. 'l'he cell surface phenotype of the maJonty of murme T (DTH) cells has
bee}/determxned to be Lyt 1+ 2- (6l) but there are also reports of
| Lyt I- 2+ DTH. effector cells (62) These. surface markers appear to
correlate w:th the MHC restrtctron requtrement that 1s Lytl+2--cells are |
. class 2 restrrcted whxle Lyt 1- 2+ cells are class I restrtcted . | |
At the site: of the antrgen deposmon the T(DTH) cells mteract wrth
l the’ antxgen and respond by producxng l)antxgen specxf ic factors, 2)antrgen
j | non specxfnc factors and 3) other lymphokmes (63 64) There are reports
of a lO 000 dalton transfer factor whtch transfers DTH actmty (65), a.nd
. an antxgen sp‘eérfic DTH transfer factor has recently ‘been reported in the
"‘murmesystem(66) “ - L ce o ‘v | }. ?, ’ |
Lately it has become eyrclent that two separate cells may be a requrred
.to produce a DTH reactton The fxrst cell (Lytl+) rs reqmred for "
‘ vasodxlatton and the second cell 1s the more conventxonal (Lytl+ Lytz )
DTH effector cell (67) . : S | |

o

B 'I'he local release of lympholunes by ’I‘ (DTH) (Lytl+2 ) cells m response to -' ’

L i_the anttgen attracts—and acttvates cells mamly from the

" ;,'monocyte-macrophage lxneage 'l‘he DTH lesrons are thus charactenzed by
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neutrophil and mononuclear cell infiltrate and gross induration, ‘which .
‘ N .

peak at 24 48hr af ter antrgen administration.

DTH has been demonstrated in response to many cellular antigens, -

' ‘soluble proteins, neoant:gens created through skm pamtmg wlth reactxve ‘

compounds such as TNCB (tnmtrochlorobenzene) to. haptens such as TNP

' (68) and metals such as ntckle and chromium (69), The e tdence for

carbohydrate (CHQ) recognmon by DTH cells (reviewed in CHO recognition

section ) is at best incomplete and controversnal.

Non Immune Carbohydrate Recognitlon o . —

o

, Complex carbohydrate structures have the potentral to encode blologtcal

, mformatmn (70) A good deal of evxdence mdxcates that carbohydrate

‘recogmuon may play a role in. a number ol‘ cellular mteractxons such as

—Z #

1) cellular dnfferenuatron durmg development (70 71), 2) hommg of

- cell—substratum adhesxon (71), 5) fertxhzanon (75), 6) contact ,' o
: tnhxbmon (76) and 7) certam receptor medxated acttvmes (72) Certam

toxms, such as tetanus (78) and cholera (79 80) toxms have also been

X cells to spec:fxc organs (72 73), 3) cell-cell adhesron (74), 4)

’ -....w- b

" : ’found to btnd to carbohydrate determmants and may medxate the m vnvo

,‘1.
e .‘v.i

[

o —
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veffect through a process ihitiated by a carbohydrate recognition event. .
Expenmental models of devel@pment have demonstrated that cell

‘adherence and aggregauon are medrated by glycoprotems For example in ” N
| the developmg chrck embryo a cell.. surface adhesxon molecule (CAM) a
cell surface glycoprotem has been xmphcated m adhesxon among cells and ,
neurxtes of the developrng retina and bram (7l 81) Antibodies to this

e

glycoprotem when added to organ cultures mterfere thh . cell~cell

orgamzatron and dlfl'erentxatron (75) It is drfl‘rcult to prove

‘ carbohydrate recognmon in systems of thrs klnd srnce it may be argued

'b

that the observed interference is due to steric blockxng of a protem

: bmdrng srte.

It has been suggested that the recognmon and the removal of aged red

blood cells (RBCs) by hepatocytes is medlated by the removal of the

o

termmal sxalxc acxd of a red blood cell glycoprotem exposxng a termmal

galactose determmant ?ecogmzed by the hepatocyte (72) Cells treated

- @th neuramrmdase to remove the sralrc acxd whrch exposes- galactose

- mvolve the revealed carbohydrate determmant
: »specxl‘rc carbohydrate structures. The specxfrcrty of these protem |

: recogmsed on e carbohydrate molecule Studles usmg lectm IV of

o thh the lecun'

o resxdues are elrmrnated l‘rom cxrculauon at a rate many umes that of

normal red cell clearance suggestmg that the recogmtron proéess may

~ .
N "n't

There are numerous descrxpuons of lectms whtch recogmze and bmd to

. .

carbohydrate mteractxons has been determmed wrth respect to the moxetres o R

AN

Qnﬁ‘_o_nm sjmnhgf_o_lm suggest that at least for some lectms, hydroxyl

i ' X .
groups on the carbohydrate cluster to form a. surface l‘or polar mteracnon j n
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Wrthm the rmmune system there are multiple examples of carbohydrate'

/e
(glycoprotern) rnvolvement in brologrcal recogmtron Apart from those

mvolvmg lymphocyte antrgen recogmtron whrch wrll be drscussed

.
LR \‘v- l

B

separately, these include such phenometﬁx as 1) the hommg of lymphocytes

to lymph nodes (82), 2) the actrvatron of complement (83), 3) NK cell

target recognmon (84, 85) 4) T cell sheep RBC rosettes (86) and 5)

'. lectin and nutogen activation of lymphocytes (87). - C,

) ~

Lymphocyte homtng and rec:rculatton is poorly understood ‘but rs ‘
hkely to rnvol‘re some type of organr ot tissue- specrfrc receptor (89)
Treatment of thymocytes wrth neurammtdase (90) or lectms (91) alters

their pattem of recrrculatron and dts_tnbutro_n after ‘in jection,

suggesting carbohydrate involvement“ However, it is difficult to draw

conclusrons f rom such experrments since the altered cell surface may cause

the cells to aggregate and clump and thus cause dxf ferences rn

drstnbutton Studres by Stoolman and Rosen\(92) mdrcate that lymphocytes

.

bind to glycoconjugates at the htgh endothelral venule in hommg The ‘

demonstratton that thts attachment can be tnhrbtted by specrf ic sugars, .

provrdes more convrncmg evrdence for carbohydrate tnvolvement in

' lymphocyte recognmon

‘: antxgen btndmg specrfxcrty and protem A reacttvrty, but lost 1ts abrhty

The srgmfrcance of carbohydrates m the complement-antrbody

e rnteractton was shown by Wrgzell (93) A clone producrng IgG monoclonal

At

anttbody of subclass 2b was grown m the presence of tumcamycm whrch

tnter“ °res wrth the formatton of asparagme-ltnked carbohydrate chams

— ;

e

’ The resultrng monoclonal antrbody depleted of carbohydrate retatned tts
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to activate’compl'ement The abrltty to participate m anttbody dependent
cell medtated cytotoxrctty (ADCC) and to bmd to macrophage Fc receptors
was also Jost in the carbohydrate depleted anttbody These l‘ tndmgs
suggest that recogmtton of carbohydrate determmants is tmportant in the

actrvatxon of complement and in the Ab Fc receptor lnteractron

fm

T cells are known to form rosettes wrth allo- and xeno- generc red T

blood cells For example human T cells will btnd to the surf ace of sheep

a

red blood cells and form rosettes (86) Thxs bmdmg can be enhanced by

\ [

treatmg either cell populatton wrth neurammrdase (94), and mhxbrted by

spectftc glycopepttdes suggesttng that the bxndmg is mediated via a-

—

glycocon Jugate and a complementary receptor.
.Certam lympholunes such as macrophage mlgration inhibition factor
(MIF) macrophage actxvatxon factor (MAF) and lymphocyte mxgratlon

: lnhlbltlon factor (LIF) and monokmes such as interferon: can be rnlubrted ‘

~

by monosacchartdes suggesttng the tnvolvement ol‘ carbohydrate determmants
m the recepto/r recogmtton (95 96 97) The tn vivo actxvatron of .

lymphocytes by plant lectms and mttogens s’ also dependent on certmn ,‘

" .

cell surface carbohydrate moxettes (98), as 1s the adherence of bacterta

\

w to antmal cells Bacterxal adherence to human lymphocytes can be lnhlblted

o by some monosaccharrdes and lectms For example bactenal btndmi,-k to

\' - macrophages or monocytes lS mhtbtted by the addttion of mannose (99)

C ,,suggestmg that the recogmtxon 1s at least in part carbohydrate

o ,medxated

@
N



| CARBOHYDRATES AS ANTIGENS

Specific recognition of Carbohydrate determinants by dntibodies

There are many' reports of humoral 1mmune responses towards

: ‘carbohydrates In 1923 Hexdelberger and Avery discovered that .

polysacchndes were antrgemc and were able to conduct quantltanve

‘ studnes of antxbody-antrgen complexes (100), Other early studnes of

, glycohpxd m nature (101), Normal mdrvrduals have antxbody drrected

R

carbohydrate antrgens were of the blood group antrgens which proved to be

towards therr non- expressed blood group antrgens mcludmg ABO Ii, Le M,

N, and P structures These antrbodxes are probably produced m_response to

,cross reacting antrgens of the mtestmal flora (102) Certam myeloma

rr

y protems and rhonoclonal antxbodxes ( 103) can be spectf 1cally tnhxbtted

by ‘defi med carbohydrate structures suggestmg the 1nvolvement of

carbohydrate in the antrgemc determmant detected by the anttbody The B

Co

” _fme specxfrcrty of monoclonal antrbodxes and ot‘ polyclonal antx-sera and

o therr recogmtron of carbOhydrate antrgens has beén determmed through

A

l was specrfxcxally 1nhrbtted by synthettc B Gal (l 3) GalNAc thus

mhxbmon studxes thh synthetrc carbohydrate anttgens and thelr analogs

. A monoclonal antrbody made agamst neuramuudase treated red blood cells

o

\El"demonstratrng specrf 1crty for the TF hapten (104) lnhrbmon studres

p usmg specxf xcally modtfred analogs of carbohydrate anngens s‘uggest that

Ly
modxfxcatxons whxch mterfere wrth the formauon of certam mtramolecular

i s CIN .
AN ' f .‘_‘ . et [
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gen bonds abrogates the ability of the analog to mhxbn the bmdmg

%‘ra monoclonal antxbody or a lectin to its specific carbohydrate antigen,

1
'TH 6 studles mdrcate that the molecular interactions between the
I‘- " ‘

carbo’hydrate antxgen and thq antibody occurs such that hydrophobxc bonding

TN

is favored and certain mtraﬁlolecular hydrogen bonding in the carbohydrate
moiety may be critical in “o'rder;’forthe antibody to bind to the

' carbohydrate antiffen, (lOS).i . )

) b ' a \' " ! A
‘Recognition ‘of carbohydrate antigens by T cells ‘
Y » ) ) v
\ . . .
) . - “y
! v K '

t'I’he role oF carbohydrate Qetermmants inT cell“ responses has remamed

elusnve despxte efforts by a number of investigators to’ unc0ver it,

»
Carbohydrate determmants in T cell . mediated responses have been studied
as 1) part of\he major thtocompatnbxhty complex (MHC) antigens and 2)

as dete&‘mnants on nominal antigens seen-in the context of the MH@

antrgens The two basic approaches in the attempt to determine the rB;e of

CHO in cell medtated lmmune responses have been to 1) alter the antngen by

exther removmg or mhxbmng the attachment of the carbohydrate to the
( .

glycoprotem and 2) attempt to inhibit the T cell recognition of its
anngen by the addmon of free carbohydrate. Both of these approaches
have gtven vanable results | ‘

The CI'L kxllmg assay has been most frequently used to determine the
‘effects of the expenmenta! modifications of cell surface carbohydrates

Cytotoxxc Jymphocytes respond to specific antigen in the context of C

’,'5, »

\

»

11
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gene products (106), ‘Both MHC and nominal antigens may be glycosylated -
(107), such that alteration of cell surféce glycc;sylation may effect
either or both of these molecules, Efforts to determine the effect of

inhibiting glycosylation of cell surface molecules have resulted in

it P

.

