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AlSpecificjadherence techniquezhas been developed and used to

' ﬂetect‘alloantigena and receptors of‘phytomitdgens or plant lectins on

the cell membrane'Of chicken lymphocytes. The term "allofixation" has
been 1ntroduced to de51gnate the spec1f1c adherence of chicken lympho—
cytes induced by alloantibodles. In contrast to spécific adherence

‘induced by e1ther alloantlbodles or plant lectlns, cells adhere

aspeciflcally ‘in serum—free medla Alloflxation requ1res fresh plasma

yhereas aspecific adherence-is_inhibited:by the presence of serum or . _

~plasma. In the presence of serum or plasma, some plant lectins induce

cell adherence.:Phytohenagglutinin (PHA) induces cell adberence and
agglutination, Concanavalin A (Con A) induces only cell adherence and

: : ' *, . ! .
Pokeweed mitogen (PWM) induces ,neither.-Ihehpresence of agglutinins
K . B - LR i T - .

in PHA and Con-A is probably respbnsibledfor this adhetence. The cell-

adherence induced by plant lectins. is - 1nhibited by those glyc051des

_ vhich 1nh1b1t agglutlnatlon by theseé lectlns.-'

,Allofixatlon is capable of detecting antigens present on
erythrocytes, and lymphocytes derived from peripheral blood, thymds or

the bursa of Fabricius.,The'reaction is geneticaliy speci{ic"ae

the reaction are a pH of 8 5 ana a period of 2 hours at room tempera—

ture\ Divalent cations are requlred, the chelating agent EDTA,

completely inhibits the reaction. B alloantigens have been detected on -

the peripheral lymphocytes of chicken and on: alf of . the bursa cells,

but not on thyhus lymphocytes. Some thymus specific antigens are -

detected,on the peripheral lymphocytes-as well as thymu3‘cells, but not

div

detetmined by_blood typing (hemagglutination).»Suitable conditiens for
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oﬁ“the‘butsa cells. The A and Bjspecific reactinns &f'peripheralv

ymphocytes differ. Gene dosage effects’ have been detected for Bg

o Az and Aé alleles, but not for Bl 12, gli,or glz.‘Twlce as many‘- 2
homozygous BZ”AZ and Aé cells react by comparison“ﬁith thé hetero-

'uzygotesfllt éa; not pnssible to demonstrate a.ro%e of carbohydraté
'in\hwrcacgidns,‘ot a{rcquircment for normnl~netab61i§m during these
reéctinns;.

The adnerence of‘chicken lymphocytes: can bc.indncéd‘by L‘
manmalian'anti-chickcn—setat_plus fresh chicken plasma. Chicken
anti—ggg§gfserum plus fresh chicken plasma induces the flxat;on
of mouse limph node cells. In tnese instances adherence, Is assoctated
Hith.lysis at nigh'concentratlnns of antibody. Or‘cytotoxicitf at

intermed1ate concentrations of antlbody. IgG appears to be the

principal source of allof ixing antzbodv but alkofzxatlon by‘prlmary,,

antisera is sensitlve to- mercaptoethanol, 1nd1cat1ng that some

allofixing antibodies may be IgM.
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l"Lymphocyte" isumerely_a term applied to a-cell which is smallhand.

- . . .

‘has a characterlstlc pachychronatlc nucleus and a thin rim of cytoplasm
. I -

lacking disfinct granules and st ;nlng a'pale blue ln'anblood smear
(Astaldi and Lisiewicz, 1971; Elves, 1972; Metcalf and Moore, 1971;
Nossal and Ada, 1971; Yoffey, 1967). Cells of such‘morpholog} are

located in the perlpheral blood ethymus bursa of Fabricius of chicken,

ts

spleen, bone marrow and lymph nodes of mammals, and in other areas of
the so- called perlpheral lymph01d organs or t1ssues. Thls way of cate-

gorizing a cell simply- by 1ts morphology prov1des little or no 1nfor—

©

mation about its»potential for differentlatlon or funCtlon.' ReCently;

through the use of selectlve sralnlng. 1sotope, chromosom% nd

O

antigen markers, isolatlon, 1rrad1atlon, and 31ngle—cell immuno- assays:

it has become” clear that thls morpholog1cal group of cells is functlonally

heterogenous. -They can be separated into 1mmunolog1cally‘competent‘
' cells and thQSe without such function, into long-lived ‘and short-lived
cells, into:rapidly'dividing'cells and those.dividing'slowly, into -

cells ‘which are multipotent and those whlch are unxpotent into cells
o with theta ant1gen on their sungace and cells without that antlgen,

| into cells capable of b1nding complement antigen-antlbody complex to
. their surfaces‘and cells unable to do so and into cells wlth one or

" another type oflimmunoglobulin surface receptor.'z o e

PR

The :jobjective fof’ this  study iSiﬂtmofold ) Firstly, ;
1t is°aimed at improving the present method of typing lymphocytes for
their surface antigens.f Secondly,v t attempts to- separate lymphocytes

L S B
Lo T T



according to the antigen specificities of their cell surfaces by

_immunoadberence to inert suffacescin the presence of antibbdies.
. . - . K . A ‘ .

Immobilization of- cells at ihert surfaces would fulfill both of these
- ‘ - . .

objectives provided the immobilized‘ce115"are still active and "
" " functionally intabt after interaction with .the specific agents that

immobilized thém.'Thésg‘objectives have been achieyed; The technique has .
" l.

beéﬁ termed In addition to developing and:applying

allofixation.'

"alldfixation" I have compared it with lymphocyte immobilization in the
o e Coy : L . S S . '

absence of serum proteins, and in the presence of plant lectins.

~

LR ¥ e
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~Introduction

’

This chapter dealsiwith the methcddlogy of immobiiizatien of
lymphocytes at surfaces,byAalloantibodies and with the aspecific
adnerence 9f,cei1s_invserum;free.media.d Tne conditiqns of'the test .
and the application of the test in detecting alloantigens on lymphoid -
c-lls of diffetent genetic lineseand 1ympnoid organs of chicken are
examined. ,Tne alloantigens.detected by this method‘are_compated witn'
’thcse_detected by lfmpndagglutinatien'and immunoflnctescencel Allo;
antigens ptesent ontthe'lymphocytes of chicken nave‘been’detected by
'these'two methods. Using lymphoagglutination, Sthierﬁan and ﬁordskog
(1962) were able to)deteCt‘B and¥C blcbd gtoup.antigens.on chicken;”

‘ lympnocytes;'and David et al. (1966) and Davidenas‘(l970)‘detected B
antigenS'by immunofluorescence. tThe A, D and L blood group antigensr

T~

could not be detected by agglutlnation (Schierman and Vordskog, 1962)'

and A antigens could not be,detected.by immunoflnorescence_(Davidenas,

1970). 1In addition to these tests for bloqd group- antigens” there is
evidence that chicken lymbhqcytes bear alloantigens which may not be

. present on erythrocytes. McDermid (1968) and Thein and Schmid (1968)

Y

have'reportedslymphoagglutination withbantisera‘whichfdid_nct aggidtinate‘

erythrocytes. While following the early teattibn»of.lymphocytes tq,.“

- A

'alioantisera specific forAB'antigens we detected a lcss of'lymbhogytes

ﬁhich'vas not due to.lysis. The lost lymphocytes were recovered from
the walls of the container, apparently undamaged.. We present evidence
that the rate and extent of adherence of small lymphocytes to glass and

plastic can be used to- detect A and B and antigens not detected on

-



. erythrocyteé,,.Theréfore7 we have devéloped'h héﬁftechniqué Eaééé:01
the‘imhobilization'of lymphocytes at surfacés_by fheirtspecific allo-

" antibodies. This method appears to be more sensitiye than the méfhods
_ pte#iously reported for the déﬁeé&ion of alloaqpigqns on chicken

lymphocytes. C
: )

-~



" Materials and Methods '

I. Experimental Animals

‘Six lines of White Leghorn chickens were‘used'in this study.

Lines are des1gnated according to their B genotypes, i e., B= /B‘ Bglgg,_

——/B——, BIA/BIA, BlS/Blé and Bgl/Bzi. In addition, the first four*

B lines are also controlled at the A locus, e. g., B= /B-, A—/A-, and
) ‘ o . .
R2/Bg-, é—/ﬁé (sublines) and so-on. The other bloodigroupsgare not

controlled in our'population of chickens. These §_alleles were

originally derived from chickens provided by Hy-Line Poultry Farns;'
, ‘ > X .

'Johnston, Iowa. .

IX. Preparation‘of Lymphocytes
: The problems of isolating pure lymphocytes have hampered the
: attenpts to study themn. Populations of lymphocytes often contain other'
1‘ce11 types that‘may account for certainvfunctions or transformations
'rattrihuted to,lymphocytes,. honetheless,_there_are avnumber.of_methods
.that yield pure.dr almost purenconcentrations of lymphocytes%. Thoracic
duct cannulation provides.lymphocytearich‘cell suSpensions;_iTeased |
lymphoid organs such as‘thynus‘or bursa nressed through;a_stainless
- steel mesh give similar preparations. The lymphocyteiconcentration:in such
’ Suspensions may be enriched by removing other cells., Erythrocytes may .
:be eliminatedfby hypotonic shock. Alternatively, erythrocytes may be f,’
:preferentially agglutinated and removed by differential centrifugation.
‘Such suspensions may then be passed through columns containing glass.
wool, nr allowed to settle on_the floor of a tissue.culture dish.
.Lymphocytes tend not to'adhere to”surfaces and pass.thrbugh glassfwool

and remain free floating after being placed in a_tissue”culture dish.5a:'

Y



Macrophages, polymorphonuclear leukocytes (PMX), and platelets or
thrombocytes, on the other hand, be1ng stlcky, adhere to the flbers of
glass wool or the floor of the dish and are thereby removed from

.

suspens1on.. : » ' ‘ L

(a) Isolation_of Lymphocytes from Peripheral Blood

‘Alhe lsolation of lymphOCytes from.blood of chickens was origi—
nally reported‘hy Terasaki-(1959). The:method of isolation washmodified
"as described belou.: Blood was taken'from a uing véin«ui:Eaa.Z 5 toﬁ

3 O ml. syringe (with 21 .gauge needle) containing O. 2 ml. of heparln

_solution (100 vU.S.P. un1tslm1. in Hanks Balanced Salt Solut1on, HBSS)
.and transferred to a. 12 x 75 mm plast1c tube. Thrs was’ centrlfuged at
' 300 rpm (lL g) for 5. mlnutes and the buffy coat was transferred to’ a'

,second tube. Only the upper lymphocyte-rlch layer of the buffy coat

was transferred since the lower layers-of the‘plasma contained more .-

~granu10c tes, nonocytes;.thrombOCYtes and erythrocytes than lymphocytes.

' Beparin_vas:usedvas anticoagulant because blood collectedlwith sodium’ vh

. citrate gave'a-highlpercentage of granulocytes and'thrombocytes and
there as ‘a tendency for gel formatxon in the test svstem when c1trated

‘1

plas 4 was used. Disodium ethylenedlamlnetetraacetate (EDTA) was not
’.iused ecause: the chelating agent inh1b1ted the performance of the test.
The ymphocyte—rich plasma was centrifuged at SOQ_rpm (39 g) and

es ntially cell-free ‘plasma was témoved and combined with the cell- free

plasma from7the first tube'for later use. The centrlfuged lymphocytes '

enaining in the second tube uere suspended in 4 ml. of HBSS u1thout ‘

uashing since Hashing away of the trace anounts of serum or’ plasma will

-9
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produce unnecésSary adhesiOn of cells to‘the valluof the container.,n

The cell suspenslon was theh incubated at 37 o in a 60 x 15 mm petri
dish. Under these conditiohs the7lymphocytes did not adhere and spread

but contaminatlng granulbcytes monocytes and thrombocytes adhered ‘to .

<
: the dish and spread. After: 30 minutes the lymphocytes were removed and

<

- -

centrifuged at 500 rpm for 5 minutes.' The lymphocytes were resuspended,

adJusted to 6 x 106 cells/ml uithout further washﬂng, and stored at

4°c until used. However, for the'aspec1fic adherence test, one more

washing was necessary to remove the trace amounts of serum orwplasma”

“present because such trace amounts of Serum would prevent the adherence

‘than 90X pure (Terasaki s_t_ al., 1960). o v ] . : .'_v

trace amounts of autologous plasma at 39 g or 500 rpm. »The»cell

of cells to the surfaces. These preparations of lymphocytes were more

¢

(b) Isolation of Lymphoid Cells from Thymus'and'Buisa-
'Three to nine week old White Leghorn chickens were killed
by either cervical dislocation or by injection of 0.5 ml. of Nembutal

into one of the wing veins.» “The thymus uhich consists of several

;lobesvon both sides~of the neck alongvthe left-and right.carotid veins;

.

vas removed by cutting the mid center cervical region., The bursa of

T Pabricius was obtained from the upper portion of the cloaca. The

tissues were washed with HBSS and'the‘fatty or unwanted tissues‘

“3

were teased off with fine forceps in a 60 x 15 mm petri dish. The»
thymus or the bursa was then cut into smaller pieces and pressed through

a stainless steel mesh fitted inside a 12 ml. syringe. The*cells were‘

13

collected and HBSS was . added to the syringe for further flushing of cells..-

The ce11§ collected were washed at least three times with HBSS uith

" .
e



‘in thawedvsera we

. Usually male rect

suspension was‘adjusted to about-1 x 107 cells/ml.'and incubated in a

60 x 15 mm petri dish at 37 .C for 30 minutes to remove the contaminating

-

vvcells which adhered in the presence of serum. Sometimes 2 to 3.succes—
,sive incubations were needed to remove all the unwanted cells. Incuba-

A tion in this way also removed cellular debris. This was very important

-

when the automatic cell counter was used. - The cells were collected and
washed at least 3 times -with HBSS with trace ‘amounts of autologous
plasma. The cell concentration was also adJusted,to 4-6 x 106 cells/ml.

-

These preparations contained mainly lymphocytes. The size of thymus

- cells were the smalleSt when compared to peripheral lymphocytes and the
:'bursa cells were the biggest among the three types of lymphocytes.
;However, it was very difficult to prepare a cell suspension of bursa

.cells.free of spontaneous adherence, and because‘of this, the hagkground

.counts forvburSa cells were always high.
o oo . L : . S
II. Preparation and-Treatment of’Alloantisera'and"Plasma

Antisera were prepared by conventional immunization with whole'

biblood from birds b aring A or B antigens not borne by the recipient

The - antisera were Rept at -20 C until used. The precipitates present

removed by centrifugation and millipore filtration;

,ents are preferred because the sera obtained irom

male'birds are“very clear and contain-little‘lipid. While the female

- 8era is almost impossible to clear up with centrifugation or to filter

“were heated at 56°C for 30‘minutesato inactivate:complement,(RQSe;andﬁ

through a millipore filter because of high lipid levels. The specifi—

'-‘cities of all antisera were tested by hemagglutination and the sera were
: 'absorbed with erythrocytes to remove cross reactivity Antisera were'
'diluted with HBSS to equivalent hemagglutinating potency prior to

" -sBome tests of allofixation. The antisera and plasma used in some tests',ul



Orlans;:1962) The precipitates formed during heating were removed by

filtration through a millipore APZOO filter or through tight cotton

plugs. -The dntisera used in .some tests were. diluted with HBSS :

'dialyzed at room temperathire against HBSS under_negative pressuqﬁ,bor
. v . ’

._dialyzed overnight at 4°C_against-HBSS and adjusted to initial volumes

with HBSS. " e

IV. Lymphocyte Adherence Test

To obtain adherence in ‘the_ absence,’of 'serum proteins
150 ul of . HBSS was. added to 50 ul of suspension of lymphocytes which
ihad been washed twice in- HBSS The suspension'was_mlxed Uy manual |
shaking and a drop was removed and counted (1 2 x 10 cells/ml- or

200—400 cells/O 12 0 20 mm ) in the hemocytometer under phase contrast

or in- later experiments with a semi—automatic cell cpunter (Fisher Sci-

v.entific) Viable cells were highly refractile uhen viewed with a

- 10x phase contrast obJective (WILD) and dead cells vere not refractile.

'The viability of refractile cells was confirmed by their ability to

exclude t an blue (0.2% in saline) The number of refractile cells

"counted immediately after the additiOn of cell suspension to the incu— '

bating medium represented the ‘zero' count and is represented in’ the
Results as zero percent adherence.. This suspension was incubated'
at an ambient 'Of 25°C . except where indicated, and recounted at

hourly intervals.. The percent adherence was determined as the number :

" of cells lost divided by the initial number x 100. The pH of HBSS -

varied from 6 0 to 6 5 and was not adjusted except vhere indicated.";h

fAdjustments were made with 1IN or 0 1IN NaOH or BCl.

~

~
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For -allofiration, 100 ul of diluted antiserum was mjixed

with 50 ul of fresh plasma at 0°C. and then mixed with 50 ul of lympﬁo—
cyte suspen51on. Otherwise the test was run essentlally as for adherence;l-
1n the absence of serum proteins " In1t1a11y, HBSS was’ used as dlluent
for thelantiserum and the pH of‘the mlxture was 8 3 + 0.2, but.1n later
experiments the ant1serum was d11uted with HBSS supplemented with 15 mM
HEPES (4-(2- hydroxyethyl) 1-p1perazxneethane—su1fon1c acid) buffer and

vith pH adjusted wlth 1 or 0. IV NaOH to 8.5 (see Results for optimal
.iconditions of ‘the test) If the pH of the solutlon was adJusted w1thout
‘the presence of HEPES buffer: it w0u1d tend to- revert to 8.5 durlng prolonged
incubation perlods. HEPES buffer was added to stablllze the f1na1

pH of the solutlon (Kruse and Patterson, 1973) The pH was measured
Eat ‘the end of some tests as a precaut1onw The HBSS %?s made up of 8. 00 g
- NaCl, O. 40 g KC1, 0.20 g MgSOV./H2 , O 06 g KHZPOA’ 0.09 g VazHPO 7H20
0.14 g CaClz, 1 00 g glucose and 0.02 g phenol red per liter (Hanks o

' and wa11ace, 1949)

L

lv; Cell Counting
| The concentration of cells was counted wlth a hemocvtometer or.
with an Autocytometer II (Flsher Sclehtlflc) For. the‘hemocytometer.
o count; a drop of cell suspen51on was drawn and transferred to. the
counting‘chamber, and’the number of cells per cu. mm ua’qLOunted~under:*@
the phase contrast microscope (WILD) with 10x eyepleces aﬂﬁ 10x objec— ;d'
‘tives.' The viable and refractile cells were counted wlth a: cell‘counter.
vand the contaminating erythrocytes were.exclqded from the count. ‘The-
advantages of the hemocytometer coant uere that 1 could.count the type’lh

._of cells I wnnted to count and. exclude the unwanted cells.i The_percent ‘4



viability of the cells was’ known from observatlon under phase and there
ﬁwas no dlfflculty with cell count .ng due to the presence of’ cell debris.
: The chief dlsadvantage of manual counting was that eyestraln 11m1ted
’;the n ber of counts that could be made. In addition, the volume o

counyled by‘the hemocytometer was small and the risk'of a sampling error

[} i
s

- was greater.
| For the automatic count.by'the Autocytometer'II,da'sanple of
20 ul was drawn from the»fube containing‘the cell~suspension wlth'a
? . .
'.Flsher D11utor (Model 240) whlch d11uted the sample automatlcally
"1/250 with 1soton1c solutlon (Polypac). The solution was collected in B
va clean vial (le .70mm Klmble glass) and then counted with the counter
Before a countlng c0u1d bevdone, a threshold curve for the opt1ma1
operat1on of the machlne w1th a partlcular type.of cells had to be

determlned Thls was done by counting a sample of cell suspension with

‘.the dlfferent thresholds calibrated on the machlne. Two threshold

. 0

. .
calibrat1ons‘are marked on the machine: RBC threshold for the red cell

‘count and WBC threshold for the white cell count.. I selected the NBC
threshold for the enumeratiOn of chicken lymphocytes ‘An al.quot of
lymphocyte suspen81on was read at di;ferent threshold levels and the"‘).?
;‘counts plotted against the threshold levels. _Initlally the count
v:'increased‘With the threshold and then levelled off. A threshold level
‘"-on .this plateau ‘wag selected for the counting of cells. 1 used WBC"
7threshold "60" for the routine count of chicken lymphocyte suspension..
Thetgatocytometer would draw 0.5 ml. of sample to flush away the
solution of the'previous count and,then draw in 0.5 ml.‘of_new‘sample

'_for'counting._ljhe’number;of counts was multiplied 250x to compensate' -k,
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for dilution, and shown on the screen. - The number of counts shown was’

thg ;umber pef‘ml.‘of solution. The‘advanfages ofbthe Cell counter
;eteAthatv 1 could count as‘mahy sémples as [ waﬁtéd to and that

there wésl;o human bias,in Fhe count. The ;qlume of the sample counted’
was lgrger an&'theléount was thgrefdre, mofé'reliabie than the!manual

count. ‘The drawback was that the solution had to be'vefy clean for

‘the counter counted any cell particles or debris or precipitates if

B

they were over a certain size and the ‘counter did not differentiate

between viable and non-viable cells or between erythrocytes Qith the"
lymphocytes. Thus an inéccurately‘high'éount might be observed if the -

suspension was not properly prepared.
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" "Results . ‘ . ' ' o . -

I. Lymphocyte Adherence Test

Lymphocytes whlch have been washed twice and resuspended in

.HBSS adhere to glass and plastlc at every pH‘ ( Flgure 1). " L .
Inclusion of‘fresh plasma inhibits thls genetlcally aspec1f1c adherence
(Flgure 1. Inclu51on of antlbody with fresh plasma reveals an optimal

‘pH for allof1xat1on between 8 and 9. Thls appears to be true for all

- the B alleles tested (Figure\E) Saximal allofixation,iS~about‘the
.dsame as the.aspec;flc»adherencer The data mav‘be somewhat;nisleading'
for”cells*incubatedlat extreme:ph'slnce Yadherence' is deternined as
”the loss of cells from suspension.’ Aspecificvlysis,could have con¥_

'tributed to the loss of cells in HBSS at very low and very hlgh pH

LN

-_Aspeciflc lysis cannot be the explanation for the dlfferences seen
at 1ntermed1ate pH 31nce'separateiexperlments have demonstrated_'
.reeoverv ofrmore ‘than twoethlrds'of the 'lost' cells.
The series of pH tests was run at 25 C. In a second Series,
at pH 8 5, the temperature varied from 0 C to 62 C (Figure 3) _Fifty o

' percent of the cells 1ncubated in HBSS adhere w1th1n 1 h0ur even at

* ‘ »

m0°C. In contrast, alloflxatlon is blocked at O C but equals aspecific

.adherence at 37° C.» The effect of temperature~on aspeclfic adherence_is

so-slight that it can be attributed‘tovnon-metabolic mechanisms,‘butAthe

effect on allofixation implies the involvement of the cell s metabolism.f

.

