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'fF1 lymphold (spJeen and bone marrow)’and erythropo1et1c

"’{1100 days the sever1ty of the polycythemta anem1a syndrome' ‘

:;‘mextent of the parenta] takeover react1on are a]l 1nf1uenoed

-
N

.,\

o ',;-"A:B‘,S'_:TRI\}C‘I[.

Parab1os1s of adult DBA/QJ (H 2d) m1ce w1th adult

'ﬂfsurv1va1 of 44% of such pa1rs. the complete takeover of the

h)

7(c1rcu1at1ng RBC) systems by parent type ce]ls, and spec1f1c

;:“unrespons1venes _g‘s1tu to C3H/Hed sk1n The surv1va1 to.

/.
assoc1ated wlth class1cal parab1os1s 1ntox1cat1on, and the

“7-“by genes w1th1n the H .2 complex of the F1 "target" partner

"q

'"’;7 Genes'xn the K to I E 1nterval playrthe most important ro]e

i o ‘g

: ;fThe takeover react1on requvres parental 1mmunocompetence to

ithe target haplotype

1mmunolog1cal respons1veness remalhs 1n the parab1onts.

A? s Judged by 5'Cr reﬂease assays, GVH react1v1ty,.and the
- K1l]1ng in vivo of. a 1311-1ododeoxyur1d1ne labeled tumor'

"h1stocompat1ble w1th C3H/Hed Parab1ont spleeh cells show

fu]l react1v1ty upon st1mu1at1on w1th C3H/Hed alloant1geds

t and do. not 1nh1b1t the st1mulat1on of. normal DBA/2d cells

'Intact parab1onts also show tumor destruot1on in situ even’

when not del1berate1y rest1mulated w1th C3H/Hed cells

Parabiont serum g1ves rap1d tumor destruction on pass1ve

transfer, and complement dependent ant1body t1ters of 1: 5@

tq 1f20 are present aga1nst lymphowd target cel] antlgens L

ooded for by genes in the H 2K to H- 21 -E. 1nterval Thesex

e, t v

v R LY

'i(DBA/Zd X CBH/Hed)F1 (H 2d/H 2k) micepresu1ts 1n long term -



Y:_J‘.
t1ters are sens1t1ve to 2- mercaptoethanol Desplte ‘this =
ant1body parablont F1 sk1n grafts show no delay in -

'reJect1on by normal DBA/2d rec1p1ents

.‘
&« .

The retentlon of 1mmunolog1cal react1v1ty, the o
\.1mportance of 1mmunogenet1c d1spar1ty. and: the presence of
\ ant1- qeftf antlbody suggest a poss1ble role for '

- 1mmuno]og1ca1 enhancement 1n parab1osed mice.

O,
>

.'.
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INTRODUCTID

s

1. Jolerance and Mechanisms

In 1953, B1111ngham Brent and Medawar reported the1r
now classic exper1ments on the 1nduct10n of specific -
transplantat1on tolerance in adult mice, by the neonatal
~injection of h1sto1ncompat1ble 1ymph01d cells (B1111ngham et
al., 1953) These exper1ments showed that spec1f1c
'nonreact1v1ty to fore1gn t1ssue grafts. 1n this case to:
‘sKin, could be 1nduced by an exper1menta1 man1pu1at1on which
did not otherwise affect the 1mmunocompetence of the
.man1pulated animals Respons1veness to sKin al]ografts not
genet1ca11y 1dent1ca1 to the tolerance - cOnferr1ng lympho1d
cells ‘was normal and for the . permanent acceptance of the
skin. graft wh1ch was genet1cally identical, no nonspecnfjc.,

'1nnunosuppress1ve treatments were needed.
These expertiments have spurred on a search for other

ways in thCh spec1f1é unrespons1veness to t1ssue grafts can
be estab11shed in adult an1mals Part1cularly, ways have
éién sought to 1nduce nonreact1v1ty in adult an1mals by .
pretreatments which do not require Know1ng far in advance'

~ the genet1c 1dent1ty of the donor, such a restr1ct1on would '
severely limit the appllca?1on of new methods to human
pat1ents in need. of organ transplants The'ldeal is ah'
;pretreatment reg1men app11ed short]y before organ graft1ng ,

" and requ1r1ng s1mp1e and access1ble donor mater1als which

-



' -~ i Y . s

'would 1nduce speciflc unrespons1veness w1thout in any way
vhredchng the 1mmune responses of the graft rec1p1ent to

jother fore1gn anttgen1c substances

The work wh:ch w111 be presented in th1s thes1s o
descrapes and beg1ns to character1ze one such ‘mode] for the
1nduct1on of unrespons1vehess to t1ssue antﬁgens 1n adu]t |

otherw1se lmmunocompetant m1ce

As knowledge of the 1mmune system has 1ncreased 1t has
become apparent that the observed absence of a response to ”
‘,transplantat1on ant1gens can be medlated by . a number of not
necessarlly mutually exclus1ve mechan1sms These mechan1smsj.
may. be conven1ently d1v1ded 1nto four types delet1on
act1ve suppression, lack: of st1mu1at1on and enhancement
Th1s categor1zatlon is not meant to be exhaust1ve ‘but
" ‘general enough to encompass the most commonly d1scussed

‘ 1deas, these a]so be1ng the ones on wh1ch the mos t work has'

Va

'been done

The f1rst concept 15 that of the specific deletlon of
the. agent of immune reaot1v1ty 0r1g1nat1ng in the work of
Owen (1 1th vascu]arly anastomosed catt]e tw1ns ‘
1 rdeveloped into a general concept by Burnet and Fenner'i

'(1949) and dramat1cally c0nf1rmed by the exper1ments of .
B1111ngham. et al. (1953) the in utero or neonata]
exposure of a mouse to cel]s bear1ng forelgn alloant1gens'
can lead to spec1f1c and long lastwng tolerance to those |

U“alloant1gens.,Frequently,,these-an1mals do not‘reSpond 13‘



|
~

:ytvo Or;in7vitro to st1mulat1on by cells from the stratn to.
which tolerance was lnduced although responses to all other -:;
alloant1gens appear norma | (W1lson et‘als‘ 1967 Schwartz,
1968 W1lson and Nowell 1970 Brent et al 1972 Beverly,
et al! 1923.,Brooks,;1975 Stlvers. et al 1975)

~ .
t -'.——

It 1s poss1ble also to create tolerant states in adult
‘ antmals, states whtch appear to‘be descr1bed by the complete.
absence of responstve cells Charactertsttcally,\lethal |
01rrad1atton must be g1ven to the rec1p1ent- which is then /; S
restored wrth‘bone marrow or‘fetal l1ver cells from a
.genetlcally non- 1dent1cal donor (Sprent. et al. 1975 von
Boehmer, et al., 1975; Tulunay, et al., 1975; “Grant, et al.
1972) “Such an1mals do- not g1ve rise to cytotox1c cells
aga1nst the stra1n to which tolerance was 1nduced ‘and m1xed '
lymphocyte reacttons (MLR) are greatly reduced (Sprent, et -
al;, 1975) or absent (von Boehmer et al. 1975) Thus by .
phys1cally destroy1ng the host lympho1d system and replac1nowlu
‘ 1t w1th the stemlcells for a new one. tolerance can be

1nduced whtch seems to result from the el1m1naﬂ10n of

A

o . ’

spectftcally reacttve cells
' 1" )
Both in neonatal tolerance models and adult tolerance

..,states, 1mmunolog1c react1v1ty can be concealed by the
presence of act1ve suppre551on In neonatally tolertzed
=, rats, Roser and Dorsch (1979 and Dorsch and Roser, 1975)
have found spec1f1c thymus der1ved suppressor cells.:as have

Hasek and Chutna (1979) Rteger and-Htlgert t1977l and



”H1lgert (1979) have’ evidence that 1nJect10n of allogenelc
spleen extracts 1nto neonatal m1¢e caﬁ 1nduce suppresSor
- cells spec1f1c for the toler121ng alloant1gens Droege
(1975) reported a suppressor cell 1mpl1cated in '.
transplantat1on tolerance in ch1ckens StilY others haveii”
reported ‘that non cellular."block1ng factors$ Ofv[i
undeterm1ned compos1t1on could spec1f1cally 1nterfere w1th |
immune react1v1ty in vitro (Bernste1n. et,al 1975 Wr1ght ‘j'
et al. 1975 Hellstrom and Hellstrom, 1974) . These blockmg o
factors may be complexes of ant1gen and ant1body (SJogren |
.et al. 1971) '

'Reports ot SUppressorTCells'in adultvtolerant states;to
"V1rtually every ant1gen have recently prol1ferated
.throughout the 1mmunolog1cal l1terature (see' ransgl Rev
:vol. 26, 1975 also S1nghal and S1ncla1r, 1975; P1erce and
Kapp, 1976). Alloant1gen spec1f1c suppressor cells can ar1se
follow1ng total lympho1d 1rrad1at1on (Strober. et.al. 1979)‘
and have: been found 1n other mode]s as wéll (d1rsch et al.
-‘1974) Suppressor cells haVe been clalmed to ar1se dur1ng o
gallogene1c pregnancy (Clark ‘and MacDermott, 1978 and Suzuki
‘and Tomasr 1979) although there is d1$agreement about the1rl’

'relevance (Wegmann, et al | 1979) K1lshaw et (1975b)t

"'.suggested that there may be a suppressor cell in the1r

somewhat-complﬂcated tolerance.model,.whrch 1nvolves

-'_}ihjections"of ltver eXtraCt and ' B. pertusis vaccine, then

’dsk1n graft1ng, then 1nJect1ons of antw-lymphocyte serum 11

(ALS), all in adult m1ce Although suppressor cells may be '

.
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'htnvolved in- some forms of unrespons1veness both in ﬁEOnates
" and adults the caut1onary words of Ste1nmuller (1978) must
be . acknowledged that many of these stud1es requ1re Y Saw_
1rrad1ated or ALS. treated an1mals in wh1ch to demonstrate
the ex1stence of suppressors and thus.g1ve r1se to
unavo1dable quest1ons of 1nterpretat1on and s1gn1f1cance
‘. The hallmark of act1ve suppre551on by cel]s or serum, is‘.
‘1ts transfer to a fresh rec1p1ent wh1ch 1s then unable to
'expreswga react1v1ty that it normally cah express i.e. the
phenotype of unrespons1veness is dom1nant _over |
respons1veness in the recipients. of “the transferred

‘mater1a]s

. A thIPd way in wh1ch a response to a graft might be
’ prevented 1s if the graft 1tse1f 1s lackIng in some

« 1mmunost1mulatory ab1l1ty requ1red to tr1gger the response

'; aga1nst it. Much ev1dence that ceIls df lymphoid and

'hemopo1et1c lineage are especially st1mu1atory to responsive
Tymphoid cells has been accumulated (Steinmuller, 1967;

". BlllTngham 1971: Lafferty and Woolnoughq-1977) Th1s'“
spec1a1 s1gn1f1cance of cel]s of 1ympho1d and hemopo1et1c
'or1g1n will be referred to again (Sect10n VII D). because the
absence of such passenger cells" _may account _1n‘partk for

’ some of the observat1ons 1n th1s thes1s

A f1na1 maJor way 1n whi¢h 1mmune re3ect1on can be .
'_av01ded frequently 1ndef1n1tely. 1s_by-ant]body-medjated
.'enhancement (rev1ews Vo1s1n 1971b; Fe Idman, 1972}

Py
G,



Carpenter,.et:al. , 1976) . Several reports (Vo1svn et al. S
' 1872; Hasek, et" al 1975 Gutmann et al. 1978) conclude :;

that enhanc1ng ant1bod1es can act to matnta1n neonatally :
"1nduced tolerant states, but most enhagfement studies

perta1n to adult an1mals grafted with allogene1c tumors or

organs (see above c1ted reviews) . I L d

. Tumor grafts have been stud1ed ever since Flexner and
dobl1ng (1907a 1907b) reported that pr1or 1n3ect1on ofa -~ #
?rat with heated tumor emuls1on 10 days before 1noculat1on,of*
the test sarcoma resulted in promotton of the growth'of’the“
tumor .” Subsequent work by Casey (1932 1933) conflrmed’the
enhancement (as he termed 1t) of tumor growth by extracts

1noculated ‘prior to the adm1n1stratlon of l1ve tumor and

'_bdemonstrated tumor type spec1f1c1ty (Casey,'1933) that 1s,

material from a mouse carc1noma would enhance the growth of:
a subsequent graft of the same carcinoma, but would not

eenhance the growth of a mouse sarcoma graft Kaltss and.

”Snell (1951) demonstrated that extracts of normal: t1ssues
- would enhance and that enhancement was not a property Just vﬁx
of neoplasttc t1ssues Kaliss and Molomut (1852) -~ . NS

..
' .demonstrated pass1ve transfer of enhancement w1th serum.

| Snell'(1954) l1nked tumor enhancement w1th the maJor'
h1stocompat1b1l1ty complex 1n the mouse H-2 (see Klein,

1975 for. a revwew of the mOUSe H-2 system) show1ng that
ant1gens determ1ned by the H- 2 complex were 1mportant

components of the enhancement pﬁénomenon

¢



In the survey wh1ch follows,,enhancement w1ll be '
cons1dered in detaitl. Enhancement can occur. Jn adult anxmals'v
ifollow1ng appropr1ate pretreatments. is med1ated by .
ant1body perm1ts tﬁb retentlon of ant1 graft cell medlated
respons1veness var1es n degree w1th the spec1f1c genet1c
'1ncompat1b1l1t1es between graft and. rec1p1ent and, 1n s0me
models, need not even ' be’ del1berately 1nduced (Vo1s1n
1971b Feldman 1972, Carpenter et al., 1976) As w1ll be
described in Results, the parab1os1s model wh1ch is the
'_subject'cf this'thesis :also 1nvolves the presence of .
antibody, is assoc1ated w1th the pers1stence of anti-" graft"
cell medlated respons1veness and some of the sequelae of
‘parab1os1s vary with. the 1mmunogenetlc 1ncompat1b1l1t1es4
_1nﬁolved In this parab1os1s model the delet1on of react1ve
cells clearly does not account for the obsérved results,
nor, apparently, does ‘a suppressor cell detectaBle in ‘the
assays employed The, absence of st1mulatory passenger cells
may play a role, as may the antlbody and for th1s last
' reason especially, the_l1terature of immunologic enhancement
_appears.the most releyant. Much‘cf-this literature pertains
to tUmer enhancement but recently, more has appeared on |
organ -graft enhancement and this work w1ll be ‘emphasized.

. Definitions and Term1noloqv

It will be conven1ent for the dlscuss1ons to follow 1f

) certa1n terms are def1ned now. S1nce much of the l1terature

on 1mmunolog1cal enhancement pertalns to stud1es on tumor

systems (see Kaliss, .1969; Snell{ 1870; - Voisin, 1971; and



Fe]dman 1972 for rev1ews) the def1n1t1ons frequently c1ted

reflect th1s _jﬁ » ‘ g :‘;f'¥3ﬁ§,

w

" The: broadest def1n1t10n of 1mmunologxca1 enhancement is
rVo1s1n s (197.1): the mechan1sm whereby an ant1body (or an
1mmune react1on) promotes the pers1stence of the
'correspondung antigen .and the 1ntegr1ty of the cyto]og1ca]
structures wh1ch support it, by prevent1ng 1t from 1nduc1ng-
or undergo1ng (or both} immune reJECt1on " The antlgen may

" be e1ther tumor t1ssue or normal t1ssue 1nc1ud1ng an ent1re ‘
organ. S1nce many reviews (see Snell 1970 and Feldman ‘
1872) part1cularly emphas1ze the 1mportance of ant1body as
"the med1ator of enhancement that emphas1s will beﬁ
t'malntalned here ‘as we]] Vo1s1n s def1n1t1on does not o
restrict a gr1or how the enhanc1ng ant1body may act From
‘start to f1n1sh .an 1mmune response is a compl1cated process
and the potent1a1 to affect 1t ex1sts at v1rtua]ly any point
in the sequence Enhancement as’ understood here will |
encompass any 1nterference by spec1f1c ant1body 1n the
.-1nduct1on recogn1t1on process1ng. or effector stages of .an
‘1mmune response, | -

2

Act1ve enhancement refers to any. procedure or‘-..
comb1nat1on of procedures in which ant1gen1c mater1a1 such
‘has cells or cell extracts, or a prior graft of t1ssue or
tumor is adm1n1stered to an an1mal prior to- 1nocuy't1on of
that an1ma1 w1th the test graft (Feldman 1972) Several

examples of poss1b]e act1ve enhancement have already been
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. cited (F]exner and dobl1ng, 19

Snell 1951)

Pass1ve enhancement refer
rec1p1ent of a graft is inject
whose 1mmune system has’ alread
genet1cal]y 1dent1ca1 with the
implication here is that the s
reJected the grafted t1ssue h

/
. to 1t An 1mportant test of th

07a; .Casey, 1932; Kaliss and

4

s to experiments 1n which the
ed w1th serum from an an1mal
y confronted t1ssue

graft. An important
erum- donor need not have
e need on]y have been exposed

e enhanced status of ‘a host is

the successful pass1ve transfer of serum from\the enhanced

phost to a new one. Because the
'the 1nduct1on of enhancement a
concentrat1on of "active 1ngre

VL) this test is frequently o’

amounts of serumlrequ1red for
re often uncerta1n, as 1s‘the.'
dient" ,- (see below; section -

t described. An example of

passive enhan&bment is the study of Kaliss and Molomutf

(1952),

A numbertof reviews (Leve
Bikins, et al., 1974; Brent, e
the: re]at1onsh1p of 1mmunolog1
transplantat1on tolerance Her
»that fails to. express the form

ant1body medlated or cell medi

.._No 1mp11cat1on of a mechan1sm

rev1ewed before several d1ffe

to]erant an1mal may not be tot

a .

y, 1971; Voisin, 1971a'

t al., 1976) ‘have considered . .

ca] enhancement to
e, a toierant“ an1ma1 is one:
of Jmmune react1v1ty, whether

ated wh1ch 1s be1ng»assayed

1s 1ntended s1nce’*r as br1efly b

rent ones may . be 1nvoked A

ally 1ncapab1e of a spec1f1c

.1mmune reaction, only unable to express the one under test
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Thus the fa11ure of graft reJect1on wh1ch can follow
' enhancement induction is regarded as."tolerance only when
graft rejection is the assay; if the express1on of an
, antlbody response were the assay, such an1mals wou]d
frequently appear non tolerant Thus tolerance’ and ,
.enhancement are perhaps best regarded as a set and one of
1ts subsets respect1vely, enhanced an1mals may appear
. to]erant by some assays, but tolerance can result from
.methanisms other than enhancément. Tolerance, as
operationa]ly definéd\here. is a phenotype while enhancement

3

is a mechanism.

111. ‘Early Attempts"gl Enhancement of Normal(TiSsue Grafts

" Billingham and Sparrow (1955) first. repOrted .some
success w1th de11berate attempts at prolong1ng normal t1ssm§‘7
a]]ografts in adu]t an1mals ,In these exper1ments, v \;

| prolongat1on of sk1n grafts in rabb1ts~was ach1eved by
pretreatments with donor epidermal ce11s Th1s success at
act1ve enhancement was extended by Billingham, et al.
(1956) U51ng 1nbred m1cqbwh1ch offered the advahtages of

_unvary1ng genetic- backé%@unds and the consequent
reproducibility, they ach1eved sltght prolongat1on of“skin
grafts across H-2 d1fferences by 1nJect1ons of lyoph111zed

'donor stra1n K1dney or sp]een t1ssue Although the ear11er-

»

o

.rabb1t exper1ments (B1111ngham and Sparrow 1955) were thus

*conf1rmed- this work with 1nbred m1ce 1nd1cated that sk1n

\ '

was .a difficult. t1ssue to enbance using an approach then
known to work well with tumor‘grafts 1n-1nbred‘m1ce.

>
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éuttmann and Aust (1961) achieved'very considerable

| _skin graft pro]ongat1on us1ng iov. 1nJect1on of large
numbers (3 3.4 x 108) of donor spleen cells, again with
inbred mice. ProlongatIOn was spec1f1c and could be ach1eveaM
w1th smaller numbers of injected cells in 1mmunogenet1ca11y
less disparate stra1n combinations. This work was conf1rmed
by Brent and Gow]and (1962) who also showed that i.v.
injections were an absolute requirement (i.p. tnjections
sensittzed) and that unresponsiveness was to a degree
progressive w1th greater ant1gen dose Both Guttmann and
Aust (1961) and Brent and Gow]and (1967) preferred the
1nterpretat1on that their pretreatments had ted to the
induction of true “‘tolerance in which potentially respons1ve

host Jymphoid cells had’ been el1m1nated

Brent and MedaWar'(1962) showed  that passive transfer
of immune serum, \1n a manner: analogous to that used with
tumor grafts (Kat&ss and Molomut 1952),_cou1d prolong doner
skin graft survival.. Th1s pro]ongatlon was s]mght but -
reproducible. Using non-inbred gu1nea pigs, Ne]son (1962)
“also bassively'enhanced skin grafts, with serum from guinea
‘p gs which had themse1vé§"rejected donOr,gktn grafts. Nelson
(1962) also showed donor spec1f1c1ty of th1s effect and its
removal upon absorp$1on of the serum wuth donor lymph node‘
cells. In contrast to the earlier studies with mice, NeTson
did not 1nterpret his resu]ts to follow from 1nduct1on of
true tolerance Clearly graft prolongation resulted from the

presence of an activity rather than from thé absence of



reactiQityt

Halasiland Orloff (1963)-triedjactﬁve erhancement - cn an
entire organ graft pretreat1ng mongrel dogs w1th donor :
who]e blood pr1or to Kidney- transplantat1on ‘A marked
prolongat1on of graft survival was seen, 1nd1cat1ng that -an
.ent1re organ m ght beneflt from attempts at. | |
1mmunomod1f1cat1on by enhancement pr1or to graft1ng Thus
these exper1ments gave encourag1ng 1nd1cat1ons that grafts'
of nqgma] tissue could be act1vely or pas51ve1y enhanced

and that the phenomenon was not unique to tumors.

Iv. Experimental Enhancement

The emphas1s of this review w111 be on- the experimental
enhancement in adult rec1p1ents, of grafts of skln heart,
”k1dneys and occastona]ly, endocr1ne t1ssue‘ The e tissues
of fer techn1ca] advantages both in perform1ng/{ie grafts and
assaying their subsequent fate Successful enhancement of

these types of grafts has been ach1eved by act1ve o

@

pretreatment of the rec1p1ent with mater1als of donor stra1n )

E

-der1vat1on by pass1ve transfer of anti donor antisera, by
the combinat1on of active and pass1ve procedures,.and. in a
few instances, spontaneocusly in the absence of any -

" pretreatments. - - ..

1. Active Enhancement

Ce]ls. cell extracts, a pr1or graft of t1ssue or any
comb1nat10n of these, in wh1ch the rec1p1ent is exposed to

ant1gen1c material from the future donor strain prior: to -
. . / "
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'graft1ng, const1tute act1ve 1mmun1zat1on 1ead1ng to
'enhancement when such pretreatment resu]ts in graft
prolongat1on (Feldman 1972) . |

a) Skin

- L . .
Several examples of‘active enhancement of skin'grafts”

have already been noted (Bi]lingham and Sparrow, 1955;
Billingham, Brent -and Medawar, 1956; GuttmanﬁganduAust,
1964' Brent and Gowland, 1962 and Ne]son, 1962) ‘Other
1nvestvgat1ons have demonstrated that active 1mmun%zat1on

with nonv1ab1e donor material such as frozen and thawed

lymphold cells (Mayer et al.; 1965) alcoho] and heat Killed

spleen cells (Hes1op, 1966) or lyoph1l1zed sp]een'ce1ls
(Chutna, 1968) can give prolongat1on of skin al]ografts
.and where it was checked this pro]ongat1on was donor
spec1f1c (Heslop, 1966) In the studies of Heslop (1966) and
Chutna (1968) subsequent pass1ve transfer of serum from .
act1ve1y enhanced an1mals further enhanced donor ‘strain sK1n

grafts
. Brent's group has-thoroughiy -studied the induction of
'spec1f1c unrespons1veness in CBA mice given A stra1n Tiver.

extract i, V., Bordete]la Qertuss1s vaccine i.v. then sk1n

graft1ng, then. three 1n3ect1ons of ant1—lymphocyte serum -
(ALS) (Brent et al, 1973, Kilshaw eE’al, 1974;-P1nto et al.
1914L Brooks et al., 1875; Kiﬁshaw et al. : 1975a; and
KiIShaW et al., 1975b)‘9The unrespons1veness which thls

F

extended procedure- induces 1s stra1n spec1f1c the mice do
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- not show detectable hemagglut1nat1ng or cytotox1c anti-donor-
ant1bod1es, and the unrespons1ve state can be broken by~ the
adopt1ve transfer of 108 syngene1o (CBA) lymph node cells
(K1lshaw et al., 1974).‘0ther strain combmnat1ons can also"
be made to Work the. grafted mice have precursors for
'cytotox1c cells to the donor .rec1p1ent ce]]s can g1ve graft
.versus host react1ons in F1 hybr1ds presentlng the

"tolerated" alloant1gens (Brooks et al ; 1975) -and these

'///unrespons1ve m1ce also: have cells which react in m1xed

- lymphocyte cultures w1th donor strawn cells . No block1ng

factors could be shown in their. serum (K1lshaw et al.

1974a) In one report. ev1dencetwas presented suggest1ng

that a T suppressor cell_was present (K1lshaw et al.

- 1975b). . <y,

The use of a nonspecific:agent such‘as'ALS'may also
'play a Kev role in the inductton of enhancement A number . of“
stud1es have shown that unrespons1veness to sk1n -or. organ ‘
grafts can follow specific act1ve or passrve 1mmun1zat1on
(vide 1nfra) comb1ned w1th ALS (Monaco. 1970 a@d,Koene, et
al., 1975, for skin grafts Goodn1ght,,etva1., 1976, for
heart grafts;land Batchelor, et al.;%g$725-and LiejLFfa].,
1977, far Kidney,grafts).

<4

-

S - What most of these reports have in common 1s that the
1mmun1zat1on procedures should lead to the product1on in. the"
rec1p1ent of ant1 donor ant1bod1es Indeed Shap1ro et al.

(1961) found that (AxC3H)F1 sk1n grafts were permanently

’



accepted by C3H rec1p1ents act1vely condﬁ?hOned'by

'alternat1ng itv. and a .p. 1nJect1ons of F1. spleen cells

'“whereas JUst i. p 1nJect1ons of F1 spleen cells resulted in .-

'Tv1rtually none of the 1n3ected C3H mlce accept1ng F1- sk1n :
"grafts, conftrmed by Brent and Gowland (1962) I;v}
1n3ect1ons would tend to shtft the develop1ng lmmune
vresponse towards ant1body and away from cell~med1ated a
'1mmun1ty (Vo1s1n ,1971al ; | \

b) Hearts . L

Act1ve enhancement of hearf allografts can follow
.pretreatment of the rec1p1ent w1th donor whole blood . -
(Jenkins and Woodruff 1972; Marquet and van Bekkum 1973l:
'{ror.even in ‘mice, by an 1nterstra1n pregnancy (Heron 1972)
odwhich 1t is! Known, can. ‘give r1se to- ant1 paternal stratn
ant1bod1es (Kal1ss and Dagg, 1964 Goodl1n and Herzenberg,
~1964) The work w1th active enhancement ‘of heart grafts

S

parallels much of the work ‘with act1ve enhancement of- sk1n

.,jjgjﬁjs, except that the heart graft exper1ments generally j;

are more successful (denk1ns and Woodruff 19724.1973;

"Marquet and van Bekkum. 1973)

In these exper1ments,,re01p1ent ant1 donor cell _
' _med1ated 1mmun1ty per51sted of ten for cons1derable lengths

.of t1me after graft1ng (denk1ns and Woodruff 1973 Heron

1972; Marquet and van Bekkum,.1973) Ant1 donor tnt1body was}

present and upon pass1ve transfer graft rec1p1ent serum

':could pass1vely enhance a donor strain: heart graft (Heron,

3



. 1972) . The Work of denkms and WOodruff (1972 1'9.;73):- | |
o suggested that in: the1r model 1mmunogen1c components present--
‘ on lymphocytes but not on RBC were: cr1t1cally 1mportant for .
the 1nduct1on of enhancement “In add1t1on enhanced heart
grafts regrafted to secondary rec1p1ents were reJected Th1s”y'
suggesfed that the establ1shment of the enhanced state was
‘due largely to alteratlons 1n the respons1veness of- the .

‘rec1p1ent rather than to graft adaptatlon” that 1s,j'
changes in the appearance the graft presents to the host

‘immune system (Sect1on VIII 1 ).

c) Kidneys

THe work w1th act1ve enhancement of thney grafts,

' usually. 1n the rag, -has been tbe most successful A number

'gj of groups have act1vely enhanced rat K1dneys (Ockner, et
- al 1970a. b Guttman et al. 1972 Fabre and Morris,
lQ??a b 1975 Z1mmerman,‘1977 Desi and Ruszk1ew1cz
1977) . In all of these models except Z1mmerman S . (1977)@
panental stra1n rats (usually Lew1s, Rt1. Al) were pretreated
w1th whole blood i V. from an Rt1. A 1ncompat1ble donor |
train (BN, Rtl An or DA Rt1. Aa) 7 days pr1or to graft1ng
(/f—\\§>\h a K1dney from an F1 hybrld donor ((Lewis BN)E?jgr S

| (Lew15 X, DA)F1) .. Z1mmerman (1977) grafted fully "

' fBN Kldneys 1nto Lew1s hosts pretreated w1th BN whole blood
| | A

Generally, these exper1ments 1nd1cated that kldney ﬁhf,
'graft enhancement was 1mmunolog1cally spec1f1c and did not
_extend to sK1n grafts (Ockner. et al 1970a b Fabre‘and.,flﬂ

!

lrfa- i‘_,



' ;fMorris 1975 De51 and Ruszk1ew1cz 1977 and see’ Sect1on :

V. 4) Ind1cators of cell medtated react1v1ty such as the :*‘-

GVHR rema1ned (Dckner. et al 1970b Fabre and Morr1s.-

‘.1972b) In Dckner S.; et al. (1970b) expertments. serum from

"lacttvely 1mmunlzed rats enhanced on pass1ve transfer but
'Eserum from.act1vely 1mmunlzed and grafted rats. was not
.'fttested :in the exper1g:nts of Fabre and Morr;s (1972b)
,dpass1ve transfer was . unsuccessful Fabre and Morr1s (1972b)
"also found that upon retransplantatlon,.enhanced k\dneys |
. .were eventually reJected but w1th a- delay in the onset -of

thts process, 1ndtcat1ng that some graft adaptatton may have

occurred When fresh F1 K1dneys were grafted back 1nto the

3‘ enhanced donors they ‘were'’ un1form1y accepted emphas121ng )

-that the enhanced state was . 1ntr1ns1c to the host De51 and

. Ruszk1ew1cz (1977) found cytotoxtc ant1 donor Igh ant1bod1es

*20 days after graft1ng but these had dec11ned to u '
3fundetectable level§ beyond 4 months after graft1ng

- d) Acttve Enhancement An Overv1ew

- ;
§o

Surveytng acttve enhancement of grafts of sk1n heart
: and'Kldney, a genera1 set of character1st1cs emerges A :'

e

| number of factors such as t1m1ng, dose route of o

: @admin1stratlon, and the nature of the 1mmun121ng mater1a1
are 1mportant Also 1mportant is the t1ssue be1ng enhanced
As w1ll be d1scussed below 1n sect1on V the 1mmunogenet1c

‘gre]at1onsh1p of graft to host 1s also 1mportant Generally

'ﬁf 107 to 108 wh1te blood cells " a preparatlon conta1n1ng .

‘*habout thls number of lymphotd ce]ls 1n3ected i.v. at least

Ct
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.7 days pr1or to graftlng. w1ll 1nduce prolongat1qn of a .
'gt1ssue graft h1stocompat1ble w1th the 1mmun1z1ng cells Th1s
Tprocedure 1s least effect1ve for sk1n grafts. but s

cons1derably more effect1ve for heart and Kldney grafts

'ngenerally, F1 hybrid grafts are eas1er to enhance than fullyj

.gfallogene1c grafts (Feldman, 1972) The phenomenon,of

a enhancement is 1nnunolog1cally spec1f1c | _f, ,d'if A

Act1vely enhanced an1mals demonstrate a. gener&lly
'cons1stent p1cture of pel%:stent cell med1ated .'
respons1veness towards donor alloant1gens, measured both by Tf
donor sk1n graft reJectlon and 1n var1ous transfer tests ‘]flT
“fjsuch as the GVHR reactlon and the MLC The enhanced state 1s
‘an alterat1on in, the host but some degree of graft ﬁ B
'ualterat1on can occur (Jenkins and.WOodruff 1973 Fabre and

":IAMc.rr,]s.., ,19.72b.) _—
In some models, pass1ve transfer of enhancement was
'ach1eved with serum (Heslop (1966) and- Chutna (1968) for
tsk1n. Heron (1972) w1th hearts, Dckner et al (1970b) for
Kjdneys); 1n others (K1lshaw et al. . (19747; denk1ns and i
'.WOodruff (1972) Fabre and Morr1s,:(1972b)) it was not The |
reasons. for. th1s 1n¢ons1stency 1n d1fferent models ‘are not '
clear but may 1nclude var1atTon between anlmals, varlatlons.
in the quant1ty of enhanc1ng antlbody in d1fferent sera or.f?“

"~var1at10ns in. the amount of serum pa551vely transferred

The presence of ant1 donor ant1bod1es was not always

:checked In the stud1es of Des1 and Ruszk1ew1cz (1977) ant1-‘::
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, donor ant1bod1es were detectable out to 4 months after _
”ﬁktdney graft1ng, they then waned to undetectable levels As

Vo1s1n (1971a) caut1ons, however the apparent presence or

o absence of antlbodtes really reflects the1r detectlon or

non detect1on and w1ll be a’ funct1on of the technology for
-:iassaytng them |

2. Pass1ve Enhancement

‘ The adminlstration'of'anti-donor or7anti-graft
' ant1bod1es to a rec1p1ent pr10r to graft1ng const1tutes
apass1ve enhancement and has been extens1vely 1nvest1gated
'(Feldman 1972) s1nce the or1g1nal descr1pt1on bységllss and_
B Molomut (1952) for tumors The advantage it offers osa\ h
act1ve enhancement is that precwse amounts of serum- can be L
1nJected and thus greaten(reproduc1b1l1ty can be obta1ned
a) Sk1n SR B

L The f1rst attempt at pas1ve enhancement was Moller s
;(1964) who stud1ed pass1ve enhancement of sk1n grafts in.
'1nbred congen1c mice. These m1ce d1ffer at a l1m1ted'number

' of deflned (for the most part) genet1c markers (Kle1n. 1975);‘.
- and can’ be used to. 1nvest1gate the 1nfluence of Just those . ‘

‘tmarkers by wh1ch the graft is. Known to dxffer from the host
“Moller ach1eved better enhancement in a combtnatlon ln whlch
;the graft d1ffered from the host only at the H 2 reg1on.
than 1n a comblnatton in wh1ch the graft d1ffered from the |

. host at H 2 as well as numerous non H- 2 loc1 Th1s work

, po1nted at a possible role for other hlstocompat1b1l1ty |



_‘2;0 ‘

: antlgens bes1des H- 2 and also suggested a possvble relatton o

'.h“between the number of 1ncompat1b1l1t1es between graft and

- host and the d1ff1culty of paSS1Ve enhaTcement

o

deeke], et a1 (1972) enhanCed B10 02 (H- 2d)Jsk1n ‘
grafts, by on]y a. few days at best on BGAF1 (H 2b X H 23)

rec1p1ents w1th 3 i.p. 1n3ect1ons of an ant1 B1O DQ

'.(cytotox1c t1ter h\512) sePUm at and after graft1ng Th1s \

pr010ngat1on was spec1f1c, B1O BR (H 2k) -sKin grafts were

not enhanced by the ant1 B10 D2 serum. SKin grafts from

other H 2d mouse stra)ns DBA/2 Ba]b/c) were enhanced

,1nd1cat1ng that: the cr1t1c61 antlgens were those of the H-2

':complex A- s1ngle 1n3ect1on of ant1serum g1ven at the t1me‘

of graft1ng was almost as efﬁect1ve as the 3 1nJect1ons

;1nd1cat1ng that the graft pPolongat1on resulted from an

'-‘early 1nteract1on of the anthody W1th the 1mmune system of -

.,~
Ca ¥

the host In other. stud1es (Sugarbaker and Chang, 1979)

mu1t1p1e 1nJect1ons were reported to be SUper1or to a s1ngle '

f!1n3ect1on, th1s could be due to any one of severa]

wd1fferences in the sera Used (Sect1on VI, o

AIn the. rat T1lney and Bell (1974) passvvely enhanced

.(AS x AUG)F1 (Rt1. Al x- Rt1 Ac) skin on AS recrp1ents by
'H1nJect1ng an AS ant1 AUG sePUm (cytotOX1c t1ter 1 512) at .