¢ conflicting reports. Alteration of CTL target cell surface carbohydrates
by treatment with glycosidases or pretreatment with glycosyl- transferase
;it{hibitor during cell glyco;)rotein synthesis have 1) stimulated
(l08,‘109,110), 2) inhibited taréet recognition (111,112) or 3') had no
effect on recoghit}on by CTL (113,114). Six;milar:)'. alteratio‘ns of cell .
surfacc; carbohydrates havé had vari‘ablle effects on their abilit)‘" to
stimulate in vitro T cell cultures, Goldstein (115) finds no difference
in CTL stimulation after remc;val of tﬁe cell sur;‘ac_e carbohydrate,"whi\le
others have found that removal of carbbhydrates 1) increases (109) or i)
decreases (116) the ability of the cell to Sti’mu‘latefa mfxed lymphocyte
reaction, | ’
~ The evidence that carbdhydrate determinants n;ay play a role in cell
mediate.e immune recognition is.inconclim/ve and conﬂicting. It is
difficult to determine if the carbohydrages are recognized directly as
immunogenic determinants or if their effects are indirect. Alteration of
cell surface glycoprote'ws is likely to have a wider effect than simply
removing, an immunog‘e'nic detefminam ( for e’xample it rﬁna‘y affect membrane
_and proté\in;stabilijty). and ihhisition of g‘lycosylation may in:erfgre with
the. imegx"étidn of cell surface molecules into the cell surface membrane

(117). It is conceivable that the removal of carbohydrate ( or the . \

inhibition of its attachment) to a nominal antigen may interfere with the

»
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association of that antigen with the MHC gene product, In a CTL assay the
removal of the proposed carbohydrate determinant‘Arecognized'by the T cell
cannot be differentiated from the inhibition of nominal antigen to

associate with the MHC restricting molecule. Dif ficulty in interpreting

‘these results have led to other éxperimental approaches,:

“
’

For example, it has been attempted to inhibit target recognition by

CTL using glyé&beetides and oligo- and mono-saccharides. Glycoconjugates

" isolated from cell membrares can inhibit CTL target cell recognition in an

H-2 specific manner (118). Mono- and oligo- saccharides can block in vitro
mixed lymphocyte reactions (119,120). These inhibition experirne‘nts provide
more convincing evidence for T cell recognition of a specif ic
determinant that is at leest in part carbohydrate‘in nature:
< .
The capacity of carbohydrates to induce and/or tngger a Delayed Type )

Hypersensmvty (DTH) T cell -reaction has recetved little attention.

Klein states " DTH can be induced by a wide variety of natural and
L4 .

.synthetic proteins; firm evidence for DTH induction by other substances is

" not available. Claims of ‘DTH elicited by polysaccharide injection have

been made, but in none of these experiments has the presence of

contaminating proteins been rigorously excluded, and ‘whenever a pure

polysacchande was used no DTH could be obtamed (121 ). I‘; is possxble

that there exist dif: ferent requirements with respect to the antigen

structure for the induction of the. DTH cell population and the triggering

- T e

of ‘the final effector f unctxon such that an anti-CHO DTH reaction can be

mduced only if the CHO serves as a hapten on a protein camer

It may be argued that carbohydrate determmants may be recogmzed by

L



the T cell suppressor sub—popu!ation. Evidence for this argument comes
from experiments in which it was demonstrated that the determinant on
'Mmbgmm leprae to"which suppression may be induced, representsl a'
glycolipid (122). ' ‘

Evrdence from’ Parish and collegues suggests that there are two kmds
of la'determinants, one due to the intact protems and the other to the-
carbohydrate moieties (123,124). Speculation on the functional role of' .
these two fdrms of the la gene product suggest that the Ia region may code

far a glycosyl transferase which itself carries antigenic. determinants but
interacts with other cells-of the immune system via the recognition of its
¢
appropnate carbohydrate substrate If true this form of self recogmtxon
may constitute another form of T cell carbohydrate interaction, differing
drastically in nature from the recognition of carbohydrates as antigens.
’ If recognition of self, for example Ia,‘ involves recognition of

g . a—

carbohydrate structures, then data from carbohydrate MLR type studies may

ot )

reflect alterations of this type of iinteraction rather thanhT cell antigen”
recognition,

In summary, carbohydrate determinants on cell surface glycoproteins or
fglyéolipids play a role in biological recognition such as cellular | |
‘recognition during development and ho‘ming. Within the immune system,
carbohydrate recognmon is also_ evident. It appears to be nmportant m

the actrvatron of complement macrophage bmdmg and in some factor
medrated processes such as MAF binding. Carbohydrate determmants are also

responsible for the specxfxcty of some unmune responses Thns has been

clearly demonstrated for humoral responses. It has proved to be diffi ncult
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immune responses has been conflicting and inconclusive. .,

.only in mice with the H-2a haplotype (126) The most obvious dlf ference

to Clearly der\nonstrate carbohydrate specificity in ceil mediated L

responses. The evidence for carbohydrate specificity in cellimediated B SN
o e, ‘ | | | N

<

A MODEL FOR IMMUNE RESPONSES TO CARCINOMA ASSOCIATED CARBOHYDRATE
ANTIGENS-OF MAN, . A y o

The TA3 tumor model was developed f rom a spontaneous murine nlammary \

adenocarcmoma from the ‘A/J mouse strain (125) It has srnce spontaneously

N

given rise to a sublme TA3Ha which is\ non- specxfrc thh respect to the

»

strain of mxce in which rt wrll grow whrle the parent ltne TA3St grows

r

between these two sublmes is the glycocahx ‘of the TA3l-la hne whrch is

absent in the TA3St line. This glycocahx is prxmanly composed of the

_ glycoprotetn epiglycanin (127), whxch contarns\multtple TF and Tn .

antlgemc determtnants (128) Epiglycanin (epi) is a glycoprotexn with'a .

'm w, of approxtmately 500 000 and 75-80 %. of the molecule consists of

| carbohydrate (128, 129) Epi resembles many human tumor-assocrated

mucm-hke molecules recently descnbed (21 130 l3l) Codmgton and

: co-workers (l3l) recently showed that epi cross-reacnve anngens are ‘
found in the perxtoneal or pleural flutd and m the sera: of patrents with
: metastatxc cancer but not in normal sera TA3 is one of the few cell hnes )

‘ .for whtch a cell Surface mucm is defmed and whxch lends 1tself to a



’

systematic analysis of the immune response against defined carbohydrate -

determinants and its affect on tumor growth. . . -

[
i

Specif ic metastatic variants whi ow organ specxf ic metastasis to

.

liver or lung have been selected from the\parent lines . These metastatic
;/arxants retain "TF like" antigen expressxon in the metastatxc foci

(132 133). Thxs 1s sxmxlar to the clinical sxtuatxon where it has been
reported that carcinoma metastases retain "TF- hke antxgen expression
(17). Due to these features the TA3 model is also xdeally suited for

analysxs of the importance of the immune reponse agamst- metastatic

spread.

.”“ .
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The ability of T-cells to recognize carbohydrate haptens has _been a
long debated issue. In attempts to resolve- the controversy experimental

N

' evidence has been put forth to suggest that alteratron of the carbohydrate

\pornon of an anttgen l) mhrbrts (1,2), 2)stimulates (3, 4 ,5) or 3) ‘has
no effect (6,7) . on the a‘bnlrty of T cells to recognize and respond to
#the antigen. I’l’he difficulties ext)eri‘enced in the T—cell systembmay.be due o :
to the well known _phenomenon of self MHC restriction of T-cell responses
(8). Thus, since antigen is generally ‘seen in. the“»conte:tt of self,
attempts to determme T cell recognition speczfrcxty may be complxcated by.
the requrrement for antrgen processing and presentation.

We have ,approached the question of T-cell recognition of carbohydrate

.

anttgens by usmg a tumor assoctated glycoprotem epxglycamn (epr) and ;»
synthettc carbohydrate haptens wluch are 1dent1cal to the known

determmants on the ept mol&yle Epl is produced by a murine spontaneous

h mammary adenocarcmoma cell lme, 'I‘A3Ha (9) It is 75- 80% carbohydrate

Ce and carrtes the, 1mmunodommant Thomson-Fnedenrexch (TF

s

B-Gal-(l 3) a-GalNAc-) determmant and its tmmedmte precurmr Tn

(a—GaINAc O-Ser) anttgen ( 10) The TF determmant is crypnc m normal

g

® human red blood cells but can be revealed by neuramrmdase treatment
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Which removes: the terminal NANA unit (ll). The TF, Tn and related haptens

4 =

‘were synthestzed con;ugated to a carner molecule (HSA or KLH) and used
in these experrments to attempt to determme whether murine T cells can -
recogntze and respond to carbohydrate haptens Here we show that the T
(DTH) célls primed to epi, or the appropn;te s-TAG can be elnctted ina
local DTH reacuon by epi and synthetrc haptens lmked to HSA but not by
the carner alone nor by an mapproprxate sugar (eg. t‘ucose) linked to the
_carrier, The DTH response ‘can also be mduced ;_g vivo by lrradnated TA3Ha
cells and ehcxted by neuraminidase treated red blood cells, but not by

| normal untreated red blood cells. It is well estabhshed that -the normally
cryptnc TF antrgen is revealed by neuramnmdase treatment‘of human red
blood cells (ll) The jn vivo expenments are consxstent with the observed
speczfxcxty of the in vitro primed cells and show that it is possible to

. generate D'l'l&effector cells .with specificity determined by thg
carbohydrate portion of the molecule These f mdmgs show that the DTH
pnmed cell populatxon has specxf:cxty, at least in part, t“or the

carbohydrate hapten.' L
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GENERATION of DTH EEFECTOR CELLS
A nxcdlfication of the culture cbnditions described by Bretscher, (3l) . i
was used to generate antrgen SpelelC DTH effector cell populatxons '
CAF 1/3 (Balb xA/J) mice from the local ammal unit ‘were mlmumzed with |
30ug Epr in 50% CFA m ( or 2 ug of any. of the synthetrc antxgens ‘
. hereafter r_efered to as s-TAGs, synthetrc tumor assdcrated
glycocbnjugates),_ and boosted one week later with a sin;ilar injection.l ,
Seven to\ ten days after the last in'j}ection the ahimals were killed , their |
o - spleens removed and passed thrbug"h a metal mesh to make a slngle cell
. suspensxon The cells were washed and plated m costar wells at 1. 5 X
107 cells / 2ml medxum (RPMI + pemcrllm + streptomycrn (10 umts/ml) +
~ 10% fetal, calf serum ) / well Each well was pulsed wrth antxgen lOug ep1 |

or 1-2ug of any of the synthetxc antrgens, for 2 hours at 37 degrees C in’

'_ 5% (’,‘02 in air after whlch 6 ml of medrum were added to each well ’I‘he B

' .cells were cultured at 37 degrees C in. 5% C02 in axr for 6 days and
'then harvested by gently dxssocxatxng the cells from the plasnc w1th a.
" rubber pohceman The cells were washed in- PBS (4 x: lOml ) 'l‘he pnmed

‘cells were tested for DTH actmty m a local DTH l‘ootpad assay

"A pruned cell populatron was obtamed as descrxbed above .washed counted

f-‘_j.}_"jand dxstnbuted to separate tubes for the antxbody treatment The cells

o



'were separately m_uected wrth prrmed cells or antxgen At 24 and 48 hr
o after the mjectron the tluckness of the rrght and the left hxnd foot

L pads were measured wrth an odxtest (O-IOmm 0 Olmm) thrckness guage ¥ .
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were gently pelleted and resuspended in Leibowitz (Leib) ‘medium containing '

(1) anti<Thy1.2 antibody‘(at' 1/1000 diln., obtained from New England

‘Nuclear NEN) (2) anti- Lytl 2 antrbody (at 1/ 1000 dtln obtarned f rom

NEN) or' (3) antraLytZ 2 antrbody (at l/lOOO dﬂn obtamed from NEN) at

2% 107 cells / ml and rnfubated at 4 degrees C. for 45 mmutes The

cells \!vere then pelleted resuspended in gumea prg complement (1/10 dlln

in Lerbovrtz medrum .obtained f rom M A. *Broproducts) at a densrty of 2 X

lO7 cells/ ml and- mcubated for 30 minutes in a 37 degree centrgrade

water bath There after the cells were washed wrth Lexbowrtz medla + 10%

. FCS (4 x lOml) coumed and tested for DTH actrvxty

[

A modrfrcatron of the DTH assay descrrbed by Bretscher (31) was_used.

In short cells harvested from six day cultures were w«ished w:th PBS (4 x.

&
10ml) and counted ;l'he pnmed cells were aliquoted and pelleted then

- resuspended in PBS contarmng antxgen (Zm\g/ml 0. S“mg synthetrc antrgen /
) | ml 100~ 200mg s—TAG/ml of’ mrcrosphere suspentton appropnate volumne of

.,-20% NERBC or 4 x. 107 1rradrated (lO 000 rads) TA3Ha cells /ml ) at a

37 degrees C. for 30 mmutes, and 25 ul of the\mrxture were mjected mto

’the rrght hmd foot pad of an ummmumzed syngenerc mouse The controls

Sy

g concentratxorr of 4 X lO8 prxmed cells / ml The mrxture was mcubated at _ \

T



v
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-~ (obtained from H.C Kroplin, W.Germany) and the DTH swelling estimated.

'Estimate of DTH:

" —iswelling of injected foot] - [swelling of uninjected foot] .‘ ‘ R
Net DTH: = :
=[Average DTH (primed cells +antigen)]
- [Average DTH (primed célls ‘only)] . ’
" Oné unit cf‘ swelling is 1072 mm.