A series of time effect studles was done at room‘temperature

(25°C) and pH 8.5. Figures 5 and 6 illustrate the- adherence of cells

with specific antisera. This could be detected at 15 minutes. _ Adherence

-
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increa‘sed rapidly during the first.hour of incubation: Almost all cells
. @ .

adhere after’ two,hours of incubation at room temperature (25 C). A
difference in the rate of adherence of homozygous and heterozygous
cells could be detected at 15 minutes, but the persistence of this

difference depends on the B genotype.- The early onset of adherence

e .

suggests that the initial bindlng of antibody -and. alteration of the
fcell Surface must begin almost 1mmed1ate1y. Aspec1fic adherence is more
rapid than the allofixation reactzfn (Figure 4). . The‘adherence of cells .

to surfaces\requires random contact between. the cells and»surfaces. It .

' may not,- therefore, be practical to Reasure adherence before 15 minutes.

Sifice the settling of cells favors contact, but contact need,not'leadv
/ i '

“to adherence, the test tubes wvere shaken to resuspend non—adherent"

‘ . v :."a‘-, (o8 . .
,cells before each count. “The. frequency of shaking may have some effects
on cell adherence (Figure 7) ' ‘The data 5uggest that too many shakihgs -

>

' ﬂat short intervals for example at. 15 minutes, may decrease the number
~of "adherent" cells. -This is true in the sense that too many shakingS'

might interfere with the transformation of contact to adherence though

it may increase the chance of contact and the chance of cell to cell
—_— _

¢

Acontact and agglutination

*

The series of cell concentration effects was runm at .room’ .
temperature and at pH 8 5. ’ Allofixation does;not differ sxgnificantly
,for cell concentrations from 0. leO /ml to 7. 0x10 /ml (Figure 8) but
a slight increase invallofixation is observed at higher concentrations.
This suggests . that the cell concentration that I use. for routine

'allofixation‘test, i.e. 1. 0 - 2 0 x 10° /ml ‘may. not be opt mal' However;

'ttoo many cells lead to agglutination and may complicate the use of

-'-dilutéd antisera.
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.Allofixat:-n proceeds rapidly when the antigen is B and the

o 14 _
J‘antibodyﬂls ant1 Blé The rapidity of this reaction lends itself to a _ .

N .- s . . i -

"test of specificity.- AntiLB ) was.prepared by 1mmun121ng a Bl:—;/B13 ird

14
1

with B——/B-— erythrocytes and by . absorblng the antiserum wlth ﬁll
.'and B—/B- erythrocytes. The»spec1f1c1ty of the'antiserum'is based~on;

the hemagglutlnatlon test, though_as wedsee;later.this‘mapinot'he‘a
'good crlterion of the'spec1ficity-of thelantiserum for.the allofixation

test (see Chapter 3). Table 1 1llustrates the»tests of the perlpheral

-,"lymphocytes of 28 blrds. B-/B 6'B—/B— 4 B13/Bl3, 6 B—/B-— and

8 Blﬁ/Blﬁ.; The lymphocytes of the 14 birds which lacked blood group

antigen B

1 d1d not adhere in signlflcant numbers. - Eighty percent or

L4

more of these lymphocytes remained in suspension in the two dilutions ;

of'antiseruw tested. In contrast, the lymphocytes of the 16 birds

°

belonging to ‘blood group B reacted strongly.,Sixty percent-of the

14
'lymphocytes adhered‘within 1 hour and'80 percent'adhered.sithin 2 hours,

. The lymphocytes of one b1rd a B-/B-ﬁ, gave a relativelv Heak reaction i

.which nevertheless exceeded 40 peréent at 1 hour and 60 percent at 2

hours in the h1gher of the two concentrations of antiserum used in

these’tests._

16 16

."‘Thé'rapidity of theAreaction,of_anti-B , Serum uith B-—IB

, - 14
.lymphocytesvmakes'this reaction.usefnl invtestlng_the contribution {

f which'freshdplasmalmakes;toiallofination., lhree serles of}tests.werev
.'donef :Untreated antlserum oas.used‘ln'thetflrstuseries;‘heated antiserum
‘in the second, and dialyzed antisert.im.-in;’the thir.d.». Each series mcludéa o

-0

three tests, one‘with fresh plasma, one with heated plasma or agamma .

-chicken serum, and one without plasma (Figure 9). Onission of plasma
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- omitting plasma (F 318 11, p<0 001) was even greater (F

'pared by. immunization of birds which 1ack B.
.. Teact with B——/B—— lymphocytes. Theiconverse is true for anti-B

;prepared by immunization of birds which lack B

reduced the reaction with untreated antiserum from 93 to 33 percent
. -

J :
the reacétion with heated antiserum from 80 to 5 percent, and the reaction

)

. with dialyzed antiserum from 64 to 1 percent. Although treatment of the

antiserum did affect the reaction (F 78. 71, p<0 001) the effect of

/F_ =
plasma antiserum.

':4 04) Dialysis of the antiserum against HBSS (pH 7 2) made the

~- .

reaction very sen51tive to the presence of fresh plasma, ‘an observation

which might mean that dialysis removes. a partial substitute for fresh

plasma. o However. transitional changes, such as pH during d1aly51s

might be more. important than the phy51cal removal of any constituent._

The specific1ties‘of B antisera were jtested in another series of

- experiments which may be“illustrated by the reactions.of Q;IE;,‘EZ/Ef-

and Blﬁ/Blﬁ lymphocyteS-with anti—Bé and anfi—Bia sera.’. Anti—BZ'pre—

14 antigens‘will invariably
14, 14 '
14

Y antlgens (Figure 10).

Nevertheless, the Cross-— reaction will be weaker than the specific f»

reaction and the difference will be maximal at some intermediate

dilution. In thiS'instance the difference is greatest’at-serum

dilutions of 1/16 and‘1/32." Absorptlon of anti-B., with B= /B— ervthro—

14
cytes removed reactivity for B~ /Bg lymphocytes and reduced the reaction
with B—/B—— and Blﬁ/ﬁ-ﬁ lymphocytes (Figure 11) ‘ The maximal difference"

was shifted to serum dilutions of 1/4 and 1/8 At a d11ut10n of 1/16

7 3

‘the reaction with B-/B-ﬁ cells was @liminated, and the reaction with

14[815 cells was. reddted to 30 percent adherence. At a dilution of

1/32 there;was no‘adherence for'either Eﬁ/ﬁjé‘or Ef-lg;é cells.’

-

K4
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Wheh anti—B2 sera are- tested with a panel of BlalBla §;/§%é;
land B-/B— 1ymphocytes the reactions prove to be strikingly different'

from those obtained w1th anti B A At 25° C the allofixation of B—/B—'

14'.
cells by anti—B2 is about 30 percent ‘at 2 h0urs. The allofixation of;

B /B—- cells by anti B14 exceeds 90 percent under the same conditions.

The allofixatlon of B—/B-— lyﬂphocytes is’ 20 percent with anti B2 and :

80 percent w1th anti-B (Figure 13) The reactiqn with anti- Bld is

3 to 4 times as great as the reaction with anti- B2 one and two hours
.after the . 1nitial _count, even when the same’ cells are used for both

. tests.' If B—/B and Blé/B—- lymphocytes used in these tests are
allowed to react with anti—A antibodies they react equally In'addition
to this, the B—/B- lymphocytes are able to react strongly with ¢
_:unabsorbed anti-B2 prepared in a 314/81£ bird (Figure 12) The‘dif—
._Tferent reactions Withanti—B2 and anti B14‘sera.must therefore réﬁié—
';sent some feature speCific‘to ths B antigens, their locations, chéif_
'quantities, or their abilities to trigger cellular changes, rather than

a difference in the adhe51veness or motility of B—/B— an d B-—/B-— cells.. 3

The same- kinds of tests were done for four other’ B alleles, the

'2;,_2;2; Blé and * B21 The reSults, as illustrated in Figure 13, show‘
that 313 and B15 cells adhered in the same manner as the 814 did, the_
2 adhered.a;>the B2 cells did, and the adherence of Bl cells. was

}intermediate between these two.» The reactions df Bl’ 13° 15 homozygous

and heterozygous cells are only slightly different after two hours of
,incubation, though the rate of. adherence within the first hour of '

incubation may be different. The lymphocytes from donors whose erythro- _

cytes do not agglutinate with a specific antibody do not adhere. ‘This
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further indicates the specificity of the reaction, and the 51m11arity

betveen the gl Bll, B]—“-[1 and Blé alleles in their response to allo—
: . ‘ —— " . N i
fixation. .The antifB21 serum usedyln this test is_absorbed only with

Bé and BlS erythrocytes because further absorption will tend to remove
'alllreactivity for‘BZI.cells.‘ The results of the allofixationvtests for

Byy are.very similar to tests for B,.: However .more tests are needed

to confirm the weakness of the B2 and le alleles in this system because K
' the weak reaction 9f=32 and BZl cells with their respective antihodles

' may be dueltO“low'levels of allofixing antihody'(see Chapter‘32r. It

may not be due‘to a quantitative or qualitatiye.difference of the

- antigens or theirvdistrihutions on the lymphocyte surface.‘ This(can
"only be proyed;byvreaction with-isotopeilahelled:antihodies. vThis

type of_experimentvis in'progress..' | .

When anti-A2 a'nd‘ant_i-—A6 sera are tested with a panel'of~:

'é%/é;,'églég, and ég/éé lymphocytes, the'results,are‘startling. These
" tests were initiated as a control of:the,B:reaction because A antigens

-haye neyer'been detected on chicken lymphocytes and are not ‘known to

influence graft rejection. Allofixation by anti-A sera is stronger and

more rapid ‘than -the specifie reaction mediated by anti~ 82 and B although

21

. it is not. as strong as the reaction mediated by anti- 813, and anti—B14

sandﬂanti—Bls.ang/probably anti:Bi., The az.and:A6_reactions 3r?>i“d1$—

’ tinguishable_except,for'their specﬁficities. WhensAzfand A6'reactions
ar- analysed;the'percent adherence is seen to be a lihear function of -

the‘number of AZ and Aé alleles borne by the donor bird (p for. linear

regression <Q. 001; p for deviation from linearity >0. 05) This is

Trecognizable as an exact expression of gene dosage (Longenecker et al.,-

1972) and is most easily interpreted as meaning that the A heterozygotes



'.cytes in vivo.
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have exactly one—half as much A2 (or'AG) antigen as the 52752 (or ééjéé)',

homozygotes. The A reaction might pOSsibly be due to reaction with'A

antigen in the autologous_plasma in whichlthese tests were done. This
: : o .o | . 4

possibility was eliminated by tests-in which the cells and the fresh

plasma came from different A genotypes, i.e,, g/é; cells plus éélég

plasma,and A—/A- cells plus A—/A- plasma.v The'substitution of‘another ,

plasma for autologous plasma had no effect. Allofixation with anti A

. 'sera is- determined by the genotype of the donor of. the lymphocytes : .43

g
s

. and notrthat of the.donor.of the plasma This does not, of course,

| exclude the p0551bility that A antigens are absorbed onto the lympho—

kg

Adherent-cells have been recovered by‘treatment of the@surfaces

with 0 252 trypsin solution or by vigorous agitation. The cells appear

‘ normal but normal appearance does not Prove normal function and not
fall of the cells can be recovered It would in any case be difficult

to prove that all’ adherent lymphocytes re‘ain all of their normal

[

functions. To test normal function. I resorted to the graft—versus—

host (GVH) competence of adherent cells. - Although only 1 of}every

tl'OOO to 10 000,1ymphocytes'can normally be shown to'have GVH reac—

tivity it is possible to test the effect of immunoadherence of this'

_small population of lymphocytes with precision. ‘A circular coverslip

)

. was placed in contact with an HBSS suspension of a‘known number of
K lymphocytes. Another coverslip was placed:in contact\with a similarv
_suspension which differed only by the prior addition of fresh plasma.'
::ALA third covenslip was placed in contact with a similar suspension which

tdiffered only by the. prior addition of fresh plasma and B~ specific
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.antibody. ‘Fourteen sets'of coverslios were usedquAfter incubation“for
1 hour at 25 Cc the coversllps were vashed vigorously and repeatedly in.‘
HBSS,‘inverted, and piaced on the chorioallantoic membranes (CAM) of.
_chick embryos bearing h antigens to which'the'iymphocytes shou1d~react.
The cells left in suspension when the coverslips were remoued .were
coliected and used‘to test other chick’embryos. 'The number of chorlo—
ailant;icjpocks'exbected?'based on.prior tests,vwas 1600.1 The cells
:'which adhered'to'coverslips when suspended in HBSS accounted for 1405
: pocks and the cells vhich did not adhere accounted for 2- pocks (Table ‘
22). The cells uhich adhered to coverslips when/suspended in HBSS plus
fresh plasma accounted for 8 pocks and the cells thch d1d not adhere
accounted;for 775dpocks.. The cells which adhered to coversllps in HBSS
»plus.fresh'plasna;plus B antibody accounted for(146$ pocks_and thevcells
Hhich did not adhere accOunted for 481 pocks. It is clear that GVH-
'competent lymphocytes do not suffer an 1rrevers1b1e loss of GVH
'competence as a consequence of adherence. Since GVH pocks are 1nterna1

to the CAM the experiment also 1nd1cates that the lymphocytes can detach

‘ migrate, and respond to histocompatlbility antigens.:h

- “«

I1I. Distribution of A and B Alloantigens on Per1phera1 Lvmphocvtes
- Bursa and Thymus Cclls-

. ln the mouse. at least'six distinct systemshof.lymphocyte-su;facef,'

antigens are recognized by the cytotoxic effects of specific ant1sera
J'(Boyse et al;, 1968) . In the chicken bursa— and thymus—speéific anti-

gens have been identified by innune adherence (Forget et al.,~1970),
/ B

/ S el

. by .<_Cr51 release (Ivanyi and Lydyard 1972), and by immunofluorescence

(Rudson and Roitt;,1973).. Mammalian antisera were used for these tests. //.

Pt . N N . » A

/



The distribution of antigens among the lymphoid organs is knoun to
_ differ. The H-2 alloantigens of mice are poorly represented on the
thymus cells (Raff 1971) TL antigens (Old et al., 1963) are restricted
to leukcmic cells and thymus cells of some strains, and theta antigens
.are only found on . the thymus cells or the thymus derived cells and the
nervous tissue (Raff 1969) The present study uas undertaken to study ﬁé-
the expre551on of . A and B alloantigens on the thymus and bursa cells ’
- of the chicken, and to compare this with the expression of these
antigens on the perlpheral lymphocytest : | .
Lymphocytes of peripheral blood ‘thymus and bursa of chickens
'3 to 9 ueeks old were tested for % antigens. Figure 16 illustrates the
xpression of the B

14
ﬁ\the thymocytes (T). and the bursa cells (B) from 3 to 9 week old chickens. .

alloantigens on the perlpheral lymphocytes (P),

I

* The results 1nd1cate that the BlA alloantigen is fully expressed on the
a)" '

P cells at the age of 3 weeks and no further development of this anti—

A

'gen is observed from 3 to 9 veeks after hatching. However,u antigens

14
are not equally distributed on different lymphoid cells. ‘This shows

.

similarities to the H—2 distribution in the mouse. 314 antigens are
not detected on the thymus cells, are poorly expressed on the bursa
-ccells, and are strongly expressed on the peripheral blood lymphocytes o
(Figure 15). Seventy—fi¢e percent of the P cells, 30 percent of the,
B cells and only 10 ~percent of the T cells were fixed by alloantibody
:This result is in accord wit: the finding in the H—2 system of mice
i where H-Z antigens are poorly represented on thymus cells (Raff 1971)
_The number of adherent cells in the thymus appears to increase slightly'

jfuith increase of age. This may represent the presence of "P" cells - in

the oldervthymus. ,:'}”, _»," o ‘ :;'-'_ SR
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Peripheral lymphocytes; thymus cells and bursa cells of A—/A-
chickens reacted with anti—A ‘(Figure 16). Seventy to eighty percentlof
the cells were‘fixeda Relatively few P and T cells adhered when
suspended in autologous plasma but 20 percent B cells adhered. This
| high background for B cells is not 1nterpretable at this time. An

antiserum specific for A

r A, caused P and T cells to adhere (Flgure 16).

}ﬁurSa'cells were not'affected, This suggestsvthat thls_ant1serum
contained tissue;specific antibodies;for tnymus.@nd.the peripheral
lymphocytes.' This is my only’ evidence for an antigen analogous to the
theta antlgen of the mouse: (ﬁeif and Allen, 1964). Thymus-spec1f1c and

bursa—specific antigens have been reported by others (Forget et al.

L3

1970' Hudson and Roitt, 1973' Ivanyi and Lydyard, 1972). McDermid (1968)

and Thein and Schmid (1968) "also reported alloagglutinatlon of lympho-

- cytes independent of hemagglutination.

