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cause. both are almost certainly involved.,
"'.which included a large kindred con%ining seven caaes of Hodgkin 5 . "
4A’diseaae and fourteen casee o? Jlrelated cbnditiéns" ':nas available, the
<~4'j'.'opportunity was taken to study the Rhesus blood %group antigene in

- .patients, relatives and others.,

; :as possible, .ﬂ using pedigree dete to -aesign accua]ﬂlh geneotypee

i ,ﬁrequencies B

",.‘Rh haplotypes wit:h disease.

. absence of R and r ;. replaced by r. The embryonic deficiency group had

R ’an excess of r" and .8 borresponding deficiency of R

A ~“. Ansmcr

‘ Th,e aetiol‘ogy of Hodgkin C disease is unknown, %nie studies
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' ..suggest an environmental and othens a genetical basis, aa the underlying

As an isolated population
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?revious st\.}dies of random Hodgk;[n P \

disease patients had demonxtrated an associetion wi<€h Rh (D) negative ..

Lo e A R
status. but there wae nwinfomation concerning Rh hnplotypes. T e

" The objectivea were :o atudy qe many anbera aof the population /.

7t

- where possible‘ to use this data to compare haplocype frequencieﬁ of

,,» i ".\4.-.
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'this population with that of the United l(ingdom and to compare

for the patients and relativea of t:hree diaéase E’roups,

' -". . . .

}(Hodgkin 8. disease, imunodeficiencies and "embryonic tumours") ’ with
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.*"n Mm this population in order to seek associations of
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All disease gruups differed significantly from controls,. the S

Y .'\'

N : Hodgkin s disease and imunodeficiency g_roups were marked by a. complet:e

; 2

The whole population devia,ted signifid’antly from the expected B

.-,9-.. f

(U K: ) frequenciea for all haplotypes But r . Rl. R,

r' and R were absent while R ﬂnd r were elevated These differences
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have been ascribed to founder effects. coo "'-';2» Do w

‘and” R were reduced‘ 1..}_ DI
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‘~_,grouped together as "Embryonic tnmours

o . . INTRODUCTION

In 1973 e'patient suffering ffom Common Vhrieble'Immunodeficiency,

(€.v.I.D.; Primary acquired immunodeficiency) was admitted to the General -

'_Hoapital St John's Newfoundland for investigation. During this,

[

thnt there had been many cagses of cancer in
. u— ‘

The typee and nunbera of cases.

'admission the informatio

',his,extended family was revealed.

L

C ot

;vbeing. Hodgkin,s diseaae 7 Lynphoaarcoma 4 Leukaenia 3 ant 1 cage"

PRt

In addition to theee cesen of

'~y BRI

neoplaatic dieeaee and counting the ubove petient, there were 3 caeea

~

. ',: ) These findings led to a lerge multidieeiplinary inveetigationi"

\

of the‘isolated population of which this family forms a major fraction..
The present study 1s part of thie inveatigation.; '

IR -
1

e o A cluater of cases of a epecific disease or group of relatew..

.diseases bccuring in’a. limited geograp%ical are:/jufgeg;s that an- . -
e environmentel agent playeja mejor aetiologicel ole \-Environmental L

O

) 'eewage. : g o T e "a“

A'agenta active in such situationa are.infective organiams physical
“agents such a redietion and chemical agents for example mercury or '

asbestos.x In the case of pathogenic organisma, limitation to a

defined erea euggeats two poeaible explanationa, first that theworganism -

'is transmitted by a vector or possibly a human carrier, or aecond that&?}
f .

.

a septic focus exista, for example a water supply conteminated by IR R
SO A
Although a circumscribed occurance most immediately suggests
. .

'/‘

an environmental basia the alternative explanation of a, genetical ':f

: predisposition of the population should nqt be overlooked This is

D e e A A P g s e

¢

’ ﬁof each of the following, Retinobleetoma. Rhahdomyosarcoma and Neuroblestoma,j‘F'

of C V.1 D.-and 1 cese of benign thymome, (Buehlercet. al. 1974) Zﬁ‘ 3195‘”
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e
A

7

the decline of this dieease my be du

L s

-
i

pveh mre important where there ie reason to suspect that the population

is relatively isolated whether- by geography or sOcial cugtom and there

is thqrefore‘ n higher than usual' c.o-efficient of .inbreeding present,

as is the case for the studied population. e

4 I

)3 N A’lthough dieeases are often referred to as genetical or
environmental t‘here is baeically no sharp distinction between the two

i . C T ‘.,',"4

In the vaet majority of conditiona both will play a part often in

o A varying degrees making it difficult to deeide whic.h has the greater

.

inf 1uence ‘.

Buhonic plague of the Hiddle ages wae undoubtedly a “

However

1

plague because opthe poor nanitatjion a;d\}ereonal hygiene‘.

I
-"\\<.

not only to improved ‘nvironmental
condititps/b/t‘xt also to a change in population etructure, due to

[

selection of mre reaistant individuale es the breeding population.
releCively recent. and conpelli’ng example of thia ia the

efﬁect of myxomatonis on the rabbit pOpuleﬁion of Europe. _ This :

K disease was spread deliberately in a; susc:eptible population by man,

o A

- the disease gave an extremely high death rate in the population and“. BT

e

the number of rabbita was markedly reduced; Since then the population -

o N

has recovered, the disease hag -a much 1ower rate of infection and the '
. . -l
death ‘rate in infected animals is loy, these changen are presumably

due to selection of resistant individuals as the breeding etoek.

N oy

interestingl behavi ural chanse :ln tl're pqpulation has alao occurred

in that prior to the d'isease rabhita tended to live underground' in -~ o
burrows whereas the preeent population epends much nore time abov'e
’ D

ground and tend to have less cont’act with their fellowe.
In occupational diseasee environmental factora are of

s
,o- .

paramount importence, for example, meeoepithelioma cauaed by inhelation

P

- grieen e
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’ i 1 3.
, / . of asbetos f'ibjrrs of a very limited size range. - However ‘even. here ’ NS
' ’ . . oW 1 B . N o ' - ) i
e T genéti,cal factors almost, certainly play a role, not all,'workers .
, expesed to the correctly sized particlqls ~develop the condition. /
") , Although- the incidence is somewh'at~ dosé-dépendaht the 'correlatio'n is : B
' not, absg&ute and rare cases occur in w'hich no exposure to aabestos o ’ "”-:_5
AN L can be. demonstrated ’ ' y , o ‘ ‘ o

In Medelian diseasea, for example, Tay-Sschs where the _‘ s S

. ‘ 3enetica1 aspecta are of overvhelning importance, it is still(ﬂ’ét s ’
” possible to rule out some enviromlental influence..‘ It is poss’ible ;’: ‘ R
P that a suitable diet Lnay lead to s,relatively nonial 1ife and life \'-,"" )
f:f - expectancy as*islthe caae for those individuals heving phenylketonuris, |
"" P and in these the ‘diet needs to be nairtained for a relatively short R 3 .-; N
S o period of time. T : ’ e ‘ i o
"', R W T ; . N ’ "' Lo © A [ ’ L "~ ‘ ,l - " : ! a “A "\'. ’ . ‘ .
. r- Mnst conditions fall somewhere between these two extremes asxv

is almost certainly the case for/ the population studied herein. {It N ) \ ‘

K L=t

et fmay be pos"sib'leu to assi-g'n. a relative:risk'-for_.each fsctor end o R P
= . o - studies are being .pursued towards tl\is €nd; ! ' ’

R " - The study of genetical factors -Tay be more easily accomplished
‘ . f ' - since t:here are 80 many markera available and even in an. inbred N :“ “

Vel . population these may be Iinformative The Rhesus blood group sys _'em,

for Hodgkin 5 disease or other malignancies. !
The}hesus ayatem has been imp],icated in }lodgkin‘a d sease I et L
. W ‘r'-r ’ ;
by earlier "btudies on randoml)x collected pstients. In five 8 parste S CR
/ stuaies, performed dn” several different countries (Table 1) here ) 4 ' )
) ,.has been’ a slight but consistent excess of Rhesus (D) negat ve’ ; B .,<
A ’ VA

+ ' R
B IS ot



















T ~l .
o 1 e
M ,
a:.‘- - <
- Te
v : i3
, e

*
3
;
L
. & »
R
R r
. 4 ‘
[ } .
l‘ N v
.xt.
! -‘}. R -
BT TR
PR |
B o e
HEERS . .
PR Y
W D
\

5 -‘-Hodgkin & .dise

|

1".

a4

‘

—

L

.the actual,genotype of each tegted péison whére péssible.

is data to derive frequencies for phenotypes "haplotyp

pétients and their families. the immunodefic

e

» .
_OBJECTIVES OF THIS WORK X
. 2 L r . ’ p
. The objectives qerb;’fitat'to type individuals in the study

\and

ul

:‘:fé;gbthef‘bé {iatioTs and finally toﬂexamine the Rhesus data for the f'

/‘

i ncy V

Third,.

pulafion foruthe antigens D, C, c, E & e‘guntrolled by the Rhesus blood
msau.

.







'~ the first to givé a-. histopathological descrip-r:ion. a'l‘h

A e 10.
o x A
noocxxn S DISEASE , - =~ - ' ' -

The recognition and classification of neoplasm of lymphoid

tissues commenced in 1832 when Thomas Hodgkin first descriged the

r

condition wh‘lch was later to bear his name. The process may not yet

!

~be complete, s'ince as"recent—lj} as 1958 'Dennisﬁur tt described a,

/
"new lymphoma" which now". bears his name. Leukaemia was desctibed

independantly in 1845 b}* Craigie & Bennett: and by Virchow, the latter".'

~

obviously having a clearer concé’pt of the ﬂiseaae, also

[ .
termed lymphoearcoma The folucular (nodular) lymphomas Were rthe next

to be defined by Brill Bach & Rosenthal (1925), two cases were , r f
described and the exquisite sensitivity of the tumour cells to radiation

.'f'ﬁ

thera’py was noted. , Oberling (1928) separated reticuloendothelial

sarcomauiﬂ_m myeloms and Roulet (1939)- separ&ted a further group, the

" retdeul cell sarcomas. The . mostrreqent entrant to the lists is

—

Burkitt 8 lymphdma, (Burkitt 1958) P il : o
. Hodgkin described mainly the gross anatomical £indings of Do

" the ‘disease whilstl Langhans ({72) and Greenfield (1878) were among

recognised the presence ‘of lerge multi ucleated ells and Greenfield.

IR

made drawings of these 48 seen by low power microacopy.- Stern’berg Loy

(1898) end Reed (1902) are hovever credited with ma}“ing the first \

A

definite descriptions of f:he pathology, the lal:.ter publishing excellent B

’y~boch S

' differentiating. two foms of the dingase, uleukae-ic and aleuksemic. t.
_ ' _ L 'l‘he vn'ext/sdvance came xtrmch latet wh\en Dreschfeld (1892) and):‘-..' \’
Kundrat (1893) distinguished from‘ aleukaemic 1eukaemia anottlierr group B
of cases. In the 1attet‘ the malignant cells retrmined t:ontfin_ed to the
lymphatic syetem for relatively long perioas offtime.' These were '"\»
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sketches of the large multinucleste cells now termed Sternberg-Reed
- _cells, o *

Wilks (1865) recognised the anaemia and cachexia.that accompany

v

Hodgkin 8 diseaae and in at least one case noted an interpittant fever,
*

but it was pel (1887) who described the peculinr cyclical i

!

~nature of the pyrexia which is occasionally seen in this‘diSease.”

¥

Reed noted that in five caaes tuherculin was. administered

- .

‘without elicting a response, even though one case had concurrent o I‘j :
C w,':{ "-.i;g active tuberculosis. A ,,.. ."i‘ ST ;‘1'ﬁ \“ .

:Qtu.'n ﬁ<f"f: fl'fi,.;-{I"}'{ Pusey (190#) was‘ihe first to use X—ray therapy in thie

. f;; 3.Av.:f "rcondition and in the early 1940 s the nitrogen mustsrd derivatives 1”._'4;;;h,ﬂ7

Y S became available for chemothernpy to -be- followed in 1948 by the antimetabolites

'-_iu L e T

which wefe introduced by Farber and ﬂolleegues. o

i %

' Aeliology & EPidemiOlO"X_Df HOdgkin 8 Disease . o S

¢

;n-' . , ~ Dite to the 1ack of an acceptable.animal model for Hodgkin s ‘ ’ ‘&

. ‘r\\\ : disease experimental work on the aetiology has been severely handicapped S
3 . . . g

' ‘ ' [Althpugh a.morphologically similsr or identical tumour occurs in dogs_

4

—

B o o /?~the incidence is-soflow ajiqsporadic as to render them—elmost valueless
-iMoulton 6 Bo?tick 1958 uires, 1969) : '- A ’ ; i ' -",_'

:;7'. N - l . L The age specific incidence curves for Hodgkin 8 disease ‘are

J::H» _in most populationa bimodﬁl. The two known exceptiona heing Japan and

the southern United States of America (MacMahon, 1966) MacMa on

. Co arguea that Hodgki s disease may not be a. single entity but probably

jh‘;‘f : .. two or more having distinct aetiologics.-' = R ' o ' l ’ B
s . . . i N o R . N . . .. . :

The disease 1s generally Dore prevalent in malea, but the R

,

v ' sex ratio’ is not the same for all age groups In the 15 to 34 year

by

H ) old bracket the: male to Eemsle ratio is low, being 0. 91 - 1 20 but .
L , T . , o ST

S S
SO
" o e e
PLisea PALSE VOO g hnrill)
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R - family have been repor%ed (DeVore & Doan, f957 Razis, Diamond &'

"Craver, 1959) Moet of thése reports involve siblings with the times

- - " . L ot R L vt LY P ST u !
: I - . ot At RN PP - - Lo . 2 LY

increases sharply in the 35 - 49 year old bracket and reaches fire

. highest on the 50+ ege group wité values of ‘1.44 - 2, 35J In chiidren ~ °

under 10 years of age 852 of the cases are, mele, Ehis proportion ,alling

in the. 11 ~ 19 year age group’ to ab%ut 60%. AfteL age 11 the inc ence;
\
rate increases and the increaee ia greater for females. thereby _

decreasing the male/female ratio. Hiller (1966), cpnclu#es thatAthe

change in incidence and sex ratioe occurs at_about age 9 and he euggeete E

'n.a possible association between the disease and the prepubertal

; . »”

"_involution of lymphatic tiasue. W 3 -:,- “?j el :fﬁ

. ,y .
: . o . ~—

Casee of more than one case of Hodgkin 8. disease occuring in P
b

tat I
s 3

of onset’ for the disease Heing often relatively close together. The mean e

o
Ty

difference in- onset for siblings being 2 6 years while the mean age
difference‘b een eﬁfeeted siblings was 7.9 years. In seven of
twelve cases in w[ich a parent and child were affected the onset wa%

relatively close in time;: There have been three reﬁorte;of the

. 3

occurance of the dieeaee in huaband and wife, in tws of" thes::§eees

the onset for each member of the air was cloee in time (Maz &'Strauss,

1951 Brennan. 1956 and DeVore and Doén, 1957) Priesel &. Winkelbauer T

(1926) reported an’ inltanee of - apparently congenital Hodgkin 8 disttné

K ’r"l

+

in a girl of four monthe old in whom lymphadenopathy was present from
birth her mother had been diagnoeed in the last month of pregnanry by

cervical node biopsy The&e data suggests the involvement of an

B ¢ )

envirdnmental agent in the’ aetiology of the disease‘

-

'. . .,
There appears to be.an associgtion.betyeen prior_dnfectious

mononucleosis and snbseqnent development of Hodgkin?s disepee. ﬁnkee et.

| el

22

i
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a :.failed to roduce. delayed hypersensitivityreactions in the majority of ¢

al (1J69) report that celle indistlnguiahable from Sternberg-Reed "

cells ppeai' in the lymph nodea of individunls auffering from infectious
"mononucleoais, arid have suggented that "infectiou- nononucleosis on’
L S
raré. oLcasiane max not be a self. 1im1ting lymphoid proliferative o
;

A'condition, but the initial fnfectious epiaode preceeding neOplaatie t".?
AtransformatiOn" o . o ".“A. - -. BRI ":?'“
0. e P : ‘e : ¢ vl 0.
~‘1mmUnologincaf pefects . ' '. ‘ —~ n e r " _ ‘7 _,
a Mention has been made of the 1ack of delayed'hypersensitivity:{v":

. .\: .

L‘to tuberculin, but anergy is not confined to this meterial.. Trichophyton

. 9., ,"‘
. gypseum, Candida albicens»and Mumps skin test antigens have a&so

o
e \ .
o ¥ .

P N b R ST

:'_patients. Similar 5\esulta have ,been obtained when using c.hemical SR

' R

! v

' allergens such as 2 A—dinitrochlorobeﬁzene, as the tedt reagente.,. '
Paired in most: patients Kelfy RN

Rejeotion of hdmografta is 1ikewiae*1

fet. al. (1958) applied full thickness skin grafts to fiftéﬁm patients, o

> - :
» Ve

1'oniy in three cases was the time of rqjection normal while &n two cases~ ’ ;L;

& - N R
-it appeared that the graft had taken permanently. «; o ‘f .