. The local DTH assay was modrt‘red to a systemxc DTH assay 5 X 107

pnmed cells ( in- 5ml of PBS) were adoptxvely transfered to non 1mmumzed

' syngeneic hosts vra an L. transfer ‘l'he ammals were then challenged with |

i '106 rrradlated TA3Ha cells in’ 25ul PBS in. a local l'oot pad rnjection at.

o

varlous tunes after the transfer D’l'l-l was esttmated as for the local

- D’I’I—I assay, and net D’I’H calculated as the drfference between DTH swellmg\ '

) cof i

1V,

transfered mrce and the DTH swelhng of controls (DTI-L challenged

‘ hormal. mrce)
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EXTRACTION of EPIGLYCANIN |

hprglycam’n (epr) was extracted from the ascks ﬂuld of T A3l*la tumorlv
\ bearrng mrce o ' | . |
Ascltes f rom outbred mxce beanng TASHa ip tumors was collected cells
were removed by centrxf ugatlon and ascrtes stored frozen Before
' extraction, the ascxtes was thawed mcubated at 37 degrees centigrade for
' 2 hours and any aggregates were renioved by centrif’ ugatlon The
freeze-thaw procedure was repeated twrc&efore PNA extractlon In some | o
‘cases the ascites was also dlalysed over night before extractxon
| ; _ ‘ A 25-40 ml packed volume of PNA agarose (E.Y. Laboratones) were
washed with PBS, mxxed wrth ascttes and. tumbled gently at 4 degrees C. for
.24 48 hours The slurry was poured into a. column and extensxvely washed |
with PBS The PNA bound Epi was eluted thh lOOml 0.5. M galactose
The eluate was'c‘oncentrated to 25 30 ml dlalysed agamst 2 x 4 hters
) of PBS at 4 degrees C wrth contmous stlmng for 24 hours The sample ‘
was lyopluhzed and stored at -20 degrees c m a dessxcator |
: The epx preparatxon was charactenzed by FPLC chrdmotography and the epl
o actmty was detected thh monoclonal anubody 49H 8 in an ellsa assay
e (24) No major contamman:g peaks were detected in the FPLC prof 1le \
LN mlm UNIZATION,
Locally bred (Balb x A/J ) Fl mrce were mJected wrth lrradlated

::‘(10 OOOrad) TA3Ha emulsnfxed ln CFA (50%) v1a an m nnjectxon At'ter 7 lO
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days the ammals were kxlled the spleens removed and a smgle cell

b

suspensxon was made by passmg the organ through a metal mesh aned

cells (107) ‘were mxxed wrth the mdxcated antrgen and m;e&‘ted mto the

“ hind foot pad of a non- tmmumzed mouse. Footpad swellmg was measured at

24 hours»and‘ calculated as’ descnbed above.

The TA3Ha cell lme (38) was kmdly prov?ded by Dr J F Codmgton v
(Mass General Hospxtal Boston MA ) and grown m w_/;m by weekly passage |
(ip) in (Balb/c X A/J) Fl mxce Each passage -line 'was termxnated at. |

: ‘ passage 10 and a f resh frozed ahquot started | ‘ | '
. mKSA mmor cells (39) were obtamed form Dr.P A Bretscher and grown “

srmllarly to the TA3Ha cells

Human red blood cells were treated thh neufamxmdase as descnbed by . |

5; ,‘Rahman and Longenecker (24)

T:ssue sectx 'ns of a local mflammatory stte or tumor sxte were taken

. ‘dnd. mmedxatly'frozen in hqmd mtrogen 'I'he frozbn sectxons were cut and ', o
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' stamed wnth Hematoxylm and Eosm stains usmg standard htstology

methods

‘Synthettc tumor assocxated glycoconjugates (sTAGs) m parttcular TF(a)

. (B Gal- (l 3) a—GalNAc) TF(__) (E-Gal -(1- 3) a—GalNAc ), and Tn

‘ (a—GalNAc~O Ser) were obtamed from Btomtra Inc Edmonton Alberta
ra

Canada See table“ l for structures and nomenclature

Intraperttoneal macrophages were obtamed f rom non pnmed mtce by
washmg of the perltoneal cavrty thce thh 3rnl of PBS The cells were
pelleted counted and tncubated wnth s-TAG anttgen or HSA (l OOug/ ml PBS)
: 'for 2 hours at 2~ 4 x lO6 cells/ml at 37 degree C The cells were then

g washed four ttmmxth PBS prtor to the DTH assay One mtllton anttgen ;:"'«. .:

-pulsed macrophages plus lO7 prtmed cells were mjected mto the footpad

o lof non-tmmuntzed mxce, syngenetc to the prtmed cell populatron DTH was o o

o measured at 24 hours after the thectton



Y

Latex spheres (from Polyscxencm Inc USA)were actxvated in: accordance

thh the accompanymg mstructxons and lmked to 100 200ug of anngen per

“

100 ul of latex suspentxon Uncoupled sites were blocked with NMS The ‘

spheres were washed with PBS + 5% FCS and stored 'with (lOmM) azide added

"

at 4 degrees C
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The mmal exper: ments to deter‘mme the specrfrcxty of the antl epi
x ,response were done m vivo.. Mlce were lmmunxzed wrth rrradrated TABHa
- cells (flgure 1) and lO days later the animals ‘were kllled and the spleens
removed Ten mrllron prxmed spleen cells plus mdrcated antrgens‘ were
‘ mjected subcutaneously rnto the footpads of normal ummmumzed mice.

Flgure i1~ l shows that the response was ehcxted by irradigted TA3Ha, -

‘ cells NE -RBCs, but not normal RBCs or by 1rrad1ated LlZlO cells a tumor

[

,'whxch does not express cell surface TF antxgen (24) ‘ " D
" + , ’ '
¢ R ‘ o L e
In vitrg generation of DTH effector cells js antigen dependent |

' T (o) testthe antrgen dependency of the ln v1tro generatxon of the ann epl ‘
o DTH effector cell populanon spleen cells f rom epr pnmed and unprrmed
--ammals were cultured in the presence or absence of antrgen and then

htested for DTH actxvrty ina local DTH foot pad assay Frgure 1 2 shows

that a DTH actrve cell populatron was xnduced only when the spleen cells

!

‘ ‘were prrmed m ; Q and antxgen was present dunng the ;_g __m_Q culture

o '
o N _-“ e . N .: ’ '.y’ . . o 4,.“" " . ,‘ o ' ' .‘ Lo ' . “ . ‘_ | L Lo "lv‘

¥ The kinetics of the local DTH re'aéti_o@,wés,d;etemmg\{ following tpe

B
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. com'pl'ement nor by complement alone (figure 1-4a,1-4b). All treatments
. [ .

" Histology of local DTH site

“q

leéal deposition of primed spleen cells plus epi, and DTH was measured at

various time intervals after the injection, Figure 1-3 shows the absence <
‘ . '

of an early 6-10 hour swelling folloWed by a peak response at 24-48 hours

o

when pnmed cells 'and antigen were mjected together while no swelling

' \

. was observed when either was jnjedted alone. The swelling décreased to an

undetecrabi® level 6y 96 hours (data not shown).
’ !

mquMumm@mmm

dn order to further characterize the DTH effector cell population, the
' ‘ p]

cell surface 'phenotype was determined using anti-Thyl.2, anti-Lytl.2 or
.anti-Lyt2.2 monoclonal antibody and complement treatment prior to transf er

to the footpad. Cells pnmed in vitro to a) epi (fig 1-4a) or b) TF(a)

plus TF(B_) (fig l-4b) were treated with antibody and complement |

immediately prior to the DTH ass‘a"y. The DTH:response to both antigens was

- .

markedly reduced followidgwreatment with either auti Thyl.2 or anti

Lytl.2 in. theh presence of complement but not by anti Lyt2.2 plus

involving both antibody, and'complement resulted in reduced cell numbers

~ (see figures 1-4a and l—4b) The cell surface phenotyqe ‘of the DTH

effector cell is thus Thyl 2+ Lytl 2+ and Lyt2.2-..

\‘\. / ' u ’ )

. b . .
‘I’he hxstology of the local DTH sxte was determmed at 24 hours

followmg local deposxtxon of pruned cells plus epn Fxgure 1- 5 shows a

7



. antxbody level, bf"testmg antx-HSA ‘monoclonal antxbody and antx HSA

. 46

massive mononuclear infiltration only when (a) primed cells and antigen

‘were injected together, There was only a minimal infiltrate seen the the"

controls, which were inj,?cted with (b) primed cells alone or (c) antigen

only,

Tumer Specificity of the in vitro generated DTH effector cells -
) '
)

In order to determine the tumor specificity of the Jocal DTH reaction

irradiated TA3Ha or mKSA, an SV40 transformed fibroblast tumor line,
| . : 4

'

were used to trigger the local DTH reaction. Anti-epi primed DTH effector |

cells were injected together with irradiated TA3Ha or. irradiated mKSA

cells in a foot pad DTH assay. Figure 1-6 shows that the anti-epi DTH

W
response was triggered by irradiated TA3Ha but not by mKSA cells

b

Eine Antigen Soecificity of the in vitro generated DTH effector cells

\

To determine fhe fine specif iéity ‘o‘f the. DTH effector cells, purified
Epi or -TAG$ (Tn, TF(a), TF(B) ) or fucose linkéd to HSA were immobilized
on sepharose mi_cr;)spheres (m). Primed cells' were injected in a local fc;ot '
pad tqgethe}.with the indicafed antigéns. The epi primeq'bTH‘was elicited
by epi, Tn, TF(a) and TF(B) linked ta HSA but not by Fuc-l-}SA nor by HSA |
alone, see figure\'w:»r was it elicited by Glu-BSA (data not sho‘wny). o

(‘\l

We confi xrmed that Epi does not cross react wnth HSA at least at the

' polyclonal anubodfes for reactmty wnth epx At no concentration tested

did the anti HSA ant body react with the epi (dqgg.not» shpwn).

IS
5
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Similarly, cells primed to Tn-HSA were tested for the ability to
produce a local DTH reaction‘ in response to epi and the various symhetic-
amigens.‘As shown in f igure 1-7b; the anti-Tn DTH reaction was triggered |

by TA3Ha. Tn-, TF(a)-;TF(B)-HSA. byt not by Fuc~HSA or by BSA alone,

" Other experiments show no response by the primgd cell population to the
HSA cérrier molecule. Ef: {ector cell bopulations genérated to TF(a)-and
TF(B)-HSA conjugates had similar recognmon specificities ( see f 1gure
1-8 for summary of specificity expenments)

These experiments were later repeated using soluble éntigen (not
linked to mjcrosbhsres) which was preincubated with the primed cells .for

30 minutes prior to foot pad injection. The results obtained with the

latter method were essentially identical to those reported here;

K}

" To determme if the camer molecule affects the recognition specifi lcxty, .
the TF(a) hapten was con;ugated to KLH instead of HSA Epn pnmed cells

’ plus the mdxcated antigen were. mJected mto the foot pad of normal mice,
Fxgure 1 9a shows that the epx primed cell populauon recogmzed and

. ‘responded equally well o both TF(a) HSA and TF(g) KLH The response was

not ehc:ted by HSA alone, nor by Lewxs KLH In a parallel &xpenment

cell pnmed to the carner alone were tested for anugen recognmon in a

.

local D‘I'H x The data fxgure 1-9b, suggests that no DTH actxvnty was

e mduced to HSA usmg the current pnmmg conditions.

v
LA s LT e K .
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MHC restriction of the DTH reaction

' ’

In order to determine any MHC restriction in the interaction between'the ‘T
(DTI:{) cell aed .the antigen presenting.celil, peritox;eal macrpphages f rohx
Balb/c (H-29), C3H (H-2X) and C'57Bl/10"('H—2b) mice were pulseld Qith

(l‘j T(Q)—.I;ISAV or (2) »HSAI alone washed and used in place of solub!e antiéen
in ;he local D'TH assay. Epi primed cells (Balb/c.x A/, ‘H—Zd x H-22)

. plus anugen pulséd macrophages were mjected in the foot pad and the DTH
'measured 2,4 hours later, ﬂgures l 10a and 1-10b show that a local DTH
reacnon was ehcxted only by Balb/c, C3H B10.BR.and Fl amxgen A

‘ presennhg macrophages. These macrophages share identity w:th the primed
T-cell popelatioh at the H-2 ‘locus.,iat least ae the H‘-.2 I- and K-regiens.
Furthermere, sinee B10.BR macrophages, which can elicit a DTH reaction! and
C57Bl/10 macrophage;, which cannot elicit a DTH reach‘on. are identical
exeept at the H-2 loci it appears that the restriction involves only the

‘H-2 encoded products. The data suggeets that eerbohyqrat'e specif 1c T-cells

-

respond to the antigen presented in the context of self MHC products. |

1.0

Sustemi transfer of effector cells, B

A systemic transfer assay was used to determine the ability of the DTH
effector cells to survive m vivo and- to localize to a lqcal site of ‘
anngen deposnt Fxf ty million epn pnmed cells were transfered via an 1_ .

1

: _'mJecuon into non-xmmumzed syngenexc mice. DTH challenges m the form'

& Y e
‘ .
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of irrﬁdiat;d TA3I—ia cells, weére given at ‘yarious times after.jv rra‘nsfef. |
Contrlol animals feeeived a DTH cpallénge without prior m ’trapsffer‘ cl>f

primed ;ells. Figure 1-11 shows‘ that a lo;:al l‘)’I“H‘re;'xg:tion can Be ‘elicited

by an antigen challenge at 4 hours but not at 24 hours after the jv

transfer of the primed cells.



