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This ihesis describes ‘resedrch into the i , 1 aspects of- id
B < v
Arthritis. The work uses as its model ‘the immune-mediated reactions between

y by ists in

graft and host chh have been

ayumals. The ‘only natural situation in uhl:h these' reactions might be pre-

cipitated are‘those that arise during’ pregnancy when the xn;rmne systems. of
-mather -and nffsprinb are in close ﬁonvtiguizy Accordingly pregnancy is. the
focal point with cam:entratmn upon uet1v‘logi:a'l agents that might interact
with the genetic make-up of mother and chﬂd to glve rise m the disease

mmfestatmn of  Rheumatdid Arthritis in the later 1ife of the offspring.

;’n‘nfia; to.see if specific immunological sensit'ivity!or tolerapce could be

passer:i/’»,%rgm' nothér to offspring experiments were perfomed ‘on rats: in which *
the ;In:n sen‘sitizi};g agent Dihi_tm:vglurob_enzene was put on females prior t;)

'n;éting and the oFfspring were: tosted For hypersensitivity usinga p_upiitea]
'l,ymph node weight assay. Hi'thin sthe 1imits of this assay there was no det-
ectahle effect of mterna] priming on the reaction of the offspring to this
ant'lgen. anever, there was™ a pronounced effect of maternal® primmg on the

spleen weights of the offspring in spite of ‘the removal uf the antigen in

. “the skin slough by the-tine of conception. The spleen weights had been

determined: crudely to detect immunological runting in the offspring but ret-

rospective analysis revealed that-in'all experiments in which this protocol

_was ‘followed the spleen effect was significant in spite of the standard error *

introduced by the assay. z . s w

.Five Juvenile Rheumatoid Arthriﬂs families were investigated using the mixed

12u:ocyte cu'lture reactions to detect genetica'l'ly detennined factors that

mght predupuse ‘to'maternal-offspring immune interaction. Two and possibly




are discussed in’ the Tight'of the initial, model nd some possible fmmuno=

'Ing{ca'l mechamsms outl ined in an ippendix. .

three vnf the vrvband§ were I{umzygntfék at th_é HLA-D Tocus -and in two of - v
' ‘the families there s suim evidence of q'ei\;:typic or pheriotypic \nterl

fennce not related. to -the HLA - regiarrof chromosome 'sif.. These' resu]ts . i
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hd INTRODUCTION.

Ri\eumawid- Arthritis is & chronic Inﬂam;wry disease affectinq mainly
“the synovial Hmng of the joints but also many other tissués uF the
body. Despite intenswe scienhfu: lnvestigatlon during this century.
the aetiology of this relatively cnnmun,cond‘iﬂun rema ins obscure whi;
other arthritidés‘. such as Rneumatic Fever and. Haenochronatos 15, have
y{e]ded some aetiolngicu méchanisns to hactenoluqica'l and hiochemlca'l
‘ltﬂs the intention of this .thesis

genem investigation (respechve
‘to exp]ore the very zarﬂy phases of grwth and- development, the foetal
stage, for possible detiological and pathogenic mechan;sn\s thac pre=
« dispnsg to disease exi:ressinn in later Tife, concentrating partfcu'lar'ly
" wpon the 1ntemctions of ‘the immune systans nf mother and child that are

placed in susl, €1 0sé apposition.

AN “AUTOTMMUNE DlSEAgE" The diseas? has been -Tabelled "Autoimiune" ,
that is to say."A condition fn which'strictural or functional damage s

produced by the -action of Jogically comy cells or
MecFarlane. Burnet who vas re-

against ‘normall components of the body
sponsible for the definition quoted above as well as ‘befng Targely “re-
 sponsible fir the recognition of “hutoimune Disease™ as a specific

entity fnund the following evidence that Rheumatoid Arthriﬁs s one of

that group (Mackay; 1973): . - : .
1. pér’gamag'l obilinaemia is :omaniy present.indica»ting’ an overactive

immine systen' (ant‘lbcd‘les = Tmmuroglobultns = fg's being the largest com-

ponent of ' the ganunaglobu'l in component of serum W‘Dte"\s) -

2. . Circulating "autoreactive antibod1es {in ‘the farm "Rheumatoid Factor

or Factors” which react with and




. patients-vith the disease. = .

"6" = IgG'mking them. anti-lntibﬂdies) are usually dannnstrable in
!
3, There is depnsltiun of ‘the antigen (lgG) in the lesions.

4. Lympho:ytit |nf|ltrat|an ¥s'seen in the affected areas (the lympho-

* cyte is the central cell nf the imune systan)

a
5. The d1sease responds to steroids and nther imune suppressing con-

pounds (and ta Thﬁfl 17 ict drainage that depletes the body of recir-.

culating Tymphocytes). . ‘ &

The disease occurs’

dit{ons 3
|

The cumlems and

in association with various other autoimune con-

evidence. in brackets () are addlﬁnns to Burnet. :

Fulfil'lment of all :r1teria for. the c'lassif!caﬂnn of-a d{sease as "Auto-

Simine duss not exclude an external factor in the initiation of the

) éondityon i5'can be seen readily by the cases of Rheumatic Fever and

' Syphjlis that also satisfy most of the criteria above, though it does *

indlcate that the |mune system ls a Mgh‘ly significant factor in dis- '

4. ‘The Facbor .can.be present in the absence of disease Hgy
B

" ease expression. There is some: ev(dence that neither the autn»antﬂwdy

(Rheumatoid Factor) nor the antigen (1g6) are necessary for disease

expression;

1.
2.

Rheumawid Factor is not dmnstrable in eir]y cases.

3. The disease occurs in the. abmce of immunoglobulin (Aganmaglobulin- .

aanla) 4

Kheumatoid Serun can be giveﬂ to ;mhmteers with no ﬂl—eﬂ‘ects s

The  Factor may be entirely mkmg inup o105 of undoubtéd ‘cases. -




’ acmrding to Vaughan and Harris{ 1959.

There can ‘be 'Htt‘le duuht that the disease has a s1gnif1cnnt autoimmune
component and in the continuing absence'of -a readily 1dgnnfub'le ‘pre-
cip\tatmg agent the “disease can be c'lassified as’ a Primary Autoimmune

Dfsease by defau1m .

wRRENT HVPUT&ESES There stﬂ] 'remain 1investigators prepared to coun-

' fgnance the vi:‘lss‘ltudes of micmbiomgical research 'n the disease in_

3 sp'lte qf the repeated -history of.mis'leadmg'fa'lse-pns\tvwe identifi-
\ 4 ; . g-7a)

oation of-agents. from Streptoc'occa’l Agg]utinins (Cecil, 1933) to Myco-

plawu Fermentans (H'I'Ihams, 1970). to D1phthernids (Stewart 1959), to
. the "Act'lve Ag:nt" of Hﬂrren,\I,QEQ, that reslsted heating to 121 % for
40 minut,es, to. nane Imt a few of those chastensd by the expemence.

There are prnbab'ly ‘many more. that believe that a.new microhio'logica] a-

gent akin to- the recently \sa]atad "Legionnaires Disease Bacﬂ‘lus wﬂl & ;

pmve to be the answer. though they msz'l_v Stay away from r1sk1ng an

othem{se sound revutatmn.

Another fertﬂe ground for hypnthe51s hds been the role nf Rheumﬂtnid Fac- -

JE?“m \the dlsease in'spite of the 11mitatmns of the Factor in defining
the disease enumerated abcve. The u1nmat_e expression-of this has heen
glex"rwpnthesié (HolTander, 19653 =
Zvalﬂer. 1955) in wmch a genetically determined p?npénsiiy to develop
lnw-afﬁmty autoantibodies, sun;ab‘ly but’ non-: spec1f1cal1y stmu]ated
will cause the production of Rheumatoid Factor that Wil complex wnh

and, befng :nncentrated in the joints.

gous IgG and Fix

e L




|
!
I

have stalled without yielding clues to aetiology. / . /

\d“ cause the |ngress of po‘lymrphunuc'lear 1eucacytes and with the re-
/leuse of their enzymes cause the dissolution of ttie joint. This has

been the suringhﬂard for many recent investigations but dnes appear- tu

A
o L. Y ) y
Burnet has pursied the concept of “autoimmunity in an a posteriori hypo-

thesis that during the physiological process of 1ymphocytic clonal

k éxpunsion by somgti:‘ mutation in_early foetal 1ife there could arise.

auto-reactive clones that if not eliminated could produce the manifesta-
tions of autoimune disease in later life. ‘This hypothesis places the
- aetfological mechanism so close ‘to the normal physiology of the foetus

that it has not been possible to devise any definitive test for the con-

cept nor yet would Such’proof supply an immediate remedy for the condition.:

Burnét has concentrated the attention.of the scientific comiunity on the

process of c'lanal ehmmtmn. and ‘since most of -this activity is accom

. plished in the fnetus he has théreby drawn attention to the intra-uterine

period of development 1n-the pathogenesis of the disease, wh1ch is far

removed temporally from,the cHnical onset. This thesis nﬂ] explore the ©

. comp'lexi\ty of the intra-uterine per\ud of development, -but will not be

. the ‘immune system of the foetus.

- primarily concerned with physiological even‘ts but rather qnder]ine the

definable aetiological mechanisms that would leave a permanent imprint on
The initial part of this thés1s will be an:introduction which will be com-

plex of nécessity as the areas covered are broad and have ‘been the subject

of much scientific and clinical €uriosity in the past. These include:




17 The definition of the disease (and the fprecision of criterid).
The'eﬁ|dem|olngy of the disease (using‘ tl:e“criteﬁa)- and the-genetic/ &
familfal’ pattern of the disease. : ) &
" 2. The pfthology of the disease’

3. Maternal influences on the developing immmne-systen
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e ' DEFINITION

Rheumatoid Arthrv‘.tiys_ is'a protean disease, ‘thnugh'the major and prirﬁary
sites of bathologica"‘i damage are ‘the syno\lia] Tinings _pf the joints and
the contiguous tissues such as the articular cartilage and the juxta- .
articular bone, 'frequently accompanied by effusion in the synovial cav-
ity of @ proteinaceous and 'Ie\;kocyte-rich fluid (that probably gave
the "r’heum" to the name). Classically it causes pain, swelling, red-
ness and heat, (inflamnation), and Toss of function notably after rest
as “morning stiffness" in multiple symetrical peripheral joints in
maximal usé, e.g. the memcarpupha]anéeal, that slowly pmgresées to
Gause erosion of the articular cartilage. in contact with the inflaned

“- synovial excrescences caned "pannus" with eventual destruction of the
Joint and sub'luxahon. An-auto-reactive anubudy already,aﬂuded to,
Rheunatoid Factor, is det;ctab'le in v:nany cases._and when associated v;n'\‘.h
the presence of "Rheunatoid nodules” which are fibrous nodules lying
‘in the subcutaneous tissues exposed in'trauma (though. they may involve
a1l manner of deeper comnective structures such as the bursae, peri-
osteum, perlcardlum, tendon sheaths and tenAuns) is generally found
with severe, eroslve and systemic disease. 'The onset of the conditmn
is generally insidious with marked palaise and tiredness which as symp- &

toms are-real but difficult to quantify.-

Research workers undertakir;g population and genetic studies of Rheumatuid\
. Arthritis.are faced with a‘probhzm of defim’f.ion. Although it is’ easy:

to recognise well- estahhshed Rheumatoid Arthritls, it is very difficult

to be certain of the dlagnosls in the early phases of the disease as the

condition may be. remittent. The American Rheumatism Assocjation criteria




for diagriosis (see Table 1), in which satisfaction of three ‘or four

criteria gives the dfagnosis as "probable’ Rheunatoid Arthritis.and
five or more Criteria as "definite", havé been found by 0'SulTivan -
and Cathcart (1972).to indicate 2 prevalence in Sudbury, Massachusetts,
of 3.8% for wonen aid 1.3% for men. When these investigators used

the much more restrictive New York criteria (see Tabte 1), however,

the prevalence dropped to 0.5% for women and 0.1% for men. In follow-. -

ing up the patients originally diagnosed as ha\}ing "_'definit'e' Rheux{la-
_toid Arthritis by the A.R.A. criteria only one third were still 'defi-
nite" three to Five years later and-only 15% of ‘the patients in the
"probable” category were Tater still "probable". on the other hand,
65% £0 70% of those‘originally diagnésed as having the disease by the

New York criteria still carried the diagnosis. " The authors of this‘:

* report questwned whether the patients diagnosed by the A.R.A. crlter!a'

that were not detectable by the New York criteria had that disease in
2 remittent form, fe.a benign non-deforning condition, or had some
nthe;‘ malady. Glynn (1968) reéardé the'hev;ign form of polyarthritis as
the form nf tue disease to be expected in theé absence of any autoinmune

component- to perpetuate the response.

The previous paragraph and Table 1 are adapted from an.account given

by Johnson_and Vaughan ((1973) in a review of the Rheumatoid Arthritis

Titerature for the years 1970-1972, but it echoes ‘succinctly a.problem -

raised in every review of -the epidemiology of the disease. From an
epideniological point of view ‘this is seen in the most easily inter-
pretab'l"e form as the leumatoid. Range" of ﬁoun}:ains with the most



TABLE 1

MERIéM RHEUMATISM ASSOCIATION
4 T

CRITERIA :

"y

NEW YORK CRITERIA

- Soft-tissue swelling of a -

.Serum posi

Morning st\‘ffne'sé.
Joint tenderness or pain-on
motion. :
Soft-tissue sye'lli‘ng of one
Joint. .

second joint (within three oy

vmonﬂ]s)‘.

, Soft-tissue swelling of sym-

etrical joint$ {excludes dis-
tal interphalangeal joint).
‘Subcutaneous nodules.

X-ray changes. ., -

ve for Rheumatoid

factors.

Poor mucin precipitate From syn-.
ovial fluid.

cn;racteristig histological
changes in §ynnvial mgmbram;A
Characteristic histological

changes in nodules.

1.

2.

3.

14

: first metatgrsophalangeal

History of episdde of-three
_ painful Timb Joint groups.
Swelling, Timitation, sublux-
ation, av' ankylosing of three|
H;nb-joir_)ts (must include a
ﬁ;nd, wrist-or-foot), and

s&metry of one joint pair and|

nust’ exclude distal and fifth| -

proximal interp}nalangeal and”|-

Jjoints, and hips.
X-ray changes. - ' .
Serum positive for Rheumatoid

factors.
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severe cases being the "peaks of diagnosti€ clarity and.valleys of

- indecision" being at the ﬁasé with the vast mass of unclassifiable

arthritis (Cnbbv. 1971). - However, it may well prove to be the case
that the “definite" disease that satisfies the restrictive New York =

‘ériteria may be governed by factors'far removed from the.more. benign,

. less-easily-classifiable cases. With that caveac to the fore, the

following. emdennn'lugical information seems to be well- estabhshed con-

cerning the art'f’lc{a] groups defined by these cr\tem

1. A disease primarily of mldd]e—aged women. The disease seems:to be,

tho to four times more common.iff females except in juveniles in whom

there may be a~male predominance (pértly dependent upon the incluslioh

, of cases that may be a Juvenile form of Ankylosing Spondy‘llhs) and in

early adult-onset Rheumatmd Arthritis Ai.e. 25-34 years) and insevere
erosive arthritis diagnosed radiologically (Engel, 1966). The h'éh‘e;t

prevalence rates in Western Eurgpean populations are found in the eld-

' er'ly (though 'this 1s not~fourid n.the Slovaks and 'Bulgarians - Tzonchev.

19683 Sitaj, 1958) but the peak rates of onset of new cases are
found in females hetween the ages of 48-54 years of age (Lawrence  and
Ball, 1969). i : : "

An.atypical disease in juvenlles and the eldeﬂx .~ The disease
‘pattern in juveniles shows gredter signs of systemic disease such as
malaise, fever, weight loss, $plenomegaly, lymphadenopathy, skin rashes
and iritis. There are also kusually‘ f‘ewer Joint signs since the entheses
(n;‘ attachment sites of Tigaments and-tendons to the bone) as well as the
synovia dre more-often. the:prirary sites for 'patho]vegic'a'l damage. with' an
axial, ankylosing, pauciarticular presentation in some cases. This pat-



i - g ot e e, 100
tern, which is different from auult Rhe’umatuid Arthritis, has 168 to"*
the disease being split from the main; body of Rheumatuid Arthritis,
although the adult form of the dlsease is seen in ch(!dren and vice
versa. Juvenﬂe Rheumato_y Arthritis, or Sti11's disease, is also
characterised by an absence of Rheumatoid Fac’tor detected by conven-
tional tests (though there may ‘be‘now—aqglutina\:ing Rheumatoid F;actors'
of the IgG and IgA classes present). - Bywaters. (1967) has made a case-
‘that the disease s, in fact,‘at least three separate syKdromes:, a)

a juvenile form of Ankylosing Spondy1itis and other misce]1aneaus.ax'{a1
arthritides; b) Rheumatoid Arthritis in the youngs c) true Stills dis-
. edse (though Still, 1897, described three different types of .arthritis)

that can present in.the male up tothe age of thirty-five. If the
disease ‘is further split into "probable™ “definite”, and "b;ni:gr;" cat-
egories there are reasonable ‘grounds. to believe that the spﬂ;ﬂﬁg‘
process has gone too far for ready c}:mpre}lension.‘ There \\‘s .s;m:’ysus-
picion that the disease in thg’ elderly may be a separate form‘ heEaus«_a .
of its clinical bhaviour which can. h’e benign.in spite of a rapid et
of ‘severe symptoms and its geographical. distribution (see previous

. paragraph) ) s

A um‘versa'l disease ‘'of mankind. There is evidence that no popula-

tion 15 ‘completely spared. The genetic incidence, that fs, the pro-

pnrtion of ‘the populatiun that will develop the disease sometime in-their.
hfet"ne, is dvsprnportlonate'ly Tow in Japan (0.2% “deﬁmte m wnmen.

0% in‘men = Smchikawa. 1968), in Puerto Rico (Mendez-Bryan, 1964), in

“~ the criminally insane, batchelors and people in higher income brackets

“in North America (Engel, 1968, while Jamaicans (Lawrence, 1966), and .




the Yakima lmﬁans (Beaslgy, 1971) -have a notab]y méreased 1m:idence.

- ThE differences do not seem amenable to sImp‘le interpretat'lon and there

are many pitfalls in comparing rates’ between populations with different‘,

'ersty‘les for mstance. the wearing ‘of shaes seems to prevent bony -

! erosions in'the faet detectable on X-ray (Laurence. 1977).

4. An _endemic dlsease. It is a.sporadic disease without temporal or

spatial clustering apart from a slight decrease in prevalence in largé

_urban. comunities det’ect‘gd in Holland (de Graaf, 1959), England (Kell-

gren; 1966) and the U.S.A. (Engel, 1968). There appear to be signifi-
cant seasonal veffegts in‘exac‘erbatinns of Rheumatoid Arthritis (Short,
1957) which can also he seen with the mnnt'ﬂy vanatmn of ‘prevalence

of episodic or “benign" arthritis from Z% in May to 7% in October (valk-
enburg, 1965)4 There is one, repvrt of"an 1ncraased incidence of the
di_sease 1n the spouses’ of prubands (using an interview ‘technique only’ &g
Schull, 156‘9) but this hés,n‘nt been éqnfir_med as a statistically signif-
dcant effect by others who clinically-examined the spouses (Bennett, 1968;
Hellgren, 1959 Dalakos, 1969). “Bennett (1968) reported that The Tess
severe forms of arthritis were more commnn than expected in large fam-

ilies when compared with small families though tms effect was not fmmd

* in England (Lawrence, 1977). . v}
i

'

There are significant differences in point preva'lenéES in Rheumatoid Factor

in age cohorts (;awrence, 1960) that. could implicate ‘an epidemic environ-
mental factor; but these variations in prevalence had little assoéiation
with the prevalence of arthritis in that cohort, indeed, there was an al-
most inverse:relatjonship. Althm&gh Rheumatoid Factor is associated with

e
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severe disease the‘\’l’att‘o‘rvis found at various titres in healthy people
and whén a group 0.1‘5' them wérey-fo‘llowed-up for f’ivefoyea?"s by Ball and
Layrence (1961), the ‘incidence in the high titre group ol‘ overt. disease”
was 19% (age adjustéd), and.only 11% in the negative group; the supri-
sing finding in thi; vst_pdy was that the incidence in’the-Tow. titre group
was only 8% which wa“s Significantly less ihan those with a negative
Sensjt‘ised Sheep Cell Test (SCAT) which was the particular technique

| P 2
employed. Bennett (1958) in his study of the Blackfeet and Pima Indians

found eviﬁence of concordance of Rheumatoid-Factor amqng siblings in ‘the
cohort in one of the Lr1bes aged 55-64 years but less in younger_ and
older cohorts which ccu’ld 1mp’|1cate an epidemic environmental fa:tor of
early Tife “in this cu“hort, particularly as this tendency was not trans-
mitted between generations. From these data it can be seen that the
‘disease.per se shows'ﬁitt]e evidence of an .epidemic environmental agent: -
}n its aetiology although the possible epiphenomenon, Rheumatoid Factor;
does appear to-have been provoked by such an agent in certain cases.

5. A Non-Mendelian iasssay Family studies have demonstrated that first
degree relations-of seropasitive, severe erosive or severe clifiical arth-
ritics have a 's1gn1'ficar;t‘1y increased risk of having a similar grade‘ of

arthritis compared with the surrounding popu'(ation (6 and 2.6 t\mes res-

pectwely according to Lawrence, 1970). This ‘aggregation does not seem to -

be apparent ‘in lesser. degrees of arthritis or in seronegative arthritis.

A Mendelian recessive mode of -inheritance s unlikely from the equality

hetween'tite.genetic incidence in the parents (8.8 times the expected). and

siblings of ‘the affected (7 times according to Lawrence, 1977). ‘A "Men-
K4

{




delian doninant mode of inheritance s unlikely per se given the’ larg.e

différence between.the concordance rates in monozygotic twins (34%) and

dizygotic twins (7%, Harvald and Hauge, 1965; Lawrdnce, 1970) though a

large 'cuinpunent of ‘variance due to environmental.differences or to genic/

enviibnmental'interaction could account for the lack of -penetrance in

the dizfgutes or "overpenetrance” in the monozygotes. An example of

"overpenetrance" produced during the intra-i uterine period of develo]
ment would be the- development of a maternal immune response in respcnse
to cells of éne of the monozygotes, this response could be expected to

cause changes in the tissues: of the other twin as -its cells ®arry the

. same antigen determinants. However, fhere‘ are many other situations

in which the very presence of fhe twi‘nnmn augment expression beyond

N s
that of the surrounding family and population.. 5

Juvenile Rheumatoid Arthritis.seems to fall into at least three groups

“on analysis of family data;. the seropositive cases with erosions Show

the same family aggregates as the adult-onset disease though the affec-

. ted relations are all seronegative which does hot ordinarily cluster in

famﬂ‘iesﬁ. There is a notable involvement of mothers (1_6;1 times the
€éxpected ‘incidence) and even. grandmothers when compared witl; fathers .
(3 times expected) .and this matrilineal inheritance suggests a cyto-
plasmic inheritance that has® b@en previously postulated in anencaphaly
and spina bi’fida (Nance, 1969) though there is obvious relevance for
the type o:f maternal-foetal” immune interaction that is 'Ia‘ter postulated

in this thesis.” There is 1ittle data for twins, with two out of five
! ; 2, ; ?
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mnnz\ygotes conmrdant and one-out of eleven duygutes cﬂncordant
which are hﬂth close tD the expected dernfed from the adult-onset
disease -(Ansell, 19623 1969).  The sernnegatwe cases with both per-

ipheral and axial involvement seem to be a separate. juvenile entity
o
the

ugh they may present into adult 1ife, while other cases with a
niaTTy axjal presentation (and perhaps HLA-B27) have a strong aggre-
gation of Ankylosing Spondylitis (16% of brothers affected and 7% of .

fathers though the probands can be.of either sex)..

When concordance rates in ;ihh’ngs- and offspring are quoted it sl\};ﬁ'ld
be. rioted that there:seems to be a lower fertility in Rhenmato‘l‘d pat-
ients even in those who ‘develop the disease after the menogause
(Hargrenves. 1958, Kay, 1965) and a diminished survival in siblings
of probands (Dixon, 1964). .These data support the hypothesis that

" there is arfethal factor present in "Rheunatoid families” operating .
in both the pre- and postnatal phases so that the incidence rates. in

the surviyors need to be interpreted with caution.

The disease appears to he multifactorial with a probab'le under'ly'lng
polygenic mode u,f inheritance in’ severe disease but with no evldence
of any famiTial basis for disease susceptibiTity in the less severe:
cases though.a documented Tethal factor may tend-to .’mask_inc(dencev

rates in relations.

6. A heritable disease. In.view of the cayeats expressed above it
is of questl‘nnah]e value to go through ‘the exercise of calcu)ating de-
grees of heritabﬂity (hz) wh'lch is a measure of additive genic var-

fance’ compared with total var1ancz and makes the assumption ‘that dom-




" of assuning that high heritabi

1mnce genic variance is negligible and that envirnnmennl variances
(particularly familial variances) do. not- interact 1» a complex manner-...

Nevertheless, Lawrence (1977) quates a heritability of 60% calclﬂated

" from first dEgree re]aﬂons of severe'ly affected probands. 58% uS‘Ing

Tike-sex, duygntes, 61% using unhke -Sex d\zygotes and 70% for mono-
2ydotes by the methdd of Falconer (19603 1965). " The data ffoh the
monozygotes has. also been pr&cessea by ‘the method of sSmith ygo)
based on Edwards' method (1969) which i§ said to be more accurate with.
" high degrees of heritabﬂ\ty tending to show a greater additive gemc
effect. _This gwes an b of 743 (Eava'lh-sforza, 1971) which is with- *

in a standard ekbre f the heritalﬂhﬁv for Para'(ytic Polio (based.
on data from Herndpn, 1951) and Tuberculosis’ (based on' data fy{m Har-

vald, 1965). To quote Edwards (1969):- "....there is a grave danger

ity, which was ‘once demanstralﬂe in

Tu . will be misunder to mean that environnental contro1

- is Imer'I_v to_be effective, or that envirunmenta'l research is un'hkely

l.:n be rewarding.

7. A diseasé with qenetic mrkers. Attempts to-délinsate genetic
factors have_revéaled a;l association ‘m’th Héptoglobin 2-2 -ifi ‘seroneg-"
aii‘;etcases with a diminished frequency of Hp 1-1‘(Nettelbladt, 1965).
Within. the 1ast year it has been shown by Stastny (1977) and others

(M:Nichae'(, 1977) thab there is'a significant association with the

_allele HLA' DRwé (that segregates with' the major histocompatibility

region) im patients with adult nheumatuid Arthritis and DRW3 in the

 Juvenile disease.. Previously there have been réports of associations

A .



” {Cox, 1976)" though these have not. been .confirmed déf{n‘icg'vély.‘ N

s © P G i
-‘with Rhesus D-ve (Stoia, 1967) and an a; antitrypsin Pi.type z allele *




PATHOLOGY

;t s the gross appearani:e of Eheljoints at“n);eratiun that has- empha-"
sised the role of the synovium in the destruction, of the Jmnt and
this descriptiun has changed Tittle in the years between that of ¢
Stocknan (1920_), Fisher (1929), Klinge (1933;'1934), Collins. (1949) ,
Gardner (19&5). and Solokoff (1965). The following description i;

‘ adapted from Gardner (1972) and includes most of the relevant points:

“In the ear'(ie}s_t stages of the“disease, .the ‘synovial tissues are found .

to be: swolen and reddish-pink fn colour and to protrude from the divid-

ed-capsule a5 the joint.is opened. With time, the congestion, redness;
‘and swelh'ng.' become more pronounced until a seaweed-1ike mass of hyper-

plastic tissue appears to-occupy more. than: the normal joint space. :

Synovial villous processes are seen to be Toosely adherent. to mrgin-

~alarticular cartifaginous surfaces with which they apparently come .

inta rar;dom Enntact Adhesion to the cartﬂage margin is Tight-and

the adherent superf\c’(al synona'l vﬂ'lnus processes can easily be raised

fron the articular surface. ' . :

; . In ﬁmé the‘ adhesions merge with, and become coextensive with, the gran-
ulation. tissne thaf cumprlses ‘Pannus-.! At the ca;‘ti1age margins where. -~
villous adhesions are most l:onmnn»the 1nf1amed synovia extend onto and ,

. 1ns1dwus)y replace the edge of the articular cartilage and- the rough,
an, red-pi_nk zcvle formed. in this way is tem’z/d;a, 'Pay;nusi (Latin:
“Cloth). - This i:annm: be detached from the cartilage. surface into which
it exteﬂds actwely thereby causmg the bony erosions characteristics of

° - the d"lsease radmgraphwa’l]y._




In joints matvhﬂve_been inflamed for some Qeet‘(s or_months the opposing,

mﬁghengd syrbvial ‘and narginé'( cartilaginous surfages’ar’e often séen to

‘, be loosely joined by strands of fibrin.  These strands become organised

and more extensivé and: jncreasing volumes of the joint'space are oblit-
erated by the process of fibrous ankylosis, though this seems to be de-
layed or prevented by the presence of perslstent, Targe synnwa] effu—

sions “(Collins, 1949)." ) e :

. The ’Hning cell Tayer of the normal “joint s only one.tg four cells
* thick on examination under the microscope :and.covers all the. f:rge sur-

faces of the joint apart from the articular cartilage itself. The t’(s-_y

sues. it covers vary from the fibrous capsulé to Toose areolar tissue to
the fat pads of the joints. "It is arrangéd upon-a delicate network.of

fine co'l]agen fibres having a pencel'lu\ar reticular pattern mclud\ng

B oap‘lﬂaries and connective tissue cells wi;h t_he occasional mast ce'H

(Castor, 1960; Barnett, 1961).. The main lining cells are of two dis-
tinct types; the macrophage-Tike "A(M)" cells with numerous finger-1ike

projectins that interdigitate with the extracellular matrix and contain .

qytnpiasm‘lc vacuoles and lysosomes as well as mitochondria' and.the
fibroblast-like “B(F)" cells that-are 1255 numernus and have abundant

reticulun (er P s ). and so are very Tikely to be in-

volved in the active synthesis and export.-of material, presumakﬂé syn-
ovial fluid components (Barland,1962): . The cellular nomenclatire was
devised by Barland thuﬁg.h others have since detécted \‘.he\e')gistence of

an intermediate cell type :alled,’ naturally, the "C* cell but this has -

_ not’ appreciably altered understandingof the. normal or diseased joint.




