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* Abstract ' — | IR -

s . .
* o8 . Lo

Discrimination‘ was achieved at the level of the

erythrocytes and lymphocytes between establ1shed " Fines of
Cotumlx cotur'nlx _]apomca prev1ously 'shown to be internally
hlstocompat1ble wnth;n lines and histoeincompatible between
lines by skin grafting_experiments. B
Twenty'fourvlectins failed to show differentlat}on " of

the red blood cells (RBC) of these quall lines in

agglutination tests. The 1lectins either agglutlnated all

RBC s ‘or they did not agglutinate: any RBC's. ' | ‘)r
Ant1 ch1cken lymphocyte and RBC B blood group 2/2,

14/14 15/15, 19/19, and 21/21 monoclonal ant1bod1es falled

to react with the'lymphocytesl of- five llnes of Japanese

>

quail.t : ' o ' o - o,
' Alloantlsera were developed against five quail ' lines.

Much of the extensive cross-— react1v1ty demonstrated in the

/»

RBC hemolysis tests was lost following absorptlon 'of the
_ ) - . _ A .
‘antisera with RBC's of the remaining histoincompatible

“lines. Line-specific RBC activity remained, but at .:low e
‘titers. - ‘ o o

After similar absorption with whole blood from the ey
histoincompatible lines,: : liné—lymphocyte * spec1f1cr«,

—-—
N

alloantlsera were developed. Contrary to earlier reports, a»
. ? Ny
rap1d A reproducible, accurate, and extremely sen51t1ve

' complement -mediated lymphécyte cytotoxicity test ;“was:w-/}
P I

(e

developed using quall lymphocytes, quall alloantlsera, and

.

a5
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rabbit ‘complemeént. This technique proved to be a more

- desirable_fonﬁ_ion_ﬁiﬁfenentiating_bexyﬁeﬂLguajj_jings than

:conventional typing methods using .the less sensitive

~

. enythrocyte{tests. The conditions of and the results of 'such

ests are reported herein.

-

v
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I. Introduction

While chicken blood grouping -has been studied

extensively (Wong et al '72, Schierman & Nordskog '62, '65,

Gilmour et al '76, Fredericksen et al '75, '77), there are
only a few studies of‘blood-groups in the Japanese‘ guail
(Mizutani et al '77a, b, c,  '8ic, Perramon et al ;66,
éerramon '69, '75, Kétoh\& Wakasugi '80, '81). Mizutani Jet
al ('77a) tested the extracts of 84 plants for their ability
to agglutinate erythfocytes'(RBC) of five strains of"quailf
Some lectins agglutihatea the RBC's:of some individﬁals of
‘either sex or the ‘RBC's of some females whose reaction
| depended‘ upon their laying status. Blood_groups‘éetected by
-the'?HA's.of'peanut, soybean, and;Naematoloma/;subfaterifium
wére found to be under thé cohtfol of simple éutosomél geneé_
‘(Mizutani'ét‘al"77b, é, & '8ic). | | l
P;rramon ('75) - described four qﬁaii blood group
systems, A, B, C, &D, détected' by hemagglutiﬁation with
alloantibodigs produqéd byl immunization with whole quail
blood. The A system includes antigens A;, AV , A?, A, and
Al The - B system is represented by one antigen, B’,‘which'
segregates with A?: The C RBC biooa group was' foUnd.%onlYf
once, and is yét to be“reprodﬁced, while the D group bcéurs
"fﬁeQQently aﬁd appears complex. The latter group,»requires
further uinvéstigation. All" four blood group éystems are
thought'fowbe autqsomél and genéticallyiindepeﬁdent”altﬁéugﬁ

some linkage is seen through~segregatioh.‘
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. Katoh & Wakésugi ('80) immunized guail, rabbit, and
Holstein cows with quail ‘RBC susﬁensions. The,épecificity of
~

each antiserum for A, B, & C antigens, as. detected by

hemagglutination, was the same as that originally detected

by‘nétural antibodies. Katoh & Wakasuwugi. ('81)  immunized
quail ' with quail lymphocytes and obtained rebfoducible
antisera which defined lymphoéyte an;igehs Ly, and Ly,. Ly;

and Ly, antigens>were found on RBC's, leukocytes, and spleen

cells and are: thought to be ‘controlled by co-dominant

autosomal genes.  The Ly, speéifityfshowed a similarity to
the A specificity. }

To date, none of the quail bléod group systems have

- been described in the context of their possible importance

or their physiologic or ,immunologic Sighificanpe. The
published descriptions appear as isoiétgd cases " and

confusion arises from theAtérminology used. The terms used

'by Perramon, and Katoh & Wakasugi,ie;g. the A, B, & C blood

3 .

" group systems, may refer to very different antigen,SystemsQ

These studies have concgntrated on blood antigens located on

“the surfaces of RBC'suyand use hemagglutinatiod.assays.

Furthermore, even though tested with numerous strains .of .

quail, there have been no attempts,to relate blood g:oupsAtd

"histocompatibility comparable to what has been done for the[

B system of the chicken (Pazderka et al '75).

The presént'Study compéres inbred lines of quail which

are ~internally histocompatible and. ﬁutUaliy

Histoihcompatible (Sawadé et al,.;unpublished) by: 1)

./.
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hemagglutination with lectins, 2) RBC hemolysis with
‘alloantisera produced by immunization with thymus and splee
cells, or whole blood, and 3) complement-mediated lymphocyte o

cytotoxicity with these alloantisera.

L



11. Materials and Methods

A. Experimental Animals

‘Inbred lines of .Coturnix coturnix japonica,_ established
at the‘Universitonf Aiberta by full-sib matings,'uere used
in this study. Four highly inbred lines were-found‘to be
"histocdmpatible'withih.lines'and histoincompatible between
the linesaby_skin graftiug expetimehts (Ssawada ethai). These
| lines,Were designated.lines‘(L) 11, 27,'71, and 75. L 993;as
"~ used in a'sebondfset of immunizations and originates,fro@ a .
vcross‘between:L 11-and L 84 fromhuhich'the Z 11 hohoZYgotes'
were recovered. Two partially. 1nbred llnes, L 68 and L 70
were also used 1n the lectln RBC agglutlnatlon experlments.

AN

Blrds used 1n thls study from L 11 and L 27 were inbred to
W

12 13 generatlons whlle the remalnlng 11nes used were’ 1nbred,
to 5-7 generations.

!

BﬂbBieedihg

_fOne ml ‘bload samples were obtalned from the jugular‘.“‘

arre”

"_velns of the quall\in 1 ml syrlnges (no 23g needle) u51ng'

‘either 0.1 ‘ml heparln (100 un1ts Organon Porc1ne mucosa

' extracted heparln) or - O 1 ml 10% sodlum' citrate . in. . Glbcofaf

»

0. 75% phosphate buffered sallne (PBS) as the antlcoagulent"

’51nce both were found to be equally effectlve' Blood samples



‘were washed three times with PBS with the exception of: the

blood samples prepared for complement-mediated RBC

hemoly51s. It .was found that RBC integrity could be

maintained for longer perlods when the RBC's were suspended

»

in_~PBS~—rather-wthanw—ordlnary_Or75% saline._When_ necessary

<=

Lectins prepared from plant extracts

blood samples were stored in 0.02% sodium azide-at 4°C for

\

periods not exceeding one week. . !

C. Preparation of the Lectins

.h

Commerc1ally prepared lect1nS'

Commerc1ally prepared lyophiiized lectinsiwere‘weighed

" out and dlssolved in PBS. The pH's of the lectin solutions

varled-bfrom 6&5—6.8; When .not in use, these lectins were
stored according to the manufacturers',instructions,

P

"(i)Lectin extracts obtained from M. Mizutani

Extracts from M. Mizutani' were divided into 1.0 ml

“aliquots and stored 'at. -10° C Prlor to use, the extracts
vwere thawed and centrlfuged at 1000 rpm for .15 mlnutes’ to _

remove .any prec1p1tates formed An IEC Centra 7R centr1fuge,d

was used for all centrlfugatlons less\than 4000 rpm and- a

‘N1ppon ‘Institute for Blologlcal Sc1ence, Kobuchlzawa



. K H Co
,A » M §

Servall superspeed RC- 2 was used for centrlfugatlons at 4000

rpm. Tne extracts vere. subseqﬁently diluted w1th PBS where“"

b
o A s L o
necessary. _ 4

v. ; ) a
i

;s - L4
2 ” . B3

111)Lect1ns obtaJned_from seed and_ rootﬂextractibns

>

Crude seed and root extracts were prepared by slight
modlflcajlons of MlZUtanl et al (' 77d3» Seeds or rpots were’
soaked in ‘0.75%. sallne for 24- 48 hours and then homogenized
with an equal vo}ume ‘of PBSu,The homogenate was filtered
through Whatman no}13 filter paper. Extracts were obtained
byh eentriﬁuging' the, homogenate at 3000 rpm for 30. mlnutes,
followed' by heatlng at dO°C for 30 minutes, and once aga1n
centrifuged at 3000 rpm :br jO minutes. Theusupernatants

were stored at -10° C
'D. Trypsin Treatment

Non-reactive lectins were tested again following

treatment  of - RBC's ‘with  trypsin and neuraminidase.‘

:’Tryp51nlzed RBC's were prepared on ‘the  day  6£ " the

aggiutlnatlon test accord1ng to the method descrlbed by Lls

~and Sharon ('77). RBC' svwere.collected from a blood 'sample-

.by. cenfrifugaticn at- 20003>rpm for 5 minutes- atﬁgrodm>
vremperature in a c)inical eenrrifuge and.‘washed 3-4 -times
with.i0r75% saline The washed RBC's were suspended in PBS
(to give a 10% RﬁC suspension). To TQ .min of tne’ RBC

suspension was added 1 ml of a 1% solution of trypsin\



(Bovine_pancreas, Type III1, Sigma) 1:99 PBS, and the mixture
was 1ncubated for 1 hour at 37°C. The tryps1nlzed RBC s were
washed 4-5 tlmes with 0.75% saline to remove the last traces

of trypsin ‘and were suspended 1n_PBS to give the standard

-

RBC suspension;usedwjn_legtin;BBC_agglutination tests (i.e.