It is vvellrecognized that carbohydrates play an important role in N f
cellular recognition and interactions (‘13,14,1,‘5). It a'ppears that
carbohydrate determlnants‘ may serve to guide cell migration and other
mteractrons during developmentTlS) There xs also evidenge, that
. ‘carbohydrates are. mvolved in metastasxs to specrfnc organs (16 13) and
that exposed carbohydrate determmants appear to medrate recogmtxon and
removal of aged red blood cells by hepatocytes (l3) |
Recogmtron of -carbohydrate determinants by antibody is well

-

documented (20,21.22) -such that rnonoclonal antibody to 'various cellular

T antigens have been shown to have fi xne specxfrctty determined by cell

N

‘surface tmmunodomrnant carbohydrate determmants (24) However T cell
recognmon of carbohydrate determmants has been more dxffrcult to
demonstrate Since most T cell responses appear to be dxrected at |
procg:ssed ant:gen in association thh self restnctmg elements (8),

atte pts to mhxblt T cell reactmns wnth free hapten have met wrth

| hmxted success (25 27) Inhxbmon of C'I'L targe&con;ugate formatxon ina
“ specxflc manner \‘usxng a purlfed cell surface carbohydrate suggest
'v’carbohydrate moretxes are mvolved m the recogmtlon event (28) ‘I'he

i opposxte approach to remove the proposed carbohydrate determxnant f rom a -

“glycoprotexn by enzymanc cleavage or mh)bmon of glycosylauon (26 29),

g suffers from crmcxsm of con.formatronal stabtllty That ts, rf the |

remdval of the carbohydrate affects the stabxhty of the protem ’

,‘ T



conformanon then the loss of recognmon assocrated wrth ‘the removal of

the carbohydrate may be due to loss of a protem determrnant Thus to a

‘date the evrdence for T cell recognmon of carbohydrate determinants has h
| only been suggestrve | |

| We have used a drf ferent approach to attempt to demonstrate T (DTH) .
: ‘cell recognmon where the specxfrcrty 1s determmed by a carbohydrate ‘

"hapten The characterrstrc norn - specrfrc amplrfrcatron of the specrf rcally

’

—

trxggered DTH reactron provrdes a sensmve assay with whrch to analyse
the antrgen recognmon specrfrcrty We examined the recogmtron |
¥ specrfrcxty of‘ the trrggermg of a local DTH reaction usrng epi and its "
| synthetrc carbohydrate analogs as haptens conjugated -to.an HSA carrrer f

e~

rnolecule lmtral in vlvg experrments suggested that a determrnant common
‘b

to TA3Ha cells and neuramxmdase treated red blood cells could be detected .
‘rn a D’I’H-lrke reactron Thrs determmant was: absent from normal human red
‘, blood: cells but was revealed l‘ollowmg neuramrmdase treatment In order ‘
to further examrne the fine specrfrcrty of the DTH effector cells we used
"‘an m _m_Q prrmrng protocol mvolvrng a modrfrcauon of the culture v_ - .
. i ‘condmons descrtbed by Bretscher (31) Usrng ‘this- method we have shown - /
. that D‘I'H rnduced to Epr, Tn TF‘(a)- or TF(B) HSA was trrggered :
A :"specrfrcally by Tn. TI-‘- and TF(B) lmked to HSA and by TF l-nked to KLH

v'but not by the__cameLmnlecnle_(_HSA) alone, or by an mapproprate sugar .

lmked to the carrrer, for example fucose-HSA or. L'I“e(a)a-KLH and not by -

g 'ifglucose adsorbed to BSA (data not shown) We ob \:no DTH to HSA_'

C—

i fffollowm\g pnmmg wrth exther epr or the sygtheuc antrgens con;ugated to

5 . 'HSA An example of the rnabrlrty of HSA: to rnduce a T (DTH) cell




‘ populatton under the cendmons used durmg the in 1 Q and m __mg_

pnmrng is seen in f:gure 1- 8b where ammals were deltberately lmmumzed

i

Ty lthh HSA ata concentratxon similar to the’ one used wnth the synthettc N
' anttgens Tested for DTH actxvnty in a local DTH -assay together with the

xndtcated antrgens none of the xndxcated antlgens mcludtng HSA were .

[

able to eltcn a detectable DTH reactton (f ig 1- 8b) The data suggests

o

that under the'in ; A7) and in _mg priming condmons optimal for the
mductxon of an antt TAG DTH effector cell populatton there is no

rnductron of an antl HSA DTH response It.is possible that the abtltty of

a

~ the synthettc carbohydrate anttgens to mduce aT (DTH) cell populauon
‘under the condrtlons used for m ; vO and m vitro pnmtng may be related O
“to the lipid- lrke hnker between the carbohydrate and the HSA A similar-

role of lrpxd m the mductton of DTH has been descrtbed (30)
\

*
Chemxcal analysis of epr has determxned that the xmmunodommant Tn-

o

——'—ancr‘l'r‘ ltke determrnants were exposed but that no l‘ ucose was exposed o
_(29) We conflrmed that ept dld not cross react wrth HSA by testmg

' antt-HSA monoclonal antxbody and anti- HSA sera for reacttvnty wrth epr At .

«

"r 'tno concentratxon tested dxd the anti- HSA antlb dy react wr‘lh epr

) (unpubhshed result) Attempts to xnduce an a l f ucose DTH response
. resulted m non-specxfxc reactrvxty A large proportxon of the spleen T

o 'cells cultured in the presence of l‘ucose-HSA were blasts and caused o

‘ ‘non-spectfxc foot pad swellmg when assayed for DTH actmty, even m

‘ :. the absence of anttgen. The abxlxty of fucose to sttmulate lymphocyte \

‘ reactxons non spectf 1cally, has recently been reported by Stenakova (33)




The results reported here suggest that T- (DTH) cell specxfxcrty 1s at "
le;st 1n part determmed by carbohydrate determmants on the carrier o
molecule A compartson of the structures of the synthettc antxgens shown

| , in table l-l revealed a. number of. dtfferences between the conjugates

- whtch elxcrted the antr epr DTH and those which- dxd not. The Tn, TF(a) and .
TF(Q) con;ugates each contam the GalNAc- structure whrch is coupled to
the hnker arm and attached to the HSA carrier. The f ucose—HSA conjugate
ts made wzth the same lmker arm as the ‘TF conju'gates Slnce the GalNAc

: molecule contatns two extended s:de groups whrch are absent in f ucose
- an OH (m posmon 6) and an NH- COOH group (in’ posmon 2), it is
possrble that the absence of these groups from the fucose HSA co(rgjugate is
jresponstble for the mabxhty of f ucose, to trxgger the local D’I'H reactxon
Tlus mterpretatton 1s conststent wnth the cntxcal mvolvment of the NAc
group m anttbody and lectxn recognmon of the GalNAc moxety Our data
thus suggests that the deternltnant recogmzed by the 'I‘ cell mvolves at”
| least the GalNAc- moxety Bnth the OI-I and the NAc g/oup, may contnbute
to the recogmtlon of GalNAc by '1‘ cells ' |
It can be argued that a combmanon of carbohydrate and protetn ts “
recogmzed by the specnf:c T cell ThlS pOSSlblhty has not been formally |

\

ruled out but seems unhkely The cell populanon pnmed thh ep1 was

elmlted by bOth TF-HSA and TF-IQLH but not by Le(a) KLH or by HSA alone... L

Futhermore, the ’I‘n synthetxc hapten 1s lmked to a serme vxa an
3

O-glycostdxc hkage,:whxle the ’I‘F(a) and TF(B_) are both lrnked dtrectly to

an 8;carbon spacer arm These dtfferences\m lmkage to the camer and

f'th, hapten hnked to dtfferent carners to ehctt the DTH



e “ that the carbohydrate specrfrc respons& fulftlls the crrtena of a _"

i - restrtctron tn antrgen presentatron to elxctt the frnal effector functron
'I'he results show that T !D’I'H) response to carbohydrate antxgens requxres

_ ‘.\1denttty between

response suggests that the protem is not determmmg the specrfrc:ty » -

‘ ‘recogmzed by the' T (DTH) cells It is however concervable that the

\

protern portron rs requrred in order for the molecule to be processed and

presented for ; a T cell response Studres on. antrgemc structure in

‘ antrbody antrgen mteractrons suggest that a hydrophobrc portion may be

' neccesary for the presentatron of antxgenrc structures_(37).v

Hypothetically, the 'hydrophobic region would ‘allow"the antigen to :

‘ assocrate wrth the sell‘ restrrctmg elements on the cell surface membrane

Further expenments wrth T cell clones. are needed to determme if f ree
carbohydrate can fulftll the l‘unctron of the antrgen or if it is neccesary

to present the antrgen on a protern or possxbly a lrprd ltke carrier.

. Thrs questron has not been addressed m thrs serres of expenments

(

The carbohydrate specrfrc reactron 1s dependent on a Thyl 2+, ,

" Lytl 2+ Lyt2 2- cell populatron and reaches maxrmum swellmg,

characterrstrc of D'I'H in 24 48 hours af ter local anngen challenge (34)

a The hrstology of the local srte showed a massrve neutrophrl and monocyte ?,‘ o

.

mfrltrate, as rs characterrstrc ot‘ DTH reactron ( 12) Thus rt appears

~

classrcal DTH reaqtron - T -;'“ o B RN j“':' : 3 'fr\ . o ".; T

T cell responses aSCnbed to protem determmants are MHC restrrcted

. (34) 'I'o determme 1f T cell responses rnvolvmg carbohydrate anngens

‘ lgwere restrtcted at the T cell-macrophage xnteractron level we lo ed for SRR

N
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locus stmllar to the restnctlon observed in the case of protern

antxgens Under comblnatlons of prlmed cells and antxgen pulsed
macrophages where there was la\ck of ldentrty at H- 2 D,I and K no DTH is
elxcxted whlle in combmanons where there was. ldenuty at l-I 2 I and K a
DTH reactron was seen The data suggest that xdentxty at the H 2. I or K’

regtons is sufflcxent l‘or the mteractxon to occur Th the ehcxtatxon
of the DTH response appears to be MHC restrrcted 2;

lven that the

o carbohydrate hapten is conjugated to a protem carner it 1s possrble that

the observed MHC restrxctxon 1s a protem related phenomenon -

Experrments to determtne the in 1 Yo l‘ate of the in __m_Q pnmed effector

3

cells mdxcate that an adoptxve?y transfered DTH efl‘ector cell

populatton 1s able to. localtze to the antlgen site and medlate a local DTH
reactton An mteresnng observatxon is. the short half life of the
adopnvely transfered D’I‘H actrvxty Flgure l ll shows that DTH can be

elxcxted xmmedxately al‘ ter 1_ transfer but is lost at 24 hours af ter the ’

1_ transfer Jf thxs observauon represents a suppressxon of the "~

l

adoptwely transfered TAG pruned cells xt becomes an 1mportant '

th

e ’\,

‘ consxderatxon m relatxon to tumor unmunotherapy usmg m v;trg pnmed DTH

iy . v ,.‘,‘ “‘..

v el‘fector cells.

’ Recent reports reveal that’ a Thyl+ Lyt l+ 2~ subpopulatlon of 'l‘ cells

e

can medxate m x;,m protecnon agamst ,tumor growth (35) Thxs T cell ! =

55




‘ TA3Ha cells

56

‘tumor Furthermore the DTH mduced by the synthetxc carbohydrates may -
also have anti-tumor effects In the subsequent paper we wxll show that
‘the turnor,assocxated glycoprotem (epx) and its synthenc analogs can ‘

, lmduc;e a protecttve T cell populatron vﬂ’nch retards the growth of the

N
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Figure 1-1:
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‘fp < 005’{ (Th" group mJected w:th anngen only was used as control m,,

e calculatmg the p values) SR 'L
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) " aned spleen cells were cultured (a) and (e) m the presence of antxgen

i ‘and (b) in the absence of anngen Normal spleen cells were cultured (o)

s "hwere harvested after 6 days m culture and tested for DTH actxvxty m the o

- / ‘;‘presence of epx (a, .c d) and in the absence of epl (e) ) L .
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Figure 1-3;

59

-8

DTH units

<A

[ SRS W
’ r.-c . .
@4

—n—

HOURS ‘AFTER DTH CHALLENGE

-~

N o o -

, 'Kin'etiés of the in vitro Generated.DTH Response.

‘Ten- rmllm‘h‘ cells pmned m viv Q and in vitro wnh epx (l) were,

.
>

f .

, mJected together wnth xryadxated TA3Ha cells in a. local DTH assay Foot ’

- pad swellmg ‘was measu:ed at vanous times aftér the mjecnon (as

‘mdxcated) Controls include’ exther pnmed ce‘lls injected.alone (A) or -

; :u'radmted ’I‘A3Ha cells mjected alone (®).

v

7

o

&

~ 4

2



Figure 1-4a:
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Cell Surface Phenotype of jn vitro Generated DTH Effector Cells.