- and. after graft1ng The best prolongat1on of sk1n graft

: "surv1val was a few days, comparable to results 1n the mouse

¥

One feature of attempts.-both act1ve and pass1ve¢ in".

- both rats andim1ce to enhanCe sk1n grafts is. the1r lack of



ftsuccess when complete Rt1 A or H-2 1ncompat1b111t1es are
. 1nvolved The oft- used CBA -A stra1n comb1nat1on does not
‘1ncorporate a full H 2 haplotype d1fference only the weaker
'rd1fferences of the I C to H-2D subreg1ons (K]e1n 1975)
‘Even so graft prolongat1on between these stra1ns 1s a
matter 6f a- few days only (B1ll1ngham et a1 ,.1956, Brentn
and_Medawar 1962 Chutna 1968)-<In other stratn | |
.~comb1nat1ons, a prolongat1on by enhancement of 1 3 days is a

‘remarkable ach1evement

. b) Hearts :

Corry,'et al , (1973a, b) using mice, and T11ney and
Be]l (1974) us1ng rats both found that pass1ve enhancement
v-of heart grafts was conswderably eas1er than skin grafts
' Prolongat1ons of mouse heart grafts of 6 or more days were

”the norm (Corry, et al 1973a, b) and frequently, surv1va1

"ftbeyond 100 days in the rat heart graft model (Tilney and

Be]l 1974) was observed In agreement wqth the worK of
deekel, et aT', (1972) on ‘passive enhancement of sk1n grafts
in the same stra1n comb1nat1on (B10 D2 1nto BBAF1 hosts)
Corry, et al , (1973b) found that a svngle 1nJect1on of
'enhanc1ng serum (cytotox1¢ t1ter 1: 256) on the day of R

. graft1ng enhanced as well as several add1t1onal ﬁnJect1ons
J~after graft1ng Ihe work of Dav1s (1979) on. pass1ve _
enhancement of H- 2D 1ncompat1b1e heart grafts is in contrast
g}to th1s | ' ' |
'InyTtlney andt3e1l;s t1974ttwork,‘sedondary passive

.
+ .



B successfully enhanced both dono'
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: transfer of serum from enhanced ‘heart gr fted rats

art and K1dney .
grafts, 1nd1cat1ng that the target ant1gens for enhancement -
' were not organ spec1f1c Ce]ls from- enhanced grafted rats
gave: norma] local GVH react1ons in appropr1ate FJ test
.‘antmals '1nd1cat1ng the retent1on of 1mmunolog1c react1v1ty

‘desp1te enhancement

- c) K1dne¥
Stuart,'et al., (1968a) reported pass1ve enhancement of

(Lew1s X BN)F1 rat k1dneys in a small number of Lew1s |

. rec1p1ents, short]y thereafter, French and Batchelor (1989)
reported s1m1lar success enhanc1ng (AS X AUG¥F1 K1dney '
grafts in AS rec1p1ents Stuart, et al., (1968a) used an *
anti- BN serum with a hemagg]ut1nat1ng titer. of°at deast |
T 2048 while. French and Batchelor (1969) used an anti- AUG
serum w1th a cytotox1c titer of 1: 256 Hemagglut1nat1on
t1ter and cytotox1c t1ter may not reflect the same act1v1ty,

-

and ne1ther may correlate comp]ete]y wi'th enhancement (Moore Q}
and Pare1ra 1965 V01s1n, 1971b) ; thls 1s one of the
"several p0551b1e sources of var1at1on between reports -

"deal1ng w1th pass1ve enhancement

>

After the success, of Stuart et al : (1968a) and French '
and Batchelor4(1969), other groups conf1rmed and extended
their work. _Lucas; et al , (1970) enhanced (Lew1s x BN)F1
l k1dneys grafted to Lewrs hosts and could even occa51ona11y

enhance fu]ly allogene1c BN - ktdneys MLR.and normal
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]ymphocyte transfer lests were normal us1ng cells from
,enhanced‘rats Cytotoxic and hemagglut1hat1ng anti ~-donor -
'ant1bod1es were detectab]e for - several weeks after graft1ng,t
" those serum preparations which enhanted“e spec1al]y well
;conta1ned high levels of b1nd1ng ant1bod1eSvmeasured by
irad1o1mmunoassay Thus enhancement protected the graft from
immune destruct1on w1thout 1nact1vat1ng e1ther the humora]

" or cellu]ar respons1veness of the host

Us1ng generally s1m1lar protocols, Stuart et al.
;(1971) and Strom et_al, (1975) in the (Lewis x BN)Fl into
et al.

Lew1s strain comoination, Frenc ‘(19713 and Fabre -

-‘and Batchelor (1975), in the (A AUG)F1 i to AS strain

combjnation Fabre and Morr1s (19723 in the (DA{x Lewis)F1
'ﬁnto‘Lewis combination, and Mullen et 51‘, (1973a,.bf‘ip the:
r(Lewis X Buffato)F1 into Lew1s comb1nat1on all passive]y
.enhanced F1 rat k1dneys in parenta] stra1n hosts. In all
cases, anttbody was given i.v. at the t1me of grafting in -

$
all cases, various assays for. immune respons1veness to the

- F1 alloant1gens rema1ned -1nclud1ng the mlcrocytotox1c1ty

'test.(Stuart._et al., 1971; Enomoto .and Lucas, 1972; Mul]en

et al. 19’5a) and the GVH: react1on (French, et al 1971
Mul]en et al., 1973a b). Fabre and Morr1s (1972) found a-
rough correlat1on of cytotox1c t1ter in the1r enhanc1ng sera
and the degree of subsequent edhancement but others d1d not...—-J
"f1nd th1s (Lucas et al. '*b?O) Strom et al. (1975) c1a1med
that block1ng Factors were present 1n the sera of the1r

enhanced.rats but in other systems.'these could not be
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demcnstrated.(Kilshaw et als.'t1915a); Marquet and'van -
~BeKKum‘(1973)) Batchelor et al. 'S49]7)ylooked for,‘butJl \
:were unable to find, a suppressor cell in,passiQety,enhanced
K1dney grafted rats. FinalTy, Tifney and Be]l‘(19745 were:
-able to re- enhance grafts both of heart and K1dney w1th

serum from grafted enhanced donors.

'd) Endocrine Tissue

~

In"a, numbef'of‘studies pass1ve enhangement of
,endocrtne t1ssue has. been ach1eved Mo]ler {1964) pass1vely
enhanced murlne ovar1an grafts in ovar1ectom1zed hosts
‘across both H-2 and. non-H-2 ant1gen1c dtfferences Mgre
-recent - work has concentrated on pass1ve enhancement of
pancreat1c 1slet cells in streptbzotoc1n 1nduced (Rerup,.l
1970) d1abet1c rats with the eventua] hope of develop1ng a
- cure for human d1abetes F1nch and Morris (1976) passively
enhanced F1 rat islets 1n a fractton of hosts of e1ther of
the two parental stratns used to make the F1. Fu]]y
allogeneic islet grafts were not successfully enhanced
Nash- ét al., t1977 1978) also were able to enhance Fi rat

-

_Jslets in a proport1on of parenta] strain rec1p1ents

Thus, while a re11ab1e enhancvﬁ& protocol, for
.pancreat1c 1s]et Cells at least, has yet to be def1ned
. 'endocr1ne tissues- can be pass1vely enhanced

el Passive Enhancement : An Overview

Most of the features of passive enhancement are
identical with those of active enhancement. Ant i -donor

- .



serum, of hemagglutination"titer greater_than-f?éood
(Stuart, et al., 1968a) or of oytotoxic titer of. 1:256 or
‘greater (French and Batchelor 1972; Tilney and Bell 1974)
j1n appropr1ate amounts, usually 1-2 mls, adm1n1stered i.v.
at grafting, w1ll enhance. F1 kidney grafts espec1ally,ﬂbut
also F1 heart grafts, will be protected Fully allogeneic

grafts aré much'more d1ff1cult

Passively enhanced anlmals demonstrate a consistent
picture of persistent cell med1ated respons1veness towards
donor alloant1gens measured by MLR, norma 1 lymphocyte
transfer.tests {Lucas et al., 1970), the microcytotoxicify.

_test (Stuart el al., (1971), Enomoto and Lucas (1972), and
Mullen et‘al., (1873a)), and the GvHR assay (Mullen et al.,
“(19l3a, b), French et al., (1971)). Certainly the |
similaritiegﬂheigeen the active and passive enhancement

states are 1mpressxve and suggest that the mechanisms in the

host probably overlap to-a cons1derable degree

The exact significance of the micr ytotoxicity test is
controversial. Blairoand Lane Vl975) uggest that it may
more accurately measure an antibody ependent funct1on,
perhaps ‘ant ibody-dependent cellular cytotoxicity_(ADCC:
Perlimann and Holm, 1968). If so,ﬁlhis wou'ld be‘valuable.
information to.acquire from animals bearing,enhanced grafts
~and, mighf usefully supplement passive transfer as a test for

..the enhanced state. Since, for enhancement stud1es, there is .

%
['ample ev1dence from other assays for the retent1on of~cefl-
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,?’

mediated react1v1ty, the- use of the m1crocytotox1c1ty :

techn1que for this purpose . may not be necessary

1 . ) X o '
3. Combined Active and Passive Enhancement

By combining'active and passive enhancement -procedures,

. several groups have prolonged grafted hearts and Kidneys 1n,ﬁ
rats Marquet, et al., (1976 1977) ‘prepared and 1nJected
ant1gen ant1body complexes before graft1ng (WAG x BNI}F1
hearts 1nto BN rec1p1ents The prem1xed complexes gavef

' super1or enhancement to e1ther ant1gen or ant1body, given
alone This prolongat1on was WAG spec1f1c. did not extend to_.
(WAG x BN)F1 skin, and co-existed with normal anti- WAG GVH

react1v1ty Anti- WAG ant1bod1es were not present

-

- Tilney’s group (Tilnéy, et'al ,» 1978; Baldwin, et al.
- 1978) enhanced (Lew1s x BN)F1 heart grafts 1n Lew1s rats by
‘ g141ng antlgen and antxbody a day apart, 10 ddys be‘ore
graft1ng Th1s treatment d1m1n1shed the level of. cell !
‘mediated 1mmun1ty as measured by 51Cr release and no ADCC
hemagglut1nat1ng or. complement dependent antibod1es were '
detectable. The comb1ned treatment was most effeét1ve when
. the injected cells conta1ned both wh1te and . red blood cells ‘,.
(Baldw1n, et al., 1978) | ' ' 1

k] : £

The mos t extens1ve and deta1led work on ant1gen
antibody complex enhancement of organ grafts has been done
by Stuart and' colleagues in the (Lewis x BN)F1 1nto Lew1s B

. mode (stuart_et-a].,'1968a,'b;flgeg,‘Stqart} 1976 Stuart

o . } N
o §

T
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. et‘al:. l976a,,Weiss et al . 1978 a, b, c) In1t1ally,
"these studies demonstrated permanent survival of grafted F1
Kidneys 1nto Lewis rats g1ven 10a F1 spleen cells 1 v. the
day before, graft1ng, and an 1n3ect1on of ant1-BN serum
(hemagglut1nat1on t1ter 1 2048) at ‘the t1me of graft1ng ‘
(Stuart et al » 1968 a, b). The enhancement by . ahtlgen'andr"
ant1body was speciftc and although no data were given, low -
levels of c1rculat1ng ant1body were noted (Stuart et al.
1968b) Nhen retransplanted to new Lewls hosts, enhanced F1
K1dneys were rejected with a sl1ght(delay 1n the onset of
th1s reJect1on when fresh F1 K1dneys were grafted 1nto
enhanced and\prev1ously k1dney grafted Lewis rats. these
secondary F1 K1dney grafts were routInely accepted (Stuart '
et al., 1969). These results parallel exactly those of Fabre:
and Morris (1972b) and JenKins and WOodruff (1973) us1ng

' act1vely enhanced an1mals

T F ]

‘More recently. Stuart et al. (1976a) and We1ss et al.
(1978a b) have altered thewr protocol for enhancement to |
1ncorporate the 10 day delay also used by T1lney, et al
(1978). K1dney grafts are routtnely accepted and ma1nta1n
.._cpmpletely normal function. Cells from~graft recipients do

not give direct cytotoxicity %ﬁrthé 51Cr release,assay‘and
do not causeilethal GVﬂ disease ln‘sublethally.irradlated
(Lewis.x BNlFl rats (Stuart et: al., 197). When enhanced
grafted rats were used as rec1p1ents for a local host- .
versus- graft test ' near normal react1v1ty to both spec1f:c

(Lewis x BN)Flvand third party (Lewis xrACL)Flccells was .



| seen: MLC reactivity against BN cells Qaé normalrWlth?'

-enhanced réi"spleén‘cewis75hd‘ after stfmulation in MLC,
hu; enhanced rat. spleen cells developed cytotox1c lymphocytes tot

yBN stra1n target cells. Thus anti donor effector cell |
precursors pers1sted after enhancement but were no}
btrtggered (We1ss et al. 1978 a, b c) No block1ng factorsf‘
for any of the. cell mediated assays were seen 1n the: serum
‘of enhanced rats The only alterat1on in the 1mmune system
of the enhanced grafted Lewis host was the apparent absence
of memory cells for the ant1—donor cell med1ated response

(We1ss, 1978c)

These authors 1nterpret these results to be due to

ant1 receptor ant1bod1es (ARA) descr1bed by Ramse1er and
L1ndemann,-(1975) wh1ch peak . 10 days after g1v1ng
.fantigen'antibOdy'complexes A more deta1led d1scuss10n of

_ ARA is presented in Sect1on VI.5..
Concern1ng antlgen plus ant1body medlated enhancement

in general there is l1ttle that could be added to what has
already been sa1d about act1ve and pass1ve enhancement
separately In ‘some systems, comb1ned act1ve and passive '

'.enhancement is. more effect1ve than e1ther alone but the
>

resulttng proftle of react1v1t1es in the'enhanced‘grafted"

host very closely resembles that 1n the actively or

<

'. pass1vely enhanced host It seems.plaus1ble that whatever 1s

| _‘happen1ng in act1ve or pass1ve enhancement happens also 1n

' comb1ned enhancement

- ‘ ! '
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» What all these models appear to share is. the format1on :
:'ve1ther 1n v1tro (Marquet‘ et al ‘,1976 1977) or in v1vo
.(T1lney, et ‘al., 1978;. Stuart. et al 1963a} lQ?Ba) of |
-;antlgen ant1body complexes Such complexes may play a role
'f1n act1ve or pass1ve enhancement as well although
K1net1cs of. complex format10n would vary Ant1gen antlbody
‘complexes are Known to affect 1mmune react1ons in. v1tro .'
(Schwartz,'1971' Hellstrom and Hellstrom 1974) Certaanlyl
in ‘a1l the enhancement models d1scussed so far thef" |
’:'opportun1ty for complexes to ‘form has been present, eyen if:
~only at the t1me of organ graft1ng 1n the pass1ve '

'enhancement models.. L 4

. §pont§neou§v§nhangement

“In several systems, 1nvolv1ng k1dney and endocrlne
't1ssue grafts, anomalous surv1vals of these grafts 1nto
untreated rec1p1ents have been reported These may be o
,examples of enhancement because certa1n parameters of the g
l*host 1mmune response were present and these were among the

' same parameters per51st1ng after del1berate enhancement

' *Both Salaman (1968) and Nh1te and H1ldemann (1968)
"reported that spontaneous rat K1dney graft surv1val across
‘both m1nor (Wh1te and H1ldemann 1968) and ma jor (Salaman,.t
1968 1971a, b) hlstocompatibll1ty barrlers could occur

" This spontaneous surv1val was asymmetr1c that 1s. AS

37k1dneys (Rtl Al) surV1ved in AS2. re01p1ents (Rt1 Af) but

Vf'not v1ce versa (Salaman,:1971a) In marked contrast to most

-, .'. . AN . o LT
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'l'del1berate enhancement models,‘these K1dney graft tolerant

1l.rats also accepted donor stra1n sk1n grafts (Salaman,

"1971a) Cells from grafted A82 rec1p1ents showed essent1ally
-;normal GVH reactlons (B]ldsoe et al. 1971) and MLR w1th
donor and th1rd party cells was. sa1d to be normal (Par1s et¢(

,E?df! 1978) P3551ve serum transfer was unsuccessful
SO ( S o A.\_, :

In the mouse, Russell and colleagues (Corry and

"d-liRussell 1973 Skosk1ew1cz et al 1973 Russell,‘et al

‘1975 1978a. b) have stud1ed k1dney grafts from donors |

v -

:bear1ng l1m1ted H 2 deferences Both B10. BR (H 2K) and G

,810 D2 (H 2d) K1dney grafts 1nto untreated BBAFl (H- 2b x H-
' 2a) hosts usually surv1ve (Corry and Russell. 1973), whlle .
in other stra1n comb1nat1ons 1ncorporat1ng a full H 2

'd1fference v1rtually all grafts are rejected In the two

”-.; successful donor rec1p1ent comb1nat1ons, prolonged K1dney ¥

:esurv1val often leads to extended donor sk1n graft surv1val
rjalthough it 1s usually not permanent (Skosk1ew1cz et al ‘
. 71873) . MLC and GV react1v1t1es perSISt cytotoch antl-('.il
(m'donor T lymphocytes develop from the MLC and low levels of

(ant1-donor ant1body are detectable (Russell et al 1975

~1978a) The grafted k1dney stwll presents access1ble target

ant1gens and can be damaged by the 1nJect1on of sen51t1zed

'jant1 donor lymphozd cells (Russell et al N 1978b) No-serum;v':*x

| vblocK1ng 1s detectable (Russell. et al ; 1978a)

Many features of these k1dney grafting models are Lt

‘51milar to act1vely. paSS1vely. OP ant1gen ant1body 1nduced .'R(Vft



r nhancement K1dneys, in partlcular, can—be permanently o
.}Lnenhanced hearts 1nfrequently (Corry and Ru$se1l 1971) andjk_gffh

"'f~.sk1n never Cell medtated respon51veness 15 retalned, some

vﬁfvtndlcat1ons ef anttbody rema1n (Russell et a1l 1975) and-'ﬁ_fh

h‘f;the K1dney rematns ant]gen1c (Russel] et al 1978b)

lg;maJOP d1fference 1n these mode]s ls the profound decrease

;-‘reported in react1v1ty to subsequent donor strain sk1n

'f'grafts, elther the 1n1t1a1 1nteractaon of the grafted ktdneyitff"

fﬁtfgraftS..COCK (1952) w1th ch1cken ovar1an grafts, and Russel]-n

}pneferent1ally 1n these stud1es.;7f‘

in ‘some’ unknown way affects the qua11ty of the host 1mmuna e

7+esponse or thts decreased react1v1ty has been noted S

SN ;

S1m11ar spontaneous surv1va1s have been seen foriﬁﬁV

'*ﬂtfendocr1ne t1ssue grafts by L1nder (1962) w1th mouse ovar1an

| 'fm_and G1ttes (1959) and G1ttes,'et al (1964) w1th rat

."iparathyro1d and thu1tary t1ssue grafts In much of th1s

R hwork the 1mmunogenet1c relat1onsh1ps between donor and

*hrec1p1ents were not clear s1nce 1nbred antmals were not

"ﬂava1lable and the reported data are not extens1ve enQUQh to f},77‘

.9‘0~

"establ1sh that enhancement was act1ng However, Cock (1962)

’-.:d1d not1ce the presence of ant1-donor anttbody )n some of

t,h1$ grafted Ch1cken$ whlch s’ suggest1ve of a role here for ;”'

.Tfenhancement Another poss1bil1ty is that endocr1ne ttssues

.{:hare 1ntr1ns1ca11y ea51er to graft than other types of t1suesg,s,

= _v'_.'_;(Bmmgham and Parkes. 1955 Krohn, 1955)
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V. ; Wetm | var;i at‘i 1:"es mEnhanemen t'*

A number of var1ables, wh1ch may be grouped as

1mmunogenet1c.‘1nfluence the establvshment of enhancement

| towards h1sto1ncompat1b1e organ or t1ssue grafts /Among

‘”p.these are’ the spec1es of an1ma1 used the degpee f‘_f,_‘

h1sto1ncompat1b111ty between donor and rec1p1ent the'-"
stra1ns of an1mals 1nvolved and the type of organ or tlssue

be1ng grafted Very 11ttle 1s Known about why these‘f‘

var1ables exert as 1mportant an\lnfluenoe as they obv1ous]y

do on the outcome of exper1menta1 organ transplantat1on

R Sgecte

M°5t Of the enhancement work cxted up to th1s po1nt has o

been from experlments w1th rats Other an1mals used have

.1ncluded m1ce dogs (Halasz andoOrloff 1963).-ch1ckens

(Cock 1962) rabblts (B1111ngham and Sparrow, 1955) gu1nea

| p1gs (Nelson, 1962), and even subhuman pr1mates (Marquet

1979) Vh1le the rat offers certa1n advantages (swze and h
consequéntly greater technlcal eage of mtcrosurgery. and-the

ex1stence of a large number of 1nbred strains (Gunther and

.,.Starkt 1977)). enhancement 1s poss1ble 1n the mouse as we1l

"f(cérry et al 1973a) and an even Jarger assortment of

R

1nbred stra1ns 1s ava11ab1e (K1e1n, 1975) Another factor

often suggested 1s the resxstance of the rat to hyperacute

reJect1on but th1s cannot ent1rely account for the frequency

A

.? of enhancement 1nductton to: organ grafts in rats ChaVez-

o Peon et al (1971) found that rat k1dneys grafted 1nto

4

'. -

Y
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.ljm1ce g1ven ant1 rat serum could be hyperacutely reJected

,wralso rabb1t k1dneys grafted 1nto rats g1ven ant1 rabb1t B

B :.ant1body were hyperacutely reJected Thus rats could

'7}generate hyperacute reJect1on responses to xenografts and

'fﬂ_.rat k1dneys as - xenografts were suscept1ble to th1s react1on f

'jGuttmann (1974) showed that rat heart allografts 1nto

L presen31t1zed rec1p1ents could be hyperacutely reJected

a hoWever the only report of the hyperacute reJect1on of rat ~“

'e, K1dney allografts followed the 1nfus1onc%f gu1nea p1g

: complement (French 6972) The add1t1on of a]boant1body .

‘_bfdlrectly to the rat k1dne s1tu br1ngs about pathology

"wh1ch appears very s1m1lar to reJectlon but th1s reactlon o
7takes 10 days to develop and 1s therefore not hyperacute o
(Straus et al 1971) Thus the ant1body medlated response )

'b'to a k1dney allograft 1n the rat may'be atyplcal and thlS”

B may . contrtbute to ‘the” frequency of enhancement of th1s organ,'g

‘fi_graft RENE I
2. Hi stm}lat"i_b_t 1 i‘_'ty" o
That F1 hybr1d organ grafts are ea51er to enhance has

been a cons1stent observatuon of many 1nvest1gatbrs and 1s o

now regarded ds a general pr1nc1ple of enhancement (Thoenes, Lo

1975 Carpenter et al Y 1976) StrOm et al (1973) found

‘ that ant1 BN cytotox1c cells caused about tw1ce the release

- of- 51Cr from BN straln target cells as from (Lew x BN)F1

d'target cells and that anti BN antibody was about tw1ce as -

,‘effecttve at suppres51ng in v1tro cytotox1c1ty of ant1 BN

k1ller cells aga1nst F1 targets relat1ve to BN targets Th1s,§;'



roughly 2 fold d1fference was 1nterpreted to be due to a 'H
: d1fference tn ant1gen dens1ty on Fi. versus fully allogene1c

"itarget cells

The antlgens cons1dered by_Strom'et al . (1973) were

' “rat maJor h1stocompat1b111ty ant1gens of the Rt1 A system ” }
(Gunther and StarK 1977) Other non Rt1 A ant1gen systems

i are. Known to 1nfluence enhancement as well. A 11m1tat1on in
e;any d1SCUSs1on of the role of these antrgens 1s that the ‘
:;def1n1t1on of rat h1stocompat1b1l1ty systems lags far beh1nd

'f.hthe def1n1t10n of. the mouse H systems

. In the mouse enhancement in tumor systems is not .
.-adependent on a part1cu1ar complex of hdstocompat1b111ty
ant1gens or on. types of tumors Mol]er (19640) and Bubentk
et al. , (1965) have repor ecbtumor enhancement in: a |
'-tsyngene1c system w1th ant1body to. tumor a35001ated ant1gens -

‘, and Boyse et al (1962) were: able to enhance a 1eukem1a by t

‘ us1ng suff1c1ent1y small amounts of ant1body LeuKem1as and

other lympho1d tumors are Known to be extremely sens1t1ve totv

“sant1body med1ated damage (W1nn 1962L

| There 1s an asymmetry, noted in skin: and heart graft1ng‘
E in mice, wh1ch perta1ns to subreg1ons w1th1n the mouse H 2
'complex McKenz1e and Snell (19%3) observed that pass1ve _
‘ enhancement of skln grafts was more successful 1f the graft f._
le was dlfferent from the host at the K and 1 subregions of the‘ ﬁ;'
| ~ H- -2 conplex than if theﬁgraft d1ffer~ed at the D end of H-2.
B Thls appeared panadox1cal s1nce grafts 1ncorporating K- and I~f



'subregionudifferences'werefmore tmmunogentc'than“D subregion .
tncomgatio}e grafts. As will be d1scussed in, the‘next
@section (VIhB) this. paradox may be re501Ved s1nce ant1bod1es
to I reg1on assoc1ated antlgens are thought to play a key |
roF! 1n enhancement To confuse the issue, however, Dav1s
'(1979)f and Dav1s and Ferebee (1975) study1ng grafts of.

td neonatal mouse hearts 1nto the ears of adult rec1p1ents,
found that grafts 1ncorporat1ng D end differences COUId
'generally be more successfu]ly pass1ve1y enhanced than K and'

I subreg1on 1ncompat1ble grafts or. entwre H 2 reg1on

1ncompat1b1e grafts

a3

r

Hi1demanh'and Mu11en tt97§) have careful]y analyzed the
role of graded degrees of H. 1ncompat1b1l1ty in rat k1dney |
':'graft enhancement and found as a general rule, that "the
L weaker ‘the. h1sto1ncompat1b111ty,.the greater the o g
| effect1veness of spec1f1c 1mmunoblock1ng ant1bod1es This.;
 has been. conf1rmed by‘Thoenes et -al. (1974). working with .

congen1c rats Study1ng spontaneous enhancement of k1dney

g'al]ografts in the mouse’ (Sect1on IV, 5)- Skosk1ew1cz et al.

"(1973) and Russell et al , (1878) have conf1rmed th1s as

—

.well

3 Stra1n Aszmmgtr1es ff u_. | ' -f‘. 5 ; o

It 1s not an uncommon observat1on that between two '
nh1sto1ncompat1b]e stra1ns, A and B grafts from A to B w1l]
, surv1ve longer than grafts from B to A, For rat K1dney

o

'u;_graftlng, a number of such astmetr\St\are known Salaman
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(1972b) reported that A52 K1dneys grafted to AS rec1p1ents
were reJected 1n about 8 days but AS K1dneys grafted to- AS2
rec1p1ents were frequent]y not reJected at all. Par1s et
.al. ~(1978) conflrmed th1s Sakai (1969) however, had not o
- observed this asymmetry with fully allogene1c K1dney grafts
but had seen 1t with. (AS X ASZ)F1 K1dneys Fi grafts to AS2

L rec1p1ents did much better than F1 grafts to AS rec1p1ents

- Fabre and Morr1s (1975) found that pass1ve enhancement of

| (DA X Lew1s)F1 K1dneys was easier 1n DA than 1n Lew1s
‘rec1p1ents The s1gn1f1cance of these observat1ons is not
clear they cou]d reflect var1at1ons in 1mmunogeq101ty or in

i m'nune respons i veness

S 4. Tyge of Graft and Techn1ca1 Factors

thout except1on, across maJor or minor

_ : at1b1l1ty barr1ers, in rats or m1ce w1th or . _
w1thout'de11berate enhancement grafts of sk1n are the most f
d1ff1cu\t to prolong (Feldman 1972) The three‘bther types
- of normah t1ssue grafts wh1ch have been tried, endocrtne
'heart ‘and Kldney. are all eas1er to enhance or ach1eve

' prolongat1on for (v1de supra) 'In one study (T1lney and
Bel] 1974) pass1ve enhancement of sk1n heart and k1dney
'grafts were compared d1rect1y and the rank order, ing, ’ a”
,1ncreas1ng ease of enhaneement of sk1n heart then K)dney,
was determ1ned Other stud1es have conf1rmed th1s (Uh1te and.
Hlldemann 1968 Barker and B1111ngham 1970 Uarren et |
.,al 1973 ~and Gunther and Stark, 1977) No obv1ous reason

for these d1fferences in suscept1b1l1ty to enhancement has '

o
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.emerged although t1ssue spec1f1c ant1gens,'such as the SK
ant1gen of skin in mlce (Boyse, et al , 1970) dvfferences
in- 1mmunogen1c expression (Isakov et al., ]979) or la -

.ant1gens on skin cells (Katz, et aJ.,“1979) may play a role,

Although hardly an 1ﬁﬁunogenetic vaniable, technicat
factors caﬁ/affect how the host 1mmune system f1rst
encounters the graft of tissue or organ One poss1b1e .

”contr1but1ng factor to the rapid reJect1on of sR1n grafts v
compared to heart and kldney grafts is that hearts and

K1dneys, upon graftIng, are 1mmed1ately vascular1zed skin -
is not and this cou]d affect the type of response ‘made |

(Sne]l et al., 1976). Warren et al (1973a) found that .

free]y grafted (not d1rect1y anastomosed) neonatal Lewis rat o

hearts grafted to Rt1. A compat1ble F1scher rec1p1ents,were
reJected in. about the same time as neonata1 Lew1s sk1n
grafts, 5 of 8’ adult Lew1s heart grafts, which were : |
.surg1ca11y anastomosed surv1ved 1onger than 300 days if‘l
i both an adu]t and a neonatal heart were grafted together
the survival of . the necnatal heart graft was con51derab1y
prolonged 1nd1cat1ng some system1c cond1t1on1ng by the
-adu1t heart graft This cond1t1on1ng effect of the adult
: heart graft did not extend to a Lew1s sk1n graft (Warren et
at[; 1973b) . Serum from an adu]t heart grafted rec1p1ent
upon passive transfer would enhance neonatal heart graft'
: urv1val by about 7 days | |
In a careful'study'usjng four different.methods of'

-



graft1ng of (Lewis x BN)F1 skin to Lewis reéﬁp1ents.
‘Wustrack et al., (1975) found that passive serum transfer
Venhanced skin graft survival only when host vascular
. connections to the graft occurred beforehlymphatic
connectfons ’In'ab] other cases, in which ]ymphatic

connect1ons were made f1rst pass1ve enhancement was. w1thout

effect. In ‘the one c1rcumstance in wh1ch serum d1d enhance,

the prolongat1on was only 5 days so, at- least for skin
: grafts, this technical var1at1on was not a maJor 1nf1uence
on its suscepf1b1l1ty to enhancement , : S o
~-Using the,same‘rat strain combinationT/;;rriam and '0
Tilney (1978)" found that‘grafting F1 skin onto an'alymphatic
ped1cle of host skin avo1ded acute’ reJect1on. but 16 to 18

days after graft1ng. the ‘onset of re§ect1on had- begun and

proceeded until total-destruct1on-of the graft was completeu‘

, Passive transfer of serum from such grafted rats obtained
8 12 days aftér graft1ng, wou 1d sl1ghtly prolong F1 heart o

graft survival.
‘ Yet another poss1ble 1nfluence on graft fate 1s

cells, for wh1ch some ev1dence exists - 1n rats. and dogs

replacement of the vascular endothel1um of the graft by: host

(Wﬁltiams and A]varez, 1969),~Such a process.,1f 1F,TS.

" inportant ‘mi'ght commence much sooner in immediatety

. vascu]ar1zed grafts such as hearts and K1dneys than ih a
slowly vascular1zed graft of sKin. However. Burdick, et al.

L]

(1979) suggest that such host repopulat1on of elements an a

T
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graft can occur with Xenogeneic\skin (rat into mouse)
protectlng it from ant1body med1ated reJect1on Prec1sely
' how‘Tmportant a role poss1b1e host repopuIation of- donor

type endothe]1um in a graft plays must awa1t more .work.

Graft1ng technique, clearly of some 1mportance for
norma]ly anastomosed organ grafts such as hearts 1s of only
very l1m1ted Jmportance for sk1n As with. the other
var1ables noted in this s on, ) he exact pertinence of

,th1s factor is’ hard to judge. As has been pointed out in
most revwews of enhancement (Vo1s1n 1971a Feldman 1972,v
5Carpenter et al.,.1976),\compet1ng factors are -at work and
the»fate‘of a‘graft;is'determined‘by the balance“of these.

factors.