"

Except id the terminal stages of=the(diaease the antibody ':5'}’:"i71;5£

reLponse Appeans to be normal, at leaat for antig%ns préviopsly c Lt

- o~ A

* -~ ®

'experienced.a Howeven the question of w7ether of not primary antibody

Vresponses are normal iB controversial The investigationa of Aisenberg

1] i; &
»

‘(1964 & 1966) in which untreated patient? were tested suggest that'f‘_i 7“:__r¢."‘:
here too the responses are normal excepq in the far advanted tases. . Ny

. ‘ Immunodeficiencies whether hypogammaglobulina%mias, cell 7
mediated immune deficiencies ‘oF both and whether natural or the result o
s -)-. g

- of immunosuppresive therapy appear to conaiderably increase the risk ‘of

-

deve&opment of” neoplasms.:nminly—of the lymphoreticular pystem. ; - . Li;.f’
o ol 13

n,-u PRI LR
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Kersey et. al (1972L\£:pprted that datslfrom the Immunodeficiency*Cancer

. L X
Y S ‘registry demonstrated the occurence of 151 tumours in 145 imnunodeficient

patients - The rieﬁ of a tumour developing in. sny given patient “being -

- . . *2 to IO7 depending upon the type,of immunodeficiency. -0f the- tumours S
- . . . '.‘ ' -
S T_Nh repk_ted 75Z uere eﬂther lymphoreticulsr neoplasms or leukaemias. This
- - . \ K W

- 1g cohsistent with the hypgthaaig that individuals with a primary :

‘; immunodeficiency have intrinsic abnormalities of the lymphoid tissue d,':f r:”‘-;Ji -

‘U{f;:)izgl}-jh which predisposes thga'io an increased frequency of transformed cells:'

" y~\,
1

1
T
A AN
g

[.E?;%j and/or sn insbilityhto eliminate transformed cells. iJ patients '; }"ff‘\'j:'”
SN R L ,';'7 e
suffering from C V I. D the incidence of neopladtic disease is {::‘7.:“3 T

‘.‘ ‘v ¥

~‘'”.'oapproximzrt:ely ﬂz,with a peak in the age group of 51 to 60 years, aFthough K

L the tumours occur at all sges from 0 to 70+ Of 4l csses involving

R, “f:l' 3\C V IlD. patients 26 had either lyphoreticdlsr tumours or leukaemias,‘_‘ﬁ -

B o ,'ﬂ ,3‘.-»* N T‘.' : v l " T
08 TR Approximately,63z. Penn (1974) confirmed this on a smaller series of
,M.‘: /'.‘ "‘:‘ “A',’.,"_ ’.‘.v_ v . FRR N R L ) “'»

‘ _atients #nd. extended the findings to include those individuals _.;, R 'ff:

undergoing immunpsuppressive therapy for a vsriety of reasons, mainly

R ' :T:"T rggh transplants, here too the incidence of neoplasdic disease
~ L T '(".' B

RV % was markedly eleVated compared to the population ss a whole again\

é:I.? . f;; . ‘-:' with lyphofeticular tumours Lnd leukaemias forming a large proportion {.f L Cf*i;

T L - S 'jq N \ o _:_‘ e-, e “. C e e
TN B T AR of the tumours present. ,:'. : ,”:“_ ';':.a- yn..; -

'.-/jff;l.’.y.fi‘::_: .. _3 pook & Shepherd (1977) interviewed 25 Rhesus non—responder
. L and 21 Rhesus responder male blood donors coucerning their medical and ) A
o ; ' :: \'- . - [ ,' ¢ ‘/ oo «; ’ ., , .
;fﬁl ;.jpj: _.:' family histories._ In 267 relatives of the non—responders there were ”f i.l-*;:t::\f

~v

A ‘ ~:Vf‘ \\ ll»cases of[malignant disease (13 confirmed from case notes, deathf .’~
R ZEURC . 53 certificates or both), while in 297 relatives of the responders there‘

P‘\ -'.

were only 8 cases of neoplasia (6 confirmed) Rhesus non-responders are e "'ff s

s

Rhesus (D) negstive individusls who appear dnsble to respond to the D" C T .
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ASSOCIATION OF GENETIC MARKERS WITH HODGKIN'S DISEASE * 7

w

Amiel (1967) reporbed that HLA antigen frequencies 1in-

Hodgkin's disease patients wer abnormal, he demonstrated an increase’

+

in thé frequency of the 4c antigen {n this group, the 4c anitigen hgs

since been subdivided into the cross—reacting.HLA antigens B5, Bl8 5

I3

- B35. These findings have been confirmed and extended by other

workers (Zervas et. al., l970 Thorsby et al., 197l and Forbes &

Mortis, 972) _A different deviation was - independantly reported by
‘ Kissmeyer—“ielsen nt..al (1971) and Falk & Osoba (1971) when they
{‘demonstrated an inctgase in the frequency of the HLA antigens Al & BG .
'in Hodgkin ] disease patients.- Svejgaard et. al (1975) have published

an analysis of the dsta available for 1500 patients and found a

.

significant deviation fotr each of these antigens iu’the Hodgkin's

: 1

disease grOup, Blé shows the higheat association and B8 the lowest, in
L

this group of antigens. . ¢ ) -
_ Falk & Osoba'and ﬁissmeyer-Nielsen have pointed out.that the
.

duration of survival following onset of the ﬁisease may play a role in

i\'-

the observed-fntigen ftequenciesfof the Hodgkin.s disease.group. -To
'fuhly evaluate'the~part played‘by HLA.antigens in relstion to
susceptibility to. Hodgkin 8 disease the pstients should be studied as
~ soon after onset as possible. By, then following each patient it is’
- possible. to determine the relationship between the various antigens
and long term survival v The HLA antigens Al9- & BS are associated vith

P

“a poor prognosis9 but - BB seems. to be associated with a high survival

. rate at the five year pdint. In patienta who th recent onéet of the

disease there was ‘a decreased frequency of. the antigena HLA A3 & All

@

which-suggests that these are associated“in soue.nanner,with an increased

N

oy
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’ resistance to this condition (Falk & Osoba, 1974).
’ The data on association of both the Rhesus antigens and the
, .
ABO 'antigens with Hobgkin'a disease has been reviewed by Mourant (1978),
) . o A . . ) L3
2 - the association of the Rhesus antigen & with Hodgkin's disease is
K} .
“ - stronger than the corres'ﬂonding association of the ABO antigen O and . _
b .
R . both are weaker ‘than any of the aaaociations between Hodgkin'a disease :
. {f: - ) -
: ? . o and the above HLA antigens. . In the Hodgkin 8. disease patients bott) 0 ) -
; - ‘i‘. o o -and d demonstx:ate an increased frequéncy when compared with control LT
. ( ] . . " ) i « L.t ’ - o 2
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GOMMON_VARIABLE IMMUNODEFICIENCY (C.V.I.D.) ’

o

: erythromatosus haemolytic anaemia, thrombocytlpenic purpura, '

.

This group of immunodeficiencies is :’presﬁinably heterogenous,

- with a fairly wide range of age of 'onset, differing considerably in the

component or compdnents of the -immune syst:ém which are affected ‘and in

the degree to which !:he.;.ne afe }in'volved

- The aetiology is obscure, low ;meunoglobulin levels are common,

}ith one or mlre clasaes of immunoglobulin involved.\ The condfitiou

usually occurs in ‘adults in the absence of any obvious céuse." In

i approximately 167 of cases there is an association wit:h thymoma and :

i

some pedigz"ees auggest q genetic basie. Lymphopenia may Se preaent':

. r

while relatives may show auto-imune manifestations such aa lupus

o~ oy

- pernicious anaem:l.a and- poaitive serological tests for. rheumatoid

arthritis amongst others (Rosen, 197-1).

.
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THE RHESUS BLOOD GROUP SYSTEM - S

o Levine & Stetson (1939) described a +€emolytic blood

rd

Y ‘ transfusion reaction in a post-partum woman recently delivered of a

»

3 ( still-borp child. The blood tranefused had been donated by the ABD

compatible husband. The patient'e gerum contained a blvood grouf:

r ' * antibody reacting with hex husband 3 red cells and those of 80 of 104 ' . 3o

- L A o ABQP compatible random donors. The antigen detected was shown -to ’oe

= e a7 e

[ . genetically independant of the Eﬁén known blood group antigene A, B, O ,

s

UM, n P R T T :

-y

o

In a brilli nt eyntheeis the authpre suggested that the

) LT o NLoman ] antibody reulted from immunisation by rthe paternal antigen which =
AtY .

had been carried by the stillborn child and that this antibﬂ)dy caused

the haemolytic transfusion reaction in the maternal cireuletion They B

e b Y W AT e i i

]

didnot propose a name for the antigen. Later it was postulated that this

A

.antibody 'by crossing the placenta and destroying the infant 8 red cells '
had caused the,__isfanj 8 death This postulated aetiology of Haemolytlc .

Disease of the Newborn (H D N ) has been confirmed on innumerahle

€ L - ¢ .
o ) ] ‘occassions for tnany blood group systems. N L o . ¢

A year leter Landsteiner & Wiener (1940) immunised rabbits and ) J

. guinea pigs with the red cells fof the monkey, Macacus rhesus.' to find~ % . f

K ”' ' _that antibodies produced react ot only with the monkey but with - human |

| | red cells also. The erythrocjtes of approximately 851 of randomf

' Caucasian Neﬁ York donora vere agglutinated by these - sera. These o R =
individuals!were termed Rhesus or Rh positive while the lsﬁfl whose cells
Iwere not - agglutinated were tetme‘d Rhesus negative This re_mai.ne a & '

basic end very importent distinctioh in this eystem.‘ - r . v 3

P
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It was then shown that the specificity of thése sera was
apparently the same as that present in the case of Levine & Stetson.

With-_the passage of time discrepancies|between the reactions given by

A# o the animal and human sera came to light. All new'born infants

N ) irrespective of their Rh group as defined by human antigera gave positive

reactions with the animal antisera, thOugh those who were ne,gative
\ .

. with the human mat{erial gave weaker reactione with the animal reagent:s

e I than did those who were" positive (Fisk & Foord, 1942) .

Tt .
“ . oy A

Hurray & Clerk (1952) then made the surprising observation ' v‘-

R

- T T LA
(€ o N L EE b

» that injection of eat extracts of ‘human Rh negative cells :Lnto guinea-'_g-,_._:_

P

’ o piga led to produetion of an Jpparent anti—Rh in ‘a large proportion of
N . S e
these animals. Th.is finding was confirmed and extended by Levine et.- al.‘ T

(1961) who reported that this ant:ibody could not. be blocked by prior

. exposure of the erythrocytea to t:he human IgG antibody although human

IgM anti-Rh could be blocked in this way. ) o . TN

Human 1gM’ antibodiei are - frequently termed cotnplete and the
. :.' A ; g ’ IgG antihodies termed incomplete.v This refers to the ability of these . e . [ a
e - , . antibodiea to give agglutination with positive cells suspended in a .
J - o S saline medium. Under these conditions both will bind t:p the antigen

but only IgM is capable of the aecond at,age of the reaction, agglutination.

x-l

Race & Sanger (1958) investigated the blood of two unrelated

individuals, fboth were Rh or D. positive as the a’nt,tgen had been termed

- " Il -
en s e i

: Both had. apparent anti-D in their aerun- which failed to react with their

- ' u own red cells and with the red cells of the other but did react vith

all other D positive samplea teste)d In retrospect it :la obvi.oue that . v

"

_* B these were the first e#(amplee of human anti-—LW fLW was the name' giVen, A J
X

o An honour of Landsteiner & Wiener, to the antigen detected by the animal
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cLn "'common metaholic pathway, ht leaet in part leading to the fomation of

v l_\antigens of uhe two syateme.‘_ Extremely rare individuals exiat whose '?—I' o

S ”Rhnull and they also laek the comon LW antigen. The -convarse rdoes ,not

.. are ?.H ‘negetive /!re '}reg_ardedes ,_homozygous fo-jr the ra_te teceas;__ive

ﬂ; allele lw. . tv‘ni,': o Co '.

Fa

eells lack all repreaentation of the Rh antigens, these are termed

."

‘A

21.

e S
‘#ntiserawhen it became obvious that antigens detected by the animal

and human "anti—D" were not the same.

In man both the Rh and LW eystems are found in the rhesus
- #
monkey only LW. It was however :lnnpossibleJ to change the name of the
human "s?éteﬁx at that time jo the pname LW was given to the system

common to man and monkey. . T 1 -

In wan the two systems are genetically independant but they ek

interact at the phenotypic levell which suggests that there may ba. a

v

., : ‘4 . 4

v

apply, ind-ividuals exist who are LW negative but have the normal

complement of Rh antigens. The presént view of the interactiun is that

.,

in man the Rh genes are mandatory in order to supply a precursor

substance on which the. LW gene can act hence all Rh null individu

who
»

must_ be LW negative,‘ Thoee pereons who have normal Rh antigen

\b-l—‘

R i \' L o
. In the vast. majority of. cases the Rh ull individual 1is LW/LW

or rarely Lwllw. 'l‘he situation must be more complex than the above '

suggests since the strength af- the ¥ entigen :Ls influenc.ed by the D

K status *;f the - individual 1w positive Ted cells from D- negative persons—

frequently fxﬁl to agglutinate with anti—LW antisera though they do o

absorb the antibody. This may be due to ‘a. diEference in the efficiency

with which D poaitive and D negative red cells hroduce the required '

' preeui’sor _substance. An alternati\g,e possibIe explanation is ‘the -

Lk oo e P By o g
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effect of one antigen on another, as is reletively\comon in the

Rhesus system. C vhen_ in'.transposition to D frequently wegkens the D
i ; .

antigen: so that it types as a p* antigen, hence the preserce of d in Lo

double dose may weaken the LW antigen. ;

Since the LW negative individual, /1w 1is ‘exceedingly rare

. i‘ and the hetit;clglgote/ﬂ/ lw cannot be distinguished from the homozygo:e
gﬁ‘ ‘ p LW/LW—EY’;G/ study reported in this thesis has been confined ta the Rhesus
)
‘? " blood group syst)em.’} '. ! n Ca - o S
3 . By 1§i.1 ‘it was. obvious that the Rh system was not as Simplef ag " |
" i | ‘POSitivepor negative, bg 1943 the American workérs had three and the -

British ’four different antisera a11 of vhich had strong associatione .
e - .

B . g s ,l - . l'with one another‘ but giving diffeTent patterna of reactions,‘ ,"Fisher
E ' : | (1943) studied the "results of testing red cells of given individuals '
‘ 4 ‘ ' with all. :four British antisera and noted that two were giving
té antithetical, resulte. That, 15 1if one ,vas negative with a given‘cell_

. safnlﬂe then the other. was. in\rariably positive. These two ‘he named. ’

C & c, the other two did not give antithétical results to on%enother S0

. he’ named there D &, E and poatulated that the antith%tical antibodies .

-would be found, that is anti-—-d and anti-e, Anti-—e was later .detected ' . . _: N

- hut to date no example of anti—d has Leen found' it ie:.ther‘e‘fore,:

generally accepted that the d- gene "1s an amorph. 1e this is the cns'e

'ir provides yet a further explanation of the veaker reactions given by.
4

’ ,D'mbu_positive cells with anti-LH. .

- ~
L

b . - ’ Anti—D was the epecificity, of the antibody discovered by .

Levine & StetaTn. The diatinction betveen D positive and D negative

1ndividuals remaina .one of _paramount importance :ln this syatem.

<

P

*Ihe:e,is considerable con_troversy over” the_ exact genetics of -

L
bl g
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‘the Rhesus system, one group of workers ingist that there are three

extrewely tightly linked loci each of which has two major alleles,

. these being C.& ¢, D & d and E & e (Race, 1944). The linkage must be o £

B s Ml e s e w0

e SRR AT e o
S T -

'? extremely tight as there is only one commonly accepted example of a !

?f “-‘probable cross-over, in a Hutterite family the ;ither'a probable

¥ . ’ o

.‘7,‘,!'-'.. ’ ’

b . genotype is CDe/cde while the mother's genotype 1is cde/cde, there are

z

.%ﬂ : seven children with the two possible non—re#ombinant genotygee, that ise f
2% \ o

j%}’ CDe/cde or cde/cde but there. is one with the genotype, Cde/cde, all other

CE :

. genetic markeqf studied fit with the parentijand in view of the

religous beliefs of the parents illegitimaey is unlikely (Steinberg 1965)

i I The eecond group of workers are insistent thet there fs only one locus , Ly .

for the system with eight major alldles each Df which produces many

ey . -
o S T IO T 1
- . oo

blood gt’oup factors (antigenic determinants) (Wiener, 1944) The

1

* ts
two hypotheses is minute.

difference is largely academic, the practical difference between the ' .'?'
The three locus hypothesis has been used §

throughout this thesis since it is felt to be a 1itt1e more understandable

.

.and the terminology nnre managable.’ : : N . ' 1%
L - . T - The two;allels of the three iqgi occur in all possible

‘ o combinetions~tolgive'the:eight poseible haplotypes, a heplotype beingl
a’'set of _vl‘inl_cec_l gehes which tend to be oageed down the generations |

tunphénged.' Fisher{ﬁi946) euggested'thetfthe7rater haplotypes had#®

o
-

resulted from eross—-overs involving the three most common haplotypes and

; ‘ that the,extremely rare haplotypes had resulted from Cross-overs

involving one of the rarerf haplol:ypea. In>the Rh'esua system nol: all .

L - . - haplotypes occur in all populations, cde, r, for example is practically

ebsent in Chinese. Even where Allado océur the frequencieSAmay diffex

3 markedly from one.popuiation to another, as they do for Caucasians and
.. [:v . ~ i N ) - - . .

Wty L CL AR T x ek
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Negroes The posaible haplotypes are listed below, together with a
\ -
shorchand notation and the Fp'pmximace frequencies for Caucasian

s

populations.
?’/ ’ Table 2: Rhesus ha;)lotypes, shorthand notation and 'f;equenciea. .
’g Haplotype ” Shorthand . Frequency -
:;J, ‘ CDe o ' } R -' .. ‘ 0.42 ,

R

e L By e o 0.14 ° SR &
Lo g [ "%(l L o 9.0 . L

Cde

P e

e
v .~
—

ha

-

~

- 0,017
IR ,~ Lo o R ."0«00"
CdE i Y : s | 9—09'
i .‘ I . . : ;', 1‘00

In the, shorthand notation R denotes that D is presenc in the
l a

haplotype while r denotes it 8 absence. Ina population these haplotypes [

RN SR Iy
. .

occur in pairs, one inheriteﬂ from each ;iai'ené chere ai‘e therefore"36 ! -
passible combinations (genotypee) not all of which can be distinguished ‘
'from one another. On testing with[ the f:we commonly available antiseta.,

P ‘ 'anti—n, an! i-C Afti-c, anti-E and anti—- . only 18 different reaction

:.’ . patterns are found, these ‘are termed phenotypes Each phenol:ype will

: contain from 1 to 6 possi‘ble genot:ypea., he number of/gcagnisable .,

f L phenotjpes can be increased by the use of rarer’ antisera, for -exampl e

:_anti—ce (a.nti—f) s chis am:ibody recogniaes a specificity produced by
. : \
l L " red cells <n which the ¢ and e genes are. in cis position. that is on

s
™

Ay

the sase chromosqme or_-pa.r_t of }the sa_me haplot.ype_. tThe phenqtype D+,

:C+, c+, E+ and e+ co_ntains the poa‘si‘hi'e .genotypes; GDe/cD};’., CDe/cdE ,

[ L ’

g . . . .
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Table 3

DC cEe
R
S T

% - may not be informative..

