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- ABSTRACT

A nethed for assessingvhistoéompatibility
-has been deseribed based on the matching of the |
leucocyte autigens demonstrable by eytotoxic antisera.

The dye exclusion test was used to manifest
cytotoxicity and the factors affecting this technique
were investigated. "In heat-damaged suspensions stained
obunté were influehced by the cell type, cell obncentration,
staining time, incubation, dYe“concentration'and total
serum concentration, Undaﬁaged suspensions were also
affeeted by these factors but to a lesser extent by
1ncuhation and staining time. Counts were higher in
damagéd than undamaged suspensions except at the extreme
dyé concentrations, serum concentrations and staining
times when the counts became similar, ,

With other known variables heid constant,
'stained counts depended upon the concentrations of toxic
éntiéerum, cellé and compléméht. - The toxicity of an
antiserunm dependad upon the mode of preparation (1 e. the

number, timing and type of stimuli)



A panel of 1so-antieera, prepared by spleen

'aﬁv]eell inoculations. was used to ‘screen the leuoooytes-~

'VLof 52 rabbits. Most antisera were of narrow speeificityi

'i and appeared to demonstrate antigens eontrolled at one

';ﬂegenetie loous only and there were 3 or more alleles

- which oould oeeupy this loeus.lv ' :

e Every pair within batehes of 7 to 12 rabbits
vj_was given an 1ndex number according to the similarity

'fof the donor and host reaetions with the antisera.v

”i;;fﬁecipients were then graited with skin from 2 to 6.

'efdonors in. the same batoh. Altogether 43 reoipients'
e“received 137 grafts., ‘:. | o
¥ On 30 of ks reeipienta (70%) the graft

':’fpreseleoted ee best survived as long or longer than .

1fthe other on . that animal and there was a signifieant
"eorrelation between the graft rejection ordere and the
eserologioal asseesments (P<< 0. 02) | | m
T This suggested that the locus whioh had been
"ererologieally demonstrated was strongly conoerned in
ef{histooompatibility.- - | . |
o When eaoh animal was retrospeetively assigned

a phenotype aecording to this locus, some reoipiente bore



L]grafts from compatible and incompatible donors.v
R On 13 of the 14 reoipients where the rejeotion timea
 ot the grafts on each ditfered by 2. days or more.
a compatible graft 1asted as long or longer than
':any other on the same individual. ' - _
o It 1 suggested that panels of cytotoxie
antisera may be ot value 1n hiatooompatihility testing.
| The 1mplications and shortcomings of the

method and 1ta applicability to man have baen disoussed



N

 CONTENTS . .

;‘Title ;J

 Abstract _

: COntents f¥§: 
'fITfAcknowledgements

f;Preface

 :»;f§33£i2ﬂ~£- f The Dye Exclusion Test Ior.f..i o

o "yCell Viability
Tquépfer~1 .k'Review 3* } D
‘” :f§haﬁ§er‘II_f'iAMaterials and Methods ]
.jChabtér‘111  7 samp11ng

Chﬁpter‘xv_.'"HSerum COnoentration o

o H éhapter Vu' .,ustain Concentration~
" Chapter VI  Interre1at1onship of the |

: 7 | Variables ”’ ‘
“Cﬁéptef VII :Staining Time and %,i
7.  ".‘  -'. | 'Standing Time'v'
‘“;;éhapter:VIII  .Incubation'1
” -phapter IX  Cell concentration'
"c_gfchﬁptefrx ‘  ‘,0311‘Type -

Chapter XI Géne:al’DiéousSibﬁ 

. Page

B IR B~

10
37

42

66

“753”

o
109
114
126



s ‘Page

‘Seotion II éi The Aotion of Isoantisera '
":Iutroduction AR .Qa} _ ;*15‘ ?},;:” 133
 Chapter x11_~"uethods o o

| ;fv,_ChapteerIII;j-The Toxioity of Normal

R " Allogeneic Rabbit Serum 140
.¥3 chap£§r X1Y ”:iﬂumoral Response - to f”'ﬂ | o
) ‘ v \‘ | | Allogeneio Tissne o 1 » 147
»'1€;'Chapter_XV57  Titration of Isoantisera 160
| 3fchapter XVI'l 'Ge11 Coneentration _’;¢  - _16#
'?éichapterXVII{  Comp1ement ,};“” "‘i-‘ ,Z_ 166
- Chapter XVIII Genﬁral;niﬂcuﬁéién_;:xﬁl : ;" 7.;7°v

V:section III ~ The Histocompatibility Test " DR

: Introduction 1‘: e o --:]‘ *   - 173
o Chapter XIX ReViéﬁ o A;?': 1f ‘f'l EE 174
chapter xx ‘)j'Methoas" ':Cm'; ,f«;*ff ; 201

R :;nésn1ts ':j_ff,”;f‘ff77a‘_;;f 215
~ D1sdu§sipnfx:‘_i:fj “i',fJ . 253

;1f-Re£efenpesf-' e S I R . 282

‘_Puhlished Article :"The'nye’Exclusibn'Test7for Cell Viability.
B | | prerimental Cell Research 35 9. 1964.:



;. Thls work was carrled out ln the_
.Surgioal Unit of St. Mary's Hospital under the
supervision of Professor W. T. Irvine.

I wish to thank the Professor for his
,continued interest, constructive critleism and for
ll generously providing the feoilities, animsls,and;
-apparatus for these experiments. J_: _ o

It is also a pleasure to acknowledge the fix
.‘help of Dr. M. C Berenbaum who discussed and |
oriticised this work. o R

I thank Mr. N, Please and Mr.,v. Siskind -
oi University college StatistiOal Department for
their help with the statistios, Mr. Salim Verjee,
Mr, John Hall and Miss Lesley Weloh for their technlcal
rasslstsnee, and Mlss Wendy Sears for her secretarial help;d
‘ Other than the help aoknowledged the work '
described here is my own. | "

The work was. supported by an Allen Memorial
Soholarship granted by The Animal Health Trust. |
1 thank Mrs. Allen for making this fund availeble and
the lete Dr, Wooldridge and the staff of The Animel Health

‘ Trust for their courtesy and kind consideration.



IN VITRO HISTOCOMPATIBILITY GROUPING IN THE RABBIT

PREFACE

The selection of the most suitable donor for
homografting is important because the immune reaction
which is responsible for the rajeetinn of foreign
tissues is most easily abfogated where histocompatibility
differences are slight, Theraﬁy aimed at the
~ prolongation of the survival times of allografts has
met with vaxiable success and this variability haa
béen‘attributed to the different'degrées‘éf histo~
incompatibility between donor-host pairs.

| The choice of the most conpatible donoxr for
any given recipient might result in maximal response
to immunosuppressive therapy and might enable the
- dosage of the iﬁmunosupﬁressive agents to be held ht
‘telativelyAnon-toxio levels.

in vivo techniques have successfnlly_indioated

histooompatiﬂility relationships in léboratory animals
}but in man these techniques have been unreliable.

In vivo methods are not 1dea1vf0r use in man because
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of the possibility of ttansferring pathogens.and
of sensitising the participants to tissue antigens.
This might impaeir the survival of & homograft if
such shouid be required subsequently. |

In this thesis an ihivitro method of
matohing rabbit tissues for histoobmpatibility is
described, - Blood leucocytes havd'beeh compared
according to their suseeptibilities'to'the dytétnxic
action of a panel of isoantisera, Subsequently skin
-grafts wefe exchanged between the individuals matched
in this way in order to test whether the antigens
demonstrated wero maihly the important histocompatibility
antigens. _

The first section describes investigations
into the technical variables whioh'affeotrthe results
qz thé dye exclusion test used in the‘measurement of
cytotoxiecity. The second section is devoted to
investigations on the variables influencing cell
danage and the third seotion describes the

histoconpatibility test and its application,
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SECTION I

The Dye Lxclusion Test for Cell Viability

. CHAPTER I

REVIEW

' The ability to exclude eeftain dyes is
generally.regérded'as an indication'of cell viébility.
Damage to cells renders their surfaces more permeabie'

' and7dyes‘whioh’are nprmally exdluded, €., trypan blue,
eééin,.nigrosin,iliSEamine green, are ablé,to penctrate
and stain them.v  A éount of the peiééntage of étained
celis‘fOrms a convenient method of eétimating,the
degree of damage to a suspension, ‘ H

‘The ability Qf trypén blué to differentiafe
between viaﬁle and non-viable cells:wae first
»investigated (Pappenheimer, 1917) after‘it Wés
1n0ticed during supravital staining ehperlments that
the nucle1 of damaged cells stained diffusely, while

the nuclei of undanaged cells remained‘unstainedv
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 (&ross, 1911;'-Maccﬁrdy'and Evané,_lélz; ‘Evansfand |
Schuleman,.lél&; Rous énd Jones, 1916),:..R1éhter |
and lacbowell (1933), ahd nany others uséd‘the'methdd
to study the v1abi11ty of both normal and neoplaotic
cells. 1In 1936 Schrek noted that e081n and methylene
~ blue could a130>aet'as 1ndicators of cell v1ab111ty
| | ’ More recently the use of a number of dyes
for this purpose has ‘been. 1nvestigated for example,
- trypan blue (uDskins, Meynell and Sanders, 1956 Laﬁon,
Scala and Jewell, 1959, Craven, 1960; Tennant 1964
Engelfriet, l1965), cosin (loskins _et‘.al., 19563 uanks‘
ahd wa11ace,'1958;, Eaton et al., 1959§ Black and |
 Berenbaum, 196&), nigrosin (Ka;tenbach,,Kaltenbach and
LyOns, 1958)? lissanine gréen‘(Holmberg, 1961), | |
'erythiosin B'(Phillips and Térrybetry,.1957)tand‘_
acridine orange (Tennant 1064). | |

_ There were four main consmderations in
A,these 1nvest1gat10ns, namely, the olarlty With which
stained cells were differentlated‘frou_unstalned, the
“toxicity of the dyes, faciorsvaffecting the stained
cell counts and finally the similafity of the viability

assessments according to this and other methods,
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Ai. The Clarity with which Stained Cells were

difforentiated from Unstained

Stained and unstained cells could'he
clicarly distihguished from oﬁe another with wost
‘0of the dyes investigated but soﬁe workers (lloskins
et al,, 1956; lianks and Wallace, 1958; Eaton-et‘al.,
1959; lloluberg, 1961; Tennant, 1964) reported that
' gosin wos not fully satisfactory in this respect.
Here the cells were sometimes stained with graded
intensities or else the proportién which were
gtained inereased gradually with the staining time.
Those difficulties may have been due to
unsatisfactory conditions of the tests. For exanple,
Phillips and Terrybérry (1957) suggested that the
indistinot staining of Krebs 2 ascitic carecinona -
eélia noted by,Hoskihs et al.'(1956)Amay have been
:due to the high concentration of cosin used (0.05%).
When this was roduced to 0.02% the staining was
clear-cut. Ianks and Wallace (1958) noted unclear
staining of mouse fibfocytes only at high concentrations

of eosin or in the presence of low concentrations
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of*serum.‘ At very low concentrations of this

" dye (0.025% or less) Tennant (1964) noted indietinct
'staining of L-cells and ‘human-. epithelial cells L
grown in culture. , There was an»increase invthe"

- numbers of stained cells with the staining time..,' |
Eaton ‘ot al, (1959) reported that eoein at Iinal ﬂjx'”'
,concentration 0.3% stained Ehrlich aecites tumour‘ff .
- cells with varying intensities.;ﬁ Here the counts
"were performed after short staining intervals B i

| (2 to 5 minutes). . An inorease in the number of i
ljstained cells with the staining time was also noted

"when trypan blue was ueed (Pappenheimer, 1917), and

this was especially the oase where the proportion of SN

stained cells was high - E
When different dyes werevcompared Schrek
(1936) noted better differentiation of stained and
V:unstained cells with eosin than with methylene blue,é«
| -and Phillips and Terryberry (1957) found that
A erythrosin B, used in conJunctionnwith.a green o

‘ light filter, gave a better contrast than eosin. V,

Hewitt (1953) preferred trypan blue to eosin "beeause_ .

it gave more definite staining at non-toxio levels"h
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When lissamine green (unstated
concentration) was added drop by drop to a
suspension of L-cells "until the medium was
coloured", the stained and unstained cells could
- be more clearly differentiated than.wheﬁ eosin
was used in a similar manner (Holmberg, 1961).
Kaltenbach et al. (1958) screened more than 50
dyes and concluded that nigrosin gave the greatest
contrast, although the dye concentrations and other

details of this work were not given.

B. Toxicity

Trypan blue was non-toxic at concentration

0.1% to 0.2% in the presence or absence of serun
(Tennant, 1964). This was judged by the ability
of L-cells and human epithelial cells to grow in
culture after exposure to this dye for up to
20 ninutes,

Eosin Y was more toxic, Exposure of
L-cells and human epithelial cells to cosin at any
of the concentrations tested (0.0125¢% to 0.25%) for

rnore than 5 ninutes in the absence of serun resulted



15.

in the death of the cells as judged by their
failure to grow subsequently in ewlture. In the
presence of serun, eosin concentrations of 0,0125%
to 0.025% were non-toxic and the cells recovered
completély even after 10 minutes"exposure |
(Tennant, 196&);

| As the term 'cytotoxicity' implies any
form of cell damage, it was validly applied in
Tennant's work to the impairmeht 0of cellular
reproductive integrity. Howe#er, not all cell .
funetions are necessarily impaired to the same extent
by a deléterious agent and it may be possible for a
cell to maintain the semipermeable nature of its
menbrane ih spite of impaired ability to grow im vivo
or in vitro (Cassel, 1957; Eaton et al., 1959;
Craven, 1960).

Nigrosin. The stained counts were almost
unchanged (about 55%) after 150 minutes when ascites
sarcoma or carcinoma cells which had been modified
by temporarily suspending them in hypotonic media
were stained with 0.2% to C.5% nigrosin in absence
- of serum (Kaltenbach et al., 1958). The authors took

this to indicate that the dye was not toxic.
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= Lissamine green was stated tc be "quite o

. ncn—tox1c" (Holmberg, 1961) The dye was less tox1c
Tthan trypan blue in vive (Gcldacre end Sylven, 1959),
although thc experimental details upon which these B

ﬁ'opinions were founded were not given.v: .

’ "C,  The Factors affecting the Stained Cell Counts
B Certein factors nay influence the stained
tcounts irrespective cf the percentage cf cells criginally

L damaged.,: These 1nc1ude‘

‘ f(i)"The”concentration of?serum in“the suspending7

73;medium. (Pappenheimer. 1917 Phillips and Terryberry,
‘1957 Black and Berenbaum, 1964,: Tennant 1964, )

Other factors being the same, the presence cf high

'”ofserum concentrations in the medium usually resulted :

fin 1ow stained counts and lcw serum concentrations in

"high counts. ; However, Hanks and Wallace (1958) noted

. little difference in the stained counts cf L—cells

| stained w1th 0. 15% eoein in the presence of 0, 2% and

'“20% serum.

v 'g(i1) The concentration of the dye. _ Other'factors-being

'lequal, more cells were stained where eosin concentrations
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..ﬁerevhigh (Black and Berenbaum,_196§),-bﬁtﬁEngelfriet
'(1965)'found‘that“in presence of'55% serumfthe  |
‘prOpoitiens of”trypaneﬁlue stained ﬁuman>1eueecytesv

ihcfeaeed as the dye’coneentrations'incfeaeed to-

- 0.18%, but decreased again as the concentratlon ‘was

~ raised further.,vjt

(ili)‘The type of cell. Rabbit leucocytes could

:,not ekclude'o 2l%redsinydye'(final'coneentration)

' in media devoid of protein and all the cells were

| stained (Black and Berenbaum, 1964) whereas Ehrlich |

‘jascltes tumour cells in a simllar medium were able'

- to exclude'an,eyen higher concentration_ef the dye

_(0.3%).  Here only 1% of the cells were stained ‘

"l_(Eatoh:et al.; 1959)4

4_(iv) The staining time., When the cell suspensions

were damaged the stained oounts increased with time
lifor the first 45 to- 60 minutes when stained with
1‘erythrosin B (Phillips and Terryberry, 1957),
eosin Y (Black and Berenbaum, 1964) and trypan blue
(Pappenheimer, 1917) _ In the case of eosin and
erythrosin B the eounts remained relativelyrconstant‘

ter at least 30 minutes after this, In undamaged
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suspensions the stainihg time was less important
and counts reumnained virtually unchanged for up

to 90 minutes (?hillips and Terryberry, 1957;
Black and Berenbaum, 1964). Engeifriet (1965)
found that when trypan blue was incuhated with
celi-antiserum mixtures, the proportion stained
incfeaeed during the first 30 winutes of staining,
but theu.decreased. lie ascribed this decrease to

the lysis of damaged cells,

D.l Comparisons between the Viagbility Assegsuentg

based on the Hve Execlusion Method and Other Teste

Fully viable cells may be defined as those
capablc of performing all their normal funrctions
adequately. These functions may include ‘the ability

t0 grow and divide in vive or in viiro, respiratory

and metabolic funetions, and the wmaintenance of the
integrity of the ceil nenbranes, Comparisons which
‘were undertaken to check the accuracy oi one oxr other
of the tests usually consisted of carrying out the dye
exclusion test in parallel with sone othef viability

ascessment, e,g, according to measurement of the growth
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poteatial of malignant eslls in vivo (Riéhter and
H&Gdeell, 193%; Yewitt, 193%; ilosking et al.,
1956, asgel, 1957; DBaton et al,, 19%9; Iloluberxg,
1961; ‘Tennani, 196%) or in viitvo (Craven, 1960
Tanm&nt, 1964), the leak of radioactive k* from
labolled cells {(illein and‘?erluan, 1963), %he
phagoeytic ability of maernphagés (Rous and Jones,
1016) ox the various ccliular m@tabﬂlic’activiﬁies'”
such as resppiration (Phillips and Terryberry,r1957;
Laton et al., 1959), ability to form lacitic aeid with
glucose and substrate (Kaltenbach, 19563 Phillips
vand Terryberry, 1957) oy dipeptidase, catheptic and
glutathione metivities (llolmberg, 1961).

The evoluation of the reaulté is compliéated
because (a) technical variaobles not associcted with
the percentage of cells originally viable may affect
the viabllity assessments. - For example,‘%hé eogin
concentration may influence the ability of cells teo
exclude dye (Black and Bercnbaun, 1964), while vhe
resistence of the hosgt nay infiuencc assessnents
based on the growith of tramnsplanted neoplasmg

(Hoskins et al., 195€). The results of any test



nay have been as nuch a reflection of technical

variables as of the proportion of daumaged cells.

(b) Cell populations may vary in their amenability
o study by different technigues. Hnskixs.et al.
(1956) showed that with Krebs 2 asciibes carcinoua
suspensions, different wmethods gave assesspents
which varied between 17¢% and iess than 0,1% viable.
Sanders and ﬂoskins‘(1956) showed thot mounkey kidney
“cells which were able ©0 nultiply in vitro were

2ll stained by eosin, and Stein and Gerarde (2950)
shoved that chick fibroblasts which grew vigorously
in culture failed to reduce tripheuylteﬁrézolium

.chloride,

(¢) ©EBach test demonstrated the integrity of

certain special functions of the cells, for

exauple, that of the cell menbranes, the ability

to divide, to respire, etc. In severely danmaged
suspensions all thegse functions may cease wore or
less simultaneously and here the resulﬁs of different
tests ofteﬁ correspond (Hoskins et al., 1956; Baton

et al., 1959). Iiowever, where the danage is less
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severe some functions may £2il vhile eothers reunain
at least temporarily intact (Haltenbach, 1956;
Eaton et al,, 1959; Craven, 1960). The divergent
results often observed between different viability
assessipents way reflect the relafive sensitivity of
the cell functions to the daumaging vregimen employed.
For example, DBaton et al. (1952) showed that damage
to ascites tumour cells by starvation, hypotonic
suspension media, low 02 tensions, cyanide,
dinitrophenol, thyroxin, virus infections ox
unfavourable pl usually impaired first theiyr ability
to produce tumours in vive, then thelr respiratory
activity and aiter a variable interval their ability
t¢ exclude eosin, lowever, where the cells were
danaged by C1l, welchii toxin they stained with ecosin
before their respiratory activity was iumpairved and
it was suggested that this was due to early damage
of the cell pembranes by the lecithinase which this
toxin contains.

These obgervations are supported by other
workers (lioskins et al., 1956; Cassel, 1957; Craven,

1960; Tennant, 1964%), who found that cells which
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seemed viable by dye exclusion tests were yet
impaired in their éapacity to produce tumours

in susceptible hosts or to grow in culture after
damage.

The work of Kaltenbach (1956) provides
further evidence that the various cellular activities
may function independently of one another. Ascites
cells which were rendered permeable to nigrosin by'
temporarily suspending them in hypotonic media, were
capable of glycolytic aetiﬁity at a2 rate comparable
to that of unmodified cells. On the other hand,
L-cells became permeable to lissamine green only after
their metabolic activities ﬁere severely ilupaired by

freezing and thawing (Holmberg, 1961).

(2) HModerately damaged suspensions probably contain
a heterologous population of severely damaged, partly
daﬁaged and undanaged cells, while severely danmaged
and intact suspénsions contain relatively honmogenous
populations of functionless and fully functioning
cells respectively. When tests which differentiate
between the séparate'cell functions are applied to a

range of suspensions damaged to varying degrees, they
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might be expected to give divergent résults in

the moderately damaged suspensions and similar
‘results in suspensions which are much or little
damaged. This point is illustrated in the experiments
of Hoskins eﬁ al. (1956) and Eaton et al. (1959).

In Eaton's work, suspensions of Ehrlich ascites

cells were damaged by exposing them to dinitrophenol
or potassium cyanide for various periods up to 9 hours
and then tested for viability according to their
ability to exclude eosin and take up oxygen.

The results of these two tests were divergent in

the suspensions exposed to damage for the intermediate

time ranges, but approached each other at the extremes.

Despite the limitations of the comparisons,
sone correlation was usually demonstrated between
the different viability assessnments. Where danaged
suspensions were subjeeted to different tests those
which were assessed as the more damaged by one
technique were often so assessed by another (Richter
and MacDowell, 1933; Phillips and Terryberry, 1957;

Eaton et al., 1959)., This correlation may have been
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due to the faet that the severely damaged cells
in the suspensions were detected with similar

efficiency by the different techniques used,
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CHAPTER II

MATERIALS AND METHODS -

The animals were kept at St. Mary's
Hospital Medical School, each species in a separate
room, | ; ,

Rabbits were outbred New Zealand whiteé,
Himalayan and orossbreds of various ages and hoth
sexes, weighing 2 to 3 kg., from Ray Bdbbitries,
Lingfield, Surrey, and Glaxo Research Laboratories,
Greenford,'Middleéex. Theyrwere housed individually
in standard galvanised iron cages 13" x 12" x 18"
with wire mesh floors, and kept~at.temparature 65?.
They were fed diet 5G.1, a small quentity of hay,
_And given water ad libitum, |
| ‘Mice were one month old strain A2G of both
sexes, obtained from Glaxo Research Farm, Harefield,
Middlesex, | They were housed in galvanised iron
boxes 4%“ x 6" x 13", six to a box and bedded on
sawduat which was ohapged twice'a week, Temperature
was maintained at 70°. They were fed diet 41.B and

given water ad libitun.
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| Dogs were mongrels of both sexes, of
various,&eights,and ages.  They were housed
individually in metal cages 3' 8% square with
wooden flooring. Temperature was maintained at |
65°F, They wefe,fed 1 to 1% 1bs. canned meat ("Pal®
or "Lassie") and about 4 oz, biscuit meal ("Winalot")

daily. Water was given ad libitum.

A. Mouse Lymphoid Cells
' After killing mice with ether vapour the

pxillary and inguinal lymph nodes and thymusesvwere
dissected out and placed im about 2 ml. Hank's Balanced
Salt Solution. The tissues were teased apart with
toothed dressing forcéps and the suépenaions were
allowed to stand for e few minutes until the large
tissue fragments elther sank or floated %o the éurfaee.
Those at the surface were removed and the suspensions
were decanted to leave behind those at the botton,

The cells were counted and the suspensions were diluted

as required with Hank's.

B, Rabbit Lzmnh Node Cells

Rubbits were anaeéthetised with intravenous

pentothal and the popliteal lymph nodes were excised.
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After dissecting frece of fat, the nodes were rinsed
in Hank's and teased out in about 2 ml. Hank's.
The cells were counted and suspensions diluted with

Hank's as required.

C. Rabbit Leucocytes

Rabbit leucocytes were séparatedvfrom

whole blood by two alternative procedures:

(1) Albumin gradient wethod. This was a modification
of the method of Spriggs and Alexander (1960). Twenty
ml, of blood was taken from the marginal ear vein into
4 ml, 6% dextran in 0,9% saline (Dextraveh, Benger
Laboratories) and 1,000 units heparin (Heparin
Injection BP.5,000 units per ml.; Booﬁs Pure Drug Co.).
The mixture was allowed to settle in an upright 19 cm.
by 1.5 on, borosilicate glass conical oentrifuge tube
in a 37°C incubator for 1 hours., The supernatant
fluid was drawn off together with the topmost layer

of cell deposit and centrifuged at 950 g.'in a |
swing-out head for 20 minutes at 18°C to 20°C.

The cell deposit was resuspended in 0.5 ml, of the
supernatant. An albunin density gradient column

waslproduced by layering 0.7 ml. of the supernatant
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over 0.7 ml. concentrated bovine plésma albumin
aoluiion, prepared as described below, in a 9 mnm,

bore test tube and bresking down the interface by
rapid perpendicular motions of a wire stirrer with

a right angle bend at the end. The mixing usually
took about 20 tb 30 seconds and the ocorrect degree

of mixing was attained whén there was avvisiblé | |
gradation of colour. The cell suspension was layered
over the albumin gradient and the tube was pentrirngéd
at 950 g, rorylﬁ minutes at 18°C., -The leuaooytés, |
which lay in a band above the packed eryfhréoytes.
were drawn off. washed twice in 0.15 M. saline and
suspended in 2 ml. Hank's, or Hank's oohtatningrlo%
serum from the cell donor, ‘The sus?enaion was
counted and diluted as required. The preparation

of the suspensions from time of hleeding until they
were ready to be used usually took about 2% hours,

The bovine plasma albumin solution was
prepared by layexing 25 G. Bovine Plasma Albumin
{Fraction V, Armouxr Laboratories) over 33 hl. distilled
water in a oonical flask, This was kept fox 2 days

at 4°C and if any albumin had not dissolved a further



Y ml, ,distilled water was added at daily intervals

ifiuntil solution was oompleted.,‘ Two ml 12.5p sodium

"'thicarbonate solution was added and if the pH was not

' neutral on the following day, small 1ncrements of the

‘}bloarbonate solution were added daily until neutrality

iiwas attained. - A small volume of saiine was then o
. ;added to make the solution thin enough to draw 1nto
pipette. L R -

ge(ii) Sedimentation in dextran.;jﬂTnie'was a modification )

| gof the method of Jago (1956) o Twenty ml blood
"fwae taken from the marginal ear vein into 4 ml.,tv
' 6% dextran in 0 9% saline (Dextraven, Benger L

| Laboratories) and 750 units heparin (Heparin Injeetion

' BP. 5, 000 un:l.ts per mln BOOW P“"e Dr“g Co. ) heji-

"‘-mixture was Spun in a 15 cm. by 1.5 om. borosilicate

’vglass conical centrifuge tube at k05 & at room

;itemperature until the supernate appeared clear (usually -

"3j>12 to 20 minutee) : The burfy layer was drawn off and

K :;}washed twioe in 10 ul, 0 15 M. saline (spinning at 405 g.fi~:

_for 10 minutes),_eaoh time using only the eells drawn up

"';nAfrom the butty layer.' These leueoeytes tended to stiok

'together and come orr as a’ plaque. The leuoocytes



‘;_30;o

1  were suspended in 2 ml. Hank's eontaining 10% N
ntresh serum from the leucoeyte donor. ' The suspension'“'
was counted and diluted as, required with Hank's

’ooontaining 10% fresh donor serum. “ o SR
S The alhumin gradient method was used in=i‘g

the experiments of Seotion I. In Seotions 11 andrf' :

III the sedimentation method was preferred beoaule ;ifi"

-.this was simpler and’ the separetion of leuoocytes }

- was at leest as satisfaotory.

' D.' Rabbit Peritoneal Macrophages

| The peritoneal oavities of rabbits whiohx:l
had been 1nJected intraperitoneally 4 days earlierr*‘
:with 40 ml. liqnid paraffin (B P ) were rinsed out}ii;ﬁfv

B under nembutal anaesthesia with about 60 ml 0 2%

B ethyldiaminotetra-aeetio acid (EDTA) in 0 15 M..saline.

The cells in ‘the harvested fluid were sedimented by
“spinning at 750 g. at 6°C for 10 minutes. The cells

were. washed twice in 0.2% ethyldiaminotetra—acetio aoid ST

~in normal saline and resuspended in 10% autologous _
"serum and 0. 2% EDTA in normal saline. This fluid was |
valso used to dilute the suspension to the required ;f |

concentration of cells. Macroohages_oomprised'



; more_thah 90% of the leucoeytes in thesé suspensions.

‘BE. Rabbit Peritoneal Polymorphs

The peritoneal eavities;af'rabﬁits which -
had been injected intraperitoneally 4 houré_éarlier

- with 50 ml. D.i% rabbit liver glycogen (British Drug
Houses Ltd.) in 0.15 molar saline, were rinsed out

under nembutal anaesthesia with'éﬁout 60 ﬁl.Ad.ﬁ%
efhyldiaminotétranaoettc ac1d in 0.15 M. saline.

The cells were washed and suspended as deseribed

- for peritonaal maerOphagea.

"F. Dog Leucongtes"

The leucocytes were separatad using an

'aXbumin gradient as described for rabbit blood
(parasraph c (1)).

6. Serum.

Clottad blood was incubated at 37C for
45 minutes and then spuﬂ at 1,200 g. at roon
temperature for 15 minutes, ‘The Sﬁpernatqnt'serum

was taken off and kept at 4°C until used,
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H. Stain |

Eosin Yellowish (John Gurr & co. ) was
dissolved in Ringer's solution at the required
concentration, Solutions were made up freshly

on the day of a test.

Je Cell Counts

7 For estimating total numbers of 1euoooytes,_,
the suspensions were diluted 20 times in white cell
oounting.fluid. A well mixed aligquot was counted
in a bright line (Lumiline) haemooytometer with
improved Neubauer rulings. |

For estimating the proportion of cells

stained by eosin, an aliquot of undiluﬁed suspension
was taken up from the bottom of an undisturbed mixture
of suspension and stain and run into the chamber of a
haemocytométer. The cover slip‘was loosely attached
and the chamber was over:illed so that thg suspension
'ove;flowed into the bhounding grooves, Counts were
facilitatéd by using'concentréted aﬁspensions.

| Each count was started at the edge and
continued perpendicularly across both chambers of

the haemocytometer. If.half the required number
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of cells was counted before reaching the central
groove, the count was completed in the oﬁpoéitb
‘chamber, | h |

One hundred cells comprised each count-‘
in the experiments of Sections I and II, and 50
cells were counted in those of Section III, When
there was any doubt about e oouni, e.g. if the
lencooytes seemed excessively olumped or the proporﬁion
stained seemed to differ markedly in eaoh half pt the
haemooytometer, the counts were repeated and the mean
value ocaloulated.

| Three types of gell were observed (see Fig. 1):

(a) Erythrocytes wexe small, pa;e yellow.and usually
round, with refractile clearcut borders whinh‘were |
sometimes orenated, |
(v) Unstained leucocytes were slightlj larger,
colourless and sometimes of ifregular shape. |
' Their borders were refraotile. Theirttranslucency,
which was the most noticeable feature, was most |
marked when the lighting was méximal and the cells
in foocus.

(c) Stained leucocytes were laxger than the others and
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their pink staining usually eclearcut. The deep
pink nucleus couid'usually be distinguished from.
a surrounding paler halo. Difficulty was seldon
experienced in differentiating stained from unstained
cells under optimal conditions, bul intermediate
staining was observed when the stain or serum
concentrations were too high or toe low, Slightly
tinged cells were counted as stained.
Cell clumps were usually infrequent.
Where they occurred the following rules were adopted.
1. If 100 cells were being counted, ‘
(i) the cells in clumps of up to 5 were
counted as if unclumped. -
(ii) where all the cells in a clump of more
than 5 were stained or unstained, only
5 wére counted.
(iii) where a clump of more than 5 consisted
of stained and unstained cells, the
clump was ignored.
2, WVhere 50 cells were being counted gimilar rules
were adopted but here the naximum nupmber counted in

a clunp was reduced to 3,
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K. Damage

" When damaged suspensioné wereveompared
with undamnaged, the starting suspensions were
divided into halves. A stoppered test tube
containing one of these was placed in a waterhaﬁh
at 45°C for 30 minutes while the ‘undamaged'! counterpart

in a similar tube was placed in a 4C refrigerator.

L. Mixing and Incubation
Mixing and incubation wés carried out in

thé,wells of a plastic World Health Organization
agglutination tray, This was covered with a pad of

moist tissue paper during incubation.

M. ‘Washing the Apgaratus

Glassware was unsiliconed and mede from
standard borosilicate pyrex; Glassware was soaked
overnight in laemosol (Heinicke) solution, 1'oﬁuee to
8 gallon of water, brushed and rinsed copiously in
warn tap watqt and then in 3 changes or‘distilled"
water and dried in a hot air oven. |

- The plastic agglutination trays were washed

in a sintlar way but dried in a 37°C inoubator,
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CHAPTER XXX

SAMPLING

A preliminary investigation was carried
out to establish whether the method of uixing and
counting the cells in sample aliquots gave cqunts
representative of the starting suspensions.
This was done by observing the repeatability
- 0of the counts in sanples of various sizes drawn fron
(i) the same suspensions, or |
(ii) different suspensions all of which had
been prepared similarly fron the same
stock of reagents. |
It might be expeéted that in repeated counts
on representative sanples the variance would £all
within established limits, while in non-representative

samples the counts might vary widely.

REAGENTS
The following reagents were kept on ice

during the experiment.
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Moupe lymphoid cell suspensien di1uted.

6 cells/ml, in Hank's.

to 5 x 10

Rabbit serunm diluted 114 in Hank's,
~_Dye : eosin ¥ 0,3% in Ringer!s.'A
METHOD | o | o
| EQual volumes (0.2 ml.) of each of the
reagenta'éere mixed togpther in a number of welis
-and the preparations weré kept on ice for 1 hour.
Saﬁples were then—drawn from the same oy different
mixtures and 200 cells counted each time.  The

proportion of stained cells was neted when the;oounts

reached 50, 100 and 200.