. In the Rheunatoid joint the synovial layer becomes more extensive as
- the villous fronds expand into the joint cavity carrying with then’ the
covering, and the layer Secnmes'thlcker'{up to ten cells deep -

Schumacher, 1972) though it is. sonewhat controversial as'to which cell

“type pr il Electron mi pic of this layer by
Norton (1966) did not reveal any- evidence that this- was the focus of
any attack by immune. mechanisms and the cells seem to be remarkably
hea'fthy and robust in view‘ of the serious metabolic q!sturbances of the}

) milieu (vide infm). Occasionally in spfgical specimens the -Tifiing Tayer
can be seen to have been strippéd away and there is often a fibrinous
exudate over this area (Solokoff, 1972). The “presence of Fibrin-like
material in the inflamed joint led to the term "Fibrinoid Necrosis"

(Neumarin, 1880) and similarities to the staining'in Rheunatic Fever and

experinental arthritis in rabbits:suggested an identity of origin (Kinge,
]929), but there ig sufficient evldence now that the Flbrlmnd ‘seen in
the variety of disease states is heterogencous in composition “and cannot

form the basis for discussion of pathogenetic mechanisms (Gardner, 1972).

Multinucleated giant cells are-seen _ncﬁa;iona11y and -they seem to be’ of
two_typess one being in close apposition-to the synovial Jayer and is
nruba}ﬂy;derived from theé “A(‘M)"‘ cells, and the other being in :1dsé cbn- .
tact with the destruction, of bone and is probably a “foreign bady" re-
sponse .of the‘macrnphagyes (solokoff, 1972) and ";ithe,r are of the type

associated with granulomatous infections such as Mycobacteria. :

The main pathological ‘changes are found - in the tissues deep to the syno--

\
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“vial Tining 1ayer and many observers have rdrawniattentipn to the rela-
tively imz;ffected interlayer between the 1ining and the subsynovial in-
flamatory infiltrate (e.g. Ziff, 1971). From this evidence and that
of Norton (1966) one could make a. case that the 1ining layer hypér-
plasia is’auly secondary to the intense immunu'lngica:l. reaction benleath
in a manner s imilar to the hyperﬂgsi‘a‘nf the dermis above a chronic
>:’el1-med1ate,d hypersensitivity reaction (Turk, 1975). The initial
changes ,in ‘the subsynovium are eharacterised by a diffuse lymphocytic -
infiltraté that becomes polarised around the blood vessels particularly
the venules (Gardner,.1972) which some have found to be dilated with
hypertrophy and hyperpldsia of the endothelqial cells with "holes" that
allow leakage -of erythrocytes and plasm proteins, and with prominent
p'late‘]et plugging and - thrombosis (k{]’ka 1966) though there is not un-
_ animity of opmmn on the existence of all these changes. These changes
have Ted some observers to suspect that the targat for' immune attack
hes in the b'{und vessel wall, but for the imunopathologist the phen-
nmennn of vascular changes particu]ar]_y in the post- capﬂ'(ary venu1e
is famﬂ“ar being seen in hypersensi tivity reactions.to exogenous. a[m-
gens and the physiological reaction in the Tyssh-nodes arid Spleen to
antigenic stimulation (Turk; 1975) -in which one supposes that the ves-
sel wall changes are-not ‘due to inmune attack per se-but'a by‘;tandar
“effect in a high traffic area for leucocyte T — pharnacolog- -

ically active’ factor production.

,Bxamination of the Rheunatoid synovial'villi uider the microscope would
seen-to be the first elenent in inderstanding the disease process,, yet



thisexercise can prove to be misleading unless great care is taken to
quaititate the cells present in-a large number of fields in a simi-
Tarly large number of sections as the pathological changes within

’ one joint can be extremely variable (Gardner, 1972). When the Elec-
tron Microscope is used the pusswle sampling ermrs and artefacts are
legion,” nevertheless it has pmved to be a useful tonl in the hands
of experts Iookmg for known structures (é.g. cell morphology) with a

rigid systen for quantifyinq the results.

One of 'the better reports using this . techiique (although unconfort-

ably containing observations such-as '.‘.A,...'lymphoé’_y\‘.es passing through
the endothelial cytopTlasm of the venules") is that uf'Knha.yashi and.
ziff (1973 in which ‘attempts were nade t quantitate the cellular con-
porents ‘in the _d;ep Sub-syfoviun. Thesé authors noted that in the pre-
donn'nan:‘l‘y 1ympho:yt1c aréas with 87% 1thncytes there were also ' 4.6%
’Iynmhoh'lasf.s, 6.6% fibroblasts, 1. 9% macrophages, Jjust 0.5% polymnrphs_
and 0.25% plasma cells; whereas in the plasma cell rich accumulations
with:67% plasma cellS there were also 18.4% macrup‘hages, 19.91 fibro-
blasts, 2.3 plasmblasts’and just 0.8% of both lymphoblasts and paly-

morphs. =4

In this report there is the interesting observation that a mumber of
the lymphocytes “and some of the nearby fibroblasts shoued- evidence of
degeneration with condensed nuclei depleted of :ﬁromatinvand with. large
périnuc'lear vacuoles in the cytoplasm which in the end stage led to

only the naked nuclei remaining to-be’seen:of the ‘cell. The coment

fe




*-from the authors was: "...these degenerate cells were seen both at ran:

dom or in groups which on occasion appeared with tfe degenerated fibro-
blasts as necrotic areas in the' lymphocytic collections.” If this evid-
vence is added to Ziff's previous work }«m Norton (1966) the only £e11s
in the ;Irimary tissue affected by the disease, i.e. the synovium, that
sho signs'of ‘immundlogically mediated danage are the Tymphocytes then-
selves (and nearby fibroblasts) quite removed from the. synovial lining
1ajer of the joint.  Although there his been 1ittle.or no’comment on

. these observations since they were ;;ublished “the mst obvious reaction
v’wuld be to place these as an "innocent bystanyer" effect of a strong
immunological reaction to antigenic. components of‘the‘je‘int. however,

one can postulate that the converse could be the case: with the joint
k:

\ ; L ¢ o ,
(@s an “innacent to a lymphocyte war”in the sub-synovium.

Rheumatoid Arthritis is a &ironicyinflammatory disease and it is not
surprising that the predominating cell is the'lymphocyte (and its pro-.

geny the plasma cell) as this is tlie central cell of the immune sys%en.,

There are many - 1ymphocyte populations that have been delineated of Pyst-
ulated, but the main division seems to be between the "T" cells that

have been processed in the Thynus and are associated with cell:ediated
imune responses and the inductive phases and ‘control of antibody re-
spofises, and the "'.B" cells that pariy antibody and can differentiate into
plasma cells specialised for export of the antibody. ~Although both

types- of lymphocyté can be found in. the Rheumatoid synovium there.is’”

_.more, than amplé eviderice that the predominating cell is the
_phocyte at 211 stages of the disease (Frgland, 1973; van' Boxel, 1975;

i
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Abrahamsen, 19753 1977; Williams, 1975; Tannenbaum, "1975; Bankhurst.,
1976; Wangel; 1977). The most concrete evidence that these. lympho-
cytes are important in disease expression has. been the complete re-

gression of synptoms in patients’that have had chronic Thoracic Duct

drainage. in-an effort to control rampant disease. Thebenefit occurred -

within 14 days of the institution of the regimen with disappearance. of
Rheunitoid nodules within 35 days (Paulus, 1973; Fearson, 1975) Ex=
perinental animal work has repeatedly dsru.mstrated that near]y all the
cells removed in the early phases of Thoracic .Duct. drainage are "T"
Tymphocytes while the remainder are usually "B" Tymphocytes (Howard,
1970, 1970b), though the.proportion of “B" 1ymphacytes and other cells

increases once the " Tymphocy'te.population has been dépleted.

. . .
This important work-has thrown a new 1ight upon the pathngeneﬂc mec:\—
amsms in operation and reinfurces the concept of a- strong (auto)immune
compoent of the disease. The “wpr lymphatyte  population i conceived’
by -contemporary mmunol Dglsts as having a mjor division into helper .
and supressor populations and it is not clear fron the Thoracic Duct
drainage. experiments ﬁhgthw t‘h‘e amelioration of the disease is acheived
primarily by the depletion of the antigen reactive helper cells (or ef-
fector cells) or the suppressor cells that prevent elinination of the
, antigenic stimlus. . Peripheral blood Tymphocytes ‘isolsted. and injected
into the autologous knee have no effect on the disease whereas t[;e Thor-
_ acic Dict Tymhocytes durtig early drainage cause'a violent flare of the
disease laslting For weeks afterward but those- obtained late in the drain-

,.age when there'is clear evidence of reduced cellular immnity (though
' . .



little evidenﬁe of impairment of -antibody Tevels tg common antigens)
cause only transient, mild synovitis ( Paulus,* 197;; Pearson, 1976).
When theslymphocytes' caus{ng the flare of ar‘thritis.x‘n the injected -
Joint were labelled. with Chromium-51 less than 1% vere, found h‘l)the N

Thoracic Duct effluent per day suggesting that either the cells had

Jdost ‘their ‘label due to intensive blastic activ{ty or that they - had

been ‘trapped by the nnﬂgemc milieu of the joint: This evidence

tends to favour the CO!\:ept of pathegenic. * helper’ ce'l\s. but 1t

, does not constitute direct definitive evidencz against a suppressor

- cell deficiency allowing these to function pathogenically.

There can be Tittle doubt that the Rheumatoid synovium is the site for
“intense metabolic activity mainly imvolving the Tymphoid celis. * The
plasma cells perform their furction of secreting imunoglobulin that
continues in vitro at a rate rivalling that of the spleen (Smiley,
1968);-sone of the antibody being anti-immunoglobulin-immunoglobul in
(McCormick, 1955) and some part of }.‘bat being Rheunatoid Fa:tér (e.g:
Ig¥ anti 1gG) .- Complement components are also secreted in vitro with
local production of €3, C4, C2 and C5 (Ruddy, 1974).and it 1_5 highl;'
likely that’ the macrophages are largely respanéible. The Tymphocytes
thenselves are highly active 2 can be seen by -the 4.6% Tyuphoblast pop-
ilation quoted above and by the production’ of lymphokines that attract
and stabilise a celT-mediated response (Rothenberger, 1970). Zvaifler
(1973) qistes Ziff as using the blast evidence as indicating o'v:Iy 2 low

Tevel of activity, but-in a chronic, unsynchropised reaction even this

level of mitotic activity is considerable when multiplied over the course

i
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of the illness.

Page-Thomas (1955; 1957) and Dingle (1956) performed a series of ‘inves-

tigations that showed that the Rheumatoid synovial villous-processes

have a high rate of

metabolism, particularly aerobic metabolism of carbo-

hydrate, compared wi thOsteoarthritic and traumatic arthritic synovia.

One of the criteria

used ‘was the index q 02 Gf oxidative metabolism
0,

which was assessed as less than 1 in the controls but up to 37 in the

affected tissue depending upon the cellular infiltrate. They showed
that the glucose utilization of Rheumatoid tissues is inhibited by

nvdrvcnrtisone under bnth aerobic and anaerobic’ conditions and was

greatest in. those t1ssues with the highest rates of oxygen uptake (a

Tinear re1at1onsh1p), i.e. those with the greatest cellular infiTtrate;

its effect ould be

The blood supply to
active Xenon-133 is
Joint (oetz1, 1971
this has been shown
19563 ‘Harris.,. 1958;
transit of Albumin|

there seems ‘to be-a

mimicked usfng spleen fragments.

the inflamed joint increases marked'ly s0 that ‘radio-
removed three times as fast as from an unaffected

based ‘on the téchnique pioneered by W.C. Dick) and

y ;
mary times'using many different materials (Ahlstrém,
Nakamura, 1967; St. Onge, 1968). .If there is rapid

Sodium, Phenosu\pmmefn and Xenon from these joints

very efflclent blockade to the egress of the products

" of metabolisi with pH reduced (6.84 in one patlem.), pCO, increased (up

“to 98mh Hg). and lactate 6.4mi/1. (Falchuk, 1970). Similar]y there appear

to be b\ugkades to the ingress of Glucose (Ropes, 1960) and Dxygen so

that a partial pressure for this gas of zero has been recorded in one

inflamed Rheumatoid-

joint (aTthough this was exceptionally. low) and.



. # .
;'nther 1nf1afneﬂ Joints had vé;y Tow levels when .compared with “those
found {n traumatic effusions (Lund-Olesen, 1970). Thé reduction in
p0, and the other metabolic inbalances were founid o be strongly cor-
related with the proliferation of the synovial cells and the jnflamm—
atory iifiltrate (Falchuk, 19705 Goetzl, 1571) though not with the syn-
ovial fiuid leucocyte count. These same authors found that although '
there was-a degree of consistency in ltt‘x‘e results of repeated tests on
the same joint there was little correlation between contralatera] joints.
ATl these metabolic disturbances ck;rrel ated with the 'increased metabol-
1:’ activity of-the joint demonstrated b_y‘che’fa'l] in p0, in the irri-
gating saline of an ischaérqic Joint compared with controls and were nes

versed by synovectomey and steroid injection.

These data seem to be definitive and any theory of pathogenes1s would
have to account for the strange behaviour of * the Rheumatoid metabo‘lism
_observed. B the blood supply has risen to, meet
the. demands of the inflamed joint but see‘ms to be“incapable of over-
coming the block-in the pathway of the’ metsbolically -important fiotes
cules. Ropes (1960) from the evidence of the transmissian rates of glu-
" cose mfused intravenois1y into calves and pat‘ients conc]uded that,
there l-aas a selective blockade that could be inhanced by slmultaneous
infusion of galactose suggesting that a competition for receptors ex-
isted.  However, this :onc]u}smn was somewhgt-teqlat)ye and ‘has not been
confirmed by subsequent studies. Falchuk (1970) laid some.emphasis upon
. the focal microangiopathy observable in’severe djse‘ase‘ with marked met-
abolic upset but was-able to offéf any expianation for thé relative'
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1ncrease in transport: for Xenon and nther metaba"ca]ly ummmrtant

substances. This explanation thch cou'ld be extended to include an

,i‘mune-complex mediated vasculitis is alsb -unable to account for the

marked di fferences in derangement between contralateral joints which
one wiuld supose to be equally affected by circulating complexes.
There is.little doubt that immune complex vasculitis isa complica-
tion of Rheumatoid Arthritis (Bywiters, 1957) 'prnduci;y insufficient
cimﬁau‘up particularly to.peripheral areas but one would expect
that in these cases the. Xenon clearances would be Towered rather’ than
raised as has been abserved though one could invoke an increase. in :
the micro vasculature in the same manner as the lung perfusion studies

but inmediately one would expect an increase’ in transport of Glucose,

*.. Oxygén, and Carbu;\gioxide and that has definitively been excluded.

A possible sequence of. events can be extrapolated from this evidence:
1. The initial lesion is a perivascular inflitration of mononuclear

cells in the subsynovium with a typical inflammatory transudate of

Serun proteins’ that wash intd the synovial cavity overcoming the mole-:-

-cular sieving effect of the Hyaluronate in the.ground substance and

F1uid (vide infra) and carrying a imited number of mononuclear cells .
(Fig. 1). 3 ,

2. The. perivascular coTlections of mononuclear cells are metabol cally
very active and set up very steep gradients for glucose, ozygen. carbon
dioxide, lactate and pH so that there is little or no grad\ent betvieen
the joint cavity and the outer layers.-of the infiltrate and therefore a

S . . . %

relative blockade (Fig. 2).
i
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The radioactive Xenon being metabolically inert is not prevented from
1leaving the joint wherea’s €0, is, by the flat diffusian gradient -

. - FIGURE 2 :
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3. - There s fschaenic damige to -the c‘ar{uage surface and this causes.

the release of compounds specific for neovas:uluatinn wrnch causes the

blood v:ssels 1n the synovium to multiply and invade the joint cavi ty
as villous frond$ in a manner analogous to the fornation of intesti nal-

ldheslons with intra-abdominal ischaemia. Necmti: debrls attract 1arge

" numbers Of neutrophil Teucocytes fnto. the Tavity mlmu:kiug the mechanisns

found in -pustules and ahscesses and these &11s die rapuﬂy frnm mul tlp!e

2
insults Juch as. anoxia Tiberating many tissue-damiging enzymes. (Fig. 3)..

ma tory lnfﬂtrates 5 Which~perpetuate | the metabolic blockade in spite of

the increased blood anely. - =

5. The villous Fronds if a'l'lnwed to. a&tach fi rmly to the ,)O‘I nt surface

(for mstance due -to joint imobilisation frém pa!n) burrow into that

surface in an attempt to_ correct. the metabohc upset and “in do\ng so dis- -

solve the mamx at the periphery of the surface, and” wheri ama1gamated

fom a granulation tissue (pannus} that causes bony erosions (Fig. "4).
3 i Nt i)
IMMUNE COMPLEXES , RHEUMATOID FACTOR AND COMPLEMENT. In the sequence

above the emphasis s plainly upon'the role of cell mediated imune rés-
ponse’§ rather than Rhéuma toid Factor or of immune complexes in spite of
a weah.ﬁ'of h'teramre that assumes a pivotal role in the pathogenésis o
fur these imuno1 ogical mechanisms. This is ‘not meant to hl\p]y that the

humoral aspect does not have ver;y important mamfesfatmns and does’ not

contain clues as to the aehnlogy of the. disease. hut 1! is 1nferred fmm‘

the présence of villois_synovitis in -the sbsence of -a humral compornent

'Txround each new villous blood vessel there for periwscular infla- ’

i
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senc a sLne qua hon In Rheumatoid synovitis.:. It is part of the centraL

v g L core of "this thes\s that it is the absence of 1munog]obuhn that deter-

mines disease suscephbﬂny but this will be elaborated as the evidence

I is further re;n'ewed. However, it s probably hetter if the evidence

concerning synovial. ﬂ uid is First rev1ewed Since \t was from this work

that the imune complex theory elaborated and promulgated by Hollander-’

(1965) and Zvaifler (1965) and:Ziff (1965)-arose and has contributed

enormously-to the un&erstanding .of ‘the disease, parﬁc\ﬁar]y its many
b

complications.

. SYNOVIAL FLUID.. The synovial fluid of the normal joint is a highly vis-
cid, clear liquid consisting-of Hyaluronate (3.5 mg/nl - Hamerman, 1962)

e which is a copolymer of glycosamine and gl uEurnqi: acid in long linear
chains of 2500 units randonly coiled and kinked 50 that the molecule has

\\tjue\shape of a sphere (Hamerman, 1962) and, has a molecular weight of

¢ . 6.5°to 10.9 x 106 Da]ton§ (Balazs, 1967), and proteins of. aroun&_,ﬂ.z

s 4 . mg/ml wl;ich is mainly Albumin.(60-75%) with orily 6-7% az-globulin (Sand-
i 5 n “son, 1962). ' The peculiar distribution of proteins compared with serum

“ ! reflects a relative exclusion of high moigi:u'lar weight and highly asyme-

trical molecul€s such as Fibrinogen and Complement components which may

~

‘reﬂeét the molecular sieving effect of Hyaluronate (Ogston, 1961) which
is itself covalently bound to protein and makes up much of the intercell-

ular matrix df the synovial Vining Tayer- (Gardner, E. 1972).

The synovial Mluid in -the inflamed joint shows nany changes from that

found in normal Jjoints but only a few of these' changes are speclhc for

o Rheumatoid Arthritis. The mucin clot formid in hormal synovial f‘lum
- T
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“fron the acid precipitation of Hyaluronate becories poor 'in the Rheun--

atoid Joint probah]y reflecting the change in stmcture of tms com-
ponent. wlnch seems to be of a Tower molecular we\ght (1.4 x 2. l X 10
Dalwns, Balazs, 1367) possibly due to enzymatic degredation. The
fluid becomes less viscid but- the protein content rises’ mward “that
of serum, gaining globutins and-also the ability to clot as fibrinogen
and other clotting factors gain access.' The formation of fibrin c1ot‘

and fibrin degradation products in the. joint. is vefy florid; on the sur-"-

’ face of the synoviun, in the intercellular matrix of the synovial men-

brane, as fibrin masses in the cytoplasm of polymurphs and as "Rice

- bodies" in the synovial fluid (Schur, 1963; Caughey, 1967, Barnhart,

1967; Gormsen,, 1,571)1 but ndfie of these aré unique to Rheumatoid dis-
ease and they are regularly seen in many'different joint.conditions

{zvaifler, 1973) !

There .is Tittle or no complement in. the nurma'l -joint whereas in syno- 3
vitis of many different causes (1nclud1ng the early Rheumatmd) the
complement ‘components can be detected in ammmts approaching. those

found in serum. However, in .the ‘later stages of Rheumatoid Arthritis
there is a fall in the Tevel of synov1a'| fluid-complement that corre]ates

well with ‘the presence of Rheumatoid Factor, subcutaneous nndu'les_, an

" unremitting course, severe joint ‘involvement and vascu'l‘fﬁs (Schur,” ’

1975; previous evidence fully reviewed by Zvaifier, 1973).

' N .
'[he Rheumatoid synovial fluid is turbid which is a sign of the ingress
of significant numbers of leucocytes.” Thé predominant leucocyte in

early disease i$ the lymphocyte (Schumacher, 1972; Gatter, 1973) but |



" this prednmi_hance is ‘1pst rapidly to’ the neutrophil polymorph, and in

“late disease the numbers of these cells- becones very marked (15,000 to
20,000 per. m®) even though they have a short half-1ife i the joint
(four hours according to Bodél and Hollingsworth, 1966). Hollingsworth
went on ‘to estimate that in a moderate effusion of the knee juir}E of
20, ml there would be a turnover -of more than 199 polymorphs during a

24 hour ‘period with the probable destruction and release of their en-

~'zymes_ into "the joint.

: " e
The polymorphs -differ from those seen in blodd due to their striking Toss

y -, of granules and-presence of- 1yso-phagosomes ' (Hollander, 1964; Zucker-

Franklin, r]éﬁs) within which ire degenerating subcellular fragr;ents, such
as mitochondria and nuclear matena’l as well_as fibrin and hp\d hke mat-
érial. In ‘these polymorphs as.well as in the phagocytic "A(M)" Tining
cells Rheumatoid Factor, IgG, Cump\e_ment components , Fibrin and cellular

debris were found in varying combinations. This topic has been reviewed

in dépth by Zvaifler (1973) who summarised the findings.of a number of

investigators. (Hollander,.1964, being an important source) as follows:

1. Anti-y-globulin inclusions are correlated with Rheunatoid Factor in

the serum or synovial fluid and inversely with joint fluid complement.

2 \[he q‘uaﬁtity of'a complement companent within cells is: invérsely pro-

portional to Ehe concentration of the same’component in the 'same fluid.

3. Normal -polymorphs ex‘pcsed to seropositive synovial fluids will de-
velop cytup]asmic inclusions containing 1g6, Igh, and.C3; but not with *

seronegatwe f'luid ,inless IgM Rheunataid Factor is added.”
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4. - 1g6 isolated ‘from Rheumatoid serum injected'/into unaffected J'm'vyts
of a patient will precipitate 1nf1amativ‘n with polymorphs with inclu-"

sions.

£ This is strong evidence that the inflamsétury process can involve the
cﬁp]exing of Rheumatoid Factor and IgG with the consumption of com-
plement companent‘s and phagocyt;)sis of tr;e whole by polymorphs, which
by inference could: be chemEtacLicaHy drawn to -the site by active bi-
products of the conw]emeng cascade and whosé enzymes could be Targely

o responsible-for the dissolution of the joint. . The former part of that

o . statement séems solidly. based upon evidence so. that the‘un]y areas for T4 i
major dissention are the' inferences drawn in the latter half and the

i 'génera]isa_t(nns that have tended to become dogma in the numerous un-

““eritical reviews. i

g » f .
The presence of complement depletion accompanying antigen (IgG) and . ) H

antibody (Rheumatoid _Factor) would appear at first sight to be defin-
v ; * itive'evidence of immune complex involvement with thé activation of the
T - T -complement cascade by the classical bathv;ay. However; some pbte of ‘cau-
it " tion mst be introdiced by the ‘excellent investigation by Minthe (1975)
‘ of ‘patients with Mpugamnag]ohu]’inaemia and arthritis §ésemb1ing the
Rheunataid gattern,” In these four patients, twd with Sruton typé, one
*adult with Severe hypogammaglabulinaemia, and one with comon variable
S ) imﬁmdeficiency-there was a consistency-in the serhm C3 Tevels which Cw
were normal or significantly increased but the synovia¥ fluid €3 levéis

were significantly degr’essed in spite of the virtual absence of- the

other conponents  of immune complex formation. This evidence could be
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| construed as ‘implicating the. a)_ternatl've ‘pathway of cmplqlmnt activa-
tion which is supported by the evideice that there are significant -
depogits of .properdin .and _Czé ‘(in the 1ining cell ‘iayer) in.the absence
\ .

: of detctable Cyq and Ty in those sités or in any other sites in the

% synovium.. This evidence indicates that comp'lement activation énd deple-
tion can be present in Rheumato{d Arthritis without the (detEctﬂb]e)

presence of immune comp'(exes. . % e

.<We have now re—encountered Cobb's. "Peaks of Clarity and Vaﬂeyé of In-
decis_ien" in wM:h’ the_serupo"sitive individual with "aggressivg disease
and vasedlitis displays undoubted evidence of circulating imune con-
v'lexes with depressed serum comp'lement levels and extra-urdmarﬂy in- :
creased levels of classic Rheunamd Factor..(Igh anti-IgG) whereas the £ J
majority of the patients lack some of these features/cnmp'hcatmns and

, have normal or mcreased leve'ls nf serum complement and 1ittle ev1dence

‘of mmme comp'lexes 'Ilke'ly Eo cause pathological damage: -
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MATERNAL IMFLI.}ENCES UPON_THE DEVELOPING IWIUN.E SYSTEM

"¢ Events in recent years: have drawn Ettenbjon to the intra-uterine en-
vinronment in the pathogenesis of major abnormalities; the most dram-,
atic example being -the asso:ia‘h’cn of Phocomelia with the drug Thalid-

. _omide; ot/l‘er examples being the severe deformities associated with min

nor infections such as Rubella, Toxoplasmosis, and Cytomegalovirus.

There' are manifest advantages in 21lowing ‘an advanced stage of develop-
ment of the young to take place within the protection of the.wonb, but
there may be a "price to pay” for these advantages:in thé necessity for.
funda?narn{ta\] modificav‘tion and elaboran“un of. éhe immune system ?:‘u allow
the m (ﬁany foreign tissues of mother and child to be closely contig-
uous ‘without inextricable inf,enningling. vThe price exacted could be
" the congenital ‘abnormalities cited abové, as well as ap increased 1ike:
“Tihood for developing ‘¢ancer and autoimmune disease expl‘oiting the gaps

in a compromjsed immune system. . '

Transplacental traffic of lymphocytes betwsen mother and child has bean
repeatedly suggested as a cause of human disease. Oliner (1961) quoted
Billingham as speculating about maternal lymphocytes causing aut‘oilmlune
disease in the offspring-as early as 1959, but at that time there was

no evidence that lymphocytes could cross the placenta. Desai (1963_) sug-

“gested that thekmnt_érnall'lyinphocytes that he had found in human cord

blood might be the cause of autoimmune disease in Tater Tife. Field (1971) )

amphfled these speculations by suggesting that there mlght be ‘an 1nter1m
“benign lymphocyte chimerism' before the onset of -the Graft«Versus Host -

mediated autoimmune disease.. Kaplan (1959) noted the similarity of




"Ddgkiﬂ"s disease to allogeneic disease (chronic 'Graft-Versus-Host dis-

: « ease in experiﬁenta] anima\s); and Green (1960) proposed a maternal

origin for the lymphocytes causvlng the Graft-Versus-Host disease with

the 1ymphoma being the sequela.. Hard (1973) suggested that maternal

* " 1ymphocytes tould cause a Host-Versus-Graft disease in humans manifest

as S.L.E. from the similarities in the renal Mstulogy}seen in experi-

mental ‘mice.