VI, Enhancing-Anttbody

Ant1body 1s the sine qua non of enhancement both in
tUmor systems (Ka11ss, 1969 Vo1s1n 1971) and organ graft
systems (Carpenter et a],‘ 1976).‘Here, the class and
subclass; antibody fragments, speciffcity,vand
comprehens1veness of enhanc1ng antibody w111 be d1scussed
,F1nally, anti- receptor ant1bod1es will be brlefly dlscussed
As wwth many of the features of enhancement certain
observat1ons have been made repeatedly by a number of -

'J1nvest1gators, suggestlng general conclus1ons, however,
\there 1s no un1form1ty D1scordant observat1ons and

therefore Jcontroversy rematn

1. Class ggg'§ ubclass .
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of the five defined ant1body classes, (Sp1egelberg,
1874) most stud1es concur that the. most effect1ve for
enhancement is IgG Study1ng the enhancement of mouse RN
sarcoma SaI 1n B10 D2/0 '(H-2d) mice, Tokuda and McEntee
(1967) found that hyper1mmune anti- SaI serum, composed of 7S
ant1bod1es eff1c1ently enhanced in contrast to an earl1er
IgM conta1n1ng serum. Upon starch block electrophores1s of
the hyperlmmune serum into slow_ and “fast" 7S fract1ons,r
the.best enhancement was seen“w1th the "slow" fraction.
‘Tokuda and. McEntee (1967)- suggested th1s slow fract1on
" might consist of ant1bod1es of the I1gG2 subclass4 Takasu91
: and H11demann (1969a) reached similar conclus;ons Study1ngb
-enhancement of SaI in A. BY (H- 2b) m1ce IgM ant1bod1es were
cytotox1c while IgG ant1bod1es, and espec1ally IgG2
ant1bod1es. enhanced Takasugi and Kleln (1971) stud1ed the
enhancement‘1n A.SW (H 2s) m1ce of CBA (H- 2k) tumors
orxglnally induced with the carc1nogen methylchoLanthrene
' They . found that IgM did not enhance tumor growth, and that
| IgG ant1bod1es d1d The’ best enhancement was ach1eved w1th ,
unfract1onated IgG IgGZ, separated by 1on exchange .
. cbromatography,lshowed the next most eff1c1ent enhancement

.followed by I1gG1, which had‘the weakest enhancnng\act1v1ty.

-

Voisin, et al. (1972) stud1ed serum obta1ned from CBA
mice tolerized as neonates to A stra1n alloantlgens by :
neonatal injection of (CBAxA)F1 lymphoid cells. They ‘

‘ observed that all three of three pools of serum enhanced an

A stra1n sarcoma 1n CBA mice. The “tolerant' sera laqked
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T . - . ; ’ : ’

rhemagglutination hemolys1s, complement dependent

‘“f-cytotox1c1ty or passive cutaneous aqaohylact1c act1v1t1es

‘towards A stra1n alloant1gens. but had what Was called

spec1f1c synerg1st1c hemagglut1nat1ng act1v1ty Tﬁu5' .
‘ tolerant sera, wh:le negat1ve in direct hemagglut1nat1ng
" tests on A stra1n red blood cells, wou1d increase the .
hemagglut1natton of these RBC 1f they were'“develOped" w1th l'l
a second hemagglutinattng serum, descr1bed only as a '

reference CBA ant1 A 1mmune serum (V01s1n et al 1972l

When the tolerant sera were fractlonated over DEAE cellulose-':

;columns, the synerg1st1c hemagglut1nat1on act1v1ty in one
pool of tolerant serum co- fract1onated w1th the IgA class
' ant1bod1es, and th1s fract1on enhanced an A stra1n tumor in
v1vo as well In another tolerant serum pool enhancement

. went w1th the IgG fract1on

o In a study of the enhancement of SaI in’ (C57Bl/6 X j,V
DBA/2)F1 mice (BSDZF1 H- 2b ' H 2d) Fuller,and U1nn (1973)
tested serum obta1nqd early. w1th1n 7 10 days, after'

' -1nJect1on of. SaI 1nto BGDZF1 m1ce Th1s serum, not a |
'.hyper1mmune serum as often used in other studtes was

E fract1onated 1nto IgM and IgG both were found to‘be..

ytotoxic in: v1tro and enhanc1ng v1Vo;

At least three studtes have been done on the class of »

ant1bod1es 1nvolved dn organ graft enhancement Van Breda

K" . #)\__/ Tam N

'l Vr1esman, et al (1975) observed enhancement of (Lew X -

- -,..BN)Ft rat k1dneys grafted 'to Lems hosts mth both whole
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anti-BN ant1serum and the IgM from th1s ant1serum The :
‘ant1serum used was gathered -8 days after graft1ng of an F1 -
-?k1dney to an untreated Lew1s rat and thus reSembled the ;-mt.

ear]y serum preparat1on Fu]ler and Winh (1973) used from "
m1ce o

o dansenret ai'[ (1975a) stud1ed enhancement of B10 02
.s::n grafts .on BBAF1 hosts g1ven ant1 810 02 ant1serum or

- 1gG fract1ons from th1s ant1serum . They observed enhancement
vw1th both IgGZ and- IgG1 but IgG2 was more effect1ve than
'lgG1, (cons1stent w1th earlwer\work noted above Tokuda .and
.McEntee-(JQB?) Takasug1 and. Hw]demann (1969a) Takasugtland’r
Klein (1971)). Within the IgG2 subclass, 1gG2a was s'lig‘ht'l'y‘
hmore effective than IgGQb Both components of . IgG2 would
.lyse B10.D2 target cells in v1tro when used w1th rabb1t

N _compiement suggest1ng that enhancement may not result from

'solely a qua11tative feature of an. ant1serum but from a more

_complex dynam1c of qual1tat1ve and quant1tat1ve factors

1

| Studying (Lew1s X Buf)F1 K1dney grafts to Lew ‘
;»rec1p1ents. Mullen et al (1977) found that 1gG. enhanced
-and that the IgG2a subc]ass was almost as. effect1ve as the
whole IgG. In the Rt1 A compatlee F1scher to Lewls
s1tuatlon IgM‘from a Lew1s antl F1scher hyper1mmune serum
'reduced k1dney graft surv1va1 wh11e IgG from th1s serum |
1mproved surv1va1 or, at the very least d1d not 1mpa1r .
r.enhancement in th1s weak comb1nat1on in wh1ch k1dney grafts

" into untreated rec1p1ents do- very well
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‘In some exper1ments, quantltatlve factors may be concealed

“ enhancement perhaps a property of any class of anttbody 1f

may be masked by lys1s Accordlng to th1s 1dea, advanced by

of the r1ght spec1f1c1ty and present in: approprlate aTounts,'f,ff

:"iMoller (1963a) the quant1ty of antlbody,.regardless of .'”Lf'v

class. wh1ch can completely block the ant1gen1c receptors on : f5

-.the.target cells should max1mally enhance 1f the antlgenlc '?
'H.dens1ty of the target@is low enough to make complement a
"r',b1nd1ng and lys1s unl1kely Conststent Wlth th1s is the L
f'? ”apparent pNEdom1nance of IgG rather than the more lyt1c-j;h
.efch1ent-IgM lrn enhancement Boyse et al (1962) |
”houeVer had found that leukem1as, Known to have h:gh
;:ﬁ? anttgen den51t1es and hlgh susceptlb1l1ty to complement | .
' ',med1ated lys1s (W1nn 1962) could be enhanced by very low ;Eti.
:7amounts of ant1body Furthermore sarcomas and other low R
:ant1gen dens1ty, complement res1stant tumors can be } |
;'destroyed 1n v1vo if enough antibody 1s g1ven (W1nn.'1970)
..:Ebe not1on that enhancmng‘anttbodtes are qual1tat1vely '
'd1st1nct 1s now favored (Vo151n,_1971b). although “.ld o

o quaht1tat1ve factors are st1ll lmportant

.

w Very small amounts of IgG can’ detectably affect 1mmune‘5j.“
| ‘responses (Haughton and Nash 1969 Ryder and Schwartz S
;1969) thus the' eff1ciency of fract1onat10n of a serum
fj' preparat1on tested for 1mmunomod1ficat1on 1s a val1d
: f concern Furthermore not all sera are drawn at comparable
| t1mes after 1mmun1zat1on, 1n some studies hypertmmune sgrum

.——+”V@as used (Tokuda and McEntee, 1967 Takasugi and Hildemann



‘-jFuller and W1nn.x1973lffl5ﬁiycompar1sons between exper1mentsf;t3‘

‘.‘b:"‘

5“1969 Takasug1 and Kle1n,‘1971) whtle“ln'otherESTUdeSJf.dﬂ\“?:n“

f early serum was used (Van Breda eresman. et al v 1975 |

| fare not Stralghtforward Although d1fferent reports cla1m

‘vary1ng degrees of enhancement for three d1f$erent classes

of ant1bod1es (IgG' IgM,,and even IgA) most of these waf“fe.

'Ereports find enhancement by IgG W1th1n these reports, the

lhfIgG2 subclass 1s sa1d to enhance both tumor grafts and organ&,.‘t

‘ -1fgrafts more effecttvely than other subclasses One report

o v

'.ubeven local12qp enhancementgto the IgGZa component (dansen et?dfn'

".fal 1975a) but notes that other subclasses (IgGZb and

rt IgG1) can enhance\as well Thu$, although 1t may not always 3,9

:be the class of ant\body wh1ch medlates enhancement most

“vjstud1es would agree that ant1bod1es 6f the IgG fract1on and

"iiperhaps of the IgG2 subclass play a predom1nant po]e 1n

'7_ant1bod1es f1x complement by the1r Fc regions (Spiegelberg,"."'

‘:vhdeterm1ne whether the presence of the Fc port1on 1s cr1t1cal B

.\-enhancement both of tumor and~organ gpafts f’ ;?
2 2. Ant1body rag nf _. \
,_-;ﬂ.,.jj=j~ ?#‘

ln the prev1ous sect1on on enhanc1ng ant1body class and

'“.subclass, 1t was concluded that IgG2 ant1bod1es played an

}f1mportant role in. several enhancement models,;IgG2
‘d11974) and so~1nvest1gations have been undertaken to

=fgto enhancwng antibody One 1mportant caut1on must be noted
'557here. Many tumor*enhancement stud1es (Moller,p1963a b c,

filxtlakasug1 and HT.,emann. 19693 b TakasUg1 and Kleln 1971)
Aff haVe util1zed mouse sarcomas Sarcomas are knewn to be

t\ . .l .\..

: L e e mfwvw*“rau':..- J,,w:“ o
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':fthe leukem1 ;EL‘4 (Wznn 1962f;_7'”5;;Ant1body devo1d of 1ts -fm

...?_t__..."- .

' vh”te act1on of anttbody and

""hl‘red to lymphowd tumors. such as’

.'ch port1on wt]l not btnd comp]ement and 1f comp]ement 4
_part1c1patlon_4n_v1vo 1s 1mportant for enhancement the~;f?:; o

presence or absence of the Fc reglon w1T1 affect the resultsf“g"'

liff‘cons1derably dependiqg on whether a lytlc sens1t1Ve or

'0

f?\/

2d) antt}E *4‘(H 2b) hyper1mmune serum and fract1onated 1t¢‘ _{u-

1yt1c re51stant tumor 1s used R e T
Chard et a1 (1967) generated hlgh t)tered Balb/c (

to 1soIate the IgG2 antlbodles These were then treated w1th Jne

"~txthe enzyme papa1n to generate Fab fragments When the tumor

EL 4 was m1xed w1th these Fab fragments and szected 1nto

Balb/c mjc'{jenhanced tumor growth was observed It was ;G”if'

argued that?und1gested IgGZ was un11kely to account for th1s f L

because whole IgGZ‘d1d not enhance but 1nstead tnhtblted

tumor growth 1n vtvo |1n a 1ater study (Chard 1968) ant1f7gg;s;”

EL "sera was fracttonated 1nto IgG2 and IgG1 p°°‘s._1962: I

"'._f.; was found to be cytotoxw for | EL 4 while: IgG1 showed some

o enhanc1ng ab1l1ty When the IgG1 ant1bod1es were djgested'akthfjf

1nto e1ther Fab or F(ab')2 fragmedts. both were fcund_to

g1ve sl1ght enhancement of EL 4:growth 1n Balb/c m

1nﬁa5xenogene1c system, stud:tng the enhancement of aifﬁi;fﬁ
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| ‘;ant1-tumor IgG2 antISerum Intact 1gG2 sl1ghtly 1nh1b1tedryxg-z'"

ilﬂi7tumor growth ;j*r;,*x¢3v~eh;*}g}¢ ;_;31 \J:iangﬁ,;n¢f:

re ..

| Nhe stud1es noted so far suggest that antlbody
J7ffragments can enhance 1n var1ous systems Very ggcent
"fhireports contrad1ct thls almost comp}etely '

R ) a study of the enhancement of Lew1s (Rt1 AV K1dney a
”grafts 1nto DA (Rt1 Aa) rat rec1p1ents, W1nearls et al

‘5(1979) compared whole IgG and very carefu]ly prepared

'QIF(ab’)2 fragments of th1s IgG from DA ant1 Lewls enhanc1ng

"Eﬁserum Both the whole IgG and the F(ab')2 were shown to b1ndn_

f;equally to Lew1s target cells,_however, wh1le 25 5

d”dhl1ters of whole IgG would enhance 80 100% of Lewls Kldney o

‘sff_grafts to DA hosts. even a 10 fold excess (500 m1crol+ter57- T
, . Bhbas

‘*“-of F(ab’)2 gave onJy marginal«enhancement These authors

*rf”preparatmon from a BSAF1 anti 310 02 antiserum did not

-,;”fenhance a B10 02 fibrosarcoma even when the F(ab')2 was .

ﬁfconcluded thé( th1s marg1na1 enhancement could wAyQEbegn'due ”t] o

'_tho contam1nat1on of the F(ab')2 w1th und1gested/1g ‘and thatif]?fhf

fflﬁfk1dnéy graft enhancement was Fc dependent A

- A totally concordant concIusion to that of Wxnearls'ej;;f
(1979) was reached by Capel et al t1979) study1ng

::mouse sk1n graft enhancement In the1r hands, F(ab’)2
~:fragments of a BBAF1 ant1 BtO D2 ant1serum had no enhan¢1ng /’T

:act‘wity at a]l In another study,. th1s same group (de Naal |
f;et al. 1979) found that 22 t1mes as much of the F(ab’)2

‘7ffg1ven daxly Thus enhancement here as well was concluded to?-'



- bch iﬂébendént R
Dne llkely reason that enhancement 1s now v1ewed as

requ1r1ng 1ptact ant1bod1es 1s techn1cal'“The methods

o ava11ab1e for /racttonating papa1n dlgested (to generate Fab ‘J:.

p1eces) or‘pefs1n”dr;ested (to generate F(ab')2 p1eces)

ant1bod1es,an” cleanly separat1ng the fragments away from

_ _J_AcontamlnatIng whole IgG, s1mpty are better -
Certatnly, the recent studles show rare un1form1ty tn the1r
conclu51on that the Fc protton 1s requ1red for enhancement .
Another p0551b1e factor fs that the early stud1es used EL 4
a 1ympho1d‘system tumor known ﬂ'}be very sens1t1ve to fft
.': ant1body p]us comp1ement (w1nn, 19&2 1970) ‘
To what purpOSe ls the Fc required’ Two poss1bTy .
1mportant functIOns are Known to local1zeato the Fc reg1on

%Lfbind1ng of complement, aﬁh adsorpt1on of certa1n antlbody

‘species to Fc receptors on the surfaces of certa1n types of{-.hf*f:

. ce]]s, such as monocytes and macrophages, and SOme R

]ymphocytes (U1nke1hake. 1978) How such effector functionsﬂ'::.,h

of the Fc reglon m1ght be 1nvo1ved 1n enhancement fs not t-;f
l'vkhown?:"t7“"l‘yt'”‘:f;“?ﬁ- ' / ' e

Most systems of tumor or organ enhancement cross maJorff-i b

,ﬂ; h1stocompat1b111ty complex d1fferences (Rt1) in the rat

(Gunther and Stark 1977) ?”‘ H 2 in the mouse (Klein,

1975)) Although 1ess 15 known“about the rat Rt1 reg1on,14 PRI
cons1derable Knowledge of both the mouse H 2 regton and the .



e T
Al;fhuman HLA compIex (K]e1n, 1975 Snell et al 1976) has been
"accummuiated and neither are s1mp1e they are éghplexes of <\

J"_number of 1001 most ot)wh1ch perhaps even all of them,',

1{tfaqpear to haVe 1mmUnolog1cal functwons The quest1on of

t"<wh1ch of the 1OC1 1n the maJor hlstocompat1b1l1ty complex 1s o

1'f1most 1mportant for enhancement has been acttve]yhstud1ed

'”‘hespec1a11y 1n the mouse where varlous H 2 subreg1ons have

'h‘"been def1ned The two general reg1ons of relevance here are

‘f”the class1ca1 serolog1cal]y def1ned Toc (K and D in the'

iihmouse) and- the lymphocyte def1ned (I reg1on) Th1$

{y"d1st1nct1on is operat1onal and not comp]ete,_l regnon loc1 .-"

;{;?can now be serologlca11y character1zed as well (David

e'a

.....

«;1976) Nevertheless, I reg1on loc1 appear t° heV

"“hd1fferent spectrum of 1nvolvements 1n 1mmune funct1ons than

’frsthe K. and D reg1ons (McDev1tt, et al 1976 K1e1n and
'5«j;Hauptfe1d 1976) o TP

A key f1nd1ng about the mouse I reg1on 1s that cell
h'esurface ant1gens of restr1cted tissue d1str1butlon have been
f;b1dent1f1ed and mur1ne red bloéd cells do not appear to carry
hithesev"la“ ant1gens (Dav1d 1976) A number of
1nvestlgat1ons have explo1ted th1s by absorb1ng enhanc1ng
'f[antisera w1th target stra1n RBC to study whether the

7-rema1n1ng act1V1ty 1n the ant1sera 1ncludes enhancement |

In stud1es On rat heart graft enhancement (Dav1es and v}*

d;,rAlktns, 1974) and an mouse sk1n graft enhancement (Stalnes,-;f7

f[sﬁiet a1 1974 Sta1nes et a1 ; 1975a b) RBC absorbed

L} A R . ( .



'i{;anttsera have been found to. enhance Just as we
':unabsorbed anttsera 1nd1cat1ng/that act1v1ty aga1nst K and D
: type serologlcally def1ned antlgens 1s not requ1red In an. -

extens1on of thetr stud1es onrcarefully pur1f1ed enhanc1ng

\x'c_IgGQ ant1bod1es. dansen et al (1975b) also found that RBC

) 7absorbed ant1bod1es enhanced mouse sk1n grafts asA

effect1vely as d1d unabsorbed IgG2t In a rat k1dney graft | |
MOde]; Sou11llou et al (1976) observed that RBC absorbed (:
~“or platelet (another Ia negat1ve cell type; Dav1d \1916) -_"'“d‘

-uabsorbed sera enhanced W1th ful] effect1veness In a studyr

_w1th I reg1on congen1c m1ce McKenz' andﬁH'nn1ng (1977)
xloca11zed the I subreg1on cr1tlcal for sk1n graft ' _
..enhancement to the I- A subreg1on,_a conclus1on hes1tantly

:“tendered by Sta1nes, et a] (1975a) ear11er
In parallel W1th empha51z1ng the importance of’ ant1-I'
';:red1on ant1bod1es for graft enhaneement. several reports
“rhave noted that ant1bod1es eluted off target RBC do not
'f:'appreCIably enhance (Catto, et al 1977 Stalnes et al.,
ft ~1975a) denklns and Woodrufﬁ-(1971) had found. that antxsera‘;
lvra1sed agalnst donor rat RBC would not pass1ve1y enhance h,
f}ﬂheart grafts whereas anttsera to whole blood would enhance
"~The presence of ant1-I reglon act1v1ty would also explaln";

*the f1nd1ngs,Anoted earl1er, of McKenzle and Snell (1973)

: ﬂthat K reg1on d1fferences were both more 1mmunogen1c and

dfmore eas1ly enhanced than D end d1fferences all the K end
' d1fferent comb1nat1ons the*éstud1ed contained 1 A

f1ncompat1b111t1es a\ well a111co,and.Mason;b1978)ff_f"



50
'confirmed that DA ant1-Lew1s RBC sera would not enhance
,'Lew1s k1dneys grafted to DA rats Those sera ra1sed aga1nst
':t1ssues wh1ch were la positive or could conce1vab1y conta1n

a pos1t1ve cel]s (see the Sect1on VII 1. D) would enhance

Three reports sllghtly d1scordant from the above

ev1dence on t verwhelm1ng 1mportance of - Ia aﬁt1bod1es Ane

enhancement _st be noted Dav1s (1977) reported passive

,.enhancement of neonatal heart a]lografts 1n mice across Just'
:the H 20 regﬂon whlch 1s not. Known at present to conta1n an
I- 11Ke locus The conclus1on from th1s report was that an Pat
tlocus was not an absolute requ1rement for enhancement but

'.th1s conclus1on must rema1n prov1s1ona] unt1l the loc1 in

'dand around H- ZD are better understood Duc, et al. i t1978)

- stud1ed the enhancement of the SaI tumor (H- 2a) in CS7B1/Ks
'Q(H 2d) m1ce w1th antisera prepared aga1nst A stratn {H~-2a) |

."#spleen cells and aTso ant1sera from C f mice reJect1ng N

—
,b1l1ty of the f1rst

‘straln sk1n grafts Ihe enhancement
serum was entlre}y absorbed w1th As ra1n RBC and the eluatel -

from these RBC restored enhancement The second serum, ant1-

,sk1n graft 'enhanced both and’ after RBC absorpt1on

. as. d1d the RBC eluate' _hether thts ref]ected dlfferent‘

rcompos1t1ons with1n the two ant1sera “or- d1fferent o :
h“requ1rements for en ancement in a tumor system was not , o
'deeterm1ned Sal isf(a sarcoma and not thought to carry Ia

ant1gens

L ee——

-Baldwin-et a 93 ), stidying oombined-pasSive.andttﬂ



’ ~act1ve enhancement of rat skln and heart grafts found that

best results followed adm1n1stratlon of whole spleen c s -
as ant1gen results;w1th Just wh1te bl od-cells as .the ‘
antlgen were only "modest". When antlgen was whole spleen.

cells followed by RBC absorbed antlbody, the results were |
not as good as whole spleen followed by - unabsorbed ant1body
Thus th1s study found that both ant1-serolog1cally def1ned
act1v1ty and anti I reg1on act1v1ty were 1mportant for |

\

* A f1nal type of spec1f1c1ty should be noted;

"enhancement

spec1f1c1ty towards - organ or minor H- determ1nants T1lney
arid Bell (1974) pass1Vely enhanced (AS x -AUG)F1 rat hearts
and k1dneys in AS rec1p1ents Serum from these enhanced"
rec1p1ents would, on secohdary pass1ve transfer enhance -
both Fl hearts and k1dneys regardless of whether }Kéfsource
was an enhanced k1dney rec1p1ent or an enhanced heart. |
rec1p1ent this suggested that organ spec1f1c1ty was not an.
ﬁnfluence in these exper1ments However Marquet et al.

(1976 1977). tested serum from BN rats 7-10 days after
reJect1on of a WAG heart graft and found that th1s serum was
| more enhan01ng towards a WAG heart graft: than BN ant1 WAG
lympho1d cells serum 'suggest1ng that an organ spec1f1c
activity m1ght play a role here Whether an organ spec1f1c
component of enhanc1ng sera ‘is really. 1mportant or whether
. the apparent organ spec1f1c1ty reflects dlfferences in the -
efflcacy of 1mmunlzatlon is not Known.. -

. Ny

B
'
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' Examp]es of enhancement acr‘ s non- Rt1 or non-H- 2

barr1ers have frequent]y been cjfted (Wh1te and H1ldemann,

. 8, H1ldemann and Mullen 1973
Thoenes, et al. 1974) Ltttle more can be sa1d except that

A grafts across minor hxstocompattbtl;ty d1fferenbes can be ‘
enhanced‘ and more eas11y than across maJor d1fferences
(H11demann and Mullen, 1973). M1nor h1stocompat1b111ty loc1,'
1n both :ats and mice, are almost totally undeftned 1n terms.
"of their deta1led organ1zat1on prec1se1y dhat 1t 1s about
them that .makes them "minor" is not Known (Snell et a]

1976)

4

-
Enhancement can occur across the strongest ‘

' h1stocompat1b1]1ty barr1ers V1rtua11y a]l the work in organ
1 graft systems agrees that anti-I region act1v1ty in
enhancnng.sera.1s central; in the mpuse,‘there is work -
r'narrowing,this down to a stng1e subregiOn“Within7the I

' regiOn"I-A (Staines et‘al ) 1975a McKenz1e and Henn1ng,
'_1977) Indications ex1st in some systems also that activity -
'aga1nst Just K and D type ant1gens part1c1pates in
enhancement, both in skin and heart graft models (Dav1s _
’,'j977,’1979, and Ba]dwtn.et al., 1978) and in one study on
tumor grafts (Duc, et al., 1978). It was: ear11er noted ‘ |
.(Sect1on V.3) that enhancement can be achieved across the Hj'
2D end of the mouse H- 2 complex (Dav1s and Ferebee 1975)
nwh1ch is not Knowri to contaln a locus or loc1 w1th
propert1es s1m11ar to I reglon 1oc1 Thus any antigens: evenh

organ spec1flc or other m1nor ant1gens may. potentIally

‘L s ¢
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' 1nfluence enhancement 1f ant1bod1es to: them are. generated,//

4

“‘The critical role for I reglon loc1 in enhancement may ;

appear because most: stud1es have focuSed on maJor

h1stocompatib111t dvfferences
4 nggrehens1¥engs of Coverage

Any two 1nbred stratns of rats or mlce w1ll dtffer by
many more ant1gens than just those determ1ned by the maJor -
'-h1stocompat1bil1ty complex Many, if not most of these
;'genet1c d1fferences 1n cell surface alloanttgens are not
even def1ned Thus.1t is an 1mportant quest1on for the .
.jpurposes of enhancemept whether enhancing‘antxbody needs to -
”1nclude coverage for all of the d1fferences between graft

and hostaor Just a cr1t1cal subset of them f

¢
3

Moller s (1963a) careful exper1ments bn tumor

enhancement suggested that for an H-2 1ncompat1ble tumor..

—the best enhancement was ach1eved when pass1vely transferred -

antibody 1nc1uded act1vity aga1nst all the ant1gens by whlch'.
'.the tumor d1ffered from the host He found that enhancement 3
_ of the MACD sarcoma (H -2a x. H-2f) in CSH mxce (H 2K) was'

| most effectlve when both a C3H anti A (H= 2a) serum and a C3H
ant1-A CA (H -2f) serUm were comb1ned, e1ther alone gave.

'i7part1a1+enhancement ‘but the tumors regressed

R

Dne reservat1on about Mo%ler s work 1s that he def1ned _.f\”

enhancement qu1te strlngently as prdgress1ve tumor growth
lead1ng to death of the host In many of his data f:gures,~

;g=. 1ncomp1ete1y enhancedﬁtumors show better growth than the
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same tumor in untreated control m1ce but the 1ncompletely
enhanced tumors d1d not ulttmately k1ll the1r hosts It is

.Sf us rtant to note that enhancement 1s not an all or-':

, but can shOW~a contrnuum.of effects.

Amos et (1970) stud1ed enhancement of the BP 8 (H-
2K)  tumor 1njc57s1 (H-2b) ‘mice given e1ther C57B1 anti-BP.8
.or .C57.F ant1 -BP.8. serum. 'C57.F, congenic with C57B1 will
' respond t 1mmunizat10n w1th BP. 8 by mak1ng fewer ant1bod1es
//’/\\\\ftvsrﬁce 057 F and BP 8 share several more specificties -
in the H-2 complex than does C57B1 and BP.8. Us1ng an in
yitro 1ncubat1on step followed by 1n v1vo tumor. growth in

C57B1 hosts, ‘Amos, et al. (1970) fpund that C57.F ant1 BP 8

serum would enhance th1s tumor but not as. effect1vely as
( C57B1, ant1 BP 8 serum Cons1stent with Moller’'s - (1963a)
work 1ncomp1ete“ ant1serum d1d enhance tumor growth but

_~not as. fully as did “comp]ete" ant1serum

- Several exper1ments 1n organ graft enhancement models
* suggest that enhancement can: follow pass1ve transfer of
| 1ncompJete ant1seﬁa Fabre“and Morris (1974) enhanced (DA
X Lew1s)F1 rat Kidneys 1n DA recip1ents w1th DA aﬁt1 LeW1s
serum but observed even better enhancement w1th DA ant1 ASZ
serum. - AS2 k1dneys grafted to DA rec1p1ents w1thout o
' enhancement were reJected thus DA and AS2 d1ffered by ,,Q*'”
h1stocompat1b1l1ty loc1 (1nc1ud1ng Rt1 Gunther and Stark
- 1977). strong enough for graft reJectzon The cross- h
'3 enhancement~6bserved*w1th ant1 DA and anti AS2 sera mlght

LN
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. anti-I A subregion antibodies S L

9

: have resulted from the sharing of I region spec1f1t1es. -

clearly, though the very eXistance of this cross~reaction

demonstrates that organ graft enhancement can result when

‘.not all the antigens of the graft are covered

Staines et al (1975a) obtained s1m1]ar results

.'studying enhancement of various congenic mouse skin grafts
" “onto 'B10. 02 {H-2d) or B10.A (H-2a) hosts with either B10.02
T fanti -810. A or Bio A anti -B10. 02 antisera The grafts ';

presented different degrees of H-2 incompatibility Their '

_results indicated that enhancement could result when not all

'the antigenic spec1fic1ties of the graft were covered e.g.

810 D2 ariti- B10 A (specifc for H -2K and H 21 loc1) would
significantly enhance 810 (H 2b) grafts onto 810 D2 even
though B10 grafts pnesent many more 1ncompatib1l1t1es than

are- covered by the anti 810 A serum In general better

'_. enhancement resulted as- a function of the more specificities.

‘1ncluded 1n the antiserum, with a special role found for

i

T~

’ The final word 1n this section belongs to McKearn et ,
l~ (1979) Thls group has gener ted monoclonal hybridoma -
antibodies of Lew1s anti BN type' these antibodies are -

| gsabsolutely homogeneous, and.con51st of exactly one ~'f :
:speCiffcity only Two of their monoolonal antibodies both
"fIgG very eﬁfectively enhanced (Lew X BN)F1 Kidneys gré?ted

v_?to Lewis hosts Furthermore since BN RBC were used to

2

soreen for these antibodies, their activ1ty is strictly



d.,“lympho1d oe]ls 1nto an F1 hybrld The parent celT

against c1a551ca1 serolog1cally def1ned ant1gens and not
_IagaInst 1 reglon determ1nants. Thus in. th1s system,;1n wh1ch
';the ant1body is as clean as possible enhancement of an
,a;organ graft follows pass1ve transfer of anttbodles to only af“
Asingle determ1nant present on the graft -

-

Anf1 Recegto Ant1bod1es

A Ant1 receptor ant1bodaes (ARA) are ant1bod1es w1th o
spec1f1c1ty for the comb1n1ng reglon of’ other ant1bod1es or
cell surface receptors,,by comb1n1ng\w1th them, ARA are
postulated to block the expressvon of funct1oﬁlby these

.‘ant1bod1es or receptors (Ramse1er and L1ndemann, 1975)

One way of generat1ng ARA 1s to 1nJect "rental stra1n

‘possess a

4redeptor for the forelgn alloanttlens of the F1 the F1 does o

'.’ﬂOt possess th1s receptor ( F
alloant1gens. and w1ll thus*regard this receptor stru:tdre _
,.,as ant1genrc and respond to‘?% Th1s approach has*been usedi
.by Davies (1971) in mlce to generate F1 antl parental
receptor sera wh1ch gave some prolongatwon of sk1n grafts
.'from the’ other parent of the F1 Blnz and W1gzell (1978)

'rhave reported probongation of rat sk1n grafts us1ng d1rect

"'1mmun1zat1on of Lewis rec1p1ents w1th aggregated LeW1s ant1-{7ﬁ5"

DA ant1bod1es The result1ng anttbody also spec1f1cally

Lublocked Lewls ant1 DA m1xed l'r;:ocyte cuﬂtures

\ To date, v1rtually all reports of ARA aot1v1ty have
a8 been funct1onal No one has pur1f1ed"them 1n large enough



‘t7”quantit1es to say tovwhat class or schlass they belong or
yreally what the antlgen* for wh1ch they are spec1f1c 1syf.“<.
. since’ the T cell receptor for alloant1gen remm1ns : ‘l
'f;myster1ous Thus. although ant1 receptor antibod1es may =
':ibelong in th1s sect1on on enhanclng ant1bod1es, absolutely{'
'ﬁ"{nothlng can be said about them wh1ch can be. related to the""A
:-hother feq}ures of enhanc1ng ant1bod1es d1scussed above o
. Therq. are- as many reports cla1m1ng act1v1ty of ARA in o e
: d1fferent funct1onal assays as there are report1ng fa1luce.
o Due to the1r d1vers1ty, ne1ther methods for generat1ng ARA
lnor experiments us1ng them are easy to compare The role ARA"
'1gmay play ;n organ graft enhancement must st1ll be regarded
C extremely caut1ously unt1l these ant1bod1es are better
“"g'understood Nevertheless. as w1th most other aspects of
=;ant1body med1ated enhancement, they may play a part1al role.-.5:
;T.:h some s1tuat1ons (see Sect1on VII 2) | |

6 Ar ti

-

An 0verv1ew e

Ant1body 1s the neeessary cr1ter10n for enhancement . o

; IgG ant1bod1es and part1cularly IgG2 antlbodles enhance both totw‘
.V‘tumor grafts and/organ grafts The cytdph1l1c and complement
{'f1x Fc port1on of the ant1body molecule seems necessary |
};Most enhancement studles 1nvolve graft host comb1nations ;mn:ff
.'?"..wh1ch cross the maJor h1stoconpat1bil'ity barrier of the | |
'Jl:spec1es used In the mouse. where the organ1zation of theeijﬁffgf
.Jh2 complex 1s best def1ned (though hardly understood) “a veryit?fhﬁf
- i}lmportant role for antlgens determ1ned by the I regionfhas o

/ emerged however. other stud1es{lnd1cate that also, aatigens 5 ds“c



o degree of enhancement observed is7g
fwant1gens 1n the mouse,_the best enhanc‘

L SUCh ds’ the. k1dney, this may be. enough to ensUre sucoess,, g 5":

-Looverage 1s not a requ1rement nor are antt-I region

| a conclus1ve demonstratton of thls remalns to be done

| v11 Mechamsms

'h‘ofgrafted organs partrcularlyﬁthe.kvdney 1n rat and mouse
‘7'fsystems to: 1mmun1ty 1nducf

'vt*tﬁtheory. mechan1sms of enhancement can act'atythe level of

\'ff1f1c or mlnor

'h1stocompat1b1l1ty antIQens may-also beytmnortant Ihe

-,target (graft) anttgens are covered:.y the\antibody and for

‘a graft bear1ng numerous strong ant1g “s,'such as H 2

.;*nt resu]ts when

”'5t.coverage 1s total However part1a1 enhanbement resu]ts WIth'

vopart1a1 coverage by ant1body and for some tlssues or organs,:-ti

;"for others, such as: sk1n part1a1 coverage of graft anttgensﬁdf

’Z'w1ll barely enhance 1f at all The demonstratton of rat

k1dney enhancement w1th monoclonaI ant1body (McKearn et

. 'a] 1979) establlshes that for some organs at least total‘i,‘f.n

,5ant1bodies A f1nal ant1body act1v1ty whlch may be ‘mertantt‘:‘ﬁ

'f..1" some enhanced states 1s ant1 receptor ant1bodies, however

R

e, AR

Two characterist1cs of enhanced organ grafted an1ma]s;ﬁu“o,,
?;;Pequ1re exPlanatlon the 1ong term surv1val of genettcal]y L
Gdlfore1gn t1ssue 1n the face of the clearlv demonstrable g;d;jﬁgiog
J;;'ab111ty of the host, albeIt with vartous changes 1n degree - |

";to respond towards donor alloantigens and the res1stance of

in the enhancedfhost I

.' ,3 o

‘learly better,qthe more RS



3ige1ther by alter1ng some Intrtnsic ﬁual1ty of 1mmunogen1c1ty L

‘°f';or protecting;1t from the effectsfhf the host’s 1mmune

'n;“reSponse

Almost 1mmed1ately, problems‘emer:eg As has been

'fd1scussed 1n earlter sections of thts, ”v1ew enhanced organn

;:;graft rec1p1ents reta1n cons1derable cell medlated Immunity:f.'
"“,In var1ous assays (Sectlon IV 2 D, IV 3 D- 1v 4) Th1$
unhsuggests that enhancement cannot work by s1gn1flcant1y Lo ‘
~taabrogat1ng the generat1on of an ant1 graft respOnse and is i”g‘f;;
fﬁiefthus not. effected by afferent"sor °entra1"11nh1b1t10n | ‘.
.eFurthermore enhancement v1rtua1]y never extends to a donor i |
lfHStPa1n Sk1n graft Clearly properties of the organ or t1ssuef;*ﬂj;
%,fﬁglnvolved are 1mportant However the quant1t1es of ant1body

)

;fwhvch can enhance 1n certa1n systems are so small that V;Qf~f'”'

hfvgfperipheral 1nhib1t1on seems h1ghly U"]ike'y as well R
.:t%f(Hutch1n et al 1967 McKenZJe et al 1971 W1nearls et;ff-73
Tl ,1979 de Wall. et alr.n1979> “ﬂf'iffsﬁfl"':MT"' |

A]so upon Pegraft1ng to new, unﬂ6d1f1ed hosts.'y'ﬁflh
‘ :"‘-:El'e"ha""ed 9“ affs: are’ "eJ stted, suggestxng?}';that ter"minal or

- o - jhad L
-;fglefferent 1nh1bit1on 1s .ot effect1vely.pnotecting the graft-“;_.