' the phenotypic- result,

are both possible.

Phehotype.

" the latter positive,

The other method of distinguishing

'ndf the more generations these fall in, the greater the chance of -

- \A‘ - L ' being able :’b deduce an actual genotype for any given 1ndividual

genctype for the population to wh

Genotypes

ﬁos t Probable

) C_De‘/ cdo

CDe/CDe

‘ cde/cde !

CDe/cIE -

cDe/cde .
) cf)e/cde

_cDE/cDE

In Caucas

cDe/tDe. , o

tween the different

genotypes_ which fon:n a phenotype is by famidy studies, but these too

The greater the number of individuals tested

-
P

In most- laboratory situations where the five am:iseta ha\%

been used for Rhesus typing the moat probable genotype is used to

"t

express the reault.s., The most probable genotype 18 the: most frqquenti/—

ch the: individual belongs which fits

ans the. phenotype D+,~' C+, c+, E-, e+.

most often re_presenté\;the genopyte CDe/cde, but Cpé/cDe and CDe/cDe

In Neéroes the genotypes CDef/cde and CDe/ cDe

x

A have almost the same frequency so no most probable genotype can be $

given, in &bth'raoes the genotype (Cde/cDe is much rarer,

‘

. v \
: Rhesus phenctypes, most probable'and alternative genotypes.

N

Alternative

”

'Eng/cDe; Cde/cDe.: ° | I

CDe/Cde.
’ .

- »

CDe/cdE; Cde/cDE CDE/cde, CDE/cDe‘ CdE/cDe.

¢DE/ ¢cDe; cdg/ cDe.

cDE/ cdE.

e -




P

, .

As can be seen, e:lght of the phenotypes represent only ‘one

SRSl T T T Ly

. genotype, in these cases the phenotype and actual genotype are synonymoua.

™

Thia is the level of complekity .at which the Rhesua system is

- .
commonly used, but the system is in fact much. more com;Tlex and may

. . “
+ indeed be the most complex genetical system yet found in man, the

HLA system is a strong contender and the Kell blood grou;i system

- ' L \
reveals more complexities each year,

For' each of the three'locl of the Rhesus system therL are

s

other rarer alleles ,‘ such as C" & Cx,. B! & es‘and Y. For the C and )
"E loci theradditional Jllelee appear to be‘- just that, for the D—d
. ? , ‘

. + locus’ however- the situation is not as att":__aightfoward. , The D" santigen -

o

is not recognized by a specific antibody,'-but reacts vith-sone t:hough

. not ail ;anti—D sera. 'I'he antigen appears l:o exist 1n two forms termed
e -

high or low grade., The former Teacts with nany IgM anti-D seta and

practically all IgG anti-D sers, while the 1at|:er reacts with a few IgM

5 L - - zanti~D and most but not all IgG anti-D sera.

) 26.
Ca ch/‘cde.‘ : -
"
"ot 4 -+ Cde/ cde.
e + + + + Cde/ cd® . CdE/cde.
-+ - cdE/ cdE. (
7.1- -4 - - ¢ Cde/Cde.
; +'+-- + + CDe/CDE . CDE/Cde; CDe/CdE. )
&
j +++ + - GDE/CDE - .  CDE/cDE; cDE/CAE.
: " R cdE/CdE, ’ .
! . -+t Cde/CdE . R L '
‘ Py +1 cOE/CDE - . coEfcar o l
R - G4/ CdE. o

Frequently potent IgG enti-D. ~

s
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serum and the —anti—humaq globulin test (A.H.G.') -must be ysed tlo 'detect
the low—grade D . . | _ - - -
The high—grade oY 18 almost certainly not due. toian alternative R
allele, in most cases family‘studiea show it to -be inherited as g normal
D antigen in the majority o} family lpeu_f:be’rs. In; those. persons in.which . ':

. ot - i . N
it is expressed as a " antigen-it appears to have been weskened by the

.. R s . N
effects of Rhesus genes on- the partnér chromesome, that is by Rhesus . T
genes in the trans position. The eimplest ‘case 13 that of the phenotype_ :
.D}f+, G.+ ek, E—, e+ and family 8studies show thet the actual genotype is‘ ‘

: cDe/Cde.,the D of ‘one haplotype beins weakened by the C of th other.

When this appaJent cD e is paireﬂ with cde as may occur in pirent or chilc‘!""
s - ]

of the carrier it is revealed as a normal cDe haplotype,"vith the D

L]
v

o

: ¢

antigen fully expreeseg ‘Both C & E ate capable of weakening D when iri L.
40‘

' ' ‘ gt s

the trans position, but in tlemaﬁority of cdses do not reduce the :

strength of. theD to p". ] ¢ . . )
The Jlow=grade Y acts as'a D® ‘antifen in all testable
' situations no ;ua'tter' what the p‘artner' chro_mosorhe bears, in "te'rms of Rh ;

i . o -

" ha lotypes, and seems to be'an alternative gllele for the 1dcus. Neither
' R s ! : B - ‘ ‘ ‘ r . .
_'type%"o_f p" antigen 1is detectable’ in the_ presence of a, normal D antigen.
) S . : ' b

N o °

4

The next compIexi'ty. 1s .the .existance of 'compound antigens,

‘e

these are detect.ed by specific antisera :Ln each case and al.l share the LS

property of being qoded for only wlien the two required alleles are ;n
3 ,. -

cis position, that ,is in the, same haplotype. The firet reported was anti—
‘ce, it first thOught to be anti—d later when it became obvious that it 5

was not, the name waj changed to anti—-f and it may etilL be so referred l .

L
J-?.,\_‘__J LIRS

. to 1n some gqbiications. Other examples of compound antigens exiet in . o : ’

. a . . ’ o

chis system, including antibCe ns ant'i-cE.

. .
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-

;?"'Ai - The G antigen is usuallytincluded-amongst the compound antigens o

iﬁ discussions, but is strictly not a compound antigen, it is prodnced

by any "Rhesus haplotype which has either c and/or D, but not by thdsép
G . i K . ”

~with c snd d except £or,the rare Rhesus haplotype rq. This r

haplotype appears to be cde but the e seems to be . ‘a varient producing

the G antigen and some sort of C antigen. The term chpound antigen may

\

Ty " . S
ol ]

well ‘be a’ misnomer, the rare cells CD-/CD— whieh’lack all representation

’ At .
‘Ao‘ r. .

7B

: :f of any alleles at tﬁe E/e locus do‘in factireact with anti—Ce sers,f

g R TR S

SR S ;f-i although more;, weakly than"do cells with more pedestrian snd appropriate::flf~

.-,. " c 1 N I "

haplotypesw cD—IcD— cellslalso exism end these react with anti—ce in.an-;}' S

e -:..- - ,x W
'"It seenis’ possible fh‘; the‘ bsence of E in the cis Co
G A SR : e

position alters C & c. in.some manner and that the altered C or c antigen

- o o
r*-\ \.ct-'/

q".can stimulate the production of an antibody specific for the compound

2’ v
- L N >

.‘antigeh. L BT S R
Lo RN SR

. w"""'I.‘he type of cell mentionedlabové CD-/CD- & cD-/cD- are . - o
o WS o
‘ 3'termed deletion cells, in addition tﬁe cells C D—/g D- & -D-/-D—valso
A ; .

occur These d@lls lack all representation of antigens coded for by

"hf alleles an_the 1ocus or’lo;idrepresented by -;JThe ultimate deletion cell )
l - R . * |
: N 'also exists, %-—/-—- Or RhnulI The reeson that all the above cells aren 3 %&
.j, SRCES ’homongous is due to gherfact that deletion haplotypes are 8o’ very rareigj)“ ‘ 1{
.éﬂu lhe ;robahilitplof two non-relste; cerriErs mating is practicélly .‘i:fvil'l}lieai3*
“~;ﬁ:;_j‘1;fi:f; non—existenf All cases-so far reported‘hane beenﬂthe results e -
A ._,,.“ LT g

consanguinbus matings. usually first cousins. In first cousin i'?ings_ o

/ any rare gene or haplotYpe prescnt in the grandparents has a ) chance
“.,. "l‘ o" A -
of going to both cousins, 80 thae the chance of a homozygous'c ild being . 3

v""'u Lo .', .“

‘born to them is 1/16

. - . ‘l.,-“~

he Rh 11 cases form a heterogenous group, in some cases the"

' . .4‘ .
- A
-“o . .
Pa¥ o .." L

s . T .
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— haplotype is paesed on in a aimple Mendelian manner, but in othe;a C T

the Rh

since these are passed viito the offspting“

] -

-

’11 individual can be ahown to pgqgeas eorﬁal Rheaus haplotypes

i

I“‘i

.4-.,

T

s i _'~

The explanation for the .

first type is that khere ig either an actual 3 t‘ion of the Rhesus‘

loci or possibiy that there is a defective operator locus, while for the

.t

<

second group the Rh loci and the operator gene, 1f any, are normal but-

a very common gene needed to eupply a precuraor substance in #he

gene is present or an operator gene for this cammon gene is defective. ;é.

"

Sapger 1968)

<

.
.
.
<
e
.
. ’
Al .
« ?

o

.\.

\
" . .t
. b s !
Whichever is the case- this very common gene is no; linked to the Rhesus .
- - o 'n’ KB < ’ sl
f lﬁéi and it appears that one £unctiona1 copy of this geﬂe can supply
T A » I > , ‘_1 Ve ‘.
sufficient precursor to allow the Rhesus genes to functioﬁ (RaCe 6 T B
{Figures 1 & 2) : _ -
fa , " :‘.’ A ’
. ) : ’ Ny ,
Lo v W : o
) S8 - 4
y . ' ‘ N ) . ; . ta
. : oA B ;
. . ' , PR
o B o )
- g -
. . ' s o ;7
4 - - 1 ) .
. . - t
. - . g .
AN § a cT o
. r o N . -
' o P - i e
L - ' .. P
K N ¥ Cw
B .y l L, " v R -
prerREy ,3;.-..!}’}:_:;,(... L2

oo o
LN '_’ !

pathway leading to the Rh antigena is inoperative, possibly a mutant B L
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» ~Figure 1. ' o
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BLOOD CGROUP SYSTEN'S & ASSOCIATIONS WITH DISEASES

Ny

The aeeociationa of the blood group systems with variousﬂ
diseases may be classified as three types, 1) Genetic linkage, 2)

AssocWgtions with unknown mechanisms and 3) Associations in which;the '

blood grqup antigens are intimately.inﬁolyed in the diseasg mechanism.

[

Genetic Linkag_ . ' Q

b

_individual families because of “the: 1inkage of the 1oci. Ih the ff A

population as a nhole however there may be no- aseociation apparent

due to the fact that in different families the disease gene wﬁll tend ta-
travel with a different blood group allele due to occassional
recombination between the two loci. All the diaeases which show this.

type of association are Mendelian diSeases due to a aiTgle 1ocus in which

“the dieease gene is an'alléle. This class includes the following

associations, Rhesus and elliptocytosis’ (Morton, 1956 1957) ABO .and.

nail-patella syndrome (Renwicﬂ & Lawler, 1955), ABO. and xeroderma ’

'pigment03um (El—Hafnaw et. l., 1965) and Duffy and a congenital_cataraet

(Renwick & Lawler, 1963) One interesting association is between

Lm:heran,= Secretor and dystrophica myotonia (Dm), originally the

linkage wae believed to be between Lewis ‘and Dm‘but this is a pseudolﬂhkage

due to. the interaction of the Lewia, Secretor, Hh and ABO genes in a

metabolic pathway (Renwick et. al 1971, Harper et. al 1972)

The ndmber of the chromosome on which Lutheran, Secretor and ’
o 4 \.;

“Dm are located iJ not known at this time.‘ The relative probabilities for

K

‘the three possible orderJ’of loei on: the chromogome &re: Lu - Se - Dﬁ,,'

'1;7;_ Dm - Lu. - Se, ¥.4 and Se - Dm - Lu, 1.0.

. o]
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- with stomach csrcinoma and iln those with pernicious anaemia. Cameron

. Aisociations In Which The Blood Group Antigens Are Intimatelydnvolved
l

_group 0 ron-secretors (Clarke et. ala; 1959), still later it was shown
' affect& ascertainment (Langman &, Doll 1965). 'I'his report was: followed

'_“by others of similar associations. Clarke (1961f reported that the. -

'_.number of persons of group A was increased o‘ver expected in patients

'group A and salivary gland tumours‘ the latter workers also reported

| 32. .
Associations With Unknown Mechanisms ’
— F) - . . >
™. These are not due to linkage and the associations are
apparent when testing random sufferers of the disease. The first to.be - 0 -
. : _ . s
describeéed was the as‘sociation of group 0 individuals with duodenal’ ulcer, é)

/ 1 .
it was later .shown that the association with this type of ulcer was with.

1

that these individuals have a greater tendency to haemorrhage and this

L

-

,', . Lo " R o

>|A “ 1

(1958) and Osborne & De George (1962) found sn association between

¢ ‘ -

further aasociations of ‘this blood group with primary ovarian and

. . B
secondary ovarian tumours, the latter being more pronounced than the
-t

former. Glynn et. al. .(1956) reported that there was an excess of -
non—secretors in patients with rheumatic heart disease. In none .of these .. !
examples 1s the genetical or biochemical‘ basis of the association known.

'_infection is endemic the Duffy phenotype Fy(a—b-) reaches lhigh levels,

"th'é""erythrocytea,Athis tentative,'conclusiOn bein_g ~lreached by

P

In The Mechanism Of The. Disease

- - . B . . - i .
-y . ,

This type is at pfesent represented by only one example, which
is‘ Lhe role of . the Duffy blood group syatem in the aetiology of . .

Plasmodium 'vivax (tertian) ma,laria. In Negro- pbpulations where P./vf.vax -

but is very rare in other populations. It appears that both the Fy P .
B - - i Lo

&
ar_\d Fyb antigens petmit or facilitate the entry of the paraaite into

;j‘,ﬂ% 9 Sy gt AR TR [ R A
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1 epidemioclogical studies, - - . ;1“
: ‘In addition P. knowlesi can b2 used in an in vitro test with %
E' erythroc¥ytes of known phenotypes in order to determine the proportion
3 . 7o ' {
R , N o ]
'%, of dells which are parasitized under standard conditions, and this test
e . . Il )
K . : correlates well with the behaviour of P. vivax in vivo (Miller et. al.,
i 1975a; 1975b'and 1976). L ! : ‘ £
£, -
h The hypothesis that both the Fy and the Fyb antigen are -
A .
'fi, vdirectly involved in.the. suSCeptibility to, paraeitized erythrocytes is -
P N .
v - ' 3
R e 'supported by the P knowlesi test using the erythrocytes from three non— ’
'J% , i ',.Negro Fy(a-b =) individuals, two orth Americsn Cree Indians{and one Inuit
'{ ';, (Mason et al., 1977), all of whom were resistant to 1nfection. It
l:i-" _— SR seems very improbable that in tWree populations so widely divergent
g J 'genetically that a P, vivax resistance gene would accompany the (s—b—) 3.
B . ( g
. phenotype unless it were’ either extremely closely linked to or an. ’.t
k_ integrsl parJ of the Duffy locus. - I
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.‘thia decade and will be completed by 1980. ¢ vl

. 1‘ .
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POPULATION, MATERIALS & METHODS

- ’

POPULATION

The area was settied originally in the early 1800's by-a single

couple, several of their children moved a little up and down the e043t
to start two new communities. All three communities are within a

fifteen mile etretch of coaﬂtline, havensimilar geography and environment

.

and there has beenvgonsiderable traffic between them. ;'

’Until the late 1950'5 all treve; wasg’ by sea, ‘a gravel road

'f<then reached the area and has been in the procesa of Being paved duting

i

The ancestry of approximately 5% of the o ulation can be‘
P

traced back to the original pair on one or both sidea (1 277 individuals

l

'uf -a population of 1, 518) These people. form a very large extended
-family in which ali- the above reported cases occur. Due to the

'relatively small number. of. immigrants since the original couple

3

arl:ived there is a high degree of inbreeding. The population

structure can ‘be ,convenient}y d;l.agl_'ame,cjl‘as.in Figure 3. - . : .

.y




Figure 3. :

Populétion_structuré
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ot MATERIALS

’ I3

Venous blood samples were collected from as many members of

the population as possible, 1,133 being available for blood typing

-

teats. The blood was collected into edther acid-citrate dextrose

‘(A.C.D.) ot heparin and those collected into the latter anticoagulant
. : P v
were converted tbp A.C.D. by the addition of the appropriate quantity

o 'of blood to A.C.D, tubes within 24 hours’ of collection.