. . . o .’lJ .
l\ - o ' o
S 5 . -
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PYRRS

| __The present work began wiéh

although the formatlon and w1thd: ‘aifﬁﬁﬁsmall pseudopods continues

' - 'M%A"- Lo o
»

'(Terasaki’gt al., 1969) The immobllity was’ attr1buted to the failun@

k)
3

”to form large pseudopods and to p0551b1e adherence to surfaces. This

__suggested ‘to we the p0551b111ty that the immobillzation of lymphocytes

_and active and readhere without difficulty. Most small lymphocytes'

»

- at surfaces may be used in an immunospecific manner. Hyﬁ,first .

attempts to do this, hylexposure of lymphocytes to surfaces to which f

alloantihodies‘had beenkcovalentlylbonded, encounteredjserious~diffi_

‘culties. -In the course of these experiments it became-evident that

rewashed.lYmphoczges_do not remain in suspension if - placed in standard

,solutions of salts, i.e., HBSS, HBSS minus-calcium and magenSium,

_Seligmann s (Graber et al., 1955), or sodium chloride.- The,loss of

i_lymphocytes is so rapid even at 0°C as’ to make lys1s an improbable explan—

ation: The 'lost lymphocytes are. found firmly adherent to untreated

glass and plastic surfaces.ﬁ When removed from these by vigorOus

J

agitation or treatment with trypsin, these lymphocytj%happear normal

fgﬁdhere within the first hour, even at 0°C. There appear to be no

-

differences among chickens with respect to this kind of adherence which

1 _term ~aspecific adherence.
In contrast, to the rapid adherence of rewashed lymphocytes

suspended in. HBSS rewashed lymphocytes suspended in BBSS coutaining

plasma, serum, or serum proteins remai in suspension for many hours

<

. o

{9;
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’.(as do once~washed lymphocytes) - The addltion of~one part fresh plasma
‘-to 1, 000 parts HBSS inhibits the adherence of rewashed lymphocytes.
Bigher concentrat1ons of fresh plasma suppress adherence completely.

‘If in addition to fresh plasma the HBSS contains A or B alloantibodies
'lymphocytes of the proper genotypes oill‘adhere. This allofixation,‘in'
contrast to -the aspec1f1c adherence whlch occurs in protein—free.suspen-
“sions, is'enhanced rather than 1nh1b1ted by fresh plasma._‘ltlls greater
‘ at higher concentratlons of plasma., A l-1n—4vor'1—1n—8 m1xture of-:
‘fresh-plasma in HBSS is conven1entvfor tests of allofixathn.. Higher
concentrations arerimpractiCal and'looer concentrations have less
hufferingfcapacity. -

" The lmportance of fresh plasma forgallofixation‘isvmost'evidentl

~ when HBSS~dlalyied'antisera are used.melalyzed antlserum’hy itself
hdoes not fix lymphocytes to surfaces hut”the addition of fresh plasma:
| 1n1tiates rapid allofixation. The effect'of omitting ffésh'plasma is”'v
“somewhat less 1n tests with fresh and heated antlsera."The'fact that
treatments which inactivate compLement abollsh alloflxatlon suggests
:that the synergistlclcomponent in fresh‘plasma may he complement, but

1 ha;e made no.serjous'attempts to'test thls; |

at

The specificity‘of plasma—enhanced adherence has been eemon—:
strated‘for»o'gpallelesyig;; 5%, g;g; g;ﬁ,[g;é; andvggl, and for two
éballeles, é; and ég.f The ‘greatest useful dilution of‘speeific anti- -
serum is about-oneohalfﬁtheihemagglutination'ziterkof hyperimmune sera.
Lower dilutlons of antiserum are not useful because Qf{pygéohe_ggfgggsr
~"and the.occurrence ofvlpmphoagglutinationl Thus, mv ‘eviéencetthatk

allofixation is immunologically“and genetlcally speciflc is- Uﬁ@kd on _

PR . . . . Ty hd
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the levels and7rates of adherence at intermediate dilutions of antisera}
At these dilutions it is p0551ble to discriminate Ag éé, and Bg homozygous

from heterozygous chlckens, with anti—Az, anti A6, or anti B respectively.

' 2
Bl Blé 514, and Blé homozygotes and heterozygotes can, of course, be

discrlminated by reactions ‘which detect the alternate allele of the

heterozygote. '

Allofixation depends onﬁ&hree components: the proper A or B

,,1\

antigens, antibodies to these antigens, and unknown components which
are partlcularly abundant in fresh. plasma. The manner and sequence 1n
whichvthese interact is unknOwn. " My attemptslto'adsorb antibodies to

_ Surfaces and to use these coated surfaces to bind lymphocytes have not
Succeeded. All of my data are con51stent with the possibility that
‘the antlbodies combine with A and B antigens of the lymphocyte prior to
the adherence of the &ymphocytes to the Surfaces. In this. respect the
‘reaction resembles established ‘methods in which cells react with

.heteroantibodies'and then adhere to or bind other cells,‘e g, chicken

embryo fibroblasts coated with mammalian anti chicken fibroblast—sera

| vill bind human erythrocytes (Schwart et g;., 1969) The term

o allofixation" has been introduced for several reasons inherent in the
method but 1ts principal merit mayvbe in distinguishing it from other7
forms of immunoadherence. Allofixation shOuld not be. confused with the
fetuin—mediated adherence of phagocytes or the ‘usual adherence‘to
',surfaces of neutrophils monocytes, and thrombocytes. Adhering lymphocytes
4share vith other cells one important feature——the lymphocytes adhere
"ﬁjsingly and separately in the concentrations used and .., as might be

4 g S »

expected,'as clumps..»Allofixation does not cause the{cells‘to flatten—-

they keep their globular shape.
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Conclusion

1 have'descrihed avnewttechnique for.the detection of allo-
antigens based on the immobilization of cells at surfaces. -The technique
is probably more sen51tive than immunofluorescence and lymphoagglu—

hRY

tination as indicated by the ability of allofixation to detect certain
antiéens.that were not detected prev1ously by those methods. It is
4recommended that allofixation be done at pH 8.5 at either room temper— :
- ature (25° C) for 2 hours or  at 37 C for 1 hour. . Under these conditions
specifiC'adherence_isAmaximal,and’the reaction mayvbeoregarded'as
complete. | o
.~The technique reduires the eddition of;certein heat sensitive

~ factors present in fresh chicken plasma. The shaking of the tube before
counting the cellsvin suspension is\necessary in order to resuspend
'cells which have settled aspec1fically, but too .many shakings may reduce
the specific adherence. Shaking may interfere'with the‘test_hy causing
viymphoagglutination. | o f'v R .”. ' ,;»
| | 'The specificity, high yield, ond nonélytic charecteristics'of
allofixation may prove to be very usefu}gfpé.generei application in the
separation df different functional groups of cells from heterogenous
1Eﬂpopulations of lymphocytes. The present technique”mey be useful for the iso-
-lation of cells bearing spec1fic receptors for phytomitogens; Concanavalin

A and Phytohemagglutinin, for anti—T anti—B anti—allotype antiserum

for hormones, and for components of complement.
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Introduction:"

£ T - .

The-adherence of healthy cells to surfaces, whetner mediated by
the removal ofiplasma protein or the addition of alloantibody, must -
involVe subtle changes: in the cell surface. - The nature of these remains

" unknown, but their ultimate recognition is likely to depend on thié degree

.to which adherence can be related to expermments with non-lymphoid cells.

ot
)

:Cell membranes may be altered with variable ‘lectivity by proteolytl%

-enzymes or chemical agents (Burger and Goldberg, 1967 Inbar and Sac””u.
1969;'Moscona, 1971; Springer, 1963). Proﬁeoly$isucan,have profound

effects on the expressidn cf ancigens and can reueal'hidden macromolecules .
or remove expressed molecules (Bhandari and Slngel 1973 Chapel and .
dWelsh 1972;  Gibofsky anduTerasaki;,l972;.Mittal et g;., 1969; Schwartz
. and Nathensop,-l97l; furnervggcal,,/l§l25;' Neuraminidase can alter cell
Behaviour or:adnesiveness-and &nis'is atrributed:to the‘.

Vi

terminal sialyl residues and the consequent alteratlon of ,he electro—

'potential od the cell surface (kassulke _E g_ 1971 Lichtman and Weed,
1970 'Sanford, 1967; Shimada and Nathenson 1971 Weiss, 963). \ The
\

'1mportance ‘of terminal residues is equally evxdent froﬁ?studles of the
N

- ABO ahcigens of ‘the human erychrocyte surface, Whether termlnal and "

o

M

.expressed; or hidden, ihé sfructural'and chemical‘ccmponenrs involved -
ln adherencedmay'belong to'the egcraemembranous.coating‘or'glfcqcalyr
of the'celll Scme cbmponents}kpresumablyﬁlocated in the membrane o
itself will if reacted with multi— or polyvalent bindlng agents,':b
"aggregate and eventua]ly form a cap at one pole.‘ It is feasible tu
-apply the multivaric's methods.which underlie these'observatlons to

vthe'chicken lymphocyte.
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' Materials and Methods

"I. Chemicals and BiochehiCals.‘ . . o .‘ | )

- The.chemicals;used.uere D—gluéosamine BCl,‘D—gaiactosauine_HCl,

"D-mauuesamine‘ﬂcl, N4acety1—g1ucosamine, N—acetylégalactosamipe, N—acetyl—
smannosamine,‘cyclohexyiamiue, ﬁydrocortisone—Zl—sodium—succihate,:culoff'

) amphen}col, 2;4bdinit;cphen61, Z—ueoxy—ﬁ—glucose (Sigma), L—fuccse;

| D4galac£ose,-D—mannose'and bovine. serum albumin (chstalIine)'kVutricional
Biochemicals),ksodium borate, sodium periodate, sodium cyanide,‘scdium v

bcitrate, disodlum ethylenediam1netetraacetate (EDTA) hexamethylene .

<am1ne, sodlum chloride, magnesiumychlorlde, ca1c1um ch;orlde, sucrose'

' audvgelatin (Fisher Scientific), iodoacetamide (K. & K Laboratories),

hepafin (Connaught Medical Research Laboratories) v1nblast1ne sulfate :

(Velbe):(Eli Lilly) and»agar and trypsim (1:250) (Difco).

'II. Lymphocyte -Suspensions o ' N

.Lymph0cy;e Suspensions were prepared_as”decribed previpusly

1n'Chapter,1._ '2

.y

Lymphocytes were x—irradlaﬁed in HBSS vith trace amounts of
. plasma. The dosages were SOOR ﬁ?SEVmin. for 20 minutes), 1000R (200R/min.
'for:nglnutés) and SOOOR (ZOOR miﬁ* for 25 minutes) For the aspecific

4ﬁand specific adherence tests,.non—irradiated lymphocytes from the.same'

A'-preparation were used as xhg control.
‘}

Lymphocytes vere tfypsinized by incubation in 0. 252 trypsin in
HBSS (pH 7 5) at 37 c for 10 minutes, in a petti disb (60 x. 15 mn)

'They were washed twice and xesuspended in HBSS. Tb prevent aspecific
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-adherence of cells, .a trace amount of plasma was added. The cell concen-

tration was adjusted with HBSS to 4 to 6 x 106 cells/ml. and the non- -

treated lymphocytes of the same preparations were used-as controls. -

IIL. Substrates

- Pyrex and Falcon plastic test tubes were used. All tubes were -

12x75 mmxégglastiC'tubesiwere coated by adding'liml..oftO.Sngelatin ,

agar or BSA'solution in HBSS to each tube and were allowed to stand in

' thesréfrigerator-overnight.’ The tubes were rinsed with distilled water

3 times and‘air-dried'before'use.A

Antiserum treated dishes were prepared by adding 2. ml. of

.diluted antiserum to each dish (35x10 mm) The dish was incubated with
the antiserum at room temperature for 2 hours. The dish was then washed ’

;or rinsed with HBSS 2 to' 3 times and used directly for the test. Cells

Fermm el

-

Suspended in-ZSZ fresh plasma (occ351onally 12.52) were added to the

dish “The antiserum treated dish was further incubated with 0 85

: saline, 0. ZSZ pepsin or papain solution in - some tests. Both the‘reagentsf

pwere obtained from Sigma.. The dish was then washed twlce with HBSS

.before tpe addition of cells. Cell adherence was. obseryved under the'

Sy {
l

.phase microscope and the loss of cells was counted by means of a cell

counter.

:‘IV; ‘Inhibition Assay

. ’.::2 . ;(/
of metabolism and macromolecular synthesis, hydrocortisone, sodium,

borate, sodium periodate, and vinblastine were tested as possible

Simple sugars, amines, amino sugars, anticoagulants, inhibitors ‘

e
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‘inhibitors‘df ailofixation'and aspecific adnerenée. Fifty ul ofAcell
'suspension wasladded to awtube containing a mixtute'of'ZS\ultautoiogous
plasma, 25 ui antisetumvand 100 ul HBSS with or without_supplementfofA
’ ismM HEPES buffer. The pH was adjusted to 8.5 ‘Qith 0.1N NaOH or .uc1.

' The 100 ul "HBSS contained 2 times the.concentration cf‘tne'reagents‘cr
’inhibitorsbusedbin tne test. The pH of the mikture‘was-usually not
;adjusted with Naog or HCl if the final pH was not affected by the
) additlon of the reagents Otherwise the pH of the mixtures was adJusted
. to 8.0 or 8. 5. The aspec1f1c adherence test was performed by adding
450 ul of twice washed serum—free lymphocyte Suspen51on to a mixture of
50 ul HBSS and 100 ul HBSS containing 2 times final concentrations of
the reagents. The ‘pH of the solution was not adJusted unless the pH of
the mlxture was. either too hlgh or too. low. In such cases the pH was

adjusted to 7.2 with 0.1N NaOH or HCl 'In some of the’tests, known - -

amounts of divalent‘cations were-addedigo the mixture before the test.

s
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- Results ' o T - v v

I. Chemical Nature>of B Alloantigens

The.chemlcal nature.of B alloantigens was studied by the
inhibition method. Figure 17 illustrates the :ffect ‘of three simple B
'sugars,‘Lefucose;’D-galactosefand Denannese on the adherence of lymnho—
.cytes lnduced hy alloantibodies, ?our:concentratfpns of sugars (0.25;

' % ; :

,.‘0.50; 0.75 and 1.002) vere testeajand the results do not indicate that

""these sugars inhihit allofixatlon. Asbecific adherence uas not inhibitedl
vbf,ngalactﬁse‘Or D-mannose (Figure l8).‘fThe amides'andAamines,'N—acetyl— i
galactosamlne, ﬁ-acetylémannosamine;;&—aéetyl—glucnsamine; cyclohexylr‘f
-amine and'hexaethyleneamineswété tested'atlconcentratlbns of 0. 5, O.SQ'

and 0. 75%. Fhe results presented in‘Figure'19 .id not show inhibition

by any of the amlnes tested and enhancement of adherence was'observed

i with some amines. This suggests that 31mple sugars and their amines .

-
»

afe probably not the antigenic determinants of the B alloantfgens \;\\;_”)
However, glucosamlne-HCl, an am1no sugar -was found to inh;blt'allo—
fixation but not the aspecific adherence (Flgure 20) ’l helieve.thatj
his‘inhibitioneis'an artifact due to the.marked pﬂfehanges.after the

IAddition of‘glucosamine—HCl The'adjustment of pHuwith 0 lN‘NadH-to

pH 8.0 resulted in a’ reduction of the 1nhibit10n by glucosamlne—HCl

The bar diagram of Figure 20 illustrates the. results of the effects of.
the 3 amino sugars (glucqsamineﬁHCl,-galactosamine—hCl(and mannosamlneef”

- R N S . :

HCl) on allofixation. ‘At»a concentration Of O'SX, only'a slight

1eduction of ccll adherence is detected and it is very dxfferent from‘f

S

e



' hydrates (Glaeser et al.,-4968 Moscona, 1962; Zatz et

B Zittle,'1951). Figure 21 and-22 show that 1.0 x 10 3'to 1.0 x 10"

.between cells bearing B

‘ difference is not known. The enzyme does not seém to affect the cell-f

\ . o - i . s

the complete inhibition of cell adherence without proper adjustment of
i..

'the pH. . This slight‘inhibltion ‘by amino sugars may be due to the

changes of molarity of the solution. These failures may indicate that

- 1
cooe . !

determinants:of B.alloantigens which are effective in allofixation are

" not identdcaljwithvany of the carbohydrates tested,

This interpretation of the non-carbohydrate nature of B allo- .
antigens isstrengthened by‘theufindings with sodium“periodate and
sodium borate._ These two reagents modify the structure of some carbo-

al., 1972;

2y
sodium periodate and'1 0 x 10 -2 to 4 0 x 10 2 M sodium borate do not

interfere with allofixatlon or aspecific adherence (Figures 21 and 22).

~This suggests that oxidation of the vicinal hydroxyls of some carbo-

. . . § E .
hydrates, to aldehydes, does not; alter allofixation.

.:The removal of surface antigens'can be'accomplished by some
- v

-proteolytic enzymes (Natenson and Davies, 1966 Turner et al. 1972),

and some h1dden antlgens may be revealed by short treatment of cells

"with enzymes (Gibofsky and Terasaki 1972 Kassulke et al., 1971

Mittal et al. 1969). T The effect of trypsin, a proteolytic enzyme, on

allofiXation tests isiillustrated;in Figure 24, The results'show that

v»:'cells treated with trypsin adhere almost as effectively as,untreated9§gmﬁg\:

’lymphocytes. The-optimal pH for adherence‘of.the trypsinieed and

untreated cells is still the same, i. e.;“between pH 8. 0 and 9 0.

.

’ However, a slight difference in the allofixation reaction was found

2’ 14 15 alloantigens. How . real is this.
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adherence of Bllo cells (Figure 24a) but ‘the sensitiv1ty is increased for v

BlS cells (Figure 24b) and a slight decrease in sen51tiv1ty is noted
vith Bz cells (Figure 24¢c). The. signiflcance of these éhanges 1s
unknown and although they may be interpreted as the destruction of some

Bz antigens and unmasking of Bl5 antigens, the incon51stency of the
!

results makes interpretation difficult. o

PR

“ o

Il; Haintenance andHAlteration of Topography of Membrane Structures |
. < O d

The cell membrane can be stabillzed by the drug hvdrocortisone
",(Dingle et al., 1967 Fell et a1.,,1966 Fell and Weiss, 1965) Lysis
of cells by cytotoxic antibody and complement was inhibited by hlgh

'concentrations of. hydrocortisone (Jennings, 1966‘ Jennings and Taylor

1964). However, several investigators have reported ‘that hydrocortisone'

has no effect on immune lysis in vitro (Irv1ne, 1960; Latta 1957-
Heiss and Dingle, 196;).. The . discrepancy betueen these two groups of
-reports is probably due to the concentration of hydrocortisone used
’The effect of hydrocortisone on allofixation was tested at 0.01 to
lfOO /ml. Figure'23 shous that hydrocortisone does not appear“to

;inhibi the cell adherence'induced by theu'alloantibody'even at high

‘concentration of the'drug.” Aspec1f1c adherence was 1nh1b1ted by 0 5 o

to 1.0 mg/ml. of- hydrocortisone in assoc1ation with the death of cells; .
: It appears that a high concentration of hydrocortisone is toxic to
R the cells suspended in protein—free HBSS Allofixation is not inhibited
i‘by 5 to lS mH Z—deoxy-D-glucose (Figure 25) or 1 to 5 mM 1odoacetamide
v(Figure 26). Since these twvo agents are inhibitors of glucose
"metaholi&nby_the glycolytic‘pathuay, the results suggest that'normal~v

R

»



metabolism is.not essential for allofixation.l:This'was substantiated
by tests of inhibitors of'oxidatiue»phosphorylation. Figure 27 shows
that 1 to 5 mM sodium cyanide and Figure 28 shows that 0.25 to 1.00 mM
2 4 dinltrophenol have no effect on the allofixation. reactions.h The
lack of any energy requirement fcrvthe-allpiixation reaction suggests
that-a’tcpographic»change.of'the_ce11 nenhrane ma}.nct be an energy—
dependent process and'the.binding cf antibcdy'to,the antigens on»thea
cell membranenis'enough to produce some-non;energy dependent,altera—
tions or rearrangements of cell membrane.necessaryvfor the‘adherence. :
The fact‘that aSpecificdadherencevis inhibited by iodoacetamide
‘.(Figure 26) and 2,4 d1n1trophenol (Flgure 28) but not by 2- deoxy—D—
- glucose (Figure 25) and sodium cyanlde (Figure 27) 1nd1cates that some
type of energy-dependent process is needed for such cell adherence.