‘ffjgffrom 1mmune responses or prevent'ng the{g'aft'from




'hof enhanc1ng aht1body on the 1mmUne responses of grafted ,
'fwfkan1mals w1ll be conswdered 1t should be noted at the start B

':f‘;that the actual mechanISms s1mply are not Known

o S -gqh;:fq» i LT e
In v1rtuaf¢y every revtew on 1mmunologtcal enhancement
: fIWhether for tumors or organ grafts (Kal1ss['1969 Snel] D
,1970 V01s1n, 1971 Russe]l 1971 French and Batche1or..:; hg |
o 1972 Feldman 1972 Carpenter, et al 1976) the discu551on R
};of the mechanlsms of actlon of enhanc1ng ant}body 1s d1v1ded

1nto three parts Afferent 1nh1b1tlon covers the prevent1on -‘-ﬂfj

i.[.by ant1body of sensit1zat1on of the host 1mmune system tO _,.l;;
'””jfithe ant1gens of the graft Central 1nh1b1tion denotes the I j:pg
| ”tfant1body med1ated fa1]ure of the host lmmune system tO :”},f‘?ét
fproCess otherw1se 1mmunogenlc mater1al and 1nformat1on from ?;Z
'r?fthe graft Efferent 1nh1b1t1on descrvbes the prevent1on by ;h

fﬁfant1body of effector funct:on by the agents of the host _tyfﬁglf’t
‘i:h f1mmune response after they have been act1vated by the graft

u?ﬂfBoth afferent and efferent 1nh1b1t1on 1mpTY a PeP‘Phera] o

'"}'1nteract1on of ant1body w1th graft ant1gens wh1le central oh‘féth
"'.ittnhibit1on 1mp11es a dtrect actlon of ant1body 0“ the
*}1mmunocompetant cells of the host '” |

Th1s d1v1sion is far too s1mp1e,,g1ven the enormous

fffgicomp]ex1ty of the 1mmune response, the number of po1nts 1n fw .

. Tfthe sequence of an 1mmune response where ant1body can affect
S JtS nature or extent 1s large (Uhr and.Moller. 1968 | _
'"tﬂRSchwartz, 1971) Thus the div1s1on of th1s process into lﬁ;;ﬂd“’

”‘@hfafferent central. and efferent 1s arb1trary~and further ;ixuﬁgﬁ




‘r.;the three classes Of

l .

brﬁ?ihlnh1b1t1on need not be mutually exc1us1ve there 1s ”gf:* éWff'”

“

"if:fexperrmental ev1dence for each often for more’ than one’ cof‘

:_e.;lex1st1ng 1n/a g1ven graft host system 1n-add1t1on,_4"”'ﬂ“"'

'.h_“ﬂant1gen ant1body Complexes can form at any t1me after both

fj;the graft and the ant1body are g1ven, these complexes, Q‘,ff”

*J{h”rather than the ant1body Qg_ se may be caus1ng the observed

;;_;“pas51vely adm1n1stered antlbody and act1ve1y 1nduced

‘~¥”s1nce there are no compelllng reasons to regard iﬁem as

"'fﬁT'are more cons1stent (Ka11ss, 1962) Most mechan1st1c shudies

Yfresults In th1s dxscuss1on of mechan1sms.ﬂthe effects of’ s
, (

nantibody medlated enhancement w1ll be cons1dered togetherv f

R qual1tat1ve1y different (V01s1n, 1971b) The advantages of :%gf”;-

’?fistudy1ng passwve enhancement are that the ant

Athave employed pass1ve enhancement systems

Pgr’lghera Interactlons of Ant1bod¥;

-l~
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- ant1-ddnor ant1body 1s g1Ven at or close to the t1me of

"

:‘ 1nteract'lons of antwy unth the mmune system The

'-_"1975 Sou111lou et al 1976 Marquet et ar 1976 Stuart“"

-----
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many of these reSUIts can as easily be regarded as central

poss1ble effect of enhanc1ng ant1body on passenger

tﬁmulatory cells from the graft w1}1 a}so be discussed

: a) Afferent Inhlbltlgﬂ

“.\. ‘,_';.'.u o ."“,.- .

| Several 11nes of ev1den¢e po1nt tp an act1on by
enhancIng ant1body early 1n the sequenCe of events after a
hlsto1ncompat1ble organ or tlssue graft 1s performed Mosty
commonly in. both pass1ve enhancement and comblned ant1gen;7‘

and antabody med1ated enhancement a single 1nJectton of

graft}ng (French and Batchelor, 1972 Fabre and Batchelor,-

Baldw1n et a] 1978 W1nearls et al 1979 McKearn et al,nﬁh:':

1979) In/a number of ear}1er stud1es where the compar1son

o was done no advantage -of mult1ple 1nJect1ons over a s1ngle
;_1nJectlon was seen (deekel, et a] 1972 Corry et al.
1973a) | " i

was very effect1ve at 1nhib1t1ng the MLR between donor

straln st1mulator cells and rec1p1ent stra tsponders, the

cell med1ated 1ympholys1s react1on representrng effector

funct1ons was also sens1t1ve butfconsjderably lessfso than

the recogn1t1on reactlon of the MLR. HSugarbaK:r;and Chang

LI

1-et al. “4976a, Catto et a1 1977 Nelss et al 1978a, RO

Ph’1‘1ps et al (1973) found that enhanC1ng antlbody R

.ﬁrbmljgf:y;coanrmed this 1n 1 o, show1ng that ant1serum g,an ;fﬂ




"”-‘vxtro pretreatment wrth antibody,_although other dﬁfferences[dfﬁf
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';flw1th a: skln graft prolonged 1ts surv1val but 1f the serum

.,was glven 10 days after the graft, no enhancement resulted

In tumor systems. a dlrect approaoh to afferent

1nh1b1t1on has been tr1ed Moller (1963b) pretreated the -
"ffMACD sarcoma (H- 2a x H- 2f) in. v1tro w1th A- CA ant1 A (H 2a)
f Serum and 1n3ected the tumor 1nto A CA (H 2f) rec1p1ents He
7:observed enhanced growth of the sarcoma If he treated-the«
| -antlbody pretreated tumor cells with tryps1n to clear the
thUrface of large prote1ns,vbefore 1nJectlon, he observed '

much less enhancement, suggest1ng that cell bound ant1bod1es _f_

med1ated the phenomenon\ Moller (1964) d1v1ded a c57B1 (H-

2b) sarcoma 1n ‘two parts. pretreated.one w1th A CA ant1-“”

V-C57Bl ant1serum and 1n3ected both parts 1nto an A CA host
B ~The ant1body pretreated tumor grew better than the untreated."
v]tumor Amos et al (1970) also found that pre1ncubat1on of

Ithe B& 8 tumor in ant1serum would ‘upon InJect1on& allow

) :enhanced growth but that the turnover of,antlb@dy off the
;tumor cell surface perhaps 1n the form of complexes, was -'_
lfqu1te rap1d and most of the bound ant1body had cleared afterl-~j'
6 hours at 37 c. Th1s dynamic process at the tumor cell . B
':surface may expla1n Kal1ss and Rubtnste1n s (1967) earl1er -

,L’:fa1lure to f1nd enhancéd grOWth of the SaI sarcoma after 1n

U1n the tUmors used could account for th1s as well

Us1ng rat skln grafts, Z1mmerman and Feldman (1970)

-;found that 1mmers1ng an aTlograft in: enhanc1ng serum before o



R e o ;k;‘. -
’graft1ng would prolong 1ts surVIval and that thls 3 |
o prolongat1on was spec1f1c Nhen a pretreated graft and a
'normal graft were performed together, only the pretreated
-:7one was enhanced suggestIng a per]pheral actlon of the

._enhanc1ng antlbody at the level of the graft 1tself

Another feature of enhanced t1ssue s1tuatlons often
c1ted as ev1dence for afferent effects 1s changes in the
K1net1cs of cell med1ated or humoral respons1veness after
graftIng These. expernments are part1cularly d1ff1cult to
dwst1ngu1sh as afferent or central because the observat1on
- of a change in’ the response prof1le does not perm1t
ldeterm1nat1on of eXactly where or how 1t came about
'Nevertheless, a number of 1nvest1gators study1ng tumors or -
~-nor.mal t1ssues, have observed delays in the 1nduct1on of

o cell med1ated respons1veness (Kalls and Rub1nste1n 1967;
: Peter and Feldman, 1972” B1esecker,.et als, 1973' BurgOsuet ’

1974 Strom et al., 1975) These delays were never more . .

;than a few days. and generally, the magn1tude of the cell C
lmed1ated response was barely affected Burgos et al. (1974)
.and Strom et al , (1975) both studylng pass1ve enhangement ’
:'fof rat k1dneys, noted lessened ant1body responses after

B graft1ng, but ant1body was not s1gn1f1cantly affected 1n the

i

. earller stud1es clted - Tk :ﬂ;~~,_- -;:g"lfﬂ‘-éff'

Ev1dence does e%ﬁst then wh1ch is cons1stent with an

| Vﬁfearly actlon of enhanc1ng antlbody on’ the respons1veness of

'ag-the host to an allograft The site of action of th1s effect

>
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Cin some'models at-least (Molier'1963b 1964 ; Zimmerman'and
'Feldman; 1970) 1s at the graft 1tself in the sense that a
systemlc alterat1on in host respon81veness does not occur.

) b) Efferent Inh1b1t1on

‘ 'In a number of models. enhanc1ng ant1body can be shown

. to 1nfluence the reJectlon response to an organ or tumor
graft when adm1h1stered many:- days after graft1ng, at a tmme

: when the host has begun to make a. response That pass1vely
adm1n1stered ant1body ‘can enhance tumor growth even when the
ant1body is g1ven 7 days after the tumOr 1s an old . |
observat1on (Kal1ss, 1962)- a]though 1t was not determ1ned
whether the ant1body protected the tumor ce11$ from the host-m
response or - 1nterfered at an ear11er stage w1th 1ts -
development;i o

Moller (¢§é3c) found that pretreatment of a mouse’

sarcoma w1th enhanc1ng ant1body afforded it cons1derable

protect1on when the tumor cells were 1noculated back 1 vivo

together W1th 1mmune 1ympho1d cells, 1f the- antLBody was

N

o 1nJected i. p 5 1nstead of: darect]y a55001ated w1th the 'h”:w L

tumor. 4t gave less protectlon from 1mmune destruction Th1s

]
Q

, suggested an. effect of the ant1body on the tumor cells

\rather than at an earl1erostage on the effector cells

- L)
L Us1ng mur1ne 1n v1tro systems, E Mol]er (1965) _
~Brunner, et al (1967) Amos et alt, (1970) ‘and Takasug1 |
and’ Klein (1971) found that antibody to an al]ogene1c—tumor

could protectﬂﬁt from.destruct1on med1ated by lmmune spleenf"-"



\ K
or . lymph node cells Character1st1cally in these‘
5 ’ |
experiments the release of 5'Cr by the target cells is. less
ih the presence of ant1body than in 1ts absence Whether

th1s is due to.competItlon for surface antlgens on the

- target cells or an earl1er action by the ant1body (perhaps

in complexes with target ant1gens) on. the effector cells is :

not known from these stud1es ' ‘ oL

Stuart et al.’ (1874}, Biesecker et al., (1973), and
"'Z1mmerman’(1977) have stud1ed pass1vely and’ act1vely
enhanced rat Kidney rec1p1ents with the m1crocyto§ox1c1ty
test A1l three studwes found react1v1ty in this test
aga1nst donor stra1n cells and block1ng of th1s react1vity
w1th serym from enhanced grafted rats. Blesecker et al.

- (1973) ompared the mwcrocytotox1c1ty test w1th t e'

”rePEase assay and found that wh1le enhanced rat:
i pos1t1ve 1ﬁ’the former they were negat1ve 1n°the latter *In.
, add1tlon hyper1mmune ant1 dénor serum would 1nh1b1t in the
fm1crocytotox1c1ty test' thus the block1ng by enhanced rat

‘sera in th1s test may reflect the presence -of ant1 donoy - N

'Aa"“body T o \

1

”';; Bowen et al . (1974) passrvely enhanced (AS X AUG)F1f

.lrhrat k1dneys 1n AS rec1p4ents, they then parab1osed these>
.‘enhanced AS rats w1th AS partners hyperlmmuﬁﬁzed to AUG
1antlgen$ The enhanced partners did- not reJect their %ra}ted

ktdneys and the-respons1veness of the h r1mmun1zed partner

’-

_'to AUG ant1gens was not1ceably lessened suggestlng that ‘
' AR ' & ;' ,:{4 .‘: 1 - ) . ' . ) . " ‘:. ‘.f": i

»



'there was someth1ng dominant” about the enhanced cond1t1on d_

€j1n th1s model Russell et al. (19?@b)‘1n thetr
;spontaneously Iong survtv1ng mouse Q\gney graft model
;=(Sectton w.5) found Qhat the adopt1ve\transfer‘of 1mmunet;;£;

;1 N
L AN
<

;lemph01d cells 1nto the grafted reCIpTenK caused transient"j jf,
ﬁhbut not. extens1ve damage to the grafted organ. also-- q}g,,»

‘1nd1cat1ng that some protectton of the graft was present

- R N . N . \.

If efferent 1nh1b1t1oo was a maJor bomponent of the

9

succesé of h1st01noompat1b1e grafts, sudh gcgjts m1ght be .
ﬁexpected to surV1ve wel] in presens1tlzed rec1pients /
}:Generally thts 1s not the cqse (Jeekel et al 1972 /harquet
het al. 1977b) although it has. been clatmed (Fabre and
'{Morr1s, 1975) that presens1ftzation can be overcome Wlth
'fehhanc1ng anttbody The 1mmune re;ectton of a. donor stra1n

R K

ﬁ;skvn graft does not lead to the reJectIOn of the enhanced

'ﬁk1dney (Fabre and Mornis, 1975) It 1s poss1b1e that in some _h;g
of these expertments. the borderltne between S ,

ﬁ}presensitxzation and the 1nduct1on of active enhancement hgs
”'been obscured | g : ‘ - N

R s
. ,‘

One of the most perpIBXIng exper:ments 1n enhancement
wfwas done by Kaliss (1962) He gave SaI td*an-'7jog§nei§w;;fﬁw




R S R ‘ - & - L
.set rejection response e1rected to the same thsue can occuﬁ"j

,_s1multaneously Antwgenlc change in the f1rst SaI graft was
vexcluded as a possible ‘e planatlon Whatever efFect the ;-’
',1nject10n of . ant1body hau-ln thls exper1ment could not have utﬁ;”ff
-been central becauSe then 1t should have been system1c both. R
x-%fthe f1rst and the second. umor should have been etther : _ 'f o
: enhanced or destroyed A ;;rtpheral effect wou1d be expected;t“ff"
to act to protect the seco‘y tumor as well rather than Just ‘
‘the first one What the expe 1ment serves to demonstrate 1s ef““h

| _'f‘the cocm—’i'exw ty of the enhanq'

\-nt phenomenon
c) Graft Alterat1gn " ' T i

; ‘ One'poss1ble way 1n whtch a:graft m1ght avo1d the full &\; ;%g

lttorce of a reJectlon response 1s fp alter the appearance 1t fiéﬁ o
pnesents to the host immune system Precedents for such y ‘¥”

| 1mmunologvc modif1catwon ex1st vn several systems ifg}fhﬂd |
‘”ev‘e"ed in, dacobs and Uphoff 1974) _The essenttal tesg}’”
for stich gra{t adaptat1on 1s retransplan'ation of. the | |

ytfjgrafted t1ssue to a new rec1p1ent syngene'c to the formeri;?ﬁyf,fhx
| reciptent 1f the graft is: now’ not reJectedfas qu1cK]y asﬁaff;;ffdft

'{'fresh graft of 1dent1cal type it 1s conclf_fy that Coo




',“v el

° »fthe same donor straln was performed The second sk1n gnaft o
'*wgwas reJected nOrmally wh1le the f1rst graft showed prolongedfﬁfn

‘7Te§surv1val Th1s greater suscept1b1l1ty of a: fresh graft over.e.’”

"ﬁeian enhanced“ Qraft '

o ;;however ceuld also 1nfluenf

,ys 1nterpreted to be partly due to ff>~""

‘fffgraft adaptat1on POSS‘be;jeffects of the lmmunosuppress1on'_'*””

the rate of recovery‘cfhfh“

t-al1ograft lmmUn1ty as Well Superfic1ally, these eigtr1mentsaf¥3

‘ fifresembie Kal1ss (1962) cited above. in wh1ch however.v

'%Ti;ﬁfanter1or chaqbers of the eyes of th'

'lrgraft alterat1on was exeluded '“'fj_ﬁf_.tn{3 u?f‘?‘;_ RN

wardeh et al (1973) grafted DA rat thyro:ds 1nto the

ntdectom1zed Fischer f[;f_;ﬁ

oA ter 3 months m the ant:erzbr chan'ber. the

lf”ﬂﬁ£§thyroxds were grafted subcutaneously 1" the same rec1p1ents .

? 33 ;and found to funet%onﬁwell lf;grafted.to a freshly




"““joccur in allografts is not kndwn

"";Tof ant1gen1c1

"‘x:?kidneys absorbed as much of

fffoccur 1n the heart graft Whether an analogous process can f
Wh11e‘some degree of graft alteratlon 1n surface

“yx.antageniC1ty may occur, 1f 15 Known thatJCerta1n components‘ﬁfjir

ngo not change Us1ng 12

*FVne et a] (1973) found thatéenhanCedir
;tS*anthody as d1d _reshly : |
"MUIIen et at (1973b)’d1d il

?ﬁﬁ3grafted non enhancﬂd kidneys}

.*labe1ed.ant1-dcnor“ir,"f





















'71g}antqbodifslare of the IgG class (see Sectlcn VI) "d

f fﬂev1dence of depressed cell med1ated react1v1ty of ]ympho1d;f

”{fgucellsvfrom enhanced an'ma:sf;The prom1nence of Ia ant1gensf§f

”fgyron;afgraft as targets”for enhanc1ng aht1body can beuc1ted ?;;f?i_

. ;Analogweg are drawn between enhancement and antlbody

“_1nterfer”’

ce w1th oiher 1mmunolog1ca1 react1ons leo

',Q??observed ina few mode1s 1s the stab1e ma1ntenance Of

}5jenhancement:and~1ts extens1on to other t1ssues w1th tlme

)

0

‘~_yrafter establlshment. Reports suggest1ng th:f suppressor,g;uﬁﬁ,i?"

ffﬁjgenhancement.a 5o eX1st :

}gce]ls-or{unusu“

ant1gen arocessing are 1nvolved 1n




"
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‘“fthese amounts of ant1body do not protept a graft from a
,aPeJect1on response and seem 1nsuff1c\ent to mask the |

'”ﬂtfpresence of a graft from the ent1re host 1mmune system As ,Ej

!

"noted above, th1s ratlonal1zat1on for a central act1on of

gifant1body ts weak and taken by 1tself unconv1nc1ng

'ﬂ:of IgG subclasses, w1th d1fferent propert1es and funct1ons fL‘

&jf1s hardly dec151ve

35“host syngene1c w1th the source'of the lympho1d ceils The

';_”subsequent growth of the tumor ce]ls 1s used as an assay for

'host lympho1d cells 1s noted in a number of stud1es
‘Typ1ca11y{37

'~

That}enhancxng ant1b0d1es are generally IgG 1s

"cons1stent wwth the known ﬁnnunoregulatory propert1es of IgG e
‘jfant1bod1es 1n other systems fUhr and Mo]ler 1968 SohWartz o
1971 Rowley st a1 1973 F1tch 1975) The known d1ver51ty -

A L
e W “:“.‘ -

.lh;(Sp1e§§Jberg. 1974; W1nkelhake, 1978) makes them appea11ng J?hhv"'*

'jicandadates for lmmunoregulators 1n v1vo but as ev1dence,"

. i

A redueed #eactf@1ty towards graft a]lo ant1gens by

_ympho1d cells from an enhanced host are m1xed

7f“with appropr1ate tumor cells and together 1nJected into a ;55’f.‘:°u“

”fj:the act¥51ty of the ]ympho1d cells ffﬁ:;ﬁ*”’“
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may have accounted for the enhanced tumor growth A s1milar

'reservat1on may be expressed about the results of other

eMper1ments of th1$ k1nd if?ll” jjf@j:rﬁ'“;ﬁydj;~'~“ '
u°mvi"-'*5ne11 et a] (1960). Takasug1 and H1ldemann (1969b) t %5 :
and McKen21e et al (1971) all descr1bed 1essehed lmmune _.F‘f‘ vg}5

Hd react1v1ty 1n cetls from antlbody pretreated m1ce Snell ef

“lh% (1960) determ1ned that m1ce g1ven ant1body and

wfw allogenetc normal’t1ssues also showed th1s depressed

'*;.react1vity so it d1d not follow from tumor graft1ng only
Takasug1 and H1ldemann (1969b) measured the change 1n:
per1pheral lymphocyte numbers after enhancement and found no

". 1ncrease. 1n marked oontrasb to the ]ymphocytos1s whach vi{:{f:
followed 1mmun1zat1on W1th tumor Futhermore, th1s effect of

| enhanc1ng ant1body persisted after removal of the tumor mass o

f71 1tself jd1rectty suggest1hg a central site of actwon s1nce

- the assumed site of=any per1pheral act1on the tumor. was T
gone Study1ng enhancement of sk1w grafts McKenz1e et al | ' 45?
(1971) foung a sharp decrease 1n the react1v1ty of ceTls {:“l{ foﬁi

“;rom the lymph node dra!ning the graft site 1n enhanced B

mce' AH' 'of these studies concluded that antibody acted "" SRR
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medvated cytotoiibity ln v1tro Adopt1ve transfers of ’ 'thgfﬁa. :
& ant1body pretreated spleen cells also resulted in: dedreased e
reactlvity'to the tumor .suggest1ng a central rather than } |
per1pheral act1on of th1s antibody on the 1mmune response
Th1s lukely was 1nduced at the t1me the tuhon‘1mmunogen was ’

added s1nce, as noted earller, enhanc1ng antibody pers1sts 'f:.

;-; lg vo (Rub1nste1n and Kallss 1964) .if~_j ji/ff:f ﬁ*;fl.

The prom1nence£of I reglon ant1gens rn enhancement has

»

been dlsCUSSed (Sect:on V. 3) That thls may suggest a"‘ S
T S

central actlon for enhancing antwboay der1ves from the role R

I reg1on antlgens afe thoUght to play 1n the 1nductlon of al_xﬁk;"

Wlde range of- immune reaet1ons (Kle1n and Hauptfeld 1976

McDev1tt et al 1976) Thus 1f ant1“Ipreglon anttbodaes 1n
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the ;ffeéts ka?nti:SRBC antibody on the subseqdent‘response
:to this antigeh, Ryder and SCthrtz determined the lesion ip
the suppressed mice to be in the macrophages, a result
consistent with central inhibjtion of this response. Both of
these studies focused on the iqtib&dy response rather than a
cell &ediated response; however, reborﬁs of antibody
mediated suppression of cell mediated,responses_have also
appeared (Axelrad and Rowley. 1968; other c;tations in

Fitch, 1975),

In several organ graft enhancement mohels, it has been
rqportéd that, with increasing time aftér the induction of
géhancement, it becomes progressively eagier to successfully
graft different donor strain tissues, culminating in that
most difficult graft. skin. Linder (1962) subsequent to an
ovarian graft, and Mullen et al. (1973a), T;oenes,(1975),
and Poole et al., (1976) subseduent to rat Kidney grafts,
all reported eventual success with donor strain skin gneffs
or, in the case of Poéle et al., (1976) entire rat hind leg
grafts. It might be concluded from these reports that with
time aftéq enhancgment induction, a maintenance phase sets
in during which alﬁost any donor gtrain tissue may be
grafted without rejection. This maintenance phase would be
mediatedvby the presence of an activity since enhanced
animals are ﬁesiétant to fh@ breaking of .the enhanced ~
condition (Batchelor et al., 1977). However in'many other
reports. in which enhancement of an organ graft has been

established for extended periods of time. it was found that
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no 1essen1ng of the response to donor stra1n alloantigens,
especially when presented on a skin graft, resulted (Stuart
et al., 1969; denk1ns and Woodruff, 1971; Fabfe and Morris,
1972b: Desi and Ruszk1ew1cz 1877). This unexpldined
discrepancy is yet another of the many contradictory

?

features reported about enhancement.-

Yet another way that central inhibﬁtion may be achieved
is by the intervention of anti-receptor ant1bod1es (ARA

section VI.5). ‘f% noted prev1ous]y, ARA have been assayed by

—

their effects on in vith and in yvivo tests; as yet no easy
and reliable direct assay for them exists. Their exi'stence
-and action have been inferred in a number of experimental

systems of organ grafting and graft-versus-host disease.

When live lymphocytes from one strain of rat or mouse
are given to another strain of rit or mouse under
circumstances in whieh the immun; system of the recipient is
unable to reject the donor lymphocytes (an F1 hybrid
recipient, a very young immunoincompetant host, or an
immunosuppressed host), the donor lymphocytes attack and

damage it (Grebe and Streilein. 1976). Several groups have

. Observed that in F1 hybrid rats recovering from a sublethal

v

S

GVH reaction, a second normally fully effective injection of
parental lymphoid cells fafls entirely to induce a GVH
reaction (field et al., 1967: Elves, 1973; Woodland and
Wilson, 1Q77), Conseduent to the first jncdmplete GVH

reaction. the It hybrid host has beéome resistant to a
A
)

v
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second GVH reaction. , . ' _ ' .

Using'sempm from such a recovered F1.hybrfd, Joller
(1972), McKearn et al., (1973), McKearn {1974),.Binz (1875),
Cauchi and Daw§6ﬁ/ﬂi1975) and Kinsky et al. , (1978) have,
‘all reported that upon passive transfer of th1s serum to F1
bhybr1d rec1p1ents of parental ce1ls, Lfhe resu1t1ng GVH '
reaction was con51derab1y diminished. The g1obu11n fract1on

of the serum contained this activity (Cauchi and Dawson,

1975) further suggesting that it was due to an ant ibody.

These antibodigs are thought to be directed against the
reéognition structures by which parental 1ymphocffes react
tp&F1 alloantigens. Such antibodies are postulated to
'pr;vent'pérental anti-F1 responses by combining with'the
cell surface recognition structuresl(Rgmseier and Lindemann
1975; Binz anid Wigze]l, 1976) . . ’ S

Not all reports of work with ARA ére positive. Using
ARA from Ramseier's 1aboratory, Lindah! (1972) was unable to
block the mixed 1ymphocyte react1on, Fitch and Ramse1er
(1976) were unable to block the in vitrg generation of
cytolytic 1-lymphocytes. Kinsky et al., (1978), although
able to inhibit an appropriate GVH reaction with thei} ARA
preparation, could not enhance the growth of a tumor of _
appropriate genotype. While Lucas and Enomoto((1973) N K
reported (in an abstract) that an ARA enhanced rat Kidhey
grafts, others have had difficulty confirming this

(Carpenter et al., 1976).



Vo1s1n (1971a b) has suggested that classical
'alloant1serum can enhance in the GVH situation. Here fhé
,ant1qu1es act not by enhanc1ng a graft frqm the immune
 response of the hoét but by'enhancing the host from the
,immun; responée of the grafted'celTs Several groups have.
found that pass1ve1y transferred ‘alloantibody can
‘.ispec1f1cal1y protect an F1 hybrid against parental GVH .
inducing lymphoid cells (Batche]or and Howardf,1965 Vo1s1n
ef‘al.; 1968; Voisin, ]972b{ Fink et al., 1974). Thus A
anti-B.antiserum given to an (AxB)F1 along with A lymphoid
cells reduced or preVehtgd a GVH reaction but had ho‘efféct

on the GVH reaction caused by B strain cells.

o | Two papeéers investigating GVH reactions‘noted a pecuiiar
result which will be discussed later in RESULTS: Fox (1962)
indubéd GVH reactions in chromosomally marked adult

' (CBA/T6XC57B1)F1 hybrids with }08,C57B1 spleen cells. Upon
chromosome analysis of the céf‘s in the spleen df the
recovered F1 hybrids, he found that all the cells in the
spleen, after 60 days, Qere of donor genétype. in another
strain combination, Batchelor and Howard (1965) also found
that a 1arge€gnjection of parentél spleen cells could lead
to a complete.takeover of the circulating red bléod cells of
the F1 hybrid. In this case, the F1 was protected or -
‘enhanced by parent anti-F1 serum at the time of cell
injection. One effect‘this serum may have had was to ajten

. the presentation of the F1 ciﬁpulatihg lymphoid cells, of
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.Knpwn'stimuTatory potency (see Section %II.1.Q), to the .

donor ‘lymphoid ceits; ekactty‘how the takeover of the F1

hemopoietic system was achieved was not determined.

With respect - to anti- receptor ant1bod1es especxatly,
firm conclus1ons are d1ff1cu1t to reach That the.graft-‘
versus-host reaction 1s unusually suscept1b1e to
'amel1orat1on by preparations believed to have ARA, as we]] oo

_as by more conventional alldhnt1body, seems estab11shed

Fcr organ graft enhancement a necéssary qbestton is
where ARA" would .come from pass1ve1y transferred parental -
anti-F1 ant1body enhances, as does a hybrldpma alloant1body,
ne1ther of whlch will conta1n any ARA (McKearn et al.

1979). For ARA to be present e1ther cells in the F1 ongan
"graft must produce it (and whether an F1 k1dney has endUgh
passenger cells and of the rlght spec1f1c1t1es to do this is
-not Known) or the ﬁRA must be produced by the host as a
'normal 1mmunoregulatory_component (derne,'1974, R1chter,..
1975), but in time to protect‘the organ'graft rather‘than.-
preventind’an excess response to it after'tt is already
doomedt‘dust how important ARA are in enhancement is'yery

hard to judge.

There are two models, both involving enhancement of rat.
heart allografts, tn which a suppressor'cell is.reported'to
participatewiTttney et al., 1978; Hendry et al., 1977 a,b;
Ha]l/ et al.,g197§)..1n‘one system, thymocytes obta1ned from

the.enhanced'gratt recipient are claimed to adoptively
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‘tFansfer'a degree ofHSpecific unreSponsiveness, bt these
thymocytes must be obta1ned at a very spec1f1c t1me after |
. enhancement .and graftIng. else they have no effect (Hendry
et al. 1979b) In the other model lymph node cells froms: -
.enhanced grafted rats are claimed to be able to delay
restoratton of al]ograft responS1veness in 1rrad1ated
rec1p1ents but the effect works only at certa1n effector:
cell/1nh1b1tory cell Pat1os In both models, a suppressor'
cel] may play some role, but 1t is duffwcu]t ‘to conc]ude
from these studies that the role of such a cell 1s a maJor

one.

Other ways enhan01ng antibody may 1nterfere central]y

'w1th the development of 1mmune respOnses have: been j
hypothes@ied.»One suggest1on is that,anttpody.tnterferes
with helper T-celllfunctton preventing‘them from inducing
vg;aft -destroying effeCtor cells (Batchelor and Welsh 1976;
Batchelor, 1978) Anoiher suggest1on is that antlbody..A |
comp lexed w1th graft ant1gen and perhaps aff1xed to
macrophages_ 1nter§cts w1th anttgen reactive cells and
induces. their opson1zat1on by the associated macrophages
(Hutch1nson and Zola. 1977 a, b 1978) The first hypothesis
does not psed1ct any loss of ant1 graft reactive cells,
merely their failure, mediated by ant1body, to become
activated; the second hypothes1s does pred1ct the eventua?
“elifmination of anti-graft react1ve cells: wﬁﬁch would result
‘-1n ‘a state 1nd1st1ngu1shable from tolerance. There is enough

eV1dence in the enhanCement 11terature to’ susta1n ei ther
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hypothes1s, although not to f1r6]y establ1sh e1ther one.