The blood samples were,t;\\ﬁported to St. John s where typing

A e T 35 i T3 Y b e i 2ot

for the ABO & Rhesus antigens was performed within three weeks of
'collection. Aliquots were atored frozen in glycerol at —20 C.. for tests

w. - for antigens of ocher blood grouﬁ aystems, for eXample, K k Kp & Kp

Antisera were obtained either from commercial sources or from

< [
- reo,

the Canadian Red Cross Society, Blood Transfusion Service whom we wish

r

. to thank for-their gift of antisera.- S - ' I B
- . ' . . . . R . ’ ‘{ ‘ .
) - Thr anti-huyman globulin -serum (A.H.G.) was purchase‘h from L

7

| .. , _ .
{ Burroughs-Wellcome, U.K. , R ) LS
¥ ‘ .
fe - ‘ ST . ﬂ
i METHODS B - - f § J' o
Red Cell Freezing . o - . - R

The freezing solution and it's use in cell freezing are as

R e s
.

follcys; tripocaasium.citrate, monohydric 9,70g; sodium dihydrogen ' . g

§~, ' . phosphate;ﬂanhydrouell.i9g. and disodium hydrogen pﬂcsphate, anhydrous .
: ‘ . 1. LOg were dissolved in 300m1 of diatilled water, 200ml. oé giycerpl‘

added and the solution well mixed. Cells to'be frozen were colieccédA ‘ I .
inté A.C.D. or converted to A.C.D..within'ZA houts of collection, the

TN
blood~ancicoagu1ant mixture was . centrifuged at 3,000 rpm. for 15 minutes - , .’

- to pack the red cells and the plaama—anticoagulant mixture was e

.rempved and discarded. A volume of fréezirg solution equal ;o ‘the
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volume|of red cells was slowly added and-this was gently mixed. This
mixtyre was then frozen in 0.5ml. aliquots at —20°é.

Recovery of Frozen Red Cells
F)

The recovery solutions are 5% trisodiupAcit;ate containing
le, 12, 8 and 4% of glyceroi respectively. The{cells were thawed at

oom tempefhture (18-22°C.), and washed once in each solution in

descending order of glycerol concentrgﬁiog, this was followed by three

washesAin.iséconic saline (Q.SSi‘sodiuﬁ chloriée golution). The
. waghéd“cglié were then éﬁqpen&edlip galineiat'ﬁﬁé reduired.cell

o copcentrationy = e T : S
L . '.: ‘“' o : - . " : / .
Low's Papain-Solution . . ,
B '.‘Z;dg'of.ﬁapain powder, (B.D.H.) was wieghed out gnd'titufatéd

?i&h aismalivvolﬁme of phosphéceibuffefedﬁsaline (P}B.S.) pH 5.4 .

with a pestle ‘and mortar, the Qolqme was then brought to 100ml. with

addition;l P.B.S}Qpﬁ.5.4. This'ﬁﬁq sto;ed qvefhight at 4Qé., then

Centfifugednét 2,000 rpm. for 20 minutes anq\the supernitant fluid

tran;ferred.to another contaipé&. . o

\‘~ , 16;1. of f;esbly égepared L—cystein.hyd?ochioride O.Sﬁ, was
aﬂded, the'volumg-waq brought hp;g.ZOOQl. with additional P.B;ﬁ.ipﬂ
:5{9, dispehsed in'O.Sng;aiiduqts.apd_frozeh'at —.ZQOC’un;il fequirJd.

A (. L e A ’

Oncé an aliquot was thawed it was used for the remainder of

H

-,
4 o

the day, being stored at 4°C. when not iﬁ'actual*pse and then

. - -3
S+ _discarded.’

Chown's Capillary Method =
One vplhﬁezbf a]riseer was allowed to enter the tube By

ot : . capiﬂiary flow, the end of the tube wiped and an equal volume of a 102

.Jsd;

P

e ey ST N e . PR
T . . - L .o
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recentrifuged at 1,000 rpm. for 30 seconds. ' The red cells in each tube

.‘ 39.

suspension of test red ceﬁl allowed to enter the tube taking care to have

no air bubbles- at the interface. The tube was then placed ‘in a special

. ' ! .
rack which held the tubes at .an angle of approximately:30° from vertigal e

'

with the lower end 6f the tube sealed by being pushed into a layer of :
plasticine. The tubes were left for the period of. time recommended for N\
each individual antiserunm then read macroscopically. Appropriate controls

were includedlwith each batch of tests for each antiserum. y -

Chown's Capillary Pagein Method

As for the above method except that the reaction mixture contains - i“

l

two volumes of Low's-1% papain’ solution, the antiserum was added to the

tube first, followed by- the two Nolumes of papain and then ‘the one volume

' of test,cells . The pppropriate controls being performed for each batch

.of tésts for each antiserum

Anti-Human Globulin Test

’Thie'teet was used for,tre detection of the D" antigen using a !
selected anti—b gerum. In an 8mm. I.D. test—tube (Luckham's LP3) two
volumes of anti-D were placed and one volume of a 5% auspension of the
test cells added thie mixture was then incubated at 37 c for 60 to

90 minutes. A lerge volume’of saliné was then added to eaeh tube, the

tube centrifuged at 2,000 rpm. for 2 minutes and the saline poured off.

The tubes were. then given a sharp flick dounward to’remgve most of the *‘}\

remaining saline, this oroceso uas'then'répeeted twice more. 'To each.
tube 1 volume of aporopriately dilutéd A.H.G. was added the contents of

"the tube mixed b§ gently tapping with the forefinger and the tubes

were then.exaBlned mdcro- an micro-scopically for agglutination. .

Appropriate controls were set up, with each batch of teatEILnd carried

s
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" Antisera

. .

. .
F
-

through with the tests. Since the antibody-antigen rdaction is

reversible the whole waehing:orocedure was performed as rapidly as

possible to minimise dissociation which could lead to falae negatives.

Controls

These were set up in parrallel with the

ests,‘carried

homozygous"donor, for example in C-typing with ant

N

cell was CDe/cde and the negative ce11 waa cDE/cde.

e In the A H G. test an additional c#ntrol
' e ﬁ“

consisted of group 0, D+ red cells- treated as followé To 10 volumes
of washed packed cells waa added 1 volume of an’ incomplete (1g6) anti-
D serum having a titre of 1/256, this mixture was incebate& at 37°C.
for—60 minutes, then washed thriee'And the cells resuepended-to a 10Z f

suspension in saline. After completion of the A. H. G. tést on each

f
\

)
eample 1 drop of these sensitized cells were added to eﬁch and the tube

A -

recentrifuged at-1,000 rpm. for 30 seconde and read mac oacopically

, -

for agglutination. Any tube in uhich the washing proces 'had been

‘1nsufficient would fail to give a positiva reaction wit the D

positive. The reference for this section from cell free

sensitized cells. In no caée was there ‘a failure of thij control to be
ling on was .
|

TSgitt-& Issitt (1?75). / . -

v

A11“ the antisera used were gifte‘from the Caladian

i

oy e g b - o s
.
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Red Cross Blood Transfusion Service, the anti-E supplied was reLctive C - L
. ’ 3
1 with saline- suspended red cells and was used by Ghown's cap;,Lllary methed, ‘
- -.-the anti-D, anti-C, anti-c¢ and anti-e were all used by Chown's capillary . (o
& papain method while the anti-D serum provided for the detection of the B “
% . l D" antigen wad used by the A.H.G. method. ~ .
k. ' ASSIGNMENT OF GENOTYPES ' : ' . '
£ | 0 ' "
gi All’ the common antigens of the Rhesus system can be detected T le
%{ : o . in the heterozfygote.with the exception of d, which is believed.to be ‘ n
3 . - B o . . o NS S
g . an' amorph and no ant.isermn reacting with thdis éntigen,is Anown. At the . - R
; basic level there are 8 haplotypes . in the ‘system, which are:- LN -
- ' : Table 4 'Rhesus haplotypes ) . ) ‘
5 . ) . . . . - ) s, KA
t ) . y Lo e . . . e . . '
£ , . ‘:Rl . Che o S |. Cde : . o
- . ' S N
R . cDE " " edE
2 . O . * Rt
AN . ]
, . + . . e <
R cDe - . 4 cde . N
3 o i o _ - v,
" T LR, ' CDE ‘ 14 . CdE .. Lo
. . ' ) L
o . i,
° These can be combined 2 at a time to giveft.:he' following 36 . . ;0
. ' genotypes:~ .Table 5 'Rhesus genotypes : RN |
" ¥ . L) it : y.y '
RlRl R2R2. ~\_R0Ro ‘ Rzl}z | ‘r r r'r rrx r’r ‘ o
. ‘ . | - : v . . _— P
. . , ) , 1 1n " , . .
- I:(J_Rz R.R . RR, Rzr rr rx T ] ‘ -
. [ n [ T A
RlRo _R2Ri ‘ .Ror . Rzr or'r. r r .
, ' 1, et LT Y, J
Rle R2r Ror Rzrj r'r ) _
4 " o~ N -
) ~er Rzr I}dr ‘ R r “ - ) o ‘ . -
L A y T - v ’ ’ T AT
er Rzr\ Ror . e i e e
s ) ] y s - . - :’ S
Ry ¥ Rzr . ) -
-R ry' - L
3 Y ° ) ; - .
’ ) Even when tested with the five most commonly available / 4.
- } ] ant"isera, aLti-ﬁ, anti-C, anti-c, ar{ti-E arid gnti-e, not all of Atlies'e. °
, LIS . R 3 - N - —‘
- - . y ’ .
L . : " » L ) -y e BRI,
L S T D e A B s e '—7"}"'1’.‘\‘."“';f;’-:.;" “?"17:"‘.‘;.:.?4 f'.'..’-‘afv'.":.'l:‘ilzi g




genotypes can be distinguished from one another. The most ‘comngon

genotype which matches the phenotype is usually quoted as the moat~

3 L

probable genotype . Even this- much 1s not al‘ezays poasible with some of

: the very rare phenotypes, .fox‘ example, the phenotype D-, C+, c+, E+, 'e+,
Y
has the two possible ngenotypee Cde/ch and CdE/cde,‘ and it is ot

possible to give the most p obab‘l‘e genotype ojn statistical grounds,
w, C :

since both are of about the eame rarity.-

e Th:l.s problem :ls com\ﬁoun‘ d by the different 4 equencies of f:h‘e_,.

haplotypea in different popufatione, in Caucasian populations the “

"f phenotype D+, uC+ c+ E eﬂ-, will. in the vast. majority of cases, ,4
represent the genotype ,CDe/cde‘ ;tather than CDe/cDe pr Cde/cDe, _the e
, latter being the rarest. 'In Negro .populqtions the haplotypes cde & cDe

R R have almost the same frequency, Cde/cDe remains the rarest possibility
R . . ', ? -
L but 1t is practically impoasible to call either CDe/cde or CDe/cDe the
SN J' - . B _‘ R YO T

- ]

Sk ‘ most ptobable genotyfe. .

r '.1 . o ' Togethet w:l.th the phenotypee,_t‘ne most probeble and.alternative

” _ _ -‘: ;egotyp'es are given for Caucasian ~populations in general In those caaes -
: 4- , | wher_e it is possiole the percentsge error occassioned by using the most
a ; . Probable Senotype for the phenot)‘pe ia also given.‘_. o : K
- J; [ Table 6 Rheaue phenotypes. anq‘genotypés \ T TR
s ‘,,\;,7.,::.,- o Phenotybe Genotypes : "7_‘3_',!,'.*“ __-,:'; : IJ / -

-

+ + ey +‘ +] [C‘.De/cDE .},cne_/cdz-‘ cmz/cne, cDe/CdE CDE/cde, CDE/cDe. 13

m—-‘

'icDe/cne, cDe/Cde.; 7 l /
bl R N

Lm"'?;-:,"_;':cne/cae.‘ a e et L
?:DE/ch

te LA ) - S O
2 s Eys . ; -
; B . . s MV X
: - 1 e
- - % 2. - -
~* * ' R
. - [} . )
- I i . .
,' ™ 1
o . - . )
- | - 420
:
- .

D C c E e. Moat Probab{ ;Alternat:!.ves - :-_.'; . Error L
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~ -~ 4+ - cdE[edE. ’ ®
-S4+t .chfc'tie.' ,l . ’ o
S Cde/edE .~ ' CdE/cde. o U ) B
S oot - eet:‘/enr.‘;f - f"qpi’;"/c:'dn".’;f- R | '

e s CdE/CdE.-"‘., T I RS

Cwa ;"’,chE/CDE o ;',','cﬁz'/'c:dr, ch/CDE. SR

';' 'é‘r :“ N ’v"!b": »..‘ . ‘5'4‘ L . :-' v
- - — " 1 'i.
. L ‘ .
. * . K . . L . Pl
s . N L . . ,' N . 43! i
+ = + = + cDefcde™ cDe/cDe. ‘ ' - 4 . [
-~ - + -+ cde/cde. . . ; )
¢ Vo . - b
: i

~ 4+ - - 4+ gde/Cde. ! ‘ , : -

~ ++ - + ‘Cde/cde.

«
%

) i s Ay ,' -( PP S
L L PR

+.4 -+ :-cne/GDE- I ~~.CDe/CdE- Cde/CDE. ST T L
et ' 4 CoL T : - ;
-+ - 4"-+." Cde/Cae. - =~ ' 7. s oo )
I T ’ . . ST . . .. N .
-+ 4+ - ,ch/CdE. ’
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Assignment of the correct Senotype to an . :Lndividnal where o o ,3'.
one»or more fit the phenotype :la poasible only by gamily Btudiee. ~It

"y

thay }:e possible to’ aasign act\ml genotypes to the majority of fami.ly

tnembers on two generatipn trees but often data from three or .even four shoe T

l

generations is needed eveﬁ,here it may not be possible to asaign o -
actual genotygea to all family members with any degree of confidence. _. T e :

These Qoints are illustraf.ed by the f;lct"lcious families‘of\ Figures l;. N ‘ :

5a and Sb Table 6 1%;\3.ncluded for ready reference here R AP
Figure 4 demonstrates a fam:lly in which aasignmen\f.}ef ectﬁel B
genotypes ’13 relatively straightforward 'Individual II 4 has the - ‘ }

PO . \

phenotype (actua.l genotype) of r"r, only I 2 could have paseed on the

haploﬁpe ™,. I 1 must therefor!e have dt\mated the r haplotype. I 1 e ,.;‘;.,

tnust hdve the genotype er and I 2 the genotype R r" . II 1 & 2 are -

phenotypically er but must be genetically R R . while II 3 & Srmuat be : B

oo . A

. 1 ' " ',:‘l(."" N w4 T .‘J,
.('y " o B . o oo P ] ‘
hd v * - Py TR A I r 1 :’:‘ _:
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A R R
\

,“assigned to the—mijority of the family members]without further data being

'except for III 4 whereuthe phenotype is R R* but. the actual genotype

. can only be R

',of some family members can be aébigned relatively readilﬁ but canndt be

- “ *
e i ’
\ . v -
' 4. :
) ‘i
er not RIR2 : ] ‘
The grandparent I 4 is r r which is. the actual genotype and l
2
the .spouse, I 3, 1is phenotypically R1R2, if this is the ectual
genotype then all children should be either er or R2r, as they are,
[
I 3 must be R.R,, II 6 & 7 R;T and II 8 R,r, ‘
o In generation IIT the phedotypes and genotypes are identical I

1‘ o

Flgure 5a showe a. more common stituation where the genotypep

‘-

s ‘available.» ' . . "" . ;“‘ I l.f = o, . ‘bez

I 1 & 2 have produced four children, II 3'being r r which

.

‘is the only possible'genotype for that.phenotype,*the parents therefore

must both Have' ar heplotype and Their genotypea must umtch heir phenotypes,
f
. I

this being S0 the genotypes of all their offspring mpst also match

their phenotypes In .no other case can the actual’ genotype,be deduced. _—

-

II . In figure b the family hds been extended[to the fourth o .,'_‘ v

generation, where the r" reveals itself in IV 3. whose phenotype and ] STy

genotype is r 'r. . It follows that III 5 must carry r” in additidn to R

! ¢ ~

2’

~—

'and that this iﬁdividual must have received this haplotype from 1T 5

2
Both II 4 and 5 must have the R haplotype eince III 3 ia R R1 hence

: since II 4 can only be R 32, hence I .3 must have the genotype R '\‘ im. o

(

-f.I 4 must have the genotype of R . II Z and 8 are therefore actually :’. R fy o

l"i‘ERzr In generation III 3 and 5 must both have the genotype Rzr"; but

VMZIII 1 and 4 may be either RlR or er", the probabilities for each being

«,'_‘ E

;eQUai in both caees . '5} B ‘,-n , f,-u’u4';'n:‘,>j' '3:I_ f{,~, fﬂxf'.I"'










¢ .
Y . i o )
" ’ ’ ‘. !
4 ' ) "
’ * Figure 5b, -—Rictitious pedigree illustrating the assignment ‘ '
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\ _ Since Ii1-6 has the genotype r r then all members of

generations IV have the most probable genotype which matches the

e dia o
]

phenotype. . o R _ ,
] !

] . In ‘this family it 1is posaible to assign genotypes to all but

bty

’ three members, all thi‘ee have the phenotype R R and’ allv*have an equal

probability of being either RlR -or er . ’ . -~ ’ L

/,f"'. B . In these fictitious families all/ffspring have been conaid/ered ‘

1 87 20 SaLE ale-t:

legitimate, ithis ie standard procedure ouleee 'fhere is evidence to the '

’ ! D A' s L . T i e e . ' ’_..j. " K
T This type of anal' sia has been applied to all the f,amily trees -_»_'_‘ﬁ"'
'-of the I

[

g

e ?rees are available for all membere of the i »
i

study pOpulation. g

-V

< o IS Lo
R population and in the appr;;p ate caaen go back to the original founding[ . ) :

'c0uple.v ‘All phenotypea] h.ave been entered on the approLriate trees which',

" din the vast majority of caees are overlapping, so tth each individuall

L} (‘.