" There is'a natural scepticism that arises when the possibility of mater-

nal to foetal passage of. 1mphocyté§ is discussed. This partly stens
fru‘m ‘the' bel igf that if this w‘ererpossible it wou'la invariably cause
« severe disease m the uffsp“ring and this would have been eliminated by‘
Darw%ﬁian selection in the evolution of the viviparous a‘nimals. Howevgr,
the maternal effect upon the immunologic endnv;me_nt of the-offspring may
also carry a se"lective advantage which c';n be_ appreciated in the example
of the transplacental passage of imunoglob&:l%n "G’" from mother to child,
S0 thét, one can postulate {’hat a similar benefit in cell mediated immun-
Ty Such i Pasiancets Tubsailosts o Smalipox, might cancel the
selective disadvantage of. Graft-Versus-Host disease providing the latter

was an infrequent complication.
|

°© * There is t_he danger that the mother might immunologically reject her own

“child and this too had tended to ‘be assumed to be so d‘lsaﬂit’antage'ous that
any possibility of this happening should have been removed by selection..
“ If therg is any cross-reaction with foetal antigens the close proxim{ty

of the maternal immune system represents an ‘everpresent hazard ‘for the im-



40

mature 'nunune system of the chﬂd that my magnify the dangers of. some
nonnaﬂy benign- 1nfectwns such as Ruhe'Ha For these reasons the re~
“cent demvnstra_tinn by,'Beer and Billingham (1971; 1972;- 19745 1976). thé':
female rats can be mniﬁulated immunclogically t(; effect pathological
chingés in their offspr"!y,g attains some considerab’le L:legree of sigm‘f#
icancg. This work does not stand in isolation since haemolytic disease
.of the _newbnrﬁ c]e_ariy ‘imiﬂicates the ’mate_rnaT immune_system in the path-
o;;enesis of life-threatening pathology in the offspring, but in Beer and

Billingham's work there was the clear inference that materndl lympho-

cytes had crossed into the foetus to bring About the pathological changes. °

However, the Rhesus story does hielp to give a concrete ‘example to the
.idea of the potential penalties that the offspring may' incur in recelving

1nmunologlca1 "help” from the mother‘ .

EVIDENEE DERIVED FROM EXPERIMENTAL ANIMAL INVESTIGATIONS The experiment

that Beer and Bi1lingham fiy@}y put ‘together was. ejlégant _and disarmingly
simple: they skin grafte_d the mother (ra‘f) with father's skin so that /it
was actively rejected ‘by'imnunamgica\ mechanisims during the early part
of pregnancy which caused- immunological damage .to the offspring presum-
'airly due to the same.(paternal} antigens being on the foetus. The dam-

age that they noted was the. delayed evolution Bf immunological "runting®

following pa‘Hnritiun that sometimes led to the death of the animal’but

sometimes ' resolved spontaneously. Py‘eviously}ﬂHng‘ham,»B;ent and Med-
awar. (1957) had looked for signs .of runting fo'llowing such a maternal stim-
-ulus but f‘ad been, unable to ohgérve any effect. [t is now believed by

Bﬁhngham that the offpsrmg were not ubserved for long emugh in the




earlier work ar;n; there al50 seems -to-be a requirement for skin- grafeting
’ one “to two weeks before: mating which was vrubably not' flhfined‘ Fram )
“the Tatest work with rats and anecdotally with other’animals, the syn:.
drgme Lof immunological runt disease could be provoked in the offspring
by maternal priming which by inference from the. considerable iliteraturer
©oon disease must have -caused maternal "T" 1ymphocytes to cross the. pla-

-centa.

GRAFT-VERSUS-HOST DISEASE Tﬁi effects of Graft-Versus-Host disease fom
Ca characteﬂstfc syndmme (runt disease) in rats and mice, with spleno-
»megaly (Simonsen, 1957), cachexu, diarrhoea, weight loss, -a "hunched‘

Took"; skin and hair changes (Billingham, 1957; 1959); haemolytic anaemia
* (Porter, 19605 Oliner, 1961), carditis and arthritis (Stastny, 1965)

have also been documented-in the chronic disease. Tt s ustally pro-

voked by the admin:istrationmaf parental) immune-competent cells into

- the neonate (rodent) or other immunologically immature semiallogeneic

host. Classically the parent is a pure strain animal homozygous'at every -

genetic. Tocus and the uffsp‘ring is a cﬁiss-bre‘ed (F1) and therefore an
= ﬁhligatory heterozygote at a number of Tloci. If there is heterozygos‘ty
at the maJur h1stoccmpatihihty loci thé effect of this cnmhmatmn is to
achieve a genetically restricted one-way reaction in which4 the offspring
.is unat_ﬂve to reject tt;e parental tissue as it qarries the‘;ame antigensf
. itse]f while the parental 1}mphocytes have no such restrict(ion and can re-
Ject the offspring (GrafbVersus Host) :ausmg the syndrome hmmunu'logwal

runting) characterised above.
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The destructwe changes seen in the host are not caus:d by antibodies but
are due to the Tymphocytes that come fmm stem :ens in me bone marrow o
(McGregor, 1968) and are processed in the Thymus (Good, 1962) and join :
the lymphocyte recircul aiiun to be found in the Thoracic duct (Gowans,
1‘962) and the peripheral blood (Hildemann, 1962) and so il: contemporary .’
terms are "T" cells.  Recently there has been evidence in rodents that !
two subpopulations of the "T" cell, Ty and Ty, act in.a synergistic :’
fashion both in -the afferent or recognition phase and thé efferent or . E
efféctor phase of the Graft-Versus-Host reaction (hgelaar, 1972; 1973; ; f
Hayry, 1974). Ty cells which are found pnmarﬂy in the Thymus are

spleen‘ seeking in the irradiated rodent and are thought to be the initia-

tors of the reaitiun while T, are lymph-node seek‘ing in the irradiated ro"—
dent and. are thought to be only amp'Hfievs of the recognition phase but

are the primary effectors in the cytolysis of the host.
o
Atrophy, of the. Thymus'and peripheral lymphoid tissu}s is a prominent fea-

ture of systemic Graft-Versus-Host disedse and there is a'caveaf concer

ing the specificity of the synarﬂme as the same effects, both symptmnatic
and pathologic, with the exc'eptmn of sp'lennmega'ly (Simonsen 1962), can
be produced in neotiatal’ mi:e by the surgical ablation of the ‘[hymus (Miller,
1962) unless the animals are kept germ-free. 1In G.V.H. the main sites for ¥

attack by the grafted "T"cells seem to be those populated by lymphn:;yte‘s

- with no changes to be seen in muscle, for example, . (Elkins, 1971) so that

Miller (1962) may be correct in his speculatiun thant G.V.H. is an immuno-

- logical means of achieving a Thymectouw and a secondary. immunodeficiency. i

The splenomegaly in this model wauld be mmvletely separate from the main



> attack and be due-to"the migratory properties of the. T, cell.
y ; 3
The ;éraé\st—Versus—Hnst" reaction sounds as though thel:e_is but“Gne ac-

b g tive population of cells, that fron thie donor, which is respérisible for
e : all the qf(p;;s, but it is clearly recognisaed'nuw Lhat.hnth the ")utative
target a5 well as the effector are actively contributing to the final ut:
come and that the concepts involved transcend the simplistic nne-wa;‘l model
inferred from the genetic pattern The: nltimate expression of this is ' g 3

the, recovery from G.V.H. that has been observed Even in some of the most

‘lethal combinations of phenotypes in graft and host. In addition, one . X
L 3 would expect a'priam"that all strains of animal should-show qualitat-
ively the same gffecis, but even“in the rodents that supplied the‘ éon—
.. firmatory evidence 'fi:r (lassical Graft-Versus-Host effects there are % - J

& strains, such.as the C57B1 mouse, that have not caused,runting when lym-

phoid cells were implanted into nénnat}a'l Fy offspring (Cudkowicz, 1964;
e T onday, 1965 1o order to explain fhis effect pon genetic Tines it
has.. tq be postulated that in these strains (ovny) there are’ recessively
expressed gene ‘products -of h\swmmpihbﬂlty 'IDc' that are recognised ,‘
- @ "nom-self" by the heterozygote (reviéved by Elkins, 1971) ;
The term "Graft-Versus-Host" also suffers from'containing two' sepirate

concepts, defining riot only the genétic restrictions distussed earlier

but also the pathology produced in the_‘hnét by grafts. This dichotomy

is most clearly i1lustrated by the Host-VersussGraft reaction in which Fy

res&r\ct\nn upon the Imts to. vrevem rejection. Billingham and Brent




(1959) found ‘that’ 5.out of 15 A strain mice:developed pronounced Tympho--

splenomegaly' within 50- days of nennau] intravenous injection of as few .
' as 107 F] hybrid (C57_x A) spleen cel'ls, which should be a Host-Versus-
Graft reaction, with the Tong Tatent interal presumably due to somé

form of imminological® inertia in the immature animals. 3

More ref:enﬂy, Hard' (1970; 1973) has determined that the f(;l\Dwing factors
are esseniiaI for the prnduction of Host-Versus-Graft disease in_mice:
,a) the hOstS must be newborn ar 1wmno1og!cany ihmature, b)’ the gr‘af’t‘ed
* tissues must ‘be admlmstered lncravenously and contain inmmm-mmpetent

v o cells, c) there must be’ e, geetic vestitetion that fhe Grart thinot

_—attack. the host (though'he has not presented the evidence vpon which this

the effect (wilike the G.V:H. reaction thatseems to be dose dependent).
With all of tbeéé conditions fulfilled the injected animals can‘remain '

healthy and ‘gron at ‘a,rate only slightly below normal yntil there’is a "’

. dramatic onset of i11-health, with léthargy, & marked pallor of the
mucous membranes and paws‘ with autopsy ‘evidence of cdlitis and intestin-

n‘l blnod loss with en'largement of the spleen and lymph nndes (mean weight

flve Hmes the match control animals) and there was gross Thymic:atrophy
in some ofgthem. Thus -the pattern of thg disease is ?ery d‘ifferent
- from those suffering frpm Graft-Versus-Host disease and‘:he'iraﬁ{_nent '
'Iymm_midé:vperphsh vfmﬂd als_no not be typical of that condition nor
3 the prof ged latent. interval before alsanse sipresston. 'None:heléss. 7
o the pathomgy is -aetiologically re]ated tn the graft and at that Tevel

could se classed as a Graft-Versus Host disease.. .

inference uas‘made); and d) only low initial doses of injected cells cause '

d



. The ‘two patterns ‘6f disease with G.V.H.:Charagterised by an immediate’
and steady downhi1l course’ and H.V.G. characterised by outward health
uitii the sudden terminal event has been mirrored in thé breeding ex-

pqqméncs,nf Palm (19705 1974). These experiments. arose from observa-

-* tions nf a normal breeding colony of rats that had faﬂed to prnduce

at _@he major hi ibility 'luc‘l after many. generations
of hr:ntheﬂsister matings. The experimental ana'logue of this was the
reciprucﬂ ‘backeross mating of rat strains {for instance BN/DA x BN)
‘to. produce the F; generation. that cnulﬂ be tlssue typed for the major
histocompatibility  antigens to assess whether there was a selectwe .
Toss when the mother was a P (parental) strain or Fj hybrid of ‘homozy-
gous offspring at the MiR. Paim found that in the offspring of the, b
pure strain. "_Iit}ers there was a seléctive morbidity and mortality of the

"offspring from runting, particu'larly of the ma]es and ‘the homzygntes

. at the MHR:
.- =
Thus out of 233"0ffspring: i .
. 66 were female heterozygotes, 69 homozygotes e 5

54 were“male fieterozygotes, 34 homozygotes.

When the mothers were the F; hybrids, there were fewer'offspring sug-
’gest'ing an increas®d imrtath which from observation arose from healthy
Tooking F, offspring that suddenly conapsed without any prior signs of

runhng. : . L

Thus out of 174 offspring:
§ay 48 vere ferale heterozygotes; 46 homozygotes

3




40 were male heterozygotes, &g homozygotes.

oIn this latter group there was no appreciable selective loss except

that both groups of males” were considerably reduced in numbers caom-

pared with the females.

This experiment demonstrated,thét in a norml rat colony in which
there was semia]‘logené\"c,\ matings, there wa\s an appreciable mortality
from two separate disease conditions, one of which resembled Graft-

vérsus<Hust disease in.-the male AgB hoimzygnus offspring of pure

- 2 g -
.'strain mothers. Palm interpreted this data to suggest that the -MHR

loci confer smr'e’ protection from this pattern of d|sease whlch by
inference has .been' produced by mternal Iymphacytes attacking nmmr
histocompatibility aptigens in:luqing.perhaps the "Y" (male) antigen-
The' data from the offspring of the F; mothers is more difficult to

interpret except if the inference is made that the mortality was due

to a. Host-Versus-Graft disease that d\d not depend upon homuzygosny

at_the MHR to ciuse catastrophic reactidns.

The breeding. experiments of Palm lead back naturally to the work of
Mer as the protocols for the inductian of Graft-Versus-Host disease

can .be dlrectly trans]ated mtu normal hazards of pregnancy.- certainly

in inbreeding rats: and !ess certam!y in the outim« preghancy in man. .

The results of-Palm's expenments seem c'learcut “though" Tater- experi-

ments by Palm to confirm the effect showed a much Tower. Tével of mor=

. tality in the offspring suggesting that there was additional environ-

7 cAr
~mental effects in the earlier work that were)augménting the montality
5 . e A

of the offspring fron :h:' maternal inﬂuen7 b My




There: is still room for doubt that the effects seen by Palm and

Beer '
vere due to maternal "T" cells though Graft-Versus-Host disease inves-
tigated before has been proved to have been caused by."T* cells to

most peoples’ “satisfaction sinice isolated cells cause the effects and
are presenfin the diseased animals ‘and' can be transferred to other
animal pr‘ndu:ing disease and the disease can he‘abmgated by specific
anti-T antibody. The runt disease seen in the éxperinients of Palm

and. Beer had a1l the hallmarks c;f Graft-Versus-Host disease and so the . -
inference is strong that it had a simﬁar aetiology by ‘tb‘e necessary ..

confirmatory investigations'as outlined for 6.V.H. have not been per-

formed. It was one of the majoF aims of this thesis to demonstrate

experimentally that maternal "T" cells are causing the pathological
changes directly, or'indirectly with the synovia acting as "innocent
bystanders” to a 'lymphocyte war" as seen:in cutaneous GVH reactions
(Ramseier, 1966).

. ) i B g
In.thé experimental animal work that.defined Graft-Versus-Host disease

the cells that were adninistered were usually of more than one popula-

. tion, for instance crude spleen suspinsigns with "T" cells, "B" cells,

plasma cells and macrophaggs. However, if we accept that 6.V.H. dis-
ease affected the runted rat offspring in Palm's expe_riment‘s and that
this 'imp!icated maternal "T" ce11; we must also accept thit probably

tWo "T" cell popylations are co-operating, the Ty and T, cells of'Ti’gelaar
and Asofsky (1972) that have been proved to be necessary for the complete
“expression of v:ecugnitieh and c_ytu'l}sis. Either this had been aécump1i-
shed in the mother. with only-the T, cytolytic effector cells crossing the

placenta, or both T) and T, cells have cmsséd the placenta, or the Ty cells have




crossed and co-opted the help ef the offsprings* T, :el'ls. Consider-qﬁ
ing the delay <in the action- of the disease states it seems somewhat !
unlikely that- the cytélytic T, éeMis could mmtaln their achvity.

and by the same reasoning, diluted in the overall population af the
‘gwsts' ‘cells,it also seems uniikely “that a powerful cn\labnration of -

two separate populations of “T" cells would be possible 1after sucha -

_time interval, and so the possibility of cel]‘c’oﬂabu}atinn between

the ce115 of mother and offspring must be considered. .

ALLOGENEIC LYMPN&CVTE CO-OPERATION, - The presence or alésen:e of allogen-
eic .barriers to lymphocyte co-operation defined. chiefly by the majqr
histocompatibility Toci s under intensive"study at this tiné'so that
information in the literature is outdated by the time it is published.
This work has been concentrated of Tate on the mouseSrith the well de-
fined hlst_ocompatibi'lity Toci (H-2) and recombinant backcrnéses readily
available; though some of the early work was per?omed'on guinea pigs
s‘im:’e there were strains already chamcterise‘d for immune responses to
defined antigens that behaved in iTMende'lian (single-gene) fashion (Rosen-
‘thal, 1973). - The picture is still far from clear concerning the Tin-
itations to ‘cellular coliaboration, But the following seems o be in the

main stream of the“current work. " i '

»

"1. Cytotoxic effector 'T* cells directed against non-H-2 antigens on

the surface of cells will kill target cells carrying these antigens . 1
‘onlyif they also carry the same K or D surface anhgens (products nf *
alleles-of loci in the Major Histucumpat!blh'ty Region = MiR) that were
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present on the sensitizing cell {Shearer, 1975; Bevan, 1975; Zinkerragel,
1976; Blank, 1’975) and that if effector apd térget differ in the H-2 re-
g‘inn cytotoxicity is only.possible '1'_f the effector has been processed
in the Thynus syngeneic with the target (Zinkernagel, 1978). Trans-
Tated into the mternil/foetal situation the T, cells of the mother
are only able to ;ﬁ rectly lyse the cells of the offspring 1n_respanse
to viral antigens on the surfaces if there is identity at ‘the, MHR or
if ‘they have matured fron the precursor cell in the env%r‘o,unent of the

offsprinp“s Thynus and are -able to’ recognj"se that as "self".

Antigen primed. "T" cells can only collaborate with “B" cells or be

* restimulated by macro;;hages if the “B" cells or macrophages carr}' the
sane, T-regiori (part of the mouse MHR containing Toci with alleles de-
“fining imune response status to certain antigens) alleles present on
the “B" cell or macrophage during priming (Katz, 197§; Pierce, 1976). -

3. For responses to Imune-response-gene restricted antigens, the'rel-
event gene must be carried ‘on the. same Hap’lotype as the genes' involved

ina comba:ib]e collaboration (Katz, 1973; Shevach, 1973). ’

The definitions of the .cur{-e.nt position are taken from Swain (l’97}7) who
tonk‘issue with the experimental bases for the conclusions in paragraphs
2and 3. By careful elimination Of the allogeneic stimulated 1ympho-
cytes, Swain and his :o-wbrkgrs were able to achieve good collaboration
in a Hapten-Carrier type ufr—prn'toc_ol with ﬁQstnincnmpgtible “T* and "B"
~ cells. Hrmever,'the conc'lusvivns.in the first paragraph concerning cyto-
toxicity seem beyond doubt at this tine though. they have ot been sub-

2o )




Jetted to. the procedures necessary to completely eliminate the allo-
geneic effect: 5 2 2

The experimentalA basis for this work remains the mouse an;i can only be
translated into human terms with some, reservations. It seems unlikely
that myture maternal cells could be processed in the/foeta] Thymus in
the normal pregnancy and s0 this dnability to cause cytolysis of Lhe
host could be one mechamsm involving the Major Histocompatibility
Antigens that protect the foetus from the ha}ﬁfuT‘ effects of the mother.
attackmg anhqens defined by minor loci which-was the mechanism pro-

posed by P.ﬂm (om).

Although this work seems to have nothing to contribute to the de]ineauon
of aetiological mechanisns n; Rheumatmd'Arthrlhs it has been introduced

without apology to demonstrate that there are at present no definitive
Vs (

_data to deny the hypothesis ‘that maternal "T* cells can collaborate

with the offsvring"s “B" cells if suitably filtered to remove alloreactive
‘cells. - One could vb.stu'lafe that the placenta would be ‘the! ideal organ
to old ¥nd destroy such cells.

EVIDENCE OF IN VIVO CELL CO-OPERATION Beer and Billingham's wark_ stemmed
From i observation by Stastny (1965) that si:rague Dawley rats, when ..
suitably primed with Lewis str/ain skin grafts in early pregnancy, gave
birth to offspring that also showed evldence of prior sensnuat}on by
the vremature or “second set" rejection of Lewis skin graft challenge

which was specific for that strain. The experinent was repeated by

“Beer (1972) who confirmed the observation.and then went on to usé immuno-



lpgica‘ll;«v,tolerént rats bearing Lem’s‘skin grafts through pregnancy that
produced offspring that displayed a normal pattern of rejection to Lewis
skin graft challenge even though exposed in utero to the relevant ‘anti-

gens. . N

~ This latter ‘observation makes it extremely unlikely that the effect up-

on the offspring in the original experiments was due to the transplacen-

tal passage of antigen and it ‘Seems more likely that cellular fmmunity

" exemplified by the "T" lymphocyte has. been passed into the offspring

via the placenta or in the breast milk. The only alternative explan-
ation yould be the passage of an informational humoral factor such as
Lawrence's Trinsferﬂfactor (Lawrence, 1956) instead of cells but if this
weré the case it is difficult to see how such a factor could cause. the
Graft-Versus-Host disease seen 'infthe later experiments of Beer and .

Billingham.

Since Stastny's observations with thir‘dv party skin grafts are.now amply

confirmed his observations in the'sane manner with Tuberculin hypersen-

' 'sitivity used essentially the same protocol and so by inference may in- 5

volve the same mechanism of maternal "T" lymphocytes crossing the placen-
ta.. The wholé work-seems to make it Tikely that in his rats the mater-
nal “T" cells were co-operating with the offspl"ﬁg's “T" cells in second
set’ skin-graft rejection and Tuberculin hypersensitivity even though the ¢
‘Sprague Dawley rat is not totally inbred and so should have some histo-
compatibility differences between mother: arﬁ child, that is, collabor-

ation across pntehtjal a]‘logene'ic differences . .




DIRECT ANTIGEN EFFECTS UPON THE FOETUS Not every investigator working

with experimental animals is as sanguine about maternal Tymphocytes as
- the mediamrz of the faternal effect upon the immune responses of the
offspring. The alternative explanation of the t}ansplace?tal passage
of antigen has been reported by Gill (197i in the Fi strain of rat
using radioactive'!251odine labelled poly(G1uZLys3*Tyr!S) antigen
aggregated with nethylated ‘bovine serun albunin administered in Freund's
comp'lete adjuvant in two divided doses to the female thirty days before
manng, with the radibactwuy being detected in the bone: marrow, spleen
and thymuses removed: from the subsequent of fspring when aged 8 to 10
weeks This protocol .has been the subject of some attack; Stern (1§7§)

hés pointed out that there is a well documented“avidity of the foetus:.

* for Todine (Pickering, 1961) which could easi!;y explain the presence

) of the raiinisotdpe in the ‘absence of its caup]"ed antigen; and from the
discussion of a paper by Gill (1977) at a recen\: conference it was sug-
gested that “the |mmunclog|ca'| data that he had subseqnent'ly used to fur~
ther his assertion of -the role of antigen-.could equally bg used by those

advocating the role -of cells.
P b

-Kindred (1974) has ciearly documented the presence of a clonally re-
-stricted immunoglobulin response as detected by isoelectric focussing to
nitroppeny] .haptens in the offspring from immunised CBA/J female mice.
The protocol that Kindred followed was essenti/a'l'l_y that of Gill (1971)
with ‘frinitrupheny] and Dinitrophenyl derivatives coupled with bovine
ganmag]obu'hn used -as the. antigens whlch were not, hnwever, radmactive‘

. Athough mnured does briefly consider naternal suppressor *T* cells and
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maternal helper o cells the |nterpretatmn favoured was that ﬂm av‘ti-

i gen itself was the foetal prmmg agent.. -

MATERNAL ANTIBODY Ono (1974) pub'l'ish;ed’a report -of éxperiments per=
formed using C3H/HE female mice primed with either Sheep red blood

cel]s or denatured calf-Thymus-DNA in Freund's adjuvant and mated, The

" offspring of these mice were bled, out at ‘thrée weeks of " age and ‘the

spleens. femoved, broken up and the cells ‘injected into another “ouse.

that is-a normal syngeneic but X-irradiated nouse which was then chal-

Jlenged with th(antigen and killed after eight days and the splenic’

plaque forming cells assayed by Jerne's (1963) technique. Ono fuund‘/
that Lhe'offspringﬁ of mice-primed with Sheep red blood cells did m;t

show evidence of priming, but.\those'offspring from ONA primed mice
showed many more plaque. forming ce}ls deri;/ed from their spleens compared
with control animals.. This latter observation was confirmed directly R
upon the offspring at six weeks of age after the maternal antibody i;ad
been metabolised, by’avg:igen challenge with the plaque forming cells -
issayed d'lrectly from their spleens after fourdays ns1ng DNA-coupled

sheep red blood cells. Ono dinterpreted this evidence to suggest that

. maternal aptibody was the Factor Causing the cbserved maternal effect,

but this appears to be the weakest part of an otherwise excellent’) pre—
sentatmn

EVIDENCE SUF#ORTING THE CELLULAR HVPOTHESIS The evidence is reasonably ",
strong that maternal cellular ‘imnunity’'may infiuence the offsprings’
subsequent resi:wnses from the work of étastny aﬁd Beer.” A recent con-.

tribution to this has heeﬁ the hapten-carrier work of Stern (1976.)



who examined the effect of maternal priming with Bovine Serun A'lbumirg”
(8sh) adninistered wi th ‘Bordetella pertussia in CBA mice  three moths

before syngeneic mating. Tﬁe offspring of the;e mice and those born

-rto unimmunized ‘control animals were primed with Dinitrophenyl conju-

gated Chlcken GammagTobulin (DNP-CGG) mth Pertussis at three months ’
of age and six weeks later were cha]]enged with DNP-C6G or DNP-PPD

(Purified Protein Derivative of Tuberculin antigen), or DNP-BSA.
R l . ‘ t g
The mice were-then serially bled and the sera assayed for anti-DNP anti-"

bodies, using DNP coated 6x erythrocytes and guinea p'l'é,cumﬂement, in
serial dilutions for lytic activity. This prumco'l was designed to
test the presence of -carrier (BSA) primed "1" lymphocytes from the
mother in an offspring primed with .‘Hapten (DNP) coupled with a hetero-
logous carrier (C66). .The offspring of primed'am’ivunprimed nothers
showed a maximal response to DNP-CGG naturally as tha}; had already been "

primed to that hapten—carrier conbination QAnd they both shored a Tow-

“grade response to PPD-DNPi1lustrating the specificity of the carrier

effect ‘but the offspring of prined (BSA) mothers showed a ruch greater
response ‘to DNP-BSA .than did  the* fospr‘ing of unprimed mothers. The

only weakness in this rather complicated protocol was the Bordetella

pertussis itself uhich does not séem to have been’ adninistered to the ;

control -mthers’ though the absence of‘a difference to CGG-DNP between
the groups suggest that this did not cause a “maternal effect" (Z.e. the

‘pertussic acting a5 @ camier).

- Otheg Work_that has tended to confirm the maternal influence upon the

i
|
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cellular imunity of the oFfspring that must be included is that of

U‘phof’f (197023 197005 19723 1973; 1976) who has used tumour resstaice
as vell.as the Graft-Versus-Host effects. to denonstrate the fnfluence
of the uterine milieu upon the antigeriicity of the offspring and the

sensitivity to transplantéd tumours. ' Although the results confirmed

p , " T
a major influence of the mother the experiments reported used rather

complicated protaco]s‘ or Were subject to.interpretative ambiguities

(such as what constitutes tumour resistance and the anng’eninit)" de-‘
tected in the Graft-Versus-Host aisay) and so th{ details of this work
ﬁiﬂ not be discussed .further in this thesis except in the context of

the immunological component’ Of breast milk.
-

Other experimental animal workers in_ this field are as follous® Barnes
(19.69) who reported'that normal CFW mouse e?nbryus'nurtured in the NZB/
B1 hybrid womb had a properisity for developing autoimmune haemolytic
aqaemia due to a "maternal agent" most probably a virus but possibly

abberant lymphocyte c1 ones; Minden (1976) who reported that B(G-assoc-

dated tumour resistance had been vertically transmitted from female strain

é guinea, pigs to their offspring (though subject t8 the same difficulty
of interpretation as Uphoff)s Turakulov (1974) who reported Tymphocyte
accunlations in the Thyroids  of offspring of feiale chinchilla (pré-
sumably outbred) rabbits immunised with homologous Thyroid ‘gland ex-
t}acts in adjuvant (thaugh‘h‘e interpreted the pathoiagy as due to mat-
ernal antibody) ; Dukova (1976) who reported the presence of :spontaneaus

yriphomata in. the F, 0f Fspring of hybrid.female mice (CBAXC5781/6). that

were suffering from Graft-Versus-tost disease induced by the injection
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of C5781/6 lymphocytes prior to mating.