Q& b) Centra1 Inh1b1t10n ‘An Overv1ew . I

'vThatAantibody'cah act centralkﬁ to imbair an anti-tumor
or anti*gra% 1mmune .response is supported mos t effect1ve1y
by the stud1e ow1ng a reddgéd ab111ty of 1ympho1d cells '
from enhanced an1mals to respond aga1nst graft antvgens The
reservatlon noted by M1tch1son and Dube (195§a must be hoted

a3

agalh These experlments are done by measur1ng viVO

growth of the test tumor in the preserice of 1ympho1d cells

from the pretreated host. If ant1body form1ng ce]ls are part'—'

of the cell preparation, then enhanced growth of the tumor
ﬁ1ght result which could be 1ncorrectl{'1nterpreted as
lessened cell medlated react1v1ty The 1nh1b1tory act1v1ty
of cell preparatlons carefu]ly depleted of ant1body

secr ting cells has not been checked o
Much of the cons1derab1e d1ff1culty separat1ng afferent
fr central 1mpayrment der1ves from the fact that since
this impairment is graft spe01f1c it cannot properly be
1nduced before the t1ssue in question has, been grafted Once
graftlng is done, and there.ls ant1gen in the systemf the
poss1b111ty exists of forming antigen- antlbody complexes,

E\
wh1ch can travel v1a the bloodstream and lymphat1cs

(

throughout the host Whether the critical 1nteract1ons of
“antigen and ant1body with the cells of:the hos t. then occur
at or near the graft, or‘further,away becomes d1ff1cu1t to

-

.determ1ne.
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. Other Ways in wh1ch antlbody m1ght act lnclude |

? preferentlally act1ng on ant1gens wh1ch play an 1mportaht

role in ]ympho1d cell stimu]at1on such as Ia ant1gens or

| :ant2gens on helper T cells Ant1bod1es wtth act1v1ty aga1nst.
parenta] ant1-Ft‘receptor structures may play a role 1n .7
enhancement although the ev1dence at thns po1nt is. ne1ther .
d1rect nor anyth1ng c]ose to conclu51ve A suppressor cell

° may be 1nduced although the ev1dence #or this 1s not strong

Processing of ant1gens. or e;press1on of them on~macrophages

may - be alteded or cond1t1ons m1ght occur in wh1ch ant1gen !

react1ve ce]ls attemptlng to blnd ant1gen are dlvertéd and -

perhaps phagocytosed

and Schwartz (1969) show1ng that macrophages from antlbody -w
suppressed mice. are unable to present ant1gen to otherW1se fff
respons1ve lymphovd ce]]s' Interpretat1on of th1s work as )
pert1nent to organ graft enhancement?depends upon what ’
s1m11ar1t1es exist between the response ‘to sheep
erythrocytes, stud1ed by Ryder and Schwartz and the
response to an organ graft Wh1ﬂe antlbody can regu]ate the‘
subsequent ant1body response to SRBC, the problem confronted
by the rec1p1ent of an organ graft is to_regutate,the cell
med1ated response to 1ts alloantigens. Comparisons of- such
diverse types of work .on 1mmunoregu1atxon mus t be made with

great caution. o - ."
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ViII;'ﬁarabEOSisJand ProiecttRationale | C I %3'.1

Prolonged sunv1yal of fore1gn t1ssue can be ach1eved 1n‘

5 adult an1mals by prior exposure of the rec1p1ent to donor
type ant1gens (act1ve enhancement) pa;s1ve transfer of ,r

‘ ant1-donor ant1body (pass1ve‘enhancementl and somet1mes
both procedures comblned Another techn1que whlch has been~
used to induce a measure of unrespons1veness to t1ssue
alloant1gens is the physical Jo1n1ng of two ent1re an1mals
1n°parab1os1s,,th1s exposes the 1mmune system of each
partner to very large amounts of ant1gen fgom the other -
(N1sbe1 . 1873; F1nnerty, 1952) . When ‘two an1mals (commonly

mice or rats) are Jo1ned in parab1os1s, cross exchange
between the c1rculatory s‘ipems of. the two partners is
establ1shed allow1ng ant1gen exchange Then a cur1ous and
not yet fully understood hemodynam1c alterat1on namely
polycythem1a in one partner and anemia in the other often-
begfhs After. 7-10 days, the effects of 1mmunogenetic
d1fferences, in those pairs which 1ncorporate ant1genlc
d1fference§. espec1ally at H-2 or Rti1.A, become promwnent
Most ogmmonly, the death of one or both partners, og the
complete biological isolation of each partner from the

other intervenes by 2 to 4 weeks after 301n1ng

In those strain combinations in which some fraction of
the pairs surv1ves a new set -of sequelae is seen.
Frequently, cells from one partner can colonize the spleen

of the other partner This can happen in parent*plus-F1-
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,hybr1d comb1nat10ns and can vary cons1derab1y w1th the
~.strains. involved. Flna]]y,ﬁa number of ‘reports (Rub1n, 1959;
Mar tinez, et'a]u, 1966a, b, -1961'-McBridehand Simonsonv_ : !
'1965) indicate that unrespons1veness to alloantigens of oneJh
":partner can be 1nduced in the 1mmune system of the other f ;
, partner and a few reports even raise the spectre of ' / d
i) ]og1ca1 enhancement to partly account for. th1s (Rué1pi

19 cBr1de and S1monson 1965). . L s . |

The cross exchange ‘between partner c1rculat1ons in
, parab10$1s is established qu1cK1y Us1ng 1sotope labeled red
blood ¢ells and serum protelns Bichel and Holm- densen k,
' 41949) B1nhammer and Hull (1962) and Sodicoff and B1nhammer_
(1964) determ1ned that in syngeneic rat and mouse
parab1onts cross c1rcu1at1on was detectable as early as 2
‘days after, parab1os1s, 1ncreas1ng thereafter to unhindered
values. In non- syngeneic pairs, cross c1rcu1at1on was
established Just as - quickly but Never'enjoyed.the un1mpeded
flow seen in syngeneic pairs (McBride and Simonsen, 1965).
 Others had earlier shown that cross c1rcu1at10n extended to
c1rculat1ng leukemia cells (Furth et al., 1840) and to anti-
tumor resistance, presumably ant1bod1es,(Harris, 1943; Falls
.and Kirschbaum, 1953)..Thu$ oncé cross exchange was
established, both.cellular and‘humoralltraffic was aJlowed,

at least for a while.

A conbequence of th1s exchange often seen with

parab1onts 1ncompat1b]e for H-2 or Rt1.4 ant1gens is a

BRS:)
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!cythemia in one p rtner and anemia 1n the other. This

sgn romefis most ofte noted when a parental strain partner
is parabiosed with an H-2 semi-incompatible F1 hybrid (of
'Uhe typq A plus (AxB F1 where A and B are two strains’v §
: ﬁifﬂeriTg at H-2); t e parental partner mos t Often becomes J.
pLchythemic. the Fi1. partner anemié In this genetic
arrangement , the parental partner treats the F1 as a foreign
: graFt;and responds to it; the F1 cannot respond back. The
.anemia can become more severe with time until the F1 dies.
Numerous studies haVe(sUggested‘explanations ranging from
immune hemolysis of F1 . RBC iChute and Sommers, 1952) to some
variety of. selective trapping of F1 RBC in the parenta]
partner wi'th these cells for some reason being unable to"
return (MacGillivray and Tokuda,'1962 Tokuda and
'Macﬁillivray, 1982) Still others have suggested that
immuno]ogy is notsinitially,invoived at all, that'the
anemia—polycythemia'refiects some intrinsic-physiological
process (Eichwald et aT;,_iQGO. 1961; Hilgard et al., 1963,
1964)°‘on1y after 1-2 weeks of parabiosis, after an immune
response has begun, does the anemia polycythemia reflect
immune processes What all reports agree on is that somehow
there is unequal distribution of the total blood mass within
a pairuof parent-pius4Fi hyorid parabionts, preferentially
to the parental strain partner.'Thatimmunological\\ '/:.
differences become important after 1-2 weekks is not /
.disputed: it is the importance of these d fferences

initially that has been contzoversiai (H&11 and Hall, 1956;




1957).

-

Agnore obv1ous conseduence of the- parabioSis of
genetically 1ncompat1b1e parent and F1 hybrid animals is a
comp lex syndrome called "parab1051s 1ntox1cation (Nisbet

1973). Most often 1t is the F1 partner that fai]s victim to
| this process, dying in 2 4. weeks with some variation ’
depending on the strains 1nvoived. The exact relationship of

the anemia-polybythemia'to this intoXication is not clear;

. . . - : ' g
anemia-polyc emia can occur in the absence of H-2

differences ar _the presence of an H-2 difference does not .

guarantee anemia-pd&ycythemia (Eichwald et al., 1963) The

artificial "cure" of the F1 anemia with transfus1ons of
whole F1 blood does not 51gn1f1cant1y reduce the mortality
due to parab1051s intoxication (Cornelius and Martinez,

1965).

The'pathology of parabiosis intoxication ia
characteristic. Besides the Fi anemia and parental
bdiycythemia, there is in the F1 partner‘a lymphocytopenia,
granulocytopenia. reduction in marrow celfﬁlarity, thymic
atrophy,. occasionatl iiver Kidney, and skin 1e51ons,
moderate splenomegaly, and curiously an increased
.reticuloeyte count (Cornelius et al., 1967; Corneiiusvet.
al., 196é' Kitamura et al., 1969; Jurin and Al]egretti
1870). The po]ycythemic parental partner in contrast to the
F1, doea not show 1ymphocytopen1a or marrow hypoce]lularity;n

it does show the splenomegaly (Kitamura et al., 1969).
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. What this 1ntox1cat1on closely resembles as was first <
suggested by B1ll1ngham (1959) on gross morphologlcal o
grounds, is a graft-versus-host react1on deraved from the
‘recogn1tlon of the fore1gn alloant1gens of the Fl partner by
the parent partner That the Jo1n1ng of presens1t1zed y
parental mice to F1 partners of appropr1ate target genotype
can result in'a quicker and more severe 1ntox1cat10n
strengthens th1s 1nterpretat1on (McBr1de et al .'1957;
‘Cornelius, 1968 dur1n -and Allegrett1‘ 1970). Also,y?f'

intoxication is not seen in syngenerc pairs,

A

Since F1nnerty and’ Panos - (1954) observed that _n‘(”

parab1onts of l1ttermate rats frequently never developed

parabiosis 1ntox1cat1on as Judged by polycythem1a anem1a
| whereas non- l1ttermate rat parab1onts usualfy d1d develop
it, the role of 1mmunogenet1—\dlfferences has recetved much
attention. Much work has congistently shown that the weaker .
the 1mmunogenet1c d1fference§:hncorporated into the. ;
parab1os1s the less severe the 1ntOX1catlon and, often, the )
longpr the parabionts w/ll Tive. Th1s is stnongly .

‘a

rem1n1scent of H1ldemann s general1zat10n (H1ldemann and\\ s
- Mullen, 1973 see Sect1on V 2) on K1dney graft enhancement |
H-2 d1fferences play the most important role (E1chW’/d et

al.} 1959; Mart1nez 1960a Leonard, 1964 McBr1de et al

1967.; N1sbet and Edwards, 1973) Also rem1n1scent of _
enhancement is that, Judged by prolonged surv1val a fully

allogeneic graft or parab1ont partner is less successful
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than an F1 hybrid graft or partner (Eichwald et al., 1959
and\fee Section V.2). Stra1n asymmetries exist in parab1os1s
as welT (Mart1nez et al. 1960a Nisbet and Edwards. 1973,
and see Section V.3) with one parent respondihg less
strongly to a given F1 hybrid partner than the other parent
of that Fi.
N

The objective of several studies using parabiosir of
adult parent strain and aault r hvbrkd mice has been tn
induce immunological tolerancre, i% the parental str%in |
partner, to the alloantigens of the F1 partner. Rubin (19RQ9)
reported in one gfréih combination that unresponsiveness
resylted in M0% of his parabionts. Martinez, et. al.,
(1960a, b, 1961} were able to inguce permanent skin graft
unresponsiveness by parpht-Fl parahiosis: the legs the
thmbatibility‘betwanh parent and Fl; the more successfi)
were the eventual F1 skin grafts to the parental partner
They also found that the barahio;;= had to he maipntained feu
a certain minimum length ~f time (generally 20 déyc) for
“tolerance” to be inacéed (Mar tiner ot al., 1G60b). The
mechaniem of thie i esponsiveness was never ascertained: %'
appeared to be tran-ferrable with spleen cells (Mavtinei,
et. al., 1961, also Nisbet, 1971) to neonatal mice syngenein
with the parental parabiont. However the methodology of
these experiments did not exclude anti 1 antibody'forming
cells from being in the transferred inoculum. Fwnally the

antigenic digparity bptwoen parent and F1 was not a full H-2?

diffarence, only an H 2D end difference, knofin not tm be as



95
strong (Section Vv.3: MEKenzie and Snell, 1973; Nisbet and
Edwards; 1973). Thaf immunological enhancement might have
played a role in several unresponsive states induced by
parent-F1 hybrid parabiésis, and one Rt1.A compatible rat
véscular cross-cichlatiop system (DiMéFco et al., 1971) in
which skin graft prolbﬁgation was inducéd. was advanced by #
number of authors (Rubin, 1959: McBride and Simonsen, 1965:
Nishet, 1973). '

7
L . /
It is repeatedly observed, ir F1 mice suffering from

parabinsis intoxicatiqn,‘That a high proportion of the cells
in the 1 spleen are pérehfaB in origin. The majority of
these studies (Nakic et all771966: Nisbet. 1967, 1971)
Utilize the 16 chromosome marker: this marker e detectable
in dividing cells oniy and thus these studies can only
detect dividing T6-marked donor cells in the Fi spleen or
peripheral blood (Nisbet. 1971). McBride and Simonsen (1985%)
vsed direct Cvtptovic tééts with appropriate antisera and

.

complement to vhow that after 3 to 1 weels of parabiosis,
only m;rental strain cells were present in the 71 spleen.
This takeover was noted before in two graft-versus-host
modele ([ov, 10R2: Batchelor and Howard. 1965). Although
Naliic. et al.. (1961) had nated that such a takeover of fhe

F1 spleen by parental cells was theoretically possible,

these experiments were the first demonstration of it.

What causes the occasional unresponsiveness seen in

parabinsed parent-F1 mige? The possibilities considered

.
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range from enhancement (Rubinb 1959; McBride and Simohsen,
1965) to classical tolerance (Martinez et.al., 1960b, 1961),
to sheer antigenic ovéb]oad (Nisbet, 1973).,Another
;ossibility is"a suppressor cell (Sloane et al., 1976): the
studies in which uﬁresponsiveness was transferred from
parental partneﬁs to neonatal syngeneic mice with'spleeh
cells onld seem initié]ly to support this (Martinez, et.
al.. 1961; Nisbetl 1971). Only one étudy. that of McBride
and Simonsen (1965), analyzed whether parabionts had
antibody. They found that in all of their C3H (H-2k) plus
(C3H x ST/A)F1 (H-2Kk x H-2b) parabionts, both the parental
and F1 partners had anti-H-2b anfibody; this antibod; was
hemagg]utinat{ng, present in high)titers fong éfter
parabiosis had been done, (up tb“120 days) but was not
cytotoxic for ST/A target cells: In this study 65% of the F1
hybrid partners had died by 5 weeks after parabiosis and
subsequent morta]it; was not mentioned. If this antibody was
important to the survival of these parabionts, then
simila;ifies between thém and "rlassically” enhanced mice
wou ld Ge important to Jook for. Yet another possibility that
can be suggested. in light of the takeover, is that the 1
partner is "cleansed” of immunostimulatory passenger

lymphocytes .

Rubin (1959) had reported a 40% long term survival rate
for DBA/2J (H-2d) plus (DBA/2J x C3H/HeJ)F1 (H-2d x H-2k)
parabionts. Fufthermore, the parental partner became

tolerant of C3H/Hed or F1 skin grafts but there were
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ind%cations thdt this tolerance was not stable. If skin was

. graftedvat the time of, or immediately after, the |
termination. of the parabiosis, it showed prolonged. survival :
buf.eventually began to be rejected. Shaw et al., (1974)
?epeated and confirmed these obServatioh§'and added the
inforﬁation that the in vitro MLR test bétween parabiont
spleer cells and normal C3H/Hed spleen cells remained

positivé,-despite the state of i

Vivo unresponsiveness.

This suggested that the state of unresponsiveness in
'parabiont mice.of thys strain combination was nof similar to’
that seen with neona:gﬁly tolerant. mice. The suggestion was
also advanced by Shaw et al., (1974) that the F1 parabiont
spleen was colonized by parentéT cells and that these cells
remained immunocompetant; this extended McBride and
Simonsen’s (1965) observation of spleen cell takeover to

include the retention of function.

Thus_DBA/Qd-p]us~(DBAA2d x C3H/HeJU)F1 parabionts
pfesented two uﬁexb1ained characteristics: anti-F1 immuno
recognition was retained although no obvious harm to the F1
was done by it and, parental cells were hypothesized to be
able to actually rep]ace the immune system, at least as
judgéd by the behavior of the spleen in vitro, of the F1
partner. These two facets, the unresponsiveness, and the
takeover, were selected for detailed study. The intention of
this project was to define more carefully the range of." .
retained immune reactivitiés in the»parab%onts,_wﬁether both

partners retained them, whether subregions within the H-2
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complex of the “tahget“ mouse (the Ft) were critical, and,”
as the prOJect developed, whether the unrespons1veness could‘
' be accounted for,on the basis of a suppressor cell, or akin
to enhancement, whether an antibody was important.aA secdndv
and parallel investigation focused'on the takeover.process;
did itfextend.te ihe;circulatfng,redfee]lesystem as well as
the Jymphoid system, could it be'shown direcffy as Qell as
funct1ona11y, and “in add1t1on what relat1onsh1p. if any,
d1d the presence of parental 1mmunocompetence against the F1
partner have in tr1gger1ng the taReover process. It will be
the assertion at the end that 1mmunolog1cal enhancement may
play the cruc1al role in parabiont: tolerance in this strain

14

combination.



_ MATERIALS AND METAQDS. o B

Mice BALB/CCR (H-2d), DBA/2J (H-2d), C3H/Hed. (H-2K), CBA/Y
\(H;ZK) CBA/Cad (derlved from CBA/H H- 2K) C3H. NBSn (H- 2p)
and C3H.SWSn (H-2b) were obtained from The daékson
Laboratory, Bar Harbor Maqne and ma1nta1ned as’ ped1gree
l1nes in our mouse colony (Légoratory An1mal Breed1ng Uni-t,
‘Ellerslle Exper1menta] Stat1on, El]ers11e Alberta) except
for C3H.NBSNn which was maintdined in the Dentistry- Pharmacy ’
An1ma1 Breeding Unit at the Un1vers1ty of A]berta Breeding
stock of C3H. A/Ha (H-2a) and C3H. OH/Ha (H-2°2) were obta1ned
from Dr. T.S. Hauschka (whom we gratefully acknow]edge) at
the Roswe]l Park Memor1a] Inst1tute, Buffalo New York. The
(iiﬁpA and C3H.O0H stra1ns have been ma1nta1ned since’ by the
/Dent1stry Pharmacy An1ma1 Breeding Un1t H- 2 GPI- 1, and. Mls

genotypes are given in Table 1. F1 hybrids were bred as
needed | k " -

Ant1sera An antiserum to C3H/Hed (H- 2k) was ra1sed in’
(DBA/2d x C3H.SWSn)F1 (H-2d x H- 2b) mice w1th a series of
weekly 1ntraper1toneal 1nJectlons of C3H/Hed sp]een cells.
This ant1serum, ‘after ‘absorption with (DBA/2d x C3H. SWSn)F1
packed spleen cells, had a cytotoxic t1ter aga1nst C3H/Hed
of 1:723. Selected, nontoxic rabbit sera were used as
sources,of compiement.‘ |

CBA/J anti-L1210‘(a-leukemia.syngeneic;tc DBA/2J) was

¥

T
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TABLE 1

H-2, GPI-1, AND MLS GENOTYPES OF MICE USED IN THIS STUDY.

H-2 - . S GPI-1 Mls

el R i L P A Ry R

DBA/2  d d d, d d4 d d d d. a 1

C3H/Hed . k Kk k- Kk K Kk K K° k- b 3
(DBA/2d x . S e
- C3H/Hed)F1 d/k d/k d/K d/k. ‘d/K d/Kk d/k d/k d/k a/b 1/
CHNE ° p p p p .p p p p P b 3
C3H.A Kk k Kk K Kk d d d 4 b 3
C3H.OH d d d d d d d d k b 3
CaH. S b b b b b b b b b b 3
CCBA/Y K kK K' kK K K Kk K K b 4
© CBA/Cau K-k kK Kk Kk K kK K b 2
"'BALB/coR d d d d d d:d d d a2
5).

(Refenencesf Freed, et. al., 1976;,K]eih, 197

| used as an'anti;H;2d ahtiserum Its cytotox1c t1ter was
1000 Its feact1v1t91to a panel of C3H congen1c m1ce

1nd1cated that the ant1serum was dJrected sole]y“agajnst

broducts of'the‘H-2HCOmb1eX'(unpublished observations). Both

ahtisera were used at a dilution of 1:50.

Hybr idoma- Derived Monoclqnal Ant1 H- 2K(k) The 11-4.1

hybr1doma ce]l 11ne orlg1nating in the 1aboratory of Dr

L.A. Herzenberg (Stanford Un1ven51ty School of Med101ne,
Stanford California), was @bta1néd from The Salk Cell
D1str1but1on Center, La Jolla, Cal1forn1a It secretes an

IgG2a ant1body, reactive with H- 2K(k) but’ not H 2K(d)

-~
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antigen bear ing cells‘(Oi} et al' 1978) FurtPer

| charactertzat1on 1s described in Wegmann ett al., (1979)
[

Raw asc1tes flu1d from BALB/cCR mite in wh1ch this hybr1doma

was growlng. was used: dlrectly, 1t was the K1nd gift of Dr.

T.R. Mosmann

Tumors Two tUmors were used for some of the expertments

" descr1bed The RI leukem1a (H-2K, -and. see 011votto and

Bomford 1974) and the L1210 leukemia (H-2d) were
ma1nta1ned 1n asc1tes form, by serta] weekly passage in
C3H/Hed and (BALB/cCR x DBA/2d)F1 ‘mice respecttvely "The RI
tumor,or1gtnated-1n a CBA/H mouse but was passaged more than
25 times through C3H/HeJ mice before use Weekly passage of
1-5 x 106 tumor cells.was done in Phosphate Buffered Sal1ne |
(PBS). ' | ‘

Parab1os1s Parabiosis (F1gure 1) was performed as prev1ously
. descr ibed {Bunster and Meyer 1933 Shaw et. al:; 1974)

- except that tail skin graft1ng was not routlnely performed
At the t1me of parab1os1s, all animals were age sex, and
size matched as closely as p0551b1e with part1cular emphas1s
given to size match1ng, the mice were 10 weeks of age or
older when Jo1ned Both male and female pa1rs were used.

Only parab1onts that had surv1ved for more than 100 days
were used for most of the expertments descrlbed In mos t
pa1rs studles, the complete takeover of the F.1 hybrtd
partner s red blood cell’ system by parental cells was
confirmed by starch gel electrophoretlc ana1y1s of. red blood

.cell lysates for 1sozymes of glucose pJosphate 1somerase
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Figure 1.

'DBA/2J (H-2d, on the right in this photograph) plus
(DBA/2J x C3H/Hed)F1 (H-2d x H-2K: here, oh the left) .
parabiosed mice. These mice have been in parabiosis for more
than 100 days. S ) : 2
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(E.C. 5.3. 9) as descr1bed below Th1s takeover is
character1st1c of all successful parab10nts of our most
studied strain comb1nat1on DBA/2d‘p1us (DBA/2J x
C3H/Hed)F1

Hematocr it Determinations

Undé¢ light Penthrane (methoxy fluorane, N. F Abbott
Laborator1es Montreal Quebec Canada) anaesthesia, m1ce
T were b]ed from the retro- orb1ta1 sinus into micro hematocrit
tubes (Yankee #1020, C]ayﬂAdams New Jersey), which were
plugged ‘at one end with Cr1tosea] (Clay-Adams, New Jersey)"
and spun in a hematocr1t centrifuge for 10 m1nutes (mode 1
MB,'Internat1ona1 Equipment.Co.;_Needham, Mass.). The
proportion of }ed h]dod eells was then defermined by direct
measurement . | -

Red Blood Cell Lysates and Starch Gel Electrdphores1s for

Isg;ymes of Glucose Phosphate Isomerase

<

DBA/2J differs at the GPI-1 locus from all of our
straine of 1C3H as well as both strains of CBA (DeLorenzo and
Ruddle, 1969 and Table 1). The GPI-1a allele, carried by |
DBA/2d determines a form of the enzyme glucose phosphate.
isomerase (E.C. 5. 3 1. 9)'wh1ch migrates more slowly towards
the cathode on starch gel -electrophoresis ‘at pH 6.2. The C3H
.and CBA stra1ns carry the GPI-1b allele wh1ch determ1nes a
more rapldly m1grat1ng form F1 hybr1ds‘(GPI-1a/GPI-1b
heterozygotes) display an 1ntermedfate hand along with the

'two parehtal bands. In artifidia] DBA:F1 mixtures, we can
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tdetect the presence of F1 enzyme if 1t is not less than 10%

of the m1xture

For the preparatipn"Of RBC lysates, blood was obtained
from the retro-orbital sinus, washed twice in PBS, and the
packed red cells lysedlwith'disttlhed water (1:1 v/v)i'This
lysate was centr1fuged in a Beckman 152 microfuge for 5

m1nutes and the supernatant al1quoted and frozen at ~80 C

‘ ,unt1<w/nalyzed.

The conditions of starch ge] electrophoresis were
essent1a11y those of Chapman, et. al., (1971) with s]1ght
modifications. Lysates were run fdr 4.hours, in the cold, at
h130(— 150 volts DC acrosés plastic tanks filled with tris-

q;tric acid running bpffer (2.4% w/v Tris base, 2.6% w/v
| citric acid, adJusted to pH 6.2 with 12N HF] . The glucose
phosphate isomerase patterns were then developed with the
specific act1v1ty stain (Chapman-et. al., 1971).

Bone Marrow Chimeras Mouse bone marrow chimeras were

produced essentially by the technique of.Sprent, et: al.,
(1975). We Jbserved high survival of the chimeras if the
bone marrow inoculum was depleteé of debris and deaﬂ cells,
folldWing\the antt-Thy-1 (the Kind gtft of Dr. Chiaki *
Shiozawa) and complement treatment by centrﬁfué tion on a
Ficoll-Hypaque gradient before 1n3ect1on into the\\ethally
irradiated recipients. The F1cq}1 Hypaque gradient

centrifugation was performed exactly as described in Pope,

et. al., (1976) for spleen’cellei A1l chimeras were made by
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inﬁecting 107 antf-Thy-1 treated'DBA/Zd bone marrow cells.
into (DBA/2J x'CBH/Hed¥F1 hybrids. Prior to bone marrow
reconstitution, the recipients were irradiated with 850 Rads
of whole body irradiatfon deiiVered at the rate of'1b0 Rads
per m1nute, from a 137Cesxum source (Gamma Cell 40, Atomic
_Energy of Canada Ltd.) - _
Fetal L1ver Chimeras These chimeras were made by 1nJect1ng
07 10-13 day old DBA/2d fetal 11ver ce]]s in Liebovitz
gedwum (G1BCO, L-15) into 900 Rad 1rrad1ated (DBA/2d X

‘C3H/HeJ)F1 (H- 2d X H-2K) oF, (DBA/2d X C3H NBsnﬂF1 (H-2d x H-
2p) mfcé approx1mate1y 16 months before use. These mice -
share the 1mmunologlca1 character1st1cs of bone marrow

’ chimera mice. and are easier . to make . b

Injection Chimeras These chimeras were made by 1nJect1ng

about 500 x 108 parental strain sp]een cel]s, suspended in
Liebovitz medium at 250 x 106 cells per ml. into adult Hr2
incompatible F1 hybrids. Most commonly, DBA/2J cells were
injected into (DBA/2J x C3H/Hed)F1 mice but occasionally
other parent -F 1 combinatiqns_were used. The F1 hybrids were
untreated adults general]y;é months of age or older. 0.1 m]}
heparin {Hepalean, Heparin sodtum, Harhis Laboragpries.
Toronto, Ontario DIN 338575, 1000 units per mi diluted 1:10
in saline) was injected i.p. immediately before i.v.

injection of spfeen cells.

g

Cell Med1ated Cytotoxicity These assays were don’ accordmg
to the method of Brunner. et aﬂ., (1968) with several

mod1f1cations. Briefly, for direct assay of splenic cell
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cytotoxicity, spleens from both parent and F1 partners; in
parab1os1s for more théﬁ 100 days, were removed into
L1ebov1tz med1um (GIBCO -15) supplemented with 10% heat
inactivated Fetal Calf Serum (FCS, CIBCO). Single cell
suspensions were"prepared by‘gentlyppressing the spleens
through metal screens; the debris and cell clumps were
removed by allowing them to seftle for 7 minutes. The |
remaining cells were then washed once or twice in Liebovitz
medium by centrifugation at 1100 rpm for 7.5 minutes. After
. a final centrifugation step, the cells were resuspended at a
concentration of 2 x 106 cells per mI 1n quhell ~Dut ton

medium (Mishell and Dutton 1867) .

Eagles'vMinimal Essential Medium (MEM) was' made and
supplemented w1th 10% heat 1nact1vated fetal calf serum,.
sodium pyruvate (10 mid per ltter of a 100 mM stock, Flow
Laboratories, cat. no. 16-820-49), Pen-Strep (1 ml of a
10,000 unit per ml stock, GIBCO, #514) and sodium
bicarbonate (0.35%). Before use, this medium'Was neutralized
to about pH 7.4 with €02 gas and ster1l17ed by fwltratlon

through a Millipore apparatus.

The target cells were sp leen lymphOCytes made up in MEM
with supplements, at a concentration of 15 x 106 cells per.,
ml, stimulated with phytohemagglutinin (PHA, Wellcome .-

_ Research Laboratofies Beckenham England) at a final
dilution of 1:50. One ml of these cells was placed in the

dinner compartment of a Marbrook apparatus (Marbrook, 1967,
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as modified by Diener and Armstrong, 1967) with B0 mls of
supplementa] MEM as a reservoir of nutrients. Thjis was‘ |
1ncubated at 37°C in a 10% Co2 1ncubator at 95% rumidity'for
two days. Generally four flasks were set up\for each set of

targets.

After PHA stimulation, the target cells were harvested
and washed once in MEM. § x‘105'cells were concentrated,into .

0.5 ml of MEMf;To phds was added 100 microcuries|of Na5‘CﬁO4

(New Englkand Nuclear); this was . incubated for 50 minutes,
washed 3 times in MEM ana adjusted to 5 x 105 cellls per ml.
01 ml of this suspension wae added to a 12 x 75/ mm test
tube (CahlaE T1290-3) conta1n1ng 2.5 mis of cells (5 x 106
‘ cells) whose cytotOX1c1ty was beé 1ng assessed. Th{s
suspen51on was d1v1ded into 5 tubes of O.S'mls'ea¢h; end
incubated at 37°C for B hours Then 1 ml of an 0. ﬁ%m
suspensxon of sheep erythrocytes in Mishel1-Dutton medium
was added to each tube. After brief agitation, the.tubes
were centrifuged at 1100 rpm for 7 minutes, and 1 m) of the
supernafant from each tube transferred to a fresh test tube,
which was then counted.for gammairradation in a Packard
Autogamma Spectrometer Mode] §B62 (Packard Instruments of

Canada, Montreal, Quebec).

Both spontaneous release (5!Cr labeled target cells
with no added responder cells) and freeze-thaw release (51Cr
labeled target cells frozen and thawed three times)-were

included in every experiment®®
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For ASSaying\the in vitro development of cytotdxicify.'
spleen ce]]s‘were prepared under éterile conditions in
supp lemented MEM as before. but at a concentration of 15 x
\10‘ éells per ml. Stimylator spleen cells, usually from a
domor mouse given 950 Rads of irradiation, were preparea
exactly ag described for responder lymphocytes, in
supnlemeﬁ'ed MEM at a final call concentration of 20 v 10°F
per ml. 1 ml of responder cel) suépension plus 0.1 ml of
stimulator cel) suspencion was added in the inner
compartment of modified Marbrook flasks'with ébgbt 50 mle nf
supp lemented MEM in the reservoir. Usually each tvpe of
culture consistéd nf four ;Qch flasks. These were incubated
at 37°C for & d;ys. harvested by pooling flasks of each

group, and aeeayed for ' Cr release as deecr jhed

The pearcent npecific§19]°a¢° wae rcaleylated frnﬁ the

A
{
formulas e /

X (mean experimental release) - SR (spontaneous reledse)

F' (mean freeze thaw release) SR (epontaneous releasge)

e Exclusion Cytotoxicity Tests These were done according
to the methnd nf BRryge., et. 2l ‘, ‘7.(;1064) as mr’vdi”e% bv
Carleson and lTerres (1976) except that | iebovitr medium wae
used instead of medium 199. Wast often. spleen cell targets
were used. harvested as described (Boyse, et. al.. 1964)
including a 5 minute incubation at 37°C in 0.83% NH4AC] to
lyse contaminating erythrocytes (Boyle, 1968) For some

testre, timor celle were need for targets: for this purpose,
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1-5 x 107 tumor cells (either RI or L1210) weré injected
i.p. (into either C3H/HeJ or (BALB/cCR *‘DBA/ZJ)F1 mice
respective]y)..This resulted, two days{léter, in a p]eﬁtiful
supply of tumor cell targets'without significant hosf’red
_blood cell contaminations)For the cytotoxic titration, tumor
ée}ls“éére harvested in Liebovitz medium containing 0. 1%

gelatin.