~ T ' . may enter thrice, once a8 a child, once as a parent and again as a

: grandparent where appropriate. JThere will be in most cases additional

s "

-
£ e e s mina Znam

\(ntrances as aunts or uncles. Each family tree has bhen been examined

- ) o N . in order to- define where possible the actual genotype of each individual
A0S DU l A list: of‘ each individual who has been ty.ped for the {R.hes.us aystem - “£-
v T L ' '4 [ ; R -1-‘

) has been prepared and for each the phenotype and where possible the T
RN SR A actua1 genotype has been ent:ered . . . ",‘ .
’ :'-l': . : . . : - -'b.;'-“ ' -

SRy o ' Eatimating Haplotyge Fi;guencies Of A Population e o

t

' I ” "I‘wo methods of, obtaining the gene (haplotype) frequencies are

- available, the first ia by direct counting of the genes,' the second DTSSR &

T

utilises the ; Hardy—Weinberg equation, s T ".,vz."‘\ ST T

The first method is nomlly lihited to those situationa in

i which all the alleles of a 1ocus can be diatinguished no matter which i r D

. ,"..""4
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all#;l're occupies the corresponding locus on. the partner chromosome.

That is all homozygotes and" heterozygotes can be distingliished. The

method consists of Fei‘el'y 'count’ing the number of each ty e of gene and

expressing this value as a proportion of 1.0 which represents the

, total génes in the gample and this is always twice the number of

R T S T L

. ) individuals in the sample.. - '" - - -
¥ L oo ' _ ” A good example of such a system is the Lutheran blood group

RN ,. o B aystem, t,hie actually contains three alleles,’Lu . L b L& Lu, the lasc of -

E l which ia exceedingly rere, if ve, ignore Lu We can conaider it to - be a- tw?

: }:‘r o allele co-—dominant eyetem in which the[ gene products ean by ‘.recogniJed ' .
; X :‘-_.'r'f - by the appropriate antisem. anti—Lu or anti-Lub. Ignoring '
. - . “ rare mallele, Lu. unless the extre-ely rare phenotype Lu(a-ﬁ:-) occurs ’ .' ‘

’ .': in the sample. will lend to very -1nute errors in the escimates of the B |

B 3 ‘ , E gene frequency of the othet two nlleles.

,

P 4 o, ' . In a fictitim]s sample of 950" individua].s ‘the following L1

) . . ' phet_lo-t‘ype‘numl_)ers were detec-l,:ed. s
B R M S S SR B | "
T S R v e 7
g ’ ' .'-45"I;t.h'.r.(e-b+), : 349 k . BN o A
e . l : o Then-counting the gen.es givee, o f : .',' \ . L .
: - | Lud . 105,~ a. frequency of 105/1900 0 05526 | _ . - L ‘
S \ w195, frequency of 1795/1.900° -' 0. 91.474 : T
) B Suﬂstituting these valuee in the Eardy-Weinberg equation permits :;:
‘ calculation of the expecgeﬁ.an\mbere of each phenotype with which the S « .
“_- B 0 o , observed nuinbets can be compared and tested for goo:inesa to fit by the . - F
. - ""_: X Jest. o - ’ ,~___— o " L s ‘f,‘_:
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K are, firs‘t ghat all the antigens of the Kell blood group system can be

. tested for as there is np amorphic allele representing d of the Rhesus

i i e e

k, Kp., Js .

' k. Kp&; Js .

possibilities with very remote ptobsb’ilities. They are; : ) “3 51;;
ol i . - . o ‘ 7 ‘. . -
"K,xp“.qs?;'- S A

Ly b e o e
X, KP o~"~]s‘.-.!, T - , L Lo A Lt N
ok, Kpt s, -

. K, kp?, Js®

E

Lu (atb=) = 0.055267 X 950 | = 2,90

Lu (atb+) . 0.05526. »k 0.94474 X 2 X 950 = 99.19

Lu (s-b4J = 0.94474% ’x 950 o - 847.91 )
| 950 .00

In this exsmple there is no need to perform the Xz test as the |[fdt is
. | oo

obvioosly very close. This metjpd u‘sua/al.&.y gives excellent eatlmates

.

of gene frequencies.

x

In several impe’rtant realpects the Kell & Rhesus- blood group

Fyetems are very similar, {the antigens appe.ar to be coded for by three .
extremely tightly linked loci each df vhich hae two relatively counnon
alleles] Sq that K. & k are analogous to D- & d Kp & Kp ' t:o C&c and J8% &

JB to E & e.‘. The two vital aspecta :Ln which they differ from Rheeus C

System, the eecb d {s that the Kell -system has only 4 haplotypes instead d

of the 8 of the Rhesus system. . " The four known haplotypes of the Kell )

'system are: - ‘ R ' ' S

b ) b . - . A . '. ‘ , .
K. I_Kpb, 'Js'b. . ‘ ' o , ' . ! - . ! . } . " _‘.» o -
' b N

Ky Kpb, Js .

A The other fLur which are theoret:l.cally posaible have not; been

found, despite exteneive aearchel fot them, they do however remain

¢

a ".0 ) .
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l;lard).v—w‘einberg equations. These arje used in any case 'where the genes orx

|
I

) By far th7 most. common haplotype is k Kpb, Jsb, if this is
.regarded as the original vild type then, each of the other observed
haplotypes repreaenta a mutation at a different locus. The first three
so far unobéerved haplotypealthen represent either mutations at two

of the three loci or a crossover between two of the three mutated
haplotypea'above. The final pooeible haplotype then repregents mutations

aq’eaeh of the three loci, or.a crossover between a haplotype carrying

at least one mutation with a second carryin mutation& of the other two

B lo_ci_ ‘-'I'.‘".,J , : " . L ‘Q.

lh ’ : l ’
1 These two diffeLencea, only four haplotypea and all- antigens!

-

detectable enables thefdirect counting method to be uaed in estimating

-

theI haplotﬁ:x_}? frequencies of Kell but" not of Rhesus. _

( . 'I'he second method of estimating geﬁe freguencies is by the

L

haplptypes cannot‘ be c_liréetly counted. such as aystexn% c;pdta:lning orne

OT more recessive alleles or where phenotypes eontain two ‘or mork

~

possible genotypea. An example of’ the first is the P blood group syated

I

. where Pl is dominant to P2 and thie in turn is dominhnt to the rare

s

allele p. The homozygote Pl 1 cannot be distinguished from the heterozygote '

.heterozyTote P2 . A good example of the aecond type is the MNSs blood .

{

1 20r Plp and the homozygote Pz 2 ia indistinguishable from the

group system, M & N and S&s are alleles at two very tightly linked

1oc1, all the genotypea can be differentiated fron one’ another with

' the sole exception of the, double heterozygote H+ N+, S+, 8+, ‘which has

two - genotypes MS/Ns & 13/NS, the for#er being the most. common. -
The HardyJWeinberg equations are applicable only in populations

L

where mating is - random aTd there is no. large scale immigration nor

v
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emmigtation. For a two allele system, where p = the gene frequency of

e Shath a2
!

one gen:a ‘and q = the gene fteciuency of the other and p + q = 1, then
the genotype -frequencies are given by (p + q)A x (p+q) = (p + q)2

p2 + 2pq + q2 = 1. Homozygotes for the first allele are represented
3 ’ by p2,'for “the second by'q2 and the heterozygotes are represented by

;‘ 2pq. As an example we may use a fictitioﬂq sample typed for the P

-

prrees

e

blood groups ‘and ignore the very rare p allele. of a sample of 750
i

individuals 600 were P+ and 150 were P -. Of the 600 we canngt tell

o
e R i n s b

.
e

which are P1P1 and which are PlP but all the 150 may be regardeld as

‘_being P2 2 .’ If ve let p e frequency of P.1 and q = frequen;y of P2. then, )

e Q= 150/750 =.o 2oooo, therefore q - ('o 2ooo = 0.44721. Since'p,-l-
‘q= 1. t.hen 1 - q = p, therefqte; P~ 1 = 0, A4721 "0 55279 ‘
' ‘ We cannot uje the gene f_requencies deriv.ed above to test the

. ' s c R )
' ' ’ data for goodness of fit as this is tautology. We can however use the

gene frequencies to test for goodness of fit vith a second samp

5

s et A
' Lo e

j drawn from the\ same population. For example ‘suppose anot:her 575
-individuals were ‘tested with the following i?esulta P"+ 440, P -135.
Then subs ituting the above frequencies 1n the Hardy-Weinberg equation ’ v

we obtain the following expected’numbera-

- S N 0:552792. X575 S ‘-.17'5;,71 - )

k l"pipz = 0.55275 X:0,44721 X 2 X 575 - 284.30 B R
. { N LR, s 0.447212 X 575 , L - un.99 | , '
| - or,- N f o _ ; o | A

- , " »P]_+ 460. 01 & Pl~,' 114.99 these can be i:'séd in the Chi-square, test foxr

goodness of fit.




. . y

o Obs. = Exp. O  (0-E)2/E |
", P+ 440 460.1 -20.1  0.8781
( P,~ 13s 11497 +20.1 3.5162
, x2 - 4.3943
p
. p =0.05 ' I -
‘ | ' ’ 'The Chi square test can be performed without calculacing the -
‘ gene frequexic‘ics first. for coml:;ar:lson of two sat;ples or pcpu_lationé as '. L D
/foilpws:- T ‘, Lo
) .. e - S,aﬁp’le : _Sami)}e 7 | : ’
. 1.2 - 1z o o
Obas. . Exp. © 0-E .' _(o—z) /E' . : '
‘P1+ 600 4:40 588.7 451.3 11.3 '-0 2169 0.2829 ) .-
: A P- 150 135 161.3 123.7 1r.7  0.7916 1.0325 ‘ 3
« - / xe2am -
- I = 0. 10: SR - - T i.‘
: \»gl When 1t 18 intened only to compare two samples or, ' . Ll
. pcpulatibns the latter met!aod is most comonly,used.- Hwever there - '
; : . . are situations in wluclt gene frequencies .are Tequired, these permic a
ﬂ‘ S . check on the accuracy of the typing results ‘or may be uaed to glve an
.. T ;‘ . indication thar. the Hardy-ﬂeinberg equilibt.ium is being circumvented,
| ‘ for examp]:e by assortive rather than random mating or because of
l recent .imiération or emmigration from the popu\lation. In such cases o
v The Hardy—-Weinberg equation does not accurately describe the |
ﬁopulation A - ‘ : ] ? B
e’ For a three allele s;gem such as: the ABO system,f the threeﬂ

°

alleles are represented by p, q & Ts p+ q +r=1 and the genotype
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" frequencies are given bB; (p#¥ q+ g)xz~- p2 + 2pq + q2 + 2pr + r2 ¥ 2qr,
where p = frequency of'A, q= frequency of B and r ~ frequency of O, then’

P
the terms in the expansion répresent, AA, AB, BB, A0, 00 & BO respettively.

Similar calculations can be used for the Rhesus blood group

”syst‘em with-8‘h'aplotypes, but the formulae are complex and time consuming
: . ! | o o
where manual ‘calculations arq‘ used, Computer programs for the calculation

of gene frequencies are now available. " ’

< ‘

Normally for calculation of the Rhesus haplotype frequencieh ' |

- _u-

_ the Hardy-Weinberg equations must be uaed for the reasons ‘gdven above.
. In the case of the populatiLn stLdied in this publication ic has been -
. possible to use the direc!{ comtt"nethod for the follouing t:wa feasons. ’
. First: that in a large proportion of cnses the actual genotyp‘ea
are known 697/1133 or 61 52, ;econd that in thia population three- of.
the Rhesus haplotypes appear to be completely absent, these are R (CDE),
od (CdE) and r! (Cde), which coneiderably reduces the number of possible
phenotypes. " P : ‘ : . o
T ‘ Suml;arising the ateps taken in the present work we have°

1. Derived: the hap]}otypes for each individual where poasible by pedigree -

) analysis (61. 57.).

T2, For the remaining 1ndlv1duala the most probable genotype ‘was assigned.
A

3. The haplotype frequencies were derived by direcc counts.
‘ 4 'I‘hen, assuming that the Hardy-ﬂeinberg equilibrium exists in thisv .
populatipn.- the expected phenotype numhers wege calculated from ,tgé' :

'haplotype frequencies. - a . " ' [

5. ’rhe expected and assigned phemtypes (at the haplotype level) were

© ¢

then compared for’ goodness of fit by the Chi—aquare test:. BN

6. smce the only place where the goodnesa of fit was poor 1nvolveHu,a

1

v . - X o ) L ) . t
W _ - . 0 *

- [ . o . Lo [ " T i Lo T LA AN,
N . . N . PR T oY - “» . /
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1 T ¢ l !
R " reduction in the number of assigned phenotyi)es of 'Ror and an excess NI H
of rr and since "Ro will be 1n.|cc>rrect1y "gl'e'scfibed ag r in}p.r{portion
of cases an adjustment wag*coﬁxéideré"d ‘to be in order. This
. adjustme'ﬂ.t was f‘ﬁgde' by calculaf.:ing the frequency of r ftom r r and -
using this value as the' "correct™ value. The difference wasg then
added to the R, frequency to give.,a "correct" value here. ' &
‘ ' . As re\tgaled in the result ¥ection this maneuver gave an.
.e;?gelle‘nthfit when - the phqnot;p‘z ‘frequencies were recalculated from the
" Ticorrected” h‘algloty@ﬁe-"ff!qqg’ncifés and useg as expected values in-a . - . e
.+ second Chi-square. goodnesa. of ‘fit test. (Table 7 to 7y Y :
. . I ) “ - * . N 3 . B . ) . ,rv .
R Y ; , . : MY % .0
S ) .
. . s N
. , . .
‘ [ T . . ) - ) ’ '
.. ' v o . - - . I'
» ! - ~ ’ ! N '
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‘ e %l
: 58. . 1“-‘ ;??-. .:
: . RREE
R, Bl 003575 . : N < ,.
R, 0 ’ L
, r' 0 ’ >
e o 0.00971 T -
3 r 1225 0:54060 ) ’ |
' g 0 . 8
. - 2266 '1.60000. ’ ) ’"’\
E\l’ - r o ' The following expected mmbera were obfained Hy substiputing 1 :
i . . - - ;;the above haplotype frequencies :ln the Hardy-Heinberg equation and t:he " \j
! ' ‘ “iChi aquare test for goodneas of fip applied.g,_., . ""7"' \ I |
b ._-' .‘.ff:-'-‘.;-' Table 9 Chi square teat for soodn“' °f fit- -_ e ,
‘ ‘ :'Phenotype Exp. . Oba. .. o 0 - E‘i .. o :-"_"'((:)‘;-'"‘E)'z./Eji LE
| S ' ]f‘jx Rl 00,5 95 ;;.'."‘ _,;":5‘.5' - -55,~3016.
.:,.,'; er ':{gé'io | "' 405" | 16.3 " 0.656
| . "R.lBZ : 8‘4{-9‘ ‘ 80 . ,\._“4.9,_ ' “'0.‘2'52'8 _, B
R e o e e
e Ry _' v 152.4 153 - : q..q " 0.0024 : v
: | CRE L 454 ‘72 36,6 EETR Y ]
£ e e 12 e ¢ o 000§ , ' ,
L LT | ) o 3.1 - '296."‘."';7 S -35."1,», 3.7210-
- I"I: ~%' 20, 8230 p= .,ooos 1: T SRS DI
R . s LT Only paa p enotypes de;nonstrate ; poor fit and are responsible : ,\
"ﬁ. . .., L o forqpractically the] 1e of the Chi square v Iue, these are R T ‘
;"'v"_,l R, _which is far too )low and ‘Ir. which :l.s eievated . In combinatio;l ‘wit:h any’ ~," L =

other haplotype bea‘ring D R uill be t:ermed in che most- probable _'

. e oo -genotype for Caucasians giving a low estimate' for the frequency of R
:"- e ) w:l.t:h a cortespondingly high eatimate for the ;lf ec}uencyr of T, .- PR oS

.
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’ In order to obtain a more accurate estimate for the frequency
of r the Hardb—Weinberg equation has been resorted to in this case.
" Since rr:represenrs the fully recessive hoﬁo;ygote then the frequency

of © 1’ given by, r? = 296/1133 = 0.26125, and r = 0.26125 =

[’,

0.51113.. The overeﬁtimate of fr&uency of ¥ - 0.54060 - 0.51113 =
= e . 0.02947 The underestimate Df the frequency of R is by the corresponding
‘ 1 amount and ‘the "eorrected" value 1a 0. 03575 + 0. 02947 = 0.06522. The'
.‘ammended haplotype frequenciea now beeome,' ' /
»: Table 10 Haplotype "corrected frequenciea-. ,ifv-

: Haplotype L Frequency

o ,.', S | R, - ; o ;0.29788 J '

R S

,:.‘.E' e X T R :.‘ - g I Lo (';.-_I'x‘ o e
L LRy ,._.'1011606;' T e e

1

) , Again’ﬁubétirﬁting in the HardyJWeinBErg equétion to dbtain
1 .
]

. . o fthe expected number for each phenotype and performing the Chi square
}-E . - ' : test for goodnesa of fit, we obtain, o .ﬂ; ”f p f

v

- Fable 1 Chi: square tept for'goodness of fit. C ol a o I i}':"‘

S e "Phenotype ;.g‘rip. L obe. ‘_ o - 0 =BYE

R S P '*','Rlnl, ST 10005 i 95 o (8.5 S 0:3010 - ] RTINS

BRGS0 s 80 L. 4.9 o 0,288

. ';;l' 2 T . ) . ’ . . b Coe a ‘ l.-'f' - ' . .'.‘
) R)Ry. | - 17,8 5y “_';20 T2 w ot 0.2719 b
i ,Rzrfi__E7i TS 7 T .’153§f’<.|i;“‘,0;L T "?JDZOOQl-‘ :

W h
~ =

r

RV A
3

MeltL el Sz 06 . :0.0316
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) ¥ ‘ % ) + ’ - ' ’ .
N ° rr ok 296.0 296 : L

Il

, ,
X5 = 2.3915 - 0,9
q . P ]

*Since the hapietype frequency of r was derived from the

.frequency of thé rr phenotype, this entry cannot be used in the goodness

H of fit test.

. K The atudy populaticm hau been subdivided into chree grnups,

the first con?aina those individuals descend#d from the original cbuple

'on bot:h sides, the second contaim those descended from the original
N - “ R
>~couple on - one side nd the th:lrd 3roup are t.hose wha are not descended o I

,/‘ e o from the feu;adinz Pair._".‘,':,‘.% } ‘.: L 'l': ! - A ; $
l AU \ : o These groups have been tree.t..ed in the same manner as t:he whole.