Cells primed to epi were treated with the indicated monoclonal antibody
e , X
i

in the presence of qomplémen’t immediately prior to the DTH assay. The

reméining cells were injected tdgether%) in a local DTH
assay, and DTH was measured 24 hours later. - g

mdxcates the treatmem groups whxch differ sxgmfncantly from the group
given anngen only co:trols P < .00l. ‘
The experiment was repeated at ’least: 3 dif fgr-ent. ﬁmes using n=5 each
time. o , ‘ ."ée ) .

Cell treatment involving both annbody and complemem resulted in reduced

cell numbers (mdxcated in figure as % lysis).
&
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Cell Surface Phenotype of in vitro Generated DTH Eft’éctor Cells.

- given anngen plus'-unpnmed spleen cells P <.001 '

Figure 1-4b: , '
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'Cells pmned to TF(h) were treated with the mdrcated monocﬁnal antibody

in the presence of complement 1mmedmtely prror to the DTH assay The

remaxmng cells were mjected together wrth epi in a local DTH foot pad

- assay, and DTH was measured 24 hours later.

he mdrcates the treatment glﬁrps whxch dlffer srgmﬁcantly from the group

Cell treatment mvolvmg both anubody and complement resulted in reduced

- 'cell numbers (mdxcated m frgure as % lysrs)
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Figure 1-5a:

Histology of the DTH site. - .+ ' . SE T

A f) _roien section of a lo'cal_ DTH site ';injec.ted with p‘riméd cells plus -
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Figure 1-6: " 32 -
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Tumor Spec:fxcxty of the in vx;;g Generated DTH Effector Cells
' 107 .cells pnmed to epx in vitro were. mxxed with the mdxcated antxgen

‘ and mjected mto the foot pad of an normal mouse Controls were m;ected

\\

. ) thh pnmed cells or antxgbn separately D’I'H was measured at 24 hours

‘ af ter the m;ectxon Net DTH was estxmated by subtractmg the swellmg due

-

only to the anngen from_the swellmg of the pnmed cells mJected

together thh the antxgen

‘ - . mdxcates groups wluch dxffer sxgmfxcantly from the swellmg resultmg

from the pnmed cells alone, P< 001 S L AT
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Figure 1-7a: o . o ‘
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107 cells pnmed to epr m _m_Q were mjected together w:th the
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' sepharose-mrcrospheres D'I'H was xneasured 24 hours later




‘ Figere 1-7b:
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" Figure'1-8: ,
IMMUNIZING -Ag: . TRIGGERING Ag: |
cl o Eel Ta TR TRg) + Fuc '  BSA/HSA
in vivo v/in‘:vitro | | - o . |
Epi:c + S + + E - e R
| T\F(.): + + + + - -
gy - [+ T+ s e - -
Ta + Y - -
MNemé: c f- - - ND - ND . ND'.  ND
oo - TA3Ha L1210, mKSA . RBC NERBC  No Ag
*in vivos irr. TA3Ha o+ e
Lo B T+ N -0 ND o NDC -
) .‘ 1;b t
"_.‘.summary of the Specxfxcxty Studxes. ey ' i

| f.; -f.Ten mxllxon cells genem m _m'_q to the 1nd1cated anugen




Figure 1-9a
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Mucms are hrgh molecular wetght glycoprotems wrth carbohydrate

contents of 60- 0% (l), normally secreted as' brologxcal lubrxcants by
' certaxn txssues (2) Monoclonal annbodxes (MAbs) made agamst tumor
tﬁue of ten recogmze mucm assocxated carbohydﬁte determmants For

example mabs generated to tumor ttssue detect antxgens such as CA19 9 ‘; N

Ll

DuPan-Z CAI and CA 125 assocxated wnth tumor mucins (3, 4.5, 6,7). ‘Eumor

assocxated alteratxon of mucins may reflect changes in carbohydrate

determmants resultmg from l) neoglycosylation as shown to occur wrth the

19 9 antxgen or 2) mcomplete glycosﬂanon reveahng otherwxse cryptrc

-
¢ .

demrmmants such as the Thomsen Frerdenrxech
( B—Gal (l 3) GalNAc, TF) and the Tn (GalNAc-O—Ser ) antxgens
That tumor assocxated pucm may shreld the tumOr from certa.m forms

of 1mmune destructxon re complement medxated anubody lysn& and ‘..7 o

-

..

‘e ‘cytotoxxc lymphbcyte medrated lullmg (8 9)‘has been suggested _',.\‘,;; e




| o e
xmmunodonunant TF and Tn determmants (10) A number of reports suggest

ot

that epx may mhrbrt the unmune detecnon of H 2 determmants on the TA3Ha .

cells and thereby allow the cells to evade destructxon Thxs phenomenon is

Al '

o reflected in the abrlrty of TA3Ha cells. to grow m an allogenerc host
>. " ‘ whrle the cell line f rom whrch TA3Ha was derxved lacks both epi- and the
7. - : - ‘, abrlxty to grow xn ‘an allogenenc host (8,11). |
We have provided evidence to indica'terthat T (ISTH) cells‘ can recogn‘ize
‘ ‘ carbohydrate determtnants We demonstrated that T (DTH) cells pnmed with
epn could recogmze and respond to syntheuc TF and Tn carbohydrate
haptens lxnked to an approprrate camer (hereafter refered to as a
Asynthetrc tumor-assocxated glycoconjugate §- TAG) but not to-the carrler ’ .
alone nor: to 1rrelevant carbohydrate haptens lmked to the carrrer v . ,
Snmlarly cells pnmed wrth TF or Tn s—TAG could recognxze and be , |
.y '

trxggeredbyepr S o r

“\

v

\

Based\on the characterxsuc amplercanon of the frnal and AN
B non-speclfxc effector mechamsm m a local DTH reacuon we reasoned that
DTH reactxo:ts lmtxated by T—cells recognmng determmants on mucm ‘ -
mole‘cule.s'rnay provxde an eﬁfectlve xmmune d;fence mechamstrr aaaxnst ; t |

- mucm‘ covéred tumor. Gtven that mucms are htghly‘glycosylated protems




»

v

‘ | thh epn or. thh s TAGs carrymg TF or Tn epxtopes but not wnh cell

(I o C . . .
oy

W

populanons primed. thh the camer or the camer con jugated to an

s

u-relevant carbohydrate hapten ; S | o  “ .

81
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" An antt tumor effector cell populatron-was genevzted by the culture

: ‘method prevrously descnbed for the generatron of DTH ef fector cells, see. y

chapter 2.

L ~
“'n

ANITBODY TREATMENT of EFFECTOR CELLS
¢ /“ ‘ ) e A ’-.'g ot
A pnmed cell populatron was obtamed as descnbed above washed
. ‘counted and dxvrded rnto separate tubes for the anttbody treatment The
-~ cells were treated wrth (l) antx Thyl 2 antxboby (at i / 1000 dxln
obtamecl fsom NEN), (2) anti Lytl 2 anubody (at l/ 1000 drln obtamed y

f Fom NEN) or (3) antt Lyt2 2 anttboqy (at l/lOOQ drln obtamed from

NEN) as. descnbed. prevxously, see- chapter-2 ‘ 7 o T,
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hrnd foot pads were measured wnth an odxtest (0 lOmm 0. Olmm) thrckness ‘

i

guage (obtamed from H C KrOphn W Germany) and the DTH swellmg
x esnmated by subtractrng the thxckness of thé unmjected foot pad from ‘

L that of the mjected opne. ' . '| o ; ' -|

'DTH unit = 1072 mm

DTH pnmed cells were mduced as descrrbed above Ten mrllron pnmed

3

lymphocytes from the spleen cell cultures -were mrxed with l 2 x lO5

lrve tumor cells and mJected s. c mto the foot pad The control mlce I

e
PR

were mjected wrth HSA prrmed or normal spleen cells and tumor cells Foot‘ ., ' AR

pad swelhng was measured at 12, 24 48 and 72 hours and every 2 days A

\

there after@'[’o estrmate the ume at whrch any swellrng caused by a DTH e |

 )

: rradxated tumor cells Any swellmg seen m tlns grou;y ,l? 2

! growth fo :xample a D’Iﬁ\
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f' 'F‘%ty xmlhon ;‘d cells weré transfered to no/rmzltl recxpnents via an C . ‘
"-"“ Lo iy mjectnon (21 5 lml PBS) (A local foot pad challengé thh tumor cells ’

. was done nnmedlately, and’ tumor growth was momtore

(XTI -

] as descnbed for the

T

" local Winn assay. | - B \H

nvvolonzanoy, |
L B '\;\ ‘ . .t ' ) 1

N
! . v

CAF l/J mxce were 1mmumzed with nndxcated doses of epx or synthetnc .

e antxgens m 50% CFA m ’l‘en days later these ammals were challenged for

. e DTH by a sg foot pad xnjecuon of 106 xrradxated TABHa cells in 25 ul.

l *

L PBS DTH was measured\at 24-48 hours after the challenge and serum
samples were collected at that time. IR ‘ . R

. "‘The ammals were then challenged thh l03 lwe TA3Ha cells m and
' »‘:"..“survxval momtored ‘ , e L .'

-




by surgical excmon under general anesthenc (Mehtophane), Af ter

1‘ excxsron. mxce were left for 1-2 weeks to recover then challenged wnth a

Tive tumor and survrval was momtored L e T

LS

Frozen sectxons of the ldcal mflgmmatory sxte or the site of tumor o

o 4 ;

ho growth were prepared usrng standard hxstology techmques Tissue. samples T
w’ '\ ’

" of local mﬂammatory srtes were taken and f‘rozen 1mmedxately in hquxd

LI

) mtrogen ‘The samplq were cut usmg a "szsue Tek" Cryostat transfered

1
o

to Methanol/l:‘.ther (l l) and stamed wrth Hematoxylm and Eosrn

b \ n o I

“"6 L ‘3' et Co

. N L M L} i . . .
. , A , { . ; .

The TA3Ha cell hne (15) was kmdly provrded by Dr JF Codxngton (Mass

General Hosprtal,Boston MA ) and passaged weekly as an: ascxtes m

Lo

L . ool g
n oL E
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A local Wmn assay was used to test whether cells generated m the m '

. vitro system under condmons for opttmal generation of DTH eff ect6rs -'\'ﬁ ‘2
were able to mhrbrt tumor growth Cells pnmed to epi were mxxed wrth 4

hve ;TA3Ha cells and- mJected tnto the footpﬁs of unngmumzed mice. A i

* g \ ' 3 ’

srgmflcant delay:m tumor growth was observed xn the experrmental group D,

.as compared 10 - vanous controls mcludtng those whxch recexved an S

.

' mjec‘txon of cells pnmed wrth HSA or normal’spleen cells mtxed wrth live - "

TABHacﬂk o SRR ““,ﬂ”‘

A systemtc adoptrve transfer assay was used to determtne if- the m "

, AR w"’

_mg prxmed cells were able to home to the tumor Flf ty mtlhon pnmed

cells were transl‘ered iv mto norrnal recrprents and"the fqot bad m Jected

-
L

thh lxve ’i‘A3Ha cells( I-‘xgure 2 2 ’ shows a marked*reducuon m tumor
growth m the adoptwely transfered anxmals as- compared to armmls whxch "7 j“'-~ '.

L A AU REPAE DA ot
dld not recexve an mjectton of prxmed cw but Were 1n_|ected lﬂ fhe e LT

1

o

l‘ootpacl wrth lxve tumor
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Y " , experiment, A local Winn assay was performed using an anti epj primed cell
'.y-\ K ‘ B ¢ N ‘ '
o population and a tumor cell line which does not carry epi cross reactive
@ - B [ Voo ‘ ‘ ‘
o’ antigens, the SV40 transformed fibrosarcomyq line , mKSA, Figure 2-3 shows
' '\\ W \ . i & o
" that the growth of mKSA tumor was not significantly altered by the
anti-epi primed cell population, while TA3Ha tumor growth was delayed by

N

the same cell population,

'ég_l’l surface phenotvoe of anti-tumeor effestor cells primed jn vitro
: A R -

The .Winn assay was used to determine the cell surface pher‘xotﬁype of

effec;tor cell populat}ons ivnduced by defined synthetic carbohydrate

antigens (s-TAG:s). Effector cells prixped ‘with synthet% TF(a) antigen were

mixed with livé TA3Ha celis'and injected into*fhe foof pad of unimmunized

mice. Characterization of the cell surface pheno;ype of' the effector cell

was done by treating the TF(i) primed cell population \zith either

monoclonal ﬂanti—Thyl, anti-Lytl or anti-Lyt2 amibodiels'in the pre_s;ence of
| complement i;nmediately prior to the Winn assay. Figure 2-4 demonstrates

that the inhibition of local tumor grbwth was abrogated by anti-Thyl and

’ 0
anti=Lytl treatment of the effector cell population in the presence of

v . .
complement, but not by complement_ treatment alone nor by treatment with
anti-Lyt2 antibody and complement. This suggests the existence of a T

dependent anti-tumor response.