RESULYS AND DISCUSSION

' Phe results are shown in Table I.

(a) Samples from the same wells. VWhen Be'ceils

were counted and 5 samples drawn from each well, the
ranges ﬁere‘S,VB, 15 and 8 for the samples from wells

1, 2, 3 and 4 yespectively. "hen 100 were counted

¥ on page 39:

$.D. = standard deviations. These were caloulated
using the mean percent of the counts of
200 colls as the ideal mean.



TABLE I

Final Concentrations: 1.67 x 10

39.

6 cells

8% sexrum
0.1% eosin Y

Numbey of Stained Cells in Counts of:

Well No.
, ' 50 cells 100 cells 200 oells
1 15 35 45
10 15 42
12 24 52
12 27 48
15 24 : 56
Range 10 - 15 15 « 35 42 -~ 56
Mean 13 25 49
2 11 25 39
11 29 47
. 16 22 46
- 12 29 38
: 12 13 43
Range 11 - 16 13 - 29 ' 38 - 47
Mean 12 24 43
3 8 29 37
: 7 23 55
20 29 49
11 31 43
8 22 ’ 51
Range 7 - 20 22 - 31 , 37 - 55
Mean 11 a7 47
4 10 32 48
16 22 51
1% 30 66
10 23 51
8 : - 22 Ly
Range 8 - 16 22 - 32 44 - 66
Mean 12 : 26 52
- ; = 7, = 5
S.D,.* z 6.4% * 5.5% 2 3.4%
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"'the ranges were 20, 16 9 and 10, and when 200 were7-17

’jioounted the ranges were 14 9, 18 and 22.

"{.«}(b) : Samples from different wells. ? The average -

T,prOportions stained for all the cells counted 1n
“s"wells 1, 2 3 and 4 were 24 5%, 21 3%, 23 5% and. |

'i26 0% respectively.vs These values fell within twof°l
‘ ”:standard deviations uf the approximate 1dea1 valuei:‘l
;fe(zs 8 21, 55) | |

ll(o) ' Samnle~size.vj Therﬁeans ahd stenderd deﬁletions v»
":Sf"g11~the;507oe11‘.1oo cell and 200 cell. eounts after.f

S eech'count hed»been brought to a peroentage were o

i 23 8% + 6.58, 25 3% x 5 46 and. 23 a% t 3.43

b'f{respectively.‘ |

| : Sinoe 1dea1 samples of K observations have ‘

”fjvariances 04%, the variances of‘samplee of 50 100 and;
200 cells should be in the proportions 41211,

17»The observed values were 43 3, 29.81 ‘and 11 76 whieh
.'approximatel the expected ratio.

The moderate ranges in the counts on samplesﬂfi

3-;'ﬁfrom the same wells (a), and ‘the similarity of the

mean counts 1n samples Irom different wells (b),
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were not inconsistent with the hypothesis that
the nixing and sampling technique resulted in

counts which were representative of the‘Starting

suspensions.
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CHAPTER IV

SERUM CONCENTRATION

The influence of serum concentration on
the stained cell counts was investigated by counting
the proportions stained in a series of mixturear
which contained varioﬁs concentrafions of nén—toxic
serun. In each series the other known variables,
e.g. stain concentration, cell concentration,
species of origin of the cell and serum donors,
staining time, were kept comstant but theae_wefe
sonetimes varied from one gseries to another in
order to establish whether the observations were

generally applicable,

REAGENTS

Rabbit Cells

(i) 0.1 mnl, damaged or undamaged leuwcocytes

6 cells/ml.

suspended in Hank's at 8.5 x 10
0.96 nl. autologous serum or dilution in Hank's.

0.1%4 ml. 1,8% eosin Y in Ringer's.



(11) 0.2 ml. undamaged leucocytes suspended -
AT 6

‘[1n Hank's at 2. 1 x 10° oells/ml.;; |
0. 2"m1;;autologous serum or dilution 1n Hank's{:2 

0 2 ml;;l 2% eosin Y 1n Ringer's._fififjifiyi“:

:ﬂ;“(iii) 0.2 mi;fcell suspension as’ above.~_h* s

0 2 mlﬁgserum as’ above.,<f1" SRR T
»~G.2 ml.{O 3% eosin Y 1n Ringer 3. ,¢;»’;ff“ ,> <o

‘f?§Mouse Cells

w'¥3 (iv) 0.2 ml.;undamaged lymphoid cells suspended%ih’v<

6

fnank's at 2 1 x 1o cells /ml

= ;;042,m1; rabbit sernm or dilution 1n Hank's'~;f ff? 3755
-gf”6,2‘ml;,0 15ﬁ eosin Y 1n Ringer S'A .*7? i

> (V). 9¢;2>m1, ce11 suspenaion as above. :."

: O‘QWmi‘ﬁserum as above.ﬁgif‘{t

r:f-0;2 m1_ 0. 6% eosin Y in Ringer's.”y‘fﬁﬁf" 

. METHOD

In eaoh oase the reagents were mixed together

ivand 1eft for 60 minutes on 1ce before counting.r-.The"'

'77v,iexp0rim°nts were repeated using oell-serum mixtures.

'”fifrom different animals.‘f

. RESULTS AND DISOUSSION _'

The results are shown in Table II and Figures 2, f B
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TABLE II

Parallal columns show the results of repeated experiments‘
- and in Experiment 1 the columns below one' another ‘are
~the results of damaged and undamaged aliquots mada from
the aame suspension.: : . 4

Experiment 1 (aee Figure 2)
6

rabbit leuoooytas/ml.
- 0 to 80% autologous serum
0. 21% eosin Y ' :

Final boncentrationas 0,7 x 10

o dbncentration,“‘“? - % Cells Stained

| seram - | . Damaged

‘ 0"', 1 96 |98 " 90 98 | 94 '| 100
25 - | -] - = | 27 | 50 | .64
s e2 [ - -1 36 56 | -46
;10 o ] a6 |62 | 42 | 28 50 46
20 |42 70 | 26 | 34 | 40 | au
1 &0 . ] 22 4 | o 34 - a
80 | = 0| 0 | =] 2| =

o COncentration B 08118 Stained .

‘Serum RN | Undamaged

0| 96 | 100 |100 ].98_ -100.

o 5 T Sl 2 8 = 6
B+ 14 12
20 - 14 6
40 0 -0

60 e
80 -

N .

34| 26
12 | 2o |-

;Looﬁncl
11ooNOO
o [T SN
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Experiment 2 (see Figure 3)

6

Final Concentrations: 0.7 x 10° undamaged rabbit

leucoeytes/ml.
0 o 33% autologous serunm
0.4% eosin ¥

Seruin Ped -
Concentration % % Cells Stained
0 9 &5
2.1 54 ' 37
k.2 28 a2
- 8.3 22 . 14
16.7 15 14
33.3 13 9

Experiment 3 (see Figure 3)

6 undamaged rabbit

leucocytes/mi.
.0 to 33% autologous serun

0.1% eosin Y

Final Concentrations: 0.7 x 10

Congg;gﬁation % Cells Stained
0 54 L)y
2,1 16 13
4,2 16 22
8.3 . 10 i8
16.7 : 2 12




Ixperinent 4

Pinal Concentrations:

46.

(see Figurse 4)

6

0.7 x 10° mouse lymphold

cells/nl.
0 to 33% rabbit serum
0.05% eosin Y

Serun
Concentration %

% Cells Stained

VIV 00
« s ¢ o
W a3\l IO =t

Nt fd

31 58
20 57
25 29
25 12
7 0
1 0

Experiment &

Final Concentrations:

(see Figure 4)

0.7 x 106 pouse lymphoid

celis/ml.
0 to 33% rabbit serum
0.2% eosin Y

conﬁziﬁﬁation % Cells Stained
0 100 70 84
2.1 ) 72 65 25
8.3 76 80 | 68
33.3 £9 20 %0
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When the serum coneentrations were PR

'v'-eraised the proportion of stained cells decreased

;and vice versa.; : o ; . ;
-‘ | This applied to damaged or undamaged  _

‘ abbit leueoeytes in autologous serum (Experiments 1‘

";2 and 3, Pigures 2 and 3), and to mouse lymphoid |

"feelle 1n rabblt serum when stained w1th 0, 05% eosin

'3ﬁe(Experiment 4, Figure 4)

At any given coneentration of autologous

J]serum more of the " heat-damaged rahbit 1euooeytes_e»t“

“,7twere stained than were undamaged cells exeept at

:ﬂi]the extreme serum concentrations.,j Here the stained'

lfﬁoounts approaehed 100% and O% at very 1ow and very
d!high aerum eoncentrations respeetively, whether or
ff;not the euspensions were damaged “ __”
v' The proportions whioh stained at any given
%iserum eoncentration were higher at the high than at
'fflthe low eosin eoncentrations (Experiments 2 and 3,
‘i ;Figure 3) | L | ‘ - | ' B
- In the oase of mouse lymphoid eells mixad

e  w1th rabbit serum, the oounts behaved differently if

"*df‘fthe suspensions were stained with 0 05% or 0, 3%
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DAMAGED AND UNDAMAGED RABBIT LEUCOCYTES
STAINED WITH 0O-21% EOSIN

—— = damaged
——~ = undamaged

PERCENT CELLS STAINED

0 20 40 " 60 80
FINAL SERUM CONCENTRATION %

FIGURE 2

_ The effect of variation in the serum concentration.
Lines marked with the same letter represent aliquots
made from the same original suspension.

Threoe of the six results are shown and these are the

expexriments where the serun concentrations were varied
over the widest range.

(See Table I, Experiment 1.)
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UNDAMAGED RABBIT LEUCOCYTES STAINED
WITH 0:4% AND O-1% EOSIN
100 —~——=0'1% EOSIN
90 ——— = 0-4% EOSIN
o
4 80
< 70}
(0]
7 60
= 50
o
1o AN
> 3ol \
L [\ °
o o} RS- \("Fg
0 21 42 83 167 333
FINAL SERUM CONCENTRATION °/o
 PIGURE 3

The effect oi’ variation 1n the conoentrations of
autologous serun,

Solid 1ines : stained with O, 4% final concentration eosin'.?

Dotted lines: stained with 0.,1% final ‘concentration eonin.f.‘f

(See Table II, Experiments 2 and 3.)
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UNDAMAGED MOUSE LYMPHOID CELLS STAINED
WITH 0-05% OR 0-2% EOSIN IN PRESENCE OF

NORMAL RABBIT SERUM
100

90}

/|

PERCENT CELLS STAINED
18]
o

40 X
: ——— =0-05% EOSIN
30P. 0-05
—— =0-2% EOSIN
20} N
N
R \\
10 S
A . N ~O——-Z=0Q
o) 2 4-2 83 16:7 333

FINAL SERUM CONCENTRATION %

 FIGURE &

The effect of various oonoentratlon's of. rabbit‘ sarim
~on mouse oells,
Solid lines 1: stained with O, 2% final concentration eosin.

‘Dotted lines : stalned with 0. 05% :tinal concentration eosin
(see Table II, Experiments 4 and 5.)



”5'eosin‘(Figufe*4)‘ At o 05% eosin the counts

‘-“e;serum damage.~

"f%minoreased from 0% to SSp When the serum concentrations
f;;7eranged between 33. 3% and 0% “ o

When stalned with O 2o eosin there were

"12 peaks 1n the stained counts, one at serum concentration |

516 7% and another at 0% serum.‘ Rabblt serum damages

:,mouse cells (Terasaki Esail Cannon and Longmire; 1961b).g‘x‘

f5'and the peak at 16 7% may have been the result of toxic'f,e~?5

The interrelationships hetween the serum
‘-fconcentratlon, stain conoentration and cell damage ;

:{are considered further in Chapter VI.




' CHAPTER V

| STAIN CONGENTRATION

The intluenné,6t étéin.ooncéntratioh was
. 1nvestigat§d by'counting’tﬁé p:bﬁprtion of stainedv: 
cells in a series of praparatioha7ﬁhich oaﬂtdined .
'8 range of eosin coneentrations, but were ctherwise
‘similar in respect of known variables. |
~ Although these variables weré hel& oonstant
- wtthin a series, they were 5omot1mes ohanged trom one ”
vseriea to another to ostabliah whether the observationsf_
. were generally applioable. N j o |
The expariments iere aesigned to asaess tha
1ntluenee of eosin oonoentration ont |
(1) damaged and undamaged rabbit leucooytes‘ .
 im pregenoe‘ot,eﬁ antologqus serum,
(41) undamaged f§bb1t léucudyqu_at variqué;i
serumleonnentrations; "r“’ - |
(111) damaged rabbit leucocytoa at variousr
~ serum conoantrations. |
(1v) rabbit lenoocytga in absence oi serum,

(v) damagpd.ahd uﬁdaﬁaged_dog leucocytes.



REAGENTS

(1) 0.1 ml.
0.1 mnl,
1 ml-.

(ii) 0.1 ml,
0.62 mil.

(1ii) 0.1 ml,
0396 m]..

0.14 ml,

(iv) 0.1 ml.
0.1 ml.
1 ml.

damaged or undamaged rabbit leucocytes

6

suspended in Hank's at 8.5 x 10° c¢ells/ml.
autologous serunm.

eosin Y at various concentrations in

‘Ringer's.

undamaged rabhit 1eucocytesrin suspension
as béfore. | | | 7
autologous serum or dilution.in Hank's,
cosin Y at various concentrations in
Ringeris. | |

damaged rabbit leucocytes in suspension
as ﬁefo;e. |

autologous serum or dilution in Hank's.
eosin Y at various’ooneehtratibns in

Ringer's,

‘damaged or undamaged rabbit leucocytes

in suspension as before.
Hank's.
eosin Y at various concentrations in

Ringer's.



"(v)r; 0 1 ml. damaged or undamaged dog leucccytea jf’

6 calls/ml. '

H-’suspended 1n Bank'e at 8 5 x 10
yivo.l'mlf"{autclogous serum,t _ o
‘;:ljmlcfcﬂfeosin Y at various concentrations in‘
n | ;“ ';R1nger's. ~ B | |
METHOD f:» o e | |
' 3 Thc reagents were mixed together in each case
' and kcpt on ice for one hour betore counting the prOportions

of stained cells. The experiments were repeated using

’cell—serum mixtures from different animals.

‘ﬁgREsuLTs AND nxscussxou
¥(i)

fDama ed and undama ed rabbit leucoc‘tes in 'resence

_TABLE III (see Figure 5) The results of 'S repeated experiments

‘fFinal Concentrations-i 0. 7 X 106 cells/ml
| ‘ | 8% serum fl’ C
2.5 to 0. 01% eosin Y

~EBosim - | % Cells Stained

Concentra- |— — , _ - o =
tion % | D% | UD*: i}-D"¢:UD 4-b} U |- D | UD |
0.01 o0 |0 50 - o 0 0 - 0.1 0
0,2 = | 8 |- 0. } 92 | 6 | o4 | 18 .| .76 | 20
0.5 72 | 20 | 9o | 14 92 | 10 | 78 | 18
1.0 - | 86 | 54 | 100 | 62 |- 96:',_38' 82 | 64 |

X7 1 86 84 | 100 | 74 | 100 [ 18 | 88 | 88

2.5 0 | 92_~‘.9a.{~,1oo” 92 | 100 ' 100j, 96 | 94 -

% D= damaged
a =’undamaged
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DAMAGED AND UNDAMAGED LEUCOCYTES
IN PRESENCE OF 8% SERUM
100y D/Z/":‘ : a }
a °°1 & o———————;-of;cf”::77’[
Y so} \ V P77
< :E/}x” / r
= 7o} ¢ £- / |
n - D /
X~ s /
o 60f /7 /
- ol /
_ !/ /
) /
N /
= “oF /
(Aol N/ — =
L] = damaged
O ———=undamaged |
0 0:5 I:O |:7 2:5 |

FINAL EOSIN CONCENTRATION %

FIGULE 5

The effect of variation in the concentrations of

- eosin on the staining of rabbit leucocytes.,

Lines marked with the same letter represent aliquots '
made from the same original suspension,

For clarity only 3 of the 4 sets of results are shown.
(see Table III) :
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The proportion which stained in both
i damaged and undamaged auspensions approaehed 0%
” _when the eosin eonoentrations were low, and approached

;100% at high conoentrations. At the intermediate dye

 ':fooneentrat1ons more cells stained 1n damaged than 1n

_‘undamaged suspensions.

: (1i) Undama ed rabbit 1eueoe tes at varioua serum
- conoen%ra?ions

”;'TABLE v (see Figure 6)

-ﬂEinal Conoent:ations.v .7‘x 106;65115/&1.
o % 5 to 40% autologous serum
2 t0 0.25% eosin ¥

| serum cdneeﬁtrationz' _5’» 5% 10% 1320% . 40%
Eosin Concentration i 8 6 2 10
s - : o i1 8 6 0 2
0.25% .. 1i1) | 20 2y | 28 | 2
o Mean 12 112 .10 5

4yl 8 & | o | o

AT )l o 2 2 8
0.5% . -1ii) | 56 | 48 - bk 20
o o Mean | 21 | 18 15 9
1) | 22 |20 . | 10 2
. M) | 28 7 | 10 2
% iii 70 70 | &0 26
, MeanAv'AO 1 30 . 20 | 10
1) | 90 | & | 46 8
ii) | 54 20 - 16 10
2% S i1i) | 90 92 | 58 40
| ' Mean | 78 52 | 40 | 19
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The whole experimént was répeated three
times using cell-serum mixtures from diifarent'
animals each time ( i), 11) and iii) in Table 1IV),
and the meanvvalueé_have_bean plbttéd invFigure 6.'

’The proportions whieh stained increased
when the stainAOOnnent;ations were raised, and
‘decreaseﬁ when stain concentrations were lowered.
This appiied at each of‘the sérnm conoentratians
testad but at any given eosin concentration a.*
greater proportion stained at the lower ‘serum

concentrations.'

Table V shows the results of a similar
experiment using damaged rabbit 1eucocytes.
~ Again, each experiment was repeated three times
A 1), 1i) and 1iii)), using cell—sernm mixtures |
from different animals eaoh time and the mean

values have been plotted in Fignre 7.
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(iii) Damaged rabbit leucocytes at various
serun concentrations

TABLL V‘(sée‘Figure'7)

Final Concentrations: 0.7 x 10° cells/mi.
5 to 80% autologous serum

2 t0 0,25% eosin Y

Serun *

Concentration: 5% 10% | 20% | 40% 80%
Eosin i 63 48 36 0 -
Concentration ii - %28 32 %32 L
0.25% iii 69 51 49 - 0
et Mean| 66 46 39 . 16 2

i 60 " 54 60 50 -

: ii -~ 41 | 32 - 16 2%

0.5% iii 65 69 | 66 - 30
Mean| 63 55 53 33 27

i 65 64 | 65 52 -

- ii - 42 Ll 24 26

1% iii 82 76 72 - 44

’ Mean| 74 61 60 38 35

i a0 90 82 72 -

ii - 60 38 26 20

2% iii 81 72 70 - 74
Mean| 86 T4 63 49 57

In damaged suspensions, as in undanaged,
a greater proportion of cells were stained at the
higher éosin and lower serum concentrations. At

corresponding coencentrations greater proportions:
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‘stained in damaged than undamaged suSpensionsfj

"f}aand this was especially marked at- the lower stain -

”’;,concentrations used (0 5% and 0 25%)

""n(Gompare Tables Iv and V )

‘(1v) Rabbit leucocytes in absence of serum ‘ii"“"

TABLE vx (sae Figure 8) -
Final Concentrations: '0 7 ‘x 106
' ' W “30% serum'

' oo 04 to_o. 16% eosin Yn.[i%‘fw

cells/ml.

" stain’ "‘*, v;~“"f';%-celis,sta{nea- o
.conoentraﬁion % “o* | w* | b |

Co.on '”'ﬁ a8 |2 | 36 | B
Co.065 | e | %o | s6 | 20

0.083 | 53 | 36 | 62 | s |

0.125 . | 58 |. 38 | 60 | 48

"w'* The adJaOent columns show the results».=“*

"ﬁusing damaged (D) and undamaged (UD) aliquote made

from the same suspension. In the repeated axperiment .
_(the two right hand columns) the ce11~serum mixture

- oama from a different animal
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DAMAGED AND UNDAMAGED RABBIT |
LEUCOCYTES IN ABSENCE OF SERUM |

j — =damaged
Q 90F ——— =undamaged
2 sof
| |<—[ 70} o
» @ 7%11:::}
90 60F - — ol
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w29 t// . =" 0
© a0t F / o~
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: @ o1 £
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FIGURE 8

L

The effect of variation in the concentrations |

. of eosin in absence of serum. |

. Lines marked with the same letter represent
- auquots ‘made from the same orlginal luapension.
‘ (see Table VI.) :
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‘When no serum was present 48% or more of
the cells were stained in botﬁ damaged and undamaged
suspensions at stain concentrations as iow,aa 0.16%.
On reducing the stain concentrations further the
proportions of stained célls‘deereased and_there was
sometimes a greater diffefaﬁce between the damaged
and ﬁndamaged Suspensioné; ”In order to differentiate
betﬁeen damaged andlundamaged suspénsions in absence
of serum it was necessary to use low eosin

concentrations.

(v) Damaged and undamaged dog leucocytes

TABLE VII (see Figure 9)

Final Concentrations: 0,7 x_106 cells/ml;'
8% autologous serun
2.5 to 0.01% eosin Y

Eosin o % Cells Stained
Concentration ' pamaged , Undamaged
0.01 0 0
0.2 46 20
0.5 52 : : 16
1.0 52 . 20
1.7 64 . 18
2.5 7 |~ 38
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' DAMAGED AND UNDAMAGED DOG

" ‘the effoot at variatiou m the concantratious
of cosin, '

(see Table Vix )

- LEUCOCYTES IN PRESENCE OF 8% SERUM
100 —— =damaged
a 90F ———=uyndamaged
W sof
T 7ot ¢
\g P o/
4 3 50} ./.
a0}
= e
‘ 8 30 ///
B:_I 20r ?\\o/___,_-——o _____ O/
(al 10 _//
5 . i . |
o) 0-5 -0 -7 25
FINAL EOSIN CONCENTRATION %
'Fxmmrg |
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| The staining of damaged and undamaged
dog leucocytes in 8% autologous serum was
influenced by the stain concentration, as were .
the other cell suspensions eonsidered. Hore cells
stained at the higher dye concentrations and more

were stained in damaged than undamaged suspensions,
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'CHAPTER VI~

iNTERRELATIONSHfP OF THEAVARIABLES *s‘:*V*f
The interrelationship of 3 variables,

sviz.'stain eonoentration,‘serum conoentration and

"f} 0311 damage, was investigated in the tollowing way.‘v

Undamaged rabbit leuoooytes and mouse lymphoid -

”oells were mixed with various concentrations of normal

5?;}'rabbit serum and eosin.f; The oells and serum weret‘

autologous when rabbit oells were being used,Q}fTheer
) serum is nonwtoxio for rabbit oells but toxie for mouse

:cells (Terasaki et a1., 1961b) The interrelationship

?f[between the toxio aotion of the serum and 1ts 1nhibitory

'tf,effect on the uptake of dye oould be observed by counting,

T*fthe stained mouse cells at. each ooncentration. These

_ff}oounts were oompared with those ‘of the rabbit oells A

where serum toxioity did not play a role.

REAGENTS

5.0 2 ml rabbit leucooytes or . mouse lymphoid oells
suspended in Hank’s at 2.1 x 106 cells/ml.

0.2 ml rabbit serum (autologous with the rabbit oells)

' or dilution in Hank's. L



 9,2 ml.eosin??aatf%gfiéuscbnoéﬁfrafidﬁ§ in2Ringer!s."“

~ METHOD ffiﬁ?v | |

| L The cell suspensions and serum were 1ncubated

}Z*]together for 1 hour at 37@ and then the eosin solution
‘was added.~ The mixtures were kept on ioe for 1 hour
before counting the cells. The experiment was repeated E
using dxfferent individuals aa eell-serum donore.f _'

:  RESULTS AND DISGUSSION |

| - ‘  The results are shown in Tablel VIIIa and _
| VIIIh IXa and IXb, and Fignres 10, 11 12 and 13.‘. .

(Tables VIIIb and Ikb and Figuree 11 and 13 are

>repeated experiments)

o TABLE VIIIa (see Figure 10)

-FinaILCanentrat;ons, 0.7 x 106 moule lymphoid cells/hl;:

0 to- 33 3% heterologous (rabbit)
: serum-

0 & to o 05% eosin Y =

. Serum ‘1,*F€¥“3';f;,~' % Cella Stained

Concentra~ ' | e S
tion % : | 0 1.0/ 2.1 4.2 | 8.3 |16.7| 33,3

- Bosin 0.05 | 58| 37 ',37 : '29 , 12 | . 0 [}
Conoentra~0.1 -~ 87\.54 .55 165 |71 - [71 . }11

tion % - 2185 47 .53 (60 |75 |83 . |66

e o 4 S 94| 54 | 7T 71”‘ 75  |'sl 81
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TABLE VIIib (see Figure 11) , o
"fFinal Concentrations: 0.7 x 108 mouse lymphoid cells/ml,

0 to 33.3% hoeterologous
: (rabbit) serum

0 4 to 0. Osm eosin Y

- Serum- o . % Gells Stained :
Concentra~ v ~ — . —
: tion %’i 0 1.0 2.1 4.2 8 3 16,7 33.3
: Eosin 0.05 88 |26 |17 19 | ] 2 0
Concentra~ 0.1 64 | 27 | 26 25 27 19 0
. tion % 0.2 | 97 |27 22 |23 23 |43 |57
co 0.4 | 9% | 23 22 120 |20 |49 |52

TABLE IXa (see Figure 12) :
Final Concentrations: 0,7 x 106 rabbit 1euooeytes/m1.

0 to 33.3% autologous serum .
0.4 to 0. 05 eosin Y

Serum | ,% Cells Stained |
Concentra- | - R T .
 't1°n% : . 1 ‘;0 ',1.0 b 201 "koe '803 1507 33-3
~ Eosin 0.05| 78 |28 19 (12 | o. | o 0
Concentra- 0.1 95 | 65 33 50 |17 ‘15 .0

tion % 0.2 | 9980 |44 |27 |31 |28 |30
© 0.4 | 99)93 |68 |56 |38 |32 |32







FIGURE 10 R |
The proportions of mouse lymphoid cells stained
- in presence of various concentrations of rabbit
‘serum and eosin. The number on each line
represents the final concentration of eosin (%)

used to-stain that series of preparations.
(see Table VIIIa.)

FIGURE 11

An experiment similar to that above using other
individuals as ocell and serum donors.
(see Table VIIIb.)
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MOUSE LYMPHOID CELLS STAINED WITH
VARIOUS CONCENTRATIONS OF EOSIN
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- FIGURE. 12

" The propoftibns‘Of.rabﬁit'léﬁoooytee‘stained“inf:_ﬂg_f* l
- presence of various concentrations of autologous - .. .

serum and eosin. = The number on each line

represents the final concentration of eosin (%) ;ft;”“"
" used to stain that series of preparations. »

(see Table IXa.)

FIGURE 1

Ah'experiment similar to that above using
" other individuals as oell-serum donors.
(see Table IXb.)
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TABLE IXb (see Figure 13) . R
Fiual_Concentratiohs: 0'7'§ 106 rabbit'lehbdoytes/ml.

' 0 to 33, 3% autologoua serum
0. 4 to 0. 05% eosin Y

Serum ol ’ %.Gella'Stained«‘
Concentra- , ‘ ‘ T “ .
tion % 3 0| 1.0 2.1 4,2 8.3 | 16.7| 33.3
Eosin: 0.05| 40 |17 | 25 i6 | 9 0o | 0
Concentra- 0,1 60 28 25 |20 23 12 | 0
tion % 0.2 | 79 (32 129 |28 |31 |24 |22 |
' 0.4 100 |29 (22 |19 |25 |20 |21 |

One posaible interpretation ol the

results tollows.

At high serum ooncentrationa 522.2% and 16 7%).'

In the case ‘of mouse cells (Figuren 10 and 11). when

the eoain cnnoentrations were high (0 A% and 0. 2%), )

a large prOportion of eells atainad because many oells
"vare danaged by the serum and the goain wga suffiqient;y
concentrated to stain these 1n3bpité ot théﬁinhibifbry
*sféin~b1nd1ng effeot of the"serum At low eosin .
ooncentrations (o. 1% or 0.05%) the serum effectively

E blocked,the staining in spite of the oell‘damage. gnd -

. oconsequently low proportions of the cells werg stained.
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These results formed a contrast with those of the
rabbit-éeils'whereuthé counts wgré.relativelyvlowﬁ |
at all the tested eosin concentrations (Figures 12
 and 13). In these circumstances the aifferent
trends'in the ataining of rabbit and'mouse cells
nay have been a manlfestation of the toxicity of .
the serum foxr the latter,
B whﬂn'tha serum concentrations were decreased-

(from 16% to 1%). In the case of mouse cells, the
stained counts also decreased when thé'éosin u
6oneentrat1uhs‘were high (0.4% or 0.2%), (see'Figures 10
'and 11). Here, in presenoe of eosin’ excess the serum
was ralatively ineffective at binﬁing the stain and
oanaequent;y\tha diminiahing‘staina& counts were ,
mainly:a reflection of the decreasing toxicity of the
"aarﬁm, | ' -

| At low eosin oonoentration (0. 05%) the
serum effeuttvely inhibited staining (beoauae of the
limitequnantitiea of dye available), and consequently
asrthé serum concentrations diminiabed 80 the stained

" counts inoreased (Figures 10 and 11);
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| Again,‘tha'reaults formed a oontréét

with those of Tabbit oens (Figures 12 and 13)

~ The serum was not toxio hara and the stained connts -

‘roae as the serum conoentratlons were deoreased at

eaoh ot the eosin ooncentrationa tested.*
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CHAPTER VII

STAINING TIME AND “STANDING TIME®

An investigation was carvied out into
whether the proportion of cells which stained
was influenced by
(i) the staining tiuwe, and |
(1i) the "stending time", i.e, the period
between conpleting the preparation of
the cell suspension-serum nixtures and
the beginning of the count of stained cells.
Rabbit or mouse cell suspensions were mixed |
with serum and handled in one of the following ways.
(a) Losin solution was added immediately and the
propoxrtions of stained cells were counfed after various
intervals. .ﬂere staining time and standing time were
concurrent.
() The mixtures‘were left to stand for various
periods before adding eosin and then left to stain

far a uniform period (1 hour) before counting the cells.



\ “i(o) The m1xtures were left to stand for various .

B ,perlods before adding eosin and then left for

'*Cthe species of the cell and serum donors,oor the

“fhi‘ 0. 1 ml. autologous serum.]v

| fxvarious periods before oounting the cells. gﬁf?'tﬂ”t'h
| In any experiment the known variables
other than staining and/or standing time were held

constant. _ Some parameters sueh as the temperature,

€serum concentrations were ohanged trom one experiment‘“
“[to another to ascertain whether the observations L

‘ﬁwere generally applicable.lif R

.:'EXPERIMENT 1

Simultaneous variation of staining and o

tstanding time., -

‘;a.Reagenté yg;
o 0 1. ml. damaged or undamaged rabbit leuooeytes
suspended 1n Hank's containing | :

6

10% autologous serum at 84 5 x 10 eelts/nf}-;

1 ml.. 0, 25 % eosin Y in Ringer's.
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| _:: The eosin solution was added immediately after |
?!";mixing the oell suspensions and serum, and the eells Jﬂ
were counted after uarious intervals during whioh the |

,mixtures were kept”on'iee. - The experiment was repeated

‘V-o_six times using eell-eerum mixtures trom difterent animals.“‘

ieresults and Discussion pi‘e 5
, 7 The results are shown 1n Tables Xa - xr and
-'Figure 14.~ The undamaged rabbit leueoeytes could be'“A

stained for at least 110 minutes without any marked _

.  }1norease in the proportions stained, but in damaged

'suspensions the. proportion steined 1nereased with the}d
ysteining (and standing) times. » The 1noreese was |
E 'espeeially rapid during the 21rst hour. | o
. The stained eounte of damaged and undamaged
',:suspensions diverged during the firstlﬁoeminuses,after_'

_adding the dye. A This suggests tnat'it is desireble td

?7d carry out the oounts after that‘staining period has

:; elapsed in order to aohieve the greatest contrast when ‘

- such suspensions are oompared.‘ | R
Furthermore, damaged suspensions whioh are .

counted after short staining periods are unlikely to

. give repeatable results beoause the stained oounts :

ohange rapidly during this period.
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X (aee Figure 14)

Influence of simultaneous variation nt
staining and standing time,

TABLE

' Final Concentrations: 0,7 x 10° rabbit leucncytea/ml.
B 8% autologous serum.
0.2% eosin Y
Undamaged : . Damaged
Staining | % Cells Stalning % Cells
. Time | Stained Time ‘Stained
TABLE Xa 21 min 16 - 18 min 38
. 50 w 10 50 © 36
g1 " 8 78 . | 52
o115 28 113 " . 56
. 17hr 0 v 80 i17hr 0O ¢ 78
TABLE Xb 25 nin 4 .. 350 min .36
o g0 " 2 55 " 56
73 8 80 " 52
115 " ¥ 120 " 60
140 6 - 145 58
18hr 30 6 18hr 40 86
TABLE Xo 26 min 8 %0 min 38
' ~ 55 8 60 * 36
90 v 16 95 ¥ 5%
‘ . {17hr 30 " - 60 - |l7hr 35 ¢ 64
TABLE Xd 5 min 4 6 min | 10
o 15 2 i5 v 22
21 " 2 22 " 22
31 v 6 35 " 30
46 - 8 47 " 44
57 4 57 o 34
66 * B . 66 " 54
7% 6 78 o 46
"TABLE Xe| 25 min 20 30 min . 26
| 45 " 24 50 " 34
: 75 " 16 80 " 42
’ 110 *» 24 115 » Y.
‘ 20hr I I 46 20hr 5 = 50
TABLE Xf| 30 min 2 %5 nmin 40
55 " 10 60 " | 34
95 " 10 100 " 52
17hr 30 24 17hr 55 " 74
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DAMAGED AND UNDAMAGED RABBIT LEUCOCYTES
ooy —— =damaged
oo} -——=undamaged
&
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g | v
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> e e -~ "
(] 301 /K./ /// —
O o0 O~ _-L —
x 20f /O’ T~ ~-F
Led Pt
o IO. d _ l-—-x—_—;-—I/
Xexx” /://\" . ol e/ i f e
% 0 30 60 90 120 I50min. I7hr. 20
"l STAINING TIME
FIGURE 14

‘The effeot of variation 1n the staining (and atanding)
- timea. . -
_Lines marked with the same letter represent aliquots
made from the same original suspension.
For clarity only 3 of the results are shown.
~ (see Table X.)
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In the suspensions stained for long
periods (17 to 20 hours) similar proportions were
sometiunes stained in the damaged and undamaged
suspensions (see Tabies Xa, Xo and Xe),'hut in
other experiments the sﬁaineﬁ counts differed even

after such protracted periods (see Tables Xb andef),

EXPERIMENT 2

- Simultanceous variation of staining and

standing tine,

Reagents

0.2 ml., undamaged mouse lymphoid cells auspended in

6 cells/hl

Hank's at concentration 2. 1 x 10
0.2 ml. 3% and 12% rabbit serum in Hank's.