: ) peeulation for calqulation of haplotype frequencies and gaodneae of fit ‘i

i P \ '..test. In, each casel fhe calculation of & "correct“ value for r has been .}

«f _ e S ‘perfomed am} an ammended value for frequency of R obtained (Table 16) -
" ; : ; :'J.‘able 12 Phenotype & anlotype Numbera for the Three Groups by Descent ' ) : "‘ : g
e . ‘ ) . from the Founding Couple. 4—., / SR ; S !
.Phenf)t‘ype R vDescendants’ :5..';' e . : \_‘Nonrr-,Desdr;éndantB . P

. 'Bolh'Sides: . i .  One Side . . . . kg

CRR s Tase o e s T g

——

G T Ry e TR T 80 5
SRR e T T e 8T T

R 2 A ¥ RN BRSPS T SL T Y SRR










e e

Phethype ) Observed Rxpected 0-§ o - E)2/E
Non—Descendéd . -, ‘

18.8 : '+'_1.2‘ 0.0766
Ry 44 . 459 =19  0.078
206 ° - 0.6 0.0175
RE, L s <16 o0.457
24.7 +.3.3 0.4409
R r '_ o 5 2.6:  * 2.&‘ © 2,215
e Z-;.:-'I“" E Y S , "0.9000-

250y 6412 B T B

.7 . I . " e 4.-“ :-‘

/original frequency of R .

”liﬁheT correqt" frequencies of R & r ‘were, ob:ained for each

- _‘._.jj“_ ol s U s S 3 T 0essL s

group as they were for the toual sample, Chat is by recalculating the'

- 4
freguency of r from the Hardy-Weinberg equation, r = Jrr.l Ihe

difference in the two values for the frequency of T being added to the l

.f Descended on: qoth Sides B ) f“ )
“r - /179/616 ‘~¢;..' ;’UF'fj 430;5390gz» -
‘ giﬂ 0. 03896 - 0, 57163 - 0 53906 .j0597i33;, ”
: By,
f{ﬁéséendeh.onZOné Sidé o ' e . N R ,

: "30 - o 02033 +o. 42014 -0, 39087 - 0_050103. |

' ;_Ro = 0. 03619 + 0.53619 —‘,b;,!:sq{.sg 0. 06771 ‘2. S

=y 95/373 i . o 50467., S A

Non—Descended

,f 22/144 ‘_._5' f‘j_ -0.39087 . e

63.

Table 15 continued o S (//\
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Table 16 Ammended Haplotype Frequanciea for the Three Groups

Haplotype

! ‘ * Both Sides

R, , . 0.28247
R L 0.0m33

R "'.r’ {. oo 53906

Descendanta

0.09334

0.01380

S

.“—;

One Side
0.29893
0.12332
0.06771
0.00536

0.50467 -

!

64.

Non—Descendants

0.36111

0.19444

0.05010.

0.00347

a, 39087

Table 17‘ Ammended Chi Square Teste for Goodngss of Fit for the Three

. 4
s 0r -

Groups

- Phenotype

AR L
ke JN
g . :

ot .
I 4 ' PR P
P AN

e ' Lo

S

. . .. \ .‘ LV e

.’A

Descended on Both Sides

Observed };f

| ;179} "‘“

49,7
212.4 .
IR

7.0
71.4

50,5
T

1m0

' “! ;
” E*P\?“d

+ 3,0

+.3.6
;16-5'

ry
"+ 0.8.

: ;ﬁ 8.6 =

' -10,3 .

"+ 0.8

0.0130

1

’"l',

Lo-miE

0.3482"
.2.5443
1.2857
0.1815
0.8366

0.0696




Table 17 continued { {
Phenotyﬁe " Observed " Expected ) 0-E (0 - E)2/E ”!
Degscended on One Side ) ’

R.R : - 8.3 2.
R R 25 33.3 2.0688

R T 140 L. 127.6 +12.4 1.2050

R.R, 33 28.7 . -« +4.3 0.6443 -~ . ;ff
©OR,R, .6 L 6.2 .- 0.2 0.0065

3
RN R.r - 50 52.9 - 2.9 0.1590

2
R 23 27.2 242 . |o.6485 -

e 1 - 2,000 =10 0.5000

ey 95" .95.0 - : i

o : xé?“ljs.zpzi'. Cop ?*035 | .
A Q:-'Nonfnégéendédikl - N o
. RiRi N Co18:8. 0 +12 . -0.0766

S S Rr. Lo s 459 - 1.9 0.0786 ’ I
F ‘ . . il

RR, 20 20.6  -.0.6 0.0175
.,! T : - . )

i R,R, - 4 . ) 1.6 . 0.4571
R,r . 28 , "24.8 - _*3.2 0.4129
Rr . S5 604 -1.0 0..1666
r'r R U 0.4 .1 +0.6 0.9000

1 Coer o m a0

X2 =" 2.1093 p =09
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TYPING & HAPLOTYPING

F133 gsamples from this population were typed for the Rhesus >

antigens D, C, c, E & e. Of these 616 were from individuals descended

on both side, 373 fromw individuals descended on one side snd.lbé from

1ndividuals who were not descended from the original settleing couple.
¥ From the data haplotypes were derived by pedigree studies for 61% of

v AR h:

the {ndividuals, the remainder were assigned hsplotypes 3n the basis of

the most probable genotype which matched their phenotype. The i

-,

”““‘”""phehotypes and where known the genotypes for these 1ndividuals are L. .

1isted in Appendix I.-It will be noted that some 4Z of the results ‘da h;
‘f not fit with the pedigrees as they sre presently assembled on. the .
; o . basis of either ABO 07 Rhesus typing. Of these 47 csses of parental

7

"e§e}usion 4 were concordant for both ABO & Rhesus The csuses for these

Py

:errors has rot been establiahed.

e .
‘\ R e
' - T '.".”'

: ‘Parental eiclusions are always disturbing but to a much, ‘(
. B -7 . . . b / -
greater extent when it is a matermal .exclirsion, 16 of the exclusions

are maternal, ‘and of these four?demonstrste exclusion in more thsn ome . - T ff
.\J, - K ’-

P "~ blood group system There are only three prlanatious of maternal
exclusions, fiJstrthe information regarding the relationship 1s RV ' .
‘ - g .erroneous, second that a,clerical error of some description- has

occurred or third that the actual tests were incorrect

/ ¥ . 1

The Einding that 1n 252 ofUthe maternal exclusions more than : -
- . S .o
;. one bload group system demonstrated exclusion is evfdence against T S

v

_errors of the third type, in addition some of the exclusions were on

.’the basis of. ABO groups in which technical errors in reasonably
practiced hands are almost unknown end this applies also to the Rhesus

system when the antisera are potent as was the cane in this study,

' . . . . -~ - v -
C s, 3 LN H . .. . . . R - - — . 4 -
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generation pedigree sheets were availlable the red cella vere no

"1n7dvertently mi4 lab 11ed f’.~<‘¥ fi,,’,ﬁ3‘ B | f - . /;

.Mﬂsm OF SIGNIFICANCE

67,
f

furthermore all D negatives ‘were retestid with a second anti-D ser

-

by t#e A.H.G. methad in order to. detect any p" samples present, none
ware found. It i{s felt that the actual tests themselves were not in
error for the above reasond and because each bateh of teésts was H,

accompanied by a positive and negative control which in all cases

gave the expected results. Unfortunately by the time the three

_longeJ suitable for testing and to date it has ﬁot been possible to L

.

obtain further samplee from thesé individuals and their "parents'l.- o

. Although great care ﬂus taken in the collection and

labelling of the aamples it is not possible to be sure that none were

[

(

samples were typed.

4 \ , -

£ 7 X

. !

The pedigree data may be inoorrect An som cases In . /
Newfoundland it 1s quite common for the maternal grandparénts of an

ilLigitimatevcﬁild to"ddoptﬁ-thé child as theirs nd to rear the ' °

child as a sibiing of the biological'mother; In sfich cases the true: R ‘&

relationship may’ have been deliberatly ot inadve:tently cancealed

tion shifts in the
A

We have very little hard evideﬁce of such gene

'studéed population,’but it remains ‘a distinct probability since it SRS

X
,undoubtedly occurs in mos other similar Newfoundlan populatio%s °

Tbe Chi square test has been used throughout this -st dy for
#

the analyais of the different sub-groupa of the population and the

-

v

; L i TN

R SR
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sighificance level of 0.01 was set prior to commencing the stﬁdy.

°

POPULATION AS A WHOLE - i ’ .

o

Grouping of the ‘population o .

Haplotype freqdencies for the population ag a whole have been given,

':an adjustment described under "Estimating Haplotype Frequencies of a

One "super-family" represents 85% of the populationsand are

- 3 a

the,deseendanté‘of the originai pair. This "super-family" contains all

the cases of neoplastic disease and immunodeficienez;Iﬁyt some

purposes the division into descendants of the origing’ couple has been

™

used and' the subgroups, deacended on one side ang’/descended on both

e 1

_sides used in other caaes.

(Table 10) these heing the corrected haploéype frequencies, derived by

Population (Page 55) When these f%equenciea are conparLd with those
hane

for the population of the United Kingdom, where the majority of the

founderq originated, it is found that there are significant di;ferencea

(Table 18). o . .

Wren e
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’ Table 18 Haplotype frequencies of the study populat:lon[ (Obs.) compar ed .h . F
~ with those of the United Kingdom (Exp,). LT
: : Haplotype Obs. Exp._ 0--E © -~ B/E
. R ) 675 961t 286 es.1ss o
‘ R, . 263 o 322 .59 " 10.8106 S :
o ‘ R, - ; 81 2, . 57 - . 135,3750 i
¥ . - - .Rz N ~ 0 2 ‘ ‘:‘ 'n‘ | K
] . ' 0 7 T P T :
, L L '.. 22 10 - ‘.2 14,4000 T
I r. v 125 90 . 285 86,4096 e Ee
: R ‘Fdoled NN o s | 9:0000:, A
: N - a ' "'x§ ‘--~§§;;;1o7 p << 0, ooos o ‘
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from this particular pair, it is obvious that the major differences

'are due to the;frequencies within the super—family 1n the~main e !
(Table 20), and that in all kasesthat:observed eumbers fox the nil.t;;gj,i' ;
‘descendants on both siée:‘deviate ﬁor; teen uo those for the . Zie~v3f\ra' ?, ’
:Ldééeéndgﬁcé on One side and these.i; te;er&eteete more thaT tﬁose t;é ,f i .i
A'éfthe‘individuals who ete‘not deeeeﬁdants.ef;the4toue&ets. As an exemple D ;A
the relative frequenc& %er r in the three éretps’where the expected . 3

number based on the U K data 13 1 0 are WS followsz ;l‘#_~\ﬂ{';{;3

W)¢'Descended on- both.sidee,:?ixf.:jfiké3 5i?e}?f ::ﬁzlﬂbtf;{-fl "ﬁj

b) Descended on one si&e. 'tf h,gﬂ::-ifééi‘;%yﬁﬁf": u‘:V ]‘5”-' : :

5 As.ahthele the differencea betweet the two'erUPB.Oé' :;e ~ .
“{THeetendents do net rEact eignificance stetistically (Table 21) It is i ’

P

qinteresting to. note that the non—descendants haVe haplotype
'

frequencies much closer to those of the U K‘- : ”'v33.%53?f'{i‘yj[n W

‘ It appears that Qhete is,a founder effect operating in tbis u@;";}'ﬁ it

genetic daolate which is most marked in the super~fam11y ‘more

' ke . v .,,. B

j eapecially in thoae vith the greatest ﬁegree of inbteeding._;f‘ Q?\f',:;i;-jQ>

ANALYSIS IN RELATION TO DISEASE

.rt‘

_either 1mmqudefic1eqcy or tumours of the 1ymphoreticu1a; system :,

A A
v.‘ . ‘«.-"’ \\‘,.,

gt ¢ @

associated with.some of the disease families, the Rhesus data on the
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: . ,Iu ‘o . ",./ . A . !.
0 J 0 first. second and third degree. Since sll 20 cases accurred in the z R
o ’ oy LT superfsmily of 1 277 of a opulstion of 1 SIB,X 2 - 3 8317, - 0 03; S
- N e P e P i
' b ,‘ LT hich is\ suggeetive but by no mesns conclusive ofz a genetic bssis.. '
N B SV f ,1',"" ' ‘ The findings of other uorkers of sn excess of dd individuals
g f’ random Hodgkin B disease petients is also suggestive of A gnetic A

background to the disease, at least in pert In the present 8 udy it . )

i,

. " . ~ . s‘ . - ..' . ".‘.
has been possible to assign actual genotypes to 612 of the population, j'@", L

" o N

,"'.;. here although ax!n excess of dd WBY be °"Pecced amons the relatives of-
SN . ! Hod8kin 8- disesse there may 3180 bé s.deficiencv ;f’one or more ;ﬁkl:f% ?} ﬂ;h:
f?ﬂ ﬁf_ f ;?:x-f‘; _-;~- \ Rhesus haplotypea too..»-;;;?'r,j ifp,ﬁ 3'x’:‘3"iﬁ mi7ff:”:£¥ Ei‘wg ;;nil,t'j‘
- . . o EEEE "" L . SRR
L " The dsts he::ein are felt 't confim,-complemeﬂt 5~ﬂd e"te“d ( o
o o , the previous findings, even though these were on random patients “ "

- Y °1pposed to 8 family s:ltuation. The tvo typee Of BC"aY may 3‘°t be a8 ) Vo

; g ’ g ’ divergent as fifgt appeers. Since“ther is an excess of dd persons in R !,.Aé

!

R the'randon patients it seems reesonsble that if their relatives were 3;“

s

to be typed there would be an excess of the r haplotype present, at 17i; }L L
N :‘ . . . Yu

h“ ‘ ':‘\j: lesst in the first degree reletivee, since all the parents of the<~ ‘
:" dd pstient,%qust have had at lesst one r haplotype present, and sgsin o
DR ‘ }. athe pdtients snd their siblings must have passed om such an, excess r.o
‘ e ;.: " ": ! ' S "~, S ra". TN R BN :, S . '1“-

their offspring 7 ‘;"‘ .’,_ ( ', . L I S

haplotypes ere involved #n reéietance or susceptibility to the three

.\,, TN S s A ' “ PN ) LA

NEREIR Y

AN studied conditions snd tdwsrds this end the dnta on the first, second

snd Ithird degree'relat,ives of esch disesse graup hesn been utilised. Dok Sl
' M.though‘iSS 3 of the populeticm must hsve some degree of L

‘sti nts, those where the reIstionship to all

.‘l
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. X . . . - ‘ ‘ ‘ :"_( -‘.
’ . Descendants have been pooled ‘with the unrelated members of the . | .
. - . : . ' T
population to form the “Rest of “the .Population" for some compatisons. Cobel

~ - T o.
Only thoBe %omparisons in which the level of - significance reaches or
N } " - is less chan O 01 aga;lnst the "Rest: of the %escendanta 9ve been ) )

T

. S - aecepted as valid ThiB ’haa blen done in view of- the differences
' f'i SREE t ;

1 l"?’to bias the teéte touards non-eignificance, but . L v

i . haplotype waa R which could heve been present in s:l.x af the. aeven

."~’

d&;h-‘a frequency between 0 25 and 0 5 T‘ne only o:her Mpiotﬂe which

g it wai. fe]_t that a false noq-aig;d.ficant result waa preferable to a
.‘. N false sigqifica t result. N ‘ v R I h,

SR - _glg_ggkin s-d_i’sea’ee - ; S ‘
. A 8 From aetual tests where chese have been per.formed. in . ' ""."“ ,
. ’ conjunction wj.th analysis of‘the relevant fam:lly tree.s‘,.en attelIIPtl A ';1_ ‘ ‘1":
[\ el ’ ."Lhas been made to. define &h{e .po'ssible phenqt_gpeg and hOPEf“]‘lY the t i : }
e A 4‘;‘actual genotypes of the Hodgki-n 8 disease patie“ﬁ-.—iﬂ 311”33"5“ ‘*—kk
1 . cases. this wa‘s'Il’oesible t'.o Bome extent (Table 22) The only Rhesus - .".: t""
1. ;1.5' e \ hapfotype which coulfi have been eOIann vto all_ seven was r, bu‘t ‘in}y . "

;| . "_.‘;:“ four couidk have been hoquygegs rr. The frequency o‘f this haploeypel
1 Ehe.pac Co e e
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' I : 3.-the descendents", waa aleo highly Bignif:l.cnnt with p lesa than ":=

o ooos (Tables 25 26 3 27)

L haplntype in each degree of relatio‘hahip 18’ cOnaiatent, that is there

-

< ' '. o “A. - )
size for e’ach degree of relationship. More specifically th,e small A

oL
~ J :&
O .

' : T4
. the '"Rest ef th,e_npopulavtion", si’ghifican'ce\was attained Oniy.with ' \
the third degre,e -relatives, p - O 01. Wheh the"analo‘goué - . ' il

comparison was made with the pooled data fdr all three degrees of ) . \
'relativea the p value reached high ﬂignificance ac less than
AO 0005 t:he same comparison of the pooled dat:a against thL \YRest. of

N [N -
e N \ oo ‘~,'| T

! e K

‘Examination of r.he nunbers of each haplotype reveals ﬁ-I:..;a‘f-'j." ;

‘that for each degree of relationahip the percenﬂcawforelch [

are: no ‘differenées Ihetv.een the first Becond and\third degree P\I.: o 1 S
’ _relatives in Cer;ns of haplo;ype frequencies. (Ieblea 23 & 24). J S ;

:.the gradient of sifgnificance when each group of relatives is e }
._compared w:[th the""Ré,st of the population and the "Rest of the - T

.",

B »1.v,'descend«§nts 18’ an artifact due to the relatively small sample o

i

'..'I"n.umbers of first an‘d secomi degree relativea. , -

. L_',_.