" The formation'and maintenance of microtubules inside the cells_
isirequiredvfor'the adhesion.andZSpreading of polymornhonuclear
ileukocytes (PMN),‘monocytes and most cultured cells (Allison et al.,
’1971 Hessells et a1. 1971 Zlgmond and Hirsch 1972) f Vinblastine ”
L whichfcombines with the protein subunits of microtubules (Marantz
_t al., 1968 Weissenberg et al., 1968) e inhibits the formatidn of
microtubules-was tested.’ Figure 29 indicates that 1 to 100 ug/ml of
‘vinblastine had no effect on allofixation or aspecific adherence. It
is probably the process of cell spreading which requires microtubules

3

“and the lymphocytes do not spread during allofixation or aspecific
) ~ ) . . / +

. adherence. : E -
. .,)@h ‘/‘

The adhe51on of many cultured cells to: their substrates

" requires the synthesis of some surface material to facilitate adhesion -

~
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or the'spreading-of cells (Rosenberg, 1962; Takahashi and Okada, 1972).

- The adhesion of theSe cells is inhibited hy some drugs which inhibit

- / . . )
DNA RNA or protein synthesis. DNA synchésis is inhibited by exposing

cells to x—irradiation. Figure 30 shows that X—irradiation at 500,

I

1 000 and 5,000 roentgens does not affect the allofixation reaction. -
The inhibition of mitochondrial protein synthesis was tested with

| chloramphenicol at 250 to 1000 ug/ml Figure 31 indicates that mito— i
chondrial protein synthesis is not required for allofixation and '
aspecific adherence. My data appear to be in accord with the

A report (Frye and Edidin, 1970) that a reornanization of membrane is

possible even in’ the presence of some protein and nucleic ac1d inhibitors

III. Roles of Divalent Cations

The effect of 3 anticoagulants was examined ’Figure 32 illus—
trates thaé 5 to 50 units/ml heparin and lO to 30 mM sodium citrate
have ‘no effect on the adherence of cells induced by alloantibodies, but
. 10 to 30 mM disodium ethylenediaminetetraacetate (EDTA) completely
inhibits the fixation of cells. The inhibition of allofixation by EDTA
suggests the importance of divalent cations. Figure 33 1ndicates that
3mH EDTA is strong enough to inhibit the allofixation reaction. “The
' cells appear abnormal when viewed with the~phﬂ§e contrast microscope..

_ The cells do not appear to be lysed by these&concentrations of EDTA

but the refractility of the cells is lost. - The‘hon—refractile‘cells‘
are seen after two hours of incubation. The inhibition by EDTA ‘may

be through inhibition of the ‘binding of divalent cations with complement

..

- or it may be toxic to the cells because of its chelating nature. The

-~
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inhibition by EDTA can be reversed by adding‘divalent cations; Fignre-

34;shows'that both calcium and magnesium ions reverse the inhibition

o

of allofixation but the inhibition is not xeverSed by the addition of

sodium 1ons.“ Flgure 35 indicates that 1 and 2 mM of ca1c1um, magne51um o

or manganese ions do’ not reverse the 1nh1bition of S5mM EDTA but 3 mM

or more of the dlvalent cations are able to do so. The aspec1fic

adherence was not inhibited'by'l, 3 or 5 mM of EDTA. This indicates
thatvthe adherence of cells to surfaceS'in theYSerum—free medium does

not require the divalent cations. The same'observation has been

reported by many investlgators on the aspec1fic adherence of cells to

surfaces in the déﬁ%m-free medium (Berwick and Coman, 1962 Easty et al.,
<1960; Nordling et al. 1965 Rosenberg, 1960 Takeichi, 1971 -Taylor,

11961).

IV. Roles of Surface Properties of Substrates

The surface properries of the substrates are 1mportant for the

Aadherence of cells (Nordlirgs et al., 1965) _ By coating a substrate

I with serum (Taylor 1901) or chemicals such as fatty acid (Rosenberg,

B

1962, 1963) or metal (Carter, 1965), the adherence of cells is greatly

affected. The deposition of extracellular materials on thevsubstrates

by the cultures also alters the properties of the substrates, and.the

- adherence of cells is affected (Rosenbe £, 1960 Heiss, 1961) The
effect of Surface properties on the aspecific adherence and allofixation

were studied with the’ uncoated glass and plastic and with plastic coated

tution of .glass for plastic, bu&_allcfixation is (Figure 36);

Ca
[

-vith protein or’ agar. Aspecific adherence is not affected by the substi- :
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Allofixation on plastic oxr pyrex is superior‘tovallofixation on some -
l Other glasses. The difference is robably due to‘the chemlcal composl— )
tion of the glasses (Nordling et ah\ 1965 Taylor,»1961) Figure 37
vshows_that the coating of plastic wlth gelatln bovine serum albumin
(BSA) or agar, greatly reduces the fixation of cells to these substrates.
Both thevaspec1f1c and spec1f1c adherence are affegted.' This suggests
_that th; lymphocyte .can discriminate uncoated from coated Surfades, e
perhaps due .to the difference in electropotential.

) The pH dependence of adherence to uncoated plastlc and plastic

-coated with gelatin, BSA or agar was tested since this should differ if

1
s

coating acts by altering the surface charge. HEPES buffer was added

and ;;u adjusted with 0.1N NaOH or HCl. Figure 38 shows that aspecific.
’adherence to uﬂanted plastic and BSA—coated plastic is largelv 1ndepen-
Adent of pH. Adherence is slightly 1ncreased with the 1nﬁrease of pH

for the agar;coated plastic, and the reverse.ls true for the gelatin—
,-coated‘plaStic. Hoﬁever the'naximal adherence does not equal that for
uncoated plastic. The increase in adherence with decreased pH, on
gelatin-coated plastic may be due to the reduction of net negative
?2charges of the substrate as the pH decreases (Dan, 9&7) On the
'contrary, the increase in cell adherence. with 1ncreased pH, for agar; .
‘coated plastic cannot be exnlained with the changes in negative charges. -
The reduction of .net negative charges cannot exnlaln the increase in
allofixation from pH 6 to 10. ‘The optimal pH for allofixation on both
the coated or uncoated surfaces is the same, and it is usually found

between pH 8 and- 9. No adherence by alloantibodxes is found at pH 7 or

louerithanfthis. If the negative charges do play a part in the fixation
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of cells, the increase in pH from Q;to 16 should decrease the cell
adherence. This appears not - to be true.-

_ The immobilization of cells to surfaces can be facilltated by
i .
the binding of a variety of moleCUles such as lectins, antibodies or

antigens to surfaces with covalent binding agents (Edelman et al., 1971;
TruffaQBachi and Wafsy, 1970; Wigzell and Andersson, 1969; Wigzell and
vMékella, 1970). ‘However,.th@ removal of bound cells from the surfaces

of fibers, beads, glass ‘or plastic by a competitive 1nh1b1tor was

difficult to: achieve due to the limited number of known 1nh1b1tors
(Edelman et al., 1971; Wigzell and Andersson,,l969) Cells antigens
or antibodies have been separated specifically with various degrees of

success by eluting with the specific inhibitors. On the- other hand the

L
adsorption of a variety of molecules such as serum, purified proteins
st

and metals to surfaces have also been described (Carter, 1965; Nordling

‘et al., 1965; Rosenberg, 1962 1963 Takeichi 1971; Taylor, 1961;

. \ ,
'HeiSS, 1959) My early attempts to bind antibodies cowalently with T

,;glutaraldehyde to collagenous surfaces were unsuccessful However, the

ktreatment of plastic culture dishes with high titered hemagglutinating
Vlantisesa was found to facilitate ‘specific adherence of erythro—

N -

":>cytes to these antibody adsorbed surfaces (Table 3). - Only an occasional

» . ' "':‘,

lymphocyte adheres to these antibody—coated surfaces. B= /B—‘erythrocytes/

adhere to”anti—B2 treated ‘dishes but the B-—/BLﬁ erythrocytes do:aot

apd the reverse is true:for anti—814>treated dishes.' Nefﬁber-&-/gf or

%

14 lymphocytes ‘are found to adhere to these surfacesﬁg'This'f -?,

tibodies appear to be weakly or reversibly bound because the

' adherence of erythrocytes is greatly reduced by pre incubation of the
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treated Surfaces with 0.852 saline -at room temperature forhone hour.
Papain and pepsin (0 257) treatment of the surfaces also- reduces the
&) :

adherence of,erythrocytes to the coated surfaces although it is not

. R .9

clear that thlS reductlon represents proteoly51s of antlbody."‘The
S

adherence of . erythrocytes to the antlbody coated surface does not

, appear;to reqn1re fresh serum factors; the erythrocytes adherevin both
agaﬁma‘chicken serum andgdn ‘”; fresh chicken-plasma Thls suggests
'that the. alloflxatlon of erythrocytes differs from the alloflxatlon of
lymphocytes, uhlch must be suspended in fresh chicken plasma or serum.

r .
ot ~

and whlch do not’ requlre pre- absorptlon of antlbody to the surface.
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Diséussion - ) o | o
It is evident that'inhibition assa§ with monosaccharides as a

mean§ ofpelﬁgidatingithé structure of antigenic déterminaﬁc§1;fv3 allo-
antigeﬁs on'lymphocy;es Qas uﬁinformatiye. of all tﬁe monosacchafides,
~none of those tested were found to inhibit_thé spéCific : tionvbf
lymphoéytes. The siﬁple’inhibition byvmonOSacéhérides in.the humah‘
ABOis&stem‘w;s usefﬁl in»eluqidatipg their chemical ﬁature (wagkins,
1966).. Thg H-Z,AHLA‘aﬁdVB systems have'begp'réportéd to be assoiiatéd
. with membfane lipoproteiné or giycobrpteins,(DéQidenas,11970;‘§eisféid"
and . Kahan, 1970)."Tfeatment of the cells with sodium borate, S6aium
pgriodate, or trypsin did‘notialter allofixation; and faiied théreby‘to
providé eQidénqé:for the chémical charactgg of thé B antigens,

| I'believeitﬁag'there are.at leas; tﬂreé diffgrenﬁbmechanisms
iépresentgd by allofixation of lymphbcytes;fh;pecific adherenéebofv
llymphocytes; an&fthéﬁépregding adherénce of PMN!,phégocyﬁes,'moﬁoéytes
' and cells in culfﬁre. The raﬁid adﬁerencé of lymphocytes‘to.éurfaces
in sérum—free mé&iﬁ does ﬁotlréqui;e'the presence of.divalen;_catiohs,‘
and the adherence occurs too tapidl& to.éssume the_synthesis éf any
interfaci;1 material betyeén céli and éurfate; as a préréquiSitg fofv
';he.ihitiation offcell‘adherence. if’is pog;iblé'that physico-chemicai
forces may dta§ the cell surface to the shbsgﬁéte suff;ce. The:é have
Be;n several teports”concernigg tﬁgvprpaﬁction'of éxﬁraceliular
ﬁéterials‘in the facili;atidn‘of,celi hdherenceA(Roéenbérg, 1960;
‘Weiés;'1961). Tﬁé‘bértiél'prﬁcompléte inhibition §f celi adhérence by
: aasorption;of.materials toAghe‘;lastic-suggésfs that'adherhnce‘is;
dépendent Upbﬁ the éhysiéo—chepf&al ptopérties'of the Sﬁbstfatesfv'

-



Though it is trfue that cells require divalent .cations for cell—”
to—cell adherence, the cells.can attach to avglass or plastic 5urface‘
. in the absence of these cations, as long as a serum-free medium is used

j(Berwiek and Coman, 1962; Easty et al., 1960' Rosenberg, 1960; Takeichi,

——
ot

ffl97i; Taylor, 1961). The aspec1f1c adherence of lymphocytes in- the
‘serum~free medium is in accord with these _reports. However the specific“
adherence . duced by alloantibodies was completely blocked by 3 mM of -
»chelating agent, EDTA This 1nh1b1tion is assoclated with the alteratlon
of shrface properties of the cells Which are non—refractlle and appear

to be dead in that small pseudopod protrusxonlhas ceased. This inhibi-
tion of allofixation can be prevented by the additlon of a 5u1caJ§b ’
amount of dlvalent cations suggesting that the integrlty of the cellﬁ

membrane requires the divalent cations., Several theorles have been

1 proposed to explain the functlon of dlvalent catiOns in cell adherence.

_-r\t f ).
& Curtin ( 60 1962, 1966) suggested that the action of divalent cations
2‘ ?/‘\‘ 9 7
Aﬁ% ugéress the négative charge on cell surfaces thereby reduc1ng

%« i R

theA' Jstatic repu151ve forces between cells.' If the divalent
cations act solely in suéh a way, the cell adherence should be decreased
with increasing surface negatxwe charges on cells and substrates due to
rise of pH. This appears to be unllkely since the adherence-of cells
in the absence of serut not affected by the change of pH and the

'.specific adherence'inducer by'alloantibodies increasedlvith‘the.increase
‘of‘pH; L | | |

The'surface.of glass andﬁplastic are negatively chargedvas are

the cgllisurfaces. Repulsion should be an. important barrier to

'adherence. To overcome this repulsion it may be. necessary for a ce11



to alter its shape. A close relation between.adnerence and morphology
was observed: The adherent cells appeared tolbe more-spherlcal than'
the orlginal lrregular and elongated shapes, and the adherent cells'
‘were found_tO'be’aé%ively protruding pseudopods from all'parts of the

cells in contrast to the protrnsion of psendopods‘from only the anterior
_pqrtion of the Unattached cells. The'undulation of celiﬂsnrfaces or

protrusion of pseudopods seems to be an important step'in adherence
.1to negatively charged substrates because the potentlal energy barrier
preventlng cell contact can be reduced bp.reduc1ng the radius of
cnrvature of mutually approaching_Cell processes(SBangham and Pethicag
1961)i .In.fact, cells are observed to adhere to’the.substrate oy o
processes on the ce11 surfaée faclng the substrate (Ambrose, 1961'
’Curtls 1964 Eguchi and Okada, 1971; Taylor and Robblns, 1963), and
Lesseps (1963) kound _that cell contact - is actually 1n1t1ated at the
crests.of the undulatingusurfaces of cells. -

;The aspecific;anherence appears t? Be;anrenergy'dependent

. :. ‘ . g 3 ‘
process since both iodoacetamide and‘2;4 dinitrophenol inhibit -the
.Aaspecific adherence, but sodium cyanidé#and 2-deoxy;D-g1ucose do. not.-
The inhibition of aspecific adherence by,hydrocortisone:shggests@that_‘

‘membrane fluldity is a factor in adherence.

| -On the contrar the specific adherence inouced by alloantibodies
is not.affected by -.nlbitors of metabolism or nucleic acid synthesis,
.or hyorocortisone. This indicates that allofixation may ‘not be
1&ependent on metabolism processes. The polarized concentrations or

caplgprmation' of immunoglobulin determinants on the cell surface of

.'Ig--carrying lymphoéytes or after antigen-antibody and . lectin-receptor

21
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interaction onvlvmphocytes were found: - to be an energy requiring"
‘process (Sallstrom and‘Aim, 1572}JTaylor et al.,'19Z1), thongh the
actual binding of lectins or antigens to the cell surface:doesdnot

require active metabolism. It is thus evident that "cap formation"

which 1is an energy dependent process is not required for the adherence

&

of~cells induced by alioantibodies, The simple interactions of cell
surface antigens with thedr antibodies are able to trigger a series of |

.changes which probably alter or modlfy the normal morphology of the

cells through some type of modification of the cell membrane. This

|

alteration of cell membrane probably increases the contact surface of
the cell to the substrate, and facilitates the adherence of cells.

‘ Bangham and Pethica: (1961) suggested that the potentlai energ) barrier

- preventing cell contact can be;meduced by reduc1ng the radius of curva-

ture of - mutually approaching cell processes. - The q"cap formation" is

probably a way togconcentrate a foreign material for interiorization .
or pinocytosis in the cells. This process may be associated with the

sensitization of the cells. ' i

The moving of antigen antibody aggregate or lectin receptor

complex toward ‘the uropod of the cell and "cap formation" have been

-

described by various investigators (McFarland'and_Schechter, 1969;

Raff et g;;, 1970; Smith and Hollers, 1970; Taylor et al.; 1971,

e
\Pinocytosis occurs within the first minutes after exposure to the .

antibody or - lectin (Hirschhorn, 1969 Hirschhorn et al., 19]0 icFarland:

ﬂ; -
;r1971);

and Schechter, 1969 Smith and Hollers, 1970 Taylor et 28

L2

.ifollowed by a»discharge of lysosomal hydrolases (Hirschhorn et al.,- .
| 1968 Hirschhorn et al., 1970 Hirschhorn and Hirschhorn, 1965;

Nadler et al., 1969) and m-RNA synthesis (Baserga and Stein 1971;
o -
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Hirschhorn, 1969). The synthesis of.new proteins begins a few hours

after the initial binding of the antigens or lectins to the cell membrane.

" The: importance oflysosomal 1nduced changes- in the cell periphery in the

L

_ or'agglutinatioﬁfwith some leCtins or antibodies.

stimulation of mitosis of -normal cells (Allison, 1969), or as a regula—

ptory factor.in cell growth has been proposed by.many inbestigators

,(Dingle,”1969;‘Weiss,:1967).V_Fprther support for the concept of enzyme.

i_imodification-of the cell peripheryrcomes.from the recent finding that

tréatmenth oficnltures-of contact inhibited normal cells with protcases
not'only rendered them susceptible to‘agglnrinarion'by lectins but also
stimulared bonts of»cell division (Burger, 1971; Sefton and,Rubin, 1970):
Bowever, the modificationiof rhe cellvmembrane byflysosomal eniymesdis

probably not required- for adherence of cells induced by alloantibodies

.since the presence of hydrocortisone which inhibits the release of

1 : : ~

f1yso§bmal enzymes does&not inhibit the adherence of cells.. The mechaniémc

" of cell adherence inddc%d by alloantibodies is therefore different from

i

‘. the cellysrimnlatibnﬂbhich occurs concurrently with the cell adherence

ot
L

T
f.
.w,

Protein synthesis and DNA synthesis rey rot be required for the'

o,

adherence*nf cells induced by alloantibodies. This is in accord with

the report by Frye and Edidin (1970) that the reorganization of membrane

fwas p0551b1e even in the presence of protein and- nucleic acid inhibirors.

T H;This supports the proposed fluid mosaic model of cell membrane by

fSinger and Nicolson (1972), according to which phospholipids’and

P

proteins do not. have a fixed locarion in the membrane but diffuse

laterally”in the membrane, withOut necessitating the synthesis of new _

‘membrane."
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Introduction

~——

: It has long been known‘that.chicken antibodies and complement
are unusual. In mammals, different antigen—antibody:systems are knoon
tohexhibit different ahilities to fix guinea pig complementi(kabat and
Meyer,'1948)’and failure of immune chicken eera td show significant

‘-complement'fixing activity was mentioned by heyer (1964)_and'by Rice

'(1947)for chicken infected with Ornithosis virué andvég‘pullorum. ‘The
’fact that high‘agglutination titered immune chicken sera are onaﬁlev
to lyse foreign red blood cells (RBC) in the presence of complement has

"? been described by JankoQié-andJI;akovié (1960)f They qere unable to

. 1lyse duck and rabbit RBC sensitized Qith immune chicken antibody inc;
the presence of’complement from many species of animalai Conversely;
the naturally ocurring and fimmune“.hemolysins of several mammalian
species were unable to utilize chicken"complement, progided that any.