0.2 ml. 0.15% eosin Y in Ringer's.

Method

The eosin solution was added immediately
after mixing the cell Suspensions‘and‘serum. The
‘cells were counted after various intervals during
which the mixtures were kept at yroom temperature

or on ice,



TABLE XI (see Figure 15)

Final Concentrations:

XIa

anﬁ standing time.
0.7 x 10® mouse lymphoid cells/ml. |

- 4% or 1% rabbit serum
0.05% eosin Y

Influence of simultaneous variation of staining

Serum Concentration: &% Serum Concentration: 1%
Room Temperature Oon Ice ‘Room Temperature On Ice
Staining % Cells | Staimning |% Cells Staining |% Cells | Staining |% Cells
Time Stained | Time  |Stained ‘Time Stained Tine Stained
1 omin 20 1 min 20 1 min 26 1 min 26
- - 9 " 15 - - 9 " 17
- - 19 2% | - - 19 20
- - 20 © 20 ' - : - 29 0 15
- - 30 o 23 - - - -
44 | 17 - - 44 ® 22 L - -
54 v 21 - - 54 " 26 - -
l1hr 4 © 14 - - l1hr 9 " 17 - -
1 34 18 - - 1 39 n| 23 - -
1 49 ¢ 18 thr54 " .25 1 54 ¢ 27 ihr54 " 26
2 3 v 16 - - 2 24 " 21 e -
2 34 27 2 34 " 27 2 54 ¢ 24 . 2 54 % 26
3 T4 | 21 - - 3 24 v 27 | - -
3 34 18 - - 3 54 21 - -
4 4 m| 27 B 4 25 v 38 - -
4 34 © 30 4 34 " 30 4 54 v 24 4 24 | 31
|l 5 .4 ® 22 | - - e = - S e
20 30 " 87 20 30 "¢ -75 20 30 " o8 20 30 °© ‘100

°e8



' TABLE XIb

Final Concentrations:'

R

7 x 10

6 mouse lymphoid cells/mlr

4% or 1% rabbit serum
0.05% eosin Y

Serum Concentration: 4% Serum Concentration: 1%
Room Temperature On Ice - Room Temperature - On Ice
Staining (% Cells | Staining |% Cells Staining % Cells | Staining |% Cells
Time - |Stained. - Pime Stained Time Stained Time Stained
1 min 12 1 nin 16 - 5 min 7 1 min 14
15 " 14 25 » 9 20 " - 19 - -
30 » 19 - - 35 " 19 30 " .18
45 " 17 40 v 12 - - -
60 " 12 55 + 13 50 " 14 - -
1hrls 13 " 1lhrlo_ " 17 lhr 5 " 24 - -
1 30 * 11 1 25 +»© 18 1 20 ¢ 17 1hr20 © 22
- - - - 1 35 | 21 - -
- - : - - i1 50 " 28 - -
- - - = - 2 10 " 22 - | e
2 25 20 2 35 17 S2.3 n 16 2 22 4| 17
2 45 0 15 2 55 n» 18 2 45 pa 19 2 47 ¢ 19
3 5 *© 14 - - 3 5 v 30 -3 12 14
3 30 12 .3 20 v 13 | L= - 3. 37 " 16 -
3 55 " 20 > 45 "¢ 13 -3 55 " 24 352" 20
- - 4 0 "| 16 - - | - -
4 40 | 29 4 50 v 23 ‘ - - 4 42 v 14
- - 5 50 " 21 -5 55 " 29 - -
6 35 " 23 - - ‘ - - 6 42 " 27
24 o " 77 24 o " 53 24 o " 97 24 o " 94

*¢8



UNDAMAGED MOUSE LYMPHOID CELLS HELD AT ROOM
TEMPERATURE (RT) OR ON ICE (1)
100 IN PRESENCE- OF 4% OR 1% RABBIT SERUM .
! /!
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| STAINING (AND STANDING) TIME (HOURS)
’\FIGHRE 15

' The effect of variation in the stalning (and standing)

‘times in the presenee of different rabbit serum
concentrations. - The mixtures were kept at room
- temperature (RT) or on ice (I).

",‘The numbers on the trend lines represent the final -

coneentration of serum in each suspension. For clarity

';only two of the results are shown,
(sgerTable XIa, ) ,



'*fRasults and Discussion  .

Tables XIa and LIb, and Flgure 15,'sh0w

'..: that prolonged staining (and standing) times up to ,_f’

4 hours hardly affected the counts of mouse 1ymphoid -

V‘f ce11s,5origina11y undamaged._. Counts carried out

“ after 4 hours' staining were only slightly higher than.

"’:gcounts done arter only minute's staining 1nterval. _

'After more than 20 houra 1n the dye most oells were 4
‘jstained. but mora stained in the presenoe ot 1% serum '

"than 1n 4% aerum.f ﬁf »ﬂi‘Gf7

- EXPERTMENT 1 ’ |
o Varlations in standlng time where staining

‘time was held oonstant.‘w"”'

S Reagenta

(1) 0, 1 ml damaged rabbit leucocytes suspended 7
B : in Hank's containing 10% autologous

6 oells/ml.

‘ serum at 8 5 x 10
 0 1 ml. autologous serum,

1 ml.»f 0 25% eosin Y 1n Ringer's.
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(ii) 0. 1 ‘ml, cell suspansion (as above)
‘4 0.5 ml autologous serum. -

_0.6 ml, 2% eosin Y in Ringer's.

Method | |

The dyevsolution.waé added at various
inte:ﬁals'aftef mixing the cell suspensions and' 
~serum, and the oél;s were.oohntedkl hour after adding
the dye in each case. The preparations were kept

on‘ioe'fhroughout..

Reaults and Discussion

Tables XIXa and XIIb, ‘and Figure 16, show

"nthat the stained eounta were not 1n£1uenoed by the

standing times if the counts were carried out between
1 and 3 hours after separating the leucucytes, provided
that a constant interval alapsed between adding the

3»_atain and oounting.
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TABLE XII (see Figure 16)

Variations in the standing timé where
the staining time was held constant.

Final Concentrations: 0.7 x 106 damaged rabbit

leucocytes/ml.
8% or 42% serum
0.2% or 1% eosin Y

XIla
- Concentration:
Autologous Serum 42% Autologous Serum 8%
Eosin Solution 1% Eosin Solution 0,2%
Standing % Cells Standing % Cells
Time - Stained Time Stained
- 65 min 28 65 nin 5%
- I l 32 80 ¢ 55
85 " 28 , - : e
95 32 95 " 62
105 * ' 25 110 : 55
115 v \ 26 - " o Ta
125 " 32 125 » 52
135 v - / 21 - ' -
145 - 37 ' 140 v , 68
155 ¢ 38 159 , 56
165 | 45 - : -
175 = ‘ 48 170 » : 52 .
185 v ‘ 34 185 " 34
197 ¢ 34 101 ¢ 48
- - 207 ¢ 61




TABLE XIIb

Final Concentrations:

88.

6

0.7 x 10° damaged rabbit

leucocytes/ml,

8% or 42% serum

0.2% or 1% eosin Y

~

Concentration:

Autologous Serum 42% Autologous Serum 8%

Eosin Solution 1% Eosin Solution 0,2%

Standing % Cells ‘Standing % Cells
Tinme Stained Time - Stailned
65 min 22 - | -

80 v 17 75 min 62
95 " 20 95 - 55
110 20 110 v 52

125 n 11 iz 68
140 v 16 134 56
155 v 24 155 " ‘ .52
170 0 19 170 v . 44
- - 176 " S 48
- 185 0 16 - -
- - 192 » 61
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DAMAGED RABBIT LEUCOCYTES IN PRESENCE OF
oOR 42% SERUM AND 1% EOSIN e v
8% SERUM AND 0-2% EOSIN o——-a
100¢
Lou 207}
Z 8or
5 7o NN
n a_ o NGNS a
n 6of =<, S o /a0 7
1 N——-O A -0 ~<2"~~0 -
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X 20[ ~~e— T~e —~——e
o 1of
65 8l5 I(‘)5 125 145 165 185
STANDING TIME (min.)
FIGURE 16

‘Effeot of variation in the standing times when
staining times were held constant at 1 hour.

Rabbit leucocytes were stained with 1% or 0.2% eosin.

in present of 42% or 8% autologous serun.
(see Table XII)
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EXPERIMENT 4

Variations in atanding and staining times.

- Reagents ’ _ ,
0.1 ml. damaged and undamaged rabbit lymph node‘
cells suspended in Hank's containing 10%

' autologons serum atna,ﬁ-x 106

cells/ml .
N 0‘24:m1.‘autologous‘serum. -

0.86]mi._0;58%,eosin Y in Ringer's.

Method -

The mixtures of the cell suspansions and
serum were 1ncubated at 37T3for 1 hour and then
placed on ice: At various intarvals aftar inoubation
the eosin solution wae added and the per cent stained

oells~ﬁere dounted at various times‘after this.

Reaults and Discussion ‘ ,

: Tahles XIIla and XIIIb XIV and Figures 17
and 18 show that in undamaged suspensions the eounts
,were}litth;affected by protracted staining and
standing times. However, the}oounts>were‘somewhat'
increased whéﬁ the staihing times reached 3 hours

(corresponding to standing times of about 250 minutes).
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TABLE XIII (zee Figure 17)

The influence of standing and staining
times after incubation.

Final Concentrations: 0.7 xliaﬁ
20% serum
0.4% eosin ¥

rabbit lyﬁph node cells/ml.

XIIla

Undamaged Suayensians

Period between end of incubation and adding eosin solution

5 mins 10 mins 40 mins

Staining |% Cells| Staining |% Cells| Staining |% Cells
Time Stained Time Stained Time Stained:

- - 5min (75)| 28 5m1n 105 8

- - - - 10 * (110 27

- - - v 15 v (119 24

30min (95 28 30 * (100 24 20 " (120 24

60 v {125 - 25 60 " (1350)| 26 52 1 (152 22

180 " (245 38 180 * (250 42 155 v (255 27

Period botween end of incubation and adding eosin solution

70 nmins 105 nins ' 135 mins

Staining |% Cells| Staining (% Cells| Staining |% Cells
Time Stained Time Stained Time Stained

Bmin 135 ‘16 5min (170 18 Suin(200 18

* (140 21 10 v {175 ‘15 10 " (205 20

15 v (145) 25 15 * (180)! 25 15 v (210 19

19 " (149)| 24 - - |20 " (215 20

’ - : - 25 » (190)| 27 25 " (220 28

30 " 2160; 22 30 " (195 29 - -

60 " (190)| 19 60 v (225)| =29 55 " (250)| 33

- , - 100 " (265 18 - -

130 " (260)| 27 104 " (269 30 - -

* Numbers in parenthesis indicate "standing time"..



TABLE XIIIb Effect of standing and staining {imes
after incubation,

Final Concentrations: 0.7 x 106 rabbit lymph node celis/ml.
20% serum
0.4% cosin Y

Undanaged Suspensions
Period between end of incubation and adding eosin solution
26 nins . 70 mins

Staining Time | % Cells Staining Time | % Cells

' Stained , Stained
5 min {91 15 5 min (135) 21
ig v 96) 26 i1 v 141 23
15 * (101 17 | 17 v (17 22
- - 24 v 154 26
49 v 126). - 20 36 v 166 21
50 " 136 35 51 ¢ 181 27
72 158 34 66 ¢ 196 26
gg " 166 - 2% - -
100 " (186 33 - -
125 ¢ 211 a7 - -
158 ¢ 244 23 - -

TABLE XIV (see Figure 18)

Effect of standing and staining tiunes
after incubation.

Firal Concentrations: as for Tables XIIIa and XIIIb.

Damaged Suspensions
Period between end of incubation and adding eosin solution
60 nmins 10 mins
Staining Time | % Cells Staining Time | % Cells
Stained . Stained
17 min (137 14 20 min (90 15
0 © 160 36 o W 112 33
62 °© 182 50 63 v 1353 49
86 " (206) 54 89 © (159 57
100 # 229 45 1ip » 180 40
1352 v" 252 55 135 ¢ 205 52

* Numbers in parenthesis indicate standing time.



FIGURE 17

iiffect of variation in the staining tines on
undanaged rabbit leucooyte suspeusions after
various gtanding times.

{0 calculate the stending times in each cose
add the number on the trend iine to 60 and
the staining tiue.

{see Table xlile.)

Propne 18

As ahbove, but using danazed rabbit leucocytes.
(seo Table x1lV.)
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| With damaged cells (Figure 18) the
proportions stained increased markedly with the
staining time. However, standing times made little
difference and the trend lines were similar in
suspensions which were held for 70 minutes and
120 minutes before adding eosin. J |

A éonsideration of standing times was of

practical importance where a series of preparations
which had been made ﬁp at one time was under
investigation. As a uniform staining period was
desirable it was necessary to add the stain to the
wells at intervéls_and count the preﬁarétidns in
rotation. This resulted in a variation in the
atandihg times. However, the results indicate
that the standing times did not influenoce the stained
counts in‘either damaged or undamaged suspeunsions,
provided the stainihg time was held constént (see
Figures 16, 17 and 18, and Tables XII, XIII and XIV).



96.

CHAPTER VIII

INCUBATION

Two aspects of incubation were investigated:

(1) a comparison of the stained counts of incubated
and unincubated suspensions. The stain was
added after inocubation was doﬁpletéd, 6r after}
a similar period in the case of the unincubated
suspensions. B

(ii) Whether the staihed counts were affected by
inocubating the mixtures together with thé‘ebsin
dye as opposed to adding the stain aftefy

incubation had bheen oompletéd.

PART I

lleagents
0.1 nl, dauaged or undamaged rabbit leucocytes

suspended in Hank's containing 10% autologous
serum at 8,5 x 10° oells/ml.
0.1 ml, autologous sexun. |

1 ml, 0.25% eosin Y in Ringer's.
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'taeMethod

‘ The cell suspensions and serum were mixed

'e'together and either 1ncubated at 37@ or refrigerated f:

'ifat #T for 1 hour. The eosin solution was added and

f‘the proportion of stained cells counted after various? -
1.intervals on iee.@' The experiment was repeated using :

. e;eellwserum mixtures from different animals..;;ei,t.

d”fdg'Reagents S

,tifo 1 ml damaged rabbit lymph node cells suspended as above,d
%;QO 24 ml autologous serum,j{l's_,_,ek»:., s\ v _
J‘?to 85 ml 0. 57% eosin Y in Ringer!s.;#Tfi?f.

:1Methed o - t " i |
: e;f; Here the cell suspensions and serum Were :f
,;ifmixed and either inoubated at 37@ or held at room ;15;

.7f‘temperature (2lﬂﬂ ror 1 hour.; Further, they were-"

ff;;handled as above.,~~¥? :

“lResults and Discussion

The results are presented 1n Tables XVa and;‘

'=[;thb (repeated experiments),AXVo, and Figures 19, 20

"*»and 21.'



TABLE XVa (see Figure 19)

Final Goncentrationéé 0.7 x 10

6

0.2% eosin Y

leucocytes/ml.
8% autologous serum

Effect of incubation or refrigeration.

g Damaged

Undamaged ‘ ' _
Refrigerated 4°C Incubated 37°C Refrigerated 4°c Incubated 37°C
Staining |% Cells | Staining |% Cells Staining |% Cells | Staining |% Cells

Time Stained Time |Stained Time Stained Tine Stained
7 min 3 6 min B 6 nmin 8 5 min 34
27 " 10 26 " 2 26 " | 16 25 26
47 n 6 46 " 4 46 " 16 45 v 48
67 " 16 70 " 8 7" 36 70 52
95 » 10 98 " 4 9 " 40 .95 " 52
TABLE XVb (see Figure 20) | Effect of incubation or refrigeration.
Final Concentrations: as for Table XVa..
Undamaged Damaged
Refrigerated 5°C ‘Incubated 37% Refrigerated 5C Incubateﬁ 37@
Staining|% Cells | Staining |% Cells | Staining |% Cells | Staining |% Cells
Time Stained Time Stained Time Stained Time Stained
5 min 10 5 min 6 ‘5 min 40 5 min 44
25. 8 25 n 6 25 * 59 25 7 62
45 14 4 v 2 g n 66 5 " 62
65 " 4 65 " 8 65 " - 74 65 " 72
85 v 14 85 " 4 8B " 65 85 * .78

‘86
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TABLE XVe (see TFigure 21)

The effect of incubation orx holdlng at
room teuperature, 6

Final COncentrations, O 7 x 10° damaged lymph node

cells/ml.,
20% autologous serum
0.4% eosin Y

-Held at 21°C for 1 hour Incubated a2t 37°C for 1 hour
Staining % Cells Staining % Cells
Tinme Stained Time Stained
5 min - 54 3 min : 35
10 0 ' %8 i2 ‘ 46
17 o 57 18 54
21 51 ' 25 ® 53
55 # 49 51 v : 73
7 0 48 - -
87 ». 55 .~ 86 " 74
103 v , 66 103 ¢ 71
- - 118 # - 76

After some 90 minutes in the dye the
stained counts in undamagéﬁ suspensions were low
and were similar whether thé éuspensiens had been
refrigerated at 4°C or incubated at 37°C for 1 hour
before staining (Figures 19 and 20). 1In the damaged
sus?ensions the_cpunts increased with the staining
time and were sometimes similar in the suspensions

‘which were incubated or refrigeraied (Figure 20),




FIGURE 1

Effect of incubating at 37°C or holding at

4°C for 1 hour, Danagod and undamaged rabbit
lencocytes stained for various periods,

In each figure the 4 aliguots were propared
from the same original suspension.

(see Table XVa.)

FIGULRE 20

As abovo, but using differont individual
aninals ags cell and sexrun donors.
(see Table XVb.)
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DAMAGED RABBIT LEUCOCYTES
INCUBATED (In) OR HELD AT
l0or ROOM TEMPERATURE (RT)
q 90}
| = 8o}
= : In ®
4 Eg 70T ¢ .‘\‘§“8///’
«n 607 //////// /////
—_ O
! j 50¢f /. * 0-\_0/
a .
© a0l 4 / RT
= o
5 301
T 20}
L
& 1o}
0 20 20 60 80 100 120
STAINING TIME (min.)
FIGURE 21

The effect of incubating or holding at yoon
temperature for 1 hour. -
Damaged rabbit leucocytes stained for various
periods. ‘

(see Table XVec.)
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At other times however the éounts were higherlinﬁl
the inoubated than the refrigerated éuspensions
(Figure 19), or than those heldvat room temperature
(rigure 21), | 4

Because incnbatipn sometimes 1n0reaéed

the divergence between the stained counts in damaged

'and uﬁdamaged suspensions it is potentially capable
of inoreasing the sensitivity of the dye exolusion
teat, | |

PART IX

Reagants

0,1 uml, damaged rabbit lymph node cells suepended
in Hank's containing 10% autologéus serum
at 8.5 x 108 celis/ml.

0.24 ml.‘autologous sexrum,

0,86 nl. 0,57% eosin Y in Ringer'a.‘

Method
R  The eosin solution was added to the cell
suspension-serun mixtufes either before or afterx

‘1 hour's inoubation at 37°C. - The proportion of



stained. cells was counted at varlous intervals v:<.fj'

after inonbation. - The mixtures were kept on ice

iA"‘v.during steininé.': The experiment was repeated using

,eell-serum mixtures from different animals."7

‘tTgResuits”andvDiscnssion'

‘ The results ‘are presented in Tables XVIa,»
‘iixvxb and XVIe, and Figures 22a,_22b and 220. |
' When the mixtures were incubated tOgether ipf

“'with the dye, the proportions whioh stained were fi ue7l

*fk; high at ‘the. initial oounts whieh were carried out

| ~2 to 11 minutes after ineubation.'. These oounts

. fremained more or less unchanged for at 1east

| fﬁleO minutes afterwards (~ﬁstaining times up to

”*;7190 minutes).

When the dye was added after incnbation |

. the initial stained counts (14 to 20, minutes after

"‘; incubation) were low.; These rose steadily and at

50 to 60 minutes after incubation had usually attainedvf tt

' :the levels of their counterparts which had been

) incubated together with the dye.r



TABLE XVIa (see Figure 22a)

Final Concentrations;

105.

0. 7 x 1

6

0 rabhxt lymph node
cells/ml. \

- 20% autologous serum
0.4% eosin Y

Eosin inoubated together

with cell-~serun mixture

Eosin added after cell-serum
mixture had been inocubated

Counted at

Counted at

(Minutes after |2,C€118 || (yinutes agter |7 Cells
incubation) Stainad 1ncubation) Stained
11 51 17 - 14
34 46 L0 36
56 39 62 50
82 34 86 54
105 56 109 45
1126 51 132 55

TABLE XVIb (see Figure 22h)

Final Concentrations:

as for Table XVIa)

Eosin incubated together:

with cell-serum mixture

Eosin added after cell-serum
mixture had been incubated

Counted at

Counted at

(Minutes after |7, 20118 (Minutes after |7 Colls
incubation) Stained inoubation)  |Stained
8 41 20 15
32 47 42 %3
R g B
101 62 110 9
122 48 52
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‘I‘ABLE XVIc (see Figure zze)

6

Final Concentrations: 0.7 x 10 rabbit 1ymph node

cells/ml,
20% autologons gserxrum
0.4% eosin Y

Eosin incubated together Eosin added after cell-sexrunm
with cell-gerum mixture | mixture had been incubated
Counted at & ¢ Counted at o ¢ .
(Minutes after gtgi;:g {Minutes after gtgiitg
incubation) , inoubation) :
2 69 14 38

29 76 38 56

49 73 59 66

76 70 B4 61

98 84 107 | 70

118 75 . 129 - 57




FIGURES 22a, 22b and 22¢

Effect of adding the eosin before or after
i;noubation.
(see Tables XVIa, XVIb and XVIc.)
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CHAPTER IX

- CELL CONCENTRATION

| The influence of cell ooncentfation was
investigated by counting the proportion of cells
which stained in a series of mixtures. Each mixture
contained a different cell concentration, but was 

similar in respect of the other known variables.

'REAGENTS |

0.1 ml. damaged or undamaged rabbit leﬁooéytes

| suspended in Hank's containing 10%
autologous serum at concentration 6 x 106
cells/ml., or dilutions in the same medium,

0.1 ml, autologous serum,

1 ml, 0.25% eosin Y in Ringer's.

METHOD .

The cell suspensions, serum and dye were
mixed together and kept on 1ce’for 1 hour before
counting. The experiment was repeated using a

“different animal as cell-serum donor each time.
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RESULTS AND DISCUSSION

The results are shown in Tables XVIIa

and XVIIb, and Figure 23,

The stained counts were often raised

when low cell concentrations were used (less than

6

0.1 x 10° cells/ml.) and this applied to both

danaged and undanmaged suspensions.



TABLE XVIIa (see Figure 23)

Pinal cnncentrations:

111.

6

ﬁ 5 to 0.01 x 10~ rabbit

leucocytes/mi,
8% autologous serun
0.,2% eosin Y

Undanaged Damaged
Cell % Cells Cell % Cells
Concentration Stained Concentration Stained
0.5 x10%mi.| 15 0.6 x 10%mi.| 50
0.29 " 14 0.2 Al 64
0.125 ¥ 27 G.1 L 54
0.05 # 48
0.45 o G G.25 u 39
0.23 " 4]
0.11 " o 0.17 " 37
0.05 il 16 0,088 # 32
0.04 n 30
0.4 " 0 0.02 " 28
0.2 " 4 0.01 " 52
0.1 " 1o
0.05 i o G.b " 60
0.025 " 50 0.2 " 63
0.1 n 60
0.21 " 20 0.05 i 62
.11 " iz 0.025 " 36
6.05 " 6 0,013 1 80
0.027 " 20




TABLE XVIib

Final cdncentrations:

112,

6

0.5 to 6,01 x 10~ rabbit

| leucocytes/mi.
8% autologous sexrum
0.29% eosin Y

Undanaged Damaged
Cell % Cells Cell % Cells
Concentration Stained Congcentration Stained
1.4 x 10%/m. 6 0.18 x 20%/m.| 37
0.7 " 4 0,09 L 58
0.35 i 4 0,0% Con 65
¢.175 " 10 0.02 " 66
.09 " 12
T ) .21 " 76
1.3 " 4 G.11 i 72
0.65 n G 0.05 on 75
.3 " 0 0.063 " 87
0.16 " 16
0,08 ft 10 0.7 o L8
0.04 " 16 0.35 it 51
. : 0.18 " 56
1.0 " 8 0.09 a 59
0.5 " 15 .04 " 56
6.25 " 8 .02 i 60
0.125 " 18 .
0.063 A 3%
0.03 " 28
0.18 " 6
0.09 " 9
0.04 n 6
0.02 " 6
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RABBIT LEUCOCYTES IN PRESENCE OF

8 % AUTOLOGOUS SERUM
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| a 920f ———=undamaged
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g
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FIGURE 23

The effect of varying the concentration of cells
using damaged or undameged rabbit leucocytes in
presence of 8% autologous serum, .

(see Table XVIIa,)
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CHAPTER X

CELL TYPE

Rabbit leucocytes were used in most of
the expetiments 80 far desoribed. The following
experinents were carried out to inveétigate whethex
other cell types were similarly affected by variables
such as the serum and stain concentratious.

1 In the first lot of experiments the

proportion of stained cells was counted ian a aéries
of suspensions of rabbit leucocytes, rabbit peritoneal
‘macroﬁhagas or rébbit peritoneal polymoxphs which
were mixed with various concentrations of autologous
serun and stained with eosin, the final ooneéntxation
of which was held constant., » |

In the second lot, the concentrations of
- serum were held constant and daméged and undamagged
rabbit leucocytes, dog leucocytes and rabbit peritoneal
mnacrophages were stained'with‘various concentrations

of eosin,
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PART I

lReagents ‘ ’ .

:0.1'm1. rabbit leucocytes suspended in Hank's

'>i 'fcontaining 10% autelogous serum., |

O.ldmil abbit peritoneal polymorphs auspended

o v_",in 0. 2% ethyldiaminotetra~aeetic acid
‘iand 10% autologous serum in Hank's. IYV

O;l»dl.»rabbit peritoneal macrophages suspended

"‘“\as the polymorphs above.:__ ‘ |

-e'Each suspension was" undamaged and at

6 calls/ml.

ooneentration 8 5 X 10 .
' 0.5'ml. autologous serum or dilution in Hank's.z
‘fo.6‘m1; 0. 4% eosin Y in Ringer's.5

 Method

. The cell suspensions were eaeh mixed .

'}with serum and stain and the proportions of stained‘

ecells were counted after 1 hour on. 106..‘ The experiment“‘

was repeated using a different animal as cell-seruml

-donor each time. )

Results and Disoussion , _ _
The results are- ahown in Tahle XVIIIa,,. |
‘XVIIIb and xverc. and Figure 24. - f-f
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TABLE XVIII (see Figure 24)

The effect of various seyum
concentrations on different
cell types. :

6 cells/nl.
(undanaged rabbit
macrophages,
leucocytes or
polynorphs)

42% to < 1% autologous serum
0.2% eosin Y ’

Final Concentrations: 0.7 x 10

XVIIIa Macrophages

—
Serum . ‘
Concentra~ | 42 1" 16.7 | 12 8.4 | 4.2 <1

tion % : o :
- 14 - 32 - 31 100

- 2 - |10 - |10 | 100

% Cells - 22 - 34 - 4. | 100
Stained - 24 - 46 - 35 | 100
' - 22 - 40 - 53 100

- 28 | - 50 - 56 100

15 - 20 - 22 i2 1 100

18 - 8 - 10 |12 100

- 53 58 - 59 64 100

Average 16.5 | 23.6 | 28.7 | 35.3 | 30 3.8 | 100
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L ]

TABLE XVIIIb  Blood Leueoeztes

Final Concentrations: as for Table XVIIIa.

Serum o
Concentra-| £2 5% | 16.7 |12 . 8% | 42| <1
tion % _ :
- 4] - - is - 100
- 0 - - 10 - 160
- 0 - - 2 - 160
- O - - 2 - 100
- 9 - - 5 - | 100
% Cells - 0 - - 12 - 100
Stained - 2 5 - 10 - 100
» - 0 8 - 4 - 100
- 0 - A - |28 100
- 0 - 6 - 0 130
- 6o | - |6 | =~ 16 100
- 0 - Q - /) 100
o | - o 5 - 0 100
0 - ) 6 - 6 | 100
1 - 0 - - 5 100
Average 0.3 1 2.6 | 4.5} 7.6 8.1} 100
TABLE XViiic = Polymorphs
Final Concentrations: as for Table XVIIIa.
Serun ‘
Concentra~| 42 k1’9 16.7 |12, 8.4 | 4.2 <1
tion %
- 12 - " 24 - 100
- 6 - - 16 - 100
- 4 - - 24 - 100
- 6 - - 36 - 100
% Cells - 0 - - g - 10
Stained - o - - 6 - A
: - 11 i9 - 20 - 47
- 6 12 - 20 - 83
- 0 - i6 -~ 24 i2
- 2 - 7 - 12 16
4] - 4 - 11 8 27
0 — 2 - 2 4 11
Average 't 4,7 9.25(11.5| 16.3 | 12 50.8
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DIFFERENT CELL POPULATIONS STAINED WITH 0-2% EOSIN
| IOO';‘%%: a——a peritoneal macrophages
o 90.2\YZ" AR v blood leucocytes
% ,“‘.‘\ »——x peritoneal polymorphs
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FIGURE 24

Effeot of various serum concentrations on
different rabbit cell populations stained
with 0,2% eosin,

(see Tables XVIIIa, XVIIIb and XVIIIc.)

-~
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With all 3 cell typés the proportions
which stained were dependent upon the serum
concentrations, and when the serum concentrations
were lowered, the'staingd counts were raised,
‘The proportions which stained ﬁeré also
~ dependent on the cell type. Rabbit leucocytes
were most sensitive to variations in the serum
concentration and wheh‘the concentrations were
varied between < 1% and 42%, the stained counts
fell from 100% to 0.3% on average. With a similar
range in serumcoﬁoentration‘the_average stained
maorophége countvfell from 100% to 16.5% and
the stained polymorphs from 50.8% to 0%.

. While 100% macrophages and leucocytes invariably
stained at very low serﬁm‘éoﬁoentratibns, an
a#erage of only 50.8%‘of the polymprphs were

gtained.

PART II

Reagents

0.1 ml, damaged or undamaged rabbit leucooytes,

rabbit peritoneal macrophages suspended



"_':0 1 ml.Aautologoue serum. 8

>»,as before, or dog 1eucocytes suspended
“in Hank's containing 10% autologous

6

serun at 8.5 x 10° eells/ml.ﬂ

' 1 ml. ] eosin Y at various ooneentrations.;!

 hMethod7  -
| The cell suspensions, serum and stain -
'”fwere mixed together and kept on iee tor 1 hour A

:before counting. :

.;’Results and Discussion 7 ,
| 1 The reeults are shown in Table xxx and
arigures 25a, 25b and 25c.fw

In eaoh oase a greater proportion of cells

 was stained when the eoneentration of eosin was raised_e;-

and a greater proportion of oells stained in the
'<damaged than 1n the nndamaged suspensions. |

The proportions whieh etained were also

o dependent upon the cell type and the populations

'were affected ditferently by variations 1n the dye
ooncentration (Figure 25). The rabbit 1eueooytes

. were mpst sensitiveland:theyeteihed eounteevaried



TABLE XIX (sce Figures 25z, 25b and 25c)

The effect of various stain concentrations
on different cell types.

6 cells/nil. (danaged or
undanaged dog leucocytes,
rabbit macrophages or
rabbit leucogytes)

8% autologous serum
0,01% to 3.35% eosin Y

Final Concentrations: 0.7 = 10

% Cells Stained
Eosin Dog " Rabbit Rabbit
Concentra- Leucocytes liacrophages Leucocytes
tion % up* | D* UD D vp| p[UD| D
0.01 0 0 ) 2 ol o| o s0
0.02 - - 0 54 o R
0.05 - - 0o 51 - = =] -
0.1 - - i8 | 58 -l - -] =~
0.2 : 20 46 12 74 0|86 6| 92
0.5 16 52 12 87 20|72 | 14| O4
1.0 20 52 14 81 5486 | 62 (100
1.7 18 64 - - 84186 | 74 {100
2.5 38 h - - 98(92 | 92 (100
343 - - 48 93 - - = -

* ¥UD = undanaged

<
i

damaged



EIGURE 25
Effect of various staln concentrations on
different cell populationg in presence of

8% autologous serum.
{see Table XiIX.)

(a) Dog Leucocytes.

(o) Rabbit Louococyten.
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ifronm 0% to > 90% when the stain,conoentrafﬂoﬁa were
raised from ,01% to 2.,5%%. A sinilar rahgeiin dye
concentrations resulted in less.vaxiation in the
stained counts of the othér two cell typea.-'

The suspensiohs of ﬂifferent'eell typeg
were ﬁot strictly comparabie because each was
propared in/a different fashion ahd'eonaequently‘ihe
prbportions ﬂémage&'in cach suspension may not have
been similar. The stained counts at any given
serun concentration may have been an indication
of the extent of the damége and/oxr of the inherent
abiiity of each cell type to exclude dye. |

lliowever, the fact that the suspensions

 diffored in the degree to which they were influenced

'by the serum concentration suggests that variation
in their staiﬁing susceptihilities was at least
partly responsible for the observed diffareﬁoesA
* in the stained counts. | ‘

_ Vhether the cells differed in fragility or
in theix ability to exclude dye, the resulis suggest
that some caution is neceesary in interpreting

experiuents where the viability of different cell



:-types were compared according to their stained
 fcounts (Hellstrom, 1959) | R o

B The different cell types varied in the _
;,‘range of eosin eoncentrations at which damaged and -

undamaged suspensions could best be dit!erentiated.

:: For example, damaged dog leucocyte or rabbit

‘ 115 maorophage suspensions oould be distinguished ‘

1“ Irom undamaged with almost equal effieienoy at any

stain coneentration between 0 5% and 2.5% (Fignres 25al' f

‘kand 25b) : In the case of rabbit leucooytes, however,
-(Figure 250) the stained oounts convergad when the -

’Jeosin coneentrations were raised to 1% and at 2.5%

,,“the damaged and. undamaged suspensions were virtually

' indistinguiahable.