BREAST MILK AS A SOURCE.OF LYMPHOCYTES It has been known by ‘farmers

that breast milk is very impnrtint in the prevention of dis»ease in ani-

mls, for instnce nevetal piglets very rarely suvive f givénmilk Tk
from other species. The influence of humdtal components of breast milk &
such as immunoglobulin A and now including a host of non-immunoglobulin. - C A
factors has bgen docuented in recent years, but in the course of these i

investigations in rats it has been réalised that the cellular contri-

_bution of colostrum in the form of iymphocytes, plasma cells and monocytes
seems o have a beneficial influence in protecting the offspring-from:’
infection particularly of the gut. If the cells can survive_ in the gut &

it can be postulated that they might gain access to the circulation and

‘ i

Once again Bper and Bﬂ'(ingham (1974; 1975) have been in the van witl‘

Hssues of the offsprmg possvh]y causng pathology. i -

* the reports zm: Fy- hybrid rat offspring (Fische’r x DA for instan/ce)‘ de-
veloped skin lesions when suckled by a mother that had a skin graft\upon .
it and that this effe:t could be initated'by the intra-gastric 1nfusim i
of. jlymphuid ce'l]s From adult Fischer dnnors sensitized to DA antlg%ns
but not using serum fron the same source. The skin lesfons resemn‘led
those seen in the early phases of runt disease but the rats did ot appear
to. be .suffering from Graft-Versus-Host disease’ as they remained healthy
otherwise. The effect was most marked if the skin qréft was' put on the
fother between the sevénth and tenth day post-partua but did not appear” .- '
to be relat’ed to histocompatibi ity ant{igens as ' the graft could be syn-

geneic with the mother and still caused the skin changes in the offSpring
2 . B .
. " . :



F:star nursing on allogeneic mo‘thers 1mdiateiy after birth did cause
a high mortality in the Sffspri ng fnl]owing skin lesions and appearances
similar to Graft-Versus-Host disease. . However., it should be noted that
the tine sequence in these experiments for skin graft challénge of . the
mothers was entjre]y different fr_o‘m that used for the Zn utero induction

of Grait—Verius—}@& disease by the same authors. -

« ¥ et k2
SUMMARY OF THE EVIDENCE FROM ANIMAL ENVESTIGATIONS There can be 1ittle

ranainin'g _dnubt that in rats and mice 'specific sensitivity gan be passed{
into thé fqetus during the early in utero phases of de_vewument, There
is the strong iqf,erence fron the Graft-Versus-Host disease produced that
maternal "T" cells can cross the plécenta éhuugh there. is stil1l no defin-
1tive'evid;me that these cells Eantinue to exist in the offspring and
are a;’the nidus of pathological éhinges in later life. Thes‘e effects
seem sepa:rate from the effects due to direct antigen challenge -of the.
foetus'though such effects shou1d mt ‘be fgrored in human {nvestigatiors.
Although inflamatory arthritis 1:5 a recognised feature of experinental
chronic allogeneic disease it is not known whether this is a direct

attack or whether ’it is -an "innocent bystander™ in a 1ymphocy te "war" .



- zvmsnczum’xvm FROM HUMAN IWESTIGATIONS

+ This thesis is primarily: cnncerned ‘witha human disease m thout a

direct parallel in ctner species. so that withaut some conf i rmatory
evidence derived from human invesngatinn the eiperimental ainal’ data
“could be accused of be\ ng irr‘e'leva»t. Must of the reports cited in'the
- Jast section have conterned, rodem. lnvesﬁgaﬂnns but these animals
‘have marked!y different gestatmnal patterns cumpared with humans with
.~ the young hemg born at a cvmparatwe]y immat.uye stage of deve'lopmem‘f
with parwr(n on only .three weeks after imp!antahon and the data
should only be extrapolated to. the human.condition wnn caution. - The

- data examined Ahas been solely physio1ogical concer{\ed with ;he changes
in thef function of the imune system of the offspring rather tﬁan’ the

mrphu}cgic’a] identification of the matérnﬂ cells. Tne;é is a body

_ of data that has been accumuiéted concerning such ‘investiga’t}uns in

:i‘ndents' particularly mice (reviewed by Schriider. 1975; Beef, 1977) ‘but

- it is somewhat controversial and has not been reviewed heére as it is

of doubtful significance in.the human. context, but human investigations |

are well decumented and have a more iv(ll\eé(ate relevance and will be’

- brieﬂy reviewed here before the physiﬂwgi:a'l data.

EVIDEHCE THAT _THE HUMAN PlACENTA IS -PERMEABLE T0 CELLS There-is DVEr-

EVIDENCE TAT, THE HEAN PLICENTA 15 PERIEABLE TCCELLS
whelmmg evidence.that foetal to maternil passage of cel'ls isnot at

211 incomnon, witnessed by the ' Rhesus isoimmunization of pregnant women™

cent«{ (revieved by Schrader, 1975). It is unusual “for a primigravid

) »Rhesus neéathg woman_ o generate hi g‘p titres, of antibody except after

parturitionand this wou'd be :ousisf:nt with the.hypothesis that. sig-

_ by erythrocytes derived from their offspring that have crossed the pla-‘ i




. nificant leakages of erythrocytes are usually-due to trauma'to the pla-

centa during Tabour. . e N

There are good grounds for the be'hef that Ieakage from the fuetus to 7
E the mother is more 'Ilke'ly than from the mother to the foetus in the
. haemochor'la'l placenta. The structure of the human placenta with. the

e foetal circulation splitting into small vessels enclosed in villi dipping

into the maternal 1;kes of blood and the reiative]y higher pressure of .

" the foetal vascular bed compared with the maternal'side (45w Hg.
j T versus 10 mm Hg. Tying and 35 mm Hg. standing erect - Page, 1960) are

b “two factors that have béen documented (Macris, 1958). 5

i . .

1 . 1In"spite of this evidence Naeslund (1945) _using_radioactivé phosphorus

. " 32D {abelled erythrocytés injected into women at term denmnst;‘ated the- .
presence of tagged cells in one out of six offspring post-partum. Later
‘with Hedensfedt (1946) using pregnant women injected with elliptocytes

i . ,he demanstrated these characterlstlc erythroqycas in one ‘infant that

had :mma from a.tofaemic pregnancy. but 4n none in another child frnm a

nunna'l pregnancy. Although there have been many' \nvestigat(nns since

. ) tl‘!%/ (Mengert. 1955; Duhr'mg, 1959; %e. 1962;  Zarou, 1964; Cnhen, 1955. g

Dohbvan, . 19663 Fischer, 19675 Eimer, 1969; Wong, 1972; Fujikura, 1975)

using 5%Fe and 5ICr tagged erythrocytes or.sickle-cells or blood group

imnunofluorescence, the evidence has'not changed from these first sifple

B tate pregnancy but the occurence of this is exceptional and usually of  *

i

| : 5

no e observations that bléod can.leak into the foetus after a complicated
(  small.volume. . i B s

|




Many of the references cited ’abov:e purport to, demonstrate, the common-
'n_ess of the entrance of maternal erythrocytes into thé foetal \circ'uh- .
_tion. However, careful work by Cohen (1965). revealed only one neo-

. matal child out of 154 with recognisablé maternal Célls by fmmuno-
f'luorescence' in bloed taken from 2 heel prick ct‘)mpar‘ed to between 11
and 371 of the corresponding: cord Slood depending upsn Fhe: cive
taken to minimise contamir\at‘Im;. Similarly, Donovan (1965) used an al-

most obsessionally clean technigue and thereby showed that ™ CR tagged

.~ -erythrocytes could not be detected in cord b'l-uud‘f'mm eight mid-term

terminations, but that the slightest deviation from perfect techniq\ie
‘caused artefactual detection of radioactivity. Theie two reports havé
unphasized that most of the techmques are too senslt\ve cnmpared to the
general contamination of the he‘ld with maternal blood in every: dehvery
so that even the sma]'lest amount. of maternal b]uud on the instrunents
(<0.. ODOI ml. - Donovan) used in the collection of blood will give arte-
factua'l data.on the transmission of maternal- ired blood cells into the
foetus. It would be rhffuu‘lt to Justify the, use of the previous evi-

" dénce gathered by such a ,;echn]‘que to suppuv:t a f‘\jpothe;is ‘that such
Teakages cgn cause modification of the v‘lho}e Smmune apparatus of-the
';ﬁf;pn‘ng from the million or so unselected Iymphocytes that occasionally

wash in, with the erythrocytes. .

‘. The lymphocyte dges not need an anatomical hreak in the .integrity of
.the placental circulation in order to cross. from mather to chﬂd as’it
is a highly matﬂe cell that can 1nvade every ‘tissue of the body apart =

from soHd bone and-cartilage 1f stlmu]ated to do so. Using an sn vitro
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e LN * "
techniqué Russell (1975) that human lymphocytes could be

‘but that lymphocyte activation by antigen as.well-as an antigenic grad-

induced to cross membranes (in that instance Millipore Filters) by et

ivation with antigen in vitro or in vivo mth the presence of a chemo— - | 3
tactic gradient across the membrane to give direction to the migratirm

(Wilkinson, 1977), but only in the presence of Albumin which seemed to

act in a “"chemokinetic" fashion to promote migration. From the evidence

of Beer and that of Wilkinson one would ot suppose that lymphocytes

would cross, the placenta in significant numbers under“numal conditions

ient across .the placenta (perhaps only in the ahse;u:e of major histocom- -
pntib{lity differences from Pulm!s evidence) -plus a1bumin would Ba needed
in order to produce a measurabi& effect upon the offsprmg. To some ex- . "
tent ‘this a priori reasomng has been confirmed by the evmence avail- J

able which has been recently reviewed by Schrdder (1975).

\ .
The evidence from the many studies of erythrocytes s useful to put into /
perspective the infrequent reports of maternal lymphocytes found in the.
circulation of the offspring.’ The most elegant technique used was that

employing in vitro Quinacrine labelled leukocytes injected into women

at term and subsequently detected in the cord blood of the foetus after

on (Desai, 1963; ‘Rigby, 1964). Both of these investigations em- !
ployed techniques using cord blood that Donovan and Cohien have attacked )
as giving artefactual data with erythrocytes, and only in the Rigby re-
port was there apy attempt to document circulating labelled cells in

the off:spring some:hours after parturifion.‘ There was bri:ef mention in

the Rigby report that in smears made from the infant's blood theré were _
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A _rare but ‘definitely 1abe!1£d immature mononuclear !eu}\(pcytes in an off-

|
+. Identification of maternal cells using chromosomal analysis has been . . - ’

spring of a ,v;uman with a myeloblastic leukaemia with other forms being
detected ‘in the cord blood which are probably better,ignored as possgﬂe
artefacts. Nevertheless the positive ‘idemﬂcan’mj of the maternal

_cells in the peripheral blood of this offspring (of a highly dbnormal

mother) constitutes the only report -above criticism of a healthy child _-

with this phenomenon.

“attenpted (Turner, 1966; 0lding, 1972) but two factors at least make
this data meaningless: the use of cord blood as already‘cri;icized. and ¥
the présence in the foetus of lymphocytes suppressing mitosis of matéFnal
lymphocytes ‘(Dld{ng, 197';; Oldstone, 1977) and soluble factors also / J
having that effect such'as Human Chorionic Gonadotrophin (Adcock, 1973)."
These two fa;:t:rs have the effect tha‘t if maternal mf‘tases were detected i
this could be due té artefact and if they were not detected this could
be due to suppressor mechanisns. This has meant that the ‘data has o
quantitative or qualftative meaning. However, there are two reasonably
we"l'l documented materv‘-aj-ft?etu'l chimaeras. THe ‘e. infant with hypo-
spadiasis reported by E1-AIfi (1969) showed 20 out of 48.metaphases with
the XX configuration soon after birth lzut fifg months later only XV\ meta-
phase§ could be found [on Teukocyte culture.  In this case there was an W
inéeresti‘ng experiment performed of culfuring the offspring's leukocytes
in the presence of maternal and paternal a‘néigens‘ which showed hypdrespon-
siveness to the mnthér, but since a “maternal and pf;ternal Teukocyte ek-

tract" was used this evidently does not correspond to a’mixed: ymphocyte
7
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reaction which depends upon’ the presence of 1iving stimulétﬁng cells-

Kadowaki (1965) reported a phenotypically male-infant that appeared

normal up'to one month of age when it developed "croup” and subse-

. quently severe respiratory tract ‘infection, cachexia, malabsorption, -an

extensive skin r;ash. alopecia and lymphadenopathy, with death at 16 e
nonths. Metaphase spreads prepared from culturing peripheral. blaod
were uhta1 ned with a poor yield .in spite of mmnal Tymphocyte counts on
three -occasions and a1wa_ys showed 2 mixed population of XX and XY karyo-
types insthe Tymphocytes while evidence from the buccal mucosa, granu-
Tocytes vand’ erythpocytes riemonstr’ated that no other'cell type was chim-
aerié. There had been no evidence of avtwin pregnancy so the almost
1nescapab1é conc'lu;ion was t'he the infant displayed maternal lymphocyte
chijnaeri‘sn} which was cgusing a Graft-Versus-Host type of reaction and a
human “runt disease! syndrome. Necropsy revealed a very small th,vmys.

grossly atrophic lymphoid tissue except'in the spleen and abdominal and

thoracic 1yhph nodes, villous atrophy if” the intestines and lymphocytic

infiltrations in the (liver, and prominent lymphocyte and.plasma cell in-
filtrations of ,the salivary glands, and perivascular mononuclear infil-

frates in the skin with hyperkeratosis. In all other sites”lymphocytes

and particmai"ly plasma cells were rare which was in accord with the

clinical. picmre of nypuganmaglohuhn "e"

GRAF[ VERSUS- HOST DISEASE IN MAN Tnis pu:ture of "human Graft-Versus-

Hnst d\sease seen- in Kadowaki's case has been mirrured recently in two

reports uf a similar disease pattern seen after bone marrow transplan-
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tation for Acute Myelogenous Leukaemia (Lawley, 1977) and ‘Aplastic Anae-

mia and Burkitt's _lympnon‘\a (Gratwhol, 1977). " The Graft-Versus-Host i
changes in the skin with Tymphoid infiltration 1n‘tn the epiihelia ass0-
ciated with focal :oa§u1at|vg necrn‘sis (S1avin, 1973) were noted but
there weire‘a'lsa the gross changes of Sjagrens syndrc’)me' (dry. eyes ;nd i “
mouth from chronic inflammation of the salivary and lacrimal glands)
and Scleroderma (diffuse fil;rosis qf the connective tissues of the skin 4
/associated with 1ymphocyte #afiltration of the early lesions)and Dis= i
c0id Lupus “Erythematosus, a1l of which conditions seem. to' overTap with 7
Rheunatoid Arthritis in the spectrun of “autoimmune” diseases having !
in many cases hypergammaglabulinaemia and circulating Rheumatoid Fac- ;

/\ tors. Of ‘four long-term survivors of severe Graft-Versus-Host disease J

-followed at the NIH (Lawley, 1977) a1 have been folind to have clinical,

laboratory and histopathologic.evidence of Sjogren's syndrome. - However,

as the disease states of the patients reported b:v Kadowaki and Lawley

and Gratwhol are far more severe than that usually seen in Rheumatoid Arth- .

bers of lymphocytes ‘!hat were clonally restricted in theil: activity.

-
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§ 5 - the direct translation of this to Rheumatoid Arthritis is not possible
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ritis though one could speculate what might have arisen from smaller num- ;\
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THE MATERNAL INFLUENCE UPON THE iMUNE RESPONSES OF: THE CHILD -

In man, the changes induced in the physiological: responses of, the imune

- system of the offspring by "maternal factors" are more di}fi:u]t to.

obtain adequate control for the test population’than in experimental
aninals and the résults are mich more diffigult to interpret since ‘it
can never be determined whether external ‘eggfronﬁ\enm factors inter-
acted and by which mechanish the “maternal éffect" was achieved.. én

exanple of good data but with difficulties in interpretation is the

report by Aase (1972) in which he followed up twelv,e‘ Eskimo children

_ after intrauterine exposure to & Mumps virus epidemit. None of the

children investigated had Mumps antibodies but' 10 out of the 12 had
positive skin tests using Munps viral antigens whereas in a control pop-
ulation of children born-after the epidemic only six qut of.32 had pos-

itive skin tests.’

The difficulties of interpretation start with the question nf whethef
this pronounced effect is due to direct exposure of the foetus to the
antigén or to 1nfonnat10nal factors including maternal cells crossing
the placenta. It can be postulated that if the infant had been in- -
fected it’would have developed antibodies (of!the IgM class) though
there is no proof that such antibodies nouh‘i‘persist for ten years.” If

it is accepted that cellular imunity has crnsse& into the child, there

is no evldeﬁge to test whether this was due to a humoral factor Brrtrans-

mission of cells, though Lawrence's Transfer Factor (Lawrence, 1971)-is

probably unable to prime virgin: lymphocytes but reawakes dormant re-

sponses. If it is accepted that cells have crossed into the offspring

lished in the breast milk

there is no evidence whether‘this was acct

or during gestation. Rase interpreted his own data to suggest. that i€

2T

)



was - the Mumps virus itself in small amounts in early pregnah:y that pro-
duced the effect and consequently it would be very suspect to adduce
this evldence to support the hypothesis of ‘transmission of- materna] g

ceﬂs across the placentu.

In another investigation of virus‘ infection in pregnarh:y Rubep.(1975) X ¥

“antibodies whereas all of the other children whose Tymphocytes did nut

found raised IgM antibody titres to Influenza A virus in the Serum uf, the
offspriné of mothers with serological: evidence of recent infectjon in
an epidemic of Influenza A/Eng]and/42/7é. In seven cases in which cord
blood lymphocytes were cultured 4n vitro with Influenza viral antigens

low-grade proliferative. responses were observed in three out of the

_seven. but- these were all-in.children Who did not Have demonstrable IgM .

respond had detectable am.!lmdles. There was one child out of eight
in a separate experiment that had such a. proliferative response and this
was in a ch’i'lj exposed in the first trimester of Ppregnancy. Again the

Timitations nf the data do not allow one to lnterpr‘et the data as to the

mechanism of. f.h\s Tymphocytes sensltization.

‘Mohr(1972) reported that using tuberculin (PPD) skin testing he had o e
" found that out of 30 mntl‘ers five had been skin tested positive and
_five out of nine of their infants had-shown senslt'lzatwn (an ‘breast fed)

whereas - none: out of 78 tuKercan negative mothers showed evidence of

sensitization.. Mohr mterpreted his own data to suggest that maternal
cell-mediated immunity had crossed in the breast milk, but the data does | .
not allow definition of the mechanism of sensitization which could even

have been from the bacillus in: the: post-partum period.




troversial ma:rophage e'le:tmphoret!: te:mnque who demonstrated a con=

cordance of sensitization of mothers and children to a battery of anti-

‘ gens' compared with the fath) rs. TheS:uthers mcluded four- healthy,
i

three with sarcoidosis, one with Hods

n's disease and one with Brill-

- Symmers Tymphoma., There izs no reason to disregard the data but the {n-

terpretation. again remains mfhcu]t.' Similarly others have found a

lncnrvoration in mnther and-child pairs ntigens derived from Myodbnn-
";' S Set . terium Leprae (aarnetsdn, 1976) ‘and Dental Plague (Horton, 1976).

Other work in this ﬂe]d includes that from Fnld .11971) using his ton= * .

5 concordance of Tymphocyte resnonsi\)eness detected by tritiated thymidine




68
SYNTHESIS - . :

!, The introduction’has ‘been broken up-into two fcomponents, the reviéw ‘of

| the charatterxstlcs of Rheumatuid lrthﬂtls and the review of the influ-

ence of the naternal milieu on the imne system of the offspring. In

the process of presenting the information in thls h(gmy cumpressed form .

the underlying theme may have been lost in the quicksand of the ‘surround-

“ing data. I will now brieﬂy outline the ‘position of each component with

an indication of how firm the data has beerl from which it sprung, '

It 45 postulated that Rheumatoid Arthritis.is.an aberrent, imnune response

tuha common,_ antigen - 'common' because of the universality of the disease

aberrent immune response’ because of thg very prominent immune mech-

. an15m§ in operation that seem ineffective at disposing of the primary

aetiological agent. It is postulated that' the immune response may be the
lack of an antibody response in the presence of cell mediated immune res-
ponses_as this dichotomy has been observed in.infants after maternal virus

_infection in early pregnancy and would lead to ineffective clearing of the

“"antigen in a manner similar to-that seen in:Chronic Granulomatous disease

and Agammaglobulinaemia.

It ds-postulated that maternal "THI 'Iympiw:jtes_ are responsible for the

ahgrr'ent immine response since they wouTd be able to transfer cell-mediated

imminity from mother to.child in mice and rats, less certainly in man. It
is i)ustu!atgd that the entire. immunological changes observed 'lv!f patients
with the disease are related to the ensuing bilateral war between the two
Tymphocyte populations, almost certainly a "T" cell war less certainly a

maternal-host war.. A definable aetiological ‘agent such as a virus or
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bacteriim may provoke this situation and“if partially pmtecied l;y anti- ..

genically resembling cﬁwcnenzs of the. hosts tissues such as the synovium

. may cause the subsequent immunological war to Tgealise in these tissues.

There is Tittle doubt that the proponderant cell in the -RA synovium is”
the 'T" Tymphocyte, ‘but. there is 1ittle or no evidence.for or against an

allogeneic or autologous _’(ymphncyte war in that site.

The only evidence that allows the possibility of some of these mechanisms
‘to be put forward comes by ana'lo;} with the various ‘autoimmune' pheqomena
seen in graft-versus-host situations in experimental animals in which the
defined aetiological agent i; the presence -of two incompatible semi-allo-
ggneic 1ymp£|acyte‘ populations. The evidence from rodents séems clear at
this time that there can’ be interference with the immune system of the
offspring by suitable manipulations of the mother; but the evidence in

humans is anything but clearcut. There is no formal proof that even the

- effects seen in rodents are due to the transplacental passage of lympho-

cytes.

Putting f.ogether the data concerning thz pathological changes. in the Jo(nt
allows a corre'lanon of ‘the lymphocyte infiltration w\th the mcreased

metahuHsm with the degree of inflammation with the metabn'lic“(wset obser-

. -ved with the gross morphological alterations fncluding synovial vilils and

pannus formation. The only single entity that could theoretically cater
.for these well-founded correlations has to be the metabolic blockade of
inflammation first hinted at in an antithetical fashion nearly twenty years

ago by Marion Rnpgs. B




~ OBJECTIVES
7

The experimental work to be described falls into two completely sep-
arate catégnries: experimental anima'lflrat)' to test the specificity

of the maternal effect and to try to identify maternal‘ cells in the -

“offspring, and huran investigation utilising the nuclear families'of

patients with Juvenile Rheumatoid Arthritis to test whether there are

identifiable immunogenetic reasons that would favour a maternally med-

iated pathology.

) 2 st =
INTRODUCTION - o Y

The fost direct and satisfactory gxperinent to prove that Rheumatoid
Arthritis is caused by mgtecral lymphocytes would be to.identify then i
chronosomally i the affected tissues of the disease, to isolate such -
lymphoqyte§ gsing histocnmpatibﬂitry markers, to use sucr; Tymphocytes
o demonstrate Some ‘of the, mechanistis postulated in vitro, 16 challengs
unaffected synovia in ‘the patient with such cells to demonstrate patho-

genes1s in vivo, and to effect a cure by the administratmn of antibodies

to maternal cells. In order to accomplish this there is a requirement

for many fresh’synovia from patients eithér males in whom the female

karyntype of the maternal lymphocyte could be,.recognised smply, or mat

have HLR typed mothers so that the maternal Tymphocytes could be recog-

nised by the difference' in cell surface antigens.

v . i e .
The protuco'l outlined above was the original-plan for the experimenta'l
work for’ tn'ls thesis, unfortungte]y ‘the requirements listed below the.
protocol could never be fulfilled here. There were three synnvectomies

in the first elght_een mnths of tms research and in every case the mother

|
|
|
!
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_was ‘either. dead or the'patient thought” she wes too o1d to be troubled.
Only one synovium was obtained from a male and in this case it had been

rem(_wed as part of a joint replacement and the tissues were extremely .
fibrotic. PHA culture of lymphocytes fram this syr‘lovium produced very

few metaphase spreads and after,staining with quinacrine to identify the

X and Y ‘Chromosomes by a banding technique (Caspersson, 1969) there were
only four spreads in whicghﬂ@ny kind of karyotype could be achieved and

of which theure was only on:e in which there was any suspicion of the XX \

configuration and this would not'bear defence.

In the meantime, synovial fluid from male patients was obtained with

i o - .
. the co-operation of Dr. ‘John Martin and’the lymphocytes recovered from

that and from autologous blood. Erifvfiths (1974) had reporte‘d that

: . i
synovial fluid lymphocytes Fespond in mixed lymphocyte culture with
peripheral blood Tymphocytes unilaterally. There seemed :to be a chance -

: G .
that the reaction she was observing was that of the maternal lymphocytes

responding to host antigens ‘.'md‘l thOught.that karyotyping such respon-

ders might demonstrate the maternal source in male patients. However,’

the response observed from nine fluids (six were male) proved to be -very
snall’ compared with PHA culture (stimulation index of 1 to 1.5 compared
with 2 to 10 for synovial fluid PHA and 10 to 100 for peripheral blood -
PHA cu1t;1re of’ Tymphocytes with ‘“C-Yhymidiqe incorpnrafion) and in spite.
"of careful screening only two poor metaphase spreads were abtairied from

such cultures both prnbab:ly XY karyotypey

If the locale did not seem to favour.a direct assault upon the problem

#t seemed to have thé_requirements for an indirect approach as Newfoundland



(and latterly cell-mediated cytolysis) whether there was a_ny‘specia’l re-

In the rat uorl: 1 decided to determine if antigens other than those

s blessed with a stable Eopulatinn isn'latéd in numerous outports ;itj
large nuclear families which have al‘luued‘other investigators to obtain
genetic information” unobtainable ‘elsewhere (Larsen, 1977 for ‘example),
and. the universitythad extensive animal quarters, newly completed, capable

of sustaining rat jnvestigations to follow those of Beer and Billingham. *

I kneiw from the effort to collect synovia “that the parents of patients
seen in the hospital with Rheumatoid Arthritis were difficult to find
and so 1 decided.to concentrate my efforts to t;le :ollect’.km of the nu-
clear famhes of patients w'lth Juvenﬂe Rheumatnid Arthnns. Th’1s had -
the advantage nf the, ease of obtaining relaﬂve]y young parents and l 1

was able to find a group of patients that had had severe disease that \
had largely "burnt out" so that, they were now on minimal.drugs and had

adolescent _and adult siblings capable of volunteering blood. "itf: th’ese

families I planned to find out by HLA typing and mixed lymphocyte cultire = ¢

lationship between mother and proband, and using HLA matched siblings
whether there was sensitization to loci outside the mjér histocompati-
bﬂity supergene in the patients as-might be predicted from the models

discussed ear’her.

carried -by the placenta could stimulate "T" lymphocytes to cross into
‘the foetus as Stéstrly (1§65) had demonstrated using Tuberculin Wpersen-
sitivity as an index. I'would then try to 1dentify such 1ymphocytes by \

karynt.ypmg in the sltes of * inﬂamatinn in the offsprmg_ The pntent

skin sensitizer 1-Chloro-2. .4_.d|n1trobenzene (nncg) was :used as this would
- < QT ! o

!
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et ' _ not groduce the kinds of d:i'fficul!;y of karyatypic identification to be L
g .expected if b,ar;e used skin (o, lylnp!xaéyies) from third party énimals as .

S ., the source of antigen in the s.mf manner .as stastny (1965). : The popli- 2 £

’ ‘teal. lymph node.of the rat-seemed to be-an obvious §itg to- look for mat-
P ;. ernal lylnphocy;feg during a Tocal response to DNCB challenge to the hind”
Y, 4 ‘paw,,as the antigen could be expected to be :oncengrated at that site _'
”'ind the‘materna] N Iymphocytes jsubsequenﬂy reév”uii’ed from the‘cjrcl.;-,

" Tating pool through the Walls of the post-capillary.vepules of the node. , . -

" The metaphase spreads. could be abbame.d d1rectly from the nodes by the e g 9

1ntraverﬁs adm1mstratwn of uﬂcmcine shortly hefure killing the ani-

M mal and pxtracting the Tymph node .and- subsequenﬂy teasing out the Tym-
Pphocytest. - The' unhaI experm!nts were designed to quantimte the differ- .