Local Graft-vérus‘Host Assays

2

The popliteal lymph node entargement assay for loc;f
GVH reactivity was used (Twist and Barnes, 1973; Binz,
1975). The parabiont doﬁors of cells for these experiments
ranged from 113 to 254 days duration in parabiosis. No
influehce of the duration of parabiosis'on GVH,reqétivity
'was observed. The right rear footpads of appropriate ?1
hybr ids received injections of 1.5 x 107 parabiont spleen
cells (or, for positive controls, normal DBA/2J spleen
cells), and the left rear footpads received an equal number
of appropriate normal F1 spleen cells. The spleen cells were
administered in 0.05 ml Liebovitz medium to each footpad.
Seven days later, both footpads were injected with 0.05 mi
of 5% Trypan Blue dye in saline. The popliteal lymph nodes
were removed and weighed, and a weight ®#atio (right/left)
obtained. N

Adoptive Transfers DBA/2J mice (5/group)-bf both sexes were

irradiated with 850 R at the rate of 100 R per minute and
reconstituted one day after irradiation .with normal DBA/2J

spleen cells, or barabioht spleen cells pooled from the

\
\._
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pareﬁi and F} partners. The standard reconstitution was 107
ce]]s.i; 0.5 cc of Liebovitz medium, injected i.v. .In those
groups to be stimulated ;ith C3H/Hed a116antigéns, 107
irradiated- (1200 R) C3H/Heu $b1een cells were injected i.p.
at the time of restoration with DBA/2J or parabiont ce]lst
Five days later, the ''3'I-labeled tumor cells were injected
i.p. and monitoring of the response was begun. |

Tumor Labeling and In Vitro Monitoring of Alloimmunity The

origfn and maintenance of the RI tumor (derived froﬁ)CBA/H.
(H-2K), but maintained in C3H/HeJ for more than 25 passages)
have been'deécribéd (D1ivotto and Bomford, 1874). It was
used heﬁe.to monftor immunity to- H-2k transp]aﬁtatién
éntigens; The method has been previously described (Hofer,
et. al., 1969{ Forman et. al., 1972; Terres, et. al., 1960).
Briefly, 10¢ RI tumor celJé were injected i.p. into a
C3H/HeJ mouse 6 days.prior to ﬁabeling.-Then the RI tumor
was labeled in vivo by i.p. injectién of 70-100uCiﬂof ‘3‘i-
iododeoxyuridine (‘3‘I—IUdR) 2-4 hours befoﬁe harvest. After
harvesting and washing, in Earles’ BalancedlSalt Solution
(EBSS, Cat. no. K-11, GIBCO, New York), 106 cells containing
approximately 50,000 cpm of}‘3‘IJ were injected i.p. in a
volume of 0.2 cc of EBSS ihfo the experimental mice. The
mice were restrained in tubes and counted daily in a Beckmaﬁ
Qa_inma 300 Nal crystal scinti,l]atior?counter with the
elevator in the low position.. Ad1 mice injected with labeled
tumor ceils were maintained on drinking water with 0.1% Nal

(w:v) to minimize thyroid uptake of radioactive iodine

o
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(
(Terres, et. ala,:1960)f Individﬁal mice were gamma-counted
after injectioh-of'the‘labeléd tumoricélls to detEPmipe;the
initial amount of injected,radiOactivity (100% for day 0 in

the Figures) and daily'thereaffer.

Since intact parabiont péﬁrs cannot be‘whole-bddy
- counted in the Gamma 300, they were injected i.p. with 106
'371-tumor cells (106 cells into each partner) ahd set aside
for three days; On the third day, tHe parabionts were
sacrificéd, separated, and each partneflcounted.'The percent
retention of 13'] was calculated;using the average day 0
counts of the control mice acéording to the formula:"
[parabiont cpm] x [isotope decay.corhection] 4
" mean of day 0 cpm of contrel mice o
When tumorlﬁlearance data are éiQen as the percenp of
tumor Killed, fhese valuesvare calculated according to the
formula: |
(c - x)/c
where ¢ is the percenf of '311-Rl retained in thé control
nonimmune gfoup and x is the percent retained’ in fhe

experimental group or individual.

The vaifdity of ths ﬁethod for assess%ng in vivo
immunity has been shown (Carlson and.Terres, 18976; Hofer,
et. al., 1969; Forman, et. al., 1972; Tgcres, et. al.,
1960). . | : | -
Skin Grafting: Flank skin gra%ts were done as déscribed‘by

Baldwin et. al., (1973).




) RESULTS

1. Hemafolgg' COnseggences of Parab1051$

1. Red Blood Cell Takeover '

Red b]ood'cellllysates haVe'bEen.analyzed from many
DBA/2J and (DBA/2J x C3H/hedﬂF1.parabionts. together for
more than 100 days. These lysates’ were examined by starch
gel electrophoresis.. ‘Using artificial m1xtures, the
sens1t1v1ty of the starch gel technigue was such that the“
C3H component of the" F1 GPI oould eas11y be detected in%
lysate mix that was 90% DBA/2Y. and 10% F1. At the 10% level
of resolution none of the’ lysates from DBA/2y parab1onts
Had any detectable F1 GPI. F1gure 2. shows - the band1ng
pattern obtained with lysates from three representat1ve F1
parablonts a normal DBA/2J, a normal F1, and an art1f1c1al
1 1 DBA/2d and F1 m1xture The three F1 parabdonts dep1cted
here showed only DBA/2J-type GPI activity, and the same was 7

found Eg,be~true for all of 22 F1 ‘parabionts tested.

In»generat th1s takeover process required between six
and nine weeks to complete. In two pa1rs in wh1ch the - DBA/2d
partners died at 5 and 8 weeKs the Fi partners were’
successfully separated and ma1nta1ned until GPI patterns
were analyzed 11 ‘and 5 weeks later respecttvely In both
separated F1 m1ce complete takeover bhad oocu:red In-one
other pair, separated at 13 days after parab1os1s, the F1

partner 90 days 1ater showed no takeover at all. Thus a’

}
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1:1  F1x#1 _ F1=#2  F1+#3  Normal Normal .
CArti- S - " DBA/2- .(DBA/2 x
+ ficidl * ----Parabiosed Fis--- -~  C3H/HeJ)F!
- Mix ‘ . : - : _
DBA:F1
b
" Figure 2.

Starch gel eléctrophoresis df‘glU€cse pho§bh§te

" Ysomerase (GPI) from red blosd cell-lysates from adult
(DBA/2J x C3H/HeU)F1 hybrid micé. in parabiosis with adult

DBA/2J mice. The characteristic 1:2:1 staining pattern of
normal E1 GPI is seen on the right. Normal DBA/2J migrates.
in a single slow moving band as seen immediately next to the
~normal F1 pattern. Ah-artificial 1:1 mix of DBA/2J with F1

. migrates as seen on the far left. ¥he intermediate three
‘bands show the migration patterns of GPI from lysates of
three representative F1 parabionts. The 'identity of these
migration patterns-with that of a normal DBA/2U is evident.
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minimum period.of parabiosis may have been required to

v
[

establish the takeover react1on although the number of mice, ,"

upon which this is based 1s small As a consequence of. th1s

perlod of time in parab1otlc union, DBA/2d red blood ceTls,_

-or the1r precursors. were capable of cross1ng 1nto the Fl

V'partner and establ1sh1ng themselves, and s1multaneously Fl’
red blood cell prgduct1on wask:uppressed All th1s occurred
»~¥l£h°“t percept1bly affect1ng the health of ‘either partner
(Dné%l, et al., 1975). o

”ﬁé. The TaKeover React1on Includes §pleen ymghocyte as

7 el as RBC

To determine the extent of parental lymphocyte:- :‘>
' takeover dye exclusion cytotox1c1ty tests on. parab1ont
,spleens, us1ng the (H- 2d .x H- 2b)F1 ant1 ~H-2K - ant1serum were
B} performed As shown 1n Table 2, no F1 cells bear1ng H- 2K
: alloantrgens could be found in the spleen of e1ther partner
within the l1m1ts of detect1on of thls techn1que Control
;experlments w1th art1f1c1al spleen cell m1xtures 1nd1cated
that F1 hybr1d cells could be detected if present 1h .as. low
a proport1oﬂ as 10%. Table 2 also shows that, us1ng the H- 2K
ant1—H 2d ant1serum v1rtually all lymphocytes present in
the® spleen of. either parab1ont partner were H-2d in
uphenotype and therefore der1ved from the parental partner
Table 3. shows that the. same conclus1ons hold true for;, '
parabiont bone marrow lymphocytes An analys1s of var1ance
test. 1ndlcated that after treatment w1th ant1 H 2K and :'.

complement, no s1gn1f1cant d1fferences in lys1s were present



~TabTe 2 Dye exclusion cytotox1c1ty tests on sp]een

lymphocytes from normal and parab1ont DBA/2d and
(DBA/2d X CBH/Hed)F1 m1ce )

Percent 1ys1s (SD)

P462:225 PA94;216  P501: 240 - -PBB7: 155
days* days g ' days _ days
Ant i-H-2d
DBA norma 92.4(3.1) 94.2(1.3) >95 93.0(2.8)
F1 normal  89.8(3.3) ~95.6(2.2) >95 79.0(7. 89
DBA parabiont - 80.,0(3.5) -ND - 595 91.2(2.2)
F1 parabiont  87.712.3) 85.6(7.0) - >95 93.0(2.7),
Anti-H-2k o £ | S
' DBA normal 13.8(3.0) 15.8(5.2) 13.4(3.0)  7.0(1.4)
F1 normal 82.2(3.6)" 92.4(2.8) >35 - . 80.2(7.0)
DBA parabiont 16,6(4.5) -ND - 14.0(3.1) 8.8(1.5)
Fi parabiont  9.4(2.7) “17.4(1.7) 18.4(4.7) 8.4(2.9)

__-_.._-_....-_....___.._-_--__.,--____-____..-_..'_--____...._-__._--_...

. ~* Duratsion of parab1oses (P462 is the code for a s1ng]e
pair of mice in: parab1os1s)
Statistical analysis "(analysis of. var1ance) was performed
by Mr. Brian Pinchbeck of the University of Alberta
Computing Services.. With .anti-=H-2d antlsera,’no o
significant d1fferences in lysis of any of the four ce]l
types were seen. With anti-H-2K antisera, no significant
differences in lysis of DBA normal, DBA parab1ont and F1-
parabiont spleen cells were seen. F1 normal spleen cells

. showed. 1ysis which was highly significant with respect to
the other three cell types (P <0.002). Lysis of target
cells by complement alone never exceeded 15% and was
usually around 10%.

ND = not done.

.between DBA/2d normal, DBA/2d parab1ont dr F1 parabiont

'sp]een cells and that all three ce]l types showed 1yszs _
._wh1ch was h1gh]y s1gn1f1cant1y d1fferent from the 1ys1s of
F1'normallspleen cells (P <0,002) These exper1ments are a
direct ihdiéatidn'that hybrid - der1ved Iymphocytes are.not
present in detectable numbers in the spleen of e1ther

partner in parab1onts of this stra1n ccmb1natlon
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Table 3. Dye exc]US1on cytotoxxc1ty tests on bone marrow

cells from normal and parab1ont DBA/2J ‘and
(DBA/24J x C3H/HeJ)F1 mice

_-_._-..__._—.--_-..—.._._._-___—-----—__.-._q __________________

..P439; 187 P446 190 P501;240 P701 264

days' o days days : days
Ant1 -H- 2d »
DBA normal -ND-%  51.2(2.6) - 95.2(6.7) 42.0(17) *
-F1- normal . . =ND- '55.5(11.0). 85.8(12.0) 29.8(18.9)
DBA parabiont.- 58.0(8.2) 55.0(9.1) -ND- - 22.8(3.0)4
F1 parabiorit 58.2(5.0) 54.0(7.0) -88.2(5.4) .40.6(15.6)
- Comp lement B o . _
- control . - 26.0 . 23.0(3.4) 16.0(1.7) <5
Anti-H- 2k - |
DBA normal  27.5(8.7) . 17.2(4.,0) 16.8(2.5) 8.4(3.2)3
. F1 normal .- 59.0(12.0)2 53.5(5.7)2 83.2(4.5)2 36.6(3.7)2
DBA parabiont”29.8(3.1) 27.2(5.4) - -ND- = 6.0(2.2)
.Ft-parabiont: 31.0 23.0(4.2) 16.4(4.2) 8.8(3.4)3
Complement . -
.control . 25. 2(11 8) 123.5(8.8),.,. 14.7(4.7) <5

1. Duration of parab1os1s : )
-2. Value is significantly (P <.05) d1fferent from
complement control.

" 3. Percent. lysis values are s1gn1f1cant1y (P <.05)

different from complement econtrol. A1l other 1ys1s
‘values for DBA normal, DBA parabiont, or F1 parabiont
. bone marrow cells, 1ncubated with ant1 H-2K and
- complement, do not differ s1gn1f1cant1y from the
- complement. control,
4. Percent lysis va]ue for DBA parabiont bone marrow cells
is significantly different (P.<.025) from the lysis of
F1 parabiont bone marrow cells. In all other direct
~comparisons between DBA and F1 parabiont bone marrow -
cells, treated.with either ant1serum the lysis did
not significantly dlffer
5. ND ,not done.

3: The Takeover Reaction Reqqicg§ g Nontolerant ﬁaﬁental,
Partner | |
It was of cohsfdéfable interest to know whether, inbthe'

complete absence of immunologic#l recognition of the hybrid -
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partner by the barent a takeover wou]d occur One possiblev
explanat1on of the takeover react1on was that hemopo1et1c
Stem cel]s from the DBA/2d partner enJoy an 1ntr1n51c

’ compet1t1ve advantage over F1 stem cells in the #1 hybrid

-en ironment. We therefore made radiation chimeras by

\J/\*hzecting anti;Thy-1 and complement‘treated»DBA/éd bone

marrow cells. 1nto lethally 1rrad1ated (850 900 R) (DBA/2dJ x

.C3H/Hed)F1 hybr1ds following the method of Sprentr et al.
'(4975). (It is a pleasure.to aCKnowledée the valhable

: assfstanoe of Dr. Sue Rubinstein in construction of these
chimeras). .Eight weeks tater all the chimeras were-tested

for RBC ch1mer1sm by the GPI isozyme assay and found to be

almost ent1re1y tak over by the donor 1nocu1um Only
traces of hybr1d (giz;;e7were found which were accountab]e

for on the bas1s of the known 23 day half life. of mouse red ‘

cells (RUSSell and Bernste1n 1966) Twenty of these
ch1mer1c F1 hybrids were then parab1osed to normal syngene1c
(DBA/2d x C3H/HeJ)F1 hybr1ds F1fteen pa1rs were tested for
RBC ch1mer1sm at 12 weeks after parab1os1s, a time when. in
conventional parabionts, the. takeover reaction is complete
(vide supra). There was no takeover of either partner by
cells from the other in all of the 15 pairs The GPI
patterns were 1nd1st1ngu1shab]e from art1f1c1a1 1 1 m1xtures
of DBA/2d and F1 hybr1d 1sozymes Th1s is shown 1n Figure 3a
and b. f" - : o | v,

The reactivity of the.originally’chimeric F1. partners
N ,

towards normal F1 cells bearing C3H/HeJ antigens was tested

N
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Figure 3a.

/ Starch gel electrophoresis of glucose phosphate -
‘isomerase from RBC lysates of four bone marrow chimera
parabionts. ‘Fi1*' is the DBA/2y --> (DBA/2J x G3H/Hed)F 1
bone marrow chimera partner. 'nF1’ is the untreated (DBA/24
x C3H/HeJ)F1 parabiosed to the bone marrow chimera partner.
The 1:1 mix is an artificial mixture of normal: DBA/2J and
normal F1 (unparabiosed) lysates. RBC lysates were made 12
weeks after parabiosis. These patterns are representative of
15 such pairs tested. : e '

\

?igure 3b.

See 1e§end to Figure. 3a.

Normal 1:1 Fix nFi1 F1* nF! DBA
F1 Mix #3 #3  #4  #4

™A A o
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-

in the‘local.graft-versus-hqst-VGVH) assay (bopliteal lymph

node enlargement), using normal .(DBA/2J X C3H/Hed)F 1
hybrids. Four pairs were tested and, in two of these, tbe'
chimeric F1 partner gave slight but'statistically

significant lymph node enlargemerit . (Figure 4a). This m1ght

reflect a Tow 1evel of react1thy in some bone marrow

chimeras, re]ated to” the MLR seen by Sprent, et. al., (1975)

in their “one- way" parent to F1 chimeras. Th1s sl1ght

react1v1ty is in contrast to the normal GVH reactivity seen

against (DBA/2J x C3H.SWSn)F1 (H-2d x H-2b) rec1p1ents

(Figure .4b) and the significant react1v1ty seen in
H‘

conventional DBA/2J plus *1 parabionts (v1de infra).

N

Thése_exberiments indicate that for a takeover of the
hybrid partner to occur, the cells of the DBA/2J partner

must be able to immuno]bgically recognize C3H/Hed,antige§s.

Whe@ thesé'cells ére made unresponstve towards C3H/Héq,;they.

‘ .y
cannot mediate the takeover reaction (Drell and Wegmannf
. ;\\/ [

1979) . ‘ ' ‘ lﬁAQH

4..Hematocrit Profiles

Figure 5 shows the profile of‘hematoshits as a
funct1on of time after parab1os1s, of the DBA/24J w1th ," \
(DBA/2J C3H/HeJ)F1 combination. The profile of the =
hematocrits from only those pairs that SUrvived”to 100 days,
whi]e not shown, closely resemb]es that shown in Figure 5.

For roughly the first 4 weeks the parental partners show

the classical pattern of,polycythemia and the F1s show
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Local graft-versus-host reéctivity of spleen cells from
bone. marrow chimera. (DBA/2J marrow into (DBA/2J x
C3H/HeJ)F1: Normal (DBA/PJ «x C3H/HedJ)F1) parabionts. 1.5 x
107 spleem cells in Liebovitz medium were injected into each
footpad. The right rear footpad received experimental cells
(indicated on abcissa), while the left rear footpad always
received syngeneic F1 spleen cells as a control. Seven days
later, the popliteal lymph nodes were removed and weighed.
The ordinate indicates the ratio of the weight of' the
draining lymph node from the footpad injected with
- experimental cells to the weight of the node from the
- footpad injected wiép'syngeneic F1 cells. Data are means b
SD of at least 4 mife per point, with the sole exception of -
. the chimeric F1 partner \(F1*) into (DBA/2J x C3H/HeUJ ) F 1
recipients in Exp. 3. A ratio of 1.0 indicates no lymph node
enlargement. a) shows the retention of only slight to no
reactivity, in both partners, (nfF1 is the normal F1 partner,
Fix is the marrow chimera partner) towards .the alloantigens.
to which tolerance was induced. b) shows the retention of
normal levels of third party GVH reactivity. In both panelis,
DBA/2J represents the positive control, i.e., spleen cells
faom normal DBA/2J mice. The syngeneic F1 is the analagous
negative control. The four different symbols represent four
separate experiments.
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Figure 5. .
Change in hematocrits (% + S.E.M.) with time after
parabiosis, of DBA/2J (H-2d) with (DBA/2J x C3H/Hed)F1 (H-2d .

x H-2K) parabiosed mice. Values for unparabiosed contraols
are given on the ordinate. - ) ‘




122

anemia. Then, however, in those parabionts surv1v1ng to 5
weeks and more,‘the hematocrit curves beg1n to reach an
equ111br1um and are ‘subsequently stab]e albeit at a level‘
slightly above normal (Wégmann-and Drell, 1975). Each point

in Figure 5 is based on at least 9 parabiont partners.

~

Thus. in DBA/2J plus (DBA/2J x C3H/HeJ)F1 parabionts, a
takeover of the [ e(ythropoietic system occurs after
parabiosis and-remains stable with time. Others have shown
variable degrees of "takeover" (i.e. pfesénce of parental
partner cells in the F1 partner) either using 16
chromosomally marked cells (Nakic, et a&., 1966, Nisbet
1871) or direct dye exclusion cytotoxic analysis of cells in
the F1 spleen (McBriﬂ?'and Simonsen, 1965). In this system
we have demonsthated g‘bomplete (to the level of sens1t1v1ty
of our assays) takeover of the spieen, the bone marrow: and
circulating red célls of the F1 by parent-derived cells and
also shown that immunocompetence is réquired for the DBA/2J
partner to ;ffect this takeover. The amemia-po ycythemia
syndrome so frequently ohserved in H- 2 incompatible parent-
't parabiosis (Eichwald, et. al., 1960, 1961: Nisbet., 1Q973)
is present in this strain combination also but resélves with
time. This may correspond temporally with the elimination of
sufficient F1{ lymphbcytes and RBC to remove further
stimilation of the DBA/2( response. The relationship, if
_any, of the anemia-polycythemia to the takeover reaction is

¢

not clear.

-

re—

IT. Genetic Influences on Parabiosis e
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1. Long Term Parabiont Survival and Parénta] Takeover Vdry

 with the Target Haplotype Presented in the F1 be id.
Partner 1 | S

a) H-2

That genetic dif%erences between parabiont partners are
important was first demonstréted by'Finnerty and Panos-
(1951). The importance of H-2 was shown by Eichwald, et.
al., (1959, 1963). That the DBA/2J plus (DBA/2U x C3H/Hed)F1’
strain combination was remarkable was d1scovered by Rubin |

(1959) who'found a 40% survival rate (29/71).

As can be seen in F1gure B, approx1mate1y half of the
DBA/24 w1th (DBA/2J x C3H/Hed)F1 parab1onts in this series
survive to 100 days and beyond. Surv1val to 100 days after
parabiosis is the invariant criterion for success. This
percentagé is entirely consistent with Rubin’s (1959) andf
‘based on many moré pairaLi136 in Figure 6, 268 pairs in

subsequent Figures).

Figure 6 also shows the significantly higher percentage
of survival at 100 days of the DBA/2J with (DBA/2J x
C3H.NBSnIF 1 parabionts (about 69%, p <0.02). Since C3H.NBSn
differs from C3H/HeJ mainly at the H-2 complex, this
differential survival can-most likely be ascribed to the
iﬁfiuencefof the H-2p haplotype. Since C3H.SWSn also differs
from C3H/HeJ mainly.at H-2, the much lower survival
percentage of DBA/2J wjtﬁ (DBA/2J x C3H.SWSn)F1 parabionts

(16%, p <0.02) is again most 1%Ke1y a rgsult of the presence
4-
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The Effect Of H-2 Target Allele -
Substitution On Parabiont Survival

45.6%

% SURVIVAL

' L L L N i n L L
0 N B I B I R
0 2 4 6 8 10 12 14,

WEEKS AFTER PARABIOSIS 100 doys

Figure 6.

‘Su?vival curves ‘(number surviving to a given week,
divided by total parabionts of the relevant strain
combination, x 100) for three different combinations of
histoincompatible parent with F1 parabiosis, as a function
of ‘time after parabiosis. "D --> D x CN" = DBA/2J (H-2d)
plus (DBA/2J x L3H.NBSn)F1 (H-2d x H-2p). "D --> D x CH" =
DBA/2J plus (DBA/2J x C3H/Hed)F1 (H-2d x H-2K). "D --> D x
CS" = DBA/2J plus (DBA/2J x C3H.SWSn)F1 (H-2d x H-2b).



125

of the H-2b~haplofype in this combination. Thus, the H-2
composition of the F1 hybrid parabiOnt can'significantly .
alter its survival in parabijiosis wi th the DBA/2d parental

stra1n (Dre1l and Wegmann 1976) .

A ceution hust Be noted here about congen%c mice.
Conclusions about the role of marker genes by which congenic
mice differ from the refe}enbe strain are .necessarily
limited by uncerta1nty about the exact location of the
crossover points outside the detectable marker loci. In the
vprgduction*of'many H-2'congenics, a considerable Eﬁount'of
"pessenger" genetie information on chromosome 17 can
accompany theyH-2 marker complex (Bajley; 18970; Kiein, 1975)
and it is possible that 1inked "sijent"’genes might
‘inf1uence‘the behavior for which congenic‘mice diffef from
the refereneev]ine If this were so, it would be 1ncorrect
to ascr1be the observed differences in. parab1ont surv1Na1
etc., to the H-2 complex The strictly valid conclusion is

that the obeerved d1fferences are due to genetic information

by wh1ch the congenic and reference strains d1ffer

The pattern of hematocr1ts for DBA/2d w1th (DBA/2d X
C3H/Hed)F1 parab1onts is shown in Figure 5 shOW1ng the
distinctive anemia - polycythemia during the early weeks.
The pattern~in DBA/2Y w1th (DBA/2d X C3H.NBSn)F1 parab1onts
is markedly different (Flgure 7) Here, there is no
classical profile of‘parental'polycythemia and F1 anemia.

Except for a small dip at 2 weeks, both partners exhibit



Figure 7.

Change in hematocrits (% + S.E.M.) with-time after

parabiosis of DBA/2J (H-2d) with (DBA/2J“x C3H.NBSn)F1 (H-2d
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stable-hematOCrits thr0ugh to 9 weeks . Not enough DBA/2d

with (DBA/2d x. T3H. SWSn)F1 parab1onts 5urv1ve to test the .

hematocr1t prof1le of th15 stra1n comb1nat1on
. 4 .
As prev1ously noted above ‘DBA/2Y w1th (DBA/2d x
C3H/Hed)F1 parab1os1s routinely leads to an apparently |

complete panental taKeover of the F1 hemopdﬁet1c system as

,determ1ned by - starch gel electrophore51s of red blood cell

" lysates. In DBA/2d w1th (DBA/24J P C3H. NHSn)F1 parab1os1s,

this does not always occur (Table 4) and red blood cell
ch1mer1sm can rema1n 1n the F1 partner after 100 days in

parabiosis with DBA/2d It must be emphasized that an

: apparently complete parental red cell takeover is the- usual

+ result of parab1os1s in this stra1n comb1nat1on also.

although, as noted here, except1ons somet1mes occur In two |

of these pa1rs,lwh1ch were . ch1mer1c for GPI 1sozymes when

the F1 partners were tested at 113 and 124: days after

Jo1n1ng, tests at more than 300 days after parab1os1s

'revealed them to be no longer ch1mer1c for GPI‘a A poss1ble
.factor is. that the takeover process, 1n1t1ated at
. parab1os1s,.tookjan unusual length of t1me to’ reach

completion in these pairs Whether th1s is really .

characterlst1c of the DBA/2d with (DBA/2d X C3H NBSn)F1

s

.strain comb1natlon would require more GPI tests than were.

done here In the few long term surv1vors of the DBA/2d with

(DBA/2d X C3H SWSn)F1 strain comb1nat1on no’ such red blood

'ncell ch1mer1sm was. found 1n the F1 partner
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Table 4, Presence of Red Blood Cell Chlmer1sm Detectable by

Starch _Gel E]ectrophores1s in Parabmonts of Varlous
Strain Comb1nat1ons T

tDBA/2d(H 2d) . T
+ (DBA/2J) «x C3H/Hed)F1(H 2d/H 2K) . 0/22

“DBA/ZJ(H 2d) N

-+ (DBA/2J x C3H NBSn)F1(H 2d/H-2p) - 5/18 L -
.DBA/20(H‘2d) i o ' RN
~+ (DBA/2J - x- C3H SNSn)F1(H 2d/H- -2b) . 0/3 “/

_—_.._-—_—_---_------_---—_—_-—---.---_—-----—_-_---_-_--—_--—.

Occurrencé of red blood cell (RBC) chimérism, detecta 1e

: by starch gel electrophoresis of ‘glucose- phosphate
'~ isOmerase 1sozymes from peripheral RBC . lysates, from
‘parabionts of various strain combwnat1ons Absence (o]
RBC. chimerism indicates an apparently complete’ ‘takgover

. of F1 red cell system by cells from the parental partner
w1th1n the limits of the method .
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‘ Us1ng the C3H OH and C3H A stra1ns it 1s poss1ble to
‘asK what effect subst1tutlon of on(y part of the H-2 complex
.has on 1ong term surv1va1 The H-2 hap]otype/of C3H. OH
,d1ffers from the DBA/ZJ haplotype onty at the D end of the .
CH-2 comp]ex The C3H.4 haplotype differs fr4§ that of DBA/2J (
at the K through I E reg1ons of the H-2 complex (see Table
1), present1ng the. greater h1sto1ncompat1b111ty as shown by
the exper1ments of others (Rychl1tovq et a]J; 1970 Kleln
1972 McKenz1e and Snell 1973) When the F1 target n}- ,, |
haplotype was der1ved from C3H OH or C3H A, the prqportxons
-of parab1osed an1mals surv1v1ng beyOnd 100 days were 24/29
’f(83%) and 21/36 (58%) respect1ve1y Th1s should be compared EEE
w1th the 44% surv1va1 seen when an ent1re H-2. haptotype 1s _
:fore1gn (F1gure 8): These resu(ts are cons1stent w1th the fgh
lgeneral observat1on that d1fferences 1n the 1eft hand end of
- the’ H 2 complex are more potent transplantatlon barriers | ..
than those in the r1ght hand end (N1sbet and Edwards,.1QJg

‘ Kletn, 1975) It is 1nterest1ng to note that the C3H OH and
VC3H A parab1ont morta11ty figures . (about 17% and 42% |
xrespect1ve1y) 1f comb1ned roughly equal the mortal1ty of
f.the C3H/Heu parab1onts (about 56% in. F1gure 8) | |

Another consequence of the strength of the haplotype

:barr1er 1nvo1ves the takeover react1on Nhen the target

' haplotype d1ffered from the parenta1 haplotype at the left

. hand end of the H-2 complex (DBA/24 plus (DBA/2d X C3H AVF1
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. ; . {
THE EFFECT OF k/d RECOMBINANT H-2 TARGET ALLELE -~
- SUBSITUTION ON PARABIONT SURVIVAI. :

o - 24f29180%) berDCO
; 21/36(5g’$)-o~' DCA
3 : ni/zce (44%) D + , DCH
R o
b : )
s s e B B I ) Y I '
‘01 23456789 0.1N121314
- ' . " 100days
) ' WEEKS AFTER PARABIOSIS
F1gure 8.

.+ " The effect of k/d recomb1nant H- 2 target allele ‘
subst1tut1on on parab1ont survival to 100 days:. Cumulative

~survival up to 100 days is shown for three strain .

- combinations of parent (DBA/2J) plus F1 hybrid parabioses.
. DBA/2y (H-2d) plus (DBA/2J x- C3H/HeJd)F1 (H-2d/H-2K) .serves

~as the reference strain.combination. C3H.A (H- 2a) and C3H. OH )

(H-2°2) ¢arry H-2 haplotypes which .are derived from. .
‘recombinant events between H-2d:-and H:2k; for the suspected
point of crossover, see Table 1. This graph is based on. .
‘survival data from the numbér of each type of parabiont made
(the denominator in the fraction at the end of each curve).
‘The mortality within each strain comblnation combines all.
causes of death except the - very few most obvious technical

" accidents; the data from these were not included. Thus.these ;._"

. ‘curves are probably=sl1ght ‘underestimates: D + F1IDCO =
" DBA/2Y: + (DBA/2J x C3H.OH)F1 parab1onts ‘D #+ F1DCA = DBA/2Y
+ (DBA/2J x C3H.A)F1 parabionts;. and- D # F1DCH = DBA/2J +

| _(DBA/2d X C3H/Hed)F1 parablonts
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_ parabionts) 'all pairs examined'at times oonstderably beyond

100 days showed complete parental hemopo1et1c takeover

(6/6) In contrast when the two haplotypes differed only at

| the r1ght hand end of H 2 (DBA/2d p]us (DBA/2d x C3H. OH)F1

parab1onts) there was no takeover of the F1 hybrid by the

parentallcells in.any of 18 pairs tested._at-t1mes ranging

from.74,to 513'days after parabiosjs.;Withtn-a‘given*pair,

" both partners showed comparable degrees'of GPI chimerism. but

there was. Var1atlon between pa1rs. and many pairs showed '

“degrees of ch1mer1sm clearly d1fferent from a 1:1 mix

(F1gures 9a and b). Thus the K end may p]ay a cruc1a1 role,
as a target ant1gen in the taKeover reactton

':c) Parenta] Polyoythem1a and Hybr1d Anem1a are M1ss1nq

1n Parab1onts Incorporat1nq Part1a1 H-2 D1fferences

A common observatlon fo]ﬂ!w1ng parent plus F1 hybr1d

parab1os1s is that the parenta] partner becomes po]ycythem1c'

- and the F1 partner becomes anemic 1E1chwa1d et. 'a' '1959.
.1960 1963) . A dramatic polyoythem1a anemia syndrome in

. DBAY2U plus (DBA/QJ x C3H/Hed)F 1 parabionts, which.

disappears in those pa1rs wh1ch survive, was noted earlier

(Figure 5)..There was. no 'such w1de dnvergence of hematocrits

in DBA/2J plus (DBA/2d X C3H. NBSn)F1 pairs, (F1gure 7)

valthough the d1fferences between parent and F1 were

stat1st1cally s1gn1f1cant (P <0. 05) at 3 weeks

F1gure 10 (a and b) ‘shows the hematocr1t prof11es of

DBA/2J plus (DBA/2d X C3H A)F1 parab1onts and. DBA/24. plué

©
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DBA DBA* F1x DBA* Fi1x 1:1 Normal
#1 #1 #2 #2 MIX F1
o - DBA:
F 1

Fmgure 9. . ‘ : ' ' T

Starch gel electrophore51s for isozymes of glucose
phosphate isomerase-from lysates of RBC from.four .
representative DBA/2J (H-2d) plus (DBA/2J x C3H.OH)F1 (H-
2d/H-2°2) parabionts. 'DBA*' refers to the parent partner;
"Fi*' refers to.the parabiosed (DBA/2J x C3H.OH)F1 partner.
Fourteen other parabionts of this strain combination gave
very similar.data: The two gels show. the: retention of hybrid’
derived enzyme bands in lysates -from the parental parabiont

partners as well as in lysates of the F1 hybrids from the
same pairs. Lysates from the parabionts in slab a were made
434 days after parabiosis; those illustrated in slab b were
- made 285 days after parabiosis. The 1:1 mix is an art1f1c1a1
mixture of lysates from normal DBA/2J and normal
unparabiosed (DBA/2J x C3H/Hed)F1 (GPI-1a/GPI-1b, identical
with (DBA/2J.x C3H.OH)F1 on starch ge}§7

, N

Figure 9b;'See\Té§gnd to Figure 9a.

Normal 1:1  Fi1x DBAx Fix - DBA* DBA R

F1 MIX #3 " #3 - ¥4  #4 o
.. . DBA:- 4\\\-

- k1 ' _ i
. i i . /
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Figure 10. : ' /ﬂr
D
(a) Changes in hematocrit values with time after ¢
parabiosis for DBA/24J plus (DBA/2J x C3H.A)F1 parabionts.
. Difference at two weeks is statistically significant (P
<0.05). Values plotted are the % hematocrit + S.E. Each

point is the mean of data from at. least 6 parab1ont partners
of the indicated strain.

(b) Change in hematocr1t va]ues with t1me after :
parabxos1s for DBA/2J plus (DBA/2J x C3H.OH)F1 parabionts.
Difference at two weeks is significant (P <0.05). Values
plotted. are the % hematocrit + S.E., Each point is the mean
of data from at least 9. parab1onts of the 1nd1cated stra1n
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(DBAVZU x C3H.OH)F1 parabionts, respectively. There is no

«dramat1c initial d1vergence of parental hematocr1t values

&

-

from F1 hybrid values in either strain. comb1nat1on although

2.
the difference at 2 weeks after parab1os1s is statistically

significant (P <0.05, DBA/2d'v§. F1 for both strain
combinations). The slight dip in hematocrits one to two

. .

weeks after parabiosis is seen in syrigeneic parabionts

 (DBA/24 plus DBA/2J) as well and does not reflect an immune

.reaction (data not shown). Figure 10 indicates .that with

only partial H-2 differences, fhgre is no drastic alteration
in the proportion of F1 RBC mas;~to parentai red cell mass,
as is seen in most other parent-F1 hybrid parab1oses
(E1chwa1d et. al., 1963) 1ncludrng the DBA/2J plus (DBA/2Y
X C3H/Hed)F1'parébionts (Figure 5).