126,

CHAPTER XI

GENERAL‘DISCUSSION

_ Although the dye exolusinn test is
‘—frequently used to indicate cell viability,
relatively few papers have appeared which evaluate
thaitechniqﬁa (Pappenheimer, 1917; - Schrek, 1936;
Hoskins et ai,; 1956; Phillips and Terryberry, 1957;
Hanks and Wallaoe,71958; ;Teﬁnant, 1960; ﬁlack and
Be#enbaum, 196&). -Flye of these (Schrek, 19363
Hoskinsvet al,, 1956; Hanks and Wallaoe;VIQSB;—
Tennant, 1960;' 91aek_and Berenbaum, 1964) were
cbhoe;ned with eosin, |

| The factors Whichvinfluence the results
of this test might be of two main types, |
'(a) those which affect the dye uptake independent
of the proportion of cells oiiginally damaged,
e.g. the dye, serun or cell concentrations, staining
time, cell type, and | | ‘
(b) those whioh,affeot the proportion‘of colls
damaged, o.g. titre of the oytétoxio antisexrwa,

conplenent and cell éonoentrationa.
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'Any proportion from 0% to more than 90%
of the cells in a enspension of rabbit leucocytes,
danmaged ox not, could be stained by using appropriate
oonceniratﬁons of gerum and eosin, Other cell types
were influcnced to vérying degrees by these factors.

The stained cnunts were sometimes raised
when damaged aelis wexre incubated for 1 hdur at 37°C,
but in undamaged suspensions the stained counts were
not influenced, |

In damaged suspensions the counts increased
rapidly with the staining tine for up to 1 hour and
'then bedame more counstant, | On thé other hand, in
undanaged suspensions the counts were low and
unehanged for at least the first 90 minutes of staining.

Both dameged and undamaged suspensions gave
high counts at very low cell concentrations.

Other things being equal, a greatexr
proportion of damaged fhan undamaged cells stained
exeept at the extféme values of the variables, For
exanple, the stained counts approached éaoh other at
high or low serum ox stain concentrations and after

long staining times.



‘i‘The Manner in whioh the Variables affected the Gounts

1‘(1) , Serum.1‘ The high and low stained counts at |
- low and high serum coneentrations might be explainedﬂvz

.‘tby impairment of oell viability at the low serum :

"r:‘eoncentretions._ Tennant (1964) showed that . serum J

cfﬁproteets cells from- the toxioity of eoein.-t‘
] - However, in oertain cases, mechanisms
egninvolving viability cannot be implicated, e.g. where"y‘V
fffew cells were etained in damaged suspensions in the}ffﬁhm
rpresenee of high serum concentrations.. Berenbaum and
Brown (1964) found that if eells which were stained 1n
tlow protein media were resuspended in media of high
protein concentration, stain was removed from the cells.:
.’The higher the serum concentration, the fewer the stainedj 
j”cells. - Here ene must poetulate some interference with -
%the ataining meohaniem itselt. | In serum—rich media S

Htosmotic pressnres may have prevented the 1ngress of o;"

‘T:*jJthe dye into cells.z. Such a mechanism might be

D espeoially important in damaged cells where the

energy dependent integrity ot the eell membranes has
,been 1mpaired and csmotic pressures have assumed the_

dominant role 1n controlling the rlow across the
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emembranes (Green, Barrow and Goldberg, 1959.< .
Green and Goldberg, 1960) High concentrationsof‘ H
of’ serum were capable of inhihiting the swelling of

' cells (Shear, 1935) and in the present study the,f.

1 stazned cells eommonly appeared mueh 1arger than
'-the unstalned.‘ At high serum concentrations most

i cells appeared‘small in damaged as well as undamaged
":suspensions. V o ,t '_b'_ ‘
| The binding of ltain to serum may be an :V;
important factor in the protection arorded by serum ﬁ

agaxnst the toxioity of eosin and/or in the 1nhibition of

'oothe staining mechanism itself.>' de Haan (1922) and Marshall

- and Vickers (1923) showed that oertain dyes were strongly

‘j 7’bound to plasma proteins, and other workers have:'

‘,confirmed these findings (Grollman, 1925). Bennhold

(1932) and Bennhold. Kylin and Rusznyak (1938) quoted “
by Edsall (1947), showed that when aqueous solutions of
various dyea were mixed with serum they diffused P
’through a gelatin column at the same rate as did the_fﬁ

_‘serum. In most cases the dye binding was almost

‘,, entlrely due to the albumin fraction. However, x?

}there was a limit to the binding oapaoity and above a
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critical concentration the dye sblutioh‘moved with
a differenf velboity to that of the albunin-dye .
couplex. | _

Engelfriet (1965) demonstrated -
electrophoretically that trypan blue forms a~complex
with serun albumin and suggeatedrthat the dye
cancentration must exceed the "albumin binding
capacity" hefore becoming available for cell

staining.

(ii) Stain. The 1ncieased proportions of cells
which stained when eosin concentration ﬁas ralsed
nmight be the result of
(a) toxicity of the dye,
(n) increaéed'quantity of free eosin
available over and above that bouund

by the serun,

(iii) Staining Time. In damaged suépensiqné

the increase in stained»oeils with time’might result

- from | v

{(a) the slow uptake of dye by cells
 oxiginally damaged,» 4



131,

(b) the succumb of cells to deleterious
influences with tiwme, e.g. to the
toxicity of eosin, after they had
been rendered more vulnerable by

the oxiginal danage.

(iv) Cell Concentration. At low cell concentrations

the counts took longer and the suspensions were exposed
to strong light during this time, This may have been
responsible for the increased counts in boih damaged
and undamagedhsuspensions because Bolande and Wurz
(1963) and Allison, Magnus and Young (1966) have shown
that eosin is a photosensitising agent. They showed
that cells were damaged t0 a greater extent in light

than 1n darkness in presence of the dye.

Bécause the stained counts were influenced
by several factors they were not indicative pf the
real proportions originally‘damaged in a suspension,
Any proportion could be made to stain by adding
apprbpriate concentrations of serum and/or dye.

This finding may-support those of other
workexrs who compared viability assessments based on

different criteria and found that suspensions which
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seemed viable accérding to dye exclusion test were
incapable of growth in vivo or in viiro_ (Richter and
MacDowell, 1933; Hewitt, 1053; Hoskius et al., 1056;
Cassel, 1957; Laton et al., 1959; Craven, 1960;
Holmberg, 1961; Tennant, 1964), and that cells
which stainqd were sometimes capable of netabolic
aotivity (Kaltenbach et al,, 1958), and sometimes
incapable of it (Phillips and Terr&berry, 1957;
Eaton et al., 1959; Iolmberg, 1961). |
Nonetheless, the technique was capable.of
indicating damage between certain limits of the
variables diacuéseﬁ and cIearly distiﬁguished damaged
from undamaged suspensions withih these limits.
| It appears that stained counts axre comparable

only if all the salient variables are held constant,
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SECTION II

The Action of Isoantisera

INTRODUCTION

' The factors which influenced the proportion of

| cells demaged by specific 1soantisera were investigated.

1.
2.‘

‘,3'.’ '

.

5.

The investlgations were concerned with:

’The toxicity of normal allogeneic rabbit serum;

'Whether allogeneic skin grafts or Spleen cell

injections gave rise to more potent cytotoxic antisera.

‘The time after stimulus when'the isoantisera became

'demonstrable ‘and when their potenoy reached a peak

The effect of repeated stimuli.

The use of blood leucocytes as target cells for

. the cytotoxic action of isoantisera.

‘,The effect of diluting the antisera.

The effeot of varying the concentration of the

target ceIIS'in the in vitro test.

- The titration of‘oomplement;
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;'METHODS -

Skin Grafting o :

The inetruments used are shown in Figure 26

:.Glean but not sterile technique was employed.

V'The instruments were boiled for 20 minutes betore

xi (1)

1  50:50 in 0. 15. M saline and injected

",'use and the linen was autoelaved.-

Anaesthesia: Nembutal (Abbott) was diluted“ﬂ’]i°‘

' intravenously 30 mg /kg. body weight.,

(11)

The Grafts' The donor!s ear was ahaved and  ""

e ‘eleaned with 1% cetavlon (x c. 1 e Pieees4”,f

of skin about 1 5 cm. in diameter were

disseeted from the dorsal ear. eurfaoe and

4,p1aced on moistened zilter paper in a petri!ﬂ:f

dish. N The akin was scraped free of loose

fconneetive tisaue.' The dish was. thenv“jlf-=~

covered and kept at H@'while the reoipient

beds were prepared.,
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- FIGURE 26

‘Iv':Iﬁstrnﬁents and apparatus used for skin grafting:

(a)
(b)

(c)

(e)

(£)

(g)

Steriliser.

Spencer Wells' artery forceps.

5 ml. syfinge,

No. 1 serum needle and
Né."21 hypodermic needle.
5" straight and

4* curved soissors.
Toothéd and

untoothed disseoting foroeps.
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(111) The Beds.~ The lateral chest wall was clipped,x‘s

 ahaved and eleaned with 1% Cetavlon.u? Beds
| about 1 5 om. in diameter were cut to the

.Idepth of the dermal blood vessels by taking

"?away small slices of skin with & inch curved

_-soissora. As far as was possible the

_vessels were kept intaot but if one was -

- Sdamaged haemostasis was aeoomplished before.f“u

S proceeding.‘ Antibiotic aerosol (Polybaotrin,fJ

v

Calmic Ltd ) was sprayed onto the heds.»

Graftingz The. grafts were blotted on a oottonf'

_gvswab and fitted to the beds. : They wereb’f .
-oovered with a thiok layer of vaseline and ;§$:57

k'ia gaHZG patch. This 1n turn was oovered

'"*-:,with a larger gauze patch which was stuck

‘*‘-lto the skin at the edges with Octaflex .

'-«:(Ward Blenkinsop & COQ_Ltd ) Gauze and

:i;plaster of Paris bandages eompleted the

fdressings. The grafts were first inspeoted

~at 5 to 8 days and the dreasings were replaoed,g

'.1after each daily inspection until 2 days after}

: rejeotion was Judged complete.
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B.  Spleen Cell and Adjuvant Inoculations

| Under nembutal anaesthesia half the
donor's spleen was,exciee&’anﬁ’placed_in 2 ml,
Hank's, The spleen cells were teased out with
forceps and any large cell cluups, piéces of fibrous
~ tissue, etc., wefé removed. Two ml, Freund's complete
adjuvant (Difco Labotatories) were added and the
suspension Was mixed by passing from one syringe
te another 4 to 5 times through a 2 inch serun needle
which comnected the syringes together; | The reaulting
suspension, which was milky pink, was injected in |
approximately equal quantities subcutaneously,

intradermally and intraperitonaaliy.

Ce. ‘The Cxtotoxic Test

| Leucocytes from the graft donor were
separated from whole blood by the dextran sedimentation
method described in Section I, page 29, and auapended
in Hank's containing 10% se?um’from the:cell donor,
The cells were counted and diluted to contain
8.5 x 10% cells/ml. in the Hank's-serum mediwm,
One tenth ml; of this’suepension was mixed with

0.05 ml, fresh donor sexum (as complement source) and
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0.05 ml. antiserum. The preparationé were covered
with moiét tissue paper and incubated for 1 hour. |
at 37°C, One ml, 0.25% eosin Y in Ringer's was
éddedand thé proportion of stained cells in

50 leucocytes was counted after 1 hour on ioce.
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CHAPTER XXIX

THE TOXICITY OF NORMAL ALLOGENEIC RADDIT SERUM

(i) sera from 6 randonmly selected normal rabbits were
tested for toxiecity against the 1eucoéyteé of 9 others.
The stained counts were compared with those of the
leucocytes tested against their own sera. The results
are shown in Table XX.V'

TABLE XX Percent cells stained,

Final Concentrations: 0.7 x 106>leucooytea/m1.
8% serxrun
0.2% eosin Y
Allo- | Leuoooytes .
geneilc ~
Sera, 83 §6 87 88 89 90 91 | 13 18
A 2 14 28 15 10 2 24 22 37
n 4 10 24 9 14 14 12 a7 30
C 8 4 24 15 i2 6 21 26 24
D 4 2 14 15 24 2 %2 23 43
B 6 16 20 18 8 3 i2 17 33
F 10 8 22 18 1% 4 18 27 30
gﬁg“ 5.7 9 22 15 15.7 | 5.2 | 19.8 | 23.7 | 32.8
S.D.* (22,725 | 24,3 | 23 5.1 | 4,2 |27 | 23.5 | *6
Auto- , o ’
geneic| & 6 20 9 14 6 23 20 35
Sexrn

# 8.D. = standard deviation
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The stained counts of cells in their own
sora varied widély (4% to 35%). This may have
reflected a difference in the fragiiity of cells
from differeni individuals ﬁeoause the method of
preparing‘tha guspengions was similar in each case.

The stained counts of eelis in normal
allogeneic sera were of a . similar magnitude to their
counts in the autogeneic sera. " In 7 of the 9
individuols tested the autogeneic counts fell within
one standaxd deviatioh of the mean of the allogeneic
counts, and in the remaining cases (leuoooytea 88 and 13)
the eutogeneic counts fell within 2 standard deviations
of the mean allogenéio counts, = It would seem that
the allogeneic sera were not demonstrably more toxio

than were the autogeneic controls.

- Normal allogeneilc sera were also tested
for toxicity in the following way.
(ii) The results obtained in Chaptexr VII indicate
that the stained counts of damaged suspensions
- increased duxing the first 60 minutes of staining,

while the counts remained morxe oxr less unchanged
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during this period in undamaged suspensions.
Applied in the present context the stained counts
of leucocytes mixed Wlth seravmight be expected to
increase with the staining time if the sera were

toxic,

METHOD 7

Leucogyte suspensions‘from 3 rabbité
were inoubated for 1 hour at 57@ with 6 to 8 normal
_allogeneic sera. The test forx cytotoxioity
(Chapter XII, pdge 138) was mpdified in that the
cglls-ﬁoreAcoﬁnted at various intorvals attér adding

the oosin,

RESULTS AND DISCUSSION

The rasults are presented in Tables XXia,
XXIb and XXIc, and Figure 27

The stained counts were unaffeoted by
variations in the staining time from 15 to 115
minutes (Figures 27&, 27b and 27c¢), indicating
that the leuoodyte sﬁépensions wete probably

undaiaged by any of the normal allogeneic sera.
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TABLE XXIa (see Figure 27a)

Rabbit leucocytes exposed to normal allogeneic
sera and stained for various pexiods,

Final Concentrations: 0.7 3.10

6

8% serun

0.2% eosin Y

Leucocytes from Rabbit No, 13

leucocytes/ml.

Normal Sera Nos.

13 {autogeneic) 12 14 15
Staining %CellsStaining %CellgStaini %Celqutainind %Cells
Time |Stained Time [Stained Time [Stained Time [Stained
15 nin 19 1% min 22 | 15 min 19 17 nin 18
30 v 24 28 v | 17 28 W 26 30 © 18
6o v 27 58 0 24 83 = 3% 45 w 29
.80 W 19 78 " 16 95 v 24 65 " 18
115 v 22 og 17 12 » 28 77 » 21
127 " 13 28 v 30 127 v 28 iop v 21
- -] - - | - - 135 14
Normal Sexa Nos.
16 18 19 20
Staining %CellsStaining %CellsStaining %CellsStaining %Cells
Time [Staine Time [Stained] Time [Stained Time (Stained
17 nin 17 17 min | 18 15 min 18 5 min 18
35 w 20 35 17 43 0 18 21 17
60 v 27 60 15 B7 v 20 30 » 21
85 » 22 83 ¢ 20 81 n 23 g5 v 12
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TABLE XXIb (see Figure 27b)

" Finanl Concentrations:

Leucooytes £rom Rabbit No.

0.7 %

8% serun
0.2% eosin Y -

106

17

leucooytes/ml.

Ndrmal Serum Nos.
17 (autogeneio) 12 14
Staining |% Cells |Staining |% Cells |Staining | % Cells
Tinme Stained | Time Stained Tine Stained
15 min 21 | 15 min 17 15 min | 25
30 v 17 50 " 19 30 14
48 © 22 50 * 24 50 ¢ %0
68 v 24 69 * 19 64 0 23
85 18 87 20 1109 # 28
120 23 123 * 21 120 25
Normal Serum Nos.
15 19 20
Staining |% Cells |Staining |% Cells |Staining | % Cells
Time |Stained Time Stained Time Stained
20 min 18 15 min 14 15 min 16
40 ¢ 27 30 v 26 45 11
57 20 53 17 62 " 15
93 ¢ 27 7% " 19 - -
110 15 - - - -
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TABLE XXIc (see Figure 27¢)

Final 00noehtrationéz,_0.7 x 10

8%’8
0.2%

6

erun
eosin Y

Lencocytes from Rabbit No, 18

leucocytes/nl,

Noxrmal Serum Nes,
|18 (autogeneic) 20 | 19 16 |
Staining %ceixﬂstaaning %CellsStaining %CellgStaining %Cells
Time |Stained Time [Staine Time [Stained Time Stained
15 nin| 26 |15 min| 26 19 min | 25 15 min | 34
40 @ | 36 30 v 30 . 30 o 28 30 n 26
60 ©® | 35 60 37 60 * | 30 63 ¢ 22
80 ¢ 27 g0 " 32 80 " 32 70 28
100 ¢ 35 100 ¢ 22 100 " 22 40 v 31
160 * 30 79 n 19 (70 v 29 - -
Normal Serum Nbs.
15 } 13 , 12
Staining (% Cells |Staining |% Cells | Staining | % Cells
Timg Stained Time Stained Time Stained
15 min 24 15 min 22 . 18 min 31
30 ¢ 33 29 v 30 33 v 32
60 v 31 58 ¢ 32 102 v 28
115 33 113 ¢ 35 175 ~n 30
215 " 32 197 v 22 - -
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LEUCOCYTES EXPOSED TO 8% NORMAL SERUM STAINED
WITH 0-2% EOSIN

50r (a) Cells from Rabbit No: 13

PERCENT CELLS STAINED

0 20 40 60 80 100 120 140 160 180
STAINING TIME (min.)

FIGURES 27a, 27b and 27c

The effeot of normal rabbit sera on leucooytes fron
. xabbits 13, 17 and 18 respectively.

The number on each trend line is that of the serun,
(see Tables XXIa, XXIb and XXIc.)
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CHAPTER XIV

HUHORAL RESPONSE TO ALLOGENEIC TISSUE

In 1937 Goxer first demonstrated in vitro a
humoralvresponse t0 allogeneic tiansplants and he showed
that ihe haenagglutinins provoked by allogeneic sarcomas
could be used to idehtify histocoumpatibility ﬁntigens
in mice, | | 4

In rabbits, after the rejection of skin allografts
the serum of the recipiehts was shown to be toxic for
lymph node cells of the donors (Terasaki, Bold, Cannon
and Longumire, 196la). Puza, Rubinstein, Kasakura,
Viahovic aﬁdvFerrebee (1964) showed that in dogs, lymphoid
cells were sometimes better stiwmulants of the humoral
response than were skin grafts.

The present experiments were éarried out
to establish

(a) whether rabbit blood leucocytes were

satisfactory target cells for cytotoxic*
isoantisera,

(b) whether skin grafts or spleen cells and

adjuvant were more potent antibody stimulants,
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(c) the time when toxicity becomes
demonstrable ahd‘when its potenoy
- rocaches a peak, and |
(d) the offect of repeated stimuli

from the same donor.

METHOD

| Rabhits'received 2 or 3 skin grafts or
1 or 2 injections of spleen cells and adjuvant at
various intervals from the same donors. Serun was
taken from the recipilents at ihtervals of about
1 week,_and'sfdred'in 0,8 ml, aliquots at ~10°%C.
The sera were tested .2 or 3 times for toxicity‘against
donor leucocytes and the results are shown in
Tables XXII and XXIII, In Figures 26 and 29 the
hunoral immune responses to skin grafts and spleen
cells are depiotéd, each point being the mean of
the repeated tests.



TABLE XXIIa

Final Concentrations:
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(see Figure 28)

Cytotoxicity of recipient serum for
donor leucocytes at various intervals

after skin grafting.

8% serunm
0.2% eosin Y

» Recipient 52

0.7 xm6 léucocytes/ﬁi.

Days after
first graft

Donox 51

Toxiocity of serum as indicated by % cells

stained with eosin

Results of repeated tests Average
o — 14 17 16
9 18 22 20
14 5 11 8
21 12 20 16
24 - - - -
28 12 8 - 10
34 18 30 24
42 68 60 64
XXIIb o -
Donor 36 ——— Recipient 38
Days after Toxicity of serum as indicated by % cells

first graft

stained with eosin

Results of repeated tests Averxrage
0 —0» - - -
1 6 2 4
5 3 11 7
12 4 15 10
23 ' 4 18 11
24 ——— - - -
30 38 50 44
37 44 45 45
42 —» - - -
4y 28 36 32
51 40 50 45
62 38 56 47

# ——— indicate skin grafts.
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TABLE XXI1Ie
Final Concentrations: as for Table XXIIa.

Donoxr 32— Recipient 34

o Toxicity of serum as indicated by % cells
Daye after gtained with eosin
first graft p. .1¢6s of repeated tests Average
oO—— - - -
1 6 2 4
7 2 4 3
12 8 16 i2
21 16 2 9
30 22 14 18
36 10 14 12
47 22 8 15
52 ———» 6 8 7
61 20 8 14
63 16 14 15
78 17 19 18
85 17 14 16
91 4 4 4
98 2 12 7
105 12 6 9
112 9 8 7
126 12 20 16
XX11d Donor %5 ——— Recipient 55 ;
Toxicity of serum ag indicated by % cells
Days after stained with eosin
first graft Results of repeated tests Average
0 — 2 8 5 5
7 8 4 6 6
9 6 15 0 7
14 0 6 9 5
20 8 4 9 7
27 - 24 8 16
34 36 36 18 30
42 ——» 38 25 24 29
48 36 41 43 40
56 49 62 58 56
61 35 24 : 40 33
75 32 33 27 31
78 29 24 28 27
88 24 11 19 18
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TABLE XXile

Final Concentrations: as for Table XXIXa.

Donor 37 ——= Recipient 41

Toxieity of serum as indicated by % cells

Days aiter - stained with eosin ‘
first gratt Results of repeated tests Average
- 7 ' 6 2 ' ‘ 4

14 S 3 5
21 0 10 . 5
27 6 12 9

36 4 6. , 5
42 — » 16 iy 15

49 20 ) 20 : 20

57 20 30 : : 25

64 ' 13 18 ‘ 16
71 13 14 14
78 8 20 o 15

84 o 9 _ 9

92 10 17 14
98 | 12 4 B 8
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TABLE XXIIIa (see Figure 29)

’Oytot0xioity of recipient serum for
donoxr leucocytes at various intervals :
‘ after injection of spleen cells and adjuvant.
Final concentrationsx 0,7 % 106
8% serum
0.,2% ecosin Y

leucooytes/ml.

Donox 48 -————»-Recipient &9

Toxicity of serun as indicated by % cells

Days after stained with serunm
:gjggtion Results of repeated tests Average‘

0 — 17 11 14

3 14 13 - 14

7 5 11 , 8

14 19 10 , 16

22 78 - 87 83

28 : 75 91 83

35 90 75 : 83

43 97 - 89 93

52 ' 89 77 83
XXIIXIb

" Donoxr 47 ——— Recipient 45

Toxiclty of serum as indioated by % cells
?izgtafter stained with sexrum
injection Results of repeated tests Average
0 —— 12 8 ‘ 10
1 : 16 22 18
7 : 15 14 15
14 52 30 41
21 21 26 ‘ 24
.28 28 34 ' 31
35 38 26 32
43 16 24
49 , 24 25 25

# — indicate spleen cell and adjuvant injections.
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TABLE XXIIXc

Final Concentrations: as foxr Table XXIIla,

Donox 46 —— Recipient 50

Days after
£irst

Toxicity of serum as indicated by % cells

stained with eosin

injeotion | Resulis of repeated tests - Average
o— 9 9 9
2 4 8 6
7 10 - 32 21
14 10 ‘ 8 9
22 12 12 12
28 16 16 16
35 14 10 18
43 24 10 - 17
51 20 14 17
97 : 14 15 15
59— - - -
63 40 46 4%
70 50 57 54
84 56 67 62
98 42 52 47

TABLE XXIII4

Donor 58-—————*-Ranipien£ 59

Toxicity of serum as indicated by % cells

?gggtaiter stained with eosin }
injection |Results of repeated tests Average
o— 18 2 ' 13 11
5 28 18 10 19
8 20 34 20 23
14 23 23 24 23
21 60 60 40 53
28 38 48 34 40
gg 36 60 30 42
42 62 50 52 55
49 70 73 87 77
57 72 63 78 71
63 78 84 66 76
75 47 60 49 52
79 54 46 62 54
84 58 57 57 57
92 63 45 42 50




TABLE XXIlle
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Final Concentrations: as for Table XXIIXa,

Donor 56 ——— Recipient 57

Yoxicity of seyum as indicated by % cells
poys aftor stained with cosin
injeciion |Kesults of repeated tests Average

o0— 12 | 14 24 17
9 14 22 12 16
8 29 38 13 27
14 24 28 24 25
21 26 1 12 17
28 2y i2 - 18
35 32 26 20 26
59————» - - ] -~
/1] 56 20 50 L2
49 49 69 71 63
56 58 38 91 49
63 65 49 57 57
74 62 56 45 5%
77 63 42 45 50
B84 25 14 27 28
93 27 25 31 28

TABLE XXIIIf

Donor 60-—————*?Reeipient 61

Toxicity of serum as indicated by % cells
ggzgtafter stained with ecosin
injection |Hesulis of repeated tesis Averxrage

0O — 6 2 15 8

5 19 12 a8 13

9 8 14 2 9
14 12 12 8 il
21 15 17 0 11
28 16 5 5 o
35 4 8 8 7
43 18 6 8 11
49 20 10 18 16
58 9 i ¥ 13
75 20 6 8 11
84 20 9 18 16
g1 25 12 is 18
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CYTOTOXIC ACTION OF ANTISERA DRAWN AT VARIOUS
INTERVALS AFTER SKIN ALLOGRAFTS (V)
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Toxiclity of isoantisera provoked by skin grafts.
The numbers on the trend lines are those of the
gxaft reciplents,

seoc Table XXII.)
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FIGURE 29

CYTOTOXIC ACTION OF ANTISERA DRAWN AT
VARIOUS INTERVALS AFTER INJECTIONS OF
SPLEEN CELLS AND ADJUVANT (V)
| 1001
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»Toxicity of isoantisera provoked by in;jections

of spleen

cells and adjuvant,

The numbers on the trend lines are those of
. the spleen cecll recipients.
(see Pable XXIII.)
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, The results indicate  that
(1) Blood leucocytes were satisfactory target
cells for the in vitro demonstration of the

cytotoxicity of rabbit isoantisera,'

(:i) sSpleen cells au&'a&juv&nt.were better

- stimulants of antibody productidﬁ»thaﬂrwere skiﬁ .
grefts,  (The potency of the spleen éell recipieuts’
sera was greafer than that of the skin'allograft‘
recipients! in spite of the faeﬁ that spleen cells
were injected once ox twice, whereas skin was sometines

grafted 3 times (seec Pigures 28 and 29).)

(iii) The toxicity of the recipients' sera becaie
demonstrable 1 to 3 weeks after the primary étimulus

in 4 of the 6 animals which received spleen cells and
adjuvant (Fignre 29). 'In a similar peribd no toxicity
was demonstrable in any of the 5 which received a single

skin gratt (Figure 28).

A peak in toxieity usually occurred after
2 to 3 weeks.in those recipiehts ﬁhich responded t0.
the primary stinmulus and about 1 to 2 weeks after
the repeated stimull in most aniumals, High toxic

levels were not long naintained und were usually oa
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the decline 4 to 5 weeks after reaching a plateau,

(1v) Repeated stimuli usually boosted the toxieity.
The resﬁonse waé proﬁpt and in 2 recipients (Nbs; 57
and 59) the inoreased toxioit& was demonstrated % days
later. (The response may have occurred even earlier
but the toxieity of the sera was not taéted earliey

than 3 days after the repeated transplants. )

Little eyfotoxinity waé ﬂémonstrab1é'1n
2 of the 5 skin graft recipients (Nos. 41 and 34),
and in one of the & spleen cell recipients (No, 61),
even after repeated transplants orv&hjentions;
The lack of response in these 3 mighf indicate that
(2) cytotoxie aﬁtibodies were provoked by some
histoqompatib&lity antigens only, and thése were
not implicated in the 3 cases, or o
(b) the oytotoxic test demonatratéd only the
antibodies exceeding a certain threshold activity.

For the purpose of the present

‘investigation it is unimportant to differentiate
between (a) and (b), i.e. between qualitétiVe and
guantitative feilure in thé humoral response provided

that the antigens which were demonstrated were those



_most important for histooompatibility. The abilityia,__ i

fl-of eytotoxio antisera to demonstratathe important

o‘,ehistooompatibility antigens is further investigated

'"ff in Seotion III.

| In some recipients, (e.g. Nos. 52 38
vfand 55), although no toxioity was demonstrable after L

- a single graft, repeated graft from the same donor>fa'

| ”‘[‘provoked a prompt rise in toxicity. . The firat graft}d

o may have'provoked the formation of humoral antibodiesia'
”__whioh were not deteeted beoause of the insensitivity S

",of the test.*ﬁ

Some degree of insensitivity may not be

disadvantageous beoause it might serve to eliminate

7-irom oonsideration the unimportant antigena whioh
owould otherwise oomplioate the histocompatibility
T@f‘test to" be desoribed._,i-ﬁfi<“"‘R"

‘ The work of Walford Martin, Tronp and

Goodwin (1966) suggests that in humana, the failure JY">

‘eto form lymphocytotoxins ie correlated with olosetgf.-ﬁ

-matohing of the donor and host and with the prolonged‘ o

‘j'survival of skin allogratts.;‘
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CHAPTER XV

PITRATION OF ISOANTISERA

The toxicity of isoantisera was tested

at various dilutions.

METHOD

Isoantisera weré provoked by injecting spleen
cells and adjuvant on 2 occésions with a 3-week interval
and serun was taken from the recipients 1 week later.
Doubling dilutions of this serum were prepared in fresh
donox serum. One tenth ml. of each serum dilution was
mixed with 0.1 ml, donor leucocyte suspension

(8.5 x 106

cells/ml.). After 1 hour's incubation
1 ml, 0.25% eosin Y in Ringer's was added and the
proportion of stained cells was counted after 1 hour

on ice,

RESULTS AND DISCUSSION

The results are shown in Table XXIV. The
proportion of cells which stained in the 1:2 antiserunm
dilution varied from 20% to 87% and, as the antisera

were further diluted, so the counts decreased.
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TABLE XXIV (see Figure 30)

Toxicity of isoantiserum at various
dilutions. Total serum concentration
held constant,

Final Concentrations: 0.7 x 105 leucooytes/ml.

8% serum (allogeneic and autogeneic)
0.2% eogin Y

Ratic antiserum : total serum
: 1:2 | 134 (1:8 [1:16| 1132 | 1:64 | 031
a 58 | 42 56 |42 18 22 2
b 87 |58 56 bl 34 50 10
c 36 |18 |21 |11 - - 14
d 64 56 32 36 | 16 - 6
% Cells (e 20 (30 |16 2 12 - 14
Stained (f 36 |40 |24 |18 8 - 10
g 20 18 8 6 - - 4
h 48 38 |30 |30 - - 8
i 20 16 12 10 14 - 6
J 64 56 64 50 | 28 17 10
k 34 36 14 10 - - 17
1 28 |24 6 10 " - 8

Where high proportions stained at
1:2 dilution the toxicity was demonstrable at greater
dilutions. For example, when 87% stéined at 1:2 (b),
the toxicity was still demonstrable at 13164 dilution,
whereas when the count at 1:2 was 34% (k), the toxicity

was no longer demonstrable at 1:8 dilution.
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FIGURE 30

TITRATION OF SPECIFIC ANTISERA

The effect of diluting toxic isomntiserum.
The leitter on each trend line is that of the
experxinent.

(see Table XXIV)

{
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The antisera were, in faot,'dilute& BHOY©
that the titres in Table XXIV inply because further
@ilution occurred in the medium of the c¢cll suspensions
after nixing,  Higher stained counts might have
resulted in damaged suspensions if smallexr volunes
of concentrated cell suspension were used, thus
reducing the ahtiserum dilution.’. Howeverxr, this
waé undesirable béoause
(i) it would increase the total eohcentration of
serun in the mixture and this in turn might inhibit
steining (see Chapters IV and VI), and |
(ii) the number of cells in each aliguot might vary
eonsiderably because of the difficulty of dispensing
suall volumes of concentrated suspensions aceurately.
The impbrtance of naintaining the cell eoncentration
constant has been emphasised by.the results nf |

" Boyse, 0ld and Stockert (1962), (see next chapter).
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CHAPTER XVI

CELL CONCENTRATION

Boyse, 0ld and Stockertv(lgﬁz) incﬁbaﬁed
variéus condentrations of mouse celIS*with specific
isoantisera and used the dye exclusion test to
estimate the damage to each suspension, )

Figure 31 which is reproduced fromatheir'
paper depiots the results.

The proportion which stained depénded on
the concentrations of cells and antiserum.  When
the éoneentration of cells was decreased the
proportion which stained increaséd and at high

cell concentrations the stained counts were low,
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s

8

Per Cent Dead Cells

0 N | ] L1 | ] ] ]
0 U2 U4 U8 1Ul6 U32 164 1128 11256 1/512
Antiserum Dilution

A 16x100 cellsiml  E  1x100 cells/ ml

B 8x100 cellsiml F  S5x10° cells/ ml

C 4x100 cellsimi G 2.5x105 cells/ ml

f D 2x100 cellsimi M 1.25x10° celis/ ml
FIGURE 31

The influence of cell concentration when mouse

ascites cells were mixed with various concentrations
-,of toxic isoantiserum,

Reproduced from Boyse, 0ld and Stockert, 1962, by
kind permission of the authors and the publishers
of Annals of the New York Acadeny of Scicnce.
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CHAPTER XVII

COMPLEMENT

It is desirable to use the minimﬁm volume
of complemenﬁ:which is commensurate with fuli aetivity
of the antiserum because
(1) -high concentrations 6f.serum inhibit the staining

of leuwcocytes and inpair the differentiation of
danaged and undamaged suspensions (Chapter IV),
(ii) aé'the_t0t31 serum in any pfaparation wasg ma&e,hp
 of isocantiserun and conplement source, the less
conplenent in the mixture, the more antiserum
which could be used while still maiﬁtaining the

total serum concentration at a suitable level.