' naturally occurring hemolyain in the chicken serum were first removed
‘system, no 1ys1s was obtainedeith naturally occurring hemolysins of
vsix mammalian species in thelpresence of chicken complement. ‘It was:
postulated that chicken antibody and antigen formed non—complement-
fixing aggregates and chicken antibody probably lacked some. character
that was important for: combining complement (Meyer and Eddie 1956
Rice, 1948) There ‘seems to be at least a partial incompatibility

, between mammalian antibodies and chicken complement.
| Physico-chemicalkstudies of chicken antibodies (Tenenhouse and

beutsch, 1966;_0r1an'gt'gl;, 1961) also revealed that chfcken

N
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(Rose and Orlans, 1962) When chicken RBCs were used as the indicator
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o

' imunogiiobullns possessed a h1gh electrophoretlc mob111ty at pH 8. 6 a

higher sedlmentatﬁdﬁ coeff1c1ent, a lower 1soe1ectr1c point and a
. . . !a .

r.higher hexose content than mqst‘mamnalian species. All these differ-

ences between the chicken antibody and its mammalian counterpart may °

be associated with incompatibility of the antiquies_and complements of

v

‘these_two classes of animals. However, chickens produce different

»

classes of antibodies in the primary and hvperimmune‘antisera. Phy51co—

e

chemical studies revealed that pr1mary serum conta1ned 7S nonhemagglu-; 

L qEﬁnating‘ 'univalent” (Orlans et al., 1961) and 195 hemagglutinating

antibod1es, and the hyperlmmune sera contaxned mostly 7S hemmagglutlna—
ting antibodles.' Hercaptans‘1nact1vated«pr1mary preclpltlns and only
partially inactivated hyperimmnne precipitine, Because'of tnese great‘
differences in antlbody spec1es in the prluarv and hyperlmmune sera,

I investigace'v{he effects of primary, secondary and tertlar) sera on .

2, o
.8 R

the adherenceébr”fixation of cells to surfaces with alloantibodies.

v'Their relationshlp Ulth ‘the antlgen—antlbod\ system detected by

hemagglut1nation was compared. The‘pecullarltyvof chlcken complement

andvantibodies and their incpmpatibility with mammalian antibodies;and ‘

complements also led me tO'investigate the interaction of chicken and

mammalian:antibodiesvuithvtheir complements.

“
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Materlals and Methods

I. Preparation and Treatment of Alloantisera

The antisera‘were prepared by conventional immunization as‘
described earlieru(see Chapter l) Anti—B14 sera were produced by

»

inJecting B-—/R-é whole ‘blood into B—/B- or B—/B— rec1p1ent5' and
anti-—B2 sera were produced in B-/Bla B /B—- recipients. Three
inJectlons of 2 ml. whole blood were made on alternate days and the

11

antisera obtained 5 to 7. days after the last injection were referred to
as primary antisera. The secondary antlsera‘were collected one.month
later-after 2 injections of 2 ml.'whole bloodvto’theisame recipients.
Further immunizations were performed on a monthly b331s on ‘the sare
reclpients for a perlod of t1me, if necessary, with the blood of the‘
same donors. ,Antisera'collected after a second set of immunizations
were referred to as,hyperimmune serar

- Some antisera;were treated.with 7—mercaptoethanol at room

temperature for‘one hour.' Equal meunts of antisera and 0.1M 2-mexcapto-

ethanol (ME) were: incubated in a test tube; and used directly‘wit“
further d1a1y51s for the alloflxatlon test. The allofixation test was
performed as‘descrlbed in the chapter dea11ng with the methodology of ', é%
»alloflxation; HBSS supplemented with 15mM HEPES buffer and pH adjusted |
‘to 8 S with 0. 1N sodium, hydroxide solution was . used as. the diluent
for the test. _ | |
J
Partially purified immunoglobulins (Ig) were obtained by 3

separate salt prec1pitations in 182 142% and 142 sodium sulfate solution

at room‘temperature. Equal amounts of antisera and sodi sulfate
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solution‘bere mixed together with rapid stirring. The mlxture was

«

allowed to sxand at room temperature for 30 minutes . before centrl-

@ '

fugation at 3 5,000 rpm. The precipitates were’ collected and resus-

pended in borate-buffered saline (BBS pﬁ/B g) The f1 1 preparat1on

was either dialyzed or used- directly for further pur1f1catlon in
b
: Sephadeva—ZOO‘column. Partlally pur1f1ed IgM and IgG were obtalned by

passing the salt prec1p1tated ‘Ig through the gel column, and the protein

concentrations;werenmasured at 280 mp with a Beckman Spectrophotometer.

The ‘purity of the fractions'was tesp@ with goat anti—chicken-serum

by the immunoelectrophoresis methbod.

II.: Preparation‘and Treatment of Heterologous Antisera and Plasma

 Chicken anti-mouse RBC-serum was prepared by injecting 1 ml.
whole mouse blood into thehwing vein of chickens. The animals were
‘bled one week laterdwith heparin as anticoagulant. “The serumvwas.

<

:stored'at -20°C until used. Goat anti- chicken RBcﬁsera were obtalned
Ifrom goats ‘immunized wrth chlcken RBCs and were stored at -20°C. e
Fresh chicken.plasma was absorbed with nouse RBCs = at 4°C to:
renoye‘the naturally occurring antibodies ThlS absorbed chlcken
'plasma was stored .at -20°C and used for the fixation gest of ‘mouse -
cells. Fresh mouse.plasma was obtained by heart puncture Heat

1nact1vation of antisera and fresh plasma were done at 56°C for 30

. minutes and the precipitates vere removed by high speed centrifugation.

III. Preparation of Cell'Suspensions

Chicken lymphocytes werg obtained from the peripheral blood of



. chicken.: g&scrlbeiﬁbrev1ously. ’ﬂa&se lymphoid cells were obtained )
‘ o 9 L
.frOm the lymph}ﬁmodes of mice A I8 __se wa§ k111ed by &égﬁ.’cal dis-—
W v . W W B v» .
location or by efhfr and the lymph nodés ffé z‘F”;Z_e.,lmznullary, branchial,
- '

. L. . Yo . or R . ) ‘
‘inguinal and mesenteric regions were removed “with fine forceps. - The

fatty tissues were removed and discarded. The organs .were rinsed with

. ; : SE : . o
HBSS and the clean 1ymph§ndﬁes were teased with fine forceps In a petri

dish containing HBSS to release the'lymphocytes. The cells were

o

_collected into tubes and washed with HBSS several ‘times“by centri-

fugation. The cells were then incubated with trace amounts of autologous

" L
.

fresh plasma at 37°C for 30 minutes to remove the adherent cells.

Several such incubations may be required in some  cases to remove all
the adherent cells. ' The non-adherent cells were collected and washed

with HBSS. - The cell cohceﬁtration‘yas adjusted to 4-6 x 106/m1.
) T v i ‘ ‘ -

e dede DAL

IV. Cell Adherence Test

.The fixatien.pflcellelwas perforﬁed a5~describe&‘in detaii;before ~
\:(éee Chapter l). *Fifty ul of‘celi suspenSidﬁ‘bas added td a;tube’eon—
tainlng 25 ul fresh plasma, 25 ul antiserum and 100 ul HBSS supplemented
_with HEPES (ISmM) and the pH was adJusted to 8.5 with 0 1IN NaOH. The

' incubatlon was done at room temperature for one or two hours‘ .The,

number -of cells-was ' counted at ' ‘zero’ _time'and ,yas recounted after

the incubation by hemocytometer er cell counter. The loss of cells was -,

determined and the percent of adherent cells was calculated.

V. Hemagglutination Test

" The hemagglutination test (HA) ﬁaS'performed with plastic
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hemagglutinin‘ titer plates (Mierobiologital AssociateS). Micro-
- plpettes (25 ul):were used to pipette antisera and selt solution (0.852
saline)-,‘Usually each of the'wélls was‘filled with 25 ul of saline and
the f!ést well was then flllcd with 25 ul of antlserum.v Microdilutbrs
(25 wul, Cook Engineering) were used to d11ute the antiserum from one
' vell to the other by simply transferring the dilutors from one well to
the next,. Twenty-five ul of 5% RBC in saline was added to each well
vith a mlcropipette and the mlxture was shaken thoroughly. The results
of agglutination were read after 30 minutes end repeated.Shaking weﬁ: |

. &
needed in some cases for detection of weak cross-reactions.
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Results

(a) Allofixation and Hemagglutination with Chicken Alloantibodies

) . ‘
I. Allofixation and Hemagglutination with Primary, Secondarv and
Tertiary Antisera’ :

s

Allofixatlon.of lymphocytes fs very dependent on the type of
antisera employed in the test (Flgure Qla, b)Y Prlmary antisera
obtained after 3 injectlons of 2 ml. whole blood are usually weak in
alloflxation (AF) or do not react at all, though the hemagglutlnation
(HA) titer may be quite hlgh. Three types of primary antisera may be\
obtalnéﬁ from the first immunization of ¢hicken with alloantlgens..
Quite frequently,'antisera do not giye:any hemagglutination andiAF
reactions‘after.primary immuniZation; even'though a majorrhistocomi”'
patibility_differencelwas involved. These’anﬁﬁsera are notJused for
AF test if the HA titer is less than 1)4;‘ The poor production of
‘antibody may be due to genetic differences in the response to antigens
’by individuai animals ~The second type and most frequently obtained
primary antisera are weak in AF but ‘are quite strong in the HA reaction o
i'_(Figure 42a b, c).‘ This suggests that the species of antibody -

responsible for AF is different from that causing the HA reaction. The

~ third type of primary antlsera induces quite a strong AF. in conjunction

with ‘the HA reaction (Figure 42d) ThiSn3uggests the presence in these
antise a of a new type of antibody which is probably different from
that causing HA reaction. The strength of AF is always weaker than the .

:the same primary antiserum .and the ratio of AF to HA

theref re less than 1. 0 (Table 4) This appears to be true
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for anti—B2 sera produced in B=/B— or ant1-814 sera produced in B=/B=
13 produced in gllgli or Eglglﬁ

recipients have AF/HA-ratios equal or,greater'thanhl.O.

and gllgg recipients, but anti-B

" The secondary antisera which were obtalned from the same blrds

one month later with two more injiections of 2 ml ‘whole blood are very

" different from the primary antisera. These antisera are strongvin both

AF and HA reactions, and the AF/HA ratios of an_ti—B2 and anit—Bla‘sera

areapproximately 1.0v(Tab1e 4). 'This AF/HA ratio. may be characteristic
of ant_i—B2 and anti—Bla séra or it nay be jnst‘a coincidence. The
A?/HA’ratio of anti-B, , is found,to be greater than 1.0, and one

anti-B 21 produced in a B--/Bl reclplent also has an AF/HA ratio greater'

than 1.0 (Table 4). The steong AF reaction derlved from the secondar)
’.antisera suggests a great 1ncrease in the presence of allof1x1ng—A

-antibody in the secondary antlsera.’ The produttlon of alloflxlng—

’-antibody is;{qﬂﬁ?er increased in the tertlary 1mmunlzat1on, but the

Aha

»

HA—reactxng antibody remains almost constant after secondary 1mmun12at10n

(Figure 42) The AF/HA rablbs are greatly increased in. the tertlary

..q_’

i

*antisera due to the Jhcrease in strengtﬁ‘of the AF reactlon and w1thout

further-increasé in the HA reaction. The'lncrease in the AF reaction of the
. P : , _ : ‘ : N
tertiary antisera may be due to e1ther increased ~ amounts of allofixing—

antibody " or to increased avidity' or affinity for anti--

pody to the antigens. 'The'AF/HA ratio for anti-B and anti-B,, sera of

» 2 14
the tertiary antisera is. alwavs greater than 1 0 (Table 6) '

\_.‘

The reactions of some prlmary ‘antisera in the a110f1xat10n test
may be due to the number of cross- reactlons that the antisera may have.

Table 4 demonstrates that the AF. reaction is not . correlated to the )
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number of factgrs that an antiserum reacts with. For example, one E
anti- B (28464{&260) serum which was produced in a B—/B— bird shows

" cross reaction only beakly with some of the BlS cells,-yetfthe AF

reaction is a}most as strong as that of HA. On the contrary, anti—B14

(28464/2848?) serum produced in a EZ/EZ bird shows cross"reactions with

By» By3 B

15and B21 invthe’HArtests but the AFLreaction is not detected

at a 1/4_di1ution.‘ This may suggest that primary antisera with more
e cross reactions may be weak in each case.for.a particularaspecificity

and this affects‘theAAF reaction. However;ithis is prove&:not'tOfbe

true, since an‘antiQBla (1276/942) serum which shows' cross reactions»'

l" *

- with Bl’ Bi3 and B15 and was’ produced in a BZ’BZ b1rd shows; both AF

and HAQ;eactions. This reshlt also 1nd1cates that the differentv

’combinations of immunization do nOt'determine‘the type of antiserum
orodOCed, since anti—BlA'(28464/28482 and 1276/942) sera produced in

different B-Z-/BZ birds may or may'not produce allofixing-antibody in

'the primary antisera.

.,évlmrgyﬁ - The secondary and tertiary antisera are completely different
» ? F ' 'A"w.' .
S K from the primary antlsera in both their capability to fix cells and in :
"
? ‘

. . - ‘the cross’ reactions detected by the AF ‘and HA tests. The secondary

and'tertiaryvantiseravshow the same pattern of cross reaetions”in :

HA and AF tests (Table 5a, b). However, the strength or titer of Cross
o s _ :

HA and AF tests are different and the cross

- reactions detected b

,‘reactions increase in strength with increa81ng number of immunizations.

.

" For the anti- 2 produced 1n hl/B-— bird the cross reaction for AF is_

very strong for B, intermediate for B.. and weak for B "antigens in

13’ 21 7 ¥ 15 ‘
both secondary and tertiary antisera. On the contrary, the strength'of;

.cross reactions for’ BIS"B13’ and B

4 ¥e almost the same in HA tests
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L S , Coa ;
though B15 is slightly stronger than B21 and B13. The 813 is not only

uéak’in CToss reaction detected by the HA test but the anti B speciflc

13
:%1sera are also weak in- the HA test, though their allofixation titers

e very strong (Table 4) vThlS 1nd1cates 313 alloantlgen probably .

favors the production of allofixing—antibody or the antiéen‘is present

in great amounts on thexlymphocyte membrane.’ Thevanti—le.produced in a

X ‘13, 814, and’BlS.cells

for both AF and HA reactions (Table Sb) and the removal of these. cross

--/Bl bird shows strong cross reactions with B

Jreactivities leaves only a weak HA and'AF‘activitf for 821'cells. '
‘Table 6 illustrates that anti—Bla produced in a;gzlgg,bird Cross

reacts with B . and H%g,antigens but does not react with B, antigens.

1 2

The absorption of this antiserumvwith Bl and'513‘erythrocytes produced

14 with the HA test, but the AF reactions
v Yy

for B1 and B13 are stlll_present (Table 7). 'ThevBl cross reaction is

stronger than the B.. in this absorbed'serum. This shows that the

antiserum that is specific to B

13
specificity of antiserum as shown by the HA test may’not:necessariiy
‘indicate the specificity for AF reactions; -The HA reaction may.have
only limited use in deflning the spec1fic1ty of the AF test. The

‘ difference in the detection of alloantigens by the HA and AF tests is

14 serum produced in a B-—/Blé b1rd

further'demonstrated'by-the angi—B
and absorbed with' B and B2 erythrocytes (Table 8) The absorption is

complete when the HA test is Tun immediately ‘but the cross reactions *
for B, and 32 reappear_later.; When this antiserumdwas tested for cross
reaction with Bl and B; cells with AF'test' the resultsbwere negatiue.;
This suggests that the allofixlng-antibody has been completely absorbed‘

but the HA—reacting antibody has not. - This tends to strengthen my ﬁAi



speculation that HA and AF reacting antibodies are two different species

of antibodies.

. The allof1x1ng—ant1body is probably assoc1ated with the 7S

immunoglobullns of the antlserum. Figure 43 shows that anti—Bla serum

treated w1th an equal volume of rabbit antl-chicken Ig serum at 37 C
o ~—

s

for 30 minutes completelygloses allof1x1ng1nunbody. This suggests

that IgG or 7S ant1bod1es are.effective in the AF—reactlon.,

; dary and»tertiary antlsera differ in their ability to 1nduce

¢

. [
F

+ II.  Effect of Mercaptoethanol on Allofixation and Femaeelutination of
Primary, Secondary and Tertiary Antisera :

i

»
I have noted in the prev1ous experlments that primary, secon-

iy
{5

" ‘
AF and HA reactionms. There are at least ‘two species of antibodies

<.

" one responsible for the strong AF and the other for fhe primary YA

reactions. After tredtment with 0.1M mercaptoethanol (ME) at room

o

temperature for one hOur, fI am 'ablelto-differentiate betueen"the allo-

f1x1ng antlbOdleS present in. the primary and hyperimmune sera.“"‘

e

F&gure 44 shows that primary antléfra contain allofixing;gggjbOdy

sensitive to ME. The fixation of the cells to surfaces_ls;reduced@to

approximately none_after,the?HE treatment. "Houever, the hyperimmune

antisera are- verx resistent to the treatment by HE.. The . fixation of
. “ .
cells in the treated antisera is almost as effectlve as. in the,untreated

antisera at high concentration of antibodies, though a slight decreaseb

; A}

in AF reaction is noted at high dilution of antibodies. The effect of

‘q

- ME ‘on . AF reaction is. very consistent for all the prinary antisera tested.

. d
Table 9. illustrates that the AF reactions of all the 6 prinaty antisera

tested are completely inhibited by HE though the HA titer of the

v . o 1
. . LA I : Lo . R . [ 3
“w : B . AR . = >
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v,for AF reactiom

"hyperimmune sera and 1is re51stent to the reduc1ng agents. The HA-

.reacting antibody is probably different from.the tw0'Species of

. ’ e . .
i . : . R A ) .. . o
: C T e 59 g

'.)'

antisera is only slightly reduced The AF’ and HA of all thg; 'hypere*J'; i

C . b

.immune sera tested were re51stent to the Mﬁ treatmént. The HA /Hk

5

ratio of most antlsera is 0.75. However, some antisera which have low

HA at the beginning are reduced to even lower HA after ME treatment,
,fg

~and the HA /HA ratio becomes quite low, 1 e., 0. 25 or lower. - The

effect of ME on primary antisera is shown in the AF /AF ratio (i.e.,
"

AF titer of ME ‘treated antiserum versus AF titer of untreated antiserum)
The'values of all the prlmary antisera tested are approxlmately equal
to zero. The actual value is not’ p0551b1e to d%ternlne because the
lowest dilutions tested are 1/a or 1/8 of the antisera. On the con-

trary, the AF /AF ratio is between 0.75 and 1.00 for the hvperlmmune
sera. This indicates that most of the allolelng7antlgodles in the

hyperimmune sera are very resistent to ME and the slight decrease of

AF activ1ty in these antisera may be due to the 1nact1vat10n of the

same species of allof1x1ng antibody found in the primary antisera.

e F
v

Thus the data appear to favour the presence of two species: of antibodies

t .'.,tﬁv . ¢

”One 1s present in the primary antisera and is véry

sensitive to ME fhe other species is present predomlnantly in the-

,

allofixingfantibodies.

The sensitivity of allof1x1ng antibody found in the primary'

jantisera may be due to either the low amounts of such antibody present

A

in the primary antisera or. the inhibition of the antibody by the hlgh
concentration of ME in the i cubating medium. Figure 45 illustrates

that additiqe,of SmM of ME tb the test'mediumvalmost eompletely

a- "
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'inhibits the AF reaction of th#

60
?ﬁ@imary antisera though the AF reaction
of hyperimmune sera is not affected. This difference in sensitiv1ty to
ME by primary and’hyperimmune'sera may be due to low amounts of allo-

fixing—antibody present in the primary antisera. However, this does

not exclude the’ p0551bility that, the allof1x1ng~antibody found in

]

- primary antlsera is.a different species of antibody, since the same

concentration of ME does not inhibit the AF reaction induced by hyper-
- . . . o ' ) : ‘ o, s
immune sera. If the effect of ME on AF reaction comes from the high
. | . - . F‘

- concentration of ME in the testrmedium,vthe same inhibition will be

" seen with the hyperimmune antisera. This appears to be unlikely and

thus the.production ofitwo species of.allofixing—antibodies by chicken

still seems likely. = . = .

III. Allofixation and Hemagplutination with Salt-Precipitated
~ Immunoglobulins and Partially Purified IgM and. IgG Antibodies

Salt—prec1p1tated globullns from hyperimmune sera, after
dialysis for 48 hours at 4°C with 3 changes of borate—buffered saline

(BBS,'pH 8.2) were tested £or the adherence of cells. Table 10 shows

5
S

“that salt precipitated globulins ‘contain both antibodies and' svnergistic '

factors. At 1/4 dilution of globulins, fixation of cells occurs in

HBSS BBS and fresh chicken plasma. The fixation of cells does not

" occur in the presence of heat inactivated chicken plasma. The fixation

of cells'is‘ccmplete in fresh-chicken plasma,'and only partial‘fixation

occurs in ‘HBSS and BBS. This suggests ‘that the synergistic factors are

e limited in the tests with HBSS or BBS and salt precipitated globulins.