N

0.5%).
E. Neuraminidase Treatment - -

Treatment of RBC's with neuraminidase (Clostridium

perfringens, Type VI, Sigma) was carried out as deSCribed”by

v

Stratton et al ('73) by miking 2 parts of a neuraminidase;p
solution - (2. units/ml dH,0) with 10 .parts of a 10% RBC
suspension' previously'-washed ~ twice w%th' PBS. :After'
inoubation, for 1 hour'at'37°C, the_cells'wereuwashed with 4

. o
changes of PBS and suspended in PBS to give a 0.5% RBC

! s
suspension. S : | ' . R

‘_F? Erythrocyte Agglutination Tests

{

Agglutination_ tests, were performed in Cooke-(Dynatech

Labs) polystyrene 12.7 x 9. 5 cm, 96 rounded -well microtiter

"plates. The tests were performed by twofold serlal dllutlon‘
of the lectln solutlons 100 mlcrollters (ul)_ of a 0.5%
fquall RBC suspen51on"were added to 100 ul of each of the

.dlluted lectin soluglons. ‘The mixture was shaken' manually,'

left for one half hour at room temperature and shaken again.
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{ : :
The mixture was incubated at room temperature for one hour
after which the agglutination pattgrn' was recorded. The

plates were covered with plate covers and cellophane to
prevent dehydration and were then incubated overnight at

LR

4°C. The .agglutination - pattern was then recorded again.

RN ) 3

. /
Controls consisted.bf blood samples in PBS.

G. Immunizations and Alloantisera Preparation
. = . : ’

Alloantisera were prepared by intraperitoneal injection

‘(1P)’ with 0.5 ml whole blood or spleen and ‘thymus cell

suspension. Thymus and spleen were removed and cut into
small pieces with fine scissors. The tissues were passed
thfough a nylon sieve and flushed with 1 ml Hanks (Gibco) -

0.75% PBS (HPBS), washed in HPBS twice, and adjusted.to

- 10%-10° cells/ml. The igmynizétiohs were ﬂairectedl=towa:ds

preparing - line specific anti 1#, anti 27, anti 71, and anti

i ’ "’f N B : - .
. 75 antisera by ‘doing the immunizations between lines (e.g. L.

11 cells 1into L 71 recipients). Recipients were immdhiged

once a week for a period-of six months.

The~;first antisera were not collected until-the birds
thybéen i;muniZed weeklyvfor a'périod of two months. Oné ml
blo?dw'Saﬁﬁieéy were collected from the jugular Véfh'witﬁ
sodihm citrate 2 days after.theréeekly booster. One batch of
éptisefal waé collectea .3 aaYS"after_ the weekly booster

immunization to determine if 48 hours was sufficient time to

produce potent antiserum. .



The blood samples were spun down at 1500 rpm for 10
minutes and 0.5mM calcium chloride was added to the
supernatahts. . to precipitate, fibrin. The antisera were

collected from the supernatants\following centrifugation at

- .

4000 rpm at 4°C for 20 minute Initiélly, four antisera .

N—"

were produced against L 11, 27, 71, and 75. The antisera

from each line were pooled and stored at -70°C. In addition,
normal or non-immune sera were collected from éach line. For
. ' , . ‘.

use antisera were thawed and any precipitates present were

removed by centrifugation at 4000 rpm at 4°C 'for 20 minutes.

. The ‘antisera were heated at 56°C for 20 minufes to

inactivate any endogenous éomplement. Precipitates formed by

this heating were also removed by centrifugation at 4000 rpm

for 20 minutes. Only males were used for immunizatioﬁ%‘as
blood colléc;ed from males containé'veryolittle lipid as
compared'to that of females (Schram and Christenson '71).

The level -of circulatings antibodies in laying females is

less than that of males (Perramorn '66) and in this study.

"females were reserved for breeding. -

H. Preparation of Monoclonal Antibodies

'Mousé monoclonal antibodies to chicken ‘lymphocytes and

- RBC B blood grdups were_'génerously ~provided by Dr. B.M.

Longenecker.?  Mouse . éﬁti—chicken lymphocyter monoclonal

antibodies were  of two ~sources, -ascites superpatant or

*(University of Alberta, Edmonton)
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culture Mmedium supernatant. The ascites supernatants,
obtained frozen, were thawed and diluted 1:500 in‘PﬁS + 5%
FCS for use.‘Culture supernatanﬁé, obtained and stored étl
4°Cc, were used undiluted. Mouse anti-chicken RBC B bléod

group. monoclonal antibodies Ch 62 (14/14), Ch 45 (15/15),

and Ch 32 (19/19) were diluted 1:100 in PBS + 5% FCS while
Ch 5 (2/2) and LC-5 (21/21) were di;uted 1:500.in PBS + 5% -
FCS. All remaining éntibody "solutions were,stﬁréd frozen
after use.

I. Complement-MediatedpErythrocyte¢Hemoleis y

~

Complement-mediated ° hemoiysis tests were 'performed
similarly to that already described (Garvey et al ;77).
Antiserum (100 ul) diluted with modified barbital buffer
(MBB) wasv‘addéd to gigés test tubes (6 x 13 mm). An equal
volume of MBB containing 1% RBC's, previously washed  'three
times in HPBS, was added to the antiserum and mixed by 
inQersion. The tubes were incubated at room temperature ~for
10; minﬁfes and 100 ul bf.guineé}pig.coﬁplémeﬁt (Flow Labé),
diiuted 1:4 with MBB,Vwere added. The tube$ were inverted

)and incubated at 37°C for 30 minutes and centrifuged ‘at 1500
rpm for 10 minutes. The colour intensity vwés‘ scored by
cohparison with contfols.vCon;rols included fubés contéihing
the same mixture minus complement, minus antiée%um, or minus

'both antiserum and complement;
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~J. Preparation of Quail Lymphocytes
The Ficoll-Hypaque ‘method  was used to isolate
lymphocytes from whole blood (Lightbody /76, Amos & Pool

'76). One ml of whole blood from non-immunized birdsd was

spuh down at 1500 rpm for 10 minutes. The buffy coat was
mikedbwith an egual volume of RPMT 1640 medlum '(GleO)
containiﬁg glutamihe and buffered to a‘pH of 7.4 with 0.20mM
Hepes (Sigma). ' The mixture was carefully layered on an equal.
volume of Ficoll-Hypaque (Hlstopaque, Slgma) and centrlfuged
at 2000 rpm for 12 minutes. . The interface containing
lymphocyfes .was collected - and washed three tiées i% RPMI
medium, It was found that cell‘viébility could be inCreased
by - suspendlng the lymphocytes.in ﬁedia rether than in HPBS.
After washing, the'lymphoqytes were fesﬁspendedlin‘1 ml of
media. . The -number 'of'viable cells was eouﬁted.ih a trypan
‘blue‘of eosin solutiod by their ebility to exclude these.
‘dyes (Terasaki & McCieiland.'64) using. a hemOcytometer, a
Wild microscope, and a 40x 6bjective, and then adjdstéd to
10°¢ cells/ml' with RPMI. fQuail lymphocytes tested with
monoclonal antlbodles were obtained as descrlbed above, but”'

‘were suspended in RPMI + 10% fresh fetal calf -serum (FCS,

Gibco).



1,

K. Preparation of Chicken 'ymphocytes

[ 2
“

Chicken  lymphocytes, isolated _from blood Samples
(Ellerslie Fa;ﬁs,,Uhiversity of Alberta) as described for

the isolé;ion of quail lymphocytes, were‘suspended in RPMI '+

5% FCS and adjusted to 10¢ cells/ml.

v
L. Complement-Mediated Lymphocyte Cytotoxicity
.1
The lymphocyte cytotoxicity test was somewhat ‘modified

from the one previously described (Mittal et al '68, Gorer &

'Gorménv'SS). Mfcrodrop;et'Terasaki plates (Falcon 3034) were

prepared by filling the wells " with 5 Ul paraffin -oil

(Fischer Scientific Co.) to prevent evaporation. One ul of

‘antiserum was added to-the~wélls; One ul of the lymphocyte
-susﬁensioh was subsequefitly added to each well with care

- being taken not to touch the antiserum. The plates were

manuaily shaken to ensure mixture of‘celis with réntiserﬁm.;
The plates were‘ incubated aﬁ_ room: temperéture for 30
minutes. Five ul~ of - recon§tituted irébbit- complement
(Cedarline Labs) diluted 1:32 with ice-cold, distilled water

were;then added. The blafes were -shaken and incubated at

room temperature for one hour.. Two ul of .agqueous eosin were .

then added. After 3-5 minutes 5 ul ‘of 40% formaldehyde,

adjﬁsted to é pH of 6.0~7.0 with KOH, were added. A 50 x‘75'