REAGENTS
0.1 ml. rabbit leucocyte suspension containing
8.5 x 106 cells/uml. |

0.09 ml.'toxie isoantiserum which had-baeh inaotivated
by heating to 56°C for 30 minutes.

0.0% ml. fresh autologous serui, various proportions
of which had been inactivated as above.

1nl. 0.25% eosin Y in Ringerx'‘s.



167.

METHOD : _

The cell suspension, aniiserum ﬁnd autologous
- serum were mixeﬁvtogether and incnbate&‘for 1 hour at
37°C before adding the stain. The éouhté were oarried

out after } hour on lioe,

RESULTS AND DISCUSSION

The results are shown in Table XXV and Figure %2.

TABLE XXV (see Figure 32)

N Conplenent titration. ,
Final Concentratioms: 0.7 x 10° leucocytes/ml.

8% serum conprising
4% inactivated antiserunm and
4% fresh autologous serum,
- various proporiions of which
were inactivated.

0.2% eosin'Y

6

o pLoment 1:1 | 112 | 1:k | 18 | 1116 | 011
(a) | 18 |17 8 | 4 0 7

()| 26 |1& |14 | 16 8 6

% cells {e)| 14 |10 |16 | 8 | 6 2
Stained (a) | 70 |34 |12 | 18 | 14 6
e)| 58. |28 |12 | 6 | - | 10

£) | 8 |42 |40 | 16 - 16

'Plgure 32 shows that complement was essential
foxr the cytotoxic action of isoantisera on rabbit

blood leucocytes.

¥ unheated own serum : total autologous serun.
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COMPLEMENT TITRATION

y

100
90

80}
70}
60}
50}
40}
30t
20}

PERCENT CELLS STAINED

10}

o) I:I |;2 I;4 I:B [: 16 O:l
UNHEATED AUTOLOGOUS : TOTAL AUTOLOGOUS
SERUM

FIGURE 32

The influcnce of conmplenent. The antisera wexe
held at 56°C for 30 minutes to inactivate complement,
Fresh autologous serumn was added and the abscissa
shows the proportions of this serum which were
inactivated,

(see Table XXV.)




1690

When the proportion of stainedlcélla
was high (e.g. (d), (e) and (£)), most of the
conplement which was present was neéded for the _
reaction because twofold dilution of the complement

source resulted in a marked decrease in the stained

ocell counts,



170.

CIIAPTER XVIIX

GENERAL DISCUSSION

The cornerstone of the method to be
| described in the next section is the oonparison of
the damage caused by an antiserum 0 a number of
different cell auspensiona. | o

when the dye exclusion test is used to
manifest the cytotoxicity of an’antisarum, the stained
oountsAmay be influenced hy umany factors not all of
which are directly'aésoeiated with the‘dﬁmégihg}éution
of the antibodies. -

In choosing a value at which to maintain each
variable, the following factors had to be considered:
1. The test distinguished damaged:and undamaged-

»vsuspensidna with optimal'efficiency between
vcertain rangés of each variablé;
2. The variables were interxrdependent.
3. The factors sometimes exerted a complex influenoce
and affected ceil danage in 6ne'way and staining

in another.
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- For instance, in sélécting the appropriate

- serum concentration | | - | |

(i) An intermediate total serum concentration‘wés .

desirable because at the extremes the sensitivity of

the test was diminished (Figure 2). |

(i1) .High concentrations of antiserum'were-desifable

ih order to gxert a makimum toxie éctibn (Figure 30).

'(iii) An'excessAof complement was desirable to ensure

that Qomplement was not a limiting factor (Figure 32).

(iv) The total serum and stain concentrations were

interdependent (Figures 6 and 7), and the antiserum

and cell 6onqentrationé were interdependent (Figure 31).
There were also conflicting considerations

with_other variables. The proportionS'pflstained‘

cells inereased when antiseium was mixed with deoféasing

numbers of'target célls (Figure 31), ahd>assuming that

thiskwés'at least partl& a manifestation of speoific

'eytbtoxio damage, low cell concentrations wére desirable,.

On the'other hand, at low concentratioha greater

proportions of cells were non—speoiticélly staihed (Figure 23).
It was not possible té satisfy all thé

requirements fully and the parameters used
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for each variable represented a comprouise, as
those which gave satisfactory aifferentiation.
However, it is possible that some dther set of
values might give aSAgood3or e§en nore dlearcﬁt

results.



SECTION III

The Hiétocompatibiiity Test

INTRODUCTION

Fdnf tests have been described as

histocompatibility indicators, these are:

" In Vivo

1.
2.

In Vitro
3.
5,

The normal lymphocyte test.
The third party test.

The mixed lymphocyte culture test.

- The serological manifestation and

matching of antigens.

None have been refined to a stage where

accurate predictions can be expected. lowever, the

_résulté ffbm‘the preliminary trials follow.



174.

CHAPTER XIX

REVIEY

THE IN VIVO TESTS

1. Normal Lympﬁdcyte Transfer (NLT)
(Brent and Medawar, 1963.) This involves
the intradermal injection of lymphocytes from the

prospective reeipient ihto a number of potential donors.

~ The 1ntenslty of the inflammatory reactions at the

'inJection sites were closely correlated with the
survival ‘times of skin grafts in guinea pigs. The
authors suggested that this test might be applied to
| donor selection in man.,
‘ They explained the inflammatory reaetions
as manifestations of the graft versus host (GVH)
phenomenon, i.e. an expressxon of the reaction of
-the injected cells to the tissue antigens of the
proepective graft donor whioh confronted them at
the injection site. Hence the correlation with
.the rgjeetion times when a sinilar eonfrontation

occurred at skin grafting.
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In rabbits the local reactions were predominantly
graft-versus-host or host-versus-graft responses according
to whether the injected cells had,been‘bresensitised
against theixr hosts (Brent, Brown and'Medawar, 1962;
Dvorak, Kosunen and Waksmah, 1963), or the hosts
presensitised against the cells (Berg and Déusset, 1964),
In the latter case, thé reactions have been used‘to predict
skin graft rejeotion}ofders. 

In man the dermal reactions were to some extent
a measure of the ahtigenic disparity between donoxr and host,
and could be correlated with graft reject;on orders if they
were}regarded as graft—vérsus~host reactions (Gray and
Russel, 1963, 1965; Ceppelini, Curtoni, Leigheb, Mattiuz,
Miggiano and Visetti, 1965b). The reactions were evaluated
according to the areas of induration and'erythema at 48
hours (Gray and Russel, 1965), or to the response t0‘3
different cell doses (ceppeliﬁi et al,, 1965b).

illowever, the results of the NLT test were often
difficult to interpret in man, The local inflammations
were at least partly host-versus-graft reaetions {Gray
and Russel, 1963; Amos, Nicks, Peacocke and Sieker, 1965;

Harris, 1965), but the reactions were no more pronounced
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in sensitised récipients of normal cells or normal |
recipients of sensitisédvcells than they were in normal
recipients of normal cells (Amos et al., 1965). Thé
reactivity of the subjects was altered by disease (Amos et

‘ al,., 1965) and poor reactions were provoked when the injected
cells were from uraemic subJects'(Bridges, Nelson and McGeown,
1964; Gray and Russel, 1965; Harris, 1965 ). This is
important because uraemic subjects might form a large
proportion of those requiring a histooompatibility'test.

Furfhermore, the areas of erythema were influenced
by non—specific’iactoré (Marris, 1965; Harris, Clarke,
Jones“, Sheppard, Lehane, McCarthy, Lawler and Shatwell, 1966).
They were greatly affected even by gentle rubbing, and were
poorly reproducible after 10 weels (Amos et al., 1965).
Interpretation was especially difficult in darkly pigmented
people (Amos et al., 1965). .False negatives occurred when
the cells were injected too deeply (Harris et al,, 1966).

A weak correlation beiween the NLT test and the
leucocyte agglutination reactions of a panel of isoantisera
was noted by van Rood, van Leeuwen, Sdhippers, Vooys;
Frederiks, Balner and Eernisse (1965), but none was noted

by other workers (Goldsmith, 1964; Dausset (as quoted by
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Dormont), 1965; Hamburger, Crosnier and Doxrmont, 1965;
Harris ot al., 1966)., There was no correlation between
the NLT test and A, B and 0 erythrocyte incompatibilities
(Moorhead and Patel, 1964). o

Gray and Russel (1965) concluded that the test
was insensitive, but nonetheless it might be of use in
excluding unsuitable donors,

Most aathors nentioned the danger of transnitting
pathogens and of sensitising the‘cell recipients to tissue
antigens. In man, intradermally injected leucocytes
sensitised the recipients against skin grafts (Friednman,
Retan, lMarshall, Hénry and Merr111,71961), but the
sensitivity was no longer demonsitrable 5 months later
(Gray and Russel, 1965). Metzgér, Zmijewski and Amos
(1965) showed that circuléting leucoagglutinating and
cytotoxic antibodies were also produced in response to
intradermal leucocyte injections, and these’were-still
demonstrable 15 months later (Amos, 1965).

Modifications have been suggested Which might
diminish some undegirable aspects of the NLT test.

WOlf-Jargensen and Schwartz (1964) suggested
that the skin window technique of Rebuck, Petz, Riddle,
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HPriest and Logrippo (1961) might provide a more
reliable way of assessing the inflammatory reactions
at the leucocyte 1njection sites.

Ramseier and.Streilein (1965) and'St:eilein
(1965) sugzested that sensitisation of humans might be
avoided by using the skin of animals as the sites of
the dermal test. - When the leucocytes from'human’ddnor
ehd recipient pairs were mixed in vitro and injected
into irradiated hamstere'rskin; the intensity of the'
reactions was correlated with the survivei times of

grafts between thevtested humans,

2. The Third Party Test -

o Antigens shared by the prospective donors and
reoipients were asseased according to the celerity with
whioh ekin grafts from each were rejeoted'by a‘ﬁhird
ﬁarty.’ Test grafts from the prospeotive donors were
‘transferred to a third party which had previously rejeoted
a sensitiaing grart from the prospective recipient.

The test grart reJeoted in the shortest time
was regarded-ae from the best possible donor,‘and that
which survivedllongest as from the worst. In other

words, accelerated rejection of a test graft on the third
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parfy was linterpreted as evidence:for the antigenic
similarity of the sensitising and test grafts.

Matsukura, Mery, Auiel and Mathé (1963)
compared the results of this test in rabbits‘with putative
hiatocompatibility relationships, assuming that rabbits
of the same breed were more hiétocompatible with one
another than with individuals of other breeds, and they
found a very high degree of corrélation'(P‘c .0000%).

When the test was applied in man, Répéport,
Thomas, Converse and Lawrence (1961) found that the
rejection times of skin grafts between 9 unrelated pairs
were suggestive of correlation; ﬁilsun, Henry and Merrill
(1963) showed that the test grafts on the third party did
not take at all, i.e. were "white grafts", when the
prospective donorx andvreeipiént were identioal twins.
Using the third party test, Mathé, Mé}y Brézin, Sekiguchi,
Vaubel and Amiel (1965) were able to predict correctly
the rejection orders in 10 of 12 cases where there were
clearcut differences between the survival times of 2
grafts placed on each recipient, and they concluded that
the results were better correlated with graft rejection

orders than were the resulits of the normal lymphocyte
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transfer test, the mixed lymyhocyte culture test,
or the serologica1~matching of anfigens used by o
some other workers. o

| " The teost would aeem to be limited because
it}présquS‘to measure‘fhevshared antigens and not -
the antigenic differences, and,bécause only the |
antigens not carried by the thir&vparty are measured,
However, the good results reﬁorted‘might~indicaté
that the strong histbcompatibility'antigens in ﬁan :
are so few that the sharing of even some of them

prolongs the graft survival times.

THE IN VITRO TESTS

3. The Mixed Lymphooyte Culture (MLC) Test

The transformation of lymphocytes in culfure
to cells resembling lymphoblasts is thought ;6 be a
response to contact with antigehiq materiai (Elfés,
Roath and Israels, 1963; Pearmain, Lycette and Fitzgerald,
1963). 1In a culture of mixed lyhphocytes from two
individuals the proportion of large &1v1ding cells which
are capable of incorporating Ho-thymidine may be an
indication of the antigenic disparity between the
lymphocytes and it has been suggested that a count of
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these cells ﬁay provide a meaéure of their histocompatibility
differences (Bain, Vas and Lowenstein, 1964; Bach and
Hirschhorn, 1964), o o

A correlation has been demonstrated between
the proportibhs of transformed cells and the familial
rélationship of the donors., Thére,were few transformations
in-mixtures of cells from monozygotic twins, more in the
case of dizygotic twins and there were many transformed
cells in all the mixtures from unrelated individuals
(Bain et al.,'196k).' Similar correlations have been
reported after comparing blast counts in the cell miktures
from siblings with those from unrelated individuals |
(Bain, Lowehatein and MacLean.f1965); from identical
twins with those from first degree relatives and
unrelated individuals (Hirschhorn, Firschein and Bach,
1965), and those from siblings with parent-child mixtures
and unrélated individuals (Ceppelini et al., 1965b).

Correlations have also been demonstrated
between this test and the state of reactivity of the
tested individuals, for example, in illness and’in health
or before, during ahd after allograft rejections. There

was an increase in the MLC reactions following the rejection
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of skin grafts in man (Bain et al,, 1965) and in
nonkeys (Moynihan, Jackson and liardy, 1965), and
 Oppenheim, Whang and Frei (1965) showed in zjﬁixed‘
cultures of human donor/recipient cells that the

number of lymphoblésts increased at the time of primafy
skin graft rejection, fell afterwards, and increased
again during the rejection of a second graft.

When the mixed 1ymphocytes were from the donor
and recipient of a previous ékin graft, the tiansfurmation
to lyuphoblasts was observed mnch earlier than in
non-immunised individuals (Cehpelini, Celada and Zanalda,
unpublished, roported by Hirschhorn et al., 1965), and
this led to the suggestion that MLC reactions might
represent in vitro equivalents of primary aﬂd sécondary
allograft rejection responses (Hirschhorn et al., 1965).

Bain et al. (1965) showed that in patients
suffering from debilitating conditions, the MLC reactions
were decreased and the allograft survival times inoreased.
Hashem, Sedlis, Hirschhdrn and Holt (1963), studying
auto-immune disease, demonstrated an increased proportion
of lymphoblasts when the lymphocytes from patients with

infantile eczema were incubated with extracts of their
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”oanSKin and, to a lesser extent, with skin extracts
'of other indlviduals. |

~ The MLC reactions were correlated with the
third party test (Bach and Hirschhorn, 1964, Hirschhorn,
' Bach, Rapaport, Converse and Lawrence, 1964), and with
cerﬁéin seiologicdlly detected antigénie differences in
man (Dausset Ivanyi and Ivanyi 1965b) and chimpanzees
(de Wltt 1965).

Although the work cited above suggests that

” the MLC test can reflect broad antigenic differences,
there is little evidence that the test is sufficiently
sensitive where mbrévéubtlé’hi5£ocompatibility differences
are conoerned. Bain et7al.»(1965) found no correlétion
between graft sur&ival times and the MLC reactions in
5 pairs of healthy individuals; and Ceppelini et al. (1965b)
after 76 compafisons of skin graft survival times with the
test,»concluded that theie was only a correlation ih some
‘circumstances., While stiong activation of cultures was
Vindicative of short graft survival there was a poor
corfelgtion with histocompatibility when the activation
of 6u1tures was weak, Mbynihan et al. 11965) demonstrated
a élose correlation between the test an& skin graft

survival in monkeys.
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Ceppelini et al. (1965b) and Bain and
| Lowensteln (1965) reported that the test was sometimes
, poorly reproducible, and Riddle and Berenbaum (1966)
 found that even minor surgical procedures altered the
reactivity of 1ymphocytes in;culture. Efforts.have
| been;madé to achieve‘bettér reproducibility by
'standardising each of the variables whlch influence
the technique (Bain and Lowenstein, 1965, Eijsvoogel
and Schellekens, 1965). o
The lymphoblasts may copte from either of the

lymphoéyte populations and consequently the proportion
‘of these cells probabiy répresents an expreésioh of a
2-way reaction, i.e. the xeéponse of A's qells‘against
" B's antigéné; and B's cells against A's ahtigens. Some
of fhé'efforts to modify the test to indicate'"One;Way"
reactions 6h1y are listed below. L&mphoeytes in culture:
were stimu1ated toqbléstogenesis by the additioh of |
cell-freé medium which.had been uéed for the culfure
| of allogeneio lymphocytes (Kasakura and Lowensteln, 1965a,
- 1965b; Gordon and MacLean 1965), and by the addition of
allogeneic cells which were themselves incapable of

»tranéforming tb lymphoblasts. - These included freeze-thawed
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1yumphocytes (Bach and Hirschhorn, 1964; Hashem and
Bosen, 196&; de Witt, 1965; Moynihan et al., 1965) .

or fractions thereof (Hashem and Rosen, 1964), irrediated
lymphocytes (Ceppelini, Franeeschini; Miggiano and
Tridente, 1965a; 'Kasekufa and Lowenstein, 1965c¢),
lymphocytes t:eated.ﬁith a nitrogen mustard (Cloramin®)
(Ceppelini et al., 1965a), ehd maerephages (Marshall, Rigo
and Melman, 1966). However, some workers have found that
froeen-thawed allogeneic cells and extracts were‘poor;
stimulants of the reection (Ceppelini et al., 1965a;
Kasakura and Lowenstein, 1965b), and erythrocytes, platelets

and plasma were ineffective (Bain et al., 1964).

-

4, The Sernlogieal Manifestation and Matching of Antigens

The speeifleity of 1mmune reactions makes it

possible to use antisera to identify the tissues which
carry certain antigens, Different techniques each show'
up different sets of antigenic determinants, but the extent
to which any one method detects histocompatibility antigens
lhas not yet been elearly eétablished. The value of an
immune reaction as an indicator of histocompatibility can
be assessed only by comparing the results of each test

with the results of grafting experiments because, so far,
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'theré is no a priori method‘of knowing whether an
antigen is concerned in histbéompatibility.

Before aéseésing the value of the technigues
separately, there are a number of general observations

to be kept in mind.

(i) Anj one technique may detect only some of the
'histocompatibility‘éntigens. A combin&tion bf techniqueéi
may . be hecéssary finglly‘to demonstrate the fuli'spectrum
of these antigens. This has prdved to be the case in
mice where some H-antigens not deteeted by'haémagglutinatibn.
- were demonstrable by using the leucocyte agglutination
technique (Amos, 1953) o ,

(;1) A multlspecific serum may detectAsomé H-antigens
and some antigens unassociated with histocompatibility.
Such sera in any histocompatibility testing panel would
tend to confuse. the results. |

(111) The survival times of allografts between dlfferent
donor-host pairs may be similar despite the faot that the
serological'asséssment of their antigens indicates that
Vthese pairs differ fairly markedly one from the other.
Walford, Martin, Troup and Goodwin (1965) pointed out |

that the rejection time of a graft in a donor-host pair
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which differ,'fnr examplevat loﬁhistooohnatibility ioci,

- may be'only slightly diffeient»ffomrthat-in a pair'nhich
differ at, say, 3 or 4 looi and‘that manked‘prolongéﬁion
0f survival times can be expented only when‘the donnr,and_
hoét'are almost‘onmplefely'matohed. | In ontbred stoék,‘
where strong histocompatibility differences are' |
~concerned, many degrees of incompatibility will appear
similar when measured by so insensitive a oriterionvasv:

the orude graft survival time.

Erzthrocztes and Histooomgatibilitz Antigens

In mice most of the H—antigens so far detined -
have been demonstrated on the erythrooytes by
haemagglutination (see Snell Hoeoker, Amos and Stimpfling,
$1964) Some histocompatibility antigens are probably
represented on the erythrooytes in other animals too,

e.g. rats (Breyere, 1959; Bogden and Aptekman, 1960-“
Palm, 1962, 1964), chickens (Sohierman and Nordskog, 1961-
Craig and McDermid 1963), and dogs (Simonsen, 1955,
‘Jacobson and Najarian, 1964)

" Haemagglutininl were sometimes demonstrahle o
after skin grafts in rabbits (Zotikov, 1958; Hancock and -
Mullan, 1962), but these did noticoincide witn the dytqtoxins".”
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which were also provoked in many of the recipients.

The eytoﬁoxins were éométimes:absorbed by donor ‘
erythrocytes which suggested that some erythrocyte
and skin antigens had common specifioity (Kapitchnikov,
Ballantyne and Stetson, 1962). This was ooﬁfirmed

by Cohen, DePalma, Colberg, Tissot and Hubay (1964) who
showed that in rabbits the Hg'incompatibilitiéé were
’6orrelated with shorter graft survival but other
erythrocyte inéompétibilitiés were not. Erythroc&ta
injections provoked accelerétedirajection of skin
allografts on some'occasions in rabbits (Goiberg. Cohen
and Hubay, 1964), but not on others (Medawar, 1946;
Cohen et al., 1964), and white cells,’tiésue homogenates
and spermatozoa failed to absorb rabbiﬁ haemagglutinating
antisera (Cohen et al., 1964). In dogs;ingompatible
erythrocytes provoked the accelerated reJection.of
kidney allografts from the same donors (Jacobson and.
Najarian, 1964). | |

V | In man, kidney allografts'sometimes survived

| well in spite of ABO erythrooyte incompatibilities
(Woodruff and Allen, 1953; Woodruff, Robson, Nolan,
Lambie, Wiison and Clark, 1963). Nonetheless, it seems

possible that erythrooyteé carry some histocompatibility
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antigens., Oeppélini et al. (19655) feported a |
| significant correlation between ABO incompatibilitiea
~and a shorter graft survival after 95 skin allografts
on 33 humans. Dausset et al. (1966) showed ﬁhat
incompatible erythrocytes sensitised the racipienfs
to skin allografts from the same donor. | Terasaki,
Marchioro and Starzl (1965) showed that in 14 long
surviving human kidney allogiafts there was matching
of the donor-host pairs for A, B, N and e erythroocyte
ahtigens. ' In 8 of the 11 cases where the grafts
survived > 6 months the donor—reéipient pairs
were mismatched for only one or none of the 13
erythrocyte antigens investigateﬂ‘ "~ They concluded .
that multiple erythrocyte incompatibilities
might be deleterious, but not critical, for graft
survival.

Some support for these conclusions is to
be found in the results of the in vitro experiments
of Moller and Eklund (1963) These authors
found that when human lymph node cells which
carried receptors for A, B and Rh antibodies

were exposéd to anti-A, anti-B or anti-D serum
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in vitfo, only a small propcrtion of the cells were
”damaged when any antisérum»acted alone (cell damage was
assessed by the uptake of trypan blue dye); but
: progréssively nore cells were stained when the antisera
were permittéd to act 2 or 3 at a time.  The authors
suggested that erythrocyte isdantigens might act as
,histocompatibility antigéns, although they need not
| neéessarily creaté strong histocombatibility barrieré.
 Such barrieré might become stronger where the donor and
host are mismatched for a multipllcity of erythrocyte
7 1soantigens.
| van Rood, van Leeuwen, Eernisse, Frederiks and

Bosch (1964) showed that erythrooytes did not abserb ‘any

fappreciable quantity of antileuoocyte serum in man.,

Leucocztes. Platelets and Histocomnatibilitx Antigens

(a) Leucocytes. Leucocytes share antigens with

other tissues and antileucocyte antibodies may be absorbed
by homogenates madeifrom various solid tissues (van Roqd,

ét al., 1964). Furthermore, leucocytes carry
histocompatibility antigens because they are able to provoke
the accelerated rejection of skin allografts in man

(Friedman et al,, 1961,» Rapaport, Lawrence, Converse and
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“i‘f;Mulholland. 1964) and animals (Medawar. 1946) f Gray

“:fQ!and Russel (1955) showed that this allograft immunity

'**@ifjwas demonstrable in man ior up to 3 months after a

 ijfsing1e intradermal injeetien of 2 5 to 5 x 10

)6 blood

ifaﬁilymphocytes, but not when tested at 5 months- Metzgar

}”]jet al.'(1965) and Amos (1965) showed that in ‘man leucocyte

‘5agg1ut1n1ns and eytotoxins deveIOped after multiple e«

: ;‘i;T1ntraderma1 blood lymPh°°Yt° 1njeot10ns, and Amos (1965)

'“ﬁQthound that such antibodies were sometimes still being

Kprroduoed 15 months after the last 1njection., Blood

“'V i*1eucooytee were also able to 1nduoe toleranoe to

{)fisubsequent akin grafts in mioe, rats and chickens

igj(31111ngnam, Brent and Medawar, 1956,' Billingham and

ef5811vers, 1962), indicating that 1n these animals all the

'7f?;hietonompatibility antigens whioh are preeent on skin are

fi’probably present on the leuoocytes.A: | |

| , '.' Granulcoytes and lymphocytes from the same.

' i41ndiv1dua1 carry antigens or different specificities ;
35eand are. able to absorh cytotoxio antibodies independent
f';iot one another (nngelrriet 1965) ‘ A110geneic antisera
:l‘sometimes react with one type of ceil only (Walrord

7%5Anderson, Carter and Mihajlovik 1962; Walford, Carter
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and Sjnarda,'1963;’ Shulman,.Marder,'Hiller and ‘_‘~'
Collier, 1964). o |

The significance of these findings for

. histocompatibility testing is unknown because the

antigenic differences between various cells are only
. relevant it they happen to be transplant antigene, and

at present this has nct been determined.

(b) Platelets share some antigens with leucocytee
(van Rood, van ‘Leeuwen and Eernisse, 1959b; Dausset, Colin
and Colombani‘»1960‘ van Rood et al,, 1964; " Shulman et al.,
1964; Lalezari and Bernard, 1965)

v They have been shown to carry histocompatibility
-antigenebin animals (Ebbe, Baldlni and Dameshek, 1962&,
1962b; 'Wilson, l963; ﬁager, bupuy enntwellech; 1964),
and in man (van Rood et al,, 1964‘ Dausset'cnd Rapaport 1966).

R However, large doses of platelets were necessary
to provoke accelerated allograft rejection (Wllson, 1963;
Dausset and Rapaport 1966), indicating that they probably |
carry small quantitiee of the hietocompatihility antigens.
| 7 Recently interest in leucocyte and platelet »
Aentigens has increased_heceuse of the observatione that

leucocyte and platelet antibodies are provoked by multiple |
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' ;biood tranéfusions‘(Dansset,‘195&} 'van_Loghem,.

van &er Hart.andeorétél, 1957; Payne 1957b;71van Rood,

van Lééuwen'and Eernisse, 1959&); or ﬁy prégnaney.(Payne
and Rolfs, 1958; van Rood et ai., 1959b), and that such
Vantibodies mightvbe reaponaible for‘péthological cohditions
in man, e.g. febrile reactiona aiter the transfusion of
erythrocyte-compatible blood (Brittingham and Chaplin, 1957'
- Payne, 1957&), neonatal purpura (Mouliniere, 1957),- chronic
agranulocytosis (Dausset and Nenna, 1952), neonatal
agranulocytosia (Dausset and Malinvaud, 1964), orv

. spontaneous abortion (van Rood et al., 1959b; Jensen, 1961);
" Leucocyte agglutlnating antisera from multi-

' parionsuwomen or transfuaion reclpienta hava been used

to define a number ot individual leucocyte antigens in
’humans (Dausset 1958; van Rood et al., 1959b, van Rood,
1962' van Rood and van Leeuwen,_1963.‘ van Leéuwen,. |
Eernisse and van. Rood, 1964; Payne, Tripp, Weig1e, Bodmei
and Bodmgr,,196h; 1van Rood aﬁd'van‘Lééuwen,‘1965; |

van Rood et al., 1965) and ofhét techﬂiques‘have also

been used with success forrthis purpose;. e.g. complement
Iixation, inhibition of complement fixation, mixed
agglutination, antiglobulin consumption etc. ~ This work

is reviewed elsewhere (Shulman et al., 1964).
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Attention has now turned toward establishing
Towhether the leucocyte antigens which have been demonstrated
are histoeompatibility antigens and to the ability of
different serologieal techniques to manlfest |
histoeompatibility.

To these ends graft survival times have been

'compared with the similarity of the donor and host aecording"

to the reaction patterns of their leucocytes after screening
R them against panels of agglutinating‘and/or cytotoxic'
antieera. o | . |

'When the donor and host were selected by matohing
the reactions of the leuoocyte agglutinogens the graft |
~survival times were sometimes prolonged (Colombani, Dauseet
and Preeux,,i963; Colombani, Colombani and Dausset, 1964;
 'van Roodwetoal.,f1964; Dausset, Colombani; Feingold‘and
eRapaport, 19655; van Rood‘et'el., 1965). For exemple,
Colombani et al. (1964) screened thealeucooytes of 247
v'individuals againét a panel of‘48 antisera ahd then
'érafted‘12 recipients each_with skin from the donors
with the most similar and dissimilar reaction patterns.
The mean survival time of the "most similar" grafts was

0.88 day nore than the mean of the other grafts.
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" In a similar experiment van Rood et al. (1964)
screened 100 individuais' leucocytes against & panel of
60 antisera, The most similar pairs were sélected from
- the 9,900 possible combinations by using a compﬁter for
the comparisons. Although skin grafts between those
assessed as most similar survived 2,4 days longer on
average than did grafts between individuals selected at
randon ffém thevgeneral population the authors did not
consider this to be significant. More rebently van Rood
et al. (1965) have shown clearly that their leuco-
agglutinogens 6° and 6° were'strong‘histocompatihility
antigens. | | o o

Much lesswwork has’been done on the_éntigens

which combine with cytotoxic antisera. Cytotoxic antibodies
‘have been demonstrated in vitro aftef allbgrafﬁs in all the
species tested, e.g. in maﬁ (Walford; Gallaghef and Sjaarda,
1964; Batchelor, 1965b), rat (Schrek and Preston, 1956),
‘.rabbit_(Terasaki et al., 196l1a), mousea(Gorer and 0'Gorman,
. 1956; Helstrgm, 1959; Boyse et al.,‘1962), and dog
~'(Kasakura, Thomas and Ferreﬁee, 1964; 'Altmén;and Simonsen,
'i§64), but as yet.there is no clear indication that‘thése>_
antibodies react withvhistoéompatibility antigens.
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However, thé‘results.of Starzl, Marchioro, Tefaséki,

Porter; Faris, Herrman,:VredeVOg, Hﬁtt, Ogdeh and Waddell
(1965), Terasaki ét'al; (1965)-and'Vredevce,yTerasaki,
Mickey, Glossock, Merrill and Murraj (1965) thgeat that
this ﬁay be the case. These workers used panels of 50

to 125 toxic isoantisera to screen. the leucocytes of the
donors and recipients in long-term surviving clinical
kidney allografts. | They found that the demonstrable |
‘cytotoxinogens (antigens which provoke cytotoxic antibodies)
were mismatched on fewer ocoasions in these pairs than
would have been tﬁe oésevwith'most other donors chosen
_randomly rrom the general population. | : |

More recently Terasaki, Vredevoe, Porter,

Mickey, Marchloro, Faris, Herrmann and Starzl (1966)
concluded that the leucooyte antigens demonstrated hy
cytotoxic technique were probably histocompatibility antigens‘
of intermediate strength, ,They found that of 36 human
kidney aliograftS'which survivéd~for'protraeted peribds,
21 did so in spite of one or two mismatehed leucocyte groups. 
However, the results were clinically inferior in the
mismatohed grafts to those where the ‘donor and ‘host were
‘more nicely matghed.

Amos (1965) grouped the leucocytes of 81 healthy

volunteers according to their reactions with a panel of



197.

35 c&totoiic antisera, There was no overall ccrrelation
with the survival times of skin grafted from donors
assessed as'similar and dissimilar, Howe#er, a ccrrelétion
was demonstrated Betﬁeen ihe reactions of certain ahtisera
and "prolonged survival", taken arbitrarily at :>13 days.
The most successful predictions of h15to~
compatibility to date are probably those of Dausset,
Rapaport‘ Ivanyi and Colombani (1965¢) and Amos, Hattler,
"Hutchin, HeCloskey and Zmigewski (1966) , AThece were
achieved by matching leucocyte antigens according to both
‘their agglutlnation and cytotoxic reactions.
Dausset et al. (19650) used 50. agglutinatlng
and cytotoxlc isoantlseravto type 133 humans for 10 more
or'iess defined leucocyte.éntigens»(the Hu-1l system,
. Dausset et al,, 1965b). . Six recipienté were‘ﬁhcn
immuniséd‘ﬁith allogeneic tissucs with which they were
| incompatible in respect of soﬁe of theée recogniséd
antigens., The association of the antigens with
hlstocompatibility was established by grafting each
recipient with skin from 4 to 6 donors, some of which
carried the relevant antigens. In 93% cf'cases the graftsv
which were mismatched were réjected faster than the other

grafts on that recipient.
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Amos et al. (1966) typed the leucocytes ot
10 members of a family against 65 agglutinating and 32
cytotoxic antisera and then exchanged skin gra!ts between‘
‘5 of them, In.almost'every case it proved possible to
select the donor-host combinations which were‘more and
less histocompatible. ~"1‘he'éuthors;vpointved out that in
'this family there were probably many>shared antigens
because allografts survived for protraoted periods even
in the least campatible pairs. _

In rhesus monkeya, oytotoxins or agglutinins
were capable of indicating histocompatibility relationships.
The serum from sensitised monkeys reacted most strongly with
leucocytqs‘from the animals whioh subsequently proved to be

the worst skin,donors (Balner and Dersjant, 1965).

Interspecies Relationshigs

The sera and tissues from animals may help to

. characterile the speeiticity of human cells in 2 ways.

(1) Animal cells may be used to fraotionate antisera
-containing a mixture of antibodies. For example,

Shulman et al. (1964), Shulﬁan'(1965) used ohimpéniee
pléfelets to absorb some of the oqmplement—fixing'
antibodies from human multispeoitic antisera; ~and Metzgar

and Zmijewski (1966) used ohimpanzee leucooytes and
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platelets to absorb certain human leucocyte agglutinins.
'(11) Antisera prepared in chimpanzees by the 1n3ection
of human platelets or leucocytes may be used to
‘reeognise human‘isoahtigens (Shuiman‘et ai,;.1964;

: Shulman, Moor-Jankowski and Hiller, 1965, ﬁetzgar and

Zui jewski, 1966) |
| Chimpauzee.tisSuea'have also been grouped
~according to the reaetioﬁs‘pf their leucocytes sithlthe.
isoantisere}ttbm chimpanzees'eﬁd from multiparousiwomen'
- (de Witt, 1965). : |
As yet there is no proof that the antigens

'shared by human and animal tissues or the human antigens
~ which react with xenogeneic antisera are histocompatibility |
.1antigens. : However, the fairly 1ong survival of some
heterotransplants to humans suggests that important
histocompatibillty antigens may be among those shared.