Supplement of these factors with normal fresh plasma corrects this. The ‘

'inhibition by heat inactivated plasma may be due to an anticomplementary_



e %%
. -

effect. Allofixation may be complete for the untreated antiserum
whether the diluent is HBSS,, BBS or fresh chickenvplasma. A partial

fixation also occurs with heat inactivated plasma. This indicates

that the synergistic‘factors are in excess in the untreated antiserum,

. and the antagon1stic effect of heat inactivated plasma is not strong

enough to counter all the’ synerglstlc act1v1ty.

A The‘heat—inactivated salt- prec1pitated globullns do not fix

h cells with HBSS or BBS, but the flxation is complete w1th the addltlon

~of fresh chicken plasma Thls,indlcates that-heat 1nact1vat10n is-a

very efficlent way of removing synerglstlc factors. o

Partially pur1f1ed IgM and IgG fractlons were obtalned from the

.passage of salt preclpitated globullns thTOugh a’ Sephadex G- 200 column
- The fixation of cells by these fract1ons of antlhodles was performed

with the suppl?ment of fresh chicken plasma at pH 8 5 Table'll

0

illustrates that both the IgM and IgG fractlons are able ‘to induce

“

‘cell adherence '\The HA titers of IgH and IgG are. 1/8+16 and 1/32%64

K

_respectively, but the AF t1ters are 1/32 and 1/512 ; ThlS indicates

3/

that most’ of the antibody activ1ty 1s Located in the IgG fractlon, the

Rl e

reaction found in the Igﬂ fractlon mav be due to contaminating IgG
‘\\

Highly purified IgG and IgM are therefore needed to conflrm th1s specu—

lation. lmmunoelectrophoresis testé of these globulin fractions wlth

- L
4 .

goat anti- chicken—serum were inconclusive.

~(b) Interaction of Chicken and Manmallan Antlbodles and Complement

in’ Fination of Cells

Coat,anti*chicken RBC;serum was tested Qith‘peripheral lympho—b_

cytes of chicken. 'The result is shown in Fiéure 46. 'Goat'anti;chichen
) o . . I

N

61
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red cell-serum diluted v;rit?EHBSS does not induce fixation or adherenée

of cells, and no cytotoxiéity of cells is seen. However, in the

presence of fresh chicken plasma, both fixation aﬁd cytotoxicity are

s o ) I3 . . ; - - . g - -
 §§Nn%ﬁ £pt high concentrations of antiserum, complete lysis of cells is
. ¥'g 4 ' '
s <. g N : ) . :
¢§~$b§p¢§£§ fixation of cells is seen only at high dilutions of antiserum.

“« A .

At intermediate concentrations of antiseer,’the fixation of cells is

associated with cytotoxity,‘though not all the dead cells adhere. These
o : o L '
data indicate that the lysis of cells at higgﬁﬁoncentrations of goat

hY .

antiserum, with fresh chicken plasma, is probably due to the combined
effect of'components from both species. Presumably it is dilution of
goat complement.at high dilutions of antiserum which accounts for:the

loss of cytotoxicity. The fixation seen under these conditions may

represent the combination of goat antibody and synergistic component of

fa

éhi%kenfﬁhﬁﬁﬁ.”
h "»L R ‘,"%? .\.7,

g fﬁ?fWhéﬁ}the antiserum was heated at 56°C for 30 minutes to inacti-

»vateffﬂé”gdaércomplement, agglutinatioﬁ was oh§efvéd~dith.the.test in
HBSS. The addition of:fresh chicken plasma‘fo this heat inactivatédg
éoat anfiserum indugés Both fixation.and,éy;otoxicityiés ip ‘the
- untreated antiserum, excep;_thaﬁ the toxicity is reduced. This suggests
fthat Héé;.reducésybut doeé‘not completely remove certain goat'complé-
‘ment components in the antiserum.  The:occurf¢née'of some fixation and
bcytotOXiciﬁy of cells»at high‘concenﬁratidn of hgaf’inactivatéd g§at
\antiseruﬁ in HBSS is seen. This is prqbab1y dﬁe #9 the trace éﬁount§
:of‘f£ésh chickeh plasma which wére added to the‘ceil suspension to

’ } b . ’ :
‘prevent aspecific adhérénce.

Chicken anti-mouse red cell-serum was tested with mouse lymph




,found in'the immune ‘serum may inhibit-the normal fresh serum. -

63
node cells. Table 12’illustrates that chicken antibody directed against
mouse red cells is able to induce\iiration of mouse lymph node cells.

N

The fixation of the lymph node cells is accompanied by cytotoxicity.’

's

Heat inactivated chicken anti-mouse red tell-serum is not toxic to the

Y

mouse cells, but agglutination interferes with fixation of cells when

tested without the supplement of fresh chicken plasma. ﬁHowever, the

.T’supplementvof fresh chicken plasma to heat inactivated chicken anti-

serum does not.enhance the fixation of cells to. their originai level.

The fixation of cells is weak ‘and is associated wlth either agglutl—
natiou or cytotoxlclty. Th1s suggests that the heat sen51t1ve components
Theuanticomplementary effect of mammalian fresh plasma on

fresh chicken plasma was detected with the presence of autologous

“mouse plasma in fixation of mouse 1ymph node cells by chlcken ‘anti-

mouse red cell-serum. Figure 47 illustrates that the fixation of cells"

is partially or completely 1nh1b1ted depending on the aoount of mouse

serum present in the test med1um. The h1gher the amount of serum,
the lower is the fixation. In 25% mouse serum, almost -complete - 1nh1b1—

tion is seen at 1/16 d11ution of the antiserum and only about 507 of'

.cells adhere at 1/8 dif§t1on. About 90% of cells adhere at 1/8 and 1/16

N
L

- '\
dilutions and 50% adhere at- 1/178 dxlutronJof antiserum without the ‘ '

addition of ,mouse serum. - In IZ mouse serum, houever 90/ of cells_e

: adhere at - 1/8 dilution and SOZ of cells adhere . at 1/32 dilution of the.

-

'antiserum. _This.result suggests.that the mouse serum protects theﬂcells

from damage by heterologous antibody and complement, but the mechan- -

,

ism of the protection is notcﬁnoun; g B
: . ‘ v : I -



R @@gmmunoglobulins were respon31b1e for prec1p1t1n reactions.~ Secondary or .
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Discussion o I R
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"« i

(a) Allofixation and Hemagglutination wigh "chicﬁgemAllbahtiéodj,'es-.
’ o ' b N t“ N ,.,'.fr:' V’ - "‘v ’ '. ‘;'«

il

" The hemagglutlnatlon (HA) test does not alwags?correlate with
s .
other.antlgen—antlbody reactions._ Dreesman et al. (1965)'ﬂemonstrated”“:

that in chlcken antisera produced by a 31ng1e 1nJection of bov1ne ‘serum’

albumin (BSA) agglutlnated tanned red blood cells coated with BSA Thé

5

macroglobulins Were respon51b1e for the HA reaction, and the IgC

hyperimmune Igc antlhodles accounted for,both.reactiona, :TheSe‘findings
are in‘accord'wifh our‘reSults”on.the effects:of{primary,{aecondary,'and
tert{ary'immunization.oh AFf Primary antiaera;do~not;uaually'cauae,AF s
preactions though HA‘reaction is detected. SécOndary'and-tertiary
antisera 1nduce A} and HA reactions though the AF t1ters may exceed
.the HA titers. |
_The occurrence of hemagglutininsv in most.of the primary’.
antisera is‘not_correlated.éith AF. ' This suggeatsftha@,hA'and.AF
reactiOns'are two different'antigen;antihody.reaCtioné;even‘though the
 same type of antlgens may be 1nv01ved. The high HA and weak AF
';reactions in most of ‘the primary antisera are. probably due to the pro-u;
duction of low-amounts of allofixing—antibody. The macroglobulin is
o : ,
more 11kely to’ cause HA reaction (Benedict et al., 1963b) and it
lprobably represents all the HA reaction in the primary antisera since
'-the low molecular weight antibody present in the primary antisera does

: e
'not cause HA reaction (Benedict et ad\y 19633" Dreesman et a1., 1965

B

. Orlans gt al., 1961). " The lou molecular weight antibody present in. the

\

f/.“-‘ >
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primary antisera may. differ from the predominant antibody found in the

secondary and hyperimmune sera. Primary 7S:may be univalent (Orlans

et al., 1961), non-hemagglutinating and non-precipitating in low salt,

-whereas 75 antibody found in the hyperimmune sera agglutinates sensitized

red cells and precipitates in low salt (Benedict et'al., 1963a, 19635;

d

Kuho and Benedict, 1969). It appears that only the 7S antibodies are '
dble to induce AF reaction, but the efficiency of the 7S antibody

present in the primary antisera is smaller than that in the secondary

. antisera. ' However, the mercaptoethanol treated experiments indicate that

’

hailo{;xing—antibody present in the primary antisera may be the 198 anti-

body due to its sensitiVity to this reducing agent. The hyperimmune

_JSeraﬂg?b only slightly affected by the ME treatment indicating that 7S
LS

-the presence of ‘two antibodies able to/fix cells. However,. the actualv

fantibody is 1nvolved 1nstead of the l9S antibody These results favor-

f‘preof has to come from the fractionations of these two species of antibodies.

o ‘O‘
'_ The strength of AF is increased in tertiary antisera over the

-‘secondary antisera, but the HA titer remains almost constant This

A'indicatestthat'either the amount of aLlof1x1ng—antibody is increased

T s

fin,tertiaryhantiseraﬁor the aviditﬁ‘or affinity for the antigens is

increased"‘The-maintenance of a constant level of‘thevHA'reaction is in

A at
e

v

: ‘ ' TR
. .accord with the reporg’that macrbglobulin antibodies in chicken are

constantly produced after primary immunizatlon and the amount of macro-

'3'globulin antibodies produced does not. diminish after primary immunization

‘in the chicken in contrast to’ the mammalian systems where the synthe51s

"~ of macroglobulin antibodies does diminish (Bauer and Stav1tsky, 11961;

,"‘Benedict et al., 196,7., Stelos, 1958) o

The HA and AF cross reactions for B antigens are simiiar when



o P
¢y o Secondary and tertiary antisera are used. This suggests that the HA.
. reaction may be used as a'marker for AF reaction, and suggests a simi- :

larity of antibodies involved in AF and‘HA reactions. ;However, this

S ‘.", P ,)
appears to be unlikely,'51nce HA is caused mainly by the 19S antibodies
and only partlally by the 7S antlbodles (Benedlct et al., 1963b). My

results show a difference in the strength of the ‘cross reactlons for
'.-’.4 .

dlfferent B antlgens in HA and AF tests. The;strength of cross
\ ‘ ' v .
reactlons-for HA does not correlate with that detected by AF and the
. o/ . . B . ’ . - -

¢
s

difference is_sovgreat that it;is nnreasonableito assume that the
reactions arebdue to the'same”antibodiess/-HoWever; the discrepancy
between the reaction pattern of AF.and ‘HA reactions'may be due to the
‘difference in theqdlstrlbution of different B alloantlgens on the
surfaces of erythrocytes and lymphocytes; The difference in the'distri-
bution of alloantlgens on?the cell'membrane of erythrocytes and lympho— .
cytes is well known | In chlcken, antigens of the B and C systems have
" been demonstrated by iymphoagglutlnation and absorptlon of anti—-
erythrocyte sera w1th lymphocytes, but antlgensof the D and L Sys—:
tems have. not’been found (Schlerman and Nordskog, 1962) In addition to'
) these 2 systems there-are antigens.which do-not seem to-be detectable_'
on red blood cells (McDermld 1968 Thein and Schmld 1968)
'Vf$7p The abllity of salt preclpltated globullns to ‘induce AF .
"reactions and the location of maJor antlbody activ1ty in the partially
. 1\ : E
purified IgG'fraction‘are in favour of the 7S antibody as the allo- -
.fixing_gnfibodyt;afound in the hyperimmune.sera.’ Thercomplete inhibition
of AF reaction by rabbit anti—chlcken lg__serum further supports IgG as
".Au_'fthe antibody respons1b1e for AF. The heat’inactiyation.of fresh plasma

. > )
-
&

L@
ser !
T



(b) Interaction of Chicken and Mammalian Antibodies and Complenent

in Fixation of Cells.

%

If complement‘plays a rolé in tha fixation of mammalian calls,
fixation and lysis should parallel each other to same degree. The ‘
chiékén'é hatural antibodies for tabbit'etythrocytas lyse these cells
whéa supplemedted with avian or with some fresh'mammalian aera; ;Con—
vetsely, thg chicken's ﬁatural antiquies for dack crythracytes do aot
lyaé these cella whenbsupplemented.With‘avian sera, but Qill'ao so when
supplemehted withAsoée fresh-mammalian sera (Jankovié and Isakovic,
1960) . tThis contrast may: be presumed to reflect felativeiy‘high levels
of‘natutal aptihodies to rabbit cells aad relatiféiy high levels of
tomplement in some-maﬁmalian_séta. When chickens wéte imhunized to
. increase the leQels pf antibodies toirabbit and duck cellsythere was ‘an
riincrgase in hemagglutinatiﬁg aﬁtibody, but qp'increaae.in hemdlytit_
Lantibody witﬁ eitﬁér freaﬁ chicken or mammalian sera; ‘erSumably, this
faiiure_isﬂassociated with the fact that tﬁeiinduced hemagglutininé are
likely'to.be.7s immunoglobﬁliné uhich may be less effective hemolfsina
than the natural antlbodies, presumed to be 19S 19@unoglobu11ns. 'ﬁose
and Orians (1962) failed to restore hemolvtic act1v1ty for sheep
“erythrocytes to heated immune chicken sgra“byvadditioq of guinea,pig
»coﬁplemént, although they succeeded ia doing'so bQ adding ahicken
cdmplement; ‘These authors substantiate Jankovic and Isakovic's report

tthat mammalian sera enhance the hemolysxs of mammallan cells by natural

chickenvantibodlesband chicken complement. However, they attribpte

[
>
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this to mammalian\éntibody‘insfead of mémmaiiaz complement (Rose and
Orlans;'1962).‘

My qgéfrvations indicate that ffesh:ch .en. plasma dogs Qof-
restore 1yti¢ and "fixation" activity to heated, immune chicken serum
.when the target cell is the mouse lymphocyte.' This failure is
concordant with Jankovié and Isakovié'svfailure to restofe hemplytic‘aéﬁi—
o - o . » v

vity (for duék erythrocytes) to heated immune chicken sera, and
would appear tovdiffer from Rose and Orlans' ;eporﬁ of succéséful
restorationiof'hemolytic activity by addition of fresh phicken serum.
Directlcomparisbn is vitiated, however,Oby\tQS differences in the cestsg_"&ﬂj
one groupusced duck erythrocytes and the oﬁher used sheepAerythrocytés as
the ;;rget for theif crucial expefimentst  In tests of aviah<complement
_with évién‘éeils édmparison is complicated by the seleétioﬁ of species;
one group'uééd fregh‘turkey sérum as a source of cbﬁpiemént and the'other
group uséd seveh aVian sbécies; but not thé tUrkey. The failure fb restore_'
lytic and fixing actiViEy to Lhicken_antibodies with'avian.complémént>whenv.'

“

mouse iymphocytes are the target lacks, therefo;e,’a fully appropriate

\

-

hemolysis model.
Croéé;class”differences in'godplémgnt have also beén’deséribed
':for.hemoiysis reactions based onvnatufélAmémﬁalian antibodies,'avian
.'éomplement and avian erythrocytes. Fresh chicken serum was an ineffec-
'tual souréé'qf cémpieﬁent fdrlthe hemoLysis of“éhickeﬁ\cells by natural
mémmalian antibodies (Rbse and,Oflans, 1962).> In ﬁy experiment, héwévér,
féesﬂ chicken plasma rgstoreé lympholytic aétiQity fé a strong, beéted

immune goat antiserum. When thevgoat antiserum is tested in a succession

of dilutions, lytic activity decreases and disé?pears and fixing activity
. o qﬁ‘%;
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increases and, at high‘dilution is the only reﬁaining actiQityf' Thus’
in this mammaiian anti-avian reaction avian coﬁplement seems éb play a
role which cannot be attributed to thé_brésence in fresh plasma of
natural ant}bodiéé to another‘class-of cells.

It has been observed that heated antisera/bf ccrtain doméstic
chickens does not fix guineﬁ_pig‘complement in the direct complemént.
fixation test altﬁough‘;;heated.sera may (Rice, 1947). Chiqken Cc'1 i?
the unheated serﬁm is probably fequifed.to.activ5¥é gﬁinea pig comple-
.ment beforé ﬁhe fixation of guineaApig complement by cﬁickeﬁ antigen-.
antibody complex (Bensen gg al., i961).. The inability of heated chiékeﬁ
anti;erum to utilize the complement from fresh chicken serum for the
* fixation or lysis of m0usév1ymphoid cells»may'be‘due.to loss'of'sdme
ihportaht'cbmponentg; The anticomplementary effect of heated sérum on
(tﬂé'fresh serum has beeh-describea Sy Hawkins (1961). He repor;ed that
heatea guinea pig'complément inhibited the lytic activity of fresh',
guinea pig complement. fhe anticomplementary effect or iﬁéomp;@igility
'bet;éé;;mammalian'and fowl complements or between'digférent:mémmaliah-

speciés-has been repbrted“(Amitaian ef’gl.,‘1962; Laporte, 1952; Orlans o

t ai. 1962b; Rice and Crowson,.195Q); Mixtures of_chicken and guinea
~pig complements are less hemolytic than eitﬁerﬁcomplement by itself
. regardless of the nature of the indicator system (Orlans. e: <l., 1962a)..

]

The inhibition or reduction of fikation ahd lysis qumpﬁse lymphoid

-

cells by chicken anti-mouse red cell-serum in the presence of fresh
mouse serum may be due to the anticomplementary effect of the mouse

serum on the chicken complement.-’v‘
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Introduction

The plant lectins, Concanavalln A (Con A) from Jack beans

(Canavalia ensiformis) (Summer and Howell, 1936) Phytohemagglutlnin'

(PHA) from Phaseolus Vulgarxs (Vowell 1960) and xokewee& m1togen (PWW)

from Phytolacca americana (Farnes et al., 1964) induce the transfor-

mation of lymphoeytes gn ulture (Perlmann gtvgl:, 1970; Robbins, 1964),

but only Con A andﬁ : ate erythrocytes (Sumaer and Howegl,

' 1935; Takahashi et i {‘PHA'agglutinates both normal and

" abnormal cells trans (IRed by oncogenlc v1rus or other agents," WhLle

Con A agglutlnates only the transformed cells (Aub et al., 1965;

Burger and.Goldbe.rg, 1967; Inbar and Sachs, 1969; Steck and Wallacl,

1965). These properties of plant lectins are the result of the 1nter—

actions of these phytomitogens with the speclflc, but apparentlv

\

different, surface receptors on the cell membrane; The carboh)drate
moieties of the cell membrane appear to be- the receptor sites for ‘these
plant lectios (Goldstein et al., 1965 Leon, 1967) Con A binds

specifically to ca ohydrates containlng.termlnal o—methvl-D-ﬁannOSide;
P y

?
a—methyl -D- glucoside and 8 D—fructose resldues of pol\saccharlde chalns

‘(Coldstein et al 1969) whlle PHA blnds specifically to h*acet)l galac—

tosamine . residues of carbohydrates (Borgery et al., 1966).
The specific Jnteraction of these plant lectins with the
receptor sites on the cell membrane appears to be 51mi1ar to the s

'specific binding of the ailoantibodles wlth the alloantigens on the

“cell membrane . This study deals with the 1nduct10n of cell adherence to

s

{



'~phytohitdggns, drugs,
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surfaces by ﬁlahtﬁléstins or phytomitogens. PHA induces cell adheréncé
and agglutination, Con A induces only cell adherence and PWM induces

neither. The adherence of cells induced by plant lectins strengthens

. the” impression that the interaction of an molecules, antibodies
imp } y odies,,

do ' . ' N
hormones or other, with the cell —embrane may be

. manifested as fgéll adherence.? The'adhérence of “bacterial cells,

. & ) . .. ’ et . : .. N B
+ lymphocytes. and other cells to.human or primate red cells in the -

‘~presence of antibody and complement is well known (Nel, , 1963). The
. . . : 3

. » . - 9 - i .
adherence of human red ¢ells to mammalian tissue cultures sensitized .
el - ’ , L ¢

bx.speéific antiis;a and.gompleﬁent hasubéen descfibed by Kano and

A

‘>Miigroﬁ (1965). ' N . : : ‘ - 5

n
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Materials‘and Methods

o 7 : .