- mm coverslip was lowered onto the wells. Controls consisted

~of wells containing! lymphocytes in RPMI, tests minus

‘\ ‘ ' . . '

X .
Y
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complement, and tests minus antisérum. - ‘ -

Reactions were ‘read yith an inverted Wild phase

contrast microscope . using a 40x objective. 'Living-

'lymphocytes'were refractile whereas dead lyﬁphocytes'stained

with eosin. A further indication of lymphocyte viabi}&ty was

-

. antiserum in parallel with normal serum for each line.

cell size as indicated by other authors (Teraéaki et.al 60,
Walford "60). Living lymphocytes’ vere smaller than dead
lymphocytes. A negativé score was. one‘ in which the cell
viability. was thé.\same as the controls. Maximal cell
survival in controls was 95% and minimal cell sur§ivél was
75% (5-25% killed). A positive score was one in which the
reaction was clearly different from the controls (25-100%
killed). a weakly positiYe score‘ﬁas one in which the cell
deéth was only slightly greater than controls'“(25—40%
killed) and such scores Qere noﬁed as negative sépres.:
Repgeéentat{ve negafive and _pos&tive reactions ngeg 
phbtographed with Ilford Pan F' 50 ASA ‘film’ at -400£H

magnification on a Zeiss photomicroscope III.
M. Charaéterization of the Alloantisera
- To ensure :that reading represented the effects of

antibodies, lymphocyte éytotdxicity” tests were run with

-

The cross-reactivities of the antisera were examined by

testing a two-fold serial dilutions of each antiserum with

" all lines.
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RBC—specific 'ahd lympho¢yte-specific alloantisera were

prepared by -absorption according to the method descrlbed by
-3
Katoh & xﬁakasugl; ('81). RBC spec1f1c alloantlserum was - .

prepared ‘for hemolysis by absorptlon with combinations~ of

4

“RBC suspensions from— the—~~hlst01ncompat1ble———l1nesT_“~___
Lymphocyte—specific alloantlserum was prepared for
cytotoxioity by absorption"by one of two ways. RBC's and
1ydphocyte suspensions from eaCh line were separatedb via
%ﬁooll*HYpaque.- Each‘ ant}serum was absorbed first'Witb the -
" combined RBC ‘suepensions‘ from ~the remaining
hiétoincompatible ‘lines and then the partly'.absorbed
antiserum was 11kew1se absorbed with the combined lymphocyte
'Suspensrons from the hlstolncompatlble llnes. Alternately,

each al}oantiserum was absorbed with whole blood suspen51ons
from the,‘histoincompatibie- linée.-fin eaoh case the blood
suspen51ons (RBC s, lymphocytes, or’ whole blood) -were"made
into  a 1% solutlon with HPBS. Three ml of each: comblnatlon

of blood suspen51ons were Sspun down “at 1000 Crpm for "3
‘.mlnutes. The supernate was discarded as cleanly as p0551ble.

Two hundred‘ul of the approprlate antiserum, prev1ously

* heated, ﬁere 'added -to ‘the blood mixthre. The mixture was.
Mincubated,at”4°C'for one‘hour~-with several shaklngs.‘ The
absorbed - alloahtiserumivﬁas'.obtalned by centrlfugatlon at __'.
‘_JOOOVrpm for‘15 minutes. Ip‘ addition, alloantlserum‘:wasﬁ

absorbed with isolated. RBC's _from-within histocompatible.

- lines.
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N. Reproducibility of Alloantisera Preparation'

A 'second group of birds, L 71 and L 99, was immunized

lacCording .to the procedure outlined above for the

‘preparation~+and—~collectionfo£¥line-specitic;alloantiserum‘4—~f~
The birds were immunized’for ten weeks.'mThe antlsera ,were
collected follow1ng e1ght weeks of 1mmunlzat10ns and used in
,lymphocyte cytotox1c1ty tests. The sera .;ere tested for-
potency against normal' antisera and cross—reactivitvaith

the remaining histoincompatible lines. Lymphocyte—specfflc '
alloantlserum‘ was prepared by absorbing each antiserum with

whole blood from: the remaining histolnCompatible linesr

\.)'

O;‘Cytotoxicity_TeSts with Monoclonal Antibodies
Cytotox1c1ty tests with monoclonal antlbodles were done -

in two ways. The first is that descrlbed above and the -

second is slightly modified from. that described by

Longenecker ' (personal communication). For simplicity, when °

o referring'to thotoxicity tests with monoclonal ant’bodies;

.the test descrlbed by the author will be referred to as the
_ room temperature (RT) cytotox1c1ty test whlle the modlfled
test accordlng to Longenecker w1ll be referred to as the.'
'.heated (37°C) cytotdiicitj‘ test. The. test condltlons
described by Longenecker were malntalned The volumes were
»reduced but the. ratlos of volumns malntalned so that tests

could take place in ATerasakl m1crot1ter plates. F1ve ul
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paraffin oil were added to each ¥ell and 3‘u1 monoclonal
antibodies (diluted.as descfibed.aboye)‘were added. One ul
lymphocytes was added and theb cells and antibodiés were
‘A1ncubated at room temperature (RT) for 1 hour after which .3

Ul __rabbit complement diluted 1:16 with PBS + 5% FCS were

added The mlxture was 1ncubated at 37°C for 30 m1nutes. Two
‘ul e051n were added and after 2 3 mlnutes 5 ul formaldehyde'
‘were added to fix the -cells. Reactions vere scored v1sually

//,,as ‘described earller on a W11d phase microscope w1th a 10x

S

~or a 40x:object1ve. Controls were cells + complement, cells
dlf antlserum,‘_vand reaction 4conditions with chickenh
lymphocytes. Qua11 and chlcken lymphocytes were tested with
mouse ant1—ch1cken RBC B blood group‘monoclonal‘antlbodies
in both the RT and the 37° c cytotox1c1ty tests ~while 'quailf
1and chlcken lymphocytes were tested w{th mouse, ant1 chlcken
- T- cell monoclonal antlbodles in the RT test only |
Quall and - ch1ckens used ,in_ tests w1th monoclonalor»

'antlbodles are . 1dent1f1ed in Appendlx 5.



ITI. Results

A. Lectin-RBC agglutination

-~

Twenty five: lectlns were tested for ‘their ab111ty _to
» differentlate between qua11 RBC S, The lectlns examlned can
nbe'grouped into two categorles.(Table 1. Certarn lect1ns

"eggiutinated iall qnaileBC'Sjregardless.of line.or_sex and -
the-remaining iectinS’failed,to,aggintinate any quaii RBCIs
regardless »of line or‘senr,bifferential-RBC a?glutination_

was not ev1dent among :femeles. rThe' non- react1v1ty _'by;‘

' ;ectins; 'which_ previously ’did, nOt'.agglutlnate all quall rz
‘RﬁCfsJﬁdid/not' change wheni:tested‘ w1th tryp51nazed andl
yigneUramﬁnidase treated 'RBC' s. It was not’ p0551ble to conflrmﬁ_
‘1differentia1 agglut;natlon of_RBC‘s by lect;ns_ es reportedf

by others (Mizutani-et al ?77a,b,%J.& '8ic).

'B. Alloantiserum production

Ty

In the present study alloantlsera were ea51ly obtalned

"Because of the small quantltles of antlserum obtalned fromf;v'

‘:1nd1v1duals, _the“ antlsera' were pooled L 71 was chosen as
’ the alloantrsera‘produc1ng llne for L 11 27, & 75 and L 75
- as theu alloantlserum produc1ng line :for, L 713'Antlsgra;
{oolleoted’éfor étdays follow1ng ,weekly 'immunizationl'were:

“"equelly. pOtent.'vAll/ blrds ‘used in .complement—mediatedh

17
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‘hemolysis'and/”lymphocyte] cytotoxicity~'are" identified in

Appendig 2 and all antlsera are listed and characterlzed 1n

%

“Appendix 3. The antlsera are numbered to correspond to the i

' way they appear‘ln Tables 2,through 12, ' f_ | N

-C. Complement—mediatedZRBC-hemolysis o e

Line . discriminationv was ‘seen in RBC hemolysis-tests.
| Complement medlated hemoly51s tlters were hlghest for testse
"WIth _ant;serum »produced .aga;nst vthat llne and RBC (S from.
' fthat.line (Table H2);'-Indlvldnal 40 was tested v‘two
‘separate occasions" and gave - the same t1ter 1llustrat1ng thew
reprodUcib;llty 'of"the  test. In .alli cases - ‘normal“
h(non—immune) :seraf>falled ,tov.react. ;Three controls were
rconducted conslstihé 6f£~cells*invMBB (Ci), cells lncUbatedv-
rw1th ]antlserum (Ci),_ and‘ cells 1ncubated w1th gu1nea plg
‘complement at 1'16 (Cs ) All controls were negatlve,;
All cross- react1v1ty ‘was lost follow1ng absorptlon of
each antlserum w1th RBC s of the llnes other than the:;ohe

'used fforg 1mmunlzatlon (Table _3). What remalned was line

'spec1f1c RBC act1v1ty w1th tlters that were less than those"

) 'Tseen ‘i"-Table 2 Controls were the same as those descrlbed

o above and all were negat1ve.‘

. 1= '
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D. In Vitro Quail Lymphocyte,survival