For example, a kidney heterotransplant from a chimpanzee
su:vived_more than.6 months‘(Reemstra, McCracken, Schlegel,
,‘Pearl, Pearce, de Witt, Smiﬁh,‘ﬂewitt, Flinner and Creech,
'1964) and that ffoﬁ an East African Baboon survived
3 months (Stale, Marchioro, Peters, Kifkpatriek,'Wiison,
Portei; Rifk;nd; ogden, Hitchcock and Waddell, 1964a).



200,

Only the histocompatibility tests which have
"been more dr less extensively inveétigated have been
mentioned here. However, sensiti§itj:to isoaﬁtigehs
‘has been demonstrated by many other methods, for example,
using antiglobulin consumption (Colombani et al., 1964),
the iﬁhibitionAof macrophage migration in mixed_cuitures
"(Al-Askari, David, Lawrence and Thomaé, i965), platelet
- agglutination (van der Weerdt, 1965), mixed agglutination
.(Abeyounis, ﬂilgrom and Witebsky, 1964), mixed
' agglutinatidn inhibition‘(Metzgar, 1965), complement
fixaﬁion (Shulman et él;, 19643 Shulman,71965; Winn,
©1965). These reéctions show a degree of individual
specificity and each may conceivably 1end7it$e1f,aé
a histocompatibility indicatof_if the antigens

demonstrated prove to be concerned in histocompatibility.
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. CHAPTER XX

METHODS

‘The procedures followed in the serological

test are shown diagrammatically in Figures 33, 34
and 35. f -
: Briefly, a panel of antisera to allogeneio
tissues waé-prepared (Fiéufé 33), the leucooytes of
the animals to be grouped were indubated with each
antiserun in the presence of complement (Figure 34)
and the cytotoxic actions of the sera assessed by'thé
eosin dye exclusion method (Figure 35).

| The possible donor-hoet pairs within batohes
of 7 to 12 animals were placed in order of similérity
according to a comparison of»the‘susoeptibilifiés of
their leucooytes to the cytotoxié action of the
antiserum panel. Each rabbit was then grafted
with skin from a number ﬁf others in the batch, sone
with leucocyte reaction patterns rasembling the |

reciplents' and some with dissimilar patterns,
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1 LEUCOCYTES OF RABBITS TO BE GROUPED EXPOSED TO
THE ACTION OF THE ISOANTISERUM PANEL

ANTISERUM
PANEL :

ANTISERUM I

ANTISERUM II

ANTISERUM III

FIGURE 34
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The validzty of this method as an indicator
- of histoconpatibility was juﬁged by comparing the
serological assessments of similarity with the

observed survival tines,

1. The Isoantisera. Rabbits were inmmunised as

described in Chapter XII, paragraph B, by injeeting
spleen cells and adjuvant suspension'oﬁ 2 occasions
at j-week 1ntervals and bleeding the recipients after
a further weelk. Originally 17 agtisera comprised the
‘panel, but later this was increased to 26, The antisera
were stored in 0.8 wl. aliguots at -10°C.

Table XXVI shows the dbnprs and recipients

used in the preparation of the antisera.

TABLE XXVI

Donor Recipient . Donor Recipient
180 32 . 69 72
44 . 33 70 - 13
32 34 : - 81 4
37 41 67 75
78 45 ' 12 o3
76 49 108" o4
46 50 7 95
53 55 4 1 97
77 56 82 98
60 61 22 2
66 68 _ ' 8 A
72 69 95 7
4 71 3 8
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2.‘ The Leuéngytes were separateﬂvfrom whole Blood
by the sedinmentation method described on page 29,
paragraph G(ii);vand suspended at a concentration
of 8.5 x 108 cellé/ﬁl. in Hank's céntaining 10% serum
from the ieucdcytg donor, |

| Lynphoeytes conprised 73.2 % 11.3% of the
leucocytes and poiymufphs 21.6 £ 10,7%. Tutal{yiéld

6 leubocytes/ml.,whole blood,

‘was 0,75 to 2.8 x 10
i.e. 8 to 30% of the original content. There were
8 to 9 erythrocytes to each leﬁcoéyte and very fow

_ 91ate1ets.

De The Serum from the Leucocyte Donors, prepared

as deseribed on.page 31, paragraph G, was taken freahly

on the day of each test.

4, The Cytotoxicity Test has been described on

bage 138, paragraph C,. The leucocytes of 52 rébbits

woere screened against the isaantiseruﬁ panels, Each

~experinent was repeated 2 to'B times to coupensate for
techﬂical‘errérs and the means of thesé counts were

"used im the calculations which follow.

5. Controls. In the first ekperimental vateh (Nos. 83

to 91), one aliquot of each lot of cells separated was
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e exposed to autologcus serum instead of antiaerum.
In suhsequent batches 3 addltional allquots of each

) lot of cells were exposed ta the sera of normal

’f untreated rabbits instead of antiserum., These =

;sera vere sometimes pre-immunisation specimens from _

o the rabbits used to produce the antisera of the panel.

,. Other control normal sera came from rabblts not otherw1se

,,1nv01ved in this experiment.
: “Ca1Cu1aticn of the,Interrelationghip binthe'Léuéaczte -
- Donbis_f ' ' ' s D

‘The animals'Wefe dividéﬁ ihfb:batChes of 7 to

'.; ‘12 and the degree of 1ncompat1bility between eaoh donor-

'ihost pair within a hatch was expressed in the form of an
' jlnmunogenic 1ndex whieh Was caleulated as follows.
| N The means of the repeated counts Were converted

f fto eytotoxic indices (C 1. ) acuording to the formula

¢.I. = 100 E SR 3

o 100 - C
'~Where E = percentage of leucocytes stained after
:exposure to antlserum and C = the mean of the percentages"

i of leueocytes stalned after exposure to the control sera.
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‘_,Regaraing~eéeh ﬁabbitzaé reéipient in.turn"égd'all the
f.othars of the batoh as donors, the Values‘C.I,a-‘O.I.r
were cn;culated for each antlserum ('d’.indicatesAGOROr
and ‘rt' reclplcnt) Values_less thgﬁ,lO and'hegative
B values were ignored, . The imﬁuﬁbgénic iﬁdex'(i.é.l;) for
i éach'donor-host pair was founﬁbyadding the_c.i;déiC.I.r
values, The rabbits inveaehubatch‘ﬁerg pléced in order
of éimikarify éccording tb their'immundgenie indices,

llow I G¢.I. 's indicating relative 81milarity.,‘

 Examp1ez.

C.1.'s - » .

B | Rabbit A | Rabbit B] Rabbit .C
.| Antiserum I: - 25 Coo11 - 45
' - I 73 ‘ 50 22
COIXX:. | 10 T 59

Regarding A as donor and B as reo;pient
I.6.1. = (25 -11) + (73 - 50) = »
(The result w1th serum IIT is ignored as the difference
is less than 10, and so is ‘that with serum IV beeau-e

‘the difference is a negative quantlty.)
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7 Regarding C as donor and B as reciplent

| '{ I.G. I. = (45 - 11) + (59 -3) =

‘ A would be predlcted as - the better donor to B than
wculd c beoause A's " tissues seem to carry less antigens
‘ foreign ‘to B than do crs. | o _

'  After testing the 52 rabbits in this way
‘skin grafts were exchanged to test whether the
serological assessments of similarity were correlated |

‘*i with the observed rejectlon orders.
) ;Grafting Technigue
: j‘_ | In the earlier experiments (Batchea 1, 2, 3 -
.fand 4) full thickneas skin was grafted ‘as described on
7",page 134, paragraph A.  In later work (Batches 5, 6 and 7)
‘the teohnique was modified in that full th;ckness grafts
' were cut from the inner ear surface with a. Sehiller's
_jidermatome (F&gure 36) : Here the hairs were clipped
' rather than shaved because the hair stubbles served to
. indicate the outer surfaee of the graft. . After olaaning;
:ithe skxn as before, & layer of light grade llquid |

paraffin was applied and very thin graits were cut

”w;th;the_dermatome at fine setting. - The grafts were:
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l’floated in Ringer's until they were fitted “to beds _

'~‘cut in the chest wall as. before. (Thia teehnique‘ \" :

‘{is shown in Figures 37a toh,) All grafts were ngen

' code numbers “and. their arrangemente on the recipients
'were randomlsed by an assistant to avoid blas.

'iThe grafts were sprayed with antiblotie aerosol and

‘dressed and examined as . before._ ’

1? ”'(a) Gontrul Grafts.:~ In order to ascertain the"

: differenoe in reaectzon t1mes whioh might be expected‘
_ of grafts which were equally incompatible with thexr c
" hosts, reeipient rabbits received 4 skin grafts eaoh._‘

“All 4 grafts on’ any one reeipient were from the same

~f'donor..—

(b) Test Grafta.;A (1) where both'donor‘and?recipient_ |

'] were grouped each animal bore 2 to 6 allografts fromv ‘
_donors with high or low I. G I.'s._‘ Moat auimals alsoii =
.received autografts. (Three of the recipients were‘vi”
:_injeoted intramuscularly tw1ae a week with

G—mercaptopurine 6 ng. /kg. in 10% solution in 0 1 normal

NaoOH, starting at the time of grafting, as it was. thought-,L N

‘that immunosuppressive therapy might increase the scatter -
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of reJection times. Howevér; after 2 weeks one of

the animals- developed diarrhoea and the injections

of all 3 were disoontinued )

(ii) In additlon, ungrouped rabbits received skin
hallografts each from a pair of rabbits, one of whioh
was‘termed a "good donor":with mostly low cytotoxic -
indices (eithér No.‘28}or‘31) and the other a'ﬁﬁad donor"
with mostly high C.I.'s (either No. 27 or 29).

Ctitefia for ﬁejection:_ 

‘inrsome grafts rejeétion was acute. -They
*bécame_feddiah-blackrdiéfnight'ahd tne epitheliunm étripped<
‘ awéy easiiy to reveal a moist necrotic layer beneath.

. . When rejection was slower, the onset and
oompletion of reJection were recorded. Rejection usually
began with reddening of parts of the graft. The red areas
became larger and eventually coalesced. Reaection was
regardéd as complete_when about 90%’01 a graft was discoloured,
~In other grafts the first éigns were oédéma. desquamationvof
- the epithelium, or failure to‘blanch on pressure and rejection
was reéarded as dompléte when both desquamatioh}and tailure
to blanoh.dn'pressuré,were obsékved. Figure 37(1) shows

"healthy and rejected grafts.
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RESULTS

A, The Serological Results

- Table XXVII

Table XXVIII

Figure 38

‘shows the proportions of cells stained

after incubating the leucocytes of 52 rabbits
with the antisera and with the control sera.
The means bf_the repeated test and control

counts are also shown, (E and C respectively).

shows the éytotoxic indices caloulated from
the mean stained counts in Table XXVII
according to the formula

C - E
100 - C

¢.I. = 100

shbws the incidence of high C.I.'s

(30 or more). Four of,the antisera

(Nos. 34, 56, 61 and 69) gave no high C.I.'s
with any of the leucocyte s@mples, while a
further two (Nos. 32;and 33) reacted strongly
with only one 1eucocyte sample each.

It may be noted here that in certain sets‘
of antisera there seémed a similarity in

the reaction patterns. - For example, the
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':'Lantisera 41, 72 and 98 gave hxgh G I 'sv,

f;with similar leucocyte samples and so did

':u5fantisera 68, 73, 7. and 8, which suggested"

k'ithe antlsera with1n each set prohably

“recognised the same antigens.,;'Thef'“'

signiflcance of this will be discussed

' g.;1ater.j;,:;*f?'

 Table XXIX -

‘showsﬂthe-iﬁmﬁhdgeniczihdiOés for-ali
1;[the posszble donor«host pairs in each 3f

; jof the 7 batches.,” These were calculated

'”;jfrom the c I.'s in Table XXVIII aocording

'“ﬁfto the methods detailed on pages 207 208

 and 209.; The prediction oi the graft L

v  ‘3frejeetion order on each reoipient was"

Lh based on the order of magnitude of the

:I G I 's, the higher the I G I.'s the

Tijearlier the predicted rejeetion.i"
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| TABLE XXVII
;
Stained Cell Counts
| BATCH 1 | I | | | ' . - BATCH 2 |
| e | » Rabbit No: 86  Rabbit N . . . | |
Antiserum}aabbit No: 83 | Rabbit No: 84 > - labbit No: 88 Rabbit No: 89 | Babbit No: 90 Rabbit No: 91 | Rabbit No: 96 o Rabbit No: 99 Rabbit No: 1
L . |a b E a b e E 2 > E a b E & b E a b E a b E a b c d E a b ¢ d e E b
| | . | | ‘ , o v | a ‘e B
32 14 21 18 20 16 12 16 26 4o 33 | & 36 62 16 38 27 30 12 21 | 58 8 | B | - - | - | . ;
33 |28 12 20 8 2y 22 18 | ¢ 20 27 81 39 60 36 44 40 26 26 26 | 36 e 30 5 21 27 23 27 16 12 5 H 3 4 2 8 + 3
34 12 8 10 4 24 8 12| el 2B 33| 31 30 AL | 34 30 22 | 16 12 14 | 32 ax a8 | 3% 25 11 13 | 16 6 s 8 e M 2 =1 23 23
'S S 12 6 54 66 54 58 | | oy - ,73 66 4 21 34 22 . 32 27 38 9 24 | 50 62 56 6 1% 17 16 13 8 4 f:g o 18 H 2 0 9 1
45 56 54 55 | 28 64 30 w0\ as £ L3 Al 28 38 33 4 18 16 50 70 60 19 25 7 12 16 18 42 6 30 - p 9 2 r
49 24 9 17 | 52 54 30 45 2 2 A | Fe 3 18 ) =20 22 21 | 28 28 28 | a4 56 o | s5 B 4 1z 16 6 20 & 2 & 2o 2 2.3
50 26 10 18 32 16 22 2§ 21 | ;g gg , ;g _ gf gg gi gg §g ig 12 13 | 22 34 28 25 24 12 30 23 : xg lzg | 12 ;g | %3 2 2 1 2
20 3 20 25 2 18 2 5 . | : | 20 19 54 42 48 12 28 20 12 18 10 20 | | . 2
56 15 21 18 6 24 4 12 |12 14 13\ 27 a5 26 | 14 3 24 | 18 0 9 | 58  s4 56 | 13 17 15 1 | 9 o 1o 10 8 4 5
61 | B 4 6 0 14 20 12 | 127 20 24 18 12 15 20 38 29 20 8 14 38 0 Uk 1 3 12 12 2 4 10 12 8 14 3 3 7
6s |38 34 46 | 46 24 32 3u | g2 0 23 33 | 51 21 36 | 38 50 49 | 38 18 |3s | o9 Lo M o8 63 a3 | & 16 4 9 2 1 8 7 & 6
69 l1a T8 11 28 1 14 19 | 4 3 W | 21 12 171 18 k0 29 | "6 18 12 | 28 i 38 | 33 28 O 15 23 6 s 1, o 1 2| 2 2 14 1
(71 {11 26 19 24 28 20 24 | oo 78 . 25 35 32 44 41 24 33 38 22 30 34 42 38 9 21 22 40 23 10 4 g 2 12 100 | 6 6 0 b
72 20 8 14 52 62 54 56 124 &2 4 73 42 58 28 22 25 24 18 21 46 50 48 17 11 15 8 13 8 14 42 6 0 5 27 23 23 4
73 |58 38 48 30 46 38 38 | ah oo 39 47 26 37 68 44 56 38 . 20 29 30 46 38 75 46 Y 56 - . by 4 16 18 20 - 6 2 2 3
e |34 3L 3 2 30 gz 48 | 20 % 33 gg gg " 22 .gg ool 28 |20 36 52 by 40 30 48 62 45 16 22 10 14 15 1 | % s 14
75 . |38 2 2 28 2 0 24 B : | s - 31 38 70 5 . 8 -
03 kot 2 N g ez 722 2 - - - - - - - - - - 72 - *° 0 52 1.5. 1§ 33 3.? 22 2': 12 22 18 32 21 38 oy 32
95 - - - - - - -z - . : - o - - - - - - - - - -z o= I - - - - - - -
3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - bt - - ) - - -
7 - - - - - - - - - L - - e - - - - - - - - - - - - - - - : - — - - -~ - -
}‘Cpétrols 15(83) 10(83) 8(84) 6(84) 10(84) 50(86) 22(86) ‘30(88) 12(s8) 26(89),30(89) | 14(90) - 6(90) - 36(91) 44(91) - iéiggi 12;?3; §8§§6§ lﬁ 96; 10(98) 4(99) 12 99)“ 3.99) 10'99) o) :;o‘i) "5'1) -
| o : 2(59) 16(59 8(4) o(4) 2(4) 2(8) 10(a) 8 {4k o |
m 4(6) 6(6) 18(6) &(5) 16(5) 10(5) 2(5) 6(5) 12 39] orasl 0fad)
. R - I | | * o - | 4(43) 14(43) 16(43) 20(a3 2(6) 208 1245 2839)  8(39) 6(39)
c. 13 | 8 A - 26— . 21 28 10 | ko | o 3) 26 6(6) s(6 10(6 : 38) 3(38) o(3s
-Féotnote: a, b, ¢ ... = repeated counts, » . v
~ E = mpean of repeated counts,
, . ¢ = = mean of control counts.
- Numbers in parenthesis are those of the |
control sera. These sera were from the leucocyte !
donors or from other nqn~immunised-rabb1ts.3
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| | , | | TABLE XXVII (cont.) . o |

Stained Cell Counts | . I o I —_— !

BATCH 2 | | | . | | | | B o "~ BATCH 3 S i o, |
‘ Antiserun Rabbit No: 10 E&Eﬂiﬁ.ﬁQi._ll _ Rabbit No: 12 ‘ Rabbit No: 13 S g " Rabbit No: 9 . S Av'ﬁﬁkﬁiﬁ.§2£_lﬂl7u ‘ Rabbit No: 16
_ a b c d e E a b c E a ] c d E a b c d e ' E [ a b e a4 E a b e E a b e 4 @ e
32 18 12 30 10 28 18 10 10 6 9 | 12 9 18 9 12 10 14 12 10 18 13 6 14 26 18 16 12 18 2 11 18 .18 12 44 8
33 133 30 52 12 4 26 | 6 9 10 8 24 22 20 18 = 21 28 . 38 24 10 20 24 ‘16 - 20 . 28 12 18 24 20 12 19 16 - 18 12 36 16
34 16 16 28 24 - 21 21 6 2 14 7 10 8 24 6 12 20 8 10 8 20 13 6 24 18 16 16 14 6 - 2 7 12 8 16 24 24
41 20 28 52 18 8 25 y 10 18 11 18 18 22 21 20 14 10 18 22 80 17 |14 12 20 14 1% | 12 6 0 6 10 - 30 22 26 22
a5 10 10 36 12 28 19 9 15 = &4 9 12 0 8 6 7 16 12 16 20 - 15 |- 16 12 24 - 26 - 20 | 12 ae 12 17 | 16 24 28 20 @ 22
49 16 14 22 30 - 20 20 20 6 12 13 14 6 24 12 14 20 8 18 - 14 14 .13 | 14 28 14 20 19 | 16 6 10 | 32 30 . 40 46 52
50 |46 30 0 -30 12 34 30 24 16 36 25 54 54 50 66 56 44 36 18 2y 32 31 36 . 48 58 -~ 40 - 46 | 68 ‘,73 a4 63 | 24 . 32 32 30 20
55 |30 24 54 32 36 35 12 12 12 - 12 | 54 24 26 32 34 16 12 28 8 | 16 16 | 60 - 81 84 78 76 20 - 16 o0 @ 12 16 14 2 20 30 10
56 . |20 14 34 28 8 21 |- 8 = 10 6 8 . 12 10 23 12 14 26 12 18 20 20 . 19 | 12 - 16 24 ‘10 - 16 | 24 16 10 17| 18~ 22 . 8 22 ‘20
61 18 24 22 18 24 21 y 0 8 4 6 10 20 12 12 10 20 16 12 ~18 - 14 14 ~ 10 18 18 - 15 16 - 14 15 100 12 12 - 20 14
68 50 58 62 66 54 .58 84 14 72 57 60 44 44 16 41 20 14 16 - 16 20 17 | 16 = 12 16 18 16 k6 62 34 . 47 40 . 42 18 . 36 14
69 130 12 36 26 15 24 0 14 10 8 | 18 0 10 14 11 20 24 10 12 .20 17 | 10 22 16 16 16 22 20 8 17 i0 .~ 10 - 8 22 .16
71 10 12 40 14 16 18 10 ¥ 16 10 | 8 6 . 16 9 10 24 6 10 10 14 13 0 10 0 12 12 12 12 | 12 . 1o B 18-~ 8 18 24 16
72 |22 8 16 26 18 18 | 10 4 30 15 6 16 12 10 11 42 12 28 18 26 25 | 12 19 18 18 17 | 10 12 8- 10 72 26 © 37 . 60 22
73 60 - 52 80 54 = 52 60 68 48 70 62 - 78 48 34 42 51 | 36 32 22 18 ‘34 28 | 12 26 = 24 30 23 | 60 7% 6% 66 24 12 8 34 40 -
74 92 60 62 80 78 74 70 Bl 62 55 74 28 4 39 46 38 16 16 22 26 24 22 - 20 26 18 22 | 8 78 - 56 72 32 &4 26 - 48 - 28
75 |24 40 42 18 20 29 2 14 25 13 20 18 18 10 17 20 20 18 14 26 20 .| 14 22 3% 14 2 | 16 26 12 18 12 24 - 38 52 22
93 - - - - - - - - - - - - - - - - - - - - - L. - - - - 58 68 32 53 48 . 84 12 26 20
94 - - = - - - - - -~ - - - - - - - - - - - - - - = = . = | 3 20 2 19 30 9 10 20 22
95 . - - - - - - - - - - - - - - - - - - - - - - - - - - 20 16 2 13 84 74 62 68 62
97 - - - - - - - - - - - - - - - - - - - - - - - - - - 60 b4 34 46 7% - 82 60 - 60 - 46
08 - - - - - - - - - - - - - - - - - - - - L= - - - - - 20 10 4 11 24 28 26 28 36
2 - - - - - - - - - - - - - - - - - - - - - - - - - - 14 12 0 9 4 - 18 16 - 28 18
3 - - - - - - - - - - - - - - - - - - - - - - - - - - 20 4 12 12 | 2% 26 .- 20 26 26
7 - - - T - - - - - - - - - - - - - - - - - - - - - - 78 70 42 63 | 22 24 8 32 25
8 - - - - - - - - - - - - - - - | - - - - - - - - - - - 62 T4 58 : 65 | 10‘r-»f 8 1&‘ 22 20
Controls [12(10) 18(10) 24(10) 12(10) 20(10 6(11) 2( 12(11) -16(12) 10(12) 10(12) 8(12 6(13) 4(13) 6(13) 20 13) 10 1?) S 14 9g 1049; 22 9; 8 9; 10 14) 18(14) 2(14 g 18 16; 12 16 14 16) 22 16; 6 16;v'
. ~1-8(57) 20(57) 30(57) 16(57) 16(57 2(4) 2(o 16(a - 10(13) s8(13) 12(13) 10(13 12(7) o(7) 6(7) 14 10(7 - 10(2) 14(2) 16(2 8(2 | 8({98 10 98) 10 98; ; 12(95) 12(95 734 16(94) 8(94
20(35) 10(35) 22(35) 18(35 (35 8 6; 0(6) 10(6 ' 0(59) 14(59) 0(59) 4(59 16(44) 18(44) 18(44) 14 44) 10 q&) : 4(94) 18(94) 20(94) 18(94) 1. 1o 7) 8(95) s8(2 26(3) 10 z; 14 3) 20(3) 16(3)
S 16(36) 16(36) 20(36) 10(36) =2(36 _8(5 2(5) 2(5 0(38) 22(38) 10(38) 8(38 ‘ 14(3) 10(3) 2(3) s 3) 14| 5) ‘ 12(5) 20(5) 6(5) =22(5) 96) 10 96 'y 7; | 16(97)  6(8)  10(2) 22 93) 18 93)
6 117 vl 6 : 9 o 11 o e U ‘ . o 9 A C 14
- Footnote: a, b, ¢ ... = repeated counts. ‘ j : B R ‘ ST ' . ' L
E = mean of repeated counts. ‘ o ' ‘ '
C = mean of control counts,.
Numbers in parenthesis are those of the
control sera. These sera were from the leucocyte

donors or from other non-immunised rabbits.
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Stained Cell Counts =~ o e R L

| BATCH 3 o - ) S | RS - B S TR | BATCH & | ST
L Antiserum| Babbit Nos 17 | Rabbit Noi: 18 S Rabbit No: 19 ‘Rabbit No: 20 | Rabbit No: 21 s ffgvs'gggggg;ggimgg‘»‘ . | Rabbit Nos 15 f Rabbit No: 23 Lo
S |a b e  E a b e E a - b e E a b e - E_ | a b o a e . E | a B ¢c  E a b - e E | a  _b. o a

32 | 8 10 10 9 14 10 16 . 13 12 10 . 30 17 - 18 . 8 32 19 - 22 12 16 16 8 15 | 18 A2 - 26 . 29 | 16 22 10 16 14 30 32 12 _
33 |16 25 - 20 2 |8 - 12 16 12 18 18 = 26 21 28 20 26 25 | 40 14 28 30 36 3 | 18 @ 6 12 12 38 28 = 20 29 | 12 - ‘30 - h2 0 g2
8 | O 0 6 2 9 12 K I 14 18 = 32 21 2 4 16 .7 | 18 6 16 14 14 - 14 " 12 26 14 17 6 14 12 11 | 10 1% 28 8
© 41 o2 90 68 - .83 | 20 18 -~ 10 - 16 20 - 12 42 - 25 12 8 16 - 12 | 16 6 20 10 14 13 | 9% 96 92 o4 28 14 -8 17 | 14 - 22 - 12 28 .
5. 180 18 44 A7 | 12 1% 14 13 18 20 30 23 | 4 @ 4 20 9. 12 10 8 16 =~ 20 13 | 66 58 68 64 6 12, 1 1 6 20 14 %6

9 . 160 46 38 48 | 12 14 8 11 22 14 . 38 25 8 14 10 11 | 22 6 18 16 . 12 15 86 86 . 68 80 |° 10 - 14 8 11 6 .26 30 . 24
20  J42 - 18 36 - 32 16 >4 . 29 26 26 .- 12 28 22 34 46 ¢ 22 34 22 24 30 16 12 .21 | 34 - 82 .48 55 | 56 20 38 - 38 16 - 30 . 42 27
o023 6 0 12 6 | 19 72. 18 36 12 g2 32 22 | 68 - 20 14 3% | 56 - 10 36 38 24 335 |20 26 w4 20 | 2 12 § "7 30 - 36 . 52 30
- 56 16 - 8 16 = 10 10 8 18 12 22 - 10 34 22 | 4 12 24 13 [ 10 8 14 24 56 . 22 10 12 26 16 | 22 - 22 - 14 19 4 . . 20 - 27 . .16
- . 6. |2 30 2 17 20 16 14 16 10 = 34 20 8 18 10 12 | 16 14 . 8 22 - 34 19 8 18 . 10 12 18 - 16 - 8 . 14 8 .28 14 - 26
.68 |14 - 20 26 20 | 96 36 64 - 65 | 16 8 32 - 19 | 30 26 14 23 | 58 40 = 64 34 42 48| 34 . 34 %2 33 | 51 54 42 49 12 26 30
69 18 10 18 12 | 18 ° 10 16 15 6 6 . 26 13 10 48 30 . 29 |- 24 -2 12 12 12 120 | 16 6. 13 12 | 20 26 .18 8 20 -2y . 32
n 18 4 10 7 | 22 20 16 . 16 24 10 28 21 - 6 4 16 9 | 30 48 34 16 34 32 | 12 10 14 12 | 10 10 - 15 .12 8 28 - 30 = 922
72 - |80 86 78 = 81 18"~ "10 18 . 15 24 - 24 38 29 | 6 8 16 10| 22 8 4 20 14 o1& | 94 98 9% 95 | 10 12 . 10 11 8 30 24 . 14
73 |10 100 20 13 8. 78 68 75 26 12 - 34 23 | 36 32 34 4 | 62 72 80 60 M4 64 | T4 - 26 16 15 | 80 60 38 : 59 10 28 37 20
- 7h 166 60 84 7 | 84 76 65 75 18 1% A4 25 | 64 36 - 14 38 58 46 8 12 16 - 28 | 64 100 " 90 85 | 20 14 20 - 18 | 14 44 © 38 . K0
75 |10 20 . 36 221 28 12 22 - 21 14 = 18 30 21 18 16 - - 24 19 | 34 30 - 40 48 54 4 | 30 16 . 12 19 | 24 30 18 24 12 .18 42 - 36
93 - |12 18 22 17 | 90 = s52° 68 70 10 18 32 20 26 .8 18 - 17 | 66 = ‘24 - 28 16 12 29 | 10 20 16 15 | 50 52 = 24 42 8 14 33 14
9% 14 4 8 "5 | 88 48 62 = 66 16 10 30 19 30 16 46 - 31 . | 32 38 34 | 21 36 3 | 8 12 .10 10 52 - 26 30 36| 8 - 26 16 - 16
295 0 46 44 36 42 | 8 12 4 . 8 26 .8 . 38 - 24 2 14 32 16 | 3 12 26 ‘ 16 22 - 22 | 20 a8 - 16 21 | 10 34 20 21 4y 38 . 18 20
.97 |20 . 30 . 24 25 | 46 58 . .62 © 55 26 24 28 . 26 80 68 32 60 | 48 54 52 | 34 27 . w3 | 18 a8 24 30 A 34 24 34 30 . 30 . 3% . 36
.98 - 196 88 68 84 io 12 -8 10 28 M2 64 45 8 10 14 11 22 6 .. 8 | ‘12 16 .13 | 96 100 80 - 02 6 14 4 8 20 - 18 34 ay
2 |42 . 52 ' 138 A4 1 1R . 12 . 23 0 16 20 ~10 . 32 21 6 6 18 10 | a8 28 34 .30 46 37 | 30 66 . w8 ks . .6 12 16 11| -14 .28 ¢ 34 10
3. |26 . 24 29 . 26 | 18 @ ' 6 24 16 18 - 16 &40 25 | 4 4 20 9 | .20 127 2 20 20" _115,‘;"12 2% T 12 -16.:| 18 . 26 - 8 17 2 22 33 9
7 - |14 - 22 8. 15 | 82 82 76 80 0 34 .52 . 42 | 6 10 16 111 58 60 - 12 25 12 "33 | .88 . 92 63 81 | .56 - 34 68 55| 8 - 3 40 22
,-S’yT”Y 44,' 28 = 22 31 72 44 52 56 10 18 ° 38 22 | 26 20 24 23| 50 »kav,, 26 2L I 1,29 ol 46".g~63 k4 - 53 45 52 38 45| 18 24 36 22

' Controls |12 17; 8(17) 10 17) | 12(18) 16 18) 14 18)* 14(19 »10 19;,30'19 :!‘12 20; 20) s_zo}'.' | 26(21) 6 21) 6 (21) 1k 21) 12 21) ~ 8(22) 18 22) 0 22; -1 22(1 ) 10(15) 8(15) 10 23) 16(23) 26 2:5)18 23)
| 8(95) -0(7) 10(7) 18 2; 16(3) 20 ; o 18 9 § 22(98) ? 10 98 6(93) ~ | '16(3) 6(3 2 /(3) ~o(2) 16(7) .s_.ﬂ'v A(2) 22(3) a4(95) | 8(3) 6(3) 12 2) 8(2) 20(7) 16(3) 14(3
S a(3) 10(93) & 933 3 - &(7) 14(94) s8{2) 26(93) ,10‘2; 118 93; 14(2 6 (94) 6(7) 2 98; S ,.12 94) 12 2 7 10(2) o(2) 498 Il 4(98) 10 98; 16 7 10(7
| 16 94) 6(8) 8(o4) 145(94) 10 s) 12(97) 16 93) 12(98) 26 s) a 10 97) s 7)‘ 8(7) . | 28(97) 14(97) 10 (8) 12(8) 10 93) - o(s)  12(7 98) - | 16(93) 16(8) 8(94 16 18(9%) 14(93) 12(93)

cCe s o BT T R A 9 . e | "f_'9 e | 14

24

“ mean. of repeated counts. SR S e S - . T |
G . = mean of control counts. L ‘ T o e |
Numbers in parenthesiq are those of the : C B R - - '

| . | | - N . - " |
- Iootnote: -2, b, ¢ ... = repeated counts. R T e T T |
|

|

. control sera. - These sera were from the leucocyte :

'i,.’donors or from other non-immunised rabbits.'
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Rabbit Not n& a-'
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Rabbit No: 25

TABLE XXVII (cont,)

Rabbit No: 26

;Stained'CeiIACQuntsi

'BATCH 5 ,
nabbit'No: 27

'Rabbit

Nos 28

~ Rabbit No: 29

' Rabbit No: 30

. Rabbit-No: 31

| ‘Babbit No: 132 -
&k e B la  ®» o E

S A 6 |8 12 10| 14 14 - g 12 |10 12 8 10
22 2 4 16 100 13 | 16 . 8 12 | 6. 12 14 11 |10 . 8. .12 - 10
22 18 | 7 B o8 8 e L w w100 g
A8 | - T W - o 1y 12 . wg . En. ‘
w8 18 30 o | | -10 e 12 24 36 54 38
6 4 | 28 30 27 |
10 .10 | 54 - 38 6 |
48 . 40 | 10 8. . 9|
14 10 | 6 - -8 7|
6 4l & 2. 3 |
I
0

Antiserum|

"  ~b_:?° g '>a  b E a;: b , Q'"‘dhv E' a :b‘ fQ  ‘df‘wE,  & b q g _ a.% 5 _‘E”  a,i_b’ ‘E

~32 116 12 - 20 16 | 8 18. 13 6 & 30 .28 16 10 10 12 8 10| 6 o 3-8 A
33 |20 .. 8 ...32 . 20 - 20.. .26 - 23 10 18 4 - 32 16 10 16 8 18 = 13
34 24 14 018 0 19 | 16 . 14 15 || 0 - 10 14 14 12 12 16 o0 - 12 10
© Al 116 0 21. 26 20 | 9% 76 8 | 62 138 32 70 351 75 7 50 78 68 |
45 - |54 .38 24 - 39 | 28 Ak 3 | 32 3 14 52 32 | 26 28 . 24 26 26
49 13 24 33 .29 | 86 62 = 59 16 10 14 54 - 19 | 30 18 = 6 - 58 28
30 20 16 24 . 20 | 32 ° 67 50 | 18 20 30 A2 28 | 3 28 26 g 37
85 o 30 46 . 62 46 | 10 o 8 .0 i 8 ”’vlof ;38 : 28 - 14 16 121-”*_,8f" 20 _ 1&
56 - |14 16 - 24 18 | .8 12 . 10 14 8 - 6 20 12 | 4 6 &4 . 2 oy
6 |22 10 . 26 19 | 6 12 9 10 .~ 6 14 26 - .14 | 12 6 10 12 . 10
68 128 14 30 24 | 30 2 27 | 16 4 10 34 16 | 4 28. 40 - 68 . 46
69 |34 20 = 33 29 | 8 - 20 1 | 8 14 12 32 17 4 6. 0 4 . 4
71 |12 4 2 13 | 16 1 15 10 60 46 h8 w1 | B 78 - 10 - o4 48
72 ez 21 28 - 2% | 84 8O . 82 58 66 52 64 .60 | 78 54 .58 96 72 | | ‘ |
73 |32 32 52 39 | 56 62 59 | 10 6 8 24 12 | 46 54 32 . 78 53 1 20 -16° | 15 . 18 17
. 7h |28 14 - 30 24 26 - 90 58 | 54 - 54 52 72 38 80 62 . 44 88 69 | 8 i ~174 .68 - 69 ,
75 |16 16 - .22 18 4 1% 14 | 16 16 32 12 19 | 10 20 18  p8 19 | 22 - M |8 14 . 11 |
93 {40~ 30 - - 324 . 3 34 A2 A48 | 12 26 30 30 - 24 | 26 18 . A2 . 50 . 34 | .22 14 18 | 16 .~.28 - 22 |
9% 116 28 - 28 24 36 .. 4 .39 | 6 - -8 16 30 15 | 5. - 22 18 58 . 38 ) 18 |18 - ‘18 8. 8. . 8 .|
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FIGURE 38
The incidence of'high cytotoxic indices (>29).
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 TABLE XXIX

Immunogénic Indices SI.G.I.Zv

BA

TCH 1
Donors |
'Becipien§s~83 8% 86 88 89 90 01
83 | - 162 214 232 20 67 112
84 22 - 59152 22 0 39
86 54 43 - 141 93 52 69
- 88 72132 153 - 56 20 64
89 | 54 233 297 254 - 75 152
90 | 102 '19% 242 197 57 - 87 .
91 94 191 207 242 96 61 -
BATCH 2
_ o - Donors .
Recipients 96 99 1 9 10 11 12 13
96 - 28 13 89 4 - 38 70 25
99 | 148 - 835 95 171 149 195 36
1 | 97 4s - 107 159 139 169 38
9 143 23 85 - 148 145 140 . 22
10 | 12 31 33 71 - 0 36 15
11 | 26 17 .55 83 32 - 65 13
12 23 32 39 44 28 26 - 1%
13 | 102 45 148 150 -

15

80

129




. TABLE XXIX (cont.)