2. Non H-2 Ba;ﬁground Genes do not Inf]uence Long Term )

[ed
Parabiont Surv1va1 When DBA/2d 1s the Respondlnq

Partner to H-2k A]]oanthens

- .The unusual survival of the DBA/2J plus (DBA/2J x
C3H)F1 hybrids in.parabiosis.might be.influencéd'by the non-
H-2 genetic background provided by the .C3H §tbainé.'To‘
evaluate this, crosses were made be tween DBA/2J and two
lines of CBA: CBA/CadJ fdéhived from CBA/H) and CBA/J. These
two lines are similar in many respects to C3H/Hed (all are
H-2k), but Known dlfferences include the Mis locus

(Festenstein 1974, see Table 1), and at least one

~ specificity at the K end of H-2: CBA/CaJ lacks. the H-2.8

specificity pfesent in C3H/HeJ and CéA/d.(Green and Kaufer,
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1965). Parabionts were then made be tween DBA/éd end both CBA
hybrids. THeir‘survival curves (figure 11) ehow %%at‘there
vwas no statistically significant difference in survival at
jOO days for eitﬁer‘DBA/Qd with (DBA/2J x CBA/CaJ)F1
parabionts (38%), or DBA/2J with (DBA/2d x CBA/J)F 1
parabionts (33%),Qhenccompared to the refenence;sfraiﬁ
(DBA/2J with (DBA/2J x C3H/HeJ)F1, 44%). These observations
provide no ev1dence for the 1nfluence on ‘parabiont survival.
of those non-H- 2 genes by wh1ch C3H/Hed CBA/Cad, and CBA/d
d1ffer when DBA/2J is the respond1ng parental partner.
However these resu1ts do not exclude the possible
“involvement on parab1ont surv1va1 of other non- H 2 genes

which these three stra1ns may share

GPI analysis of RBC lysates from DBA/2J plus (DBA/2d X
CBA/Cau)F1 parab1onts tested at 241 or 314 days after
parabiosis, showed a complete parental takeover of the F1
partner. An identicatl result was observed in four DBA/2d
plus (DBA/2J x CBA/d)Fl palrs. tested at 175 or 200 days _
following parabiosis (data not shown) . Thus, the DBA/?d plus
(DBA/2J x CBA)F1{ parabionts_show very similar’ long term
'survival, and an ‘identical takeover reaction of the F1
partner, to the conventional DBA/2J plus (DEAVZJ X
C3H/HeJ)F1 strain combination.

W1th respect to the two types of CBA, we next asked
.what effect chang1ng the responder type had on pareblont -
survival. To this end, BALB/cCR (H-2d) mice’ were p#rabwoseaﬁ
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“:

 THE EFFECT OF NON-H-2 TARGET HAPLOTYPE
SUBSITUTION -ON PARABIONT SURVIVAL

n_a/z_oe (44%) D+ F,OCH
24 (38%) D+ f, CBAYCa)
{33%) D+ F, CBA/)

% SUﬁVIVAL
n
o

0/28 @ Balb/c + (Balb/c xCBA/))F,
0725 = Balbk * (Balb/ xCBA/CaJlE |

T T T T TrT
L0 12345678 90n0 121y

- - ]OOdOYS
WEEKS AFTER PARABIOSIS ’ o

Figure t1.

The effect of .non-H-2 haplotype substitution on
parabiont survival to 100 days. Target: Cumulative survival
up to 100 days is shown for three DBA/2J plus (DBA/2J x H-
2K)F1 hybrid strain combinations. DBA/2J (H-2d). plus (DBA/2J
x C3H/HeJ)F1 (H-2d/H-2K) serves as the reference strain.
combination. None of the survival percentages at 100 days
were significantly different from the others (P > 0.05 for
all two-way comparisons): D + FI1DCH = DBA/2J + (DBA/2J x
C3H/HeJ)F1 parabionts; D.+ FICBA/CaJd = DBA/2J + (DBA/2J x
CBA/CaJ)F1 parabionts; and D + F1CBA/J = DBA/2J + (DBA/2J x
CBA/J)F1 parabionts. Responder: CUmulative survival is shown
fgr two strain combinations in which DBA/2J was replaced by
BALB/c (also H-2d) as the responding parental partner. Out
of the total of 53 pairs, none survived beyond 3 weeks. As
in Figures 6 and 8, mortality was calculated by including
all causes of death except fhe most obvious technical
accidents. '
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to either (BALB/cCR X CBA/Cad)F1 or to (BALB/cCR x CBA/d)F1
partners. As shown in Figure 11, both parab1ont comb1nat1ons
proved lethaT within three weeks. This could be the result
of the Known strong react1v1ty of BALB/c compared to
DBA/24, to}M]s-]ocus differences (Festenste1n, 1973,
although numerous'other'non-M]s—]ocus background genes cou]d

also be involved.

Finally, (DBA/2J x BALB/CCR)F 1 hybrids and (DBA/2J x
'C3H/Hed)F1 hybrids were joﬁned in parabiosis to investigate
whether the unusual surv1va1 seen. w1th DBA/2J responders is
dom1nant over the O% surv1va1 observed with BALB/cCR ©
. responders. -0f 27 such parab10nts made, al] were m1t1mate1y
unsuccessful. 7/27, however, surv1ved beyond 3 weeks,.tne
longest survivor lived for 7 weeks . Thus, while the,sqﬁviQaT

profiie for these parabionts was better than for BALB/cCR
plus'lBALB/cCR'x H-2k)F1 pairs, the presence of BALB/cCR in

the responder partner resulted in the fai.lure of. all of the

parab1ont combinations tried.

4 S
#H

- Thus a change in all or part of the F1 H-2 compiek

(with the reservatlons noted earTier for the use of congentc

mice for th1s type of analys1s) resu]ts in maJor effects on
parabiont surv1va1.ﬂhematocr1t prof11e, and hemopo1et1c
takeover. Changing. the non-H-2 background of the F1 partner
“does not s1gn1f1cantly affect surv1val or - takeover‘
(hematocr1ts ‘were.hot analyzed). Subst1tut1ng a different H-

~

2d . parenta1 strarn (BALB/cCR), even 1nc1ud1ng it in half a

k‘

o



138

dose (in a {BALB/ccR-x DBA/2d)F1 hybrid partner), when
respond1ng to a (DBA/2J x H-2K)F1° hybr1d partner, el1m1nated
survival a]together (Drell and Wegmann, 1979)

II1. Immunoloq1c Status of Successful Parab1onts

~ The demonstration by Shaw,'et.ral.. (1974) that spleen °
lymphocytes from DBA/2d'with'tDBA/2d x C3H/Hed)F1 parabionts
‘retained in vitro m:xed ]ymphopyte”responsiveness to C3H/Hed
Nalloantigensqindicated‘that immunologica]ly these mice were

not tolerant' merely unresponsive in vivo. Th1s d1st1nct10n

is an 1mportant one espec1a11y in recent years when it has
become apparent that observat1ons of unrespons1veness can be
accounted for in a number of ways (see Introductlon) " Since

parabionts were unresponsive j

vivo but responsive in
vitro, var1ous exper iments des1gned to further character1ze
th1s apparent paradox and throw 11ght on the mechan1sms

involved were begun.

1. Cell Mediété;fggiotgxieitv

A

The MLR measures proliferative abiljty;'to test
effector abi]tty,'5‘Cr release assays, using PHA-stimulated.

C3H/Hed targets (see Materials and.Methods); were performed.

When spleen cells were removed fron'the parabionts and
tested unmedwately, ne1ther ‘the parent nor the f1 hybrid -
‘ were capable of g1v1ng direct Killing by this assay (Table |
5). Spleen ce]]s,wereﬁfrom mice jn parab1051s~fprnbetween

121 and 177 days.

Only one Effector:Target ratio was tested (100:1) but

>
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.Table 5. Percentage ofud1rect K1ll1n of--PHA = °
‘ stimulated-5'Cr labeled C3H9Hed target cells by
parabiont* and presensitized normal spleen cells
- (0% Killing is defined .as ‘that given by
- unsensitized nprmal. spleen cells]..

_-__-_—_...__-_--___—_—__-_-----———-——qq-.-—-—-_- _________________

. ’ Experlment #
Spleen Cell Donor r2 3.4 + 5 6 7 8
DBAx .8 0l 3.9, A -7.2,38 0.2 2.7
Fix U 9.8-10.0 3. 6 12 Fs,z -6.9 -0.4 0.7
DBA Presens1t1zed ”,f' : ' B ,

to C3H SN f;" -~ 75. 8 53 9 44 2 51 4 28.7. 63 8

at this natio, thegpreSensitized normal DBA/Zdvspleen‘cells
 gave ver§.good speoific 51Cr nelease Altnoogh other
arlogene1c targets were not trted in these experlments it is
Kclear that sens1t1zed anti- C3H/Hed cells were not present

in act1ve\form in parab1ont spleens

| Whennthe parabionI parenfal‘and F1 hybrid‘spleen cells
were oo-oultured for & days in Marbrook chambers with
1rrad1ated CBH/Hed st1mulator cells, and then an ~assay for
'the presence of cytotoxic cells performed Killer

lymphotytes were present (Table 6).

What'is immediately apparent from these data is that
parab1ont parental spleen cells gave rise, upon 5 day in
vitro development (essent1ally a 5 day MLR) to a degree of
_cytotox1c1ty against C3H/Hed targets as good as’ normal
DBA/2d spleen cells The Fi parab1ont spleens deveIOped
markedly less cytotox1c1ty agalnst CBH/Hed DFr..S.M.

Ph1ll1ps (Un1vers1ty of Pennsylvanla School of Med1c1ne, f
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Table 6. Percentage of K1111ng of PHA stlmulated 5iCr
' . labeled C3H/HeJ target cells by parabiont* and- .
normal control spleen cells after 'S days in thno
with irradiated C3H/Hed spleen cel]s

»-------pq-‘——q“-’—----—----—----—-----—- ______

,Spleen Cell 1 2 3 4 5 6 7 8
Donor

.DBA*" 92.4 50.2 54.3 34.8 47.8 30.1 36.9 39.0
P 7.2 23.9 LIRS 123.3 12,7 + .- 5.5

. DBA normal  91.9 47.2° 54.1 4472 51.4 28.7 63.8 53.7

2 norma 1, -~ .- -7 2.8 -5.3 .17.7° 4.3 -4.4
Ph11ade1ph1a, Pennsy]van1a) tested four pa1rs of our
‘parab1onts and obtalned s1m1iar data (personal |

| commun1cat1on) Thus in add1t1on to reta1n1ng MLC

reactiv1ty parab1ont spleen cells, part1cular1y from the

- parental partner, can respond 1n v1tro ¢o C3H/Hed st1mu1ator'

cells by g1v1ng rise to cytotox1c effector cells (Wegmann :

. and Drell 1975)

A small number of ex%fr1ments were done in wh1ch
\

‘parab1ont spleen ce]]s ‘were cultured for 1 or 3 days. w1thout“

:'st1mulat1on by C3H/Hed alloantigen; this was to determlne if
'-cxtotox1c1ty-would reemerge;subsequent3tofthe’hypothetfca1
in gitggfelution dfltnhibitorY'material (ﬁblocking
llfaCtors") No cytotox1c1ty ‘of S1Cr- labeﬂed C3H/Hed - target
“cells was seen after such pre cu]ture (Table 7) suggesting
that the cytotox1c1ty seen after 5 day in v1tro culture was
de novo, rather than the expre551on of a. pre ex1st1ng but

fb]ocked act1v1ty

-

o
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| 2. Graft Versgs-HOStfReactlvity: S

. Table 7. Percentage of k1ll1ng of PHA stimulated sicr. -
. .labeled C3H/HedJ. target cells by parabiont* spleen
hcells cultured . for: 1. or3- .days in-the absence.of

stimulation by alloantigen Data are- % spec1fic
.S1Cr: released , _

R B E;;;éﬁ;\;;fé"f*m_'-f-_-f__'
Spleen. Cell Donor ---—’Ff-l --------- 5 --------- é ----------
Vday eolture | TTTTTTIIIRTIIITTmomommesseeeeooeo
peas 0.0 0.0 -
F1s » 3.2 0.0 - ==

. 'DBA presens1tlzed S R

" to.C3H L 505 .B&7: -
O
pBAx .. 3. 5.3 1.5
F1* .- 1.0 --
DBA presens1t1zed L | R L .
to C3H o ebi2 - - 78.3  81.7

‘———_--_—-_-----——----—'--—-—-—--——-—_-—-—---_---._-—----..--.-,——
K . E 3

F1gure 12 presents the results of 1n3ect1ng parab1ont =
| spleen cells 1nto the rear footpads of F1 hybr1ds syngene1c
to the F1 partner of the parab1os1s W1th spleen cells from

‘ elther partner from both the med1um- and high- surv1vor |
t‘stra1n comb1nat10ns, d1fferent1al lymph node enlargement o
results Th1s enlargement 1s apprec1ably greater than that
’1n the negatlve oontrols, in wh1ch syngene1c F1 cells were -
?1nJected 1nto both footpads o

v..‘ X

T~

. The GVH react1v1ty‘of parab1ont DBA/2d cells generally



142

600—
500~
400

e . . _ . =
300— L : ; . e N

C200—f 0 e

. 100—\-—--‘,1-.--' ----- '--‘.---'---.1--—'--4-,-’--‘ ------- R

i‘. 1 '," ‘ ; l l.v."l i 1
0= 1 T 1 l

-~ DBA  DBA* F* FDCH DBA . DBA™. s ROCN

o ¥ L é $ ¢ Voo L
" FDCH -/ DCH FDCH FDCH FOCN FDCN FDCN ROCN

J
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"RopTiIéa1;]ymbh node enlanéemehtfrafibs90f‘Varidus-

types o*'Fijhybrids'V-days aftér.injectioh of .spleen cells '

from normal DBA/2Q,'DBA/2dfonF1 parabionts, “‘or syngeneic -
'F1sg’Each;point.represents the antilog of the mean of the
log=transformed ratios frOm.atﬂleast'S“recjpiehIS“(at least
. 3 in the F1BCH <n1> => FIDCH&group)guA'stimUlation'index.;
- (S.1.) . of 1.00 indicates no enlargement of the experimental
1ymph node\over‘thefcontholglymphjnode, F1DCH'?>wF1DCH,ahd

-3FJDCN'->'F1DCN'indicate'groups,offre¢jpignls,inegative

.-controls) receivingjsyngeneic*nonmaTﬂFT,spleen;qe1]s:in‘both
footpads. DBA*. and Fix are, the parental ‘and F1:pa

respectively, of a DBA/2J withf(DBA/Zd'x‘C3H/H'.,
parabiosis. DBA** and Fi*=* are the parental and F1 partners,

| respectively; of a DBA/2J with (DBA72y x C3H.NBSn)F1 (FIDCN).

- .parabiosisi‘
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T s unknown but a s1M1lar phenomenon was observed 1n

“-;:cytotox1c1ty assays us1ng parab1ont spleen cells

exceeds that of the F1 partners .cells Thevreason for th1s .

The data in F1gure 13 show1ng parablont GVH react1v1ty |

in F1 hybr1ds carryvng an unrelated H 2 haplotype, are less

' ‘extens1ve, s1nce not all parab1ont spleens cOntalned enough

' cells to test in bath spec1f1c and th1rd party Fi.
rec1p1ents Even though only one data po1nt is ava1lable for
(DBA/2d X C3H NBSn) F1 parab1ont (F1DCN) 1n th1rd party
(DBA/2d~x C3H. SWSn)Fl rec1p1ents (FlDCS) that s1ngle po1nt
and the others in F1gure 13 clearly establ1sh that long term.
7surv1v1ng parab1onts are not nonspec1f1cally _Hf“ :
'1mmunosuppresséd as has been reported in other GVH N
s1tuat1ons (Howard and WOodruff 1961 Lapp and - Moller
-1969) rather the react1v1ty of the1r spleen cells is
comparable to that of normal DBA/2d sp]een cells in the /
th1rd party F1 hybr1d rec1p1ents Very s1m1lar data (not
 shown) | 1nd1cat1ng that DBA/2y plus (DBA/2d x C3H. A)Fl -
Tparab1onts also retained GVH react1v1ty were also

:accummulated {Drell and Wegmann :1977)
?3. In V1vo Tumor Clearance 'S tugle

"a) React1ve Cells to "Tolerated" Alloant1gen Pers1st /f

After L‘Qg Term Parabvos1s and Will . Inh1b1t

Normal Cell Resggnses.

In order to test the potent1al react1v1ty of parab1ont -

cells or serum aga1nst H- 2k transplantat1on ant1gens as well

coa3

»
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. Pop11tea] 1ymph node enlargement rat1os of var1ous _
’types of F1 hybrids 7 days after injection of spleen cells
from normal DBA/2J, DBA/2J or .F1 parabionts, or syngeneic
" 'F1s. tach point represents the antilog of the mean of the-
“log-transformed ratios from at least 5 recipients. A .
stimdlation index. (S.1.) of 1, .00 indicates no enlargement of
the experimental lymph node. aver the control. lymph node.
"F1DCS -> FADCS indicates recipients (negatvve controls)
. receiving: syngene1c normal F1 spleen cells .in both footpads.
. DBA*, F1=*, DBA**,6 F1** are as described in the legend to
1,F1gune 12 F1DCS is a (DBA/2d X C3H SWSn)F1 rec1p1ent



as the posslble suppre551ve 1nf1uence of parab1ont cells on
jfnormal DBA/2J react1v1ty to H 2K an assay§3ystem was needed‘
lf1n wh1ch parablont cells or. serum cou1d be transferred and
‘tested This was ach1eved w1th an’ adopt1ve transfer system
' u51ng :rradIated (850 R) DBA/2d rec1p1ents restored w1th -
”-parablont or normal DBA/ZJ spleen ce]ls and 1n3ected i.p. 5:

'rdays later w1th the H 2k tumor RI, prelabeled in vivo.with

13‘I-1ododeoxyur‘|d'|ne (’3’1 IUdR henceforth referred to as
d‘3‘I RI) “Retention of rad1oact1v1ty was ﬁb]lowed by da1ly

¥

- whole . body count1ng of the 1nJected mice.

For: these exper1ments, we cap1tal1zed on. the clear
ﬂd1fference 1n the rate of clearance of the ‘311 RI between
H:normal DBA/2d mice, and DBA/2d mice 1mmun1zed 5 days earller
:to H- 2K alloant1gens In the 1mmunlzed group, tumor' . |
re3ect1on was very rap1d (F1gure 14 curve ' B) when contrasted.
lfto the rate of tumor celT death in the non1mmune group |

.(thure 14 curve A)

For the next eXperiments 1t was Jmportant to determ1ne_
that ne1ther a response to tumor associated ant1gens nor any
radtore51stant contr1but1on by the 1rradiated rec1p1ents of |
adopt1vely transferred cells were s1gn1f1cant factors in the-

'“clearance of. the ’3‘1 RI'. Th1s was tested by adopt1vely

.

- transferr1ng spleen cells from fetal l1ver ch1mer1c m1ce

_tolerant to CBH/Hed alloantlgens The fetal Tiver ch1meras‘
were made by 1n3ect1ng 107" DBA/2d TO 13 day fetal l1ver
cells 1nto QOOR 1rrad1ated (DBA/2d X C3H/Hed)F1 mice
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CLEARANCE OF ''I-RI (H-2") IN DBA72J {H-27) MICE
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F1gure 14

_ Clearance of 106 131I RI (H 2Kk) tumor ce]ls (approx
50,000 cpm/mouse on day 0) in normal -DBA/2J (H-2d) mice
un1mmunlzed {curve A) ‘or presensitized.5 days®%arlier by 'an

i.p. injection of 107 1200R irradiated C3H/Hed (H-2k) spleen - .

cells (curve B). Points glven are the mean + SD of at least
5 mice/group.
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n approx1mately 16 months before use. lhese fetal liver“
ch1meras share the 1mmunolog1cal character1st1cs of bone
marrow chimeric mice .(Sprent, et. al,, 1975, and Drell and
‘Wegmann, unpuoltshed ooservationsl When tested in- adopt1ve
transfer, recipients:of 107 spleen cells from DBA/2J into
lDBA/ZJ;x C3H/Hedlfl fetal;liver chineras could not be
immunizedeith.CSH/He leen cells to rapidly'clear theh
13lI?Rl tumor . When spleen cells from DBA/2J 1nto (DBA/2J x
C3H. NBSn)Fl fetal l1ver ch1meras, spec1f1cally tolerant to .
H-2p alloant1gens, were adopt1vely transferred to DBA/24
mice and exposed to C3H/Hed spleen cells, these recipients
‘showed rap1d clearance of the '311- RI On.day 3 after |
'transfer and sens1ttzat1on tO‘H'2K, recipients of cells from
theiH;2k -.tolerant chimeras showed 49. 3% + 6. 3 retention-of‘
‘the 13"'I;RI wh1le s1m1larly treated rec1p1ents of H-2p -
tolerant cells showed 4.8% * 0.6 retention of the'labeled _
,cellsrlequ1valent to 89.7%vtum6r Rillfng. Non immune bBAZéd.'
controls showed 46.5%:1\5,8-retention and immunized DBA/2J
controls showed only 5.8% *+ 0.8 retentien (87;52 tumor
’Kllling):'lhus‘the recfpients of cells known to5be
unrespons1ve to H- 2K did not show any response after ’
senslt1zat1on This establ1shed that the destruct1on of the
tumor was due to the effeots of the transferred cells and \
not to a response to tumor assoc1ated ant1gens or: to any

2

rad1ores1stant host reaot1v1ty

>

Using th1s same. adopt1ve transfer approach we tested

parab1ont spleen cells. 107 spleen cells, poo led from‘the
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DBA/2J and Fl partners of two to three parabionts, were
1nJected i. V. 1nto 850R 1rradiated DBA/2J rec1pients ‘Half
 of these rec1pients (5 mice) were then 1mmed1ately injected
with C3H/Hed spleen cells; <the other half were not. Five
days‘later. 106 1311-R1 were injected.i.p. and whoie-body
monitoring begun. Control groups were 850R‘DBA/2d restored
with 107 normal DBA/24"® spleen cells\ with or w1thout o

sen51tization w1th C3 /Hed spleen cells. Figure 15 shows the

results of orie such experiment, representative of 3

‘experiments done.

~

When presented‘W1th C3H/HedJ spleen cells, parabiont
spleen cells responded as well as normal DBA/2J cells.
(Compare curves C and D 1n°Frgure 15). When not restimulated,
,lat the time of adoptlve transfer NE rapid tumor clearance
was seen, 1ndicat1ng that parabiont splee;‘cells surViVing
‘at the time of test challenge dijd not express effector
act1v1ty against C3H/Hed alloantigens. These results agree
with the earlier finding that parabiont cells could be
stimulated in vitro against C3H/HeJ, but did not express any
pre-existing reactivity. Two analogous experiments .
transferring 5 } 107 parabiont cells gave identical results
(data not shown) . This made it unlikely that at the 107 cell
dose, a cell type capable cf suppres51ng the tumor kqlling

had been diluted out.

~ The hypothesis that\parabiont spleen cells could
inhibit the development of a’response to-the-’3‘I-R1 by
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Figure 15. C _ : -

Clearance of 106 '3'1-RI (H-2K) tumer cells from DBA/2U
(H-2d) mice irradiated with 850R and restored with 107 )
- ~normal DBA/2J spleen cells (curves A and B) or 107 parabiont
« spleen cells from both partners (curves C and D). Half of
the mice were then stimulated -(5 days before tumor : ce
injection) by the injection, i.p., of 107 irradiated (1200R)
C3H/Hed (H-2k) spleen cells.(curves B and D). Each curve is

the‘c]?arancé rate of the tumor énom at least 5 mice (means
+ S.D. ' ‘ « .
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normal DBA/2J spteen cells wasftested by miatng 107
parab}Ont.spleen cells with 107 norma DBA/2d spleen cells
~and, adoptively transferrlng them to 850R DBA/2d rec1p1ents.
Flgure 16 shows that there was no reduct1on in the ant1 RI
wresponse of thls m1xture aFter st1mulat1on w1th C3H/Hed _
sp!een cells, compared to the response of normal DBA/2d
spleen cells. Thus parab1ont cells did not 1nterfere ih the
sensitization of the -normal DBAf2d cells to C3H/Hed |

alloant1gens In summary, parab1ont/spleen cells, alone or

"mixed with normaﬂ'DBA/2d'spleen ce1ls did not dIffer from ¥
.normal DBA/2J cells in the1r respons1veness to C3H/Hed
alloant1gens (anll, et al 1879a, b)
- b) Parab1onts Show nglg Cléarance of the RI Tumor in
o S1t . - @
‘The4previousnexperiments Gonfiried " the potenttal for
reactivity of parahiont cells when removed. from the -
vparabionts ' We next analyzed this potent1al wwth1n the
parab1onts themselves 0ur 1n1t1al experfments used

. parabiont m1ce whlch were surg1ca11y separated 7 days, or S'
only 1 day before be1ng re- exposed to H-2k alloant1gens on’

h lymphoqd cells Five days after priming, each mouse was, *,
challenged with ' 10‘113'1 -RI. Controls.1nc1uded separated and
1mmunlzed DBA: DBA parab1ont mice, as well as 1mmun1zed and

o normal .DBA/2U mice. Separated syngene1c (DBA/Zd DBA/2d)

.Ebarabtonts when 1mmun1zed d1d not differ from 1mmun1zed

normal DBA/2d mice; thus,.th1s control was ‘not repeated In

contrast to- the adoptlﬁé transfer experaments the,resylts'



TS

ol
CLEARANCE OF 'I-R1(#-2" ) 8308 DBA/2)fH-2% miCE
RESYQRED WITH D8A/2) OR A | | MIX OF OBA #Z; AND PARABIONT CEWLS

100 —
80—h

3

601,
40— . :
. : n A OBA CEUS. NOT
? 9 1EMIX OBA | IMMUNIZED -
! Porobiont .
. :
=
S 20—+
- g
O )
9" 10
v ¥ T
o 8
[ -~
g & — .t A
- Tl 7
e & :
a— i . :
N ’
. PR ) o
.. ) 8 DBA CELLS o CIH
<2 1 ’ ¢
t . .
’ 1 ; i 4 i J
» . I ! e .
: 0 3 2 3 4 -

DAYS POST INJECTION

3

Figure 16.

- Clearance of 106 1'31]-RI (H-2K) tumor cells from DBA/2J
(H-2d) mice irradiated with '850R and restored either with - °
107 normal DBA/2J spleen cells' (curves A and B) or a 1:1 -
mixture of normal DBA/2J spleen cells and pooled parabiont .
spleen cells (107 of each, Curves C and-D)}. ‘Curves B and D
represent restored DBA/2J mice stimulated at the time of -

-~ restoration by an i.p. injection of irfadiated (1200R)

- C3H/Hed (H-2K) 'spleen cells. Means *.5D are. given for at
least 4 mice per group. . The large standard deviation for
primed mixed parabiont.and -normat cells.on day 1 after tumor

- inoculation, is due to a single animal with a relatively
slower cleararnce rate on the first day but which, on s
subsequent days, gave a clearance rate much:.cldéser to the
three other mice in group D’ - B Co o

<
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1nd1cated that both: separated parab1ont partners whether
st1mulated with H- 2k or. not, rap1dly cleared the R1 tumor
_(F1gure 17 and 18) This accelerated clearance is especially
'dramat1c w1th the DBA/2d partners (ngure 17); their
clearance rate is 1nd1st1ngu1shable from- the 1mmun1zed
controls. Thus the DBA/2d parab1onts behave as though they
were.already pr1med to H-2K alloant1gens- The immunized F1
'partners killed the tumor less rap1dly than the 1mmun1zed
DBA/2J- partners wh1le in the ‘separated, unstimulated F1. ex-
parab1onts, accelerated destruct1on of the tumor was seen in
two out of three 1nd1v1duals tested (Figure 133 These r
results, although more var1able resembled the resultsxfrcm

therDBA/2d partners

It Was'possible that,the :elease.of‘antigen dur%ng

/ separation.of the'pains could have led‘tqpprimlng.\lo-test‘
‘-thts, jntactsparabionts were injected with 10€¢ 13-"-I-RI

: cells' On’day 3, the parab1onts were sacr1f1ced separated
and 1mmed1ately counted for reta1ned rad1oact1V1ty
S1mllarly injected, normal‘DBA/2d controls were counted
datly.:The,results expressed as the percent of the tumor
"K1lled by seven parab1onts 1n three separate eaper1ments."
are shown in Table 8. In both partners, the tumor K1lllng on

| day 3 was s1gn1f1cantly h1gher than the day 3 value for the :

»
un1mmun1zed controls (P <0 01 for each p01nt with respect to

‘control on day 3) Some mechan1sm present in the intact .
parab1onts caused the accelerated destruction of the labeled

,cells, albeit not as eff1ciently as in the immun1zed
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F1gure 17 ' | | o ﬁ“

Clearance of 106 131]- RI (H 2K) tumor cells in DBA/2d
partners .(H-2d) formerly .in parab1os1s with (PBA/2y x
C3H/HeJ)F1 (H-2d/H-2K) mice. One day after surgical .
separation, three of the’ DBA/2d partners were st1mu1ated
against H-2K with an t.p. injection of ‘irradiated ‘(1200R)
C3H/Hed spleen cells. Three others were unstimulated; 5 days
later, the '311-Rl was 1nJected and daily -whole body
count1ng begun. Means * SD are given ‘

normal DBA/2d un1mmunlzed '
-O- normal DBA/2J immunized to C3H/Hed .
-4~ Formerly parabiosed DBA/2J partners,
unstimulated -
- —{~ Formerly parabiosed. DBA/2d partners.
_ st1mulated aga1nst C3H/Hed

14
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~Figure 18.

‘Clearance of 106 131][-R]

. with DBA/2J (H-2d) mice, trea

4
1

n

—
. a2 K }
DAYS POST INJECTION:

.
a

- | (H-2K) tumor cells in (DBA/2J
x C3H/HedF1 partners (H-2d/H*2K]).

ted a

partners inylegend for Figure 17.

partners, plotted- here as

formertly in parabiosis
s described for DBA/24
Three separated.F1

~individuals (rather than means +

SD, given for the other groups) ‘were not 'stimulated-against

C3H/Hed). 5 days. later,

1311-RI was injected and daily whole

\Qody counting begunffongall'individuals:” :

O

---&--- formerly parab

normal DBA/2J unimmunized . - . -
normal DBA/2J, immunized to C3H/Heu
formerly parabiosed F1 .partners, S

‘ unstimulated (3 individuals). - e
iosed F1 partners, stimulated

- 7. against C3H/Hed.



;\hje 8. Percent of 131I RI tumor K1l1ed on day 3 after",
- - 1.P. »thect1on into unseparated parablont partners

- - - --_..—---__..—--.p--_----_-..- --------------------------------

@

(%qretention“off‘3l1e'ff5kD")?