Quall 3 lymphocyte surv1va1 "in vitro' was -precarioust‘

Surv1val depemded greatly ‘on the concentrat1on of FCS in the

) medlum. ‘Quail cells suspended in. RPMI or RPMI + 5% FCS o

remained v1able (up to 95% v1able) when ma1nta1ned at 4°C or .
room temperature.v Such cells dled 'if heated at. 37° C
Surv1val after heatlng at 37° c could be 1ncreased to 60—70%

“when thev cells were suspended in RPMI + 10%; (or more) FCS,

'but concentratlons of FCS - greater than 5% caused cloudlness f'

that obscured V1sual scorlng of the cells
E.:Complementemediated,lymphothe cytotoxicity
. . ; . ‘. . ) “' B o ] 5 )
,In',preliminary"complement4mediated lymphocyte thotoxicity
'testsrittwas found that. -whenever undiluted},‘reconstituted7§l
rabbit complementf was' present- all Cells were destroyed.

p”Cells burst and only cellular debrls and fragments :were

. “vv151ble. Rabblt complement was tox1c to quall lymphocytes. _

G

:Thls was prevented by dllutlng the reconstltuted complementd

f'w1th dlst1lled ice;'cold water.’ Table 4 _1llustrates a

Ugradatlon of rabblt complement dllutlons prlor to 1ncubat1on

: : , : b _
- with . lymphocytes_ to determ1ne.'an, endp01nt where; cell. -~

'1deStruction'fdid' not occur. Follow1ng 'ada dilution iof-

complement ‘t6_1;16, cell destructlon d1d not occur in 12 of__“

13 tests. Ind1v1duals 14 and 41 ~gave, the» same endp01nt of

o

. loss of .complement- toxicity when tested a’ second tlme.:A"’
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'1;32 dilutjon of‘rabbit complement was chosen forhuse in all
: futurevlymphocyte'cytotoxlcityitests; |
| A serieS»‘of' Cytotoxicity‘tests with alloantisera was
b‘performed over a range of complement dilutions (Table‘.S).'

Tests ‘were positive w1th complément dllutlons greater than

1:16. However, 6 of 15 caSes;showed some cell destruction at
complement dilutions' 1:16 and 1:32. Individual 14 gave the

same reSultS' when -tested a  second time. The ,range of
complement dilutions in which Cytotoxicity tests were

p051t1ve (Table 5) matches the rangeé of non- tox1c complement

- dllutlons (Table 4)

Flgures‘ 1 tov‘3‘ 1llustrate lymphocyte cytotOQicity
tests. Flgure A shows a p351t1ve scorlng. A negatlve scorlng*"
7ls‘shown,1n_ Flgure 2.} P051t1ve, stalned and_ negatlve,'li'
_'unstalned cells are shown together in F1gure 3 ‘ _ “

Complement medlated g lymphocyte cytotox1clty 1tests
showed llne "-spec1f1c1ty, :a_f-moderate o degree ~of
cross- react1v1ty, unreact1v1ty of normal serum, and negatlve

‘}controls .(Table 6). A str1k1ng feature of th1s assay is.its .
hiwgreater sen51t1v1ty as compared to the» complement medlated:’
:”hemoly51s test (Table 2) T1ters 1n cytotox1c1ty tests weret_
5g7;§ tubes greater. Ant1 71 antlsera_ dld; not. show, any:'
lecross react1v1ty and'gfl ant1 75 ,"'antlsera_c 1rshowed
”qfcross react1v1ty from L 11 and 27 only Indiwidnals.'B;g 21,
and 4. gave'.thef.same or. 51m1lar tlters when tested twice -
w1th thelr respectlve antlsera.vControls were' cells 1n_RPMI'

(C ) ' cells ~1ncubated. wlth antlserum (Cz),.'and' cells
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°

incubated with diluted rabbit complement'l;32T(C3), and all
were negative. | |
Lymphocyte cytotox1§1ty was ;. strongly 'line specific

after the absorptlon with RBC's from hlst01ncompat1ble llnes

(Table 7) yet at titers lower than for unabsorbed antlserum:

(Table 6) and some’ cross-reactivity . 'remalned.

g

dCross react1v1ty was . lost with ‘further absorption,oflthe

| partly absorbed antisera with' lymphocytes_ from theb
,histoincompatlble lines (Table 8)) Line¥specific’activity
remalned but at yet further reduced tlters.f Absorption‘-of"
7;antlserum w1th whole blood from hlst01ncompat1ble l1nes was

‘;performed (Table 9). Slmllarly,._thef two step absorptlon'

V(Tables‘ -7 &»d8)” w1th whole blood from 5the~'rema1n1ng-

/

'f,hlst01ncompat1ble lines reduced cross-reactivity. L 11 and L

99 showed rec1procal cross react1v1ty to the_same extentp
';after absorptlon. | . o |

rIti appears -that there ex1st seyeral.kquail<mbloodx‘
antlgens. These ‘can be; grouped 1nto ;CJ)' common ’quail5*
u:antlgens present on all RBC's amd lymphocytes (Table 6), (2)
: common quall RBC antlgens (Tables 2 10) (3) llne spec1f1c'f

:dvquall',RBC _antigens (Table 3) (4) common qua11 lymphocyte

.

antigens. (Tablee-7)}' (5) 'llne—spec1f1c quall lymphocyte,e'

’and lymphocyte antlgens (Table 10)

-

w

fantigens (Table 8), and (6) shared l1ne spec1f1c quall RBC,,;"
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"Effect of Age on Cytotoxicity

IS

//F\ /- The effect of age ‘was examlned on guail alloantlserum‘

productlon and lymphocyte react1v1ty in complement mediated
cytotox1c1ty (Table 11) Whlle lymphocytes of young and old

quall reacted equally well .in: alloantiserum cytotox1c1ty
; P

tests, the. productlon of potent alloantlserum decreased with

- 1ncrea51ng age as shown by an 1nd1v1dual 1n Table 11. -

.

"Naturally Occur1ng Alloant1bod1es

'A search _was made for - naturally occ rring .
alloantlbodles like those reported by Katoh & Wakasugl (' 80)

‘between the llnes - of quall (Table‘ “12). All lines were

» subjected. to complement medlated lymphocyte cytotoxicity

tests w1th normal serum from each of the f1ve quail lines.

‘No naturally occurrlng alloantlbodles were found

F; CYtotoxicity Tests with Monoclonal Antibodies

Mouse f ant1 chlcken lymphocyte monoclonal “antibodies

3 fa1led to react with all QUall cells 'testéd }(Table: 13).

Controls:_con51st1ng of quall cells plus complement cells

pIUs'antiserum, chicken‘ lymphocytes plu5‘ complement, and S

‘fchicken.,cells',plusl antlserum_ were also negatlve Chicken

‘lymphocytes ~were positive'jwith antlsera from  ascites

wSupernatants 1(i4ca' V24céo 24c31 and some ;24c35) and

culture med1um supernatanys 7(2Sc23, 26C1,  26C10, 26c22,;f'

o

26C23 26C27 26C34,v26C35 26C36 26C43,~and 26C45)
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1

. - Mouse antifchicken RBC B blood group monoclonal

~antibodies’faiied: to react 'with'.all guail add chicken

lymphocytes tested b§ both the RT cytotoxicity test and‘the‘ -
'37°C test (Tables 14 & 15). All controls were nedative.
1A



IV. Discussion

n

¢

The present study examined a family of histocompatible
lines "of‘ Japanese quail in an attempt to detect

line-specific‘ molecular markers on the surfaces  of

erythrocytes Jor lYmphOCytes. Such“markers_copld“provrde;an“—““—~-

effrc1ent method of selectlng and matching: histocompatible
guail ~and mlght ‘cpntrlbute'v interpretatively‘ usefnl .
_information.

vBrllesv et al l‘SO) showed the existence of inherlted
RBC molecular markers deflnlng the B system, whlch was later
- shown to be representatlve of the Major Hlstocompatlblllty
Complex lMHC)-of}the chicken. Oneh_wouldu expect to - find
‘co 1nher1ted molecular ','markerS‘-‘vassociated ' with
hlstocompat1b111ty in ‘quail.’ | . |

Lectin-sugar 1nteract1ons | can  be flitened. ‘to.

antibody;antigen interactlons by their ‘Specificity ' for'
sﬁgars .on - cell'.surfaces and the presence of two b1nd1ng
.sites aslhas been seen for ConlA and soybean lectrn. ‘They

are unlike antibody-ahtigen interactions in ‘that their - -

e

v:blndlng sites are. homogeneous and- iaentical : Studles 'Qf
lectln—sugar reactlons ‘can .serve as a model for and prov1de
‘1nformat10n relevant to antlbody antlgen reactlons (Sharon &
LlS '72). Lect1ns, or phytohemagglutlnlns,‘are prote1ns that
have the ablllty,to.agglut1nate cells, partlcularly RBC' s.l
Their availibllity, .diversity, and sugar spec1f1c1ty make

them excellent reagents for blood typlng (Boyd '63).

C .24
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Human blood groups A, B, o, Q\;& Le (Boyd '63, Bird.