1mmunpgenic Indices (I.G.I.)
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BATCH 3

‘ Donors |
|Recipients| 14 16 17 18 19 20 21 22
14 - 174 406 125 40 66 118 500
16 286 - 335 377 35 118 216 575
17 281 87 -~ 377 20 129 228 262
18 . | 68 170 437 - 42 61 115 533
19 [ 399 256 486 482 - - 241 319 677
20 |275 180 455 329 67 - 176 660
21 203 165 431 257 40 69 - 622
22 154 109 46 254 0 128 188 -

BATCH 4

) Douoré - ‘
Recipients| 179 180 182 183 184 185 186 187
179 - 558 446 484 161 194 320 265
180 (105 -~ 22 196 11 77 259 87
182 140 133 - 272 31 117 117 116
183 178 360 272 - 224 .0 486 363
184 146 412 296 490 - 225 345 155
185  |190 514 400 276 233 - 502 385
186 118 484 382 581 152 310 - 122
187 156 439 346 577 99 316 234 -
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Imnunogenic Indices (I.G.I.) .

BATCH 5
" D6néfs~v' o |
Recipients| 14 15 16 18 19 21 23 24 25 26
15 151 - 182 244 43 101 53 128 431 314
23 327 201 182 397 34 199 . - 112 586 295
24 316 221 176 373 42 212 53 - 544 283
25 51 22 84 168 0 123 26 53 - 66
26 272.197 82 359 0 211 2379 353 -
BATCH 6 o
~ Domors . : :
| Recipients| 188 189 190 191 192 193 194 195 27 29 180 183
188 - 92 119 261 97 208 65 141 387 317 481 506
189 145 - 103 340 163 231 186 - 79 460 316 558 580
190 126 37 - 301 145 175 184 117 371 251 467 561
191 117 163 196 - 12 304 0 128 284 356 384 265
192° | 152 204 213 195 - 383 72 154 447 446 562 432
193 41 19 31 244 106 - 112 82 280 203 339 462
194 123 186 219 163 12 336 = 146 394 408 505 420 -
195 150 74 178 309 105 318 148 - 488 375 591 538
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TABLE XXIX (econt.)

Immunogenic Indices (I.G.I.)

154

397

67

BATCH 7
‘ DOHOI‘S
|Recipients| 27 28 20 30 31 132 133 134
27 - 4 98 4% 0 0 78 65
28 620 - 505 62 43 264 56 261
29 208 42 . - 10 0 25 27 220
30 618 49 467 - 36 284 92 280
31 611 75 495 89 - 242 135 291
132 350 52 266 60 0 - 104 204
133 575 0 458 10 = 31 264 - 240
53 457 a4 28 207 -
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B, The Grafting Results L 
(a) Controls | | |
A Figure’§9- shows the survival times of the grafts
| |  fon 10 rabbits where the A grafts on
”veach reclpient Were from the same donor.,
S'There Were 2 technical failures. of the
~ rema1n1ng 38 grafts, the differenee between
 the rejeotion tlmes on any one recipient
was always lesslthan 2-days whether-the
’ ‘end point Was the first sign of regectlon
.or the last . sign ot viability. . o
(b)  gests - |

- (i) Where both donor and recipient were grouped.

\”Of )2 rabbits serologically tested, 4 were not grafted_
'(Nos. 1,’ ‘.5, 27, 96) because the I. G I._’s of a11 the
donors in the batch were so sim11ar as to preclude any
‘nprediction..‘ Three died (Nos. 21, 133, 179) as the
1  resu1t of illness (diarrhoea ahd snuffles) and 3 (Nos. 20,
“'fza 193) as the result of accidental fractures before they
 “could be. grafted. In add1t10n there were 9 operative and
postoperatiVe deaths (Nos. 10 11, 12 16 18, 26 29, 184,

.186), most of whlch occurred in the e“rly neriod when



231.

inexperiencg resulted in a high anaesthetic mortality,
and there weré 5 techhiéal failures (Nos. 17, 22, 28,
30, 31).  There were 18 uhgfoupéd recipients of which
3 were technical failures (Nos. 158, 172, 174).

o The results useé‘were‘therefore obtained
from 43 recipients, which bore a total of 137
grafts. | | |
Figure 40 shoWs the survival bimes of thevgraftsroni

26 of the recipients‘which.rejeéted‘their
‘ grafts over a period of 2 dayé‘or more, and
Table:XXX éhows the survival tiﬁes of the grafﬁs;on,-
| | thé rgmaining 17 wheie thé graftsnon each
~ recipient were rejected within less than

- 2 days of each other.

‘Paking the last sign of viability as the
end point the graft which survived as long or longer
than,any‘other on a fecipient was from the donor that
“had bééh serologiqally assessed as the most compatible
Jin’30 of 43 cases and was either from the donor selected
as wost compatible or second most compatible in all

cases but one (recipient No. 180).



232,

consideiing the uﬁgiOuped:técipients'

aibne, 5 6f the.IS rejécteﬁifhéif,gféftsﬁih aocofdance
..With the;resultﬁ of theiéero;dgibél ﬁestji on 8 botﬁ
graftéfwefe fejeetéd on the Same déy;;andton 2 the
regectlun orders were the reverse of those expected.

‘ The autografts behaved typieally except in
: ‘3 recipients (Nos. 17, 28, 31) which were thereforer

& counted as technical failures and the results from .

 the-e were disearded.v



233,

SURVIVAL TIMES OF FOUR GRAFTS

BETWEEN THE SAME DONOR-HOST
PAIRS
| donor= host —— graft intact
149 — 23 szzzz ------ SIgNS Of rejection
23 — 149
137 —135 . 5
143 — 138 ==:::
138 — 143 e
| 148 —147 IF Tettrrrrrmtzsirmues
‘ 147 — I48=l _ s33323
151 — 150 E
1 153—152

0 5 T
~—Graft  Survival Times (Days)

IGUR 9

Survival tlmes ‘of skin allografts in- rabbits
~ Each xecipient received L grafts from the same. donor.
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FIGURE 40

The predicted rejection orders and observed
survival times of skin allografts from donors
serologically tested. The donors are arranged
from top to bottom in each box according to their
predicted rejection orders, those expected to
survive shortest at the top. N
Column A : recipients;

B : donors;

C : inmmunogenic indices;

.D : observed survival tirnes.
Recipient 99 was destroyed after a spinal injury .
on the 12th postoperative day with one graft still
intact, Leucocytes of recipients 156, 162, 165
and 166 were not tested against the panel and
received grafts from donoxrs thought to be of high
and low antigonicity (see text). Recipients 86,
88 and 89 were treated with 6-mercaptopurine.



ZO04HHOW O+ WO+ =ZO0DITM IDMOTO Z0——OM-MIT OM—4O—OMmIo

Mn>»O TOPM Z—

PREDICTED REJECTION ORDER

ALLOGRAFTS

8 9 101l 1213 1415 Is

8 9 101112131415 1(6

AND SURVIVAL TIMES OF SKIN
A B C D A B C D A B C D
—
86 214wmm————————— 22 S00mm—— 289 — =mamm
83 84 |62wm—— 18 125 162 3 — n =
9l 112 e————— 14 20 66| 7 8 9 1011 12131415
83 20 —— 19 40 ————
S 6 7 8 9101l 101) 12 131415 16 17 29 . ———
165 3
88 152mm——————— 183 272 eonmmmam 7 8 9 101l
84 91 39 eee————— ) 182 180 133 m—————
83 22 186 117 — 29 —. c——
90 0 T 12 13 14 15 166 3 -
7 8 9 1011 12131315 ) 78 9 101112
180 5[4 emmma——
9| 69 mer— 185 186 502 mmm———— 27 350 e
86 83 54 muar—— 184 233 mE—— 132 30 COmmM——— N
90 S2mmr—————— 179 190 —— 7 8 9 101112 13
84 43 mp—r— S 101112131415
10 (1 12 13 (4
R 29 457 eeme—)
183 577 mm——————— 134 27 397 ema—
84 132 meeams 187 .80 439 mmmmsw— 30 a4 )
88 83 7 2 eee——— 179 156 naam—m——— 8 10 12 14 16 18
91 6 4 En—) 184 99 ——
90 2 O E—— 8 9 1011 12 13 1415
16 17 18 19 20 25 43| m——
26 3|4 euwemwr———
183 S580mm——3 15 21 10| ne————————
86 297 eneses—— 189 191 340 we——s 23 53 e—
89 88 2544 196 103 =] 19 43 L
91 1 5§ 2 ————————— 195 TOmm————3 . 9 10 11 12 13
90 75 = 7 8 9 1011121314
7
1415 16 17 1B 19 186 259
22 677 wem———3 180 185 77 m——————)
B4 194 seeer——— |7 486mma—————95 182 22 mmm———
90 83 102 semmm |9 18 482 ee—— 8 9 10 11 12 13 14 15 16
914 87 renumm——) 21 3 19me—————
89 57 =] )6 256 me——)
onese 20 24 = 195 :gl3 ggg_:l
1011 1213 14 15 16 194 a8 -
84 (9| eewr—— — 8 9 io(riz
9| 89 9 6 m——— 25 586 mem—)
83 9 4 mr—— 18 397 mem—— .
90 61 — 23 14 327 =}
5 7 9 111315 15 201 =]
(-] 34 —
12 195 me—— 89 1011121314713 W GRAFT (NTACT
10 171 onmmes——)
29 | 8 3 wemanmm— 27 447 me—
(3 3 6 Pese——— 193 383 em———
55 10112 92 95 154 mem— c———= GRAFT BEING REJECTED
194 72 3
10 | 4 8 I 7 89001112
9 96 |43 mesese————_)
29 23 156 27 —_—
13 22 wam—— 28 —

1%
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TABLE XXX

| Graft survival times where the difference between the
first and last reJected graft on & recipient was less
than 2 days. :

| | Graft
Rec;gient Donor No. | I.G,I, | Survival
* s Time*
13 11 | 129 12 - 14
1 45 13
- 99 | 15 | 12-1
-'183 . 186 - 486 e 8 - 9
179 178 .7 - 9
‘ © 185 0 8 - 9
188 180 | 481 8 - 11
' 190 119 9 - 11
o 189 o2 9 - 10
190 183 561 8
: L 191 1 30) T 8 .
188 126 -7 -« 8
- : 189 ' 37 . 8 - 9
191 - | 29 356 - 6 - 7
- 193 304 6 - 7
192 12 6 - 7
| 194 0 7~ 8
194 ' 180 - 505 7 - 8
b 193 336 8 .
195 - 146 7 -« 8.
‘ 192 ' 12 8
157 | 27 - 9 - 11
1 28 - | 9-10
159 ‘ 27 ‘ - 14 - 15
. 28 1 - 14 - 15

. .
Days from the Iirst sign of rejection to the last
. 8ign of viability. o
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TABLE XXX (cont.)

’ « Graft
Rec%gient Donor No. | I.G.I. Survival

ot - Time*
161 27 T 11 - 12
- 31 - 11 - 12
163 20 - 11 -« 12
' 31 - 11 - 12

168 27 - 11

- 31 - 12
171 27 - 11 - 12

321 - 11

172 27 - 12

31 - 12
175 29 - 6 - 7
28 - 6 - 7

176 29 - 6

; 58 - e

177 29 - 6
31 - 5 -~ 6

178 29 - 6

31 - 6
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c. Correlation between the Results of the Serelogieal

Test and Grafting

Kendall's Rank Correlatlon method (1955) was
used to assess the agreement between the xesults of the
serological test and the observed rejeeﬁion‘erdefs;

| Briefly, Kendall's 'S'twas calculatedeas |
follows' The observed rejection rankxngs were placed
in order of prediction from left to rlght so that &
correctly predicted result would read = |
| 1, 2, 3, 4 ....»;.;;.;;»‘ (a)~”v_?-
Here each figure has lergerffigures to the right of it.
here the observed reaection orders did not correspond-
with the predletions, for example » |
5,1, By 2 iveeseeeenas (D) -
some of the digits would haveismelief numbere:to the
right of them. o |

Oon81dering each digit in turn a. value +1 was
assigned for each digit on the right of it which was |
higher and -1 for each digit on the.right which Was lower.

For example in ranking (a), the firef.nembef |
on the left has three-numbers‘on.the‘right of it which
are larger (i.e. 8 = +3); the second humber has two

numbers on the right which. are 1argér (s = +2) and the-
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third number has one numbey on the right whicﬁ_is
larger‘(sr= 41), The S for the whole ranking is
therefore 5 + 2 + 1 = 6. -

In ranking (b), the first number has two
numbers on the right of it which are smaller and one
which is larger (§ = -1), and so on, Here S for the
whole ranking is - 1 + 2 = 1 = 0.

in‘a sequence of random iankings these
S values are asymptotically normally.distributed.'

In the case of ties, rankings intermediate
betwéen the relevant placings were:given, e.g. two
grafts‘whioh tied for third place were written 34, 3%.
The S value assigned for equal numbérs was O.

Applying this method, the S values were calculated
for each tecipient alternatively regarding the first and
last signs of réjéctioh as the graft end points, These
are shown in Tables XXXIa, XXXIb, XXXIe and XXXId.

In Figure 41 the distribution of the S values
is shown dnd a tendency toward a posiltively skéwed
distribution is noticeab;e, especially on the recipients
bearing 4, 5 and 6 grafts with the last sign of rejection

taken as the graft end points.



ETABLE xxxxa

~ e2so.

"‘The calculatlon of S on the recipients wh1eh rejected
“their graits over a’ per1od of 2 days aud more. (see
Figure 40), taking the last szgns of v1ability as

IV,the graft end point,

‘Ranking aecording to‘v"

No. of -
‘Recipient grafts | observed rejection| v
' No. - per: . | oxders. Predicted, - . 7

recipient.order from L to R.| -~ . ‘
83 | 4 2 41,.3§,3%; . 14240 = 3
g4 oy 1 2 3L 3L 34240 = 5
86 ok g2 4 2 1+1-1 = 1
88 4 1t k34 - 24241 = 5
- 89 4 3 1 3 3 =14+24+0 = 1
- 90 4 31 3%k 2 - —242~1 = ~1
91 R 2 2 2 4 1+141 = 3
99 4 2 2 2 4 1+l41 0 = 3
9 B 3 3.2 & 1 - =14+0-Y = =2
1% A& 1.3 '3 3 - 1. 34040 - = '3
1185 . RS 1213 4 3 242wl = 3
187 oy ‘2 1 35 4 1+42+1 = 4
189 g 2 2 4 2 S 141-1 = 1
192 4 1% 3 -1% y - 24041 0 = 3
182_ 3 1 2%‘ 2{" S - 240 = 2
134 3 2% 1 2% -1+41 = 0
180 | 3 3 2. 1 -2-1 = -3
195 3 13123 141 = 2
23 5 2 1 4% 4% S 243«1lel = 3
15 5 2 3 4FA4F1 | 24111 = 1
19 6 1% 143 33 35 6 5 | 44+44242-1 = 11

- 156 2 1 2 - ‘ -1
162 2 1 2 1
165 2. 1 2. 1
166 .2 1 2 1
132 2 2 1 -1




PABLE YXXIb

The calculation of S on the recipients which
rejected their grafts over a period less than '
2 days (see Table XXX), taking the Iast sign of<
rejection as the end pomnts. -

. No. of Ranking according to ‘
Recipient| grafts | observed rejection | g
- No. per - |orders, . Predicted . .
o recipient| order from L to R. |
190 4 2 2 2 4 C 1+l 0 = 3
191 4 2 2 24 1+141 = 3
194 L ,2§ 2% 2% 2% O I 0
13 3 251 2y . =141 = 0
183 3 2 2 2 ‘ . 0
188 3 2% 241 =1wl = =2
157 2 2.1 : = =1
159 2 .gli'l% 0
161 2 C13 1p 0
163 2 1y 1 -0
168 2 1 2 -1
171 -2 2 1 -1
172 2 1‘%‘ 1% 0
175 2 1%1% 0
- 176 2 ,1% 1¥ 0
177 2 1? 1z 0
178 2. 14 1% 0
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"The calculatiou of S on the recipients which
. rejected their grafts over a period of 2 days
and more, taking the first sivn of rejeetion L

‘5:v as the end points.,

B Recipient

Nb;7of o
grafts
per

recipient

' l N '-'.‘(A’
Ranking accnrding to .

-observed rejection|
orders. Predicted

order from L to R,|
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* The calculation of S on the recipients which ‘

© - rejected their grafis over a. period of less thah

" 2 days, taoking the first sign of redectiOH as ‘the
“end point.- _ . S - ‘ -

Mwﬁ‘_

Yoo . | No, of Ranking according to~ -
Recipient| grafts observed rejection R,S{
- RNoy pexr. | orders. Predicted ',r'.'

‘ L recipient order from L to R.’, TR
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FIRST SIGN OF REJECTION
AS THE GRAFT END POINT

[}
.
2grafts o e
s
8 e O
-1 O +l
3 grafts
[ ]
s ¢ 3
-2-1 0 +] +2 +3
4 grafts °
S o
[ ] [ I

. [
: 9 O o & o o o ¢ o

-3 -2 -1 O + +2 +3 +4 45 46
" { S grafts
-3 -2 -1 O 4+ +2 +3 +4
6 grafts

O +] 42 +3 +4 45

- FIGURE 41

DISTRIBUTION

OF llSll

LAST SIGN OF REJECTION
AS THE GRAFT END POINT

Each recipient bearing:

2 grafts

#ff::‘"

3 grafts

S .
—o e ° e

-3 -2 -1 0O + +2

4 grafts

p

-3 -2 -1 O 4+ +2 +3 +4 +5 +6
5 grafts
[ ) @
O + +2 +3
6 grafts

112

O + +2 +3 +4

+
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. The signifleance of the observed dlstrlbution |
“df 'S' wae then ealculated The probability of 'X'
‘oecurring by chance was found by reference to normal

distrxbution tables when

ng ng 2_34 5—33’

”fand where mé,' 5, m and m3 ﬁere’the'nﬁmber of:recipients;

‘“_,with 6 5, 4 and 3 grafte respectively, 86, 5, Sq and Sjcf

'f~ltheir 'S' values in each ‘case and VG,: 5, v4 and v3 thelr

'fvar1ances.-_ In thie formula the sum of random varlables,
with' unequal variances has been weiéhted inversely
‘eaccordlng to the variance in eech caee.

‘ | ‘The varlance of '&' was ealculeted aecordlng

>lfto the formula o e | o v

0“ = 14__ (n-—1) (21“,5)

.feefor the recipients bearing 2 3, 4 5 and 6 grafts.

' ', The formula was not modified for tied ‘ranks |
riand thle served to make the method conservatlve. 

| The test for etatiatlcal s1gnificance was

:;fapplied cone1dering the results in A dlfferent ways.
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'f(i) ' The last signs of viability were taken asj,a'
end points and the obserVed differenoes in. reaection
btimes on all the reeipients bearing more than 2 grafts

: were taken into account

<8, S 8, +8
v;: 5 S ? . S 4 . EZ:E

| Q 7399 .
m.—e— anﬂ P- = 0 018

(ii) ‘As in (i), but considering the tirst signs of
| rejeetian as the end points o

4.7365 and P = 0,018»7°
2.006

’X‘:

(111) The last 91gns of viability were taken as the

end points, ‘and all recipients with more than 2 grafts
were taken 1nto account.  Tied ranks were assigned to
f‘the grafts on those recipients that rejecteﬁ all their
grafts within less than 2 days. The eontrol grafts

indicated that such small differences in rejection
.txmes might be due to factors other than hlsto~compatibilitygyn
It was thonght that the consideration of these results A ﬁ
‘at Iace value might 1ncrease the margin of error because

survival time differences due tu technlcal factors m1ght
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- be ascribed to histooompatibility differences;
 a.5932 |

Here X = . and P = 6.022
: 2,006 ‘

(iv) As in (111),-but coheidering the first signs

of reJection as the end points
3.8134

X =
‘ 2.006

and P = 0;0571

For details of these oalculatione sea Table XXXII.,
~ There was a signifioant positive correlation

(P-<;0 02) between the predicted and observed rejection
orders in the Iirst three caleulations. When tied ranks
were assigned to grafts on reoipients that rejeoted all
_grafts within less than 2 days the correlation was not
}significant,but only just so (P = 0 057), when the first
signs of rejection were taken as the end pointg, _

With regard to (iv), it should be gmphasised that
the formula was not corrected for tied ranks, This made
the test more stringent relative to (1) and (1i), because |
tied ranks were more frequent in the case of oaloulation (iv).‘

The results from the reeipients bearing |
2 grafts could no; be included with the others because

the variance is large (6’2 = 1) relative to the range
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of 8 ( -1 to +1 )vand the normal aﬁpréximation véry
-poor with oniy two observations; Fﬁrthermora, moat,
- animals in this batch were not strictly eomparahle,
to the others because 15 ot the 16 reoipients were
ungrouped. When the recipients with 2 grafts only:
- were considered alone, there was a slight positive

oorrelation which was not significant



e 'I‘ABLD XXXII

Hh(i) Last sxgns of rejectlon were taken as end points
- - and the observed difference in rejection times

on all the recipients- bearing nore than 2 grafts
' were taken into account .

|No.of f,“No.of ZZ: 'S? from | Vagiance of 'S'(v)
grafts recipients | Tables XXXIa | & .

per . | with 'm' | and XXXIb | : T lg (n»l)(2n+5)
‘ r?cﬁpient grafts (m) | , ,

n o R ' ’ o ‘ :

".-1 . ’39667
. 58  > : . 8.667
| 160667

o | 28333

AR AR IO
i l‘:
R SR BT

IS L EEAURI R 38 1
28,333 16.667 8,667  3.667

- \/,, 1. 2 17 7

; . + — + - +
L mT3O
= ' 2.006 = 2.363  and P = 0.018
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. TABLE xxxx: (cont )

N (i1) As in (i), but considering the first signs

of rejection as the end 901nts.,'~~

| No.of.
| grafts -

. per

",redipienp- grafts

n

Nd.of,ﬂv‘”

: | = s frdmt Yérianeé of 'S*(v)

| ' recipients | Tables XXXIe¢ | ‘ ' '

with 'n' | and XXXId
|

L2

< 9-:f~i§ (p§1)(an45)

AW G0
- T e

17
a
. 1 .

16

-3.667

. 8.667
16.667

- 28,333

5

=i, 30

28,333

0

16.667  8.667

- 3.667

2 17,

7

' \/ 28.333

 4,7365

2,006 .

= 2,361

+ : :

+

5.667

and P = 0,018
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(iii) Last signs of rejection were taken as the end
points and the observed difference in rejection

tinmes was taken into account.as in

(i), except

for those cases where all the grafts on a-
‘recipient were rejected within less than 2 days

of one another (see Table XXXIb).

- These: grafts

were taken as being simultaneously rejeeted

2,006

1 e. 'S' = 0.
- |No. of No;vof s ?S' fromg> Variénce'bf 151 (v)
: £t ipient Table XXXI : 2 :
rifhe | resivlome | fable ORI | o3 By (an1) (aues)
recipient | grafts (m) o
1 ny
2 16 3 1.
3 -7 1 3.667
4 17 32 - 8.667
1+ 32 + __ 4+ _11
x - 3.667 8.667 16.667 28.333
v 4.0259
= 4,5932 = 2.2808 and P = 0.02’:
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(iv) As in (iii), but considering the first signs
of rejection as the graft end points.

No.of No.of > tSY from Variance.of 15t (v)
grafis rrecip%ents Table XXXIc | 5 g
per with 'n' : 6= _1n
recipient| grafts (m) 18 (n~1)(2n+5)
(n) : :
2 16 2 1.
3 7 0 3.667
4 17 31 8.667
5 2 1 16.667
6 1 5 28.333
X 5 . 1, 3k . 0
= 28,333 16.667 8.667 3,667
\/ i, 2 . .17, _7
28,333 1‘6.667» 8.667 3.667
= 3.813% = 1.901  and P = 0,057

2.006
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DISCUSSION

(a) The Number of importént Histocomgatibilitz Antipgens

Estimates of. the minimum numbers of
histocompatibility antigens have ﬁean médefacoording to
the‘proportion ot a11ografts which survived for protracted
periods in animals (Medawar, 1945; Snell, 1955; Barnes
and Krohn, 1957; Prehn and Main, 1958; Bauer, 1960;
Billingham,.ﬂﬁdge‘aﬁd Silvers, 1962) and man (Longmire,
Stone, Daniel and Goon, 1947). Good (1952). Newth‘(1961),
'rLunghi (1965) and Ceppelini et al. (1965b) gave formulas :
‘.fbf ealculating thevﬁrobability bfxcompatibility in terms
of the number of alieleé at a given 1oeus'and Gilmouf (1964)
suggestéd a modificétion for ﬁaking into account sampling
variations. | | | |

Simonsen (1965) applied Newth's formula to the
| oaloulation of the number of antigens which provoked
reactions which could not bhe overeome by therapy in humans.

He found that the proportion of long surviving ( 6 months)
'kidney allografts reported up to 1964 (Murray, Gleason and
Bartholomay, 1964) might fit Newth's formula if the strong
' histocompatibility énfigens were controlled by 3 alleles of

equal frequency situated at a single genetic locus.
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In a*subsequent papef-(simonsen, 1966)rhe‘hoiedfthat
the grafts which survived for 1 to 2 years (Murray,
Gleason and Bartholomay. 1965) no lonver Iitted ‘the formulas
and postulated that graft sqrvival beyond 1 year might
bé influenced by faétprs‘suOh as the inhibiting influence |
‘of antigens'present in the recipient and.absént in the graft.
' The serological results in the experiment
‘described here suggest that the ‘panel of antisera
was not directed against a large numbe: of antigens.“
If many antigens were involved bne'might expect
- that there would be few demonstrably - duplioated
'vantisera and that a large proportion of the antisera -
would be multispeciflc., In fact this was not the eaée.
The number of similar and diasimilar reactions
in all the possible pairs of antieera were counted by
- comparing each horizontal Line in Figure 38 with each
0f the others. Table XXXIII shows the number of
reactions which were negative in both compared'éera (a),
negative in the first and.positive in the second serum (v),
positive in the first and negative in the second (o),

and positiveiin both compared sera (d).
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The numher of reaetiuns which were similar and v

dissimilar in each pair of antisera and the

as a measure of their associations.

]Reactions with'thej R
: 1st and 2nd serum B .
1st 2nd . : Avas No. of w2
Serum|Serum| _ reipictizeiy + ¢ | Tests A
() () (o) () | @ |
32 56 51 - 1 - 52 -
%3 51 - - 1 52 .-
3 34 3 - - - 37 -
71 47 4 1 .. = | .52 -
49 il 7 1 - 52 -
75 48 3 1 - 52 -
2. 32 -5 - - 37 -
55 | 43 8 1 - 52 -
95 S 30 7 - - 37 -
45 - 39 12 1 - 52 -
! 29 8 - - 37 -
50 40 11 - l 52 -
41 33 18 1 - - 52 -
9% 26 11 - - 37 -
72 31 20 - 1 52. -
68 54 17 1 - - 52 -
73 31 - 20 1 - 52. -
. 08 20 17 ¢ - - 37 -
8 24 13 - - 37 -
7 21 16 - - 37 -
74 26 . 25 1 - | - 52 ‘-
2

Footnote:

is necessarily positive.

A dash before the X2 values 1ndicatesl -
- a negative assoc;ation, i.e. be > ad.




| TABLE XXXIII (cont.)

| o1st

ond

Reactions with the

o7

1st and 2nd serum o :
" . No, of 2
Serum| Serum | _ _ refpsctzzeiy + 4 |Tests B
] (2) ®) (o) (a) | %)
33 3 34 3 - - 37 -
‘ 71 - 47 4 1. - 52 -
49 4y 7 1 - . 52 -
75 | 48 3. i - 52 - -
2 22 5 o= - 37 - -
55 | 43 . 8 1 - 52 -
95 30 7 ~ - 37 -
45 39 . 12 1 - 52 -
9% . 29 8 - - 37 -
50 40 11 - 1 52 -
4l 33 18 1 - 52 -
93 - 26. 11 - - 37 - -
72| ‘31 20 - 1 52 -
- 68 34 17 - 1 52 -
73 31 20 1 - 52 -
98 20 17 - - - 37 -
8 | 24 13 - - 57 -
7 21 16 - - 37 -
74 26 = 25 1 - 52 -
. 97 | 18 19 - - 37 -
3 | 71 | 30 4 3 - 37 ~0.12
- 49 - 29 5 3 - 37 -0.03
75 33 1 2 1 37 - 0.81
.2 1y 31 3 1 2 37 - 3.72
55 29 5 .2 1 37 0
.95 28 6 2 1 - 37 B
45 27 7 2 1 - 37 0.05
o4 26 8 3 - 37 ~0.05
50 25 9 3 - - 37 ~0.1
41 19 15 2 - -1 37 ~0.06
93 | 23 11 3 - 37 -0.27
72 . 18 16 -1 -2 37 0
68 22 -~ 12 3 - 37 - =0.37
73 | 21 13 3 - 37 -0.49
98. | 19 15 1 -2 37 o
8 - 21 13 3 - 37 -0.49
7 18 16 ] - 37 ~0.94
.14 16 18 2 1 37 o
-16 18 -2 1 37 0
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TABLE XXXIIY (cont,)

. Reactions with the o
' 1st and 2nd sexrum
1st 2nd No. of - 2
| Serum|Serum | _ ”~reip$cti:eiy 4+ 4+ |Tests Ji :
a) () () (&) | ® o
71 | 49 | 41 7 4 - 52 0
‘ 75 45 5 4 - 52 -0.36
2 - 28 5 4 - 37 . 0
55 .40 8 4 - 52 0
95 | 28 5 2 2 57 1.0
45 36 © 12 4 - | 52 -0.27
9} 26 7 3 1| 37 0.6
50 38 10 2 2 .| &2 0.5
41 34 0 14 0 - 4 52 5.36
9% . 2% 10 3% 1 37 ‘-0.13
72 31 17 - 4 | 52 4,0
68 . 32 16 3 1 52 -0.05
73 29 19 3 1 | 52 0.
98 | 20 13 - .4 57 3.12
8 21 - 12 3 1 37 -0.01
7 18 15 3 1 37 ~0.06
T4 27 21 - y 52 - 2.7
97 17 16 1 3 37 0.21
49 75 473 2 6 1 52 0.03
, 2 30 3 2 2 37 | 2.15
55 37 8 7 - 52  ~0.42
95 28, 5 2 2 37 1.0
45 39, 6 1 6 52 |  *14.03
9% 26 7 3 .1 37 | o.23
50 35 10 5 2 | 52 -0
431 32 13 2 5 | 52 ° 3.15
93 23 10 3 1 37 | =0.13
72 30 15 1 .. 6 52 - 4,9
68 28 - 17 7 - 52 -2.4
73 27 18 5 - 2 52 ' ~0.03%
98 | 19 14 1 3 | 37 - 0.49
-8 22 11 2 2 37 ‘ 0.01
7 | 19 14 2 2 | 37 | 0.06
7 | 25 20 2 5 | G52 0.85
97 16 17 2 2 37 | 0

* P < 0.01
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TABLE xxxxxz (cont )

lsti“

Reaotions with the

1st and 2nd serum

Serum Szgﬁm respectively | qogyg X
o ] . i T 4 : .
e ) ) @ | ® :
7% | 2 ,31 K3 1 1 37 0.24
: 1 55 41 8 3 0 - 52 0o
95 29 6 1 1 . 37 0.05
45 38 11 2 1 52 - 0,07
94 | 27 8 2 = 37 0
50 - 37 12 3 - 52 ~0.07
41 | 32 17 2 1 52 -0.3
93 | 24 11 2 - 37 -0.02
72 29 20 2 1 52 -0.1
68 33 16 2 1 | 52 -0.37
73 | 30 19 2 -1 52 - -0.18
98 | 19 16 1 1 37 0.4
8 22 13 2 - 37 -0.1
7 19 16 2 - - 37 -0.3
174 25 24 2 1 52 0
* 97 17 18 - 1 1 37 ~0.47
2 | 55 26 6 5 - | 37 -0.16
- | 95 27 5. 3. 2 | 37 0.46
45 26 6 3 2 37 0.24
o4 24 8 5 - | 37 ~0.,46
50 24 8 L 1 37 =0.1
41 20 12 1 4 37 1.69
- 93 21 11 5 - 37 -1, 08
72 20 12 - 5 37 4,52
68 20 12 . 5 - | 37 -1.33
73 19 13 5 - 37 ~1.6
98 20 12 - 5 37 4,52
.8 20 12 4 1 37 ~0.07
7 17 15 4 1 37 -0.%
74 18 14 1 -4 | 37 1.06
97 | 13 .5 - 37
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TABLE XXXIII (cont,)

1st

2nd

Reactions with the
Ist and 2nd serunm

2
| Serum|Serum | = respectively Tests _
o i . T A 2 (k)
| . (a) () (e) (a) :
. 55 95 .| 25 6 5 1 37 C =0.17
‘ 45 - 33 11 7 l 52 - =041
94 25 6 4 2 37 0.05
50 54 10 6 2 52 0.15
41 - 26 18 8 - 52 ~3.36
0% 21 1o 5 1 37 -0 .08
72 23 21 8 - 52 -4,58
68 29 15 6 2 52 0
73 27 17 5 3 | 52 -0.13
98" 14 17 6 - | 37 -4.08 |
‘8 |19 12 5 1 | 37 -0.%
7 | 17 1a y 2 57 | 0 o0 -
7 | 19 25 8 -~ | 52 #-6.63
: .97 17 14 1 5 37 1.6
05 45 .23 7 6 1 37 0
| 0l 22 8 7 - | 37 ~1.0
50 | 22 8. 6 1 37 ~0.0%
41| 18 12 3 'y 37 0416
93 19 11 7 - | 37 ~2,11
78 17 13 2 5 37 0,85
68 | 18 12 7 - 37 -2.52
a8 17 13 3 4 37 0,06
8 | 17 13 7 - 57 -2.97
7 14 16 7 - 37 -%4,58
74 16 14 3 & 37 - 0o
| 97 | .15 15 3 4 37 0
45 94 23 6 6 2 37 . 0,05
: 50 32 8 8 . 4 52 0.33
s 31 9 3 9 52 * 9,04
93 20 9 6 2 | 537 - =0,11
68 | 25 15 10 2 52 -1.0
73 25 15 7 5 52 )
98 18 11 2 6 37 2.14
8 20 9 4 4 57 - 0.33
7 18 - 11 3 5 37 - 0.83
74 25 15 2 10 52 6.04
97 13 16 - 5 - 3 -0.24




 PABLE XXXIII (cont.)