N Lymphocyte suSpensions were prepared from different lines of'
White Leghorn chlckens as dcscrlbed previousiy%(see Chapter 1). Tnymus

and bursa cells were obtalned by teasing the thymus and bursa fron13 9

il
3 :l

veek ~pold | chickens w1th fine forceps and passing the tissues through
- >

- .a stainless stecl mesh ~The cells thus collected were washed several
[ . . »

times with HBSS and 1ncubatcd at 37°¢ for at least 30 minutes. to remove

. il
adherent cells. Several  incubations were neceded in some: cases to |

. . . & . L _ ) E
1. remove all the unwanted cells. The non-adherent cells.were collected
. L . : . :

.and washed several times uith HﬁSS in the’presence of'trace amounts'of

| autologous fresh plasnalto'inhiblt aspeclfic adherence.b The'céllaconCen-
-Fration-was adjuSted to 4—6 X lO cells/ml . ‘
The: adherence test was performed as follows 'roolal?of HBS%

‘ §
containing 2 tlmes the flnal concentratlon of plant lectlns and 50 ul

-

. e
)f fresh chicken plasmador agamma chlcken serum were plpctted into

each plastic tube with a‘25 ul‘mlcroplpette Flfty ul of cell suspen—

sion was then introduced into each tube and the cell conccntratlon of
. . S T LoLT . .- T :

u}~ the mixturc was counted by an automatlc cell counter (Flsher Autocvto—

mcter-II), The tubes were 1ncubat0d at room~tempcrature (25°C) for

v'\one and/or two hours, and the 1oss of cells was calculated from a
recount.
By o . o '
The'pH‘of the solution was adjusted‘with O.lN‘NaOH or HCl'as

vrequlred.' For testing the effects of 1nhibitors (sodlum c}anlde,

T

' iodoacetamdde, Z—deoxy D glucose. chloramphenicol CVCthCYlmlde)
. : 2 N

EDTA hydrocortisone, specific inhibltors of Con A (u—methyl D—glucoslde,

PR
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q—methylfD—mannoside)'and N—acétyl—glucosamine, 350 ul of 4 times the

final concentration of inhibitors or reagents in HBSS, 50 ﬁl of Aagimes
] _ B
the final concentration of lettins 50 ul of fresh chicken plasma or

e

v

agamma chlcken serum and 50 ul of cell suspension were used. HBSS
(pH 7.2)‘was used throughout the experiments as,the diluent of serum,

plasma inhibitors and antiserum Cells were treated with Con A On

¢

_a petri dish and the‘adherent and non- adherent cells used for either

the pock" test on the CAM of chlck embryos or for the allofixation

'

test.



Results

“adhere. On the othcr hand the tendency of one’ t)pe of cells to

Y .

I. Cell Adherence with Plant Lectins '

The results have shdwn that the plant lectins Con A and PHA,

but not PWM, cause,fixatiah of lymphocftes to surfaces in the presence
‘. . . . .
of serum proteins (Figure 48a, b, c¢). Con A induces cell adherence

without cau51ng any agglutinatlon, ‘whereas PHA induces adherence and

Agglutlnatlon

small plastic tubes are used Performance of the test with PHA in a

;petri dish completely ellmlnate'~the,agglutination‘seen‘in che'snall‘

test tubes. This suggests‘that céll—to—céll aggln%}nétidn mdy be

. J’ ;
prevented by an increase in the surface area to which the cells can

Cw & o

-

.adhere or agglutlnate may . flnally depend on the surface properties of "

:

LI o

the cells and their.substrates.

Figure 49a-and b illpstrqge'Con‘A~iand ?HA—induccd cel] adher-

' R

gnce to jhe surface of a”bléstie}disn} ~The.adhcrent cells are con—-‘

'sidc}éd\tbwbc yiablc?nnd"accivc becduse th? cells are still re(zittlle

under the phase contrast microscope and contlnqu prOJCCt10n5 of pseudo-
0 . . . N

. N s

'pods are ndtéa.. The adherent cells afh"considered functignallyrintact

because the cells adherent to cover slips form'"pocks"'on_theNCAM of thef

chiCk embryos. PWM does not induce cell adherence at the concentratlons

IS o «

v’ : L r,"‘m—'.

ZOfvﬁhe'mitogen tested (Figure 48c).” PWM is kngwn to 1nduce transfor--

ﬁation.of-lYmphccy;esibut does not possess the agglutinating acciyity.*

N s . . . . . i . Y
v
'
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Aadherence'of lymphoé&tes}induced by Con A in rhe presence of serum .

incubacion does affect cell adherencel... More cells.adhere after two

/c/ o ‘_ ’ ' <76

<

h of PHA and' Con A (Farnes et al., 1964)f These results suggest that

agglutinating components are required for the induction of cell
adherenc%kto surfaces. The agglutinating and mitogenic components of

the lectlns may represent two. separate protelns rather than one - proteln f"

/ . P oy

. with two d1fferent activities.

I1. Con 'A-Induced Cell Adherence

DN

‘< The effect of pH on the adherence of lymphocvtes wlth Con-A was

.,

-y :
tested from pH 6 to 10 Con A was used for the test because 1t was

con31stent in 1nduc;ng cell,adherence. Flgurc 50° shows that the

proteins ‘is not affected by a change of pH; however, the‘length of

~

N

‘Hours of incubation than after one hour, whether the incubating medium

N ‘ : S

'is 25% agamma chicken serum or fresh chicker plasma: The number of

v ~ 7 Ce

< SRR L c ‘ - . ) e
. cells adhering is greater in. 257 agamma chicken serum than in-“the fresh

.

chicken plasma at one and two hours of incubation. This indicages a

stronger inhibition by fresh chicken plasma’ than by agarmma chicken
N . . R . L . i Vo T :

-

N ' . N A . - R e
. . .serum. - S e BT L

LT e i o ce L. e
" The effect. of Con A aeencentration in 25% agamma chicken serum -

N

»

‘and fresh éhick'eri”,’plasma“ is ,illust”'rated in Fig'u}'e .5'1; ’I’her-FESUlrs'

.«

demonstrate that.lOO ug/ml of Con A is the minlmal -amount requlrcd to

6’

"induce max1ma1 adhérence of lymphocytes at two hours in 25/ fresh

chicken plasma prvagamma chicken'serum; however, the minimal concentration’

- of Con A necessary to produce cell adherence 1sdlower in aganma chxcke"

serum than in tresh cnicken plasma Flfty ug/ml of Con A induces cell
. N N\

N

N

'adherence in 25% agamma chicken serum but not in 25/ fresh chicken ’ _"\\\/:
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~

plasma. This indicates that the repulsion. forces exerted.betweeh the

N cells and the surfaces are greater in fresh chlcken ,plasma’ than in

we et . -

'agamma chicken serum of the same-concentragion. These repulsion forces

'Qpny be due to charges present on the protelns in the two solutlons.  The

:effect of. @on A concentrat1on and serum: proteln coucentratlon is 1nter—
‘ L .

3 o S . .
'““dependent: ~an increase in serum protein concentra:ion requires a corres-

"concentration on the adherence .

¢~ amount of Con A is illustrated.1n ‘Figure 52 ”The_results show . that
25 ug/ml and Sbtug/ml o6f Con & are not su ffic ient to overcome the};

. ) _ J
N repu151on "forces .of ZSéVag mma serun, whereas in serud dilutions of 1

3

o .4

o, to 16 or h1gher the cef 4]are able to adhere. _At,lOd ug/ml;'ConvA

induees \ome'eell adheren 1n-2>7 serum ‘but less than thac obta1ned

—
.

\100 50 or 75 ug/ml in serUﬂ dllutlons of

with Con A conpentratlons o

- ~”"1&§3 16 or hlgher. This suggests that'serum proteins~at various cOncenf

and surfaces. The higher the‘concentration of serum, the greater the
repulsion forces cxerted between the cells and the surfaces.

Vel
vy

. The intkracﬁiqh~ofﬁthe-cells with their respective agents-probably % -

' adHerence of-cells ¢an take place. These repulsion’ forces are ‘probably
L R . i > S ., . - R .
electrostatic forces exerted by the protein molecules on either the

Pl

. cells or-the surfaces of the substrates. It is. known that prote}n—

.coated surfaces or the addltlon of protelns into a té%t\med1um tends to

“«
o

.h' _inhibit og_réduce_the‘tendenCyfof cells’td adhere‘or aggregate,(Easty
et al., 1960; Taylor, 1961). = - - = - o o

s

g tratlons exert repuls1on forces of. varylng strengths betueen the cells -

e

b

, A - . I~ - .
3 o i . . R R . RN N ‘ Lo : . T
S prdduces some fOFC¢$vt0lc0untbrbalance,phe repulsiqn forces.béfore 3qf’[i\. )
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[l

greater

.lower cell concentrations. This suggestslthat the am0unt

" 78

The .amount of Con A available for the binding f surface

receptors may have an effect on the rate of adherence. | Figure 53 shows

that more cells adhere in the presence of Con A at 200 ug/ml than at

&

100 ug/ml at one dhd two‘hours under the same cond1t10n5u ‘This suggests

that the availability of Con A affects the rate of cell adherence, and-

\

olution the

the higher the number of Con A molec&les present in the

that they will react with their respective~rcceptor
.& . : . " -
sites on faces within a speci?ic period of time. Figure

53 illustrates the effect of cell concentration on cell adherence. One °

milllon cells per ml appears to adhere as effectively as
‘ A

x 106 cells/ml.
The hlgher cell concentragions may be Sll°htl) more effectlve than the'
f Con A

molecules are in’ excess in these tests.-

A

The rate of adherence of. lymphOC)tes 1nduced by Con A, is

! e

influenced by the time of 1ncubat10n and the temperature of the incu-~

:.bgting medium.. Flgure 54" 111ustrates the rate of adherence at 50 ug/ml

of Con A-in'lz.fresh chlcken plasma.' The~results.show rapid adher.uce
of cells 1n the flrst hour of 1ncubat10n and conplete adherence of cells
by two hours at room temperature. Celégadherence can: be detected as .

S
early “as 15 mlnutes and increases rapldly thereafter. - The rapid

. . . ’ . . X
- it . L - . . . °

.. " “adhefence of ‘Cells indicates that the interaction'of the cell receptors

i

- and their specific agents is of a chemical nature, and the reaction is -
o SPECITIE aBER > 9 ‘ : e rec .

2 . L . g

probably too rapid for the formation or synthesis of new cell-products.

‘Pﬂhe rate of adherence is greatly affected by a- change of tempcrature.

Figure 55 shows that cell adherence increases rap1d1y froﬁ 4° C to 25 C

-

} while further 1ncrease in temperature only slightly 1ncreases the rate
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S K .a : , .
ﬂof‘adherence Cell adherence is blocked at low temperature and at 4°C

4

no cells adhere to the surfaces The optimal temperature for cell~
. P o - g .

adherence,lies between 25°,and 37°C, where maximal'cell'adherence is'_': ~
’-seen;_ Thls is in acccrd with the findings that malignant cells are .
,‘vf‘agglucinated by Con A at 24°C and not at 4°C (Inbar et al., 1971). The
"radherence of cells to surfaces is probably associated with a temperaturc
-:mdependent;process, sincs theﬁinteraction of Cen A and the cell membrane}

‘:occurs at?Iow temperature (Sallstrém and Alm' 1972).
) !

ConvA is known to b1nd spec1f1ca11y with the polysaccharldes on l

- the cell Surfaces that .contain free glucopyran051de or mannopvran0s1de

I3

Cell adherence to surfaces-ig?thd?presence of Con A will be inhibited
by these sugars if the reaction is specific. . Figure 56 shows. that 0. OS H

<! .
)

a-methyl- D—glucopyr1n0slde and o= methyl ~D- mannbpxranoside inhibit cell j

o,

adherence, whereas ’-acetyl glufgsamlne docs not.. .This indicateS"that,

th@‘éEPCtié“ ts.specific‘and_the ‘cell surface receptor for Con A is a
'polysacc aride containing the "above sugars.

R . Lo S
i . !

¢ metabolic inhibitors iodOaCetamide and»sodium“cyanide“are

dnhibito y to .some forms of . 1mmunocytoadherence (Nelson, 1963 Siegel _ _
. ‘ T ¥

g 1972) he inhibitory effects’ may be due to the 1nh1b1tion of ke>

enzymes r to unkncwn intcraction§ Figure 57 1llustrates thellnhrbi—r
"tory effc t of both iodoacetamlde and sodium c»anide . The 1nh1b1tion
115 detec ed uith tho'additlon of].mM of sodium‘cyanide and 1od0aceta-
mide, iodoacetamlde appears to bc a more effectivc 1nh1b1tor than
sodiumrcyanide.at<this low-cOncentratibn The 1nh1bitory effect is-

cdmplete at'a mM iodoacctamice but not with 3 mM sodium cyanide

*Iodoacetamide is an alkylating agcnt and an inhibltor of the glycol\tic



L

-Tthat the synthes;

energy supply routes wht

metabolism, 2-deoxy-D-glucose, has n §

80

pathway,fWhile sodium cyanide inhibits oxidative phospHorylation. The

complete inhibltlon dbtalned with iodoacetamide may be due to a total'
blocking of the energy shpply required for cell adherence, and the

incomplete inhlbltlon'é&,sodium cyanlde may be due to alternatlvg

i bypass the pathway blocked by sodlum cyanide.

However, inhibition by igdbacetamide through’ blockage of the glycolytic

pathway cannot be confirmed.by other inhibitors. An inhibitor of glucose

A ¢
v

-

ffect‘on'Con A-induced cell

adherence (Figure 58).V;This suggest¥i khat -an interference with glucose

) . ’ - ! & S . - - - 3 ' ’ > )
metabolism may not be the actual caii f inhibition by iodoacetamide

which reacts with several kinds of dlé#fical groups, but is best known for:

<

receptor sites for Con A may alter the interaction of Gon A w1th the
‘v i :.": "'i“" o i
surface’ receptors

The inhibitors of protein synthesis, chloramphenicol and cyclo—
hexlmlde, Were tested at thelr phy51olog1cal concentratlons. Twenty-five

to 100 ug/ml of chloramphenlcol (Flgure 59) nd 0.5 to 10 ug/ml’of

:cycloheximide (Fi:jf§ 60) do not - inhibit’cell adherence. This suggests

f.new protein is not required for.cell adhereneeloff

thls type.‘ Some types of cell aggregatlon and adhe51on\are known to

v,

'.Arequirewthe appearance of new substances outside the'cell membrane

before adheslon and spreadlng can occur (Rosenberg, 1960 Roscnberg,_

1962; Takelchl, 1971 Takeichi and Okada, 1972; Taylor, 1961). The

. , a
lymphocyteS'whose adherence is induced:by Con A do not spread.
| Cell membranes can be stabilized by treatment with hydro— N

eortisone (Dingle et al., 1967 Fell et al., 1966 Fell and Weissk31965)

’its alkylation of sulfhydryls'or mercaptans. Alkylationbof certain surface_



D
It blocks the release of lysozyﬁé frdm¢lysosomes within jthe .cells and lyso-.

e

., ) . e 3 Sy e e .
zyme is thought to be associated with the modification of cell membrane

which may be importahtuggr cell adherence. The efﬁeet of hydrocottisene
on Con A—lnauced cell adherence was tested with SOwto 200 ug/ml of
hydrocortisone-21~sodium succinate.  Figure 6l.ehews that 50 ug/ml of
'i.hydrocortlsone has‘no effeet'on cell adherenee;vbut alélight'inhibition

L

lé hoted at 100 and 200 ug/ml. Since'éhe dceurrence of inhibitlbn is e

i

assocliated with the tox1c1t} of the drug on the cellq the effect of
high concentratlons of h}drocortlsone ray be mlqleadlng. An'association
between inhibitory and toxic effectsvof EDTA on Coh Aeinducedradhetencel{
hes also been obsetvee (Figure 57l5* Three mM‘ﬁDTAYinhibits cell .
adherence and is also toxic to the cells. Death of the cells is
accompanied by less oﬁﬁacti;}ty and change'of'refreqtility;‘ This con-
flrme the specelation that adhetence feﬁeires'llving and intact cells
yithvactive meﬁbranes{ nEnergi\' is»prbbebl§ required fotesuch activity,
which may he_tempereture—depeneent. ‘

Con. A-induced cell adherence is of no practlcal value unleqs

3 o

it prov1des some - geﬁetic infornatlon regard1ng the t\pe of cells tested

»'To inybstigate [hlS pro%lom. Perlpheral lvrphocvtes from dlfrerent : .'"°;3&
. e

. - ' . ' 2 ’ N
lines of chicken, the. 82 l} lﬁ, Blé, and B-l, were teqted agalnst‘ Tt

_ R o <

q.200 ug/ml 100 ug/ml and 50. uglml of Con A in the presence or —SM serum.
3Tab1e 13 indlcates that the percentage of cell adherence is not’ affected
o hy_the;lines ofﬂchlcken use. It may be that the present e\petlmehtal.

condibions_useebate‘hot'able to detect the dierrence Or[that the number

of Con A receptor 51tes preqent on the lymphocytes of these genctlc o

lines are_ the same.
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The number of receptor sites for Con A may differ among cell
types‘derived‘from different lymphoid organs. If we are able to deteot
these differences, this might facilitate the seoaration of cells of

thymus and bursa origin -in the peripheral blood. This=possibi1ity

was tested withvchicken bursa and thymus cell 5uspensions against

dlfferent concentratlons of Con A. Table 14 shows.the results of 3
tests conducted with 3 diffcrent chickens. The results indicate that

‘n the presence of 25% agamma chicken serum, bursa cellsvrequire a

z

~lower concentration of Con A than do fhymus cells or peripheral “lympho-

cytes to adhere to the surface. One hundred ug/ml or more are necessary
for the thymus or peripheral lymphocytes to adhere under the conditions
tested, whereas only about 25 ug/ml of Con A is required by the'bursa

cells. Thesefresults suggest that' the bursa cells may contaln a

',greater number of Treceptor 'sites on their surfaces than do the thymus

or peripheral lymphocytes., Autoradiography may enable_us to confirm

this.

4

© . The binding of Con A to the cell surfaoe,may hinder the reaction

of other receptorSfor antigens on the cell surface'with their _respec-

;thesagents if they are located on the same or neighb0uring molecu]es

or the interactlon may. cause Sterlc%?hterferenqe with otheér antigen-

antibody bindings. Con A and PHA have been shown to 'interfere with - the

‘hinding orfexpression_of cytbtoiic activity of murine alloantisera

(Ray and'Slmmons, l973).t This was 1nvest1g3ted by treating lymphocytes

‘-with Con Ain a petri dlSh at room temperature or at 4°c for one hour.

* The- adherent cells ware released by . vigorous agitation with a pasteur -

pipette The washed adherent cells and non adherent cells obtained by

1.
«x ‘?f“"s‘

%
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incubation at room temperature and at 4°C respectively were used for the
! emp : : p y

allofixation test. Figure 62 shows that Con

—treated 11s adhere as

effectively as untreated cells in the presence of the same a¥loanti-
bodies, and o significant difference between the treated and untreated

cellﬁ {has been found. However, in the absence of allbantihody, Con A-

/’/

treated and washed cells do not re-adhere in the presence of either
. S .6{70 - ) —,‘_-"
agamma&ghicken serum or autologous fresh plasma. The results indicate
! .

that bindlng of Con A to the cell surface does not interfere with rhe' .
=, i

bindlng of alloantlbodles to antlgens on the same cell surface. This

suggests that' chlcken'histocomgat%hility antigens, may not be located’

.