/ . _ :
'59, Boyd & Reguera '49, Ottensooser & Sato '63) were

'detected by hemagglutlnatlon with lectins. Blood typlng with

lectlns has been extended to anlmals such as ‘mice and blrds{

Mizutani - et al ('81b) tested three 'strains of mice:

(BALB/c-hr, dd, and wild) wifhf;ﬁﬂﬂw_phytoﬁemagglutininS.
Aithbugh he was unable to detect 'strain differences,’
_individual differences were found' Lectin from tbe peanut
‘(A ’hypogaea) which agglutlnated some mouse RBC s, but did
not hemolyze all mouse RBC' s and hemolyzed ‘some mouse RBC' s/
- was used in: the:present study. Mlzutanl et al ('80) tested
the extracts of 97 plants to study the 1aggiutinability' of
plgeqn_ RBC's  w1th PHA's. Of these‘tested,‘13.qgglutinated
the RBc{stof_SOme maies and éeme females.' Sophora Jjaponica
‘and Pisum. sativum (Mfzutenii/et al '81) agglutinated some'
female RBC s, males were neéative. Discoreé batatus and
: OSmunda Japonlca }aggiutinated sdme maleA and sdme femele
RBC'S. Pf;»satlvum, Vicfa,'féva( and Lathyrus -~ odoratus
aﬁﬁiutinafedtlthe RBC's . of laying‘femaie_enickene'(Fnjie_&"
:Mlzutanl_.'75) " and P : Sativpm ‘wae__ also. found to
'dlfferentlally agglutlnate *individuelk monée; nrat, guinea
pig, and rabbit RBC's (Mizutani & Fu31o"71) Milier ('65)_
"_;reported d1fferent1a1 agglutlnatlon w1th A hypogaea and]

Bandleraea SImpIICIfoll‘ ith RBC'S of ring- necked doves.

Schelnberg &  Reckel f("fé;b)d reported d1fferent1al
agglutination of chicken RBC's by Pisum vanvense, and

identified the 'Hi' agglutinogen in chickens;;Some'layipg'
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females were positive, and all males tested were negative.

‘The Hi agglutinogen'is.under the control of an autosomal-

gene plus estrogéns. The expressiom of the Hi antigen can be
induced .in some males and immature chickens by injections .of

estrogens (Schienberg & Reckel '62)..

~

N

LectlnS—wereuusedmto dlfferentlate Japanese quall»RBC s

' by Mlzutanl et al ('77a). Qf.v84 lectins, e1ght gave

differential hemagglutination: - Abermoschus . escuientus,

-Discobeanbatatus,e'Pteridium aquilinum, Osmunda japonica, - “—

Arachis hypogaea (peanut)} and Glycine - max (soybean). The

wsdybean leqtin‘agglutinated:the'RBC's of some laying females

(Mizutani et al '77b). Individual differences ‘detected by -

Apeannt ‘lectin were also found in chickens, turkeys, and

v,ducks, (Mlzutanl et al '77c). A. hypogaea agglutlnated 'some

male and some femxle ’chlcken and turkey RBC s, and' some

'female-duck RBC s. Drake RBC s were not agglutlnated_by—thls

peanut lectin.

A varlety of commerc1ally prepared/’and 'crude lectin

extracts were tested ;for ,thelr ablllty to dlfferentlally
fagglutlnate quall RBC s, All lectlns tested 1nclud1ng those

'-obtalned dlrectly from M. Mlzutanl; falled to discriminate

between quall llnes and 1nd1v1duals. -Differences ~were not

: detected between males and females or among females.’TrypSin
and neuramlnldase treatment of the _RBC s gdld not _unconer-”
. reactive 51tes for lectlns. It was not possible to confirm

'Miautani's'results.}Thls may be due. to a,difference‘,between

the quail Mizutani used, as well ‘as Perramon's (see below)g
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" and those wused in the present study. Both Mizutani and

Perramon's»guail consist of various strains, and unlike
those used here, are ‘not established, "highly inbred, and
hlstocompatlbléwllnes. It appears that lectins do not detect'

the line- spec1f1c antigens of hlstocompat1b111ty or other

gene~complexesuin_our—linessof_Japanese~qua11.
The Japanese gquail has been shown to be a good avian

model for immunological studies (Perramon '69,. '75).

Perramon - ('69) demonstrated the advantéges_and ease with

gw1th quall could be ‘used to produce alloantibodies. Its

’”

_advantages 1nclude. ease of handllng, short generation time,

ability to withstand long, rlgorous, and varlable“

immunization periods and frequent bleedlngs, and the small-

volume of blood required for potent antibody production.
Perramon ( 65) , produced' guail alloantiserum following
1mmunlzatlon with RBC suspen51ons whlch detected RBC systems

A, B, Cj . & D by hemagglutlnatlon Data (unpubllshed) from

fhemagglutinatlon'tests'on the University of .Alberta quall

using ’Perramon's,alloantiSera speeific for RBC‘antigens A,
AV, AT, A, A?’; andeF'indicete tnat these .antigens,'ere
detectable: ‘on i;RBC surfaces{ Some L 11- RBC's were:
agglutinated:by.A’,‘AZ; and'A"*while no L 11 ‘§BC's ,were'

agglutlnated by x'A" -and  A®, Individual agglutinatidn

_dlfferences were seen among L 71 b1rds by A‘hHA‘“;A A%, and
A%, All L- 71 1nd1v1duals were agglut;nated by A .
'Erythrocytes of a 51ngle L 27 1nd1v1dual wege agglutinated

by A? and,” A" . &ll other L 27 1nd1v1dua15t and L 75

L o
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individuals. failedzto react with all alloantisera.‘All four

llines_failed_to_react__with_wBi.mantiserum,
appear: to  be segregation of - B' with A?, Individual

differences were seen, not line differences, suggesting that

j these RBC antlgens are not related to hlstocompatibility or

line dlfferences.'
s Av1an RBC- typing has been performed by hemagglutination
on the assumption that avian ”antibodies cannot - ‘bind

mammalian ‘complement, particularly mammalian C1 (Stolfi et

~al '71i Okazaki et al'l6 i & Benson et al '61) so that ' C1

cannot activate and fix the remalning complement components"'

(Muller—Eberhard_'75). On  this basis .complement:ﬁlxatlon,

- complement-mediated  hemolysis, and complement-mediated,

‘lymphocyte lcytotoxicity tests  have been used: 'only

infreduently for avian systems. Reportsrof'the inability of

avian ‘antibodies’ to:bind- mammalian complement come from work ‘

on cggckens (Stolf1 et al '71 Rice ‘47, Okazaki et al ’62[

~@bnkov1c & Isakov1c '60) turkeys'(Qkazaki et al '62, Benson
' t ’ R

'et» al '61 Rice '47; "48, Rose & Orlans '62a,b),iand'ducks-

(Rlce ‘47 '48) ~The addition of phrified'avian C1 (Benson et

al’ ‘61)ﬂ or normal av1an serum (Brumfield et al '61 Rose &

’Orlans”'62a,b, Orlans et al f62a,b)v is requ1red for the

remaining. mammalian complement components “to Kbecome»’»

A

activated 'Yet, there are reports of the'fixation of gﬁinea

pig complement by the antibodles of sea- shore birds (Pollard

s fﬁ42) parrots (Meyer et al ’39) sparrows, Adelaide_rosella,

rump parrots (Beech & Miles '53) and pigeons‘(Eddie et

There did_not -
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al '42, Lazoffsky‘ l47, Meyer et al '42, Karrer et al '50,b

Beech--&- Mllesm_Sv__Ter21nm_60)

Alloantlserum produced 'against each line of quail was
reactive in gu1nea plg complement -mediated hemolYSls tests..
“Unllke the lect1n \and‘:alloantrsera (Perramon s antisera)
hemagglutination tests, | hemolysis f testS' showed "llne
‘differenCes- Each antiserum reacted mostwstrongly‘with its,'
'respectlve line. However, cross react1v1ty with other lines"
'was,‘ seen, and some  Cross- react1v1ty ‘remained after
'absorptlon. Contrary to the. reports that awian antibodies:
~cannot b1nd mammallan C1, the data ‘seen here show that quallb
ant1bod1es b1nd gu1nea plg complement. Interchangablllty ofr
‘complement components was shown by Cushlng ( 50a b) by the -
1nteract10n between frog, carp, and gu1nea plg complementb
. components. There may be 51gn1f1cant spec1es spec1f1c1ty

Quail, .pigeon,, and dove antlbodles- can bind mammallan

'complement :but‘ chlcken,» turkey; and duck. antlbodles may

[ -
not. The b1nd1ng of mammallan complement by qua11 antlbodles: :

demonstrated inv_th present study may be the result of an'

1ntense search for the rlght condltlons ' h 3‘ f'ivk'

Slnce alloantlserum and lect1n hemagglutlnatlon show no_f

assoc1at1on w1th hlst01ncompat1b111ty, ‘and hemoly51s shows
very 'weak assoc1atlon; lymphocytes were examlned in search‘
of, strong reactlons assoc1ated w1th ;or. ‘co- 1nher1ted ,w1thf
- hlstocompat1b111ty d1fferences.v Prev1ous lymphocyte typlng
was done: by lymphocyte agglutlnatlon for the same reason as-
‘erythrocyte typlng, the 1mpre551on that av1an antlbodles doh;_

B
Y
©
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not bind _mammalian.C1. Schierman & Nordskog ('62) detected

: chicken'A,oD & L, erythrocyte antlgens on.'lymphocytes by

30

agglutination; but were unable to detect antlgens belonglng

| fsolely to the lymphocytes. B, C3, and Cn antlgens were also
tound on lymphocytes by lymphocyte agglutlnatlon (Sch1erman ’