Pt ences. between primary and secondary responses to DNCB, ‘'and the subsequent
e}pemmits were designed to detect d'xfferenr,es between the Iymph node

responses of the offspring of primed and unprimed mothers. Yhe final | l;'

phase of karyotypic” classif"caﬂon of the lymphncytes was_ never 1mp1e— . # “
riented for reasons that will be obvinus when the dau is examined, but

sone pre’l imi nary work-uising the in vivo method for obtaimng metaphase
spreadslwas starteﬂ ) o, . : .
E T -
m

s - s
o N The n t tio chaptefs de:umznt the data obtained from firstly the rat

. - work and subsequently the human work. - As the two sets of expenments

i * " were entirely dlffwt they win he praduced_ with separate Intrndur.ttons, '
: Materia‘ls. Methods, and Resul ts sactinns‘ . . vl
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.. RAT WORK

'INTRODUCTION In ¥ivo measurement of delayed hypersensitivity in man

has a long history starting with' the early use.of tuberculin skin tes-
ting for }wpersens(iivity to tuberculosi§ pioneer‘ed b‘y Ruhert Koch, to
- patch testing for nypevsensltwity to com.act irritants such as nickel.
Simﬂqr demmstratmn and quanﬁtaﬁon of de‘layed hypersensitivity of '
rats has been fraught with d‘lfflclﬂty, fo’r example,’ for many years it
was supposed that rats’did not develop skin hypersensmnty to tuber—
e culin fo]’luwmg priming with the tubercle-bacilli (reviéwed by Lefford,’

* Wessels (1974) First demonstrated dermal tuberculin sensitivity and since

that time both intradermal and footpad test have béen ,des‘c;ind (Flax,
15-62' Gray, 19515, bu‘; Sinceumeasul‘ements depend upon the area of ery- .
‘thema or of gross swelHng of the,foot (Willoughby, 1966 Axelrad, 1968;
valey. 1961) they become difficult or 'Ir'woss*lble to quanhtate with

é‘ lesser dggrees of hypersensitivity. In o‘rder to overcome this limita-
tion Lefford (1974) developed- a method . of in vivo Tabelling of monocytes

. u‘ltﬁ radionctivé Thymidine and then using the isolated monocytes injected
'lntrivennus'ly fo'ﬂowi.ng» antigmnc cha"enge “to. the pinna of the rats' ears. ,
Dermal I\ypersens'ltivvty was dete:ted by the 'luca'l accumulation of radio-
activity in the inflamed pinna regmved in tHe biopsy punéh, and the assay
proved to be éccuratej"und sensitive t.hougm:omp]ex. Previously Lefford
had worked in cu'l'laburation with .D.Q. McGregor and G.B. Mackaness using
. the rad1oact1\vity ‘detected m the draining lymph node that swells in sue

more quickly in the sensnized animal due to the recruitment of specific

i - .and nan-vspecthc) mononuclear. cells. brought into the paracor’tical region




by the lymphokmes secreted by those ’lymphocytes.

In'the meam«hﬂe. a very repmducih]e and simple procesL has been devel-
oped for measunng Tocal graft-versus-hnst reaccwns by means of the
Wy ! simple we'lgmng of the draining popliteal 'Iymph nodes -of ¢hallenged- hind

paws of the rat which-depends for 1ts rehabﬂiny on the constancy in

S the rat of the drmnlng Tymphati that drain to a.single nnde in the
popliteal fossa from an area that 1nc1udes the -whole.! nf thg foatpad
as well, as the dorsum of the foot:énd a variable amount of the lower 'Ieg t

‘ Levine (195&) first documented the great en]argemznt of the pophteal %, i } .
nm:lg in / rats in response to suitable cha]lgngg with parental lym- E
phoid cells injected into the if;otpad. 'his model system has . been
sucr.essf;my employed to gain insight into the t;vpes and numbers of § B,

g cells responsible and responding (Ford, 1970; 19717 Yoshida, 1971a; 1971b;
E Bonney, 1973). Y e, s ' T

we : It was rea]tsed from the start of thy foﬂomng exper‘lments that there

would not be the massive enlargements.of the nodes that are seen in 1o- .

% cal graft-versus-host reactions, however by 1nference fiom the work of .

Lefford it was® expected that the kinetics,of ‘the:lymph node enlargement B

4 Vo
E would clearly differentiate between primary and Secondary responses.
iy WU B %

v " The puplitea'l ‘node assay in rats is efficient, as there is usually the

single nnﬂe which dfains the entwe area uf the foot so Lhat. unless . .

there is antigen excess the node can be- expected ito Carry' che major part A

|
7: s of the total respnnse uf the rat during the early part of that reaction. - 7
|




* variation in the popliteal node size. ' 8,
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MATERIALS

RATS Al rats vere ultinately obtained from the Canadian Breeding Lab-
oratoriés, Ontario, and they were suhsequené’ly kept in the animal quar-
ters here. Thre'“e“typ‘es»n\f rat were utilised: -Sprague Dawley that vere
outbred and maintained in that condition by avqfdame of inb{eedfﬁé_ -
Fischer strain that vere a well characterised totally inbred stock.- '+
Hooded_ (AgoutT) Long Evans that are an”inbred stra'ln. Colonies of all
three kinds of rat had been‘wen established here thuugh the Fischer
strain rats became mfected with covuunctivihs with upper respiratory

tract involvement durmg the course ofthese experiments and the en-

tire breeding stuck was replaced. - -

CAGES  The rats were housed in wood—d;i?bedded polyethylene céges with
four adults or one’ litter to a cage. They were fed with Purina Rat Chow
and wa;er ad Zibit’ﬂr;. After,a;-tigenic challenge to Athe footpads the '
rats w’ere‘ placed in multiple single wire-bottomed cages alone or in pairs

in order to restrict their am‘vit.:ly and interactions that might cause

INSTRUMENTS A standard dissecting’ kit was used_ to obtain the nodes though .
it was found ‘that with'a scalpel blade (#11), sharp. sclssuy;s for the skin;
. iy 5 . gt

and ‘two pairs of fine forceps the rat_cou'l\d ‘quickly be dissected. The.

rats were anaesthetized with'ether ina wire mesh lined glass desiccator

for all prnqedl{res and killed by cérvica] dislocation. ~The nodes ;i@r‘e

weighed, x;sing a.H18 Mettler (Zuri:}{)_ balance, to the nearest 0.1 mg, the
spleens using a*DLTS (The Torsion Balance Co., Montreal) balance to.the -
nearest 25'mg, and “the rats were v’:eighé'd with a Dialogram (Ohaus Corp.)

to ‘the nearest gram. lAnt_'igen challenge was adminis_terefl using a Hamilton




dispenser (Hamilton Co. Inc. , Californiak-with a‘standard disposable

plastic ‘1 m syringe to givizﬂul a'liquots: through a 26 gauge needle.

ANTIGEN 1-Chloro-2:

robenzene, Organic Analytic Standard (BDH

.Chemicals Ltd. , England). . For antigen priming 50 gran/100 ml of acetone
. was made up fr:eshly; i‘ar antigen challenge 1 gram/100 ml of solution
consisting of 90 ml of acetone and 10 ml of nmethy] Su'lvhoxide was

made. up fresh'l_y. iy . ‘ i
. o { Y Yan
METHODS' S ~

-Some care was taken with-antigenic priming of the mothers as.it had. been

found in the earlier experiments that if they had fur still contami natéd

by-the priming- dose of DNCB the offspring showed evidence of sensitiza-

,tion which possibly could be" attributed tp this cause. - The ‘final method
was to depi1a£e an area approximately”2 ecn x 2 cm in the fnterscapular
area of.the upper thoracic spine and carefully dispense 60 u1 of . the

Solution over this area $o that it dried'in a 1 cn2_in the centre." The

nats were 1nm=d1ate1y wranyed with gauze, and elastoplast bandages around

the. thorax, making sure ‘that the” rat could st1]1 bredthe. After ‘oRe
week the bandages vere general 1y in poor condition and could bt e:;\
removed without anaesthesia if they' had not been renoved a‘lready by . the
rat.. By the time the bandiges had ‘come off the area (if ﬁnmd with

i\DNCB) showed marked changes' with lnca] 'erythema around a centm 3
,areéa of yenw stained patenﬂ)i unhealthy 1iquified sKin that dried to
@ hard scab’and which. then dmpped off within a few days to leave & rau
'area of gramﬂaﬂon tissue that healed quicKly:but~thereafter had” Few




. pairs upon it. B . 2

Some. care ‘was also taken with the qy;tigen ctallenge as variations'in

the dose administered ﬁad caused unnecessavy‘v'ariation in the Tymphi

node size” in earlieryexperitents. The findl method devised was 'to

carefully dispense three 201 aliquots on the dorsum of the’foot,

blowing dry after each and then wiping the whole foot with gauze soaked

in the diluent to reove suf-face antjgen . to pre\;ent the rat from in-

desting it by 'Ii.ck'inq Dimet!\y! Su'lphux'lde was m:luded in the d(lu—

. ent in order to carry the DNCB thmugh “to the dermis though ‘H: is . i

N i ! questionable whether n‘. was strictly necessary. Both hind paws, were . 1‘ .

- used with the'left paw always lreceiv(ng ‘the antigen and the right paw ‘_

- - always receiving the diluent only as this prevented c‘enfusion at the, =~ ¢ J

|
f : T " time of harvest (though the challenged foot had a distinctly yellow:
{0 hew). A1 these roedures unless eplicitly stated were accomplished’

on fully anaesthetised animals. - \ -
I

R [ 5 7 G 2
R week prior to challengfe the rats were placed in the small wire-bot-

- : tomed cages 1'r| order that ‘the Tymph nDde variatioh.due to'the new en—‘

N viwnment wmnd be minimised, and - thgy were replaced™in these cages after

challenge and subsequer&y randum!sed “into the four d1fferent days of

llarvest and 1dea1!y with menbers, of each Htter represented on every

day and_their groupViabels replaged with a harvest numb!r nn'ly. s0 that
i @ the measurenents could be made blind. After killing, the rats were
4.0, umdhed ta the nearest ~gran; they were campletely dissected and the pop-
¥ hteal Tymph nbdes uere fnnnd,‘removed and freed of fat and weighed to
the nearestﬁ() wgram mtmn 15 se:nnds,ef remnval to prevent the éffect .
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of drying.. The spleens were also found, rempvéd and freed of fat ang: _ i
weigheji to the nearest 25 milligrams. The‘ data was ‘gnteré;i upon, @ e
card and only decoded” at the ;uqdlusivnn of the days weighing. The data
was Entéred *by hand into a Wang.600 programmable calculator for regpoup=
ing and tabulaﬁng the. resu?t;. The resulté were also edtered by hand‘ <

intoa Hewlett Packard 9815A pmgrammable r.agtmator for graphlca1 pre=

N

B sentations using the 9883A pr\nter/plnzter and sma1l programs devel-

| 1 ope ‘by myself, and. in [xpemment I1; for a Three Hay Ana]y51s of
Variance using” the Statistu:s, ‘Jalume % package tape cassette supp'hed
- by the manufacturer. In. nrder to adequately analyse the anmvlex mter»
actions of Experiment. I11 the ANOVA program from thi("stansn:al Pack- .
age: For the Social $ciences was used for the ﬂ;\ﬂ‘yses of Variance' (Nie, .

L 1975) using an IBN 370 camputer' Optional changes for the- format for

these-analyses included exclusion of mteractiuns after ear'[y ana-lyses )

\- e reveﬂed no significant 1nzeract|ons (upt1on 3), and-a multiple regres-

\\j .. sion apnroach to ana'l_yse the siqnificance of the covariate (rat welght)

EXPERIMENT 1. . Femle ,fat‘s aged 90 days, 12 Sprague Da}ﬂey and 16 Fischer,

L3 3 iad
were paired off and prined by the technique desc hefore’!with one of

i
|

5 |

. 'simultaneously (Ovtinn 9). . .0 T A 5 % |
o & |

|

|

}

N 1 each phir receiving the DucB and the other’ receiving the diluent omy
and both groups earpunched/for ready identification. After 10 days
they were mated with the r}fﬂmcal hale, that is Sprague Dawley mth

Fischer and vice uu-su;witn three dr four. females o a lgle (that )
| t had "already si red hfters in ear'l‘ler exver'iments), and with the ‘control . !

and primed fema‘les 4911herate‘y mixed wgether sn that the cnmﬂtlons of.




breeding should be identical. Only three out of t?’\e “females failed to
bear a litter after he‘lng with the male for one week (see Appendix B).

When these females were’ approximately 180 days ald they weré chaﬂenged

; with DHCB to the Left paw and the rats were kﬂ]ed and dissected for

< ‘the Popliteal nodes and Spleens after 0,.1, 2, and 4 days (though the
zero day animals were unchaﬂenged and hil“lESted between those of dﬂy
2 and 4). For convenience the females were.divided into two gruups, ; |

mated one week apart so that the same ma'les were used

L 3
S e EXPERIMENT 11. 12 female Hooded' Long Evans strain rats aged 180 days
. v v : £
e - &nd 12 F1 “hybrids (Hau'dgd Long Evans x Fischer), the mothers of which 2 gt

'nére Ji_t‘temates Sl the first group of ‘Hooded ‘}'ats, aéed 70 days were.

‘paired off within the groups‘and priried with DNGY o diluent. After the
i 7. bandages had'been renoved at one week they were leFt undisturbed for:
’ 'Qﬁ days and then all were challenged 'on the 'Iteft,foot,viith DNCB and
killed and dissected on day 0 and 3'(act_ually, at 66 'hqurs) only. :

EXPERIMENT II1I. The of fspring of, Experiment I. were suckled -for twenty-

g five days in 1nd1v1dua'l litter boxés to prevent the grouizs mixing and were
v
T <o T then sexed before being placed in litter boxes of their siblings of ‘the

! " " same sex, (to ‘prevent ‘any possibility of accidental ‘pregnancy), for three

.. weeks. They were then transferred to wire-bottoned mdiv:ldua] cages S

~and feft for ov\e week to éccl(vh‘atise. They were chanenged with DNCB to

§ob tye Left paws when aged 51-56 days and randnm]y allotted into the groups
for various days. (0, 1, 2, and 4) making sure that 311 the para'llel day

By. this

i b RS grous received genbers fron each éppr‘xzpriaﬂte Htter/sex"grnup
& means there were?iated 2 g,ruups of genehcany simﬂar-rats (the
B pmdu:ts of Sprague x Fisther matings d‘lfferent(ated by the 4 days of




_FIGURE 5

Expenment 1 Graphs Showing Expansion nf Pvphtea'l Lymph Node

Heights in Response to Antvgen (DNCB) %
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" a1t weight using the fornula Lymph - node weight (mg) X
after DNCB challenge on Day 0.

node neights_" from primed and unprined aninals particularly on.-Day 2 is

*recent observation that: Fischer rdts_have defectfva monocyte ﬂmchon

B 82,

‘harvest,by séx; by the straii of. the mother. and ﬂnany hy whether the

mother had received mming with DNCB (the Primed or Test group) or “had
Just received the diluent (the Control groip). ATl Grows of rats had = :

‘7. rats per ‘group . to assist the Analyse§ of Variance though the Sprague

Dawley mothe{s were fewer in number and so had too few offspring to
l:omp]etely fi11 211 of the groups so that some had only 6 rats. : The
rats were. all housed together in one room and. a careful check was made

every day for signs of- thea1 th. neveriheless a few hfispring d‘ls-‘

appeared” presinably eaten by their mother, and the surplus offspring i
were ﬂestroyed at the concluslon of the expenmznc

RESULTS ) )

EXPERIMENT I.. Figure 5 shows -the graphical representation of the time
course of the Left Popliteal lymph node weight in mg indexéd to the over- 1

200
Tat weight (gn) .
Although relatively few animls”nere used, the clear s_epératian of the. -

obvious (Snd also statistically distinguishabTe with a Sthdent't vﬂne
of 5. 234 ‘with four dzgrees of freedom, p < 0. 005) with the Sprague Dawley
rats nnly. The F1scher, rats. seelNo have a completely different pattern
of -node enhrgement in the primed animals with a very fate/Fise in the

uverm node we'nght on Day 4 on‘ly. This resu‘lt is in.accord with the

. since nuch of the nnde welght gain is due to. the |,|gress of - thesecells.
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FIGURE 6 Experifient XI Graphs Shawing the Effect of Age on Lymph Node

esponse to- Antige)
20mg .
FEMALE  HOODED LONG EVANS STRAIN RAT AET. 270 DAYS.
52 ' ) .
=ﬂ/“l
A B s
10mg. - g P
' "]
[
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FEMALE F HYBRID (HOODED x FISCHER) RAT < &
AET." 160 DAYS s . T
; , ey
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Graphs shuwing the weight. indexed pupmea] nude weights of. female.rats
4 - after challenge with DNCB.on footpad. 0..
" are rats primed 90° days earlier with ONCB. P

1] b4 s “

.0 are.control'rats, P




o

The'main purpose.of - this experment‘ was to indicate the kind of patt’ern

- That might be seen in the offspnyg of the primed rats in the later ex-~

periment (I11). X '
- N

memam IT. Figure 6 shows the weight Indexed Verphtea\ Lymph node
weights.in mg using the formula used for the previous experiment. after

DNCB challenge on Day 0. -

/
The tnp graph illustrates the very flat response in the érnim‘ng Tymph

node - in these clderly Hooded female rats-and shows that thers was no

"evidence that priming causes a "second set" o early respnnse to the

challenge with DNCB.  The bottom graph i1lustrates the comparatively
“brisk. response in the younger Hybrid rats and the indications that
priming has induced a Jong tern memory (for three months at least) with

early weight gain of _the '(ymph node upon restxmu]acinn. . .

Tables 2 and 3-represent the Three Way Analyses of Var1anc5,df ‘the un-

converted Tymph node” weights: in mg with the Factor 1 be'fng Time of .-
Harvest (Day 0'or 3). Factor 2 being 6 roup of animal (whether contro]
or Primed); and Factor 3 being the’ Side nf the poputeﬂ Tymph node

{Left = Test, Right = Cnntru\ side that had received only diluent): In

the case of the elderly Hooded females, the vﬂU factor tm seens to -
be s1gn1f|cant (p< 0.01).is whether the ncde was draining tne chal-
Ténged (Left) side, and this alsu interacts: Mth the T\me (p < 0.05),

“but. there are no effects from whether the animal .had heé@.ﬁrimed in the

°.past. In the case of the Youny Hybries a1} the factors are significant




- 1% 2-Ifteraction

MAIN EFFECT MEANS

[ R 1]
Group | 78.4167
Side of iode. 87.0000

THO WAY MEANS

- 1x 2 means 75,5000

1x 3 means 76.1667

2 x. 3 means- 82.5000

VERALL HEAN 78.5833

EXPERIMENT 1T

72833
72.1661
74,3333

SURCE . DEGHEES .OF
ST FREEDOM

Total

Mean

Total Adjusted
i <

Factor 1= Day

actor'2 = Group
Factor 3 = Side

1x 3 Interaction™
2x 3 Interactiun

. 1x2x3- Interacurm

Error

* 78.7500

81.3333
97.8333,
91.5000

SuMs OF
SQUARES

154994.0000 -

148208.1667
6785.8333
468.1667
0.6667

T700.1667

54.0000
988.1667
450.6667

32.6667
3091.3333

TABLE2

CRN

83.0000 = Day 0-and Day'l
= Control and Test
70,1667 .= L Node (Test) and R Node (Control)

d

84. 6667
68. 1667
660000,

. MWYSTS OF VARIMCE TABLE

MEA
. SQUARES

268:1667
0.6667
1700.1667

54.0000..

988.1667

450.6667_._

32.6667 -
195.2083 5

. FVALUE

2.4231p0.1351
+.0.0035 p>0.2
8.7997 p=0.0031 :

0.2795'p>0.2

5.1745 p=0.038 ",
2.3325 p=0. 1462,

0.16391 p>0.2

Hooded I.ong Evans Fema]e Rats AFI' 210 Days, Vupﬂtn'l L_ymph Nnde Me1ghts
Mg/10

THR[E HAY ANALYSIS o VARIMCE .

i
!
|
i
i
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EXPERIMENT 11

MAIN EFFECT MEAN

Day *. sA167

Grop | 68.7500 °
, Side of lode %5833

THO KAY  HEANS

1x 2 means 58.6%3 © 50.0000 - 78.6667

-~

1x 3, means 55.8333 . 53,0000 137.333
2 x 3 ‘means 753333 62.1667 117.8333

* OVERALL MEAN 79,8333
4 1 .

. 105.2500 = Day 0 and Day 1
90.9167. =" Control dr Test,
,63.0833..'= L Node (Test) and R Node (CﬂntroL)

131.8333

73.1667
64.0000

ANAYSIS OF VARIACE TABLE -

. BEGREES OF

FREEDOM
- Total -/ : g
Hean * |
~Total Adjusted P
Factor 1=Day . 1
Factor 2= Group 1
Factor 3.= Side 1
1x2 Interaction. 1°°
“1x 3 Interaction .1
2.x'3 Interaction, 1 /
lexa Interaction. - . 1.
Error © 16

,SUMS OF
SQUARES

202426.0000

©152960.6667
494643333 *

/15504.1667

2948.1667

6733.5000
5766/0000
5642.6667
2480.6667.
“1908.1667

| '8482.0000

TABLE 3

155081667,
294811667

167335000

“5768.000.

TVHREE HAY ANALYS TS OF VARIANCE

§642.6667

2880.6667. . -

1908. 1667

+ 530.1250

"Hooded Long., Evans x:Fischier Female ms AET. 160 Days,
. < MNode Heights Mg/ 1

29.2462 §<0- 0001
5.5613 p=0.0314

+'12:7017 p+0..002 -

+10.8767 0. 0045
10:6440 p=0. 0049
4.6794 0. 0d6

»

3.5995 4:0.076 . -

Poplites] Lymiph
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FIGURE 7 Experiment LI Graphs of: Lymph Node Résponse in Male
U Progeny I ¢
MALE. OFFSPRING OF SPRAGUE DAWLEY FEMALES -
(F, -hybrid Sprague x Fischer aet 55 days) &
«
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brapﬁs showing the weight indexed popliteal nodes after foot pad challenge

_ with DNCB.

5 i 2 ' R ¥

Wi ;

0.....0 are those of offspring of copmﬂ motherss %:---+x from
. mothers prim&d with DNCB 10 days.prior'to mating.
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{p <0.0001, p < 0.05, and p < 0.005 respectively).and it should be
ted that there is a very h\gh\y sigmﬁcant interaction between the

Tine Factor oFthe Tymph fode enlargement and both  the Group (p <0.005)

and -the. Side (p < 0. 005)

The crude data from this experiment can be found in Appendix. B and
illustrates ‘that there is an appreciable increase in the ED"tT‘E]HCETﬂ
node (Right) even though it has received no direct stimulation from the

DNCB in the Hybrid an_ima'l&

EXPERIMENT 111 Figures 7 -and ‘8 "§11ustrate the Left or Test Popli teal
ymph node enlargement in résponse to DNCB-indexed to weight according
%o the Foriia sed n Exgertment . 15 ke mele (EYEL 1) and’ the, female
(Fig.. 12) offspring of Sprague (Top Graphs) or Fischer (Sottom Graphs)

mothers. It can be seen at a glance that thére were no differénces be-

tween: the offspring, born to primed mothers compared with unprimed mothers.

_This ubs‘ervation ﬁas been born outby the Analysis of. Variance of the
data (see F-\PPe,ndix c) in ‘wrn'ch the Right and Left 'ljimph node weight_s
can be seen to have been under the influeice of the Day of harvest, and
the Sex of the offspring and the Strain of the mother (F = ¥4.280; p <
0.001) but not by the Group which was whether therehad been mater_nal

- priming. . However, in performing further analysesit'becane obvious that
the spleen weight thnu.gh c\n'ly comparatively: crudely weighed in-order to.
be able to spnt’ﬂhv’in/us imuna]ngicau'l‘ runts showed highly4significant
changes, mainly in the offspring of Fischer females (p < 0.001), though

\




. FIGURE 8 -Experiment III, Graphs of Lymph Node Iiesponse 1n Femate 89
d S + " 'Progeny of Test and Control Mothers .

5 i

20mg — + - +
. FEMALE OFFSPRING OF SPRAGUE DAMWLEY FEMALES e
(Fy hybrid Sprague x Fischer aet 55 days)
. 3
R 10mg
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Graphs showing the weight indexed popliteal node weigu’:s -after challenge
with DNCB. o..... o are those offspring of control mothe\-s, #eseey from 5
mothers primed with DNCB 10"days prior to mating:

" (N.B." outlier in Fischer female offspring harvested on day 2)
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some effiect was seen in the of fspring of Sprague females (F = 3.779,

@ P =0.055) that only just does not reach significance. (See Appendix C).

This would have been-easier to interpret had the two’ observations, been
in the same sense, but in fact the of fspring of Fiséher mothers had
smaller spleens in the primed .(mother) group whereas the offspring of

. the Sprague mothers had ‘larger . spleens in thé primed (mother) group.

In_order “that the imunological runts defined by their (lack of) body
weight and (large) spleen weights could be easily spotted these two. - : 4 /

paraneters were used to create scattergrams of the individua'l rats in

‘Figures 9 to 12.° These show where the d|fferences between.:the ton- (™
. trol and primed groups -have occurr:d but have not real'ly hel ped in the,
_ deTineation of the runts’ though the males have a much greater scatter
which would be expected if a certain number of them were runced The
nutritiona‘l runts would be expected to have bo:h Tow body and spleen
_ Weights (ower 1eft quadrant) and the 1munolog1ca1 rum:s would be
‘éxpected to have Toy body but high spleen weights (upper left. quadrants).
. Two examples of* the latter <an be seen in F1gure 14, ‘clearly -separated ! .
from the others, and with the exception of Figure 16 (feirgale offspring
of Fischer mothers) immunological runts appear comoner in the offspring

of DNCB:preined mothers.

: N i
FURTHER EXPERIMENTS “A serfes of other experifients were ‘carried out
using syngeneic ‘matings,’ BCG as the antigen, and attempts to prine the

! / )
mothers closer to- the time of mating. These. experiments (five inail) |

although a1l carried through to the final analysis were technical failures
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FIGURE 9. Experiment TI1. Scattergram of Rat Welghts and Spleen -
: L Meights -
-Spleen ’
Wefght - R %
4+ ’
1000 .
. . »
Js ; - = )
* *
.
. | 1] . %
] o i
* 400 o
| i Oupo
| -
" . art "o
; : L i
500mg)] % * *0 . oo
- pe R *io
Bl ;i ;
P - J ¥
; . , {
i b o
. Ogram 100 gram 200 gram _ 300'gram - Rat weight
- Scattergram - of Rat weight v Spleen weight in the hale offspring aet

-

85 days of control (o) and primed -(«) Sprague female rats (mated x Fischer).




&

;
f
{
|
{

) v : / . "
.FIGURE 10 ' Experiment IIT " Scattergram of Rat ‘and.Spleen Quén‘cs . 92
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FIGURE 11 Experiment III ~Scattergram of .Rat:and Spleen Weights .
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P mainly x;é to breeding problens .that 1imited the num_ers of offspring “
of, the same age in the various experinental and control groups. This | *

. effect was due'to the discouraging effect of bandagés ‘upon mating in - |
’ two experiment’s as the only rats to'become pregnant according to sche- \

\ B dule“’had accidentally lost, these. Another slgrn'ﬂcarit ‘factor that is \\

\\ well recogni sed by rodent hmeders is the effect of anaesthesia upon

b . the oestrus cycle and this may well have delaysd cancepﬂun in ‘some of

\ the rats prin\ed near: the time of mating. However, in no case was there
any sujgestion of ‘the fransnission bf specitic h_ypersensﬂin ty asii-

dgtected by the pnplﬂea‘l Tymph node assay

* % : DISCUSSION

I " The results ‘did not match the a priori expectations at all. There was
. i . 5
no. apprec(abl‘e excess Fop'lneul Tymph node swel'Hng in -the challenged
side due to a maternal effect and so it prnved unrewardmg to try to /

obtain metapnase spreads of 1ymphucytes from these sites to check if-
these contained a- subpopulation ‘of female (= maternal) cells in male .
nffspr'lng.v lowever:, . there vere -some very significant effects noted in .

*-these experiments which are s follows:

L 'Hscher ats Showed a ml‘:ch r“educe‘d and delayed secondary ‘response
to DNCB as witnessed-by popliteal lymph -node swe111n§, and_this. seemed
to be passed jin‘a matrilineal‘fasﬁion to the of fspring. These rats

3 : - were poor mothers Tn the .sense that they tended to fgnore their off- -
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spring u'l]owiné\them' to become very dirty and fail to gain »e%ght as

fast as genetically ideqtical rats maréd by Sprague Daw]e‘y mothers

S0 that, the effect upon the immune Fesponse might be due”to malnutri-

tion in e;{riy extra-uterine deve'lopmeni lead(ﬁg toa pém?nent deficit
\i\n "“T" cell responses.- In Expehment 111. ‘the spleens were s1ightly

smaller in the offspring of nscheh femles (500 v 525 mg., F = 4.272,
“p= D 04) whu:h mght be used as an indication of nutritional ‘as

aga1nst 1|m\uno'log1ca‘l runt‘lng |
: i »
2. The offspring of Fischer (fema’le) x Spraque (ma'le) matings showed
a highly significant qecrease in the size of-the'lr spleens when the
mothers had-been primed with DNCB lD’dayi prior, to mting.. The off-
spring of Spraque x Fischer’ matings, shgfed an increase in the size of
their spleens after the mothers had been similarly primed. though this

effect just failed ‘to reach statistical significancs.