L ,',":.‘ o In al.‘L cases the majof differences were due “to bhe t&al

- i'eck*‘ of' r and the almost complet:e lack of R in the relationa of e j

Hodgkin s diseaae patienta r tended to be the replacing haplotype._ SRR

Simirlar analysea have been performed for each of t:he

’-_Rhesus genes D, C & E and there are no aignificant differencea in

RO Fobhe
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' K .Imuoédef.iciericy A ; C A L S . ) -
This group of patiénts, and hénce their 1st., 2nd. and 3rd. L= BN
; . degree relati\'reé, are very oioael'y 1ntér-fe1ate‘&' to the Hodgki‘n""s ‘disease: ' N :;_7 :',".f:\

group, S0 much 80 that this group .can be regarded ao provid:lng supportive

. evidence of t:he findings 1n t.ho Hodgkin 8" disease gtoup. j' L

e

»:f‘ :‘ N ' Here too only one haplotype eou.ld have bien preaent in all ; [ e

three patients, though with a low probability :ln the third The ftequenoy .

5 DS ‘~ would have l:feen in the :ange 0 6667 and 0 8333, the ou’ly other h

"'-‘j‘ which eould l}xave occured is RI with re frequency betwaen '0 1667 and

, homozygaus for RlRl,' p = 0 94 the probabi],itf for R r being '0 04 :' ki
S x (Tablé 22) . “!' BT —," SR

There is a hint’ of a gradient :Ln the haplotype freQuencies in

] ’

et the relabives whioh is a. distinction from that of t:he Hodgkin a dioease

group (Table 30 &!31)., Only the Jomparison of the lst. with 3rd degree

- . \ . .. .. . . ": ‘ T e
relacive# reaches significaﬁe/acu ] The fre:?uency of. R‘.L S T

| .;deefeases in the direct;lfon from‘ lat: to 2nd to 3rd degree relaof,vea ) A
.‘ | '/ . ::; j ‘ woile ..the frequeneies of bothnlkzvand‘ T :Lhcrense :ln this dflrection. \ N '
1 _"‘. \As with the analysia ‘of ‘the Hodgkin 8- diaease data, - ther‘e were . ' .k___,/
L \ RS ‘no- aignificant diffefences vhen eaehl oogree of ‘.,elationship waa compared;‘;’% S
' K with eithere the 'ﬁhest of f:l';e populaoion or the "Reat of- 'the desc;e;dants ’ w '_ ’
o r ) {lm}fever when the da.to for the three oegreea of eeia};lonship were pooled ‘_‘ _' : ) :
“ " ‘ : ‘ar‘\di.th‘e.,same compa-‘r:l.son's ‘n:a::.de_bot ) _ “ v_'
. o and 0J 005 respectively (Tables 32 & 33 & 34) 2 s.-.": : ' ,_

I A
Again the two haplotypes involved are r and R both are
N ! CEE ,:. t' t :' e '

A P

_ ' %mpletely absent and again r is act#ng in the mai_n as the replacerent. o

Analys:le of the data according to_ D G or E".a‘tatus demonstrates mo,




e p e N P P
s B Co ] 1 . .- Y - T
b .p‘ .-' - v — . L k':
| oo o 6. ]
signifd.cant: deviation ix\ any compat(ieon (Table 35 and 26) v . ' '
e . % Embryonic tumours: _.' ' ro ? N e B L R
e, ‘ R LRI R S : C L
_ The cmly haplotype whj,ch eould heve occuted in all three A .
patients was T and all Fhree may: have been homzygoua, the ftequency renév o
l \for t:his haplotype was in the range of O 50 to l OO the other posaible “, RS .
' haplotype which may have occured if' ,‘ is group were Rl with a frequency of' e
U degree rel&tives while R h,aﬁ en e.qual “but: oppo ‘;—t' -gradiem:. Only the .
S ' PR
o comparison of the\lst. wit:h the 3rd degree relatives showed significance, S
pllefss .than- O.’OOOS. (Tables 37 & 38) ' i )

None of Jt:he comparison " e three classes of relativee with

A‘v-.\ -

the W'Rest of the etion reach significence, (Table 39) Th:l.s

i - .
- ( S ~"‘éo.n;'[iav1;o. ./with ‘the. "Reat‘ of :he deacendants" ‘and the “Reat of f:he
' : pop}xlation wet;e -eigt;;.iieent ﬂat' p' ;\esa than b 0005 (‘l‘able 40' &’ 4.;1) ’ 4
1,; ‘1 1; the case’ of ther‘_c”hree Rhesu’eb genea D c &"E'r there a.re io. :
-. sigeif‘icant comparisons '&Teole 42) whicH was racher surprisio; since:‘-? ’ 4
IR ; the most obvious difference i‘_:_"this disease ;foop ‘v':as thé’ excess of fak
2 -. , ' / ch, howe\;er thiu 'Excesa wa# caunterbaloneed by‘ t’he reductioo' of R ' )
‘ 11 ) .-cDE“a‘nd D demonstrat‘e:! no _devial::l.on beceuae the n\:m}alere o'£' !.R' ' e
. o replaeed by r.“-;qrerel- too small. o Pl




and 3rd. degree relativea haa been pooled. Eacﬁ of these has;the‘iﬁ.‘ L

heen compared wir.h the other twof diuue groups (Teble 43) As expected

-

there is excellent agreement between the Hodgkin 6 disease and’ the

immunodeficiency 3roups p = 0, 40 and bbth differ aignifica‘ntiy from : / :
‘I 'n the embryonic tumour group, P leaa than 0 0005 in both caaes.l : L A N

.

Pedigree correlationa S, AR

(I' The deta and analysee of the Hodgkin Py diseaee and iunnunodeficiency
[ .

..\,-A'.

;‘;.;: patiem:a and their lst., 2nd. and 3rd degtee relat:ives may be regarded

,v,

as 1denti.ca1 There is a .comp;ete lack of r" and an eeentielly complete

lack of R\ 3 ,and 'in both cases r tends to be tﬁe replacing h,aplotype.;‘. SRR

N X

7 A G N To

J

degree relatwes fom .8 second group which is dietinct from the, /» B 'fb: .

v.:'.r' . [

Hodgkin 8. diaease-immunodeficiency group., Here gredienta of heplotype -

frequency do occur from one degree of relatienship to the next h

greﬂiient for r" runs in one direetion and t:he gradiem; for 41 ,in t:he ' .‘

s . \ ,.

L back to a- i,ngle f:ommon ancestor on both sides, r.he other t:wo could also o

. . -
’ v

I,
R
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Table 21 Compatisona of anlotype Ntnnbers Betwaen the Three Groups
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Haplotype - Observed _Expect:ed . 0-E (0 - E) /E
Desgcended 41\" B‘éth'Sid;es with -Descended on One Side '
-  B.S. 0.5. B.S, 0.8,

R, - 348 223 355.7. W53 7.7 0li646 0.2718
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. - | . . C
-, Haplotype | Observed ~ “Expeicted ' 0- %
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1 ' R o

. K 1st, 20d, . 1st. “"an.", - L 3:.' oo L
, Lo R, - ST DR Y 35 . 18.0. - 3.0 ,,1'.'9 g q.osw Q. ozsa
RS s T L T 0 1.1976 o,.J,ozs -
,' ‘ - ! R .'i“ V ’.‘q v ' : ”A ' ) " “ N ‘. o '}," " .:“\” o . : ?“j‘fxll -".“
» . o ) ' ! e et e
. 3 v t & R A '
. " lr'f‘ . s : . 1“
AT EE N T L R RN
N o Coe I T T 2(. PR SV o
oot 56 106 xz o. 3356 p B O0MBS. o
L . Lo . . - ..Zna; - 31'&!'.'. . 3r,d';v e o _"::'.6 o ‘ )
L T A T T
s R, ©35 -9 7 963 % - 0. 1618 0. 0549
I R, 70 307 007 0 an3i e 1 2794_ ,u;4374 A.
: e o R, R o 3\ 0.8  2.2..08 ' b aooo 'o 2909
‘ .. L _— . Lo Lo ' . '42' e . < '.'. " & . a - "
C - e : o L S
CLoax o6k 180 - (61,9 1821 2.1 .
e U TR0 M Xy gy peRag -
S . 2 .lat.,.;'.“'.".‘i.:.'('l. ‘ ‘\lst:.'.." 3;'d.~’.~-:""" ." . ’. ; ,,t’)‘
o Ri AP LA A TR (T 795 WO N B
| COR S T NOATE T 1= SN - 9 *1 1 .'»’- R
o o ' ._:-4, .‘ '"Ré ‘~ - ~‘. . .:- ~ W - .‘3 /,' o 0.5 o 2.5—-'. : 0.5_ + 0
“ e ’ Lo R .{L | T SR 56. ""‘ e
. Py R Toen ' :

“..0.060r" " 070108


































.
..
3 e
o
-
- I
“
‘
5
!
,,,,,
’
.
<.
I
o 3
o

3

. - M ” .
Table 37 Embryonic tumoura. Number and Percentage of: airst:, Second md

- Phgnotypg

1 Includes

2 tncludes -

'4, -iné‘lﬁd_es '_

¥ Includes

E T
'Fhird Degree Relatives"‘for each Phenotype and Haplotype. 1.

. First:

Second_ o

18,2

13

8.8 .-u 2.

TR
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. K
i .
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e
e
b
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e
: A
P
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- - g
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ARSE R

n R

>
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e

: 65
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Table 38 Ek\x:yon{c Tumours. Comparis,ona ecween Relatives of Differem:

—

. - Degree foﬁRhesus Haplotype/ Nmy ers K

. Degree of Relationship A/? - X ‘ } - "
[ ’ . . . “ - o '
'Haplotype Obégrveq- Expected . 0=E. (0 -E) ?/ E
"'. ¢ ‘. ¢ . " '. ) :tl N _.'2 d'l l .. 2 dl X, .. '[. “ . . ‘ ',,, - .
S . 1s , “a e st e ,‘.', e o Lo —_\
DL LR 413 -_.',7.2.%-_ 9 8 W2 o o, 1 4222. 1.0449

TRy oo e 13 1-.'-:7‘ SRS 3ooo, “o. 9941

I NS DT i I .""-"2‘1 29 ._51,7"..'0;9"',:;"‘7-' .0, 3857.;:._0 2793
B S CPITINN. TR IUY YU B a 5‘ 2".}. iz 0. 3789-'.;5 0 2769
L BT S ARTIIE By | ’_2_ 1§.6 26 4 z 4 '
T O P MO 146 X4 - 5 5941 . S
L nd, »f.-,.3fd--"- 2nd 3rd ERTEI DO Rt

0;2939} o.rz‘u;zb L
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. DISCUSSTON

. . : s ) g o o
. -+ There seeﬁs little doubt from other studies (Mourant, 1978)_'f

T

X “to Hodgkin 8 disea:ye.

re

; ," those teported here has been discussed earlier ( Page 72) Possible

, mechanis'ms for éuch an association are' f . { ']

“a — }

and the data herein, that there .18 an association between the Rhesus

r,

blood group :ym:%n and Hodgkin 8 disease and possibly with other

. malignancies The essential differences between the prior studiea and

Y

1 Geneti}c linkage between the Rhesus 1ocus anfl‘g susceptibility 1ocus
for Hodgkin s disease. < :. ! S ._ P

... g e s 3 N ; . A R K
‘ a v ',' ;-

2 A metabolic pathway involvins the Rhesus blood group system and a.u

J
n

. The Rhesus blood group systen is 1nvolved in sone functional manner

With either an Imm ne-response (Ir) or lmune—sssociated\(Ia) locus B

-\ x

which is involved in’ conferring either susceptibility or resistance

"

¢ ‘ assume only two alleles at the slusceptibility 1ocus, S & su, with Su
L . conferring resistance and su susceptibility, an:l'ieu ther are three
o . l possibilities, 1 'l'he suscepti lity allele, su, s r' cessive. r
. ‘. . \ L ‘ ’:" . :(.j ot / k”v _ :
s Y v:’ ! A i S fr . ‘\ ‘ :
1 :"‘." } 1. '
. I ’ :

- h

linkage; would need Qo be very close ih order to account or t"he

oL TN

second locué wﬁlch is involved dith susceptibility to Hodgkin s disease

]

‘
L
e
3 |
T\




&

| . | | R T ah03, o
’ 2. ‘the susceptibility allele, su. is dominar}t and. 3 The alleles are.. - : 't ’ .
co-dominant; These possiblities can be considered seperately. "i ' ‘ .‘ ’
1, The Susceptibility Allele (su) is Recessive ‘
o . l 'rh 8 hypothesis is contradicted by neither ‘this study nor.
the oork per ormed on random patients. In the present study a "super—-‘ '. ' B BB
family" is involved linkage of‘ the.su allele‘to 8 speci c Rh haplotype S ]{
:‘,‘": . ‘ for‘ 'example Iji’ would be expected to result in all patients being S
,'":..f- - homozygous fot that Rh haplotype. _This is not so. It is possible that " "_.f: .':_ i
‘,':i ' due toﬁ tire cross—over event that in this fsmily t:he‘ su gene is BRI E
F 'ﬁ ’ | ‘travelling with two Rh haplotypes, for exsmple r & Rl’ some r & Rl ‘
: : - haplutypes csrrying su and the othera csrrying Su, the proportions G q
/ g \ of the r and R hsplotypes carrying su would be expected to differ. i ] ,w’

e

In such a riase three genotypes could conﬁer susceptibility

f‘.': , .in ‘al p.roportion of cases by sll being su homozygous but Rh homo- orx ‘.
x:'. v . Hheterozygous, the three genotgpes being rr, R r & Rlnl R‘here 19 a.
/ hint from the data presented herin that sny susceptibility &gene
. | -’im‘l‘olved is recessive In e'very case r)c;f Hodgkin 5 disease, immnno- o o |
. _— eficiency and em})ryonic tumour, all matings 'inft:he direct ancestral
"’:"a- o . -~ ‘ L
S line have been c0nsanguinous over the last three generations, a' i
| : pattern 3‘11'0“81}' suggestive of a recessive m’ode of inheritance. In N :' )

41’

: sddition tﬁere is’ uhe remarkable absenge od two Rh haplotypes from[ e « o

the Hodgkin {: disease -s r iqiency patients and their fir:at3

. second & third degree relatives, R 3 & r ’This suggests that in some -{ _'.J " *

; S -.mariner both are able to confer resistance to these conditions tqg their B
' bearers in this family. t‘hough this msy be due to chance. Since boith
2 .‘ ‘l'a‘ ,‘ Lt At '-— : ¢ ":'-f-~ . . \‘(w.‘."." "'

R are rare haplotypes and would in the vast proportion of cases occur K

"A"’ 8 .'.',_

in the heterozygous stste this suggests that su is recessive snd thst

’] L S - . . T T -, e
R P Lo o . .
v - PR -0 RPN L L
I . N i B Voo T
. . L .
' ' \
1 A M
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th,e ‘Su éene in ein'gle "ddee'c’ould‘ be suffi'cient to confer .e"hi‘gh.dégree .

¥
. 1
.

-

The Susceptibiligv Allele (su) 13 Dominant.

s

* In the family studiea thia mode of inheritance is not shown o
by the data as there are no affected parent—child combinationa, but ic

is possiblejthat the eu allele demonetrates imcomplete penetrance

, . Vo

Since we are—studying a. family all the affected individuals would be f;:{_

expected to share at lease dne Rh haplotype in common, and this is

t

poaéible for the nine for whom.we can auggest poasible hBPIDCYPQSi‘{tQJ ﬁ

The commonfallele being r, which fits well with the data on the random

Y

patients with Hodgkin s diaease.- Only a prOportion of the T heplotypes

of the family wLuld be expected to carry the su allele, the majoridy

r
¢
.

would be associated with the Su allele.

N

L 3. The Two Alleles (§u & su) are Co-dominant

If e argue, for the sake of simplicity, that allfthe 8u -

—

alleles are linked to Y, but that nor

all r haplotypes carry su, then L

Y

those,individuaISLhaving rrewduld havéﬂthe highest risk those with a 5, :

Rr genotype woh\d.’ave a’ nedian\‘iak and those with a RR.haplotypef'

data presented here nor by that on random patients.:‘ "ﬁ ' ,ﬂn ".' ‘ i

In all thtee ceses the strength of the association will
depend upon the frequency of the su" allele and the cloeenese of linkage,

“

the linkage would have to be very close in.order to give the aSBOciatiOn‘fx:'

s

~

with the random patients.;;

The actual mode of inheritance would alsq affect the strength

of the association..

LYo N 0.

« 2

R VR PPN

2

If for all three hypotheses the frequeney of au

”}_ and the degree of 1inkage were 1dentica1, then a recesaive mode of

" ll
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_ inheritance would give the strongeet aesocietion and the dominant the

R 1 -

.!’
|J

wagksat. . ,7‘ L

All three hypothesas have weaknesses, in the first in order-

. —

to explain the present findings a*croaa-over event, either in\the
’-family or prior to the' original eouple settling in Newfoundland must

- °, .

4.be pdstulated. The croea—over may have occured in recent generationg

‘f;or may have entered the family twice, either through two seperate patha

R ".i

’._or from a remote eommon ancestor. 1n either cage .ueh.zn oncuranoe mud’

" have a very low probability..,ﬁ..J;‘. rGQTg.~c-”\nJ»‘f~f}ﬁ3Jv

- 1 _--"‘

e Cn R - . .
SR . \ a

In the aecond hypothesie incomplete penetrance of the gene for 3fi;:f,'f

Kl

. susceptibility hae to be poetuleted otherwiae the famlly data does not :
’ 8
fit a dominant mode of inheritance. Iurthermore the penetrence would

have to be extremely partial Ihia:criticism applies equally.to the

- third hypothesia. -, flhf”;. ' e DTt L
B it
ASSOCIATION VIA A HETABOLIC PATHWAY ) 3 ’ ’AVA o

A I . : ':‘.
"”:I, C The postulate here is that ‘some Rh haplotypE or all tola. ..

¢

varying degree produce a precuraor substance'which ie esaential for "'

1

the su gene to exert it 8 effect the Bu: generie ‘not linked to the Rh .