-&’Nordskog3765);3Freder1ckson et al (_75' '77) descrlbed the'y-

chlcken T~ cell antigen y Ly—4._‘by' 1nh1b1t10n of 'GVH

'splenomegaly and lymphocyte agglutlnatlon. i

S

The flrst report of: .avian lymphocyte cytotoxicity

{ testlng for blood typlng was . reported by Gllmour :e'. al
( 76) . They detected B cell antlgen Bu 1.and. T-cell antlgen”‘
Th 1 and showed that they are ‘not related 1to' the“ B_ bloodh
group ’ system. _In Gllmour s cytotox1c1ty ‘test lsolated4

ch1cken C1 was added to gulnea pig complement dev01d of -C1*

(1 e. C2—9) in‘ support of ‘the’ theory of the 1nab111ty of -

avian ant1bod1es to bind gu1neaA plg complement (C1).. The -

AlymphocyteS',were rncubated w1th antlserum-and C1 in a'water.
'bathtat.30fc‘for 20pminutes Gu1nea plg C2 -9 yas"added ‘to
v_the migtﬁfé' and .incubated 'at 37°C fOr» 45 mlnutes. The't
mlxture was.. removed from the bath and trypan blue added The'

cytotox1c1ty test used here d;ffers from Gllmour s in that‘;a

it was ‘run at room temperature because - of ‘the poor 'in

v1tro surv1val of quall lymphocytes at hlgher temperaturesr

Complete dlluted rabblt complement was effectlve Wlth quall

alloant1sera and it was . mot necessary to add_a,source of
'zavlan' C1. Lymphocyte cytotox1c1ty tests 'Were strongly“

. 1inEfspecif1C"at t1ters several\fold greater than hemoly51s_”

-
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titers. Titers_‘declined with the. age of' the antlserum

producer. Absorption'with lymphocytes"of .different l1nes-

removed: line7 cross—reactivity and the:rinal'reactionszwere
line- spec1f1c.' | B o
Hav1ng prev1ously descrlbed the orlgln and relation of
L 99 to :L»'114-(see' Experimental ‘Animals, Materlals and .
' Methods), ‘.it‘ uould appear"that' the alloantlserum is
_’Selectingffor the‘ ﬁHC“ (major*‘histocompatibility ‘comolek)
| because the rec1procal cross-reactions. between L 11 and L, 99
"are much the same follow1ng absorptlon (Table 9) Ahsorptlon
may remove common populatlon antlgens. and L 84 antlgensl
leav1ng those antlgens determlned by the 11 gene. It would )

“be necessary\-to 1solate ,and characterlze the molecular.

fmarkers or antlgens detected by these alloantlsera 'asV has'h'

been =done' by Zlegler‘ and P1nk ( 75) who' 1solated and L

o 4characterlzed the chlcken s B antlgens by; indrrectv immune

' prec1p1tatlon din, order to- flnd out .if these- markers

'represent MHC dlfferences Normal-qUail serum did not' react

v.1n any tests ﬁ RBC' s or lymphocytes.

Thls test though reproduc1ble, accurate, economlc, and

sen51t1ve, is tlme—consumlng Approx1mate1y ;5 hours are

'requ1red to complete a test 1f one 1ncludes theh collectlon,a =

.:of_ the: 'blood samples,yblsolatlon of' the- lymphocytes['
.Vpreparatlon of the antlserum andvcomgietion.of:the”test.cAnr‘
addltlonal 'ché half hour '1s.requrredfto score'each,plate
fmade (usuallx‘d;B blates are ‘made perV'test5; 'Isoiationb'of

the j?lymphocytes 'requires apprOXimately 45 minutes 'by
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FlCOll hypaque. "'The‘, 'reaction - of r-the ‘lymphocytes,

alloantlserum and complement requlre approx1mately two and’

one half hours of wh1ch one and one half hours is 1ncubatlon
t1me (one half: hour for lymphocytes w1th antlserum »followed;
by 1 hour. 1ncubat10n after _the addltlon of complement)

-

‘-Slnce the present test is based on. that descrlbed by M1ttal
' \

_et.al ( 68) it seems reasonable that the test used here can:
be modified to flt therrapldj 45- m1nute»,cytotox1c1ty» test -

:-descrlbed by M1ttal et al ('69).  The cytotoxicity test

u(Terasakl et al ‘67) was shortened to the rap1d cytotoxicty;}u

~

'test by reduc1ng the . time requ1red to 1solate lymphocytes,ﬁ
. . "MD.

reduc1ng the 1ncubat10n per1ods,',and acceleratlng thel

~..

scor1ng t1me (see Appendlx 4)
' Hav1ng produced llne lymphocyte spec1f1c alloantlserum,'

‘foﬁe would expect that the next step 1n characterlzlng llnea

;d1fferences would be the productlon of monoclonal antlbodles--‘i

':.agalnst each llne The close relat1onsh1p of the quall and

"the'chicken, both belonglng to .the subfamlly Pha51an1daeo9'

\.(Haley.yetdrll‘j’76) _-suggested that ‘ex1st1ng monoclonal':'
'vfant1bod1es to chlcken antlgens mlght react w1th quall cells.l
”lnu a prellmlnary set of exper1ments, quall lymphocytes were.

:h tested w1th modse monoclonal antlbodles ,to 'chlcken T cellt‘”

.v’fMarek s‘ lymphoma and RBC B blood groups 2/2 14/14, 15/154

'._19/19 and 21721, P |
None of;‘the mouse anti- chlcken lymphocyte monoclonal‘
antlbodles lysed quall cells,'rwhlch»-suggestsx that“; the

l:antigens detected by,these antibodies are not present on the



33

quailf lymphocytes. Thel failure of some'of the antisera to

& C - o
lyse chlcken cells suggests that- ‘these antisera- may have'

vdenatured- follow1ng storage at 4 C rather than hav1ng been-

frozen, or do - not . bind ,complement - The .unreact1v1ty 'ofv

'antr—chlcken B, blood group monoclonal antlbodles may reflect
‘the absence of B blood group markers 2/2, 14/14, 15/15

:]9/19, and 21/21 on quall lymphocytes or. these markers may

be‘present but undetectable in the prellmlnary tests.‘ Somevv

'chicken's lymphocytes d1d not react in cytotox1c1ty tests,

,ibut d1d 1n agglut1nat10n and rosette tests (Longenecker etf
~al ‘79 Mosmann et al. '80) Mosmann et al '80 showed that by - :
-‘vvarylng the type and condltlons of an assay, 1t was p0551ble3'
'toh alter . the» spec1f1c1ty _‘of monoclonal antlbodles.”
tAlteratlon of the test condltlons or. the test 1tself used 1n.v
. the present‘ study may be requ1red to show the presence oflz
these antlgens on quail lymphocytes 1f they ex1st. yInf‘the'

h;case' of the chlcken cells, the expre551on of these antlgensh

is, however restrlcted to RBC S (Longenecker and Mosmann

BLUEEY

| It is noteworthy that the “in vitro‘—sufvivaifof quai1°:d
;lymphocytes when heated at 37°C: 1s greatly 1mproved when the -
.»pcells are malntalned 1n the presence of larger 'than .normalni

"3(10% vs 5%) ‘amounts ;of fresh FCs. After heatlng at 37 C

‘ lymphocyte surv1val 1s less than lymphocyte surv1val at room

_temperature (90-95% surv1val at RT and 60- 70% surv1val at

- 379C) but substantlally greater. than heated lymphocytes_:

-,malntalned in no or_lowA(SZ) amounts of FCS (0% surv1val)
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V. Conclusion

ot

In summary,.haying'estahlished histoincompatibire‘lines.
“of Japanese‘ anii u-ij: Skin graftlng '1 experlments,.y
investtgations héfe' made to detect line dlfferences at the

level of the quall erythrocytes and lymphocytes. Lectln :and
falloantlsera .phemagglutlnat;on_ tests fa;led “to‘ showb'an‘
: assoc1at10n~l- ofﬂ_.'sRch_' ‘molecular B markers ﬂiw1th :
':hiStoincompatihility,. f’Hemolysis"{testsp" detected  weak
.differences_between,the lines; The low tlters obtalned and
| thed'_highi .dégreefn'of' cross- react1v1ty make thlS test
hundesirablejdf hlst01ncompat1b111ty typ1ng B Lymphocyte;
cytotoxicity ktests w1th rabbit complement detected strong'

line differences; Presumably,' their alloantlsera detect'

”molecular markers or antlgens present on the surfaces of the :

flymphocytes. ThlS | technlque," though“ qualltatlve 7andu;f::~

h_time—consuming”Finh terms of settlng up the test condltlonSyu-“

”land.reagents; ‘and ‘the t1me takenkbto”’do »theivtest,°.isl
-reproduc1ble,- accurate,,Qeconomici,.and .highly* senSitivefy
. Lymphocyte cytotoxicity‘ testing’ isyv‘ va11d method . fo

‘,detectlng llne dlfferences in. thlS system of hlghly 1nbred f“

K

ﬂvhlst01ncompat1b1le llnes of quall It would be 1nterest1ng,;‘

' to see 1f tHese flndlngs are con51stent throughout each l1ne't
at generatlons other than at the level used 1n thea present

'_study.

s
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Lectin

‘*Abermoschus esculentus
+Arachis hypogaea (peanut)
+Band1eraea 51mp11c1f011a'
+Con A - : : _
+Con. A - IV. BN
*Discorea: batatus
" +Dolichos biflorus (horse gram)
+Glycine max VI (soybean)
+Glycine max VII' (soybean) =
- *Helianthus. tuberosus
" +Lens culinaris- (lentll)
-x*Lepista nuda .
°Mung bean
,*Naematoloma sublaterltlum
*Osmunda japonica ~