Histology of the Winn assay sife,

To confirm that the increase in foot pad measurement seen at one week

BN
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after injection was due to tumor growth frozen sections of the local Winn
A

assay site weré made. Normal mice were injected with a mixture of primed

célls and tumor cells, or primed anti~Thyl + C* tredted cells and tumor

" v

“cells, Figure 2-5 shows the presence of a large number of tumor cells in

site injected with the anti-Thy!l treated cell, suggesting the Thyl+ cells

are central to the inhibition of the tumor growth,

)

A

‘To further 'test the potential of epi and the s-TAG antigens to protect

' against tumor growth, anin«xals were immunized with various amounts of

antigen émulsified in 50% CFA (ip). Ten days later, they were challenged

with a live TA3Ha tumor jp and survival was mon'itored’( table l).-Mice

¢

_immunized with relatively low doses of either epi or TF(B)-HSA showed an

increased resi;tance to tumor growth while immunization with Glu-BSA or
HSA had no effect on the resistance to tumor growth. Occasionally animals
which . had survived the tumor challengg were given a second tumor
challenge, similar to the‘first 3-4 months later, This challenge was also

resisted (data not- shown), ‘ 1
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Based on the characteristic amplification d ring the DTH reactiof and "~

[}
'

the non-specific effector function, we propose that this class of immune
. 4

\ -

résponse thay be a valuable anti-~tumor immume mechanism, -A DTH reaction

-

. ; N L S C
directed at a mukin determinant may be particularly effective in bringing .
: g E 4

abouflinhibition of“ tumor growth, par‘ticularly'wher}.e mucins appear to
shield the tumor ‘from lysi; by ixﬁmune respon’seg directed at conventional
‘ cell. surface antigens (8,9,11), " “ |
To test this hypothesis we utilized the T! 3Ha murine mammary ,
adenocarcinom‘a, as a tumor model, TA3Ha cEls syﬂnthesiz.e a mucin-like
500,000 m.w. glycoprotein , epiglycanin (epi), as a major component of its
cell surf glycocz;jlx./ési is approximatly 40% carbohydrate in
‘éomposition and carries‘the immunodominant TF ( E-Gal-(l—B)—a-’GalNAc )
and Tn (g-GalNAc—O—Ser) structures (lO).'lt has been reported that the
prbsé;xce of epi ef fectivel); shields the‘ tumor cells from destruction byv
immune responses directed against H-2 determinants, allow'i.ng the- TA3Ha
cell line to grow in an H—é incoxﬁpatibie host (8,11). We attempted to
" confi?n this claim_ by testing TA3Ha cells for éusceptibility to lysis byl
cytotoxic lymphocytes dirqctgd against nts H-Z determinants . These
results (_not“shovin ) suggested that TA3ﬁa cells are both resistant to
; lysis by cytqtbxic lymphocytes primed té) H-2 émtigqns and are unable to
induce an anti H-2 CTL population. Q e
' To,,d_eterminéa the anti-tumor effect of cells primed jn vitro to epi, -

the primed cells were injeéted together with tumor cells- in 2 local Winn

1

v
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assay These cells were able to delay the growth of the TA3Ha tumor cells

~

. The inhibition was not complete, and the tumor m_tected together with the

pnmed cells eventually grew to the same size as the contrpl tumors, that

i

is tumor cells injected thh unprimed spleen cells or together with spleen
cells pnmed to _an xrrelevant antxgen The hrstology of the tumor site
show a reduction in the number of tumor cells when the moculum included

pnmed T cells, figure 2- 5. These findings suggest that the primed T

’

cells inhibit 30rfie tumor growth but cannot totally erad;'catethe tumor.

. L

"An adoptive_transfer assay was used to test the ability of the in

vitro primed cel# to inhibit tumor growsh. Epi primed cells were

transfered iv, and followed by an immediate local tumor challenge. We .' . -

observed a\delay in tumor growth in such adoptively immunized mice,
' o
relative to controls ‘which received tumor cells only These results

| N
' Py,

suggest that the in m DTH _primed cells ar¢ able to home to’ a tumor

or alternatively that'DTH prtmed cells xnduced secondary eff ector
L}

- function wh\ch inhibits the tumor. Further exp ments are needed to

dxscrrmxnate between these two possibilities.

That DTH mediated tumor inhibition was specific for the tumor antigen

K

was shown in expenments in which the prrmmg antrgen was, HSA Cells .

cultured in the presence of HSA did not mhxbrt TA3Ha tumor growth in'- a

local Wmn assay, sug\gestmg that DTH mduced tumor regressron is 0

~

dependent an antrgen specxfrc rmmune response Alternanvely one may

speculate that epi pnmed cells mhlblt tumor growth non-specrf 1cally

Thxs was tested by attemptmg to mhrbrt the growth of a tumor which does .

not express ept cross reacuve antngemc deterrmnants with the epi pnmed ‘

“cells, 'i'he SV40 transformed fibroblast cell lme, mKSA was used Excrsxon

y



:determmant the effector cells were primed in vrtro with th8 seTAG ‘ ol

'due to. the relauvely large tumor burden used The extreme lethalrty of

N

‘ ) X
prrmmg expenments (personal commumcatron P A. Bretscher ) shoWed no -
cross priming between TA3Ha and mKSA cells ‘No signifi tcram tnhlbmon or

delay of the mKSA tumor growth by the epl pnmed cells was observed whrle >

the TASHa tumor growth was mhxbtted Thus the ef fector cell populatxon!

)

mvolved in the mhrbmon of TABHa tumor growth appears to be anttgen u\ i

- , . . )
specxf ic. o — , 4
) . . | .‘ ) ' ‘\
A

To determine if DTH directed against a mucm assocxated carbohydrate ‘..;l ' ‘

Loy * ' !

TF(B)- HSA Cells primed with TFL) HSA were divided and’ treated wrth v

antx-Thyl, anti-Lytl or an,tr—LytZ monoclonal anttbodtes in the presence of -

complement then used in the local Winn assay together with TA3Ha cells. A" »

' Thyl+ Lytl+ LytZ cell populatton was capable of medlatmg a srgmfrcant

9}

delay in the tumor growth. The cell surface phenotype of the effector cell

population was foundvto be identical to that of the DTH mediating cell °
which may be generated under the same priming conditlons. Histological
sections of the local Winn site also suggest the inhibition of tumor

growth is _dependenton a Thyl+ cell. The data presented here support the‘

hypothesis that a DTH reaction directed against a mucin associated .

‘ carbohydrate determinant may proyide an effective anti-tumor immuné

‘mechamsm

'l'he mhrbmon of tumor growth seén in the adoptwe transfer

[N

experxment was temporary, that is, the tumors in the experxmental groups \

: eventually recovered growth to the same size as the controls Consxdermg :

the extreme lethalrty ot‘ the TABHa cell lme it is possxble that tlus was

mg— ‘\ .,

: )
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TA3Ha cell lme has been shown by anpman ( 17) where the average survtv'kl ” .

: i
time after io mocula!ton of 10l ‘l‘A3Ha cells was 17 days ! N

N
+ g

Alternatrvely we propose that the pnmed cells may be suppressed by

‘ the host or possrbly cleared t‘rom crrculatxon a short time a}'teb - S

\

transfer The ce)l populatton \Vthh mediatés the delay of tumor grthh- N

’correlates thh the DTH medxatmg cell population both m ceil surface

-

phenotype and in xnductxon redmrements We have prevrch sly reported that
followmg iv transfer of ep: prrmed cells DTH actxvxty can be demonstrated .

by an tmmedlate local ﬁm challenge but not 1f the challenge is delayed by ,
. - ‘ '

24 hours. fl’hisobservation suggests that primed celly may be somehow

inactivated followmg v, injection. The mechamsm of'hxs inactivation
M

was not,addressed but may involve'active suppression of the effector cells

[}

.or may be by means of cell clearance. ' &

.‘F,

The potenttal“ of s~ TAGs to 1mmumze agamst the tumor was tested

-through a dxrect -in vivo xmmumzatton f?llowed by a live tumor challenge.

Long term effecnve xmmumty was mduced by dxrect m viv o

: pre-rmmumzatron The protecuon appears to be long. term and some anxmals

N NS

: whtch were given's second tumor (103 TA3Ha cell, io) challenge 4.

' months af ter the ftrst were able to re_pect the subsequently induced tnmors

- <(data not shown) Thts xs in contrast to the adopttve transfer of prrmed

-cells where tumor mhxbmon appeared to be temporary However no..

\ "z

o "dxrect correlatton between tumor protectxon and DTH Was estabhshed in .-

T. N

.'the m ‘_q__p_ mmumzatron expenments. Whatever the mechamsm it 1s

. . 3

specxfxc and dependends on the i xmmumzmg antrgen

Many cancers of eprthehal orxgms such as ovanan, colon and breast

. 7

e

-ad
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) + cancers. produce hrgh molecular welght glycoprotems called mucins (12),

v K N

. Mucins are present in normal serovrscous secretxons and can f unctxon “to

“

‘provrde 8 barrxer to protect cells agarnst physxcal and osmonc damage

. Tumor assocxated mucms may have a snmnlar protectrve role as is

5

suggested by animal models (8) and by clinical observatxons of human

tumors (9). Mucrns may inhibit lmmune recognmon of tumor cell surface

antrgensand thus the destructxon of tumor cells by mechanrsms such as

complentent-antrbody medxated lysxs and cytotoxrc lymphocyte mediated
L]

krlhng On the other hand many tumor assocrated antngens such as \

CAl9 9, DuPan-2, CAI' and CA125 (3, 4 .5, 6 7) are carbohydrate determmants

on mucins. We reasoned that an immune response with an amplified and non

specific anti-tumor effector component such as a DTH response, directed at,_
\ b ' v Y e

these mucin associated carb'ohydrate determinants may be able to inhibit

Na
4

tumor. growth The experrments reported here are encouragrng in that they

provide the first demonstratxon of a DTH cell populatlon rnduced bya

" '

tumor assocrated mucin like molecule or its synthetxc carbohydrate ‘
epitopes, capable of medratrng a tumor mhxbrtory f unctron The fmal
.ef fector mechamsm mhrbmng tumor growth was not addressed m these

experxments The cell populatron whrch medrates the TAG spec:f ic DTH

- ' PR

correlates, nevertheless thh the cell populatron vhxch mhtbnts tumor .
growth m an’ a’doptxve transfer assay The cell populatrons were mduced
under the same prxmmg condmons and both actxvmes were medxated by a

- Thyl+ lytl+ lyt2- cell populatron We feel that further research mto the

’

use of s-TAGs as rmmunogens may lead to new approaches in the management

PR
\

of human malrgnant dxseases o TN
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Inhxbmon of tumor growth by epx pnmed cells Ten tmlhon cells prxmed
" wnh epx m ,ng and m _m_q (D) were able to sxgmficantlly ‘delay the
‘ }ﬁ_growth of ’I‘A3Ha tumor cells in. a local Wmn assay as compared to cells

'prlmed Wxth epx m vwo ODIY\(O), HSA 1n vxvo and in vxtro (A). non
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Adoptrve transfer of epi pnmed cells Epl pnmed cells (5 k lO ) were e
‘ ; : adoptxvely transfered (I) xnto non-unmumzed syngenetc mrce Immedxately .
followmg the. transfer these mxce were challenged thh hve TA3Ha cells at

a subcutaneous srte Contra' (.) mzce recerved a tumor challenge only

R . ‘_‘I’he tumor growth was srgnxfxcantlg delayed rn the adootwelv transiered

. f»ammals Tumor s “-was measured m umts of lo'zmm"
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' ,‘Specxfxcxty of tumbr mhxbmon pr pnmed cells (5 X 107) were o

'adoptxvely transfered to normal syngenexc mxce whxch were subsequently g

,.",':' vgnven a subcutaneous challenge of (0) 2 x 105 hve ’I‘A3Ha cells or (Q)

12 X 10s hve mKSA cells Controls recexved the tumor challenge (|:|) B § . ﬁ_‘ C , .
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.. Figure 2-4

220
200
180
60
140
0
100
80’

" TUMOR SIZE

' ell surface phenotype of the antr—tumdr effector cell pmmed in,vitro
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' Cells prxmed thh TF were treated wnth (.) antx-'I'hyl (D) antr—Lytl or

o ““(I) antx-LytZ anubody in the presence of complement or. (0) wnth

- complement alone Group (A) was not treated at all The treated cells
were mrxed wrth 2 x 105 lrve tumor cells and the mrxture mjected mto -
. ) th,e foOtpad of normal nuce ’I'he tumor growth was measured at vagpus nmes

,_'thereafter Tumor sxze was measuredm umts oP lo 2 mm

: ".)and (n) dlffer frorn (l),(O) and (A) P <‘ 001

“e.m -
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Table 2-]:
Dose: . Immunizing entigen: (# elive/total et 4 moh.)
EP1 TF-HSA " Glu-8SA
0.1ug '1/20 4/18 0/10
0.5ug 5/20= 7/ 150= Q710
1.0ug 8/20m= 57 15» 0710
5.0ug‘ 8/ 15e= 6/ 150w 0710
10ug 7/20we 3715 . 0/10
cont, 0/20° 0/1% 0710

Direct immunization t'o; systemic protec_ﬁtion. Mice (Balb xA/J) Fl‘ vwere
immunized with varying dose§ of c;.bi, ST_/XG or Glu-BSA emulsified in 50% CFA
and injected i.p.. 10 days later the immunized animals were challenged |
-Mwith‘} X 103 TA3VHa cells i.p. and survival was monitored.
* P<.025 |
.* P< ;01

*** P < 005
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My aim was to determtne (1) the abxhty of T cells @recogmze , oy
carbohydrates as antxgemc determmants and (2) the af. fect on tunmior growth
of a T gcell reactton Specxfxcally DTH dxrected to a carbohydrate antlgen
on a tumor assoctated mucin. These questxons were adaressed usmg a

'

" purified- tumor as\sociated mucin like molecule, epi, and synthetic epitopes 5

. :
of the carbohydrate determinants present.on epi.