. ]

v - i -~ ' e " v ' . i ' T . ' . N = . : «)
locus;‘ e e '.’3‘ S ST
- . . . ‘: - - .- . : . e B "

S '“ﬂ'; In such a case an aeeociation between the Rhesde blood group

syetem and suegeptibility to Hodgkin '8 dieease would be expected in--

K

both family studies and studiee of random Hodgkin 8 diselae patiente.<f

In order to develope Hodgkin 8 dieeaae the individual would have to.lfff

1nherit both the appropriate Rh haplotype(a) and the su gene._ The.su” B

' gede may be recessive, dominant or co-dominant. If we ngain use the r

haplotype as an example..thie haplotype being the oniy one producing the J~‘

’ ;_ required precurspr and being able‘to do 850 in both the homo— and hetero—“

n
o B P L. oo . .
N L Cos e
' » L . : i
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! . t‘ . .
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/ B A

zygous state, then. only thoae individuals having ar haplotype would be .

oo T . * - !
. . ) L . i . . : . e
. N c o
LY ° . . ' : . - . ~
. . . .
-~ . B .
R , |
.

sat risk. ’f - q' S o, ': S
2 B . ' A . ’

* In the case yhere‘sutis_receesive, two su alleleg and one r

* haplotype would be reduired for the condition.to develope, but where su
is eitHer dominant or co—dominant only one su allele and one t‘.

haploty e would be needed Where o-d:minant individuals having
'differe t relative rieks would be expected to occur depending upon the
S }Rh and Su/su genovfpetn : Those with the greatest risk would be r, eu/r

v,|,‘ . L
. . '\

“‘”5 Bl or R Bu/r. su, thOBe with median risk w0u1d include r, Su/r,ulufjAT-:

"su, R, S‘/r, su aud R. su/r, Su, while the lowest risk would occur

RN

N

-y

If all Rh haplotypes produce tbe needed precursor, but in'f-”ai

’

‘i‘.

- differentlamounts, then all- individuals will be at risk depending -

Upon the ombined efficiency of the Rh ha lotypes forming the geneotype,
T P

‘efficiencf would aleo have the 3reatest riak ”'4 S

) '° ',. ': Although there is no data to support this hypothesie, there is

V ‘,none to refute it. At thia time it appears that it is a8 reaeonable }\A

- hypothesis but until the metabolic pathways involving the Rh system R

' have been elucidated the only teet muat involve fully genotypeing

Hodgkin 5. disease patients for Rh. If these can be ranked by Rh

T ‘ phenotype Bor relative risk of developing Hodgkin s disease tﬁén this

)‘. r‘ ‘

, would strongly support thia—hypothesie.j Z.f “’f_‘;' -F'h 51
' ASSOG{ATIONrVIA AN IHMUNE RESPONSE (Ir) OR IMMUNE—ASSOCIATED (Ia) LOCUS

L That such an interaction may be the basis of the observed

-'

association of the Rh system with Hodgkin s disease is suggested by the

n

o

i}with the genotypee R Su/R Su, R, Sd/r;/Su or,” r, Su/r, Su.g fH'H" f’f"‘f

' - here the ndividual humnzygous for the Rh haplotype having the greatest )

datafof Cook & Shepherd (1977), regarding the‘differences in the incidence _

. .

ST A

—
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. within the HLA region of chromosome 6.

-HLA—A "and HLA—D inalusive, then the HLA system would be expected to J

<

? .
of malignant diseose in’ the relativee of Rh "non-responder" compared

o ' .
’ \

with those of "responders". (see pagelw) T 5
All studies so far performed on defining the genetical
7.

basis (iftany)'of the difference'between Rh""responders"'and “non~
P .

YEaPODdET" have heen concerned with demonstrating an aseociation with

o a o

”HLA. This is based on the assumption thatsthis difference is inherited

T e -

o and is due to either fn Ir OT:: Ia locus. In those species studied

'including man, the Ir and Ia loci appear to be situated within thd

.o

yfbaundaries of the major histoeompatibility locus of the Bpecies,\in man

- ' ""' "
N . N .,wf '.', DR Ry
N |- N B
| : S e L

, a e : 5 .

If obere were an interaction between the Rh locus and either

1.

S
o v

an Ir or Ia locus situated within the HLA boundariee, that 18 between

N

'demonstrate‘associations'with.the Rh locus~due to the linkage

disequilibrium which affects the whole of the HLA regiou. o .
® LT
. . A working hypothesis can be developed as follows..

A

' A common Ir or Ia gé‘e exists in man, which does not permit.“l

R
. the carrier to respond to the Rh D antigen by producing anti-D, thid

.

gene ie situated within the HLA region of Chromeome 6 and ie therefore

¥

subjeet “to 1inkage disequilibrium with the HLA system._ This ir or”Ia
. VAN
gene itself predisposes to the development of certain maligancies, ‘for .

A
example Hodgkin s disease, whieh theref;:f,ilgo demonstrates an

aSsociation with the HLA system.~ A . feedback mechanism exists between

"~

4-'.7

Rh and the Ir (Ia) gene by which the diffrrent Rh genotypes exert a
modifying effect on the Ir (Ia) gene in such a manner as: to increase or
decrease the predisposition to developMEnt of the malignancy._-l'

All~§earchesv§or assoeiation betueen Rh and HLA have.h:en.




coprr
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negative Petranyi et. al, (1972) could not demonatrate any associations
[N
between HLA and Rh “reiponder orf non-responder atatus, however the

’

numbers available were amall the authora themselves guggest that in -
view of the limited numbera teated failure to demonstrate such an

- . association is not concluaive.\ . . )
. . \ \

.
;
i
i
i
{
{ -
g

Thia hypotheaia haa the advantage of unifying to an extent the

o

3"findinge in Hodgkin '8 diaeaae, that ia it linka the association of both :

O 2 o x,
et I S A-HLA and Rh to Hodgkin a disease. The negative findings with respect ‘to -, .
P - e - \f“ n

i
SRR IV g o : :
‘f j*f}'::“A R ;.association between Rh and’HLA are disappointing, but the crucial came
""xt“i B ‘;f_ff,association of thia hypotheaia ia that which ahould be detectable ",::;;?5' SRR
" ij between HLA and Rh "responder" and "non—reaponder status. If ail Rh l

. o _
b - 4

haplotypes modify to different extenxa.the aetion of ‘the Rh "responder

ugene (Ir or'Ia gene), then.a direct aaaociation between Rh and HLA may '."7“
:\\/ ’ be extremely difficult to demonstrate. This hypothesis would still.
'“A :iih : * be tenable‘in a modified form 1f the Rh "responder gene" we## shown to
;% :A o | -+ be located outside the HLA region, ‘but would lose 3 great deal of it 8°

attraction.

Feoh L L TR mnasus LOCUS AS A suscxmxm.xn LOCUS .

-

T It is a baaio tenet of genetics that in~all looi where alleles
f N 'occur-the allelea are aubject to’aelective preaaurea. It therefore o '.;'}’
;¢rﬂu; . R follows that " in any geneticel locua exhibiting a balanced polymorphism, ‘ 4"1,
‘ | | 411 allelea must be ‘sélected for-andagainst by diff&rent environmental |
fy . ;, agents. Though some geneticists claim that neutral genes exist.

There are two apparent excEptiona to this, the first is where

" the. 1ocua has one very common allele and .one ot more rare alleles, where

ﬁ‘ the frequenéy of the rare alleles can be maintained by mutation, not by

ot
’ aelection;‘as fast as the rare allelejia lost by eelection,it 18 replsced'
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by a fresh mutation. The second case ia where the rarer allele\éss
. obvious disadvantages but these develope after thelreproductivellife is

" over, for example Huntingtpn's chorea, but here too the situation'must

be that the gene is maintained by mutation and that there is some subtle
e

selective pressure acting on ‘the heterozygote in early life inladdition -

-

to the severe preasure commencing in the third or fourth decade.}!p-

In ‘the’ Rh system which is highly polymorphic, -one Selective

pressure is known, this is haemolytic disease of the newborn (H D.N. )

Well over 902 of cases involve the D+/D- distinction an& with each”

Yeb

foetus or infant lost\the population 1oses both a. D+ and a D— haplotype,"”:‘

P

in such a: situation the\selective pressure ia directed against the D-‘

e

existed in man At would be exp cted that all D~ haplotypes,‘that is £,
cde, r', Cde,and ', ch would. be lost. In most populations the .whole
system geems to be ‘balanded and though r and " are rare "they are‘not

at the level at which they could be replaced by mutation. In Caucasian’

-

pOpulations Fisher § croas-over theory fits their freqgency ‘so they
may be maintained in a population in this manner, howez:x the figures

PO

did not fit nearly as well for other populations, such ‘as Negroea. ’

. As they are in balante they must have an advantage which offsets

v

the knownnselective-pressure.against them. '

It may be assumed that all

~ «

_Rh heplotypes;are subject~to~different selective adyantages and
disaavanlages. S
It appears reasonable to suppose that amongst the conflictingf

. l
advantages and disadvantages difjerent susceptibilities to different

b - 1.

,neoplastic diseases occur,

The data.of<PetrhnYi et. aﬁ. (1972), would lendfsome‘quppqrt’to

-
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. nthsn sre presently knovm would have be’en reported in addition the.

.

: relative weakness of the association between D negative state and

f

f’)re'sponses _of the D+ and i)i

"y I. .

2 3 . C . . ' . Iy
N P -

-

this hypothesis simce there were mrked differences in the imunological .

grodps, as measured by their responses to, *
hacterial qntigens y d‘ntibody titre, numbets of PHA reeponsive lyphb‘eytes

- and PHA dose needed for maximal responee by 3ﬂ—th)midine uptake in:

R . ¥

tissue culture. Theae authors suggested that ih sone manner Rh- wms _

associated with a gene involved in: regulstion of imune responses‘., ‘

‘z '-'d

i L f\’ c If the Rh haplotypes of themsel‘iles predisposed to develbpment‘-" T —

7 - " \' ‘ ,' .
of maligngnt conditions it would be expected that many ,more associstionp -y

ST
+

O L X

Al

Il

Hf)dgkin 8. disease in rsndom pstients tends to suggest the Iink is not as ' "“*,-‘.

, direct as"this.. Ce T - ,' o . : S /'\\ -,
FURTHER STUDIES - . . . L LT P A
. 5 N
Studies of other families containing multipIe cases of ore "
L‘ Iy «- & . :_ .

Hodgkin 8 dise?s\(or other malignancies) are of. primary importance and

-

: should«p include the full Rh and I{LA typg,ng wherever possible, foIlowed by

L%

asaignment of aotual genotypes as far, as poss.ihle"‘"Sheuld the results ' -

support those herein the intimate involvemept of the Rh system in

. R ™ A\

.

' develOpment df malignancy would be strongly supported L ;,‘ ) N
‘ - - 1f it were possible in the «prssent study/ to include work: "on the; q . :':‘,“'-
other chromosome T .loci which are knmm or- suspected to- be within ~: ’ '
measurable distance of the Rh locus the; value would he much incressed. | ‘ ’
The other loci which ate known €6 be close to .Rh‘ or in thst general. area L '

) of ‘the chromosome,_are' - L ‘ B - j ‘ - NERREI .-..' -
Enolase‘-l - _ -:' o o °". s e : '."' S
6-phophgluconate dehydrogenase - _ ' 'r' t o - :jh" , ',.. ;
Adenylate kinase 2 . LT 3 B . s ; i ?-{"

. s - £ o

2 .m« % o)
o "" , "'/

s@rﬁ\:ﬁ.ﬁi
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. : Ho}igkin 8 disease than dqes Rh. ‘which would Suggest th t there is in .

‘ The Scianna system at preSentr-consiote of two alleles, Sm & ,'

) !, ~ probably wuld be depending uan how frequently croes-over [ occur '

," “'""-" : '.&- - B . ' ; P
B TR it oLcurs and wﬂild be informative are aleo extremely rare.. PR L

) = ' ‘o
e . e ’
A . I
'~ - AL
- - —— PN
J e s [ L
a

. '.52“ ) A Lt o " o . o

. 'Phosphoglucomutédse-1 - { o iy
B Uridine fponopho's'phate kinase - . - o j
i ’Scizanna blood group { T e ', 2 S #

One or more of these may ahow a stronger essociation with

e

et . .
A

fat:t a ausceptibility ‘locus on ch‘romoeome 1 and might even- give ome

0 '

L 1

clue to location. In the aBeence of such associations the vork

Bt ill be of value in differentiating between homologous Rh

the aq;tual dist@nce betWeén the two is not Yet known, -

PR ‘
b P

_ with the latter occurring ip ebout 1/130 Caucaeians. If in a

family both were present end Bu were travelling with Fome of - the r.

. B .
P e L o)

haplotypes this would permit differentiation of two tyjpeS\r Bu & .

r—Sm. Any individual of 3enotype rr'could then bh pla ed in one of

3 . ‘

*

three groups, r—Sm/t-Sm, r-Sm/r-Bu or r-Bua/r—Bu > the first m?sy or o
.’ .'!. . . o~ .
may not be homozygous for homologous r haplotypee, the second are not

A . .- .
=T ‘.-, .
. LY Lo

*.-.;. likely to be homologtius with reepect to T while the third group f EEEN

which ia ai‘reccl.y related to the distance between the two loci. Coe '. , (
R »‘; - .r‘ o l.t
i ) .However aesmuing a relatively close linknge in afamily which ’

demonstrated a degree of inbreeding auy homozysoua r-—Bu individual

L

w0u1d almost certainly have recieved both twice from a single Cote

:‘I.', ancesto‘r Howeve'r eince Bu is a rare antigen the familieq in which

B . . . o N -
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Tbe invaluable, in this case sny associations betwee'n other chromosome 1’

':flocus on chromosome 1 then associations with other chromosmne 1

,.the positid[n of: the susceptibility locus among other factors.

e 4 «

; "‘are difficult to perform since kindreds with a large number of Rh

negative members are needed of which only the males and post—menopausal

l

Since the sssociation between Hodgkin 8 disesLe and Rh is

demonstrable at the population level, studies of the sctual ‘Rhesus

) C . N - -

‘genotypes occuring in Hodgkin.s disease patients together with the

haplotype frequencies may well be of' value. This can "be done relatively

easily by typing the parents or spouse and children of each patient .

‘ ) to enable assignment of an actual genotype to the patient.

If Rh is itself a susceptibility locus .,the sbove studies would

: msrkers and Hodgkii's disease would be waaker t‘han the association with

0

'ﬁ‘:~‘1'-Rh itself but the associstions would be expected arjd. the strength of

‘.association should reflect the distance between jh’ and the marker locus ]

R ; . &

. l\.'i' _"_“

"If the Rh Hodgkin s disease association is due to a susceptibility

‘, e

M \ .‘ : CE

~-

markers WOuld be expected to be either stronger or weakej depending upon

(

. -In the other two hypotheses, Rhesus involved in a. metabolic

' pathway, and Rh involved via ‘an Ir (Ia) locus these chromosome 1 markers '

L]
Sl

)

":‘”should show no._ association whatsoever with l{odgkin 8. diaease.

o Another important study is that of th baris for the R.h

responder" "non—respond r" difference, as this hss been tentatively .

- \

implicated in susoeptibility to malignancy._ Although a. genetic basis )”

Ke

' has been assumed it has not been investigated by means’of family studies."‘:
o Family studies are required to confirm or refute the hypothesis that T

this distinction is an inherited charscteristi.c. Suitsble fsmily studies

s

I .

: -‘females can be tested as the testing involves repeated injections of -

ie




oetre t . ——

LT 3 ) ] o . .,'” . :
. ( : P

small- amounts (circa 1 ml.) D+ red cells untill snti-’-D is formed or . i

j the individual has been injected at least five times. The[se difficulties

are almost certainl}v the reason such studies have not been performed.
s -g
- It may be possible to carry out such a stud?' on a prospective

[' ' basis. In some countries D negstive males volunteers are being . 4

immunized in order to produce snti-D for bloog grouping flood
donation id frequently 8. family affair with both parents attending
;s.-‘ e ' and bringing their children along ss these reach t.he age of 18 years

' . o and wish t8 donate themselves. Such & study would be expected to be

4

' very :infofma-tive as tL whether or.. hot Rh is itself a. susceptibility 1ocus. I
: . e

The present data support the reported association of Rh with ﬁ

Hodgkin‘s disease as there is a gradient of I frequency in this

- ) l . . "
s : population. The group which is not descended frpm the founding couple K

i

" -

shows no increase' in frequency, the ]group descended on .one side shows :

. ‘ ‘an increase of 342, while the group descended from the original pair . o Pe

| on both sides demonstrates a 43Z excess of the genotype vhen compared |
. ‘ " ‘with the expected figures for the U.K. ' » ST i P
| ~In this familyl both Rt & r appeer to be exerting some kind o

- N o - of protective effect’ in both Hodgkin B disease end immunodeficiency, as -
I S : ' ‘ |
) B . both are practically conpletely absent from the. relatives of these
' disease grOups, though this may he due to. chance. . ' - ’ ‘ :

¢

b -

’l‘he r" frequency does not differ significantly in eny group

-from that expected for the U K 9 but R does, in the group not descended

e g
. v

1 S C ‘j ' from the founder couple the frequency is the same as that of the U Koy
oo ro ‘ ) _ i ‘
' but the descendants of th:l.s couple show -an increase ‘of: 487

’ : . »

Ca
e,
Y

r

\\.3‘.. oo S ) PR In the embryonic umour grouL " appears-to be involved since 7
1N . . - . . , . .Q’, .

the frequency is increased and there is a frequency gradient from first

R ST ato second to third degree relati&{es ‘of the patients.
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- APPENDIX II

THE RHESUS PHENOTYPES & GENOGYPES OF THE FIRST, SECOND AND THIRD
DEGREE RELATIVES OF THE THREE GROUPS OF PATIENTS: HODGKIN'S DESEASE; - .

IMMUNODEFICIENCY & “EMBRYONIC TUMOUR'. ®
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