+Phaseolus vulgaris (red ‘kidney bean)_- :

"+Phytolacca americana (pokeweed)
- °Pisum.arvense (field pea). €.
+Pisum sativum (garden pea) o

" -%Pteridium aqu111num

°pPteridium aguilinum
‘+Sophora japonica

+Tetragonolotus. purpureas (asparagus pea)

+Triticum- vulgarls (wheat: germ)
+Ulex europeus (gorse)

‘where:

B S

*Lettin:Erythrocyte_Agglptination"

refers to‘lectlns that agglutlnate all quall RBC L
refers to lectins that do not. agglutlnate any qua11 RBC
‘refers to c ommerc1ally prepared lectins e

refers to lectins obtained from M. ~Mizutani:

‘Group _no.

refers to lectins prepared from extracts by the authorf-'
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: Complément—MediaEed RBC Hemolysis
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. Antiserum Specificity & #
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‘where:

N indicates a negative reaction : ;
« refers to antiserum specificity.e.g. L11 = anti-line 11
antiserum ' : L :

# refers to the number of the antiserum used and'is

: described in Appendix 3

Controls consist of lymphocytes in RPMI lymphocytes w1th
antiserum only, and lymphocytes with gu1nea Pig
complement, and all were negative

’f.Blrd no. refers to the number of. the bird identified. 1n'

- .Appendix 2
NS refers to the. normal serum used and is descrlbed 1n

, Appendix 3 :
Titers are the last p051t1ve antlserum serial dllutlon and

- are expressed so that a titer of 1:refers to undiluted

" antiserum, 2° refers to antiserum diluted 2', and 3 refers
,to antiserum diluted 2?2 ‘prior to addition into the wells

- “refers to those conditions where individual blrds were

- not tested with the’ respective antiserum _ . ‘ o

Line refers to quail line. ' ' -

~
[



‘Table 3

‘Complement-Mediated RBC Hemolysis -

LU

follow1ng absorpt1on with RBC from hlst01ncompat1ble llnes

Titer -

 Antiserum Specificity & #

:¢p11“.‘aL27 "#L71 "’«Ljs
Line Bird - - (# 75 (#15)' -(#23)»' (#31)
no. ' : - : o .
no 16 DR ﬁ B u; N
'27 s w2 N N
T3 N. _‘N'5_  ‘2‘: N
. 75  - ..80.‘ } X ‘ j‘ N o | N ;.5,

where:

Controls were aliAnegatlve and are as described in Table 2
Titers are the last positive antiserum serlal dilution as
descrlbed in Table 2 :
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Table Q'

Avoidance of Spontaneous Lymphocyte Destfuction

with Dilution of‘Comp}ement and Absence of Antiserum'

Titer

‘Line  Birdmno. 1 2 -°3 © 4 5 6. 7 8
1M 14 p D D N N N N N
N T D D D N N N N . N

"9 D D D D N N N N

27 - - 24 D N N N N N
Co o 34 D -D D D N N N N
32 D D D N N N.- N N

oA o an D D D N N N. N N
a1 p D .D N N N N N

36. D D. D N N N N N

39 D ‘D D, D N N N N

75 ‘. 88 . D D D D D N N N
= 73 D D D D N °N N N
D D “N N N. N

‘84
“where: o .,_ L T

D refers to cells destroyed ’

N refers to cells remaining intact and unstalned

Titer refers to the serial dilution of rabbit complement
prior to addition into the well and a titer of 1 refers to

fa

undiluted complement -2 .refers to complement diluted 2, 3 '_;f»~

refers to complement diluted 22, and 4 refers to
complement dlluted 2° respectlvely
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where:

D refers to cells destroyed'
.+ refers to p051tLye reactions’ o
*S refers to antiserum spec1f1c1ty e
Superscripts refer to the antiserum number (i.e.
Titer réfers to the serial dilution.of rabbit- complement
prlor to addltlon 1nto the well and 15 descrlbed in Table

#)

AT
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"Table 5
Determinmation of Lymphocyte Cytotoxiéity_
| : - : L
With‘Dilution of.Complement‘and_Antiserum Preseht
Titer:
L Line | Bird no. S 1~ 2 3 4.5 6 7 8
11 14 L11' D. D D 4+ o+ o+ o+
= 14 SR D D D + o+ o+ o+ o+
"9 "D DD - 4+ + o+ + %
15 o+ B S R + o+ o+
2T 24 L272 ‘D D+ 4+ o+ o+
D 21 | D D D+ o+ o+ o+ o+
o " 32 ‘D D. D + + + o+
34 D D D . + -+ "+ + +
71 41 L71° D. D D D + o+ + 4
41 D D D. + +  + + %
.39 D D.D D +. + + 4+
- 36 "D D -+ + o+
75 .+ s . L75% D D' D D+ - gD,# +
- S 730 SR D D4+ 4+ R+ 4
88 D. D D D+ + + +
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.

Complement-Mediated_Lymphocyte Cytdtoxicity

41

Line -

11 -

27,
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19
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- 20

7

Bird

.no.

24 .
32
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21
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87 -
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N(#5)
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" Titer

i

{

:#

Antiserum Specifici

aL71. .
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80 = - - 3 - - - -
99 96 - - - - - w2 - 12
LT T
"whete: | R - -

Controls consisted of lymphocytes in RPMI lymphocytes w1th,
. antiserum only, 1ymphocytes with- rabblt complement only, !
' and all were negative L
" Titers are the last p051t1ve serlal dllutlon of antlserum as'
' descrlbed in Table 2 - o o
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Table 7

. Effects 6T_K5§6fpff6ﬁm5ﬁmE?M§H5Eyf§“CYf6f6kicfty: 

A. absorption with RBC of histoincompatiblé lines

Titer

Antiserum Speéificity & #
Line ~ Bird ¢ d4L11  «4L27  «L71 - eL75
_ | ) . | TR o

'no;' | : . 2, . (#35; (#16)  (#24) (#32). Q?Q

o2 SN T8 1 o e

27 7. N . 1 . 8 5 3 .
4 N 1 8 5 3

T VR T 6. N

725~ -~ .87 . N - N . 5 N 5
FRERET ,.80:‘ ‘_ SN N B N 5
- where: e ' : - ‘ o

Control. (C) con51sts £ lymphocytes in RPMI
Titers are the last positive. dllutlons of antlserum as
described in.Table 2
Antiserym- #8 absorbed with RBC's from L27 71; &375
" Antiserum #16 absorbed with RBC's .from L27 71, & 75
” . Antiserum #24 absorbed with RBC's from L11, 27 & 75
Antiserum #2?2 absorbed with RBC's from L11 27, & 71



27

75

> .EfieCts~ofwAbsorption~on+ﬁymphocyte—Cytotoxicity:

Table‘8”ﬂ

lymphocytes of histoihcompatible line55

'.where.y

Titer

44

B.'absorptiohletthBC_followed by'absorption'withq

Antiserum Specificity & #

‘Line Bird Control  4L11 «L27 &L71
no. (#9)"  (#17) (425)
11 2 N 5 N N
| 12 N 5 N- N
17 N N 5 N
19T N N 5 N
71 a4 N N N 3
| ; 39 N N N 3
s 87 - N N N N
: © 80 N N N N

‘‘Control con51sts of lymphocytes ‘in RPMI.
’T1ters are the last pos1t1ve dllutlons of antlserum as-“‘
_Table 2 .

“#b absorbed with lymphocytes from L27

described in
jAntlserum #9 =

'Antlserum #17
&75
Antiserum #25.
& 75 -

II

#16 absorbed w1th lymphocytes from L11

#24 absorbed w1th lymphocytes from L11

«L75
(#33)
-

1
N
\"."N .
PR "V
3
7 i
7{
27,



Antiserum #33
& 71 . '
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#32 absorbed with lymphocytes from L11, 27,

I
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~ Table 10

'Eﬁiects;of_Absenption;on_LymthCYIé“CitthxiCit?i.

- D. abserptien with RBC of histocompatible lines

Titerg

‘f'.'-f 1 o . ‘Antiserumvspéeifiei#§ &“#  ”
Line - Bird E | Control 4  4#11‘1v{L27‘.{L7J“v“kL7Sl'
,ﬂ‘ o é7..';'ee 28 ;:.. - N v‘e }eN,2, ?‘7 .e ;3_’ ?”r3% L

vwhere , : - '
r~Control con51sts of 1ymphocytes in RPMI" and tlters are
’ ‘expressed as the last p051t1ve serlal dllutlon of

antiserum as in Table 2 R

Antiserum #11 absorbed- with RBC's. from L'T1‘only
- Antiserum #19 absorbed with RBC's from L 27 only
- Ahtiserum #27 -absorbed with RBC's from L71 only.
" Antiserum #35 absorbed with RBC's from L 75 onlyp(”




Ki

 Table 11

. Effects of Age on Alloantisera Production

andeymphOCYte'Cytdto#ieiﬂ&

. Antiserum . . .‘IAQe (mos) . Age (mos) . - Titer
' I S Antiserum’ . Lymphocyte- ‘ "
Collection - Cytotoxicity

71 anti 11" .
71 ‘anti. 75¢
71 anti 99+¢*

.00

NN
)
R R
R

RV}

75 anti 71* . 7-9 . . 7-9
©99-anti 71+ 0 6 .. 15

.717ant1 27 . .f'Hﬁlﬂé—Q""-f. 'y.tlij—g S _ h.l3'hl”

ok 71_ant1 27@ . N5 T B e g

";Where;‘

fT1ter refers to the last p051t1ve serlal dllutlon of the v
antiserum prior to addltlon into the wells as descrlbed

o in Table 2 - .
':Superscrlpts refer to antlserum number (1 e. #)



Table 12 .