‘.

T cell responses directed against carbohvdrate determinants R
- Characterization of antibody recognition of carbohydrate antig'en is

well established (1). However T cell recognition ‘of carbohydrate

determmants has been drfftcult to resolve Results f rom studles

"
attempting to resolve . the controversy have been open to vanable

xnterpretatxons The dtfflculty encountered m the T cell system may
denve from the complex mteractxons mvolved in T cell antigen
recognmon The requtrement for processmg and presentanon of antlgen in”’
. order l‘or a productxve T cell response to occur complxcates the |
.mterpretanon 6> the data Frequently used expenmental approaches ,‘

mvolvmg alteratxon of undefmed cell surface carbohydrates may in’ fact

be establxshmg the requxrements for th’e complex molecular mteractxon
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leading to a T cell response, rdther than the ability of the T cell 'to

' recognize ca'rbohydrate antigens.

In contrast to earlrer studxes of T cell responses to carbohydrate
antxgens thrs study was focused on the T cell recognmon specificity

carbohydrate deterrnmants as nomxnal antrgen T‘hxs was accornphshed usmg

v synthetrc carbohydrate epitopes coupled to vanous protem carriers.

]
]

o assays. Recent evndence also suggests that T cell in _m;g antrgen

‘ Synthetxcaﬂy constructed antrgens (CHO-Protern carner) are 1dealy

suited to determme the T cell anitigen recognition specxf icity assuming
that the carrrer protems HSA and KLH are processed by the antigen |
presentrng cell m a.similar manner. The carbohydrate epi-tope and protein
‘carrier can be vaned and ;he contrrbuuon of each to the T cell antrgen ,
°, recogmtron specificity can be determined. o | |

The DTH reaction as used in these studies represents a very'sensltive
assay for cell mediated immunity to c;arbohydrate antigens. Marchel 0)) |
demonstrated the extrerne sensitivity ot: ‘the DTH assay using limiting
dilutlons of orinted cells and T cell” clones in a logal foot pad assay. T-he
experrment suggested that one primed T (DTH) ef fector cell can ehcxt a
detectable DTH reactron The local DTH assay may therefore be more -
sensmve that the more commonly used prohferatxon and IL 2 release
specxfrc proltferatron may not be a dtrect correlate of’ the m vivo -
effector functron and antrgen 'specrfrcrty (D Lynch personal
vcommumcatmn) . -

3

My mmal efforts concentrated on the generatron and detectron of a [‘

S carbohydrate specxftc DTH recponse In early m __x_Q expenments ‘ L

rmmunrzatron wrth TACBHa tutnor cells xnduced a DTH response that could be

.

at



o ‘-xnjectton and was deemed characterrstrc of DTH rather than an antxbody

. elicited either by irradiated TA3Ha or NERBC, but. not by normal red blood | |
P ‘ f
i
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{

cells nor by an irrelevant tumor, L1210. The neuraminidase treatment of

human red blood cells removes the terminal NANA on the glyc0phorin

' molecule and th‘us reveals TF determmants The TF antxgen is th&s exposed,

on the NERBC but not on the normal RBC, nor on the L1210 cells (3)

was therefore hkely that this response was dxrected towards the TF
\ : ‘ &

[

carbohydrate determinant.

\

In Yitro generation of DTH o

An ifd v _m-_Q priming method for mductron of carbohydrate specrf ic DTH
effector cells was developed based on Bretscher S demonstratton of the '

role of cell density and antrgen concentratton during in vitro immune ' -

B

class regulatton (4). In vivo primed spleen cells cultured at low cell

density wlth a relanvely low concentratxon of antigen prowded an

. effxcrent way of obtammg specxf ically primed cells anmg in vitro .

t

was anugen dependent and shown to result in actxvatron of a Thy I+,

‘ ’L*t 1+ Lyt 2- cell populatron The kmetxcs of the local mflamatory

- ‘response mdrcated a maxtmal swellmg reactron wrthm 24 48 hours of : ,

— L4 '

, 'medtated Arthus type response Htstologrcal sectxons of the site showed a.

i -

'fmassrve rnfxltrate of monocytes and neutrophxls as descnbed l‘or murme ;o

: D’I'H reactxons (5) 'I'hus the in _m_o_ pnmmg wrth ep1 or sTAGs mduced a

v

L cell populatron wluch was shown to medxate a local DTH reactxon

s __,_M

X
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Epi primed cell ’populations were tésted ‘in a foot pad assay for T
antigen recogn’ition specificity by‘their capacity to elicit DTH ‘Th'e" local
DTH reaction was elxcrted by ept synthetic ’I’F (both alpha and beta
confxgurauon) and Tn- conjugated to HSA. and by TF conJugated to KLH but
not by the i napproprrate carbohydrates ltnked to the carrrers, such as
f ucose ¢ Jugated to HSA or Led- conjugated to KLH Similarly TF and Tn
pnmed cells were elxcxted by epl, TF and Tn conjugated HSA. Agam
neither fucose HSA nor HSA alone ellcxted the local reactxon Fucose
(6 deoxy—Gal) differs from the other synthetxc antxgens in that 1) xt
lacks the OH group in the 6th posmon and 2) it is hnked to HSA wrthout
the NAc group present in the GalNAc T,hus it seems the OH and/or the NAc
groups may be mvolved in creatxng the antrgemc determxnant recogmzed |
by the T (DTH) cells Studles on the structural requxrement of |
,parbohydrate recogmnon by monoclonal antxbodxes and lectins suggest
| that hydrophobxc xnteracnons between the protexn and the carbohydrate are .
tmportant (6 7) The creatton of a hydrophobnc mteractxon may mvolve
mtramolecular hydrogen bondmg m the carbohydrate molecule such that
| certatn hydroxyl and NAc groups may be crmcally xmportant in the |
| - \formatron of the approprtate CHO conformatton ) |
The possxbhty that the specxfrcxty of the response also mvolves the__l' .
' protexn portxon of the molecule was further explored It appears that HSA -

the protetn camer to whxch the Tl-‘ and 'l‘n synthettc haptens are lmked

does not contrxbute much to the specxflcxty ‘of the response 'l‘he cell

populauon pruned to epx, devoxd of any HSA determmants as. tested by




‘ L _ A
~antibody‘,vcan‘ be elicited bysynthet'ic TH)or' Tn con jugated ‘to HSA‘
Similariy a cell populatmn prrmed to the\synthetrc hapten conjugated to . : N
HSA can be elicited by epr Furthermore“t\he "I'n HSA and the"l'F HSA

synthetxc antrgens drffer in therr lrnkage to HSA (see table I- l) Tn xs |

O- hnlted toa senne residue whxch is then coupled to HSA whrle TF 1s .

: lmked to HSA via, an eight carbon chaxn (CH2)8 Snnce DTH recogmtron

does not drscrrmmate between Tn, TF and epi it seems unhkely that the

’

— . B
‘ hnker arm or the carrier provrdes a ma)or contribution’ to the recognmon

' specrfxcxty This argument is supported by a second set of expenments
where both TF HSA and TF—KLH are able to ehcrt the epr primed response
. ' It xs poss:ble that the antrgen reqmrements for the generatron of D’I’H
. ef fector cells dxf fer from that of the T cell antrgen recogmtron |
‘_ "requrrement as determmed by the local DTH reactron The protein portlon
~of the molecule although not nnvolved in determ:mg the antxgen ‘
: ‘specrfxcrty may be critical to the mductton of the DTH response
Possrbly a protern carrter is requtred m order for the antrgen to be
) presented by the antrgen presentmg cell whxle the DTH 'I‘ cell’ may '
N recogmze the carbohydrate portron of the molecule In lrght of recent -
L studres by Berzofsky (6) 1t appears that a hydrophobxc portron rs
O ‘necessary m order for an antrgen to be properly presented possxbly if '. ‘
.';Ie:der ‘for the antrgen to assocxate wrth Ia on the cell surface

; 7; Carbohydrates are generally hydrophxhc molecules and although some : ?_ "

L hydrophoblc mteractrons can occur (7) they may be xnsuffrcxent to form L »

L ". the neccessary hydrophobrc rnteractxons requrred for presentanon uy

| 'Vantrgen presentxng cells as free carbohydrates. Thrs mtepretatron is e

.‘_‘

Ean ‘consrstent wrth the clarms statrng that m experrments where pure FENRES

e ;.3.-- carbohydrate wfs’ used no DTH was observed" (8)




-

T cell responses mcludmg DTH responses, to proterns and undeflned

. cellular antrgens have been shown 0 to be restrrcted to recogn,tze

- antigens in the context ot‘ self encoded molecules (9. To address the

' question of restrrctton bf ’l‘ cell responses to carbohydrate anttgens

—

macrophages of drfferent genetrc ongrns were pulsed wrth TF HSA and then o,
mjected ina local D’I'H assay together wrth epi prrmed cells Only TF-HSA |
-pulsed macrophages whrch shared identity with the T-cell populatron at the
H 2 locx were able to elicit the DTH reactton The data suggest that |
| srmrlar to ’l‘ cell resoonses to protems the T (D’l'l-l) reSponse to

-

carbohydrate antigens is MHC restricted. The observed MHC restriction of .
) ' o ) e ‘ ) ' . ! ’ i )
_th_e carbohydrate specific responses may in fact be.determined.by the .

v . Dy ' .
L ) '

" carrier protexn L
} 'l'he experxments reported here provtde the f irst conclusr\(e evrdence
A that a T cell populatron can recogmze a carbohydrate epitope. The: role of

the protern carner in- determrmng the specrfxcxty of the DTH response o

'
V

R : appears 't0 be mtmmal but a role of the protern carrier for anngen

‘presentatxon rs possrble

)

y o

\ : J ' .
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structure. Recent studies suggest differences in carbohydrate structure ‘
; - , and drstrxbutton between normal preneoplastrc and neoplastrc colon‘
, assocxated mucms (10) Under normal condmons mucms may functron as
protectrve barriers agarnst physrcal damage Studies ustng the munne
T A3Ha tumor model suggest that epr a mucm ltke molecule shrelds the ‘
| T,ABHa ‘cells from destructron by lmmune responses directed agamst o
‘ conventronal tranSplanatton antxgens such as H-2 antrgens Thrs is seen
by the fact that TA3Ha cells can grow in an H 2 mcompatrble host (I1) and
that they cannot b_e lysed lby anti H‘—Za cytotoxic lymphocytes (data not
shown ). Work with human tumors provldes further evidence of the
‘protectlve‘ ef l'ect of '\.(no‘r‘ associated mucins. In vifro glloma’cells '
produce a glycosaminoglycan covering, which interferes*w'ith cell‘
destructxon by cytotoxic lymphocytes in a manner whrch. suggests that 1t‘
mhrbxts the contact between the target and the: effector cell (l2) Il

tumor assocxated mucxns provrde a protecttve barner against certarn

’ 1mmune mechamsms such as CTL and complement medrated antlbody lysrs then ‘

f ‘the mucms are logrcal targets l‘or a non specxf ic. mflammatory reactxon
‘ such as the one mmated by T(DTH) AR
' Numerous ammal models for m | Q 1mmunotherapy have demonstrated the

Y

- relevance of _n x_t_tm generated T cell responses to the mhrbrt?on of

*._tumor growth (13 21), where m most cases the tumors mvolved were mduced

by vrral or: chemlcal means. A tﬁmor model in whxch the role of ,‘ : .' o ':' s

fl

g /conventronal transplantatxon antrgens would be mmxmal was developed usmg o r e

the spontaneous murme mammary adenocarcmoma TA3Ha cell hne The 'I'A3Ha

- —

cell lme synthesxzes a 500 000 m w glycoprotem, eptglycamn, whrch o ', '~' o *
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1 A .

v " forms a mucrn lrke glycocahx around the tumor cell. This model was used

to establtsh that T cells respond to tumor assocrated mucms partrcularly

v ' A

to the carbg_l;ydrate determrnants and thetr effect on tumor growth More

specrfrcally wé: reasoned that the characterxstrc ampltf ication of a '