. Reactions with the : _ .
1st and 2nd serum :
st | 2nd | ' -No., of | 2
Serum [Serum | _ _ reipfotizeiy . o | Tests | X
@ ) (e (@ | ®

94 50 25 4 5 5 37 5465

41 17 12 4 4 37 0

93 24 5 2 6 37 * 7.4

72 15 14 4 4 37 0.1
| 68 . 24 5 1 7 37 ¥11

73 24 5 - 8 37 *15.4

98 16 13 54 37 0.02

8 .23 6 1 7 - 37 * 9,52

7 21 8 - 8 | 37 *¥16.89

T4 16 . 13 3 5 37 0.24
97 | 18 11 - 8 | 37 * 7.35 .

50 |41 |29 11 5 7 | 52 2.64
95 | 22 -6 & 5 | 37 2.34

72 27 - 13 4 8 52 5.07

68 29 11 6 6 52 1.96

73 27 13 5 7 52 2.6

o8 18 10 2 7. 37 3+59

8 23 5 1 8 37 *#13.17

7 - 20 .8 1 8 - 37 * 7.79

74 24 16 3 9 - 52 3.24

97 16 12 2 7 37 2.07

41 93 | 14 7 12 4 37 ~0.04
- 72 | 31 3 - 18 52 #3694

68 | 20 14 15 3 52 -2,2

73 20 14 12 6 52 ~-0.06

98 19 2 1 15 | 37 #22,7

8 14 7 10 6 37 . 0

7 12 9 9 7 37 - 0.08

T4 25 . 9 2 16 52 *16.3

97 8 13 10 6 37 -1.3

¥ P L 0.01




TABLE XXXIII {cont, )

Reactions with the
- 18t and Z2nd serum
lst 2nd . | No. of L2
| Serum|Serum| _ _ rgspeetljefy v 4 | Tests X
ol @ ) % | W
93 [ 72 | 12 14 7 4 37 |  -0.38
: 68 | 22 ﬂa_ 3 8 37 * 9.13
73 29 'y 2 9 37 #12,2
- 98 13 13 7 4 37 S =D 16
] 8 - 22 4 2. 9 37 #12.2
‘7 | 20 6 1 10 37 *11.85
74 |15 11 4 7 37 | 0.68
. 97 | 16 10 2 9 57 4,2
72 .68 | 17 14 18 3 52 4,11
173 | 17 14 15 -6 52 |  -0.83
98 18 1 2 16 37 | *22,77
8 12 7. 12 6 37 | -0.02
7 | 10 9 11 7 37 | 0
| 74 | 22 9 5 16 52 * .9.34
y 97 | 7 12 11 7 37 S =1.32
. 68 73 | 31 & 1 16 52 | *¥20.65
1 98 | 11 14 9 31 37 -2.01
8 | 22 3.2 10 37 © %15.11
17 1 20 5 1 11 37 *14.,17
174 | 21 @ 14 6 .11 592 S 1.9
_ 197 | 16 9 . 2. 10 37 5.8
73 |98 | 12 13 9 4 37 ~1.04
» 8 | 21 3 3 10 37 | *12.66
|7 | 19 5 - 2 11 37 | *11.5
74 | 21 11 6 14 52 4,9
: 97 16 8 2 11 | 37 . * 6,9
| 98 | 8 13 7 11 6. 37 - 0.18
71y 9 10 7 | 37 .. =0,01
74 | 15 5 4 13 37 * 7.8
L je7 | 7 13 1 6 | 37 =217
|1 8 7 | 21 3 - 13 37 | =%22.86
v 7% | 15 0 9. 4 9 37 2,24
97 14 10 - & 9 37 1.58
7 | % | 13 8 6 10 | 37 1.29
97 | 13 8 5 11 37 2.3
7 | 97 | 10 9. 8 10 37 0

* P<0.01
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Vhere appropriate, Fisher's 2 x 2 test was used to
caleculate the association betwaen the antiserunm

pairs using the fornmula

X% = (lad-ve| -2x)? K

" efgh
where K=a + b+ ¢ + d
“ e=a+c
f=Dba+d
g=a+b
h=c¢c«+d

The results‘suggest that many antisera
detected similar antigens. The reactions of sera
&1; 72, 98, 45, 71 and 2 were usually positively |
correlated with one another and so were those of sera
68, 73; 93, 94, 97, 7 and 8. Furthermore, there was
usually a negative correlation between the reactions
of the sera in one set and those in the other and
the antigens recogniaed‘by each set were probably
controlled by alleles, | | |

It is proposed to oallvtheée éllelea la
and 1b and refer to the antisera as rabbit leucocytotoxins
(nLC 1@ and 1lb). Table XXXIV shows the 3(2 association

between the relevant antisexra.



TABLE XXXIV

Fisher's 2 x 2 test as a measure of association bétween RLC la and.ib>sera;

-

RLC 1b

X? valups caleulated with Yates' correction. -

% Negative association.

29,7 -
9.1 12.2 -

11.0 15.% 7.4 -
5.8 6.9 4.2 7.% - |

14.2 11.5 11.9 16.9 4.2 - |

15.1 12.7 12.2 9.5 1.6 22.9 -

#1.3 %1.6 *1.1 *0.46 *4.0 *0.4 *0.07 | -

2,0 %1.0 *0.16 0.02 *2.2 *0.01 0.18 | 4.5 -

*4.1 *0.83 *0.38 0.1 *1.3 0  *0.02 | 4.5 22.8 - |

*0.05 0  *0.13 0.6 0.21 ¥0,06 *0.01 | 0 3.12 4.0 -

*1.0 0  *0.11 0.05 *0.24% 0.83 0.33 | 0.24 2.1 6.0 *0.27 =

*2,2 *0,06 *0,04 O  *1,3 0.08 O | 1.69 22.7 26.9 5.4 9.0 -
68 73 93 94« 97 7 8 2 98 72 71 45 4l

RLC 1la

€93
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‘Although often esed (Payne et al., 1961;
van Rood, 1962; Dausset et al., 1965b), the 2 x 2
test is not ideal in the present oontext because when
negative reactions oceurred‘in beth the eomparee,agtisera
these added weight'to the pqsiiive aesooiatibee and
decreased the significahee of the negetive ones.
This probably accounts for the fact that in ‘Table‘mlv
the 7& for pueitive assoc1ations are sometimes very high
while those for the negative ones are not significant
In these calculations reduced eignificance should be
attached to the occerrehce of'doﬁblevnegati#es‘espeeielly_
as'the number e£ aileiee which‘mey uecuﬁy any 1deﬁs ie‘
unknown. , | - '_“ | 'w_( L

- Figure 42 shows the relationshlp between the
antisera of the panel more clearly. The sera and
llleucocytes have been arranged using the J&_ values as
a guide, so that those which reacted similarly were
plaeed together.: ’
| It becomes evident that most of the antisera

of the panel deteoted antigens controlled at one
genetio locus only and that thisvlocue was probabiy

occuplied by three orxr more,alleies.'
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o It 1s suggested that the 13 leueocyte samples at the

-top of Figure 42 (29 to 188 inclusive) carry 1a antigens,

37f;:}the next 6 samples (22 to 84) oarry la and lb, and the'

' next 15 samples (194 to 192) carry b antigens. The,

leueocytes of a further 18 1nd1v1duals usually feiled tor,r-
‘reaet with either the RLO la or lb sera and so it would

"'Tl‘seem that this loeus can be scenpied by other alleles.'

‘One of theee ”other” alleles may be deteoted by serum 55'
"because the reaetions sf this serum were negatively
“'correlated with those of both RLG la and lh 4 )

o It may be relevant that ‘the reactione of serum 74,
".whieh was direoted against both la and ‘1b. antigens, showed a
fstrong negative essoeiation with those 0! serum 55 Cﬁ = 6. 3)

‘fISerum 97 may have been directed against the antigens

tL;f demonstrated by 55 as’ well as the lb antigens.-»'

|  van Rood et al.:(1965) have stressed ‘the dltficulty
“f,of establishing that antisera are’ monospecifie and this 1s
'.espeeially so where no absorption or population studies
are undertaken. } However, the Iact that the reaotions>
effeonformed to a recognisable pattern (see Figure 42)
‘fsuggests that 1! the antisera were not’ monospeeific_

then the antigens reeognised by eaoh set of sera often
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‘occurred as a unit, The reactions which did not
conform to the general pattérn‘were attributable in
about half the cases to C.I.'s whioh fell closévtO‘ﬁo,
the value taken as the threshold of positivity. |
| The skin grafting results were then re-examined

to see whether they supported the hypotheéis thét‘la and 1b
were strong histocompatibility antigens. . Table XXXV shows
the putative phenotypes of the donors and recipients |
according to the alleles at ihia locus only. The leucocytes
were phenotyped with reference to Figure 42 aﬁd those which
reacted strongly with neither RLC la nor 1b were designated
as 1x. ' | |

A comparison between compatible and incompatible
grafts (according fo phenotypea) was‘poséible‘in'aonof
the recipients (marked with one asterisk in Table XXXV);
and the peridd between the rejection of the first and |
lgst'graft was 2 days or more on 14 of these (marked with
a second asterisk in Table XXXV). On 13 of the 14
reciplents the graft surviving as lohg‘or longer than
any other was of phenotype compatible with the host.
The 14 recipients bore 60 grafts aitogether and in only
6 cases an incompatible graft survived longer than a

compatible one on the same recipient (see Recipients 89,

90, 9 and 23),
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Graft survival times 1n relation to the putative
phenotypes.
In each box the donors are arranged from top 1o

bottom in their predicted rejeciion orders according

to the 1.G.I.'s,

Recipient Donor and Survival Time
and Putative Putative (Days from first to
Phenotype Phenotype last sign of rejection)

83 86 1la 5 - 10

1b 84 1lalb 5 = 7

‘ 91 1x 7 - 11

89 1x 7 - 11

#e gL 88 1x 7 - 12

1alb 91 1x 10 - 13

83 1b 12 - 15

290 1x 12 - 15

86 - 91 1Ix 10 - 11

la 83 1b 10 - 11

90 1x 10 - 14

84 lalb 10 -~ 11
*% 88 84 lalb 18
1x 83 1b 18

91 1x 18 - 19

** 89 86 1la 18 - 19
1x 88 1x 14

91 1x 18 - 19

90 1x 18 = 19

*% 90 84 lalb 11 - 14
1x 83 1b 11

91 1lx 12 - 14

89 1x 11 - 12

* Recipienté upon which compatible and incompatible

grafts could be compared, and

* % those which also rejected their grafts over a
period of 2 days ox more.
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Recipient - Donor and N Survival Tinme
and Putative Putative {vays from first to
Phenotype Phenotype last sign of rejection)
* ¥ 91 : 84 1lalb 5 - 9
1x ‘ 89 1x 8 - 9
83 1b , 8~ 9
90 1x 13 - 15
LA 99 : 12 1b 8 -« 10
1x 10 1b 9 - 10
1 1x : 10
13 1x ‘ 12
i 9 ‘10 1% N 13 - 14
1x 96 1x | - 12.- 13
' ' 99 1x , 14 - 15
13 1Ix - 8 =~10
ek 14 22 1alb 10 - 13
1b 18 1v 17
20 1x 17
‘ 19 1x 14 - 17
182 s 183 1b _ 13
lalb 180 1alb 12 - 15
186 1la 12 - 15
185 ‘ 180 1lalb 10 - 12
1b 186 la | 9 - 12
184 1a 14 - 15
179 1x 10 - 14
*®# 187 ‘ 183 1b 8 - 12
la 180 1lalb 9 - 10
179 1x : 10 - 14
184 1la . 15
#% 189 183 1b ‘ 7 - 10
la 191 1b 8 -~ 10
190 1a 10 -~ 14
'19% 1la 7 - 10
# ¥ 19 22 1laldb 13
1x 17 1la 10 - 13
18 1b 13 - 14
21 1b 10 - 14
16 1x 15 - 16
20 1Ix 14 -~ 15
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lecipicent Donor and Survival Time
and Putative Putative (Days from first to
'henotype Phenotype last sign of rejection)
*% 23 25 la 10 - 12
ix 18 1b 8 - 9
14 1b 12 - 15
15 1b 14 - 15
19 1x 11 - 13
®% 102 27 1lalb 7~ 8
1b 193 1la 7- 9
195 1la 7 - 8
194 1b 11 - 12
156 27 1lalv 10
(?) 28 1x 12 - 16
165 290 1la 8 - 9
(?) 31 1x 9 - 11
162 29 1la 8
(?2) 31 1x 12 - 15
166 29 1la ' 8
(?) 31 1x 11 - 12
132 27 1lalb 9 -'13
1a 30 1x 7~ 9
134 29 1la 16 - 17
1b 27 1alb 8 « 10
30 1x 16 - 17
W 15 25 1alb 11
1b 26 1la 10 - 12
2l 1bv 11 - 13
23 1x 11 - 13
19 1x 9 -~ 10
180 186 1la 10 - 16
lalb 185 1b 10 - 13
182 1lalb 8 - 10
195 183 1b 2 - 10
la 191 1b 9 - 10
194 1b 11 - 12
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Recipient Donor and Survival Tine
and Putative Putative (pays from first to
Phonotype Phenotype last sign of rejcction)
%13 11 1b 12 - 14
1x 1 1x 13
99 1x 12 - 14
# 183 186 1la 8 - @
1b 179 1x T - 9
185 1b 8 - 9
* 188 180 1lalb 8 = 11
la 190 1la 9 - 11
189 1la 9 - 10
% 190 183 1b 8
la 191 1bv 8
188 1la 7 - 8
189 1la 8~ 9
¥ 191 20 la 6 - 7
1b 193 1la 6 - 7
192 1b 6 - 7
194 1b 7 - 8
* 194 180 1lalb 7 - 8
1b 193 1la 8
195 1la 7~ 8
192 1v 8
157 27 1lalb 9 - 11
(?) 28 1x 9 - 10
159 27 1lalb 1% - 15
(?) 28 1x 14 - 15
161 27 lalb 11 - 12
(?) 31 1Ix 11 - 12
163 29 1la 11 - 12
(?) 31 1x 11 -~ 12
168 27 1lalb 11
() 31 1x 12
171 27 1alb 11 - 12
(?) 31 1x 11
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Recipient ~Donoxr and _ Survival Tine
and Putative Putative (Days from first to

Phenotype Phenotype last sign of rejection)

172 | 27 lalb | T

(?) 31 1x ’ 12

175 290 1a 6 - 7

(?) 28 1x 6 - 7

176 29 1la 6

(?) = 28 1x 6

177 . 29 1la 6

178 29 1la 6

(?) 1 31 1x 6

~ The sera which reacted similarly (41, 72, 98,
45, 71, 2 and 68, 73, 93, 94, 97, 7, 8) were probably of
narrow specificity because the chance of iecognising
duplications decreases with an increase in the freQuency
of the shared components (Payne et al., 1964). There
were a further 6 autisera (34, 61, 69, 32, 56,v33) which
reacted with one or none ofythe 52 leucocyte samples.
Thus, in 19 out of 26 pairs of rabbits in which the
antisera were prepared, the donors and recipients
differed in respect of few antigens which were capable
of provoking cytotoxiecity. These were probably the

nore important transplantation antigens because they




‘fwere Bignificantly successtul as indicators of the R
vfgraft rejection orders. i | ,
o The 4 inert ahtisera (34 56 61 and 69)

reduced the effeetive size of the panels to 13 and

’.20 in +he cases of the 17 and 26 antilerum panels

‘respectively.; The success of these relatively small

- panels in refleoting the graft rejection orders also
‘.fsuggests that the number of strong histooompatibility

| antigenl is not great and/or that the cytotoxic test

‘shows}ﬁp the most important of ‘them. -

Hi(h); The I G I. as an Index o! Interrelationship
, o Other workers (colombani et al., 1964'
‘Dausset et al., 1965h' Amos etval.,-1966) have i" .

o calculated interrelationships acoording to the

 pumber of antisera with whioh the donor and reaipient

“f;ileuoooytea reactedvpositively or negatively.r' However,"

'.the classification of the cytoto io indices as 'positive'l

]»ior 'negative' involves an arbitrary decision as to the

level of positivity. The calculation of an index
- acoording to the numerical difference between the N
. Cl.I. 's in the case of eaeh antiserum avoids this

-.diffioulty and takes account of both the number and
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magnitﬁde of the donor-recipient differences. A high
1.G.I, indioates that the antigenicity of the donor,
as measuréd by oytotoxic indices, greatly exceedﬁd
that of the recipient and Walford et al. (1965) héve
pointed out that the prospects of allograft survival
afe poorest in these circumstances. Vredevoe et al.
(1965) have used a seminquantitative method for
donor-host comparisons which~13'siﬁ11ar in éomé».
rqsﬁeéts to the method used here. |

Although some antisera were recognised‘aq
being duplioated, none were eliminated for the calculation
of the I.G.I.'s. Assuming that each antibody has an
equal chance of duplication, to omit'some sera might serve
to compound inaccuracies of the I.G.I.'s because it might
resuit in the exclusion fiom the test of»antibodies easily
recognised as duplicated and leave the duplicated"
antibodies not easily recognised as such (a.g; those in

the antisera of broad specificity). .

(¢c) The Grafts from Grouped Donors to Ungrouped Recipients

The leucocytes of some animals gave many more »
strongly positive reactions than others (Table XXVIII, Nos. 27,
29, 180 and 183) and consequently their immunogenic indices
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were usually'high when they were regarded as donors
(Table XXIX, Batch 6). One might expect that,, if

the I.G.I.'s reflected histocompatibility différenees,
these animals would usually be bad donors when their
tissues were grafted to rdndomly selected animals
from the general population, and likewiée that animéls
with few high C.I.'é (e.g. Nos. 28 and 31) would usually
be good donois. This suggested that donors might be
classified as being of high oxr low antigenicity on the
basis of the I,G.I.'s obtained in one bateh of animals
and that the results of grafting further (ungrouped)
recipients froﬁ these donors might accord with the
results in the grouped recipients.

However, when this was put to the test the
results were inconclusive. In 8 of the 15 ungrouﬁed
recipients the grafts from‘the donors of high and low
antigenicity were rejected on the same day and in
3 reeipienté there was only a one day difference in
rejection times, Some importance may be attached to
the fact that in the four recipients in which therxre was
a greater difference in rejcction times the oxrder of

rejection was that which had been predicted.
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r(d) Aceuracy of Serolog_gal Assessments
' The repeatability of the stained counts was

‘nonly fair.’ The range of C.I.'s for repeated counts was

. less than 11 in 4la ot cases, less than 21 in 3% of cases

nd less than 31 in 85% of cases._» This was partly

".'attributable to the dye exolusion method which was ‘not

"31deal as an indicator of oell damage.-. The oounts were
ntime consuming and the results subjeot to numerous variahles ‘

(Boyse, ola and Stockert 1962 - Black and Berenbaum, 1964)

';3A‘Terasaki and Rioh (1964)- and Terasaki ot a1._(1964) have

'f.described the use of an automatic eounting machine (Ooulter
»counter) for the measurement of eytotoxielty.- The methodS'*

oi Klein and Perlman (1963) and Sanderson (1965) might |

give more reproducible measurements. | In their experimentst";

cell damage was measured by the esoape of radioactivity

‘;7‘ from labelled nncleated cells and the results paralleled

" those obtained with ‘the dye exolusion method (Klein and

Perlman, 1965) In mice most of the reactions were in

' "accordance with known H2 antigens of the strains used
‘e(Sanderson, 1965) | o |

‘ The reprodueibility in the present experiments

was also better with the leuoocytes of certain 1nd1viduals
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“"and this 18 similar to the ohservations made by

- Payne et al. (1964) when working with human 51]}? -

"ojleuco~agg1utinins.

The measures taken to orfset teohnioal

"7ff¥1naocuracies ineluded B

B (1) - the repatition of eaoh test up to 5 times and?g&
»the oaloulation of the average values.. |

Q"(ii) the oonversion of stained counts to cytotoxioo

; ;Q@findices,'whioh took into account the effeots of

tifteohnioal variables according to their actions on

'%.:the oontrol preparations,

’:(111) the oonsidoration only of the donor—host 0 I._o

'differences which exoeeded 10 during oaloulation ofi"*

':,Lthe 1 6. 1.'3, and

Lj(iv) oarrying out test grafts mainly on those pairs“o'

o jfof rabbits 1n whioh the I.G. I.'s differed markedly.

The last two measures. (111) and (iV); hadf.'

"5vthe efgeot of preoluding from oonsideration those

' idonor-host pairs which ditfered least serologioally :

- and in which technioal variables might make the

fngreatest differenoe to the predicted orders or

*3orejeetion.~ o
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The Grafting Rosults

Although the predicted and observed orders
of graft rejection were positivéiy'correlated, the
immunogenié,indices were not‘corrélated with the absolute
survival times, On the one hand graft survival was not
always markedly prolonged in donor—host_pairs,with_very
low I.G.I.'s. For example, in the donor-host pair
90-84 the 1.G.I. was zero, suggesting that the donor
possessed no antigéns_not present in the réeipienﬁ, but
the graft was rejected in 15 days. Such discrepancies
were probably due to incoumplete coverage of.ﬁransplantation
antigens by,the panel so that certain antigena'failed to
be detected., Conversely, very high 1.G.I.'s did not
always indicate very short sﬁrvival‘times. Thig could
have been due to duplication in the panel, sowme antigens
being detected by more than one of the sera. These
defects may possibly bhe iemedied‘by enlarginyg the panel
so that it covers more histocomﬁatibility antigens and
by narrowing the specificity of the individual sera, for
instance by selective absorption.

It may also be noted that the finding of widely

different I.G.I.'s for different donoxrs relative to the
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‘one recipient did not always indicate a wide range
of rejeotioh'timés in,préctice. In some cases
(e.g; rgeipieﬁts 183 and 194) all grafts were
rejected on the same day in spite_of éonSidefable
 @ifferences in I.6.I.'s. Aithough'the serological
test suggested that the_tissue of one donor was
more‘éntigénic than that of another; the grafted“
tissués of both may have been suffioiently antigenié
to be reJecte& ih similar times. ‘Alternatively,
this discrepancy may haVe been.due to omissibns
| or duplioationé in the panel,

' Graff, Silvers, Billingham, Hildemann
"and,Snellg (1966) havé Shown.that in inbred mouse
strains there was a‘cumulativé effect bn the median
' skin graft survival times as the number of
| histocompatibility diffeiences between the donor
and host increased, but there was a limit to this
',éumulative effect. When a maximum waé reached on
a given.hoét.theraddition.of‘immunogena did not
further accelerate graft rejection. _

The fact that the method_deséribed was able

to reflect graft survival with}éucéesS‘in spite of the
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tedhnioél shortconings indicates that cytotoxic

antisera are able to detect the majorAhistoeompatibility
factors in the rabbit, or factors associated with then

and that non-histocompatibility antigens wére demonstrated

to a lesser degree.

Applicability to Man

The efficiency of a'histocompatibility'test
basedrqn the serological matching of'antigens‘depeﬁds
upon the number of important H-factors in the species
under investigation, in iwan the number isrunknown
but the fact that the Burvivai tiﬁes of allografts often
- vary widely suggests that the number may not be
prohibitively large, |

The source of antisera which react‘with
isoantigens presents no major problém because these
occur fairly freﬁuently in humans after mu1tip1e
pregnancies (Metzgar et al.; 1965; Dausset et al., 1958,
1965b; van Rood et al., 1962, 1965; Shulman, 1965) and |
may be provoked by skin allografts (Batchelor, 1965b),
multiple blood transfusions (Shulman et al., 1965),

intradermal leucocyte injections (Awmos et al,, 1965),
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or skin grafts followed by intradermal lymphocyte
injection (Auos, 1965; Walford et al., 1965).

Recently it has been shown that antisera
from some primates can aiso react with individual
specific human antigens (Metzgar et al., 1965) and
these might be useful in that they circumvent the
necessity‘of immunising hunansg to transplaniation
~antigens. | |

The wcfk cited by Dausset, Starzl, Colombani,
"Terasaki, Cepellini, Amos, van Rood, Walford; Balner,
VBatchelor,>Goldsmith, Engelirief, van Leeuwen, and
van nghem suggests that in man tob serological
mnethods may be used to determine histocompatibility
relationships, '
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FACTORS AFFECTING THE DYE EXCLUSION
TEST FOR CELL VIABILITY

L. BLACK and M, C. BERENBAUM
Surgical Unit, St. Mary’s Ilospital, London, England

Reeeived June 17, 19631 ‘

A commonly used method for estimating the proportion of viable cells in a
suspension is to mix it with a solulion of a dye such as eosin or trypan bluc
[1, 8, 4, 6). Stained cells are assumed to be damaged and those unstained

to be undamaged.

In using this method to study damage to rabbit leucocytes by immune
sera we found the results to be erralic and apparenily in disagreement with
much published work. It appeared possible that this could be due to variables
in the staining procedure, e.g. concentration of dye, serum and cells and
staining time. These might affect the proportion of cells staining independently

of the proportions inilially damaged or undamaged. We therefore investligated .

this possibility.

MATERIALS AND METHODS

Preparalion of leucocyte suspensions.—Fresh rabbit venous blood, 20 ml, was mixed
with 4 ml 6 per cent dextran in 0.9 per cent saline (Dextraven, Benger Laboratories)
and 1000 units heparin (Heparin Injection B.P., 5000 units per ml, Boots Pure
Drug Co.). The mixture was allowed to scttle in an upright 15 cm by 1.5 cm tube in
a 37°C incubator for 14 Iir. The supernatant fluid was drawn off together with the
topmost layer of cell deposit, and centrifuged at 950 g in a swing-out head for 20
min at 18-20°C. A cell suspension was made by mixing the deposit from this cen-
trifugation with 0.5 ml ol the supernatant.

An albumin solution with a density gradient was prepared by layering 0.7 ml
of the supernatant over 0.7 ml of a concentrated bovine plasma albumin (Fraction
V, Armour Laboratories) solution [7].

The cell suspension was layered over the albumin solution and the whole centri-
fuged at 950 g for 15 min at 18°C. The leucocytes, which lay in a band above the
packed red cells, were drawn off, washed twice in 0.15 A saline and suspended in
Hank’s balanced salt solution. '

Aliquots of these suspensions were damaged by heating at 45°C for 30 min in a
water bath. :

1 Revised version reccived January 2, 1964.
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10 L. Black and M. C. Berenbaum

Staining and examinalion of leucocyles.—In each experiment one of the faclors
under investigation was varied and the others kepl constant; both damaged and
undamaged cells werc cxamined, Cell suspensions of various concentrations and
dilutions of freshi autologous serum in Hanks’ solution and of ecosin Y in Ringer’s
solution were mixed in WHO agglutination trays. The trays were kept on icc and,
after varying timcs, the cell suspensions were examined in a haemocytometer cham-
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Fig. 1. Fig. 2.

Fig. 1.—ffect of dye concentration on the percentage cells stained. Final seruni concentration
8 %. Final cell concentration 0.5 x 10® leucocytes/ml. Staining time: 60 min. Solid lines represent
undamaged suspensions. Broken lines represent damaged suspensions.

Fig. 2.—Lffect of serum concentration on the percentage cells stained. Final dye concentration:
cosin Y: 2.1 mg/ml. Final cell concentration: 0.5 % 108 lcucoeytes/ml. Staining time: 60 min.
Solid lines represent undamaged suspensions. Broken lines represent damaged suspensions.
Lines marked with the same letter represent aliquots made from the same original suspension.

ber 0.1 mm deep at 400 x magnification. The number of stained and unstained cells
in 50 Icucocytes werc countcd. The wclls were given codc numbers to avoid bias
during counting. ‘

RESULTS

For both damaged and undamaged cells the proportion that staincd was
dependent to a high degree on’lhe final concentrations of stain and serum.
Raising the concentration of stain or lowering the concentralion of serum both
increased the stained cell count (Figs. 1, 2, 3). A greater proportion of dama-
ged than undamaged cells was stained but at the exiremes of dye and serum
concentrations the stained cell counts approached each other.

Staining time could be varied between 5 and 90 min without affccling
the proportion of cclls staining in“undamaged suspensions. In damaged

Ezxperimenlal Cell Research 35 .
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suspensions, however, the slained cell count rose rapidly during the first
30—40 min after adding the stain and, wilh some suspcnsions, continucd to
do so cven after this period (Fig. 4).

Tl proportion of stained cells was oflen raised when very low concentra-
tions of cells, (less than 105/ml), were used (Fig. 5).

100

90
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Fig. 3.—Effect of simultancous variation of dye
and serum concentrations. Staining time: 50
min. Final cell concentration: 0.8 x10% leuko-
cytes/ml. Final serutn concentrations: A, 10 %;
B, 20 %; C, 80 %; D, 5%; E, 20 %; I, 40 %. Solid
lines represent undamaged suspensions. Broken
lines represent damaged suspensions.
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DISCUSSION v

The dependence of the slained-cell count on serum eoncentration in the
dyc-cxclusion test was first described by Pappenheimer [4] and has been
notcd occasionally by other workers {9, 10]. Factors that may be relcvant
arc impaired cell viability in media of low protein concentration [8], the
inhibilion of cell swelling by macromolecules [2, 6] and, where complement-

mcdiated cell damage is concerned, the anticomplementary effect of certain

sera [11].

However, it is likely that binding of stain by serum proteins is also an
important {aclor, and this phenomenon would cxplain many of the results
rcported here. In unpublished experiments with I. N. Brown we have {ound
that, if suspensions of cells staincd in low-protein media were centrifuged
and the deposits resuspended in media of high protein concentration, stain
was removed from the cells; the higher the protein concentration, the more

“stain was removed. This finding cannot be explained on the basis of a pro- -

tective cffect of scrum. - .
It is clear (hat onc and the same cell suspension may give a stained cell

© Experimenlal Cell Research 35
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counl varying from 0 per cenl lo more than 90 per cent, whether it is initially
damaged or not, depending on the concenlralions of slain and serum chosen,
Further, in damaged cell suspensions the percenlage of stained cells depends
on the time between adding the stain and performing the count. This de-
pendence is specially marked when short staining times are used.
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Fig. 4.—Ellect of staining time on the percentage stained cells. Final dyc concentration: eosin
Y: 2.1 mg/ml. Final serum concentration: 8 %. IFinal cell concentration: 0.5 % 10® leucocytes/inl.
Solid lines represent undamaged suspensions. Broken lines represent damaged suspeusions.

Fig. 5.—Effect of cell concentration on the percentage stained cells. Final dye concentration:
cosin Y: 2.1 mg/ml. Final serum concentration: 8 %. Staining time: 60 min. Solid lines represent
undamaged suspensions. Broken lines represent damaged suspensions.

It is only within cexlain limits of variation that this test distinguishes dama-
ged from undamaged cells with optimal cfficiency. It is possible that these
limits vary with the lype of cell used, ils species of origin, the nalure of the
suspending medium and the stain. The limils may be relatively wide for
some cell types. FFor instance, undamaged ascites tumour cells are readily
dislinguishable from damaged cells by the dye-exclusion test even in the
absence of serum. Possibly the dye-binding capacity of undamaged ascites
cells is very low or their viability is relalively unimpaired in the absence of
scrum. With such cells the results of the test do not depend critically on
technical minuliae. For other cell-types, however, the limils may be relalively
narrow, as in the experiments reported here. Our results suggest thal it is
advisable to establish what these limits are for the particular material under
investigation before using the dye‘exclusion test. ’

Experimenlal Cell Research 35
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SUMMARY

The influence of four .factors on the dye exclusion test for cell viabilily
was invesligated. Kosin coneenlration, serum conecentration, ccll concenira-
tion and slaining time were each varied in turn o assess their effects on the
number’of rabbit leucocyles staining in damaged and undamaged suspensions

Stained cell counts tended to be high when high concentralions of slain
andfor low concentralions of serum were used, and vice versa, irrespective
ol whether suspensions were initially damaged or not. The stained cell counts
of undamaged suspensions were not allecled by staining times up to 90 min.
In damaged suspensions the proportion of slained cells increased with the
slaining time. Stained cell counts tended to be high when very low concen-
trations of cclis were used.

We are grateful for financial assistance from the Medical Research Council (to
M.C.B.) and the Animal Health Trust (to'L.B.). Technical assistance was provided
by Mr. S. Verjce.
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