3. The popliteal 'l,ym{:h node assay- seemed .to be a reasonable sensitive .

technique for detecting secondary immune: responses ‘to. DNCB \ising a
,total of 0.6'mg of antigen ‘applied to-the kin of. the foot. However,
this assay was unable to detect any. iffluence ‘from maternal priming

' with the agent either of hypersensitiv(ty or tolerance.. {

4. 01d female rats seemed to be unalﬂe to develop secondary cell-med=

1ated hypersensuuw ty as detected hy the pop“tea'l 1ymph node assay to:

the dosés-of DNCB'used. ' These rats. vere. still’ able to bear 1itters so

- that this might hé used.to determine vm;ther the. sp!éen_ effect uvas-'dfe\

to'antigén o imunological medtators in futire experiments using old

Saniin
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rats that had’ been. ser;sjti zed in youth and pwse sensitized at the time
- of challenge. : k : '

* CONCLUSIONS . H{ﬂ,\'nk the 1imitations.of the experiments “performed there

. was ample'evidence of - very prm{md maternal effects upon the Tmmune i
responses of the offspring. determining the size of the spleens -and the ¢
time course & the primry rea‘_:ﬂons in the ly;pmd#. - However, ﬁere
ws no evidence, of ‘any more specific effect concerned ﬁth ihe antigen
avplo&ed. ¥ ep P : : '
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S 3 . HUMAN INVESTIGATIONS

N 3
INTRODUCTION The 27 vitro testing for the-recognition and effector

: phases of human alfog&eic imune respinses have héen extraordin-
arily adianced by the teeds of the transplantation programe in re-
cent. _venrs,; Bain (i963] was the first to show that the mixture of

E ymphocytes from different 'Ind!vidua](s in vitro resultéd 1in the "pro-
diction of blastitke cells: Tabelled with “H-Tymidine in riioauto-
graphic stears except wnen,,ihass—ee1 Ts-werie from monozygotic twing”
(heii, 1968): i "

Bich (1961) suggested that. this might b a usefu] meisure of hists-
compatibility which was best séen in the segregation of stimlation
seen in mixtures of 1ymphocytes from sibling pairs (Bn:h 1964) thi\‘.
fidicated that genetic, even Hendel fan, Factors were ivolva.  The
dissection'of " the reacg{nns seen in -the Mixed Lymphocyte Culture {me)

test was renderel eas-ier by the treatnent of one cell population.with -

" Mitomycin-C (Kasakura , 1965). or X-rays (Bach, 1966) “to cause the

treated cells to be unable to divide but'to be-able:to Tive long" enoughi

to stimulate the other cell population w produce a one-way reaction,

"lhe possibiiity for doing large numbers of similtaneous cultures . fron

2 b
relatively sma1l samples of blood became a veality with the invention -

of the microcuture s:ys?m (Hartman, 1971) and the cell harvesting
machines (for instance & Hartzman, 1972) that automated the collection

of the cells Tabelled with radicictive Thymidine on glass filter papers

- “for easy counting in a spmnmon‘cmmér.

The Mixed Lymphidcyte Culture: test is“a masure of the rpmgnition_ar :

proliferative phase of sthe allogeneic reiponse of lymphicytes, but the




effector or cytotox{: phase of that response -:an now be assessed by

tna use of Chromum-ﬁl lahelled target calls tmt release thg!r ’Iabel "

afnr the’ 1ntegr1 ty of their cell mémbrane$ has been Tost du ing the { .

" attack by the reacting effector cells. The' Chromium Tabel is. released -y

- simple multisample harvesters that Qﬂther the supernatant thmugh a’

" prined after a six dy MLC my be used and probably nvolve. a dfferent

.

into the " surmnnding cul ture ﬂuid and the vigour of the cytotnx‘lc'lt,y

can be directly assessed by the mﬂoactiv!ty of the supematlnt f‘lu'd

rafter oentrifugation and removal of the intact ce]ls. 1h|s has-been .,“. ' 2

made’ eus1er to accomplish in the last two years.by the dave'lnpment of .

- glass-fibre filter that prevents the intact cells from reaching the
coliecting swabs which can then be directly :ounted in che gamn g
counter. (Hirschberg, 1977) . o Bt

Using this techni que the cytotuxic acti vlty‘ of yerip‘heriT'hémnn-
nuclear cells-can be measired avaympho;:yte Mediated Cytolysis or LMC.

1€ antibody 1s added then it s called a Antibody Dependent’ Cell- _
Mediated 1ympholysts {ADCC or ABCIL) and my “include sene effict from &

the mocytes as wel) as the T Tyiphocytes. - Finally the lymphocytes’

pcplﬂation of T 1ymphocyte (the Human equivalent of the Tz cells of
‘Hgﬂaar. 1972) and then it s called Cell Mediated Lympho'lys(s (CML).

,lnvesﬂgaturs have- used. “the foed Lymphocyte Culture‘ test usmg 'lympno- 5T o
cytes from patients with Rheunatoid Arthrits in arder to ‘téstfor '
signs of ﬂisprder n\f the genera'l function of “the inmmune system, usnaﬂy .'
«¥n parallel and “to. complement cn'lt’_hrgs_ w}th‘ Pbytohg_eunaggl‘utfu%n (PHA).




The dlfﬂcu]ty in interq:renng the data from these experiments stems
«.from the relatively large chfferences in the multitudinous protoco]s. .
+ The 'main areas that seem to cause variation in the results when. com-
- pared ta a “"control™ puvulatmn can be broken «down under the follow-
'lng headings-

Non-respunse to fellow Rheumatoid Arthritics though not to pools

: of “normal ceﬂs (Astorgs, 1969) may bé dué. to 1ncrease m the HLA-D

‘=" Tocus antigen Dwd and the i sed incidencé of gosity for *
% o inig'i:i the patients’ (tastny, 1976). .
i

A 2\ Serum facturs seen ‘to be a potent cause for variation, Capermn

(1974) 1mp‘|icat|ng Foeta'l Ca]f Serum as the cause for hyporesponsive-
. A ness; whilé Keystune (;97!3) danonstrated that autologous RA serum had
a similar depressi’ng effect when compared mth pooled human serum,

uhich observatinn had been previously reported by Maclaurin (1971)

7. 3. Inthe hands of somé expemmenters (for instance L'(ayd 1977) the
" Tymphocytes from RA perip‘hera" blopd had a relatlvaly high hackground

-"incorporatmn of tritiated thym1d1ne suggesmng that a pre existing -

- activation that would nausp a re'laﬁve]y Tow stimulation index in MLC -

when_the background is.corrected for was present:

f\“\ Jennings (1971) reminded the scientific community that many Rheum-

atod fattents were genérally, very debilitated and'that this per se

N -:ou'ld cause ‘impa]rment of the immung. response invivo and in vitro.

R 5. Tnerc s ev'ldence that Rheumatmd 1ymphocytes resvond in vitro to

aggregated 196, (especxally n the presence of complement, Kinsella, 1914)

" This medns that there may be false pnsitive reactions - to anc{qenem




least some interference with immune function, the most obviou7ﬁ— ¥ b

stmnation due to IgG-antigen complexes nn their surfaces.

6. The mjority of Rheumatoid patients are taking Targe quantities of

drugs, many of which are "anti-inf]amnatnr_y and thus capable nf at

didates_being the adrenocorticosteroids.:

The patients. that 'IA chose to investigate were the late-adolescent and
early adults who had had the diagnosis: of Juvenile'Rhec‘:matnid Arthritis
made in ‘the Rheumatology Um’t at St. Clare's Hospital, St. John's, by . :

“Drs Juhn Martin and Jofin Lochead They were chusen because they were ; " . 3

‘members nf large, nearl_y adult sibships that gnu]d give informed con-
sent for thevuse of -their blood.for' this study. The patients had
severe disease (‘excevt for one ‘patient) that;was in remission and.
therefure their need for drugs was minimal (though one -bat%ent had
been' unab’l,e to be.completely weaned from his/ steroid and another de-
veloped per‘lcard\t‘ls requlr‘lng the use of stennds between .tvo mves- Sy i

tigations nf his famﬂy)

Stastny (1974, 1975) had demonstratéd that- Rheumatmd pahenls had- an
increased incidence for the HLA-D allele now ca”ed HLA-Du4 - and that

there was a very marked increase in hormzygos1ty of this allele, (though

in-Juvenile Rheumatoid Arthnns this a'lle'le was not involved).

With the -assunrptian that maternal-foetal interactions might underly the

disease this observation might seem to be an important pointer to an

unusual materna]—offsprmg mmunologm relationship mth selective im-
pairment (or enhancement) of the recognmon or effectnr phases of the
Mixed Lymphocyte reaction in utero; :on the other hand the homczygnsity g

I
;



102

detected might be’due to the. influence of the disease on the' phéno- ,

typic performance -of the lymphocytes as stimulators.

According?y, by taking la@é sibship groups with the ilresence of ithe
mther (and where;poss&b\ze the father and an unrelated control) and
performing Mised Lymphocyte Culture experiments testing every indivi-
dual against .e\(el.-y individual ('a"statisticai *complete block') any
“genetit predisposition or phenotypic modulation of fhe pati{ent/mz')!:her
rel aﬁ:;nship should be. able to be directly comgared with HLA biﬂenﬂ:al
and non-identical siblings. The ﬁﬂuence'of prefamed"’antibudies; in
the sera of ail the 1ndw1duals was tu be assessed by sethng up. 1den—
tical MLC matrices mth autn'loguus, i.e. from the ‘source nf the res-
ponding lymphocytes, and hetem'logous, 13 e frnm the source of the
stmulatmg Tymphocytes, sera. & & %

The Kinds of spec\a'l' immunological reIatwnshw between mother and.,

pahent that were t.o be looked for were as fo’l'luwsA

1. HLA-D homozygosity of the patients might be even moré common than : e
o ) . H el

s;asgny (1975) had. found and might predispose to Host-Versus-
Graft. . N

2. Evidence of presensitization of the patient to the mother due to

° the. lymphocyte war. -, T ; % ¢

3. _Domin‘ant effects. from .minor_his'tocompatil;ility Toci ‘that havg been
implicated in-the rat breeding experiments of Joy.Palm (1970).

4. Phenotypic modulation of the vat\'e;/t either by clonal elimination
or by blocking &ntibody suppressing or enhancing the reaction to

mother.




n.e effectur phase (cell kiﬂing) of the MLC might be deﬂnznt
N |n “the patients allowing maternal’ co'lonizanon and ‘could be

i determined - by “Chromium release. C:H Mediated Lympholysis studies

; Cin the absence and Ppresence of autn]ngous serum

“og




o MATERIALS AND METHODS

P The blood was ‘taken from the patiep{ts hy‘venepun;:ture into 'Vacﬁtﬁiners"
(10 lﬁ Sodium: Heparin 3200KA, Bect;n Dl‘cki‘nson,v Cat. Nn.‘ 4716)- through

- 206 multisanple needles (Cat. No. 7225). Transport Medium, 3 ml per.

. tube, was added if the blood had to travgl’ further - than' 100 rniles and
this consisted of 1% foetal calf serun (GIBCO, Batch C665721, Cat. Ne‘
G’M) in Medmm 199 with 25mmo1/1 Hepes buffer with antibiotic/antimy-

g cntrc 10 m171 added (Pemcﬂhn 10K units/mi, Strepto!rlycm 10K megm/m1,
Fungizone 25 hicgn/ml Cat,, No. 5241 GIBC0)."

The Myixed Lymphocyte Culture M'I::rotechniﬁi:e used was only sTigh/t"ly mod-
-ified from the method of. Helgesen; Hirschberg and Thorsby (1974).

. Essemfiany th? bli;od was diluted one part in one and a' half parts of
f’nomafl""sa’li_r‘le ‘using a 50 ml disposable: syringe and witha 16G needle
fhis was_carefully iayered over 3.3.ml' of Ficoll/Hypaque [24 ,?arts of.
8% Ficall .;n‘xed with 33 parts of 22.9% Hypaque) in a sterile capped-

17 wl screw, topped glass culture tube (Kimax). The syringe vas Finseds-
five times with saline betwen specimens and reused though discnrdeﬁ at

the end, of t.he experimént. The tubés were centrifuged to give a Vcentri-v
fugal force of 800G at the fluid interface according to the protocol -~

# ’of Boyum (1968) for' 40‘minutes The mononuclear’cells at the Fluid
interface were asp1rated using a Pasteur pwette and added to annther
17 m1 sterﬂe cavped glass tube and diluted at least’ 50% with cransport £

) medium and- centnfuged fm' 10 mins- at 800G. Thereafter the supernatant

was poured off carefully and the cells resuspended in the drop. rana\mng

ml of ‘med as added and centrifuged at 150G and the procedure

repeateq

After the final wash the cells were resuspended in 4 m]
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" of medium-and 2'ml was taken:from this and placed in another sterile -

,. tube with 0.2 ml of a 1 mg/ml solution of ﬁitomycin ¢ (Sigma, Cat. No.

1-0502) and incubated at 37°C for 30 minutes and then washed as before

three times, the last in parallel with the original cells and both s,svts

vere resuspended in RPMI-1640 (GIBCO, Cat. No. 240 with Glutamine and

25 mM Hepes buffer), and a differential white cell count made of 'each

= using a Model F Coulter Cuunter with a particle size analyser. 'In the
early experiments: the ceH suspensions were -made up, to give 2 x 105 ‘per
ml but latterly this was decreased to'1 x ‘108 per ml." In the experi-
ments in which Cell Mediated 'L;ym;;hnlysis was performed.2 ml ‘a‘liquats of‘
cell suspension-were Femoved fron the unblocked cells and.-incubated
with 202 foetal r.a]f serum in.7 ml sterile screw topped cu'lture tubes

in a 5% 00, huridified atmosphere at 37°c, Phytohaenagglutinin 0.1ml

_of 1:10 dnutmn (Burroughs-Hellcome) added after 72 hours and harvested \*

at 144 hours for 1dbelTing with Chromium. - The Lwo-way MLC exber\mergts

were identical to the one-way tnaugh set up with unblocked: stimuTators.

The MLC cells were dispensed in Lhe microtitre p'lates (Polystyrene‘ e

> and "U" bottomed, Cooke Laboratory Products, Cat: Nos. 1-220-25A and
1-220-24A res’peétively, the former -for MLCs and th‘; latter for lCMLs) in
50.2 a'l’iiquots per well using a Hamilton repeafing dispenser (Hamiltun
Corp. Cat No. PB-600) with azsm g'lass 5_yr1nge ‘that was stored w(th
70% ethanol and rifised with sahhe before use and between- specimens. - The
st1mulat\ng (hlucked) ceﬂs were added vert\ta'l]y in triplicates per row

' and the respond1ng ceﬂs hnrunntaﬂy in ‘the plates and the sera were |
diluted three parts to two uf medwm and 50 A added on top of the ali-

quots of cells. The plates were ?_mrered and placed in the C0, incubator

o -




to eqnn'hbrate before wrapping with polythene until harvest after 120
hours. At ‘the teminat\on of the ‘incubation. for the MLC 25 rof a

30 dilution in Hanl;'s Basu: Salt ‘solution of Methyl~ H—Thymld\ne 21 s
Ci/mmol (The Radio-Chemical Centre, Amersham, Cat. No. TRK'120 Batch n

. 118) was added .using. a.dropping pipette and ’cl\e» incybation was contin-
wed for 4 hours. At the end of this time the wells wé?e_harvgsted
using a Skatron Multi:qmple Harvesting Machine (SKatron, Norway distrib-

uted in Canada by Flow Labnrqtur‘ies) and by this means the cells were #

washed from the plate wells on' to girc«‘lar pqd§ of glass fibre filter
<paper which were “then dried and placed in';o vials of scintillation
fluid (PPO, Amgv"sham—Sear‘le, diluted 38.5 ml’ in 800 ml of Tu{dene)
and. counted in a Tiquid scintillation counter (Bechna’n,. California),
and the results were put onto paper tape by the Teletypewriter output..
The'paper tape was processed in a Wang 614 progravgmébfe ca'l’culatur and o 4
the final Tables weré‘ produced by the Hewlett Packard 9815A using the ‘
0883A _prin_fer/)ﬂb;ter which‘were Pra’grammed to accept‘trﬁp'ﬁcatesvand
. T calculate t})e ari’thn\etiuc‘ rg'\ean of the counts per minute and coefficient

of 'variation of the ‘sumyles and store the matrix upon magnetic tape

cassettes from- which another program cnu'ld extract the data and perform_

stimuhtwn indu:zs ur ratios. . oy !

The re]atwely h1gmact1v1ty of the. Th.vm‘dme and the short pu1se for the’
'labeﬁmg was der'ved frum a prowcu‘l nf DrA Len Enghsh from our grnuy

** and the aim of. which was tu mimmse he vanances due to ipool" size

of rhe cold mymdina in the wzl‘l uhﬂe harvestmg before the cells could
be kmed by the high specifl_n: a:t1v1ty. Ihgytechn1que had ‘worked ex-




tremely satisfaﬁtorﬂ‘y ina prlor investigation of an Ar}i{y\osing Spon-'
dylitic family and 5o was continued into this experiment. There had
been some batch vamtwn 1n h‘ls exper\ments so that only one batch of
“isotope was used. The Cell Wediated Lymphoysis assay was only slightly
modified from the method of Hirschberg, Skare and Thorshy (1977) The
“PHA blasts produced in. the'2 ml tubes were amalgamat:eq into one 13 ml ~
disposable sterile culture tube (Falcon) per subject an/d centrifuged.
down ‘and washed twice in medium: The cell pellet bwas‘ then resuspended .
in a drop at, ?.he( bottom of the tube and Sodium Chromate ImC:ml Chromium-
51 (liew England Nuclear, Cat. No. NEZ-030S) 0.1'ml was! added a_nd‘the sol-
ution was incubated in a water bath at 37°C for one hour (t“h'ls protocol
- was derived from Dr. Calvin Stiller). At‘ the"end of the'incubatinn 4
il of medium was ‘then added’and the cells were’ tﬁen c'arefbly washed
(centrifuging at 150G for three minutes) three further times. The tubes
were then’ checked \n the gamma .counter for the total. radwactwity of -
the cells and the concentration of the cells Was adsusted to 2.5 x* 0
per ml unless the radioactive Tabel was insufftcient to give adequate

counts (i e. du cpms: per m1) in mnch case at cnmpmm!se with. 'larger

tions- of ceHs was a’ &

<

One Xt’enth of aml of the appropriate | celi suspension was then at;ded to
each of “the, micrntltre wells us1ng a Hamilton’ D'Aspenser with a dis— ]
‘.posab'le 1 ml,syringe to~g{ve 20 x per click, i.e. 5 clicks per well. to
insure that the cell huttnn at the bottom had been freed by the impulses,
and the microtitre plate was t‘nen incubated at’ 37°C for six hours. The

: plate was then centnfuged at 400 rpm for five mmntes at room temper-

i
i
B
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harvested in the-disposable supernatant harvest ‘system d‘esigned by. .
Hirschberg in which the press“squeezes a’'swab into the well .and the
fluid enters ‘the swab for collection but the intact eeils are‘preven‘-‘
ted from entering by a g"lassv \;1bre filter :paper pushed before (the
systen farketed cofmercially in Canada by Flow Laboratories). Six

wells 5qnt§ining solely the target el aliquots per subject were set

“-aside and 0.1, m1 of 5% Cetavlon (!CX) solution was added ‘and freeze-

thawed and harvested to give a maxinal re'lease va]ne for the cens. :

" The sample swabs were placed mta 1abe1'led disposah!e ‘tubes and counted

in the gamma counter and” " the. output fmm the Teletypewnter converted
to paper tape for pmcessing as for the MLC though with the preceedmg

maximal release values. The' specific release was ca]cu\;ted from' the

- atiire (though this was not strictly necessary inthe protocgl) and jthen

(sample CPMs - autuiogous release CPMs) +(Maximum release CPMs - auto- =,

The prcgramaple'ca'lcu'lators stored at the end of every matrix the HLA-
A and B hap'lotypes" determined by tissue typing a small é]iquot of the
cells in the Clinical Inmunology Diagnostic Laboratory. These re-

sults were entered by hand into the.memory arid the whole store of mem-

.-, Ory when accessed: by the interpretative programmes wnu:ld then put these

- and -the subjel:i. number at the ‘top and sides of the table. Various diff-~

‘erent combinationis’of mean (arithmetric; geometric) and -index (stimu~

Tation index and"ratio and logarithmic index) were tried-and éach had
some v‘lrtues for ‘the imuated but it was Found. that arithmetric méan

m the mam d1d not d1ffer markedly from the geometric and that the art-



. " not o5 109,
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-y .
1ﬁcia! indices yere a cause of confus'nn when presented and the stimu-

latinn index of samp'le mean divided hy the auw’lngous stimuhted mean
was: the Teast a‘

tificial. Hhen the degree of aggreganun of the vari-
ances with the me“ans was, investigated using tile data’from, these and 3 )
other mixed 1ympﬁocyte -cu]‘tures performed at the same t'nlé it was found ‘
that the most appropriate transfornation varied betweey. the cube and |
fifth root. In this situation with the rather arbitrary choice of a J‘

unlfo:%n trans'furrgu‘tion the median can be used' though not without the

daﬁger that w‘i;h L;‘bvidus experimenta),faﬂu;*’e the variance, about that-

mediar 15 difficult to express. The use of the arithnetic mean in the
| result‘s section - {ends to show as a larger :oeff!c1éut of varfation so
that the bias is agafnst significance sn that obvious differences that
vemain are sigmﬁcal\t. :




" equivalent, b'ngt”that Tower levels of response were seen in the "U"

. llb -
\ . 5

“Tablé 4, page 124 shows the natrix dose response of respnmﬂng Tympho-

RESULTS

cytes of one person 'm rows 1 to 4 (150000,,100000 66000, and 44000
cells per we'l'l respectwe'ly) to stxmulatwn by hlucked 1ymphocytes of
ancther persnn in cn]umns 1to 4 (150000. 100000, 66000, and 44000 cells
per well), in a-"V" bottomed nncrot\trg plate. In row 1 column T, ab-
breviated o (1,1), and row 2 column 1 (2,1) it can be appreciatedat
a glance that the ‘counts are not as high as in the adJacent matmx‘
This can be mterpreted to suggest that with this configuration of
plate,overcro{té—)ng particularly mth st-imulators actually decreases
the counts (per minute) .seen. The other parts of the matilix, for in—
stance row 3 or 4 or column'3 or 4, show a,cTear dose dependenit re-
sponse. - Columns 5 and‘s represent. the cour;ts of the unblocked but
unstimulated cells with ¢olumn 6 being a double dose of ‘those cells,

i.e. 300000, 260000, 132000, and 88000 per well.

. Table 5, page.125 shows the same matrix with the same’cells-but placed 3

in'a "U" bottomed microtitre plate. It can be éeen on comparing this

with the previous table that thére were no lgnger.any effeccs'frorix stime"

ulator overcrowding in (1,1) and (2,1) but that.the middle elements
of the table, e.g. (2,2), (é,S) and (3,2)-and (3,3) were apprnx‘imately
(4,3) and (4,4), with' the

Since 1t was Aikely. that lympho- . "

bottomed plate than the "V" bottomed, e.g.
Tower nurbers of responding cells.
cytes were going to be’ in short supply in some families for all the
wells it was decided to use the "V" bottomed plates and to keep the

cell nunbers down:



Figure 13, pagé. 126, shows .the "Malone" nuclear family with Sore clin-
jcal details about the patient (No. 1) and his mother (No. 3). The:
ages of the members of the family are typed, above each menber and the

HLA-A and B ‘types arranged in haplotypes besl;}e that figire. The.

1 ;,.;\‘_;fami'l)" was unusual in having enly two distinct haplotypes (A2, a'zn

and A1, BS) which was simplistically im'.erpriced initi‘aﬂy to suggest '

that there might exist a Graft-Versus-Host situation between mother and

|
|
“child in utero, with the patient being unable to reject the maternal G i
homozygotic cells: However, the’ Mixed Lymphocyte Culture results of : i
Tables 6-11 and DR, typing of the “B" cells showed that the.mother vas ]
i

heterozygotic ‘in the HLA-D region.  Column 6 in ail these tables was

a pooled panel of mitomycin treated cells from three peopIé unrelated
to the family, and row 6 was a‘control with cells from ‘another qqre]afgd' ;*'
person. 3 i i 2 I'

It can be seen (for ‘instance in Jable 9, (2, 6) versus' (2,4) or (2, Sf

that the family were stimulated far more by the pooled palml lympho-

‘cytes than by tnéw own mbers. and ‘this: effect’ gxtended to the mnthér

(3) aid the fathér (2) who were unrelated except by marriage. This . -

could be im.eTpreted to suggest that {2) and:(3): shared a common HLA-D

detemmant and this suggestwn has received some_confirmation: by

Jater DR typing that they. both shared the common al!e]e ‘HLA-DRw3 (mth

A1, B8 haplotype) while ‘the mother had DRwé and the father DRw4 with

‘the otlier Fapiotypes. Even su the véry low level of stimulation sug-"

gest that thes‘e»two haplotypes_ conl@ining the Dﬁnn and DRwé were not as
, reactive as thx;se in the poa'l"mﬂe‘ss thére is a very marked gene dose

- g % o



¥ effect of serum on (4,1) which imight be showing that (1), the: patient,

sponses of the panent‘ due to his illness.

12

effect. iy

There was an HLA identical sibling to the patient in (5) and when(1,5)
s compared with the autologous (1,1); and when (5,1) is compared with

the ‘autologous (5,5) in all three matrices it can be demonstrated that -
they -did ‘indeed react’ as if having a common set of haplotypes. - Having

this sibling (and the Father who«alsa had reactions nf |dentity) shows

that there was httle to be seen of phenotypic garhtiun in the re-

cmlpar{ng the matru:es (Tables 6, 8, and 10) for the effects of serum . B ‘
there are a vmmher uﬁ?sigmhcanc différences. In (2;2) inTable 6 5,
versus Table 8'it ean be seen that the'autologous stimulatida was < J
greater ‘in' the Foetal Calf Serum 'than in Autn’loguus Serum, and this

effect can be found n]mnst universally in the many fo‘nowlng matrices

possibly dué to some’riitogenic effect of the Foetal Calf Serum.

B Ihe same tables (3,T)and (3,2) and (3,5) show dmnmmun of stimu"lation 2

L I - ® i
Ain autologous serun which may be related to the mother (3) havinga .. .

strong anti-HLA 821 antibody. In Tables 8 and 10 there vas a marked "

seems to have a blocking factor operating in the Heterologous system

(Table 10) though there was a high- coefficient of variatiom . It is
difficult to account. for the low value:of the control serum inhibiting
autologously the stimulaﬂon (see row 6, Tab’le 8. cumpared with Tab'ljs

6 and 10) 2

Figure 14, page 133 "shows the "Sparrow" nuclear” family,-and Tables 12



~ _isotope into the unstimulated cells and the mitnmycin_ treated cells.

£0.19 show the MLC results of this fanily. cu'mparlsun between the ~
matri:es again dunonstrated the influence of the yatient "s serum p
(co]u!vln 1 in Table 16 on depressmg_ the responses of a non-idential
sibling. and depressing the .rgs_pe(nses of the'pat‘.ientjn row 1 in:Table’
14, (1,2) (1,4) (1,5) while:seemingly stimulating (1,3) In the same
2. more important effect in this family huwever was the nne—way
reaction between mother and patient with the panent respondmg “to the
mother ('I ,3) but the mother unable : to respond tp the’ patient (3,1) in

an th\—qe matrices, so that there. im absence of other measures sha ‘.

would bz lahelled a HLA D)mmozygnte similar, to those detected by _' .

Stastqy‘ However. the sibli)\g (2) snares a pﬂternal hap]ot.ype with the
patient (A9, ,840) and therefure shou’ld have the cunlnon HLA-D nﬂele
but shie reacted to the patwnt in Tables 12 and 14, (2,1) so that by
that neasure the ‘patient was not a homozygote unless there had <been

HLA-| B-D recnmbinatmn in (2) which is unlikely In view of the stimn—- g

. lation.seen between (2) and (5)." In this s'tuation an HLA-identicu'! s1b-

1ing would have helped to delineate if the effécts were to be genotypic.

Py or phenotypic.-

Table 18, page’140, shows the result of e'ar"’ly ievm{nat*lon of the MLC St

72 hours instead of the usual 120 Hours to check that there was no"peak "

of premature acﬂwty due to presens!ﬂzation. but there was no effect

to_be found there. . At the bottom of this table can be seen the re_su'[t

of ‘stimulation with the potent Str ) almgens reptokinase/

tr

Streptodornase (SK/SD) on the. unh'locked cells and the incor,pnratinn of.