DBA/2¢-_— 0(32.3 + 6.4) . . 0(44.2 + 8.4) ~ 0(37.8+ 3.5)
CNON IMMONE | T o T = EA 2 S

DBA/Zd © . 87.3(4.1 % 0.3) 91.6(3.7 % 0.4)  91.5(3.2 + 0.4)
IWMUNE to T e '
C3H. . -

. pair 'Pair” " Pair - Pair ' Pair Pair Pair
DBA/20. . #1 . #2 . #3  #4  #5 #6541
 PARABIONT 86.1 . 84.5  64.7 . ,sa;s 84.1 68.8 85.4".
PARTNER o ST A
v_;_'.-""-.-.- """" _""_".T""'"l-""" ------------ .'--"-"'-""--T--"
F1 . ' 75.8 ‘57.9° . -47.3 -69.9 - 888 0.5 '87.8

PARABIONT A T Co T
PARTNER o S | e A

', controls It is worth emphas1z1ng that these. parab1onts had
all surv1ved for longer than 100 days together. were in
'_;apparent good health -and had been subJected to no t
'.&man1pulat1ons after parabios\s prdor to use in these

experlments

Thus a mechanism ex1sts w1th1n the 1ntact parab1onts
”wh1ch'1s effect1ve in s1tu aga1nst alloant1gens shared by
the F1 partner, yet does no apparent harm 1n v1vo» whether
c1rculat1ng ant1bpdy could be the exptanat1on for these

‘ , !
: results was tested next - ﬁ'_



L4, Ev1dence for Anttgggx

o a) Passtvely Transferred Parab1ont Sera Accelerate

:'h Tumor Destruct1o 1n Vtvo-

'<in:three'sebarate'exberiments 'sera'pooTed'from'seVeraT>,.
1ntact parab1onts were tested after pass1ve transfer to .
‘DBA/2d rec1p1ents F1gure 19 shows the results of mixipg -

- pooled parablont serum w1th the 131I RI i d1ately before

g

1n3ect1on. each of 5 DBA/2d rec1p1ents rece1ved the
'equivalent of 0. 1) mT serum In th1s, the- best exper1ment
‘_the rec1p1ents of the parab1ont serum cTeared the tumor as -
'.rap1d1y as the rec1p1ents of 0.1 ml of a h1gh t1tered ant1-'u
¢C3H/Hed serumd In. two subseﬁuent exper1ment§ however,'in |
?j thCh separate: pools of DBA/Zd and F1 parab1ont sera were
'tested fewer tumor cells were kw]led however. acceleratlon,
of tumor destruct1on was seen w1th both pooTs The controTs,
DBA/2d rec1p1ents of 0 1 mT of normal DBA/ZJ serum, showed
32. 3% 6.4 retent1on of the tumor on day 3,,wh1le«the
E rec1p1ents of DBA/2d parab10nt serum showed 24 9% 8 4
retent1on The rec1p1ents of F1 parab1ont serum showed 23 2%
% 5.2 retention. The d1fferences in clearance rates in this

e-experiment whzle not statlst1ca11y s1gn1f1cant may reflect

u:var1at1on in the amount of ant1body 1n 1nd1v1dua1

o parabtonts In order to more eff1c1ently use the small

"amounts of serum ava11ab1e in v1tro tests were done

. b) Parab1ont ser, @;Show 1n Vitro ggglemen~ Qggggggg_
| xtotox1c ct1v1t¥ Aga1nst H 2k Bearlgg Targgt Cells
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Clearance of 13*I RI(H 2k) tumor cells from DBA/2d mlce '

gwen parabiont serum in ‘passive transfer with the tumor

‘Non-immune mice received 0.1 ml hopmal DBA/2¢ serum with .the
tumor. The other control groyp. feceived 0.01 ml of a high-
‘titered anti-C3H/Hed serumwith the RI.-The mice treated-
with parablont serum received- 0.1 ml each along with the .
“tumor . In two subsequent’ experlments mice receivihg smaller
amounts of parabiont DBA/2U-or F1_serum, ‘showed . 1eéss -
dramat1c tumor clearance than *ﬁ/th1s exper1ment
e T R -

L

Yo



158

Sera from-both partners of 8 palrs of m1ce were tested ’
’1nd1v1dually for complement dependent cytotox1c1ty by dye |
targets or C3H/Hed" Spleen

exclus1on against- elther R1 tjf_?
cell targets Flgure 20 shows the t1trat1on curves of _
,; representat1ve sera from four 1ntact parab1onts, t1tered
agalnst the RI tumor Parab1ont sera from all four. DBA/2d
and two of four F1 partners showed s1mllar t1ters 1 15 -
1 20) agalnst the H 2K target As seen 1n Flgure 20 most of
‘this. cytotox1c t1ter was lost after pre treatment of the :
sera w1th 2 mercaptoethanol to d1srupt IgM When parab1ont
sera were tested aga1nst the L1210 tumor (H 2d); no, ly51s
; ,

" was . seen (data not sbown) o e

1 The tlters of F1 parab1ont sera showed more B .'h
var1ab1l1ty In two oﬁ the four samples shown in F1gyre 20
as well as a number of others tested s1nce, the FL@partner
showed much weaker antibody act1v1ty aga1nst H 2k Max1mum :
t lys1s did’ hat exceed 50% and occurred only at the lowest 'u
d1lut1ons~ At least one F1 partner, however had ah ant1b§dy
tlter as great as the t1ter 1n its DBA/2d partner W1th

' e1ther partner th1s t1ter was largelyvsens1t1ve to 2- uw"";il

o

mercaptoethanol treatment suggest1ng 1t was IgM

c) Parablont Sera Tgst Aga1ns€LC3H Congentc Targg ‘ |
Spec1f1cytz for 5[_ End of. H- H-2K- ::jﬁ'sll'p;~ |

e

Sera from parabwnts that had shown’mmﬁcant t1ters

‘"f aga1nst RI tumor targets were tested aga1nst a panel of

o spleen cell targets from C3H congen1c (C3H NB H- 2p C3H A
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Fﬁgure-ZQ:-

-~ Titration (by dye exclusion cytotoxicity assay) of o
" DBA/2J (1eft) and F1 (right) sera from 4 parabidnts, tested _
oh. RT (H-2k) tumor cell targets. Hatched area covers the
‘range -of the complement controls. Dotted lines with open '
“symbols are'2-mercaptdeLhaﬁbl-nesistght“titers;,Each‘symbol"; -
(@,W, A and V) represents one pair. of parabionts," =~ - . -
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.H 2a, and C3H 0OH, H- 2°2) mice, 3nd from m1ce of the C3H/Hed
’ reference line. H 2 genotypes are given in Table 1. In all
.sera tested anttbody lyt1c for target cells presenting _
- sur face alloantlgens determ1ned by the ent1re H- 2K haplotype
~or the left "half” of the H- 2k haplotype (e g. H-2a, KK.I-AK
I-Bk I gk I- Ek) was found (F1gure 21). The C3H. OH target was
.not lysed nor was C3H. NB which served as a control for
'-non -H-2 target ant1gens determ1ned by the C3H. genetic
-background Thus the act1v1ty of parab1ont sera is. d1rected '
aga1nst surface ant1gens determ1ned by loc1 in the 1nterval
irom H- 2K through H-21 expressed by the H- 2Kk hap]otype Non_
H- 2 ant1gens contr1buted by the C3H background do not serve
as targets for complement dependent 1ys1s, nor do antigens |

, rcoded for by the H-2D end loci from the H- 2K haplotype

5 Parab1ont F1 Sk1n Grafts are Re]ected in Norma] Time by
BA[2 Hosts. |

B S1nce the c1rculatory and 1mmune systems of F1
‘parab1ont partners Have been taken over by DBA/2d der1ved
' ce]ls, it is expected that in F1. parabiont t1ssue grafts.
’Jall passenger lymphocytes (B1111ngham, 1971) would be of ]
DBA/2d genotype and might reduce the 1mmunogen1c1ty of theset
F1 grafts on fresh: DBA/2d rec1p1ents Sma11 p1eces of flank -
'sk1h from two Fi parab1onts were grafted onto DBKY2d mice, |
vrcontrol mice rece1ved normal F1 sk1n and graft surv1val -
.pt1mes on the coded mice were measuped b11nd (Table 9).

vpparab1ont sK1n was found to enJoy no pr1v1lege whatsoever

compared to norma] F1 sk1nw when grafted to DBA/2U
o .

!

SN
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Figure. 21,

Titration of 'two of the same parabiont sera ahalysed
'Figure 20 on spleen cell targets from mice congenic to
‘C3H/Hed.  See Table 1 for H-2 haplotypes. The sera titered
here were those in which both the partners showgd strong
~ titers against Rl targets (M and ¥, from Figure 20).

® C3H/Hed targets (kKkk) -
O C3H.A  targets (kkad) =~ -
- & C3H.OH targets (dddk)
- 0O C3H/NB- targets (pppp)

:Hatghed.area'bepﬁesents the"?ange qf-va1ues of the
- complement controls. J : e o
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recipients; survival times for both types of graft were .12-

13 days. FT_perabiont sKin.was'accepted by F1=recipients,

- however, 1nd1cat1ng that it has not lost its capao1ty to

survive transp]antat1on as ‘a result of parabiosis, and had.
not acquired h1stocompat1b1]1ty determ1nants foreign to

normal Fi hybrids (Drell, et al., 1979b).
L 4

Table 9. Surv1va1 of F1. parab1ont sKin grafts on fresh
DBA/2J rec1p1ents - , . .
- "Mean Re jection Time in Days,. -
+ SD, (# of grafts)

Recipient Donor Exp 1 gxp 2

DBA/2J noqmal Fi 12.911 0.5 }11) 13.0 + 1.1 (11)
) DBA/2J f barabiont Fi 13.5 + 0.4 (13) 12.1 + 1.7 ( 9}
(DBA/24 X - .
C3H/HeJ)F1 _parab1ont F1 -ND~* . ' -NR-#*x* ( 6Y._
_DBA/zu'; . normal Dka?d . -NR- **(10) . -ND-% )

* ND, Not Done , S ' -
** NR, No Rejections ' '

\

Iv. Takeover by Cell Injgefi%n:'Rreliminafy.werk
Since parabibsis'hesUIIS fn the takeover of the. F1"
-hybrld partner s 1ympho1d and erythropo1et1c systems by
parent der1ved cells, and 1mmunocompetence to F1 »
‘al}oant1gens,1s a takeover preregy1s1te ‘an 1nvestlgat1on

was begun to’ determ}ne whether parental spleen cells a]one,_ﬁ-

' 1nJected 1n§£avenously into adult Fi. hybr1ds, couldqeffect

~
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takeover 1n the absenpe of parab1os1s Only preliminary
results are ava1lable Earlier work in graft-versus-host
sels (Fox,. 1962; Batchelor and Howard, 1965) gave a
tentative 1nd1cat1on -that takeover could be ach1eved w1th
large numbers of cells alonel Thus varying numbers of DBA/QJ
spleen cells were .given to adult (DBA/2d x C3H/Hed)F 1 m1ce
and the glucose phosphaté isomerase phenotypes of thé mige
were foLlowed by starch ge!l electrophoretic analysis. In one
pilot experiment the adult Fi hybr1d rec1p1ents were
pretreated w1th a monoclonal antibody aga1nst the H-2K -

antigen derived from one of its parental stra1ns, ‘prior to '

1n3ect1on with cells from- -the other parental strain.

i

When a tqtal dose of DBA/éd spleen cells numbering 108

or less is injected i.v. into (DBA/2y X C3H/Hed)F1 adult

mice, no detectable change 1n the pattérn of GPI 1sozymes in
RBC lysates resdltsk even months after 1n3ect1on (Table 10) .
When 5 x 108 cells &ﬁ% 1nJected dltered GPI patterns are
ev1dent w1th1n four weeks Of 5 F1 m1ce injected w1th this N
dose of DBA/2J spleen cells, 3 ultimately showed a complete )
takeover ‘The relatively short half l1¥e of mouse RBC-Labout \
23 days, Russell and Bernstein, 1966) precludes pers1stence

these mice, checked

.of donor RBC to account for th1s Two o

'more than a year after cell 1nJect10n -showed complete

| takeover suggest1ng that after establ.shment by cell

1n3ect1on th1s result is stablé. One of se two showed'v

2°

only part)al takeover‘when tested at.5. mor th H thus the rate

of takeover may not have been unlform under these
=~ - . S Tl
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-
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.eXperimeh}al_cen%itiohsﬁgﬁ , |
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JﬁTable 10..Product1on of Takeover Ch1mera M1ce by Parental -"f’
. - Strain Spieen Cell InJectqon of Adqlt F1 hybr1ds v

.";'”";°"~-7.."""""": ...................................... -

_Donoé Spleen .\Re01p1ent No Ubservations o RBC
. Cells - | o , Mice 'Takeover .
x (dOSe,i.y.) g
e e W ¢"7f777:" """""""" ST TTIATTTETIIIITT
- DBA/2Y - 7" (DBA/2J. x 5  Nearly complete takeover
» . (5 .x 108) « C3H/Hed )F 1 . at B 'weeks, variabile
‘ L e S . chimerism’ after that.
& ' BT o . . - Complete takeover
e e v '-ulb1mately 1n"375
‘DBA/2J° - (pBA?2u x '+ ,
(109) o C3d/Hed)F% . No taKeover
. MBA/24 SN (DBA/2d x " .. Y o
- (Yoe) - " CB3H/Hed)F1- | 5 No 'takeover
DBA/2J © * . (DBA/2U x |
(108) . .. - C3M/Hed)F1 .. .5 .
- 0.28'ml "irrelevent” S, oo

"'“.'monoclonal antibody ‘injected " .. NO takeover Z - ,

' 'i.v. one day before 1n3ect1on S Lo LT S
of spleen cells - . - T . .
DBA/20 - .. (DBA/2U.x . .o
(40‘) 3HﬁHed)F1 b ;6 e . . -
:0.25 ml. anti- H 2K (k) n - -4 survivors tested at 3 .
monocional ant1body 1njected - months, nearly complete'
i.v. ohe day before- TnJect1on "‘takeover seen in: 4/4
‘of spleen cells " = . , _

J‘CBALJ "I* (BALB/CCR x 6 - Two' surv1vors 1ested at '"";

, (5 'x 108). CBA/Cad)F1 o 10 mofiths - both showed

;”;' } | S z,, . “complete takeover,

: BALé?ébR 7 (BALBJGCR x:. . . At-'S months, 373 showed.

(5% 108) CBA/C;J)Fl .,3_ dcmplete takeover‘e R
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spleen célls 1n3ected 1nto three 51m1lar F1 hybr1ds both Ted
to complete takeovers Of the s1x CBA/d into F1° ch1meras,;1‘

'IO‘

only. twovsurv1ved to be tested at 10 : mqnths, both showed

‘,‘complete takeover “ATY three of the three BALB/cCR 1nto Fl

chimeras surv1ved beyond 9 months and showed complete ‘
'takeover, The numbers oﬁ m1ce in all three of the groups are“
much too small to draw any conclus1ons on the mortal1ty of ,
thls procedure The sole,po1nt tq;be emphas1zed here is that
the\1n3ect1on of a very large number of parental spleen
cells into an adult, untreated H 2 1ncompat1ble F1 hybr1d
-~ can result in a stable pers1st1ng and complete takeover
W1thout mortallty » _ W | |
- o | L. o e
»'é A f1nal pllOt eXperlment was conducted mak1ng use of a’
' hybrldoma der1ved antlbody d1rected aga1nst H- 2K(k) This

~ ant1body is cytotox1c in v1tro for H =2k target cells The

T purpose here was to see 1f the takeover react1on would

proceed us1ng a smaller dose of DBA/2J spleen cells known
, not to. be able by 1tself to cause takeover, 1f the
rec1p1ents were pretreated w1th th1s ant1body Thus. (DBA/2J
X C3H/Hed)F1 m1ce were given 0 25 mls of thls hybrldoma “;ff
1 v ,‘followed the next day by 108 DBA/2d spleen cells i V.

) ,.-au.mw. o

Eontrol groups” 'ecelved elther cells»alone, or cells on”ﬂday 3

after the 1nJect1on of 0;25 mls of another, non,H 2 directed7fi

hybr1doma Of 6 Fl hybrtds g1ven 1ga cells and the ant1 H-"t l,ff

2K(k) hybridoma 4 werﬁffﬁnzgg;.;ﬁﬁlfﬁ‘

'?a spleen:cells but tracelq"'
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Unfortunately. the surv1val of these mice was poor and they
‘;could not be followed longer The F1 rec1p1ents of e1ther.
”‘103 DBA/2d cells alone.L or of 10a cells after the 1nJect1on
ﬂ'of "1rrelevant" hybr1dbma. shoWed ho s1gn whatsoever of
: taKeover Desplte th1s be1ng a s1ngle very smaldiﬁ
,-experlment it suggests that a s1mple prec1se pretreatment
fcan markedly affect the dose of parental cells .able to ;.

- ‘ureplace the c1rculat1ng red cell system of the F1 rec1p1ent.

'Clearly an enormous amount of work needs to be done - to

'answer such quest1ons as ' whether the takeover by cell"

rTnJectlon extends to the lympho1d organs such as spleen and_ff*

4

'3" marrow (as it does fOIIOW1ng parab1os1s) whether anti- -

' _C3H/Hed 1mmun01091cal react1V1ty pers1sts, whether antlbodyp- o

.fls present and whether there are genet1c 1nfluences on . the'w
"degree of success of th1s process In short what needs to
Fbe answered 1s how simllar cell 1nJect1on ch1meras are to
. parablont ch1meras and eventually, whether cell 1nJect1on
‘;ch1meras can serve ‘as’ a useful model for. study1ng boneléf

_ marrow replacement b1ology andﬁtherapy 5 .

o 2.
B



;TfDLSQUSSION*V

. The character1st1cs of parabIOsed m1ce can be ., ’
.con51dered 1n three parts 1) A takeover reactlon effects
'the replacement of the F1 lymphold and erythropo1et1c
' systems by parent der1ved cells Parental 1mmunocompetence
f;'to the F1 is requ1red for thts, and the 1nject1on of large
hnumbers of parent type cells alone can m1m1c th1s 2) A

Tfl1m1ted genet1c analy31s of SUPV1val and takeover 1n f

1

“parabtosed m1ce Jnd1cates that, as expected the M- 2 complex'f"”

vis:of OVGFWhelmla.Atmportance and that w1th1n H 2 .théf~'

".d,regton del1m1ted by the K and I-E subreg1ons 1s a stronger

;_fst1mulus than the D end 3) Concern1ng ‘the mechan1sm(s) that&n
.‘allows the H 2 1ncompat1ble partners to surv1ve. the"‘f e
retent1on of MLR GVH _nd lg v1tro cytotox1c react1V1ty |

festabl1shes that deletlon—based tolerance 15 not 1nduced

h.hThe pers1stence of react1v1ty of parab1ont spleen cells uponfiﬁ
' adopt1ve transfer and antwgen1c stmmulat1on and the absence'

'_;:of any suppress1ve effect on the react1v1ty of normal cells;fe

.put severe restra1nts on the l1kl1hood that a suppressor

.Q;cell is- 1nvolved The presence of ant1body d1rected at the ,t,, |
@and the absencerf*

H-2 ant1gens of the:"tolerated“ F1 partner

'Lyﬁof F1. lymphoid‘andferythropoiet1c cells_bec{”"”".ﬁ

”Ttakeover reactton suggest that enhancement fsupplembnted_byﬁ




| The takeover reactton encompasses c1rculat1ng red blooq
‘ cells and lymphocytes of the spleen and bone marrow Other g
bcell types may be 1nvolved as well A maJor prOportton of ’
,.sk1n 1mmunogen1c1ty may be contr1buted by Langerhans cells.flb":”?b
/”“zwh1ch are der1ved from moblle bone marrow precursors (Katz,sv:li
et al.. 1979) Concelvably, the Langerhans cells of the'Fﬁ '
‘]pa;ab1ont sk1n may be parent der1ved Regardless F1}-'w b‘_} |
:parab1ont sktn st1ll rema1ns fully 1mmunogen1c (Table 9) at_gwf'
'?the t1mes tested here (141 days after parab1os1s 1n Exp 1 ib?

.j‘195 days after parab1osxs yp Exp 2)

. - The requ1rement for\parental 1mmunocompetence~ and th§~
X ,1n1t1al hematocr1t d1vergence in- the DBA/2d plus (DBA/Zd x
;;3C3H/Hed)F1 pa1rs, suggest that an 1n1t1a1 but5l1m1ted GVH

b7‘react10n occurs,;; ig er1ng the takeoverspﬁ Less. The

_';loccas1onal pers:stence of GPI ch1merism 1n some DBA/?d plus
ﬁw_(DBA/Zd X CSH NB)FI palrs tTable.4). lnd the absence of a '
'h”ft}dramat1c hematocr1t divergence 1n those stra1n comb1nat1?ns~

lh”;f-not 1noorporat1ng full ‘K- 2 dlfferences (F1g 10)

”}?1ncorporat1ng the apparently weaKer H 2p stimﬁTUs (ng 7)
‘Vslﬂall suggest that the strength of the init1al GVH react1on




*

sens1tnve enough to reflect this Alternat1vely, the H 2p

Ny
haplotype m1ght be a strong st1mulus for a GVH.react1qn but

uf* surv1val rate qf parabtonts and the less than total

,-

taKeover “utjﬁv ‘“f-hfbfﬂfft CARE null"- "*" gﬁ".;

.

In the complete absenoe of an ant1gen1c d1fference that

two blood systems'ﬁesults (F1g 3) The genettc anavys1s of
th1s taKeover }s l1m1ted by the congen1c m1ce avatlable but

a K plus I reglon dmfference seems a minﬂmum requtrement for

p complete tﬂkeover. 1t woulB—be.very f:tenest1ng to Know 1f

an 1 subreg1on d1fference alone would:be sufftc1ent, bui the

CQH,congen1cs to test th1s do not ex1st

3.




follow v-frbm-'_;geﬁe.f‘{iiq d‘i‘ff‘e‘ce'rf\:-ee”s__fq't'zrie_rfg';.lti,rian 5.H‘{2‘;L .

e The genetvc 1nformat1on encdded 1n the H 2 complex of

j_ithe F1 1s of central 1mportance to the outcome of parab10515
h“Judged by both surv1val and takeover F1gure 6 111ustrates :
. ‘ajthat changes in. the ent1pe "target" H 2 haplotype of the Ft a
.grin;partner qg}th m1n1ma1 Known changes 1n other non “H- 2
,oreg1ons.4can drastlcally affect the outcome As noted ,
ébefere, (Results. sect1on II 1 A) conclu31ons based o’ thef
f:use of congen1c mlce must not be OVer1nterpreted ‘what

vhappens 1n parab1osts when CSH NB ls the target versus what

'jhappens when C3H sw is the,target 1s probab3Y_due;to the ﬂ??ﬁf |

uir,Known d1fferences, all W1th1n the 2 complexf

(Tetween these s

“aﬂihftwo stra1ns Yet other less eas1ly d1sce nedydffferences may j#hﬁ“'

,fchave 1mportant 1nf1uences and 1t 1s real ymonlyib;{analogy

(

;51n fact. due to Hg2 su



.3aunpubl1shed data) 1n both of\these stra1n camb1nat10ns The'"',
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3‘ﬁf,ma30r dlfference 1s 1n the hematocr1t prof11es DBA/2J plus waiffd

';t(DBA/Qd X C3H A)F1 parab1onts do ;pt show the anem1a-t55-”w'uuf
”‘polycythemla character1st1c of DBA/2d plus (DBA/ZJ X |
.;CSH/Hed)F1 pa1rs (thures 5 add 10) Cleaﬁly though “in most
: "ways the st1mulus of the K through I E. subreglons of H 2k 1s
.nalmost as strong as the st1mulus of the ent1re H: 2k
f?hap}otype fronJK znd to D end 'i;fj'fﬂSﬁ&f?lt'};;;‘ﬁfi"

An-‘ ¢

dust as clear]y. the D end alone presented to DBA/ZJ ,-”‘”

"F;partners by'TDBA/Zd x, CSH OH)F1 partners 1n parabTOSIS,

’Qtvery weak Most parab1onts surV1ve a complete takeoveF

- never occurs, and there ls no hematocr1t d1vergence Assays \;f

- .of. cell med1ated 1mmun1ty were not done S1nce the

'ﬁ{1mmunost1mulatory ab111ty of H 2D 1s very weak (N1sbet and
:~f Edwards,,1973 K1e1n. 1972) ‘“fg';filiiﬁ,jpff”g.it v

'V=~- , S S R ”. SRR . rf;gﬂ“flr
Whlle H 2 detfrmlnes,the most 1mportant “target" v

3f§fantxgens. a m1nor role athbest may st1ll ex1st for non H 2 L

“?;tant1gens Subst1tut1ngwother H-hi"stralns for C3H/Hed ﬁn

i“épa}ab]os1s d1d not sign1f1'ﬂ-w1y affect surv1va"or takeover

ﬂf‘ffF1”ure 11) 1nc1denta;1y«e11minat1ng the Mls lf;he-Frthaag_;d |



&:fiH 2 complex are responsible for al] the mortal1ty of ,
”:b'ggparab1os1s but furfher ana1ysvs 15*1mp0551b1e w1thout other

t.lf;C3H congenwcs If the non H 2 genet1c background of the C3H

' niﬁor CBA m1ce used here contrrbutes to any of the morta11ty,
';?the contribut1on 1s very small Also nonJH 2. genes that CBH

“,\',"'- s

,’{and the two-. 'BA 11ne's share may be "nportant but "Ot |

)’fﬁl*apparent

Vi ‘,”Lﬁv~
. ti;i BALB/c m1ce nespond far more strongly to H 2K bear1ng |
v_F1 partners than do DBA/2d m1ce (F1gure 11) Whatever the |
'freason for thws, 1t 1s apparently dom1nant over the DBA/2d
~;ﬁﬁphenotype s1noe (DBA/2d x BALB/c)Ft partners respond a]most

'V

‘H:‘fas strongly to (DBA/2J X H 2K)F1 partners as BALB/C mroe B

_ The(overall conclus1on from th1s work on genetlc fj?‘(
1nf1uences 1n parab1os1§“1s that there appears a reasonably
'lqgt.:strong relat1onsh1p between the degree of

V;ﬂ”h,sto1ncompat1b1l1ty and both parab1ont survrval and the

’f3fextent of the takeover process

tE

The H 2 compfe

sis‘(N1sbet and Edwards. 19l37 and other stud1es
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the parenta] partner,_none o,'the parab1onts surv1wed (Drel]-;hu

and Wegmann unpub11 hed da a, and F}gure 11) therefore,

;.non H-2 genes 1nfluence\sufv1val as wel] . JEIR .

What th1s may resemble s the s1tuatlon encountered in. |
spOntaneous enhancement models (Sect1on 1v. 4) Var1atlon5'.j:'”
both w1th h1stocompatib111ty and w1th stra1n occur both 1n
parab1051s. as Just d1scussed and 1n enhancement as well
(Sect1ons V. 2 V 3). Thus as ‘a mechan1sm 1nvolved in fv

ﬁ.parab1ont survaal. enhancement mer1ts conswderat1on

The potent1al for react1v1ty to F1 alloant1gens _
'per51sts in parabIOsed m1ce desp1te the in s1tu to]erance
v'f'Act1ve effectoracells are not detectable w1th1n the 11m1ts

';of sens1t1v1ty of the assays employed (Tables 5 and 7) and

"*uiﬁoup tests for suppressor act1v1ty medxated by sp}een cells

~‘;are negat1ve Ant1—F1 ant1body 1s present and thls is the

. ”V;greatest svmxlar1ty w1th the situat1on 1n enhancement Th1s

'ant1body, upon ana}ys1s with congen1c C3H target cells 1n

"L,'h'v1tro (Figure 21) 1s d1rected at ant1ged1c determlnants of

'the K to 1 E subreg1ons of the’H 2k hapiotype. the same set

of determ1nants wh1ch are cruo1al for the takeover react1on P

’

a"t'b°dy see'“s ‘a" ge‘y' a'fhough perhaps not i-'z;;'i

to be IgM V;hﬁch can enhance for tumor grafts

'Uﬁ:exclus1ve y}
*‘.:js.;al 1975,

v 3vnd'W1nn 197375 ;n Breda eresman et
"’JBubenik et Y | o :
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A
;Gutd:nn et al (1978) who enhanced a1lografts of rat

':(011votto and Bomford 1974) are both of lympho1d

o spontaneously enhanced“ an1mals (B11dsoe et. , 1971

5K1dney graft1ng mode1 of all the react1v1t1es here descr1bed
{jfor parab1osed m1ce, 1nclud1ng ant1body (Russell,‘et 1 ,

. 19755, 1978a) In add1tion, these mode]s all appear to. \".']41
‘j1nvolve progress1ve enhancement s1nce sk1n is ult1mately '
.ﬂaccepted by these grafted rec1p1ents The on}y reports of

' lenhancement benef1tt1ng ﬁormal t1ssue other than sk1n,,'

heart K1dney, or endocr1ne grafbs are those of Poo]e eg

al., (1976) who enhanced ent1re rat hind leg allografts, and

muscle t1ssue it may be only an extens1bn 1n degree from

,enhancement of these. types of graft to enhancement of the ﬁ\

‘
' graft of an ent1re mouse Th1s may be mOre reasonable when

'Vlewed 1n the l1ght of the takeover whlch removes the potent

st1mulatory cells of the 1ympho1d and erythropo1etlc ser1es

| The actual funct1on of the ant1body 1n parab1osed mice -

']h unclear Slnce,'1n the tests descr1bed/here (F1gures 19-

. and Table &)u the target spleen cells and RI tumor cel]s,ff“

; p”tv1tro IgM ant1bod1es are muc ﬁmore easily detected by

‘fPar1s,;et al,, 1978) and two reports note the presence in a -

-

.”!derlvatlon._antlbody act1v1ty aga1nst non lymph01d tlssue,-c:fff-

}Wffor organ spec1t1c ant1gens wohld not be detected A]so,'igtﬁf-"
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Dne funct1on tHe antlbody may have is to effect the
-takeover react1on but in this conhection Tit mUSt be )
""emphas1zed that all our stud1es to date have been performed -
.on long term surv1ving parab1onts The takeover mechan1sm 1s
not Known other ‘than that parental 1mmunocompetence is
requ1red (F1gure 3) Thus we do not Know whether the -
ant1bddy plays an early role in the :;Keover or is
"responslble ‘for surv1val In all of 12 pa1rs analyzed to |
.‘date however th1s ant1body was fbund and in t1ters of 1: 10:ef
to 1: 20 so it appears character1st1c If 1mmunolog1ca1 | ig

'“enpancement v1a antlbody 1s the mechanlsm ma1nta1n1ng
B ”

_..unrespons1venes _1 Si tu,'1t is un11kely th1s 1s due taq f

ﬁefferent act1on s1nce act1ve effector cells are. not present

Ihus an afferent or c%ntral mode of act1on may be more

B

l1kelyr perhaps cons1derab1y alded by the takeover wh1ch

A

would 1nhib1t recpgn1t1on of F1 a]]oant1gens by the

'otherw1se respons1ve parental cel] med1ated 1mmune system
The spec1f1c1ty of the parab1ont ant1body must be o

ts1gn1f1cant Our data 1nd1cate that the anttbody“is d1rectedd“ g

'.1arge1y aga1d§t determ1nants coded for by one or more genes h

",f‘1n the K through I1- 3 subreg1ons of the H 2k haplotype

A‘n(Flgure 21) react1v1ty against H Zﬁ'end loc1 (shared by | )
H”C3H OH W‘th C3H/Hed) 1s not a detectab]e component of the “4&;Ja~;
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spec1f1o1ty 1s lncomplete and the corre]at1on w1th the other
- consequences bf these spec1f1c al]oant1gen1c dtspar1t1es is
necessar11y rough Furthermore, re analyS1s must he done onh
the three other h1gh surv1v1ng congenlc stra1n combtnat1ons
of parabwonts, those using (DBA/2d X C3H NB)F1 (pBA/2d‘x o
t‘C3H A)Ft ‘and (DBA/2d X C3H 0H)F1 mlce B

.
| If th1s ant1body is the agent of the takeover react1on
o then very poss1bly the DBA/2J plus (DBA/2U x ‘C3H.NB)F1 and
.L¥Q. (DBA/2d X C3H A)F1 stra1n comb1nat1ons will possess 1t
; wh11e the DBA/2d plus (DBA/2d X C3H 9H)F1 parab1onts w111
| hot. The correlat1on between the spec1f1c1ty of the ant1body
| - seen in “the DBA/24 - p]us (DBA/ZJ X C3H/Hed)F1 parab1on&s, and

~

vthe presence of the takeover react1on 1n all those parab1ont
.7comb1nat1ons 1n wh1ch the F1 Partner presents .mré' -
,1ncompat1b111t1es 1n the K to I- E 1nterva1 of the H Z o
complex, suggests that thns is the role the anttbody may .
tf}play In the DBA/2d plus (DBA/2d X C3H 0H)F1 parab1onts, _i;
hthere 1s no 1ncompat1b141ty at H- 2 except the relat1vely

)v.t

iﬂjifﬁ_ffweak H12D end and th1s m1gh&%not be strong enough to ’

;””‘;Vﬂate sufflc1ent or effé%t1ve antlbody It may be the N
"~chase 1n these parabtonts that the h1stoincompat1b111ty 1s so ;‘
‘%weak that an ent1nely d1fferent non antlbody med1ated

@

"=jmechan1sm occurs _ ’njffr;'f 7,_?1 =r"sJ“rf“;'f-mgfh o




. \.~
unenhanced hosts (denklns and WOOdruff 1973 'abre and

: Morr1s, 1972b Stuart et- a]i, 1969) Rub1n { 959) f1rst S
observed ‘that C3H/Hed sk1n grafts Onto DBA/2J ¢

'artners of

.‘mechan1sm Others study1ng spontaneous enhanc' -
ffound ﬂhat donortstraln sk1n grafts can survxve much longer /
(Skosk1ew1cz et. - T.. 1973) or even permanentlx (Salaman,.'
1971a) .on prev1ously grafted rec1p1emts Althobgh the
.cumulat1ve 11terature on t1ssue graft enhancy nt does not

: make clear why such var1ab11ﬁty of sk1n grafts 1s seen, 1n

-;Lthe parab1ont mode] 1t 1s clear that the 1mmuﬂogen1c1ty of

"411n3ect1on ch1merlc m1oe are character1zed for 1mmune status

”F1 sk1n is. 1ntact (Table 9) o - .; e j'

";i; Althquh cons1derable work remarnsrto be done on «the

gon takeover model 1t is clear that a largef') a

!

[ce]l a"'sh

_parental spleen cells, capable of reacting against

ﬂ"the rec1p1ent F1 s a]loantwgens, can cause th takeover by

5”Lcell,1n3ectvbn with the takeover follow1ng parent F1 hybr1d

: parab1os1s However, caut1on 1s adv1sable*‘ﬁt11 the cell

YiAll,of the cell 1]iﬁ!f‘ O date and 1n }f}~'
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‘ spleen cells will occufilff"the hypothetical analogy with
| parabiosed mice'holds. cell injection may not result in’
" takeover of the latter F1 hxpr1d rec1p1ents An equally,
¢1mportant approach would address whether the 1n3ected cells ,
would cause . takeover if the cells were unable to respond to
H 2 antigens of the rec1p1ents spleen cells from
establ1shed bone marrow chigpera mice would be sditablé for
this. A further ref1nement oulid be to construct differentl
types of hone marrow or feta liver chimeras and,_dsing them
“as donors of spleen cells, with the different available. F1
hybrids ask' (to-a limited extent) whefher the left hand end
or the rtght hand end of the H-2 complex prov1des suff1c1ent
(or necessary) st1mu1us for this form of takéover, as the.
left hand end of H-2 §eems to do for parabiosis-mediated

takeover. .
P

The use of the hybridoma to "ease” the takeover by
a]loW1ng a fivefold decrease in the number of sp]een ce11s
needed to accomp11sh it, const1tutes an easy, ‘simple, ‘and
sure way of Qenerattng chimeric mice.- Again, until the
.immdne status'of these mice ts‘cheoked analogies'with .
parab1ont F1 m1ce should be’ made guardedly In these
W pretreated and spleen ce]l\1n3ected mice, - the hybridoma use&“
was directed solely at the'H—2Ktkl determinant. This"antigen
- is present throughout the tissues of the F1; what effects,
if any, this may have'oﬁ“cells other'¢han erythropoietic

precursors (the Only ones Known to have been funct1ona11y

e11m1nated) remains to be determ1ned'

. - -
K A

-
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In‘none of these cell injection chimeras, Whether
pretreated W1th hybr1doma or not was there any overt sign
. of early graft versus-host disease. Surv1val of these
chimeras was not perfect, howeVer as can be seen in Table
10; given large numbers, reliable surv1va1 f1gures which
can ‘be compared to the known surv1va1 figures for parabgosed
.mice of the same comb1nat1ons can be accumuiated. Also, \
protocols can be worked out which might reduce'the-mortality'
to heglegible quantities If so, the innocuous takeover
wh1ch results might serve as a very easy and hopefully

useful model for the study of bone marrow cell grafting.

-Thus parabiosis is an experimental model in which .
unyesponsiveness across H-2 barriers is maintained despite
the retention of the potenttaL for alloreactivity ‘towards

?the H-2 antigens of the "tolerated” partner. The
A

‘-1mmunogenet1c relat1onsh1p of respond1ng partner to

“tolerated" partner is cruc1a1< with H-2 determinants in the
'K to I-E interval serving as cr1ticaliy important stimuli
both for survival:and takeover of the lymphoid and -
erythropoietic systems. The takeover reaction, perhaps aided .
by the presence of ant1body act1v1ty to these same

to]erated" alloant1gens enforces the absence from the
parabionts of F1. antigens in their most" 1mmuno§t1mulatory
and therefore potent1a]1y dead]y form, on c1rculat1ng
Tymphoid’ and erythropo1et1c cells. If the ant1body plays a
- role in ma1nta1n1ng this non- react1v1ty in situ by reducing

the 1mmunogen1c1ty of the F1 partner thls may point the way

) g

'
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towards a better understand1ng of what comprlses
 1mmunogen1c1ty for all tissues as well as prov1d1ng .

poss1b1e strateg1es for de]1berately reduc1ng it for tlssue

)

grafts o . . C e
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