. non- specxftc frnal effector mechamsm of the local DTH reactxon may reveal

N

'. DTH as an tdeal antr tumor 1mmune l‘ unctton partrcularly agamst a tumor

| ‘ where cell surface anttgens are masked When tested, cells prrmed n Vitr

b

‘ thh ept ‘were able to delay but not totally mhrbxt the tumor growth

: whtle cells pnmed with HSA cont‘éred no delay in tumor growth as compared

_ to normal controls The data suggest that specxfxcally prrmed cells can .

cont‘er a delay rn the. TABHa tumor growth in a local Wmn assay

' Eventually the tumor tn the experrmentally treated group grew to the same

size as that ot’ the control group ’l"hxs may reflect an rnactrvatron of

L ~

‘ the prrmed effector ce!ls &n%e rexntroduced to the mouse possrbly by

L ' /o
‘ removal from the cxrculatron in the adoptrve transfer assay, or. by actrve

3 o

suppressron Preltmmary experunents suport ‘the suppressron hypothesxs

""dtsc\lssed below Alternatwely, since the TABHa tumor is extremely lethal

‘ "adoptrvely transfered 1mmune response K 5 S "- / o |

L tumor growth 13 well known For example, agents whxch can acttvate

g _,(LDSO LQ < 10 22) 1t is possrble that the tumor load may b‘e too hxgh for:

’ veffecttve n'nrnune eltmmanon and that the tumor srmply out grows the ‘

. n -
Lo}

[

""manner (24) 'Thxsnon-spectftc mechamsm of tumor mhrbmon xs m ‘ 8

; :contrast to a‘specrﬁc 1mmune mechamsm tnvolvmg the recognmon of

The abxhty of non-specrfxc xmmune effector mechamsms 0 tnhtblt

' macrophages are able to mhxbrt tumor growth m an anngen non—specrf;c o



secific tumor associated antigens. To determine if the mechanism of .

- tumor inhjbition observed in the TA3Ha model was dependent on specific

T

antigen rec'ognition"or‘acti_vatfon of a:"nonéspecif ic effector function,
‘antlgen dependence was determmed for (l) m _l.tI_Q lnductton of ef fector
cells and (2) the ;_r; vivo elrcxtatxon of the response. Thi\ possnbxllty

that the tumor growth mhxbmon was due to an enttrely non—5pecrfrc

o~

phenomenon mdnced durmg m m:Q prrmmg was ruled out by pnmmg wrth
forelgn anttgen such as, HSA HSA prlmed cells conferred no mhrbmon of

.tumor growth in the Wmn assay, thus ruling out the explanatlon that the o
1nhtbmon of tumbr growth observed prevrously was due to a non specxf e 7 ‘ '

!

mechantsm related to the m __m_Q prrmmg procedure

The alternatxve possxbrhty, that the j in _m_Q epl prxmed cells are

. capable of mhtbmng any growmg tumer was tested as follows Antr -epi

4

primed cells were mjected together wrth mKSA ¢ells known to be sensmve\
to DTH mhxbmon of growth (see dtscussmn below) and tumor growth was

momtored The results mdtcate no mhrbmon of mKSA growth by an epr ‘

A Coe
- i
. .

: prxmed cell populatron Inhxbmon of tumor growth thus requrres specrf ic
antrgen lnductton and specxf ic recognmon of the tuméfr to mhtbxt the

tumor growth and appears to be medtated vxa a classxcal antrgen specrf xt. S
mechamsin Lo o S \
.“Tn vitro generation 6f anti tumor efféctor cells using s-TAG, - -

et P : o ) . '

L

Synthetxc carbohydrate antrgens made possxble the demonstratxon that

the response was dnrected agaxnst a mucm assocxated carbohydrate
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ce' i when tested in"a local Wmn assay, were able to inhibit the growth

P
‘of 4 tumor cells The mhlbmon of the mmor growth was mediated by a

Thyl+ Lytl+ Lyt2- cell p0pulauon The cell surface phenotype of the

antx—tumor effector cell population was shown to be 1dem1cal to the

| murine DTH effector cell "genera'ted un’der the same in vitro culture

hypoxhesns that a DTH reactmn tnggered by tumor associated mucin “

condmons The similarity of the anti-tumor ef l‘ectbr cell population and

the cell population mednatmg the local DTH reaction supports the -

1

\

a

determlmmts can medlate an anuummor £ unctxon The generanon of

¢

specific anti- tumor effector c.ell populatnons in response to'a synthenc

A

ta

Ky
carbohydrate anngen becomes pamcularly nmportant m considering and

planning human immunotherapy ma‘ls in the cancer clinic.

Aﬂmnmxmm&sz{mmmmsﬁmmm

o . v .
. R VINE . . LY
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The key feature of the immune system, which makes it an 1deal

Iy

candidate for use in cancer therapy is its specificity . Implicit to%this

is the ability to localxze at a specific target. If jn ﬂmv manipulations

of the immune System are to be of advantage clnmcally in the treatment of

, cancer it is necessary that the pnmed effector cells retain the abllxty

*

to locahze to thelr target'structure This is an issue of pamcular

concern smce long term culmred lymphocytes seem,to loose thelr ablhty

",

to "home" properly~(25) An adopnve transfer assay was used to test the

ab:lxty of primed Qells to mhxbxt tumor growth followmg systemxc
f ,\} @« _h

vtransfer. 1?§t§”prxmed cells .were transfered wlule the tumor challenge'

[

w%s nggn locally dta subcuta‘heous site. I found that jv ;__ transfered

4

,‘..-‘,
.
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anti~-tumor effector cells were able to to inhibit a subcutaneously
" growing tumor, Such experiments _sugge;t that a cell mediated response
'against a tumor assocjated mucin-like molecule is capable of homing to and
tinhibiting the tumor growth‘in a tumor specific manner. Alternatxvely it

is possible that the adopuvely transfered cells are not effectors in the
tumor growth inhibition and that they do nt;t home to the tumor‘but rather

act by inducing a host mechanism as has been suggested in other systems

-

W , .
(16). Since the observed inhibition is tumor specific, the alternative
possibility requires that the adoptivly transfered cells induce an

effector function with a specificity similar to its own.

- , \
It is frequently seen in tumor models that transfer of in vitro primed

cells is'ineufficiem to completly efadicate the tumor (17). This has also
been shown for the TA3Ha model. This nfay reflect the extreme lethality of
the TA3Ha tumor (23), subpressic;n olf the transfered effector peils or
systemic clearance of effacior 'ceils. The‘ apparem identity between the
DTH mediating and the anti-tumor cells was used to further mvestxgat? the
fate of the in vitro pnmed cells aned cells were transfer jv mto the
unimmunize_d host, which were then challenged for DTH at varying times
af ;er receiving the primed cells_. DTH Qas elicited with an\early a‘n’tigen
éhallengé"( at 3h'rs.)‘v‘vhereas no DTH was observed when the challenge was

given at a later stage (at 24hrs.). The results support the idea that the Y

primed. DTH effector cells are short lived once returned to the jn vive

N

15
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environment. To determine if the mechanism of this inactivation was via an
R X . \

inability of the cells to home to the local site or via an active

supbression of the primed cells the experiment described above was

extended. The animals recieved a second jv transfer of primed cells

‘ led to a protected state where a sxgmfxcant propomon of immunized

,animals were able to reject a live tumor challenge. immunization with’

“at _doses lower thgn' those leadmg to antibod_y formation, sugges;i_ng the

followed by an eafiy (3'hr) foot pad chz/menge for DTH. All the animals
tested, except the grou;; which previqusly receiyed a late. (24hr)’ DTH
éhallenge. responded positively to the DTH challenge._ These experiments
su'ggest. that a transfer of primed‘ cells if qot‘fellowed‘directly by a DTH :
challenge ieagis to a state of suppression, sueh that a second transf ér of

a DTH effector cell populatlon is suppressed unmednately These
preliminary expenmems do not rule out other possible explananons for
the observed phenomenon but‘ the ‘results are consistent with the
hypothesis of active suppression, Further ekperimeme would require the

identificagion of the mechanism of the suppression, for example, isolation .

of a T suppressor cell population.
In vivo use of -sTAGs as potentiators of anti-tumor immunity

The possible use of tumor‘associated mucigs and their syrithetic

-carbohydrate epitopes as cancer vaccmes was teéied by pre 1mmumzmg mice

in situ thh epx, TF, Glu- BSA and HSA. Pre-immunization with.epi or s-TAG

f L4 C/OJ

Glu-BSA or HSA did not lead to protecnon agaxnst a live tumor challenge.

Dose response expenments mdxcate tha; the protectxon generally appeared
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effector mechanism may inyolve cell mediated immunity..However, when the
immunized animals were tested\' for DTH and 'an‘tibody the: proteotive effect
" did not correlate well with either. It is possible tnat the direct DTH |
assay is not lsensitive enough to detect the i xug primed DTH ef fector
ce'lls. A very sm‘all.or absent DTH resopnse at the time of assay may
develop to an effective response by the time the tu'mor‘is rejeoted.
~ Alternatively it is equa''y possible that an entirely different mechanism
may effect the tumor rejection, |
The in vivo dose response to epi suggests that a celt mediated

-~

response occurs at a low antigen dose wlhile a humoral response dominates
ata higher antigen conce'ntration. ConsStent results were ‘obtained in *
preliminary experitnents ‘with a tumor model develope‘d around the mKSA tumor
cell line. The'mKSA cell line is an SV40 transforrned kidney fibrosarcoma

of Balb origin and it expresses the wﬁirally encodéo T-antigen, Experiments
conducted in a semi-syngeneic host (Balb x C57) demonstrated that ‘a/{ow

dose of anttgen preferentially’ mduced a cell mediated tmmune response

while higher doses of anttgen led to a humoral response The protection

to} the tumor challenge in the mKSA system, s:mtlar to the‘TA%Ha systent.

'does not correl}ete well with the DTH activity in vivo but in .Winn trtinsfer -
assays protection is seen with the Thyl+ Lytl+ Lyt2- cell populatxon
Consxdered together the data presented here ! suggest that a local DTH
reactnon can inhjbit tumor growth but may not be the only effector

; mechamsm capable of effecting the tumor growth To suggest that all -
1mmunotherapy is equxvalent to the mducuon of an antt tumor D’I’H re@onse
| would be to ignore an enormous voltﬁne of. lxterature and to.over sxmphf y
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the field of tumor imrnunology., However, /It appears that acgill popnlation
which mediates a DTH reaction is also capable of inhibiting turnor growth
ina specif ic manner |

The complextry of tumor 1mmunology ts again well demonstrated in the

o . .

followmg expenments Excision pnmmg was used to immunize ammals
against a tumor. Mice were inoculated subcutaneously‘thh live tu{nor '
cells. ‘which were allowed to grow to the size of a 's‘mall tumor nodnle and
then excised. After allowing sorne time for recofg‘ry the ~animals were given
a live turno_r challenge. Preliminary__ experiments suggest that ‘rnic'e become
specifically lmtnune to the antigens associated wlth the imhmnizing'tumor.
Fnrtherexperimentation by P.A Bretscher (personal communication) has- |
confirnxed these findings. Attempts to determine the class'of immune
response xnvolved in tumor rejection resulted in mconsrstent fi mdmgs
possxbly mdxcattng the absense of a direct correlatxon between either a
DTH or a humoral ‘response and the tumor protective mechanism.
Alternatively, the dtfftculty may be wrth the assay for the immune
f unction. At;y tumor cells present in’ the anxmal at the ttme of the assays
may mterfere-thh the detectton of any tmmt‘me functions that is they may’
bind any tumor specxfxc antrbodles and remove the T (D’I'H) cells f rom
cxrculatton A sumlar fmdxng is the lack of detectable tmmune response
'to tumor assocmted antxgen in ammals w:th progressxve tumor growth
These experxments demonstrate that tumor tmmunology mvolves the complex
mteractnon of at’ least two dynamtc systems, the 1mrnune system and the
growmg or regressmg tumor -

ln conclusxon. my studres provxde support for the hypothesxs that a T

(D’I'H) cell response du'ected towards a carbohydrate determmant ona tumor X

3
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associated mucin-like molecule can mhnblt tumor growth. Furthermore they

-

demonstrate that synthettc carbohydrate analogs of tumor assocrated
antigens can be used to generate an el‘fectrve ‘class of anti tumor immune

reactivity.
‘This project also reflects the complex_ity of the immune response to

\

tumor associated antigens. While demonstrating'that T cell responses, to

tumor mucin assoc¢iated carbohydrate antrgens can mrhxbxt tumor growth
the results suggest an in V|VQ suppresstbn of the adopttvely transfered

u

ef fector cells The exact mechamsm of this appearent suppressron remains
h ' ~

to be explored Furthermore the abrlrty of adoptrvely transfered effector

-

cells to delay tumor growth may have a sxgnxfrcant effect on the

metastatic spread of a tumor. This also remains_' to be investigated.
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