) two—my respo‘ns‘e.
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of interest -in the normal stimulation levels seen in any of these.

Figuré ‘15 page: 142, shows,the ”Meany" nu:'(ear fnmﬂy and it shuu’ld be

<oted that the patient (2) had an-HLA * identical ~ sibling (3). .

Talﬂes ZD -25 shnw the results of MLC testing and that dmanstrated
‘that the identical siblings were non-stimulatory in culture,in a1l
three matmces. Perhaps ‘the most -unpcrtant feature about this matrix

was: the lack of respnnse of the mnther to the, patient and his HLA iden-

) tical sib seen in alT three matrices (thoygh Table 20, (5,2) shows mild
; How-.

stimulation this was rot seen in (5,3) or the other matrices).
ever, using the ma‘jor’MStacumpatibthy markers (4) and .(6) also hive

the A3, B14 haplotype so that unless there has been recombination be-

This has ‘been repeated in two, of the other matrices but there is Tittle

“'tween the HLA-B and D loci 'in both (as they are mytually nofistimulatory) »,

they should both react to (2) and (3) as though they were homozygotes, 4
i.¢. one-way stimulgtion of (2) and (3) by. (4) and (6) but not the
other way round.. This is patently not the case ‘though (3) does mot

seem to be'a very good stimulator to any of ‘the cells. The only sat-
{sfactory way of interpreting this data would be'to-assume that histo-

compatibility. loci removed from the major Tocus are responsib"e‘\far the

_.effect though it could be argued that due to the deficiency.of sib (3)

as a stimulator phenotypic modulation of the mother/patient relation-

ship had destroyed what would otherwise ‘tave been a perfectly normal

This matrix 1ike that of the ““Sparrow" family matrix

did not ‘contain an \mre]ated cuntrul which was regretable but unavoid-

able in the c(rcumstances and (t was perhaps fortunate that sibling (1)




" labelled (8)- i L E

having none of the ‘involved haplotypes reacted vigorously and stimu- .

lated strongLv thereby a:tmg as a‘positive contro'l.

3 F'lgure 16, page 149, shows the "Hnben“ nuclear fam'l’ly and ‘lt shnu’ld )

be noted that the sibling$ 2..5, 6, 7 vere HLA. identical . - and-

|_‘that ‘in spite of the lirge numbers. of siblings there were no HLA iden-
_tical sibs to the patient.(4). In this experiment it was possib1e to

obtain an unrelated cantrol for the matrix and that person has been

)
In the large matr\ces derived from this famﬂy (plus the contro'l) 1t

becnmes very difficult to perform. the multip'le comparisons. that need
to be perfnmed but the first feature that became apparent was. that

the stimulation hetueen family members was very much Tess than that

" seen when those same famly menbers were stmm]abed by the outside cnn-
- 'trol (see Tables 26 to 31, pages 150 to 155, culumns (8), which was "

* similar to the findings. in the "Ma'lun_e" matrix. Much» more.significant- i

1y, pernaps, there appears to be a lack of mutual st(ﬁulatinn between
the p’atienf{ and the mother specifically, for-instance (1;4) and (4,1)

in‘all three matrices compared with. the aiitologous’(1,1) and (4,4).

“There.vias one_ inportant feature of the matrix Table 26, page 150, that

was missed by the caleufator in “printing ‘the table and that.was that
the serun used was a pool of human serum (from male donors but not of
the’ AB blood grnup) which mc‘l\med serum from the contro] (ﬂ) l"t
would. appear Tikely ‘from this table and that of Table 28 compared with
Table 30, row-(8) that this poal contained & mild inhibitor of Tympho-




UM e “one
cyte stimuflati’nn in the MLC. The  control seemed to-have a very'high g
‘|nco‘rp;ratinn of Thymidine in the autologous stimulation o (B,é) in .
" both pool Serum and ;Jtmogous serun which meant that there was little
LR . : ‘nr no stimulation by the family of his cells in cmnpariéon. It g0 ..
anecdotal interest only that both he and the sib (2) were conplaining -
of miid'head col‘ds at*the time of Vvenepunctire wh;':ﬁ might account for:

the high autologous incorporations’seen ‘n (2,2) and (8,8), o i

Table 32, page 156, "Hoben Tvm-MaE{ MLC ‘4" jas an exploration th‘at
o using a twd-way MLC (i.e. the st_imuhtorsv vere not treated with Mito-
U ' nlyéin)‘ might reveal interactions: (or lack of ‘interaction) not seen in

the one-way'guhures. Thg matrix was set up in the pooled serum of *

which there is now some suspicfori fram the previous matrices and, it o
. was hardly :surprising that the results were uninterpretable.with the

“high autologous stifinations (for instance (1,1)).swamping the Selhiss )
Tations seen with allogeneic cells (for instance (4,4)), howeveF: it ..
- can be seen that of all the‘ combinations the mother and -patient were

the Teast reactive of the maternal conbinations whichwas not simply

due to the Tow input of ‘the patient since two of the other sjb]‘lngs

had sin‘\ﬂara-'leve!s of autosstimulation (3,3)'and (7,7), but neverthe- ’

Jess. stinulated with the mother (1,3) and (1,6) to'a much greater ex=" : . ~

tent than did the patient (1,4) or (4,1). . L

- 'Table 33, pagel57 , "Hober One-Way. o (Propositus). 6" ‘shous’ the resul‘t
of overlaying the whole MLC with Chromium labeled PHA-treated 1ympho-

blasts from the patient after six days in culture.. The maxinum ré-

Tease, 453 cpms, émvared with- the ‘autoTogous Tevel (4,4) of spontan=.




o

_1:data which were

! AR ¢

‘eous release ;of»z?n cpms means that small variations coild cause seem-

ingly Targe.changes. in the specific releases recorded in the following
table (Table 34). The table is imanifestly indigestible although cer- -
tain features such as the somewhat higher releases associated with .

wells containing the control cells'in the.uriderlying MC, but the

‘ympholysis in these wells seems to be non-specific since‘the counts

. are high-in both row and cn]umn (8].' “This suggests that some-of the

effects seen must be due ta non-speclﬁc, posslbly humoral, , factors.
Only the wells ‘in column'(3) had been prined with the patient's own |
cells so it i of interest that the mother's lymphocytes in row (1)

seen to be stinulated by all her children to lyse the patient's tar-

- gets: though (4 1) which was the. mother/patient cambmatmn performed

panr]y (6.1% specmc release), perhaps reflecting the non-stimilation

“in c. : p:

The nést table’ (35); e 1590 15the ‘same 'xpertent only” prfoied:
with the mothier's PHA Tymphoblastsas target cells.. “In this ase ‘
thero has Jbeen adeguate TabeTing with Chromiun- 51 to give 1603 cpms
against the ‘spontaneous release in the autologous culture (1 ’I] of 511
cpms_so: that more faith can.be placed .in the. percentage spec‘ifmy re-.

leases quoted, Most of the points that have been:raised in. the pre-~

vious table apply in-this table but a caveat ‘in intérpreting the colimn

e maternal- stinulated wells is that there seems

to be-a-high coeffichent of variation in this column which may be re-

‘iate‘d to’ the manner in which-the Tabelled cells were added, or to

the original MLC, or to the completeness of the final sipernatant - har-
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The next table: (37), page 161, was an attempt to obtain a:control using -

the sibling with the comon_haplotype (A11, B18) to the patient. With
the notable exception of the results in the fifst column the specific

releases lﬁ the next table (38) were remarkably -similar to those’ seen

} _with the patient's Teells. Following ‘this" table there are four sets of

tables using the same ‘pattern of target:ce’lls as the stimulators: in the
columns of ‘the original MLCs. Tﬁe data contain at,least -three major.
flaws: the First row in every row was accidentally froculated with
materna:l cells labelled with Chromium; the sibling (7) ce11§ have
failed to take p, the label indicating that they were probably dead;
and finally, that- the PHA lymphoh.'lasts from siblings (5) and (6) be-
came " hopélessly cuntamlnated with yeasts and had to be dlscarded 80 .

that the over'\ymg cells |n those columns were actuaﬂy ‘the same as

" ‘those’ in,column (2) which were:of the same HLA pat\‘.ern‘ The tables

. include one straightforward CHL (Tahle 49, page 132). one overlay on*

a two-way MLC that’ certam'ly seems to have pruduced some very convin- .
cing specific(?) releases, and two overla)’ls on MLCs set . up-with auto
Togous and’ héterolbgnus serun to forn & modified form of antibody- * i
dependent celi-nediated cytotoxicity (ADCC) mentioned in the intro-
duction. Fronm these last two.tables (43 and 45) it can be readily :
seen that the patient's serum in row (4) of Table 43va‘nd column \(4)

of Table 45 showed a marked inhibitory effect on. the cytolysis re-

corded by the chromium rslease This observation is in accord with’

« Chihara (1976) and Austin (}976$ and Isturiz (1’9_7.6) who propo#ed

[



[]

fr&n similar-observations that the protective humral.agent was the
Rheumatoid Factor which could be tested by the addition of puriﬁed
Rheuniatoid Factor tu nurma1 serum (the patient was sernpositwe)
Figure 17, page 171, shows the “Best" ‘family and it can be seen from
the brief clinical notes that the patient suffered from severe, ini=
tractable. diarrhoéa as an-infant which becomes of interest when this
is conpared with the Braband in the “Hoben" Fanily who had -had a very
sinilar story (see Figure 20, page 168). This fanily as complete and
the matrix satisfactory witﬁ the presgnce ;f both parents and one -un-
related control byt it should- be noted that the patient was being
treated with steroids at the ?jme of “the investigation, though the last
> dose_had been 36 hours prior to \;enepuncture. There' were two other
%ﬂuh‘ngs with identical {QQISA haplotypes and two with totally dissimilar
haplotypes. L B

o

" “Examination of Table 47, page 172; showed that the propositlis and the -

- two HLA identical siblings, (6) (2) and (4) respectively, seem to be
difficult to obtain adequate stimilation even with. the outside control
(for example: - (4,8) .or (2,8) c;r (658)) and they d11 resolutely refuse
to .he stimulated by other family members (Far examp'le:- t?é mother in
.column (7) or” the father in column (1) as well as a'n the ‘other sib-

lings). * This finding vas in ‘sharp. contrast, to the HLA non- fdentical

siblings 3 and ‘5 who responded qmte vell £o the oytslde control” (for .

example:- the stimulation index of 11.4 in (5.8). in TabYe 50,or (8.9) "~

in Table 48). " This presents one with a proh'ﬂeﬂ of mterpretauon as
* the patient and his 1dent1ca1 HLA siblings behave in MLC as ii both



mother and- father ‘were homozygotes, but from the data with the other

sih‘\"{ngs it is kr;ow.n that the ‘parents cannot be homozygotes for all

the MLC Toci so that one isreduced to appeal to minor. loci or phenotypic

modulation”of the stinulator, cells in order to explain the reactions

seen. It was unfortunate that the control should have relatively

¢ :hlgh auto'l uguus stinw]at’inn as this prevents. this from bemg of use in

the assessment; oF the stimulating cells " labi1ity to stimlate (column

'(B) inboth Talﬂes 47 and. 49) & =

The "Tvm-way MC" (Tab\z 51, page 176), of the "Best" family was set
up, biit as with the "oben" family it remains difficult if not in-'

ble to interpret. One can add Geometrically the counts of the

auto'logvus stinulations (for examp]e.- [ ]) and (6, 6)) and divide

by two to reach a geometric mean -and then cnmpare this with the ob~

served fieans seen in (6,1) and A('l,s) to create-a stimulation {ndeg{,

or a more stringent test of stimulation would be to see if the mixed
cells had a “higher counﬁ_ than the highest of the auzo’logou‘s stimu-
laticns. Looking at the block defined by (6,6), (6,7), (7,6), and .

+(747), it canbe seen that (6,7) vas appreciably-higher-than ‘either

- of the autologous “cultures. (.?589 v 2773 or 494 ‘cpms) which was suppor-

"+ ted by (7.6) counts of 2597 cpms ‘to-confirm that.the mather an}i patient

stimulated- in the “two-way system though th_ere‘wa\s no indication here

* which Wy the reaction was gfoceeding. It should be noted that.the

_same cell suspensions were used in the rous and in the columns . so that

3589 and 2597 cpms should be regarded as aspects of the same reaction
and illustrate the variation intrinsic to the experimental technique.

Ko
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The f0115wing table (Table 52, page 177) shows'the results from using
auuﬂugous serum in the Two-Way protocol and is notable only for. the

smﬂarxcy of the responses seen with the pooled serim.

(o
The following table (Table 53, page 178); though rather unsa‘ﬁsfa\ctnry
as theré was an Msufﬂciénc_y of cells from sibling (2) and-the mu}her
and control colums were inadvertently exchanged, records an attempt .,

" oo see Lif early termination (of the' two-way MLC would bring out fea-

_ tures not apparent in the normal 120 tour 1r‘|€ubﬂt’inn, and accordingly
the patient (6) and an HLA non-identical sibling were harvested ‘at 36
haurs'am_i at 80 hours (the bottom table). = All that can be said about
these tables are that they show Tittle or no stimulation for either
sibling by the mother ((6;7) and 5,7)) compared with a reasonable if
Tow respnse to the :nntrol ((6,8) and 5, 8)) The final table in the
"Best" SEP‘IES is Table 54 on page 179, uhu:h was a repetition of the
ADCC in which Chromium labelied* target cells were Taid ovér the “Two~
Way MLC set up in Autologous serum and harvesced four hours later.to

_ detect the direction of the’ reaction. The materna) cel1s.do not seen
‘m"pzoduce much cytolysis compared with sibling (3) for _instamie, but

- ‘otherwise there is much-data but 1ittle to comnent tpon.

The final family in this series was the nuclear family "Freake" (Figure'

f : : .
18, page 181) in which.the proband (5) had had an atypical monoarticular

arthritis for sevén years in Ms right knee. Tissue typing the family
revealed that the patient had HLAZB27 that has been associated with the
. disease Ankylosing SpnndyHt\s, and taken with the history of the

{
I



. oz
patient s disease.raises the possibﬂ\ty that he mght have  been suf-
fering from a Juvenile form (fruste) of this disease. The boy was
completely well at the time of the blood taking with fio clinfcal evi-

dence of any disease, periphera'l or axial.

Tables 56 to 61, 'p:ages 18 to 18;, record-the disappointing M.C re- :
: sﬁlts that :nerely dmonsltrate the comp'l’e'te identity: of the four chil-
dren who were HLA r!apla-idgntica'l. and the cump‘lete dis_simﬂa'rity of ’
the pare{nts. Hoﬁever; the resufts fr;m this family are in sharp con-
trast to -the other famili’es bx'n the seres because of ‘the clear and un-
) equivuc:ﬂ typing responses (with the exception of “the patient lnmself
whn seems sﬂmewhat poorly Yecngnised by the mother in (2, 5)) To .aug-
ment ﬁns aspect l.have introduced Tables 62 to 675 pages 188 to 193,
which répresent the results ;li th an extended fanily with Ankylosing
Spo’ndylitis, the “Brown” family; in which{(1) and (2) had the disease;
/(3) was a related cousinwho was fiomozygolis for the ‘n‘éfeniiing HLA hap-
Totype (Aw31, B27), and (5) was the mother. This Fanily was investi-
éated in the middle of: the.investigations of the Rheunatoid Fanilies
and shows ‘the same tech;u'que used but 'in this case there are the c'leax/f
typing responses presen’t that allow Two-Way reactions, One-Way reactions
with the homozygotes (1) and (3), and reaﬂctions of identity t!; be. eas-
ily spotted. A number of other NiCs have been 'sgt up ;Mh this ex"-_
tended family apd there hive been uniforlm"ty of the vigo&]r of the re-
sponses in culture that parallels the results’ in the "Freake" fami 1y
and is in ‘contrast to ‘the difficult evaluation of the )}heumatm'd Fam-

_ilies yhich may bedue to the HLA-D types _1r{v01ved which in the Anky-
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Tosing Spondylitis fanilies seem to be of the DRwl'on 'B" cell typing,

* and not the DR¥3 and DRwd types Found in the Juveniie Rheumatoid Fami-

lies.. However, the evidence from the "Meany" famify would support the

idea that. other Toci are involved in-these families-that are definitely

. not Tinked to the HLA region of chromosome 6, and this interesting pos-'

sibility is- further-enhanced by the results of the "Best" MLCs which

aré not explicable by convéntiona] imunugenetic theory.

1 have presented the data from ﬁve JRA families (four seronegative‘
and upe seropositive) with- the contrastmg data from a condition that
often confused in the child name‘ly Ankylosing: Spondylitis. If there
vere mot already: the HLA 827 marker for the latter condition the res-
ults of the ML tests in the families would Seem on this prelininary
survey to be seperabxe«-fr/mn those abtained from JjA f‘amin'es and nf;
~ diagnostic use. . 1 have tried to interpret the data in'as rigorously
conservative fashion-as possibTe with full revel]at%cq of the data
not to confuse {he readers but to'alert them to the real pnssibil’h;y
of over-interpreting’and narrowly defining a"real ghennmenun. namely
that the Mixed Lymphocyte Cul ture reactions of Juenile Rheunatoid
Arthritis fam\hes show lower levels of response than one would exp-
ect parhcu'lar]y the patient/mother combinations. -The addition of -
various combinations of serum unly caused modulation. of particular,
reactions when there was a-cytotoxic ant\hndy directed at an LA B
antlgen in. the presence of human cnmp'lement- JRA sera had no effect

‘on the Tevel of allogenic reaction. \
i 2 ; ‘

v
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The results of both rat and human -experiments have urgai‘rﬂy not been,
in accord with the predictions made at the ou_éset of either. .However,

- the results have some interesting featurés pi\d‘dq not-at-together-run

counter to the hypothesh that maternall 1n|mmﬂogic factors can iuter;
fere with the imune system of the offspring. nor that.there may ba
|munogeneti: abrwrmﬂmes in the Rheumatmd patient in' relation tu
the mothgr. . ;

In the rat experiments the a priori hypothesis was. that materna’l "T“

lymphoc,vves (u; argualﬂe the antigen) would cross the placenta “and

 caise the rat to demonstrate-sone. evidence of presensiti zatfon on

rechallenge wi vthe sime antigen. The spleén effect:was known for ~

its use by Simonsen and others ta demnstratz runting in the Graft-

Versus-| Host experiments in chickens and rudents but un]ess there vere

to be pn]y:lona} G.V.H. activation’ it was not. predicted to happen in

these experiments. However, there ‘is. Htﬂe doubt in my mind that the .

spleen effectsfiere réal and related to the antigen admivfiStered to the *

mther before mating, and that with the precautiuns)aken there ‘seems
mne pass'lb'mty of the antigen 'itself crnssmg the ptacenta as the ¥
es:har hld been thrown off before the foetus was 10 days-old in the
wmh due to ‘an intense inflammatory- résponse. -

Although the lymph node assay remains unknom in termms of se‘n§1g1v|ty it
proved to be sensitive enough to detect: hypersensitivity many months

/
- after ‘the initial priming and if .the foetus had received such-a stimulus

as wou'ld be “necessary ‘for ‘_the spleen effects. one would hope to be uhlej

~




‘ were seen and at statist(cn’lly highly significant Nevels.

) ) ’ L s
v * 4 % & S

*to. denonstrate either ce1lu1ar hypersensmvity;ur toh‘rnnée. but in
the event the lxmph node expansion uas idzntlcal {it the offspring of
primed ‘and_ unnr(med mnthers. The spleen effect seen with the Fischerl
Sprague Dawlgy combination may havé heen influenced by mwurrmt
upper respira;ory tracgyﬁv{ﬁuns in the mother but 1n all subsequent
experlments it ‘has been rem/spectively realised that spleen effects

Two. interesting -aspects in the r‘-esults of the rat experiments were:

a) the |nabﬂ|ty to.elicit recall hypersensitivity to .DNCB in "the F‘lscher
strain of rat that may ‘be_due to it having defecuve macrophage function
as . has recently been s%ggested, b) the, |nab|th ta demonstrate recall
i\ypersensinv{ty to DNCB ‘in mid:ﬂe»nged rats while having no such in-
abi 1ty with rats undér the age “of !90 days. It s also mr?hy of - note
*that gne »offsp’ri ng of Fi scher mothers have 'tr;e same tlme ccurs’e of pop-
Titeal node expansjop as- thefr. mnth_qrs whereas. the fwffspr&ng of the
Sprggue Dawley rats'have the same tﬁne course as their mother's even
,thoﬁgh they are genetically more similar to the offspring of. the Fischer

(i.e. they vere both Hsch}rlSprague ‘cross breeds). - This is' yet more

: evidence that the mother lnfluences the phenotypic expression of the

inherited imune response genes thnugh there was -no ev1dence m these
experiménts to be able to specuTata whether- this was due to allelic ex-
clusion or to direct 1nterference by. antibodies or lymphucytes. If thls
effect were to be due to macrophage dysfunction it would seem unhkely

that this wau]d be Tinked to the major histocmpat{bﬂ(ty loci.

In the human experiments the a priori. pfedict*lm was that the nmthers




of 1ntrafamIHal mctiuns then the' reacmms seen un‘lversully 1n the

' abnomal ‘in their ahﬂity to respund tehach other. 1t nay be spgpu1ay.ed

* losing Spondyl tis fanf‘iy frvolves. the Dvl /'a'_l'lela whereas. 10! the Jbveu_:

% o

would:all be‘HLA—D homozygotes leading ‘to a G;-aft-Ver;susiﬁnst sltnatinih d : B
1h the offspring in later 1fe. It soon became sparent from ths work " s
and that of Stastny that - there was an excess of hmozygosity 1n ﬂre

patients. thenselves:which would only*be—wnsfstmﬂn classical _mmsv ¥
;v'th Host=Versus-Graft disesse. hu two and pussibly tm:ea' of tha' «

o

yatients suffering from Juv:nﬂe Rheuma tofd Arthrttis in I‘.hese hmﬂhs

cuu'ld a cas: be made out forthe panents being /LA-D honozygotes (tMs. 7

of course, is:far.more than'would -be expected ever in Neufmndland), hut iy
it is the exceptions that test the rule and in at Teast. o fanilies :
there is evidence that the nother' and patient respond bilaterally in

Mixed ump‘h‘n:,yte“:ultnre. However, apart from the one famiiy with the

child with possible Juvenile Ankylosing Spmdymis there was some ‘evi-' | . l \)

dence that the patien h rological medmed 0 were ©

‘very marginal :mnpared “to.the responses seen “1n nther fam!'lles s{udied,
‘e.g- Ankylnsing SpnMyHtis - R e

A vald criticism of this vork s that no widenre ‘has:been addu:ed from”
"mml" fanilies to é’ompare the offsprings’. reaction w!th the mothers g

s0 that any comment about the suboptimaY stimulations seen must hava ‘

" that civeat o the fore. Hwever, if- tMs were to be thg generﬂ pabtern s

large Anky]nsing Spondy1 itis Fan)ﬂy, (of nMch only one wt of th’ree

large MLCs fias™ besp pla-:ed in- the ﬁb!es) ﬁv:ld have to,be canstﬂered ey

that there. are. weak and strong HLA-D Va]lelq‘s,fvdﬂch in"the. case of . Ankj-




£ . g i
11¢ Rheunatoids the Dw3 and DWd alleles have ‘beén-found in the few that
have been typed. (though more properly they should be put as ORw alleles

* until these have been fimly Tfnked to the Dw alleles).

. In the Ce]1—Mediated»Ly;npho'lys{s experiments there were some cbnfil"ma- ‘

. tions for the minimal responses between probandand mother and pecasion-

.al-dichotomies between the results of the MLCs and the CMLs but in.gen=

er‘a_'l terms the test does not seem to have helped in coming to some

: undev‘stanﬂing of the meiﬁiés. One important findiﬁg, though only a con-
. firmation of ‘an already recognised phennmanun, was that. Rheumato\d serum*
(in this'case sernpos*mve by convenhonal testfng) was markedly 1n)|ib-
1tory for cyto]ysis and this effect was not specifically directed at the
pat!ent s effel:tor ce”s hut had the same effects mth the other membérs,
of the family, as we'l'l ke control. Two-way mixed 1 ymphur.yte cultures
seemed to be very d\fficun to interpret ‘though the overall |mpress1on

.did not d\ffem rad1ca\]y from the ane—way para'l'lel cultures

Although the’a priori expebtations for the resuits of the experiments
.proved to be'mistaken in the light of the actual data neverthe1ess i b'g‘,
there is’ considerable interest to be derived. frc!n both rat’and human
n;tﬁ:. The remarkable effect upon the'spleens. of ‘the 'rats born to immu-
nised mothers raises the p_osslb\'H.ty_ of some similar findings in humans )
though such exfrapo]ation should not’ be assumed to be correct um‘.ﬂ‘ the
relevant mgthod of testing has been tried.” In-the context of Juvenile
Rheumatmd Arthnns the common finding of sp'lennmega'ly in the condition
ALY vev‘y tanpting parallel, buf again thjs can be‘fuund in overt .in-

fection so that®it must remain a nonspecific effect and without too fuch
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APPENDIX A
CRUDE DATA .

EXPERIMENT IT -

-2

‘| 270 Day 01d Hooded Long-Evans

*180 Day 01d Fy Hood x Fischer

| Female Rats Female Rats
Weight [ L Node [ R Node | Spleen | Weight | L Node | R Node'| Spleen
Control 331 | 7:7» [ y % | 4|~SZQ 279 I 6.4 | 5;9 I :':45
¢ ) 335 | 7.0 ’ 8.0 | 540 | 241 | 6.1 | 5.9 | 480
Day 0 | 324 7.6 - 7.3 | 650 ‘268 | 5.Z | 5.8 | 480
 Mean 330.ol\‘7.43 | 7.67 7 603.3 263.0' zsa.ol 5.87 | 501.7
S.0. 56| .83 | 3 | 56. 19.7 19.7‘| .06 | 37
romet. | 291 1 a0 127 1o |8 173 las 1o |
369 | 7.7 |64 | 770 |25 |42 |47 |50
Day 0 328169 6.2 | 580 | 262 |43 -' 50 460
Mean 336.[]' 7.80 ’ 6.76 | /69&3 267.E| 5.26 1 4.73 | 523.3
s.D. 29.8] .95 | .81 | 103.2 263 1.76 ‘ <25 | 60.3
contror | 328 | 10.7: g -] 610 | 262 I50 Ten Tus
30z |07 | 84 |0 |79 |77 |55 | 380
Day 3 280 6:5 5.1 | 730|288 | 109 | B | 545
Mean 303.3' 54(307J 7.20 I 716.7 259.7' 9.17 I‘G.‘Fﬂ | 456.7
S0 z4.ol 2.25| 1.82 | 100.7 )s,s| 2.37 | 136 | 8.1,
Primed | 342 _'—10‘3 Ts‘z ses | 247 -T—IS.S 7.0 Tass'
o 32 | N |'5.1 | 500|290 | 17.2° [ 7.6 | 480
Day 3 6 338 10.1 9.0 | 800 272 24.2 9.6 580
Mean 33743[ 10.50 I 6.43 ‘ 187.1 259‘.6{ 1s.3o| 8.07 | 485.0
s.D. 5. ' ‘53| 2.2 ( 445 5.43| 1.36 | 92.6

= g i
*Rat weight in grams, L and R node weights in mg, spleen weight in mg.



APPENDIX-B
EXPERIMENT 111

Fischer Mothers

CONTROL

C1 Litter born 13.5.75

Number 5, 1-died early

Weaned-4, 2 male 2 female

€2 Littler born 11.5.75
Number 11, ‘1 died ear]y
Weaned 10, 4 male 6 femaTe:

€3 Litter born 11.5.75

Number 12, 2'died after weaning

Weaned 12, 4 male 6 female

4 Litter born 17.5.75
fumber 11, 2 died after weaning
Weaned 11, 2 male 7 female

C!

Litter born 17.5.75
Runber 13,.2 died Day 1

Wéaned 11, 5 male 6 female

C6. Litter born 23.5.75 a

Number 'I3 1 died early
1 died late

Weaned 11, 7 male 4 female
©7 Litter born 22.5.75
Number 12 .
Weaned 12, 8 male 4 female
Litter born 18.5.75
Number 2, killed by mother
Weaned 0

C!

8

Dl

2
8

8

D

g

D!

&

D

&

Di

<

D!