Tests for Naturally Occuring Alloantibodies’

Titer:.

i 'AntiSerum-Specificity‘& # oo

SRR Y

Line ~ Bird: .. NS L11 NS L27 NS L71 NS L75 NS L99

;n§.7.p“e (#31{< (#38) (#39)

N

75;‘,[,.

99 .

vwhere.‘

"fNS refers to norma

- ‘serum).

5.T1ter refers to the 1

a1 N N

M\serum (1 e. NS L11

e

~ (#40)

ety

Y

'\1

normal llne 11

ast posltlve ser1a1 dllutlon of the ;f’
‘normal serum prlor to addltlon 1nto “the wells :
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Tabie 14
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Rngytotoxiéity Testing with Mouse Anti-Chicken

RBC B Blood Group MonoélonalwAntibodiES

Antiserum #

<

‘Species  Bird, -  Cy Cz Cs (#25)(#26)_(#27))(#28)11#29Y

"Quéil

A A

zzz2z -
= 2
zz:z

O 00> W
‘zzzz
ZZzZ
ZZZZ
> 2 22

. . A
-Chicken 14 '

s

®
zgzzz;'
zzzzzﬂf
ZZZZZ“
z?z?é‘
?zézz
Ziggizzz",
22?22
 22zzz

where: - . IR ( E
. \
Ci Con51sts of cells in RPMI

.;Cg,con51sts of cells with antiserum
Csy cons;sts of cells w1th rabblt complement

™y

v

X
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" Table 15

37°C Cytotoxicity'Testing with M0use"AntiFChicken

52

RBC B Blood Group Mohoélonal Antibodies

Antiserum’#

4
o '” . L - Ty
- Species™ ¥ ¥ ' Cy Cp 'Cy  (#25)(#26) (#27) (#28) (#29)
L'j. ;vv‘ :‘ . fa'::
Quaid ‘N&N N N N N N N
"N NN N N N N- | N.
. N N N N N N N . N
N N N N N N N . N
‘Chicken .. 14 - N N.N N ° N N N . N
- 16 "N N N N N "N N N
18 N N N N N. N N N
19 "N N N " N .N N N N
21 N "N N N- N N . N. N
v, v . . E B -
8 Cy, consists of cells: in RPMI . . 4
C, consists of cells with.antiserum ‘
'Cachnsists of cells w1th rabblt complement
. Q.
‘a.
L ‘
Cel . 2 f‘..f )
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1. A P051t1ve Cytotox1c1ty Score.w

A p051t1ve cytotox1c1ty score 1s shown as seen by the
uptake of eosin; by the lymphocytes because the& have

lysed. -~ -
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Figure 2.%4

N?gétive'CYtotoxicity Score: -
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VII. Appendix 1.
Coturnix coturnix japonica Identification Key
'Birds used in Lectin-RBC agglutination -
by
no. © Line * Tag no.- Sex
o1 11 .-14140/14141 ,Mf
, "2 P 14275/14276 - - M "
o3 '14392/14393-‘ S F ‘
4 ]4878/149201 M
-5 1 16524 /16527 M
6 i 16813, 16814 M
7 16990/16991 = F
8 19352 19353 M
9 19370/19371 M
10 19382/19383 M
11 ©19934/19935 . M.
12 —-20111/20112 M.
13 ©.20199/20200 F
14 ©20201/20202 - ‘M
15 - 20335/20336 M
16 - 20617/20618° F -
‘o 17 20677/20678 F o
18 £ 20773/20774 - F
19 : '20791/20792", . F.
20 120793/20794 " F
21 22057722058 F
| 220 22072/22073 . M
. 23 22076/22077 . M
24 22567/22568 - M
25 22569/22570 ‘M
26 22797/22798. F
27 L .24040/24041 M
) .28 - . 24145/24146° M:
e *" 29 ¢ 24326/24327 M
Ao w30 24407/24408 M
s i Fre31 S SR 24567/24568 ;- M.
L, 32 L Q 24605/24606 M
“33. ‘gj . . 24926/24927 - CF
34 i »28254/28265-,;' ‘M
'35 28452/28453 . - F
36 | 29027/29028 -, . - M.
37 7 29464/29465 . M
38 S 031230/31231 M
397 % 33902/33903 F.-
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o —-14582/-14583~
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16737716738
19166,/19169 =~
©.119238/19239
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e, S 19612/19613
o . :20059/20060 -
S T 120301/20302
.‘.:;§§0403/20404
20625/20626
20627/20628 . . . _
20629/20630 - -,
20775/20776° - S
. 20777/20778
. 20899,/20900 .
'20984/20985 ,.
22045/22046 - .
22101/22102 L
22131/22132 . .«
22174/22175
22194/22195
LY 24195/24196
Yo 31953/31954
| 33001/33400. -
.. '33273/33274
;" 33577/33578
35057/35058
S0 .o 35441/35442
.- . 35763/35764
, R 35918/35919
oot 35990/35991 -
<o .-+ . -35986/35987.
oo 36110/36111°
1 36122/36123

EUMREMNR MR R X MR R A MR E R E R R IR R IR LT
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83 - .o oo . T 25693/25694"
84 e .. - 7 .- 25695/25696
85 . . - . . . 7. 25697/256%% .-
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g7 . ' 25346/25347 ' c
- 88 . o . 25382/25383 . &
89 - : - - 25410/25411 -
2 90 , R - 25418/25419TN . 4
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92 .. ’ il .- 25474/25475.
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o 30339/30340
- 30367/30368 -
. 30402/30403 ™
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‘il uiie . 30862/30863 .
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‘1'_34239/3424é=,, o
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_aAn Alernate Method to Conventional Cytotox1c1ty Tests

Uy : R ) . EEN
R . - ' c I : : !.

_The lrapid loytotoxicity test (Mittal -et al '69) was
: modlfled from a convent1onal cytotox1c1ty test (Terasaki ]et;
. al '67). By shortenlng the t1me requ1red ‘to _1solate
b jlymphocytes, and shortenlng 'the >incubat1on perlods, fapd
acceleratlng the scorlng t1me,'a 45 mlnute cytotox1c1ty test
wa's developed These mod1f1cat1ons and the p0551b111t1es 'of<'
o m,extendlng them to ﬁhe cytotox1c1ty test used Eh the present

o,

study follow.-,f' = V"J-a ;’nhf,_ BECEE ﬁ*-ﬁ éwgi_ ' ,fﬂiﬁd

Human 'isolated in approx1mate1y 10.."
SRR IR

L 3‘ . -‘1-.; RN , ’ ’
QminUtes.innthe»rg‘ f,\_..; e, follow1ng method Blood

o

IR 4 4§
'samples . are at 50009 for 2 mlnutes The buffy
- o

DR S ! \.'.‘

coat is removed w1th a small amount of supernatant plasma,_*_

treated w1th ant1,_A,,'ant1 jB; - or antlv'H antlsera to.

o -

.agglutlnate RBC' s and placed on glass beads contalned 1n -a .N_LQf,

'pplastac dr1nk1ng straw. The beads are. washed flrst w1th 37°C

?b

7sa11ne, then w1th 37°C HPBS The gég%w is placeﬁ in. 37 C

(_jwater bath‘ - fo rdm'lo_ m1nutes¢ after be1ng wstoppered
h:Polymorphonuclear.7l o;ytes strck*'t? nthe“h beads«'fandfflll E
'vgranulocytes adhere 0 a. nylon 51eve contalned at the. bo;£6;" ) :'

“”ofvgﬁz st%%h..Lymphocytes aref separated from agq1ut1nated

. ZRBC s by ‘slow, (2 second)_oentrlngatlon,,The lymphothes are ﬁ?’nﬂ;
o Wksuspended 1n,HPBS.-L..J'fnfrw:’ ';_7"5, 'ﬁf_j'%‘f“w - : fQit -
t A e T e
g R |
79 : AR
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;Itl may be p0551ble to empﬂby thlS method of 1ymphocyte

1solatlon for quall lymphocytes s;nce alloantlserum has beem"

prepared agalnst each 11ne so that RBC' s may be agglutlnated

a”fcentrlfuglngr for 1 mlnute at 5000g, W

*:modlflcatlon ovathet Condltlgﬂgg?

w1th antlserum from another l1ne)mt

n'sthls _1solatlon method is0 ejf1c1

-...

T requ1re mod1f1catlon to room temgégature or bel

Ysucv1val d@@,ﬂ
The condnt&ons of he”rﬁpﬁ”-

J
It rema1ns to be seen

ent and as rapld as

yFlcoll hypaque technlque andr whegher ,it ‘wull - pe

LThe test proceedure

4 W5

ernzymatlc treatment _f_¢thev lymphocytes W1th a 5% f

tg

:sen51t1ve and”ﬂ

A, Bl

in McCoy s medlum. F1c1n treat?fnt‘wmakes th@ test more

the '1ncubatlon

lymphocytes,iand complement cam\bg

m1nutes. fThé. result of?rth - fi

e

and suspen

“time, aof_~the‘ antlse
reduced 3 fold [t‘ow 1

1c1n treatment fis‘

"lymphocytes and antlserum need only be l1ncubated for

-anti 11 antzserum) _ However, the 1solated lymphocytes may
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