8

4

SHOWING THE BREEDING PATTERNS

| IEST

Litter born 13.5.75
‘Number 12

Weaned: 12, 5 male.7 female
Litter born 9.5.75

Number 12, 1 runt, 2 died
after weaning

Weaned 12, 4 male 6 femdle

Litter none

Litter born 18.5.75
Number, 10, 1 died Tater J
Weaned 9, 3 male 6 female =

Litter born 18.5.75 &

* Number 12 :

Weaned 12, 5 male 7 famale

Litter born 20.5.75 ]
Number 10, 1 died.after |
weaning |
Weaned 10, 4 male 5 female |
Litter born 17-575 i
Nunber 13 |
i

Weaned 13, 7 male 6 female
Litter born 18.5.75 i

 Number. 5

Weaned 4, all male

Total 78 born, 70 weaned, 4 died later Total 74 born, 72 weaned, 3 died -
= later + E

3
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“ Y : APPENDIR B. . oo 4 ,
EXPERIMENT 111 . SHOWING THE ‘BREEDING PATTERNS

o) B . Spragué Mothers 5

JconTRoL ST CTESE Ui
g €1 . Litter born 12.5.75 . "kan ‘Litter born 12.5. 1
i Number 14, 1 died early . vafber 13 ¥
_ - Weaned 13, 8 male 5 female-. - Weaned 13, 5 male 8 female 3
2. Litter born 9.5.75 ~ D2. Litter born 11.5.75 3 %
Number 15, 2 runts” . Number 13, 1 died early
Weaned 14, 8'male 4 female . Heaned 12, 7 male 5 female .
€3 Litter born 9‘.5.75_ D3 Litter born 13.5.75; By Lt |
! Number: 13, 1 runt " . Number 13 PR
Weaned 13, 2 male 10 female . * MWeaned 13, § male 5 fenale )
: €4, Litter born 17:5.75 . D4 Litter born 23.5. 75 i E <
Number-14, 'I died early © Number 14, 1 died early .
E I 4 died Jater 5 HE 1 died late
Weaned 9; 0 male 8 female - - - - Weaned 12, 8 male.3 female
‘€5 Litter jborn 19.5.75 D5. Litter none” | - H
Number 100~ . M
. Wearied 10, 5 male 5. female )
: C6 . Litter bnrn 17.5.75 . D6. Litter born 23.5.75
K Number 14, 4 died+first day R Number 4 .
Weaned 10, 1 male § female -~ Wearied 4, 2 male 2-female -
Tota] 80 born, 66 weaned, 8.died Inta'l 52, born, 54 weaned, 1 died’

uote that the number weaned daes ‘not. necessarﬂy add up to the males plus

~'the femalés since. thase represent the animals sti’l] alive at Day 55.
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P s APPENDIX D
HYPOTHESES FOR THE PATHOGENESTS OF RHEUMATOID ARTHRITIS

RHEUMATOID FACTOR ‘The presence of Ig anti-Ig6 in high titres ir the
majority o'f patients with Rheul’natoid Arthritis is strong evidence of 4
3 Goion thmaTog 4T GRERARTGA-4nd veUTd. £5em b offer an insight -
into the actual processes involved, but this confident prediction has
been thwafted by the heterogeneous collection of lowi affinity antibodies
‘actually fourd in these patients.” It has been accepted for some time
that the major specificity for these -antibodies seems to be-antigens
Tocated upon the constant region of altered (e.g. aggregated or com-
bined with antigen) 1gG. Turner (1974) has made a case for there not
being any- hidden antigen uhcavered by such a process but that the Fac-
tors are of such a low affinity that it 1s dnly in the cases in which

multiple antigenic determinants are brought into close proximity that

. “the combined affinity of the ten binding sites gives,i stability to'the

conplex and the bpportunity to crosslink the antigens.. If-this proves
tobe the case it is difficult to see how Rheunatoid Factor would be
capable of Bcting.én vive in the absence of an IgG aggregating factor -
though it is not difficult to'see how in vitro damage to native IgG
could cause artefactual binding of Rheunatoid Factor and fixation of
conplement. As for complement fixation whether. the:Factor acts to
block fixation on aggregated IgG or fixes complement itself in vitro ~
seeis to depend upon the exact technique, but certainly no investigator

could possibly claim-that it has anything approaching the Tevels seen

: with the experimental analogue, Rabbit anti-human-Ig (Coombs' reagent) .

. yw ¢
. For ‘these reasons Rheuratoid Factor appears to be a deliberately and

/

perversely fun‘ctﬁonleé's collection of antibodies that only exceptionally
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. |
has récngnisablé and/or strong ‘a/ff'lm'ties for. immunoglobulin allotypes.
Turner (1974) has made a good case for these recognisable affinities
being directed against IgG's no Tonger present in £He body namely the
materna’l'ly derived, placentally transmitted 1mmnoglnbu'|1ns that, had
been catabohsed in early 1nfan:y though not before causing an 11m\une
re_spnnse with production of anti-allotypes which are commonly detected
in _ym;n; children.. Here again 'there is evidence of a ta’ngentia'l re-
sponse in the form of a restimulated sécnndarjy response to a non-ex-

istent antigen in patients with joint disease.

Another-piece of evidence originates from Minthe (1972) concerning the
presumed site of production for most of these Rheumatoid Factors in the
plasma cell infiltrate of-the synnvi‘um. Most of the p1a§ma Lcens could
be shown by imynoflﬁdreséent techniques to be producing imunog1ql§ulin
but rélatively nfew‘ could be shown to be producing anti-imunog]opy]in %

until the c&11s were treated with pepsin which is an enzyme that cleaves

{immunoglobulin G and by so dning destroys the antigen for most Rheumatoid

“Factors. After pepsm treatment of the tlssue sectmns, the maJarﬂy(of
plasma cells could be shown to bind aggregated 1gG which indicates the 3
presence of “hidden" Rheumatoid Factor already bound to its antigen Ig6.

, These authors were also able to demonstrate that if the :sectians were ‘
overlaid by fresh human complement C3 and C; q could be detected inside
wany of the plasma cells: (+50%) indicating again the presence of pre-
fomed comp]exes 1nside the cells. Finally, they noted that in using
dnulﬂe staining techmques both Ig6 and IgM cvuld be detected in 1528
of ‘the plasma cells. All thesd ‘shreds of evidence are concordant with

Cir L E )
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7 # ? .
the idea that immune cnmp'lexes are fnrmlng inside these cells froma’

ination of 196 and anh ~IgG (and vice versa)

which in most instances -is of the g6 class itself and therefare not

. the IgM Rheumatoid Facwr detected by the rout1ne tests 'in serun.

Another 1ine of evidence that pertains to the prodiction of  Rrunatotd
Factor stems from investigations. into a seemingu'r ;ﬁfferen‘t problem
using an aninﬁl model .uf the ‘anatomical char;ges observed in Rheumatoid
Tymph nodes ‘(Dumonde, 1976). The lymph nodes of patients mth Rheuma-
toid Arthr\hs are very often enlarged with 29% v 9% of controls re-,
pnrtgd in one series (Robertson, 1968). and 82% v 52% of- controls in
another ;eries (Short, 1957).  These ubservatibns tend to lessem ihe
differences claimed by some for Felty's syndrnme and Stills' disease
‘though there seem to be wide differences of npimnn as to what con-
stitutes lymphadenopathy.-as witnessed by the two series quoted aguve.»
- The nodes most often claimed to be enlarged are:those draining Tymph

fmm Joints with active disease and were mainly in seropositive patients

~ (Robertson, 1968)- -

-Nosanchuk (1969) wiote of the«h‘lsta]ugic change found n Rheumatmd iymph

‘nodes: "The nutstanding histologic features (of Rheumatoid lymph nodes)
were: 1., fonicu\ar—vaerphsm,»and 2. phsmacytos1s. The folhﬂes
were generally diffuse throughout both.Cortex and Meduﬂa of the v\ode....
were character-lsed by large germinal centres well demarcated from the
surroundmg mantle of mature lymphocytes, whi;h in turn. were discrete

from the adjacent interfollicular’ areas.....were frequently nbserved

g
B
f
|
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10 have mitotic activity and phagocytosis of debris ("starry sky" pat-
s . .

tern)...%usually contained a mixture of cells consisting of immature

inte u'l"lri‘clnar z !

and mature 1ymphot; es, histiocytes and .occasional }:lasma cells.. The
e had a characteristic appearance with small and

large aggregates or sheets of. plasma cells being promment.....tne plas-

m celliwas often the only'cell type present....;capillary endothelial
hyperplasia was ‘a consistent finding. Sinus histiocytic hyperplasia

In our material 3 of 21 patients had been

(was) present in a‘%g:es.
vincar‘rect'!_y diagrinsed havihg follicular 'l_ymphoma and were treated

with wradiahon and :cancer :hemutherapy"'

oo § . )
This picture of intense gefminal centre formation coupled with the sus-

tained ear'ly-differeﬁtiation Sf plasma cells as w.i{nessed by their

présance in the lymph node cortical region is unique in human pathology

\and until recently without parallel in experimental animals. As Dumonde

(1976) comeﬁts, this picture combines many of the features found in a-
cute high-antigen-dose stjmulation of rodent Tymph nodes, tagéther with -

features comionly found in chronic antigen stinulation. However, the

w states-are not cnmpatib]e ds there.is mrphu’lcgical degradation of

the node. if stinulated chrumcaﬂy by high antigen doses.

g
Dumonde (197@) reported that ome of thé features of the Rheumatoid node

could be miinicked in ‘experimental mice bylthe administration of mito-

‘genic 1ymphokines (pmrmcolog'lcally active products of lymphccytes) in- .

to the afferent Tymph ducts of the 1ymph node.. This cnused paracortical
hyperp!asia ("T" lymphocyte region) folluued by lntense germnal centre

formation. * Hnwev:r. there was no, inmtrat!onuby plasma r.e'l'ls and this




" depression or total abrogation of the specific antibody response. - This
7

model is not sufficiently similar to the RI\eullEtﬂid node for thai rea-’

son.

The next model &escrihed by Dumonde was based upon the previously pub-
lished experiménts of: Humphrey (1970) involving the.suicide of antigen
binding "B" cells, after union with radioactive anix‘gen. It had been *
‘observed that mice injected with Iodine-'lzs Keyhole-Limpet-Haemocyanogen

{which is a potent "T" 1ymphocy§:e dependent aﬁtiéen) responded with a

appeared to be due to the lethal irradiation of the antigen-binding "B%

cells, with a seemingly smaller lethal effect upon the "T" cells. The

~subseqi|ent morphologic changes seen in the node could be expected to

show the effects of "T" mediated stimulation in' the absence of antibody -

. mediated feedimck 1imitation (see Figures 5 and 6). Lo B
] ! <

The Tymph, nodes were-two or three ‘times the s1‘ze of the“contralateral

* control nodes that had ‘been stimulated with normal-RLH and showed

striking hyperplasia of both paracortex (a “T" lymphocyte area) and cor-
tex (a “"B" lymphocyte area) with multiple rows of germinal centres in
the cortex (compared with the normal single row, but not in the medulla
as é'eported for.the Rheumatoid node).. Plasma cells vwere present in
markedly increased numbers and in atypical sites; (1';1 the gem;ina’l

centres, and ih the interfollicular cortex) and the picture was com-

o p]eteﬂ hy» thg presence of .capillary endothelial hypérv'lasia and sinus g

ﬁisﬁoc‘vwsi[s. The similarity to the pathnloéicél anatomy of the
Rhieumatoid node is very cldse and ‘the unustial nature of these obser-

vation{s overcmvies some of the natural sceptiéis_:-( that should be applied
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*EXCESSIYE “T" CELL FACTORS . e
DUE TO UNOPPOSED ACTIVATION :

“.a .NO IMMUNOGLOBULIN PRODUCED *
WITH HIGH AFFINITY FOR ANTIGEN

+LYMPHOKINES -

+ "T" CELL
FACTORS

4 3 - . i TR
ANTIGEN INDUCED SUICIDE OF "B" CELLS WITH HIGH AFFINITY ANTIBODY BY THE RADIOACTIVE
/ANTIGEN- WITH THE CONSEQUENT .OVERACTIVITY OF THE "T":CELLS (AFTER J.H. HUMPHREY.1970)

g siy Figire 20 . B ' .
. ) 9t 2




in cdrrelating experimental animal and human pathology.

None of the lines of investigat‘lon;' presented above fall intd. the main

'bstv;eam_ of ev'l‘dence of the nature, function and natural history of R‘ﬁeum-

atoid Factor, but they are well do:umente:( and from relfable research
warkers, If thé' data is synthesised. the following 1\nferem:e appears

conslstent u1th those.findings:*

HYPOTHESIS:
RHEUMATOID FACTOR APPEARS TO BE PREVENTED FROM FORMING HIGH AFFINITY

ANTIBODY TO ITS PRESUMED ANTIGEN, 1gG, AND THE HISTOLOGY OF ONE OF THE :
SITES OF PRODUCTION (THE LYMPH NODE) WOULD BE CONSISTENT WITH ANTIGEN

INDUCED SUICIDE OF  THE jHIGH AFFI’NITY CLONES OF PLASMA ‘CELLS (AND - PRE-
SUNABLV THEIR PREDURSOR CELL THE “B" LVMPHOCV'TE). o ¢

One: does nnt need to ’Iuok far for u cause for the antigen induced su- :
icide; ‘high affinity anti lgs will bimfthat antigen as soon as it meets
the extracellular milieu, possibly even sooner 1f.the 196 can gain access
itracellular cysterns. 'This means that while still close to its

parent c&T), it will bind to native IgG and by cross-linking the mole-
cules it wi11 then aggregate it causing the fixation uf’cnmp\em‘e_nt to (
the bodnd Ig6 3nd tﬁéreby the secreting cell will Sy 1ysed or rendered
functionalTy Kincompetenu The destruftipn or disarming of 1tl‘ne high af-

“finity clones of ‘cells will tend to leave the antigen (Ig6) in the en~ -

vironment to further stimulate the "T" cell clones that initiated the re-

action and: the resylting "T" cefl factors will cause the low affinity "g"

céll clones to.be maximally stimulated and helped to differentiate to form
. L e A ;s
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Figure 21




1 spondmg to th

plasma cells (sée Fig. 7). +7 se e
3 R 5 4

; . . G s L2
This line of thought involves "T" lymphocytes as the central cem in¢
the paihngenes'ns .of Rheumatoid Factor lmhatmg and cnntmulng the

response to natlve 1g6." Immed¥ately it becomes dlff'lcult to conceive

hnw such, reactive "T 'Iymphnr:ytes con1dvsurv1ve the - clonal ehmmatmn
of the foetal period thhaut a self-destructwe response when F1rst
formed. M1tch1sun (1968) has obtained c'lear ev(dence in unce that

]ﬂnnal elimination may not be present for a'H self: antigens and in hi

examp]e of "10‘1 zone to]erance" there may be_ "E" ce'ns capab'le of re-

antigen but mth the absence .of helper "T"~cells and in

‘| the presence oi suwre;sor "T" lymphocytes (Gershon. 1973) the body pre-

e}ﬂ:s self desgru:tian.
& Cqe .
The evidence f{om Rheumat‘gjd Arthr'itis suggests that there are indeed re-

actwe "B" ce'ﬂs to native Ig6 and the suppressor "T“ cells gre somehow_ «
overriden Hwever, there {s evuiem:e in some of the mﬂc{’er cases that
the process 1s not systennc, and that only the 1ecal synovwm shuws path-
olnmcal changes. This wnuld‘be cunsistent with the presence of normal
m‘;zihev;s of -suppressor "T# cells ‘in the rest of ‘the 'Iymphaf.ic —sys‘cem. In

the context of i

disease’ the is of Arth-
ritis has’been ‘thought by many to be due to the faﬂure‘of su‘ppressor "T"

”.cells to prevent a sulcidal attack by the immune system agamst ; se'lf" .

anhgens particu'larly in’ the Incal environment of the synnvvum but it

has; been d\fhcult to see why a. helper T cell should become sensitued

P to a "self" cnmpnnent (IgG) that is'a very poor {munngen in its native

state. i te B




HYPOTHESIS: | . o - g

nEe iV“PHOCVTt HELPING THE .RESPONSE'TO Ig6 ‘IS‘ NOT ITSELF J{ESPUNDING
E 5 ]

TO THAT 'AS AN ANTIGEN BUT THE IqG IS ALREADV BOUND TO. THE EEL\. CLOSE TO

THE ANTTGEN!C BINDING S!TE AND Is !NCIDENTALL‘{ PRESENTED 10 AN APPROPRI-~

ATE bl CELL AS AN ANTIGEN

"Rather tha'n pursue the idea that there may-be distortions of the normal

homeostatic mechanisms of the immune system which account for the es-

ca‘p‘e of self reactiye clones of "T".cells I have, Eonsidered instead ‘the

ways “in which normal "T" cglls responding to an‘antigen might initiate \XZ’}‘
the production of Rheunatoid Factor. _The diagran {Fig. 7 ) represents "
the effect of IgG parasitizing a "T* cell responding to&:omp'letel;y °
different_antigen and thereby ’cnnver:ting the “B" cell response frnm'\the

“T"cells antigen to that of an anti-IgG response particularly to deter-

"minants on the Fc part &f the molecule. Batchelor (1978) has reportéd

that Tike IgG the antigens of the maaur h1stacompat1h|1|ty systems are
poor imunogens w‘lthin the species uniess presented upon vlahle lympho-
cytes yr!nch seem to prov|de a "second signal" tharstimulates production v e
of ant1bod1es by the hnst. This evidence cou'ld be directly translated

in’ the context of cen Surface lgB‘ “the paarl,y immunogenic 196 beimg
av.tached by\its himﬂng s1tes to mtigens on the surfal:e of the "T# cell*

~ (closely associattd with ‘the “antigen bmdmg sltes of that-cell) could

cause the recruitment and stimulation of the appropriate anti-IgG "B"

wuﬁ :lones by helper factors and 1ymphokines ‘secreted by that "T" cen.

) The 'B“ ceﬂ clones provoked by sich_a mechanism will tend to bind rra-

tive IgG and the: antigenk suicide of these wi'l'l lead to the h\stulogical
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picture seen in the draining lymph nodes and the "Mdden Rneumatnid Fac-

wrs" denonstrated in the: plasma cells 6F the synoviun by Munthe (1975) -
# s £ The immmnlogi: mechanism -inferred from the presén:e of Rheumatoid ‘Fac-—
tor cnlﬂd on'ly operate if there were IgE anti-"T" cell annhndies pre- %
9 : \sent at sgme stage of the diséase. That this is a er]y situatinn has
been imnstra&! by Terasaki (1970). He reported the presence of lympho-
cytotoxic antibodies ,‘~" a vari;t;y of "auto-immune" diseases and shoied
that in Rheuﬂ\atn‘id Arthritis 30 out 'of 53.patients' sera.contained such

3k antibodies. Unlike the Iymphocytotoxié an:i‘bndies found after pre‘gnancy

® these” "autoeytotoxms“ or L.ymphocytotoxms" seemed to be maximally actwe

at 4-15°C ratfer t.han the pl a1 37%C They those found

in Systemic Lupus Erthyematosus in specificities  when tested against . | J
Tymphocytes from a panel of people. Hnwever, in contrast to those .
found in-S.L.E. there was a lower range of 1lysis, -10-50% versus 50-100%

1 of the panelas*&sessed by the mifmdrup'l et cy;otgxicit_y assay of Ter-
i asaki- (1964) . et T
)

‘lne‘ degree of cytotuxic!ty observed depends upon : the exact methodology N
B s and Mittal (1970) uho first pubhshzd evidence for these antibodies de-.
o tected only four, pnsitive sera’ out of a pane] of 28 Rheumatofd sera .md
- L made the comment- ‘that the spec1fic1 ties detecled using 1 ymnhocytes from
L ea parie] of people did rot correlate with ‘defined HLA (the lymyhucyte anti- %
gens coded for by genes in the human major mstoczﬁwntihﬂity supergene)

i : ‘antisera, and- this observation has been mnf\nrved by othe‘r ivwestlgatnrs .
1 ~subsequently. The cytotoxicity test for these antibodies is probably




insensitive as one can predict with a degree ‘of confidence. that there
will be non-comp'lzment.fixing antibodies produced, and the fllrst hints,
that this might be the: case came from the work pi yl1111ams-(1971). He
found }.‘hat the Iymphncytgs from Rheumatoid‘ pa{iepts were Less able to
proveke ‘the- production of anti-huran-Tynphocyte antibodies when in-
Jected into’ Rabbits (in adjuvant) ‘than those from normal 'people, and he
erpreted this tc suggest that twese 1ynphucytes could be coated with
a ‘serum component that blocked the\r antigenicity (he ahscrhed all the
Rabbit sera with human serum before use)..’ Further work by Williams
(1973) help to define that tiuman Ig6 was in fact the serun comfonient.
found on Rheuratoid lymphocytes. g
¢ ——
Probably the most cmwp'l ete investigation of these antibodies has been
the publications of Mi}n:hester (1974) and Winfield (1975) reporting -the

results of an assay using immunofluorescence with fluorochrome tagged Fab

Fragents (antigeh conbining part of fmmunoglobulins) of anti-human-imuno-
globulin ,éntlbud‘y on the fsolated lymphocytes of patients. They demon-’
strated that freshl_y isolated cooled Rheumatoid lyinpi;ncyces (at 4‘7[2) had
ap excess of inlnuno_g'lobu”n hearing cells. compared w"th controls. AThé

excess was so marked that. when this proportwn uf the cells which would

- normally be taken .for “B" lymphocytes was added to the *T* cells enumer-

ated hy‘sheep red. cell’ rosetting it excéeded 100% of "the cells i‘n‘lhe ma-
Jority of the patients studied. This can only-be interpreted fo mean
than many of the T" cells so enumérated also carried 1muno§h;bn1in on

their sirfaces. In‘all 11 cases in which they incubated the cell% over-

night in norml _human AB serum the p;opurtlon of immunoglobulin bearing . °




cells fell markedly and this effect was 1mned1:tel,y revers\b'le by expn~

\to autologous plasma. This conﬁms the cytovh\li: 1munoglohu1in

serum corponent that Williams (1973) had demonstrated and they. went on ~
to,_show that ‘this was not necessarily cytotoxic and some would not- have

been detected by Terasaki(_slw_l)).
o [

b .
- s s
Wirichestér (1974) also 'fatind that when these-cells were emumerated for

1 aggregated:1ge receptors (usually found on “B" but not "T* lymphocytes)

there was an excehs of these compareéd with 1ymphocytes obtained from
¥ cnntro‘ls. When these. cells were incubated overnight in-normal human !
serum the excess disappeared, which effect was 1mmed|ately reversible

by expusure to autologous plasma. Hmthester interpreted this to mean B

L

that the' Rheumatoid Factor was binding to the cytophilic antibody on oo
. i ’ the surface of the lymphocytes and in that position binding aggregated
i - © Ig6. If that is the case, the cytophilic antibody must be of the Ig6

'
|
. ; : !
Pk v o class as the Rhelfiatoid Factor does not bind to other classes. " |
i

- WinchéSter fonnd that if the in'lt'la'( enumeratiun of "T" ceils in freshly
isolated Tymphocytes was performed in’the cold (4°C) in the absence of
normal human serum ‘there was ‘a demonstrable shortfall from the rosette

forming ce]l; detected ct;nventinna'l’i&. This effect was relersible by

\ i < short 1m:ubat|'n'n vn‘th normal human serum at 37°C. even if the enumeration

was once agam carneﬁ out at 4°C. This can nost simp’ly be-interpreted
to s‘ngues‘t:‘ that the cytnphi'lir. anhbnqy is binding to antigeni: sites

close to the’sheev red blood cell receptors.
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¢ . o ¥
Although the. tenperature for cytolysis with these antibodies seems to

be iﬁcompafible with i vivo. activation Winchester remarks of his

B imunofluorescent studies: "Some evidence was obtained in the present

studies that low concentrat'ions of tﬂe antibndies, particularly of the
Ig6 type, might be absorbed (by the lynphaaytsa) even at body’ temper-

. atures." Tpe overall picture Gf the *T" 'Iymphocytophﬂic antibody
binding to sites near the S.R.B.C. receptors and in tirn being the tar-
get for Rheumatoid Factor closely resembles that extrapc]ated from the |
evidence pre;ented earlier. If Rheumito'ld Factor represems the anti-

5 /bady_thét escapzs”thg sqiéidal response to 1gG then lymphocytophilic

' knn_ti,budy may represent the ant«lbody‘ that escaﬁes the blocked response to '

lymphocyte antigens' (perhaps blocked by Tocally effe:tivé anti-Ig6 anti-

boddes n the synoviun)

- e s e R
A certain note of cautiofl is appropriate -at this point as the nce

from Sygtemic Lupus Mmatasus strongly suggests-an environmental
agent in-the origin of the ‘pnten‘t Jymphocytotoxi: n‘s found in that'diseased
Theré is a notable clustering of lymphocytotoxins ﬂetected 1n the sera
.- of ‘people in close contact with cases of S.L.E. wjﬂch {ndudes the non-
- \:onsangumous househo‘ld meurhers and the clustering does not include close
relat!nns that are not in’ close daily cunm:t with the prnbands {DeHoranus.
B a6 1975) Mottironi and Terasaki (1970) fiad reported t}e occurence of; high
1eve'ls of 1mhnc_vtotux1c aryﬂbmﬂes from the sera of patients yith viral

. 1nfer.linns_ sugh, as Measles. Rubella, and Infectious Mononicleosis, and

v . )
W e .. . -since that time Mayer (1973) reported similar activit\y n Mycoplasma Pneu~ -

. monia, Mumps, lnﬂuenza A and B, amﬂ even parasit‘lc 1nfestations. Fn?m;
St g

N

J



* this evidéence people, have té;:ded o di§m|ss these antibodies as a non- - i 5
. _specific epiphenomenon found in the mune responses t_ many fnfections.

One can defend the thesjs* that lymphoqytutnxins are ot an epiphenvmenon
<

- of Rheumatoid’ Arthrltxs on ‘two separate plan . 7
J' : 1. On apriori gruunds gne could not expect the body to have'suffigient

suwviyaﬁ ahi'lity:tn_. indulge. in the :prnduct{on of epiphenomena in serious

if they snuwed such a reuctwm ‘Ig; might ‘be that these “infections are

viral infections, ergo.such people would” be at a seléctive disadvantaée B [
i . T Lserious precisely because the san divert ‘the bodies immune system to r
self destruction but the Iym nucytotaxins are thereby rendered mwth(ng » }

~but ‘trivial eyiphenumel\a. e . g . o . [ J

2. On .a pogteriori grounds -one could draw the d\stincﬁons be tween the

N S whocy ins found in »rthmis which are ]gG and are

’ ynnr'ly qyto1 ytie and requlre "T" ceH help for their genenﬁnn, and the
. lymphojtotoxins found in the other cond'i tions which are alpost urfvers-
A ally of the Igh f!uss an:.:ytrong]y cytflytic and m1ght‘mt require

. ‘. | "T"‘ceﬁs for their gene This would tend to separate the lympho-

' e cytnph'mc ant\budies of Rheumatoid Arthritis from consideration as 1ympho-
X 2 cytntox‘\ns. LY . a
f. . ~In ﬁ:his hypothesis there appears to be a requ'irmenc for an expTanation
|7 i B far the appearance of o titree Rheumatmd raciors in Suh-acute-bactenu..‘
! 1A eudocamius and,k’ldney transplnnt recip'lents (Na’l'ler. 1965;" Irby, 1558)

‘In the case of the ‘k\dngy tranjplants.,a d1recc quutatmn from lrby (1955) 3




¢

¥ . S KR

[ d % .
concerning “autoimmune phenomena" in their patients is in. full concor-

dance with the mechanisms postulated for Rheumatoid Arthritis: " the

deﬁnnﬁtrafion that anti-transplant antibodies may attach to the host's

_-own tissues raises the-'possibility -that these aute-antibodies may be a
i s

factor, in the Joint changes noted. ‘The presence of Rheumatoid Factor
appeiring in the blaod following transplantation adds further evidence

tn this assumption”. In bacteﬂal endocarditis the theory for Rheuma-

. taid Facmr formation that is.most widely quoted 1s tylit the presence

of hrge amounts of antigen-mtibndy comglexes with IgG bound to the
.';treptncoccz could 'Iead to the 1nc|denta] munufacture of Rheumatoid
Factor. However, the post»kheumaﬂc-Fever patient. seems to have in-
" creased susceptibility to chranic infe:tiun part'icu'lar'ly due to Strep-
toooosci and one could postulau (in the, comp]ete absence of evidence)
that these peup]: readily deve‘lop lymphncytotnxins shmuhted (u: con-

tm’l'led) by the mfectiuus umanlsms. ’

Fron @he/evidente _that Rheunatoid l_ymp’mcytnph‘ﬂic antibodiés vare 1g6;
1 have a‘lmady inferred- that a “'T* 1ymphocyte is lj’eed‘ed 10 collaborate
with'a “B" cell in’ the p}nductiun of - antig"T" ’lymﬁhnc'yie antibody as’
“this class of antibody requires sich help: Thi;sb‘mea‘ns:that. the proposed

ca’qial meEbmism for. the disease is a direct "T" 1ymphucyte/“'f"""lymphn- ¥

cyte war which at “First sight seen\s iore unhke]y than "T* 1ymphocytes

: sensihzed to Ig6 which does, fit into the frame ‘of the main bady of ‘this

tnes| S.
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