'close to the Con A receptor'sites. Since the spec1f1c receptors for
. R EAS

Con A are known to be assoc1ated with some of the polysaccharldes of

‘the cell membrane (Goldsteln et al., 1965 Leon, 1967) these poly-

— —

.

saccharldes are probablx not the B alloantlgens. The cell egherence

induced by Con A is not due to- adsorptlon of the mltogen to the glass or
plastic surfaces, since treatment of these Surfaces with Con A does

not induce cell adherence in the ptesence'of serum,<and the continued
- presence of Con A is required for ccll adherence. No enhancement of.

'adherence:has been detected with Con A-treated tubes. The continued
: presence'of Con A and PHA in'tissue cultures is required for the con-
‘tinued stimulation of ‘cell transformation (Jones,~1973; Lindahl-

Kiessling,.l972; Powell and Leon. 1970). This suggests that Con A
mediated transformatlon and Con A mediated adherence may involve anhini—

i .
tially similar alteratlon of the cell membrane or cell activ1tv._~l

B
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Discussion
;\w Con' A binds strongly to the.plasma membrane of lymphocytes; and
this binding is believed to induce blast transformation (Leon and Powell,
1968; Powell and Leon, 1970). While this pianc lectin;does not=induce

agglutlnatlon in normal cells, cells transformed by oncogenlc viruses .

are agglutinated by the lectin. The results of my studies show thatz

notmal chicken lymphocytes are\not agglutina
is able to induce cell adherence in the presence oOf

d by Con A, altho .. .t

or c:hér

1proteins. Cefi‘adhetenCe is thefeforeva'manifestatipn of
action‘of surface receptots‘on.the cell'membrane with the speei ic
agents. ThisksuppoftS‘ny intetpretation of allofixation'as probably
‘representing the interaction of surface_alloantigens,witn Speeific allb_
antibodies. The possibility that-the speeific adherence offceIls'to a B “11
'surraces is a result of the interaction of cell surtacc receptors with
their speciflc reagents 1is of great 51gnltlcance 1n the 1solation and
separation of funetionally d;ffeteilithough mofphologically identica]'
lymphoid populations. ‘SpeeificzreceptOrs fot ho:mones such as insulin,_
~glucagon (Cuatrecasas 1971) and cortlcostcrone (Munck and Brinck-
Johnson, 1968 Schaumburg and BOJesen,_1968 Schaumburg and brone,

;971) and for drugs and_other~b101ogleally active'molecules suoh.as

PHA (Allan et al., i97;),‘Con h:kNieo1son and Singer, 1971) andvacety14'
_éﬂﬁiine (Changeux et al., 1971;‘Mi1edilg£,§l., 1971) have been demon-
strated at the cell surfaee; Isolation of those cells'onich,contain

,specific receptdrs from the heterogenous lymph01d populations is

. important for an understanding of the functions and nature of responses
. { ; k

'of these'cells. ‘Futther'propagation in tissue éulture of cells
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'contéining specific receptors may provide us with materiai‘for‘futufe»
éxperiﬁentation. - : o .  ;'§
The édherenﬁejinducing compoﬁent of the lectins is/prdbabiy
/j'associated with the aggiﬁtinin rather than the micogenicﬂf;ac:ion othhe
- proteins, since adherence o% rells docé not oécﬁ} with PORCWGGd'mito"cn
: L& o
Pokeweed mltogen is known .to 1nduce transformatlon of cells, although 1t
lacks'hemdgglktinatlng and leukoagblutlnatlng act;QltS (Farnes et'al

1964). This impllcatos the lcukoa&glutlnlns as the active conponents

in the induction of cell adherence.’ The-diffefbncc fn‘aggluiinating’
S T e ' ’ R z

;iaé{ivityvof Con A and PHA is also dctectvd by cell adherence. PHA is

RO
PR

ufﬁnbwn.to agg]utinate bdth'normal‘énd transiormed cells*and Con. A is
=¥ own to agglutlnate onl). tr;*;form'od cells «(Aub _ei_a_’l_"., - 1965; Burger
’@nd*Coldberg, 1967; Inbar'and Sachs ;= 1969; MQSCQdE, 19%L}u8téék and

; Wallach 1969, Takahgshi et 3}.;'1967). The difference in aggluti-
~‘ﬂatioﬁ seen with these two mitogéné may Hefrelated to tHe,valenCy_aﬁd-
fhizcs of the moieCules; as has been posfuléfcd“fbr human alloagglutinins

-
5

oev (Coomks éﬁd Gell, 1963); Con A i§;ﬁ¥gbab1y'similar'tb-fhé Human-incom&

plete a: oaggtutinins or 7S antibodies, whiléﬁPﬁA agglutinin(s) may

! RN . .
; N . ‘ ) O . . 3 ’ ~ . .
be. simila}_to the complete alloagglutinins or 19S antibodies. The

isolation and separation Sf agglutinins and the mitogenic’ factor from

" PHA hﬁs been achievcd?(Allen.gg al., 1969; Rivera andvﬂeﬁlléf, 1966),

‘although tive separation of two Such compoﬁents;from.Con A has not been

accomplished. ' The presence of two or more agglutlnlns in PHA protelns

». has been described (Adelson et gl..~1965: Borjeson et al., 1960;

‘Nordman et al., 1964; Sengar et al., 1970; Tunis, 1964). One’ of the

~ PHA aggfhtinins'is é potent‘hemégnggihin'and-displays,the.abifity to
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' and activation of cell transformatlon by Con A and PHA haye been

known that binding of Con A to the cell. surface is not 1nh1b1tcd by

o ,‘{ o Y, . 86"'
precdpitate .serum protelns nonspeciflcally. The otHer agglutinln is a

weak hemagglutinin(which agglutlnates leukocytes and stimulates RNA

synthesis. This agglutinin is d1ff1cult to separate from the m1togen1c

'factor(s) and lacks the ab111tv to preclpitate serum proteins (Rivera ‘

£ ' o,

and Meuller 1966 Yachnin and Svensbn 1972). . ThlS ‘may explaln the

;association of lymphocyte agglutlnatlon with cell adherence when PHA 1s

used, since the agglutinlns o‘xPHA are very heterogenous and Some ma)

< » e

have a high valency and tend ‘to agglutlnate rather. than 1nduce cell

-

badherence. A low valency of Con A molecules may be used toﬁsxplaln

<

the occurrence of cell adherencé when Con\Q alone is used.

The results have shown that adherence of lyaphocytes induced

¢

"by Con A is temperature sen31t1ve and 1ndependent of pH. .Agglutlnation *

reported to-be assoc1ated with a temperature—sen51t1ve activity (Inbar ' R

et al., l9¥l~ 1973), although the binding of Con A or PHA to cell

—

surfaces is independent of tenperature (Baxat and Avrames 1973 Inbar

_—..

et -al r971 Sallstrom and Alm 1977) This temperature sen51t1v1ty

may be a. metabolic activity and/or nonmetabollc temperature ~dependent

-~

~,z~;tructural rearraugement The metabollc 1nh1bitors 1odoacetam1de and

sodium cyanide inhibit the cell adherence induced by Con A. It is

'T"

v

these two metabolic inhibitors, w..ereas the "cap fornation on the cell'

ﬂsurface is’ inhibited (Sdllstrom and Alm, 1972) This suggests that

'cell adherence to surfaces probably requires the “"cap formation."

Cap formation" is sensitive to change of temperature decrea51ng at

’low temperature (Sallstrom and Alm 1§72 Taylor et al., 1971).
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Inh1b1t10n of "cap formatlon" thus c01nc1des w1th the loss of cell

87

¥

adherence at low temperature. This further, suggests the importance’

*

of'"cap formation" in cell adherence. The effect of cyanide on "cap
" formation" is rever51b1e whlle the effect of 1odoacetam1de on "cap
Iformation',is not (Sallstrom and Alm, 1972) Thisfcould_explain'the

difference\in 1nh1b}tlon of_celi‘adherence by\cyanide-and iodoacetamide.

Iodoacetamide completely 1nh1b1ts cell adherence whereas only part1a1

inhibition'isvobtalned by the same- concentratlon of cyan1de. Inhibition
> s

. of "cap formation" by'the,metabolic inhibitors sodium azide and

dinitrophenol'has=been reported‘by.Taylor et al. (1971) Cap formatlon

—_—

has also been observed w1th phytomltogens such as PHA (OSunkova et al.,

_1970) and Con A (Smlth and Hollers 1970 Sallstrom and Alm 1972)

Thus it appears that the 1nteract10n of. Con A w1th cell surface receptors -

s

is a non—metabollc process and "cap formatlon" is a metabollcally
dependent active process. However, the associatlon of cell adherence

~ with "cap formation" is contrad1cted by observat1ons of adherence and .

, cap formation" in rhy:nus and bursa’ cells: adherénce of bursa‘ cells
_ was observed with the adherence test whereas"cap'formation" is Yery:

‘rare in bursa cells (Klncade-et~al., 197;, Sallstrom and Alm, 1972)

/

Thus cap formatlon may not be the ‘mechanism involved in the adherence

1

or f1xation of cells.



Table 1. The Specﬂfac*ty of "Anti- B14 Serum produced in a B /B

Redipient and Absorbed with B—/B-— and B= /B- Fryt.hroc‘ytes

— s

24364

¥
Genotypes - Bird ‘ - One Hour- -Two Hoiurs
of * { Number , .1:4 7 1:8 14 _ 1:8
Lymphocytes ' : = . s —
. - . Percent Adhering Lymphocytes:
1.1 t 24390 u 3.3 6.4 5.4
B=/B= « 1268. 1.8 8.3 .10.8
867 16.9 -<14.3 « =3.1
J1z21 _ 2.4 13.8 0.7
942 .2 1.9 8.5 - . -5.0
3 9 942 5 ~3.5 8.2 -10.1
B=/B~ 1066 7070 =903 . 1.1 6.6
DR 1066 2 -3.0 -3.2 10.6
24387 .7 0.0 - 14.0 7.0.0
605 .8 S 0.0 4.2 - 0.0
_ ' 572 -3.3 15.2° =701
g3l - 1119 ~4.5 3.4 -6.7 %
I 1100 -13.5 ~4.8 2.2
1347 -2.9 0.6 -9.9
1289 57.1 22:6  78.1 57.3
1 1057 '76.6 65.4 . 87.5 88.4
B-/B— 1223 75.3 73.9. . 93.3- 91.9 -
: 24378 65.8 67.0 91.8 - v 94,8
L 24377 61.2 65.3 83.6 . 85.9 -
584 64,9 66.1 85.8 81.3,
- o IR
24363 70.5 80.2 - 91.2 4§ﬁ 92.2
1284 83.4 . 75.8 97.3 98.2 -
414 1083 6979 V3.6 91.3. - 95.9
B—/B— 956 68.1 69.2  91.7 96.3
. 24366 72.7 61.8  92.9° 94.0
24364 64.7 55.2 90.3 83.4 |
24364 87.9 76.8 96.6 91.5
76.7 95.4 1 97.4

L
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Table 2. ‘Créft—versus Host Competence of:Adhéring and Non-Adhering

Lymphocytes A
g Ceil Suspension Medium GVHRiCompetence of Lymphocytes: Number
N . : of CAM Pocks '
Non-Adhering Cells Adhering Cells
HBSS 2 o iTkos,
HBSS + FP 775 , -8
. HBSS + FP + AS o181 e 1465
- HBSS = Hanks' balanced salt solution, FP = fresh plasma, AS = antiserum- .
A . . . . : ‘ J . * . .
Table 3. Allofixation by Antiserum Coated Dishes . S S
- \ s . " : : - :
: O ‘\.& L’k ‘ i \
‘"Treatment ~ Percent thering Erythrocytes '

AS

AS Dish Treated with ‘Saline

AS

L 2

Untreated Dish + 10% FP
 AS Treated Dish + 10% FP

Treated Dish + 10%Z AGS

Dish Treated withFP

AS Dish Treated with Pepsip

AS

Dish Treated with Papain

487
11%
40% .

1z

AS'

e .
£

antiserum, FP = fresh plasma, AGS = agammapsérum
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Table'é. Allofikation and Hemagglutlnatlon Titers,of Primary, SécOthry
. and Tertiary Antisera - . _ -

Genotypes - Ponors/. ‘ Speclflcity AF’;‘ HA AF/HA
S Recipients ‘ ‘of AS: Titer: Titer C
Bl 1226/26212(])‘__v82‘212(13) R 16 <0.50
T to L619/26212(2) | BE(ZDI(IS 256 256 1.00
B ) i €19/26212(3) " (13) " 1024" - 128 8.00
Cptypt 28464/1260(1) _ B14(45) 32 32%64  0.80
,;_/B_' . "28464/1260(2),7“'314(13)(15)’ 128 - 128 1.00
- T 28464/1263%3y (21) . 2048 128 . 16.00
B 3ps : . , | <8 + <0.
I
p2/p2 T (15)(21) . ‘ . e
| /3 . 28464/28482(3) - 512 64 8.00
53/52 ©1226/26189(1) B2(15) <4 16 <0.25_
e 14 . 619/26189(2)  B2(15Y(21) 32 32 '1.00 "
B~/B=2 _619/26189(3) - (13) 256 64 4.00
Blt/pld 1276/9421) - BLAEH(13) . 32 6 0.50
‘gg/Bg" 12767942(2) ., 314§i§113) 512128 4.00
| /2= e - (15)(21) _
-2 /512 _1277/1657(1)_ BI3* 32 ¢ 4.00
TR gl 1277/1057¢2)  B13* 1024 128
pid/pl3 1268/288(1) _ B13% 4 1.00 -
"52,p1h 1268/288(2) . Bl3* 64 ‘-_'s.qp;’
Bgllggl - 1282/867(1) B21(2)(13)" 512 128 4.00
“BL/pL 1282/867(2) (14)(15)  « 312 128 4.00
AF = allofixation, HA = henagglutxnat1on, AS = antise}um; | -

(1) (2) (3) of second column = prjmary, secondary and tertidry antisera'
respectively, :
Number in parentheses of thlrd column represents the HA cross, reactlonS'
of AS, : .
< = less than,‘*1ndicateS/rbec1fic AS, titer is represented by reciprocal
of the dilutions of AS. : S

-
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Table S5a. Strength of Cro%s Reactlons of Unabsorbed Antl—Bz Serum L
e
Produced in a B—/B-é Bird. '
‘ Gehotypes Primary. " - .Secondary "'Tertiafy o
o ' HA . AF HA AF " HA AF
1,1 | ' o o o
B=/B= <1:2 <1:8 <1:2°.  <1:8. <1:2 <1:8
-Bg{BZ 1:16- <1:8 1:256  1:256 1:128  1:1024
-3131313 <l:4  <1:8 1:16 ~ 1:64+ - 1:32 1:128+
B3 .0 s 1:128  1:32 1:64 1:64+
‘E;élgls <1:4 '<1:8 ' 1:324+ <1:8 = Jl:64 - 1:8
. 2151215 <1:2 <1:8 {1;2" <1:8 <1:2  <1:8
B 18 s 1:16+  1:8 1:32¢  1:32

Table ‘Sb. .

HA‘;fhemaggiutihainn,"AF'=

allofixation ~ "

Strength of Cross Reactlons of Unabsorbed Anti -B

21 >erum
Produced in a B—/B— Bird.

. ‘Cenbtypes‘ Secondary  Tertiary .
e ) HA  AF HA AF
E;/El “?l:é _ <1:8 <1:2 <f;§-
33/g£ C1:64 1:128 1:64  1:128+

Bl3/pls \ 1:128  1:512 A1:64_ 15512

'4/p!% C1:l6+ 1:128 1:32° 1:256
.521/221 1:128 1:5124 '15128 | l:5i2
HA = hemagglutieetion;,AF = ellofikatien'
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Table 6. Cross Reactions of Unabsorbed Ahﬁi-Bia Serum Produced in. a

- B3/p2 Bird, o
o Bira N ' . Antiserum Dilutions
“ Genotypes: -~ ' . Number ° . 1:4 ' 1:8 - /’u§1f16. . 1:32
' Percent Adhering.dymphocytéé
: o o : , \. S o

Bl 1264  © 59.63 - 68.01 71.43 . 50.81
L w2z e4sl - 84.17 93.77  91.34 .

33/33 ' . 728 - -2.79 8.31 _-15134’g\ﬁ 1.77

T . 1066 ' 12.74 15.41 - ~7.91 '~ _1.48

22 00 ©36.01 85.19 . 94.13 -78.72°

ST 1277 - 63.26 95.82 - 94.32 94.12

préi/pld 1284 28.12  68.58  74.26 .  6§.71

. 956 - 65.12 78.81 77.51 ) 57.65
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Table 7. erés Reactions of Anti-B

b

’
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13 Serum Produced in a_E%/E&

1284  : 85.50 88.44 92.83

Bird and Absorbed with g%/§$'and §%§f§%§ Ervthrocytes.
—
, - ) s R
Bird = ©° = Antiserum Dilutions ‘
Genotypes’ “Number 1:4 -, 1:8 - 1:16 HA ‘titer
: : s . Percent Adhering :
- Lymphocytes
1121 - .66.14 65.53 °  53.44
11 867 - 33.09  45.72 23.45
B=/B= 1268 - . 45,35 . 57.51.  23.45
- 1121 70.00 . 50.85 14.55
1264 48.97 78.57° . 73.40°
2 942 22.47 19.78 1.55
B=/B= 942 3.38 46.91 7.78
- 942 12.20 2.35 T -7.63
1347 13.60  18.34 7¥67‘f" ~<l:4
13 13 1100 26.74 25.57 © - 31.90 <1:4
B—/B= 1119 33.47° 43:14 23.20 <1:4
- 1347 27.100 19.26 . ~0.41 <1:4
1100 11.43 29.41 13.83 - <1:4
‘ 1277 19.86 20.45 . 29,17 <174
~ 14 1057, 0 35.71. 66.96 . 51.49 1:32
B-/B— 1289 43.90  © 59.70 - 58.31 1:32
) 1284 . 75.53 73.40  46.28 1:32
1% is 1284 ° - 68.60 . . 75.43 79.15 1:64
B=—/B— 956 - 49.65 43.87 . 47.78 1:32
1:64
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Table 8. Cross Reactions of A;lti—Bl[.- Seljum Produced in a 22/2}—3
'‘Bird and. Absorbed with ;Hrl/EL and gglgg Eryihrocytes. R
, . Bird . . Antdserum Dilutions T
-« Genotypes ‘Number = 1:4 ©1:8 1:16 HA Titer -
IR . "Percent Adhering ‘
_'\ ' . _I.ymph'ocytes
11210 13.82 © 0.88 »12.19+ ¢ 1:4%g
1.1 . 867 12.00  -14.28 - -3.08°  <1:4
.B=/B= 1268 5.37° - 8.31 ', 10.80 - = <I:4
1121 -9.97 . 6.23 6.80 1:418
g . 942 . 8.81 . -10.12 7.03 - 1:4%g
B=/B= 942 "5.92 . " 8.49 -5.02  <l:4
T S 942 - 6.96 © 2,73 - 4,56 - <1:4
. 1367 0.65 . 29.92  0.79  <1:4 -
13, 13 1100 6.12 ~6.79 2.69. <1:4
B==/B== 1119 ©13.33 . .3.36 - ~6.70 © <1:4
T 1347 -9.30° .- 1.36 ~ 5.80 <1:4
e 1057+ 7118 87.47 8839 ->1:e4
B=/B= 1289 -  57.58 ' 78.11 57.35 ' 1132 _
14,040 0 1286 97029, 922 9377 . L.es
B=/B— . 1284 90.48  62.75  -8.08 >1:64
HA = hcmagglutinat:_ion‘

.{J
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\/qhﬁTsﬁié 9 3 Alloflxation and Hemagglutlnatlon' . Titérsrpf'Untreated
- and Mercaptoethanol Treated AntlseTa
: B - ; . Uhtreated ' 'VME—Treated . AF HA
" Antisera - Specificity AF . HA  AF HA ME/Control
’ 1:32 1:16+  <l:b° 1:ib+ =0 0.25
. . 1:32 0 1:64  <1:16 ND =0 - ND
| Anti-B,, | 1:32  1:64  <1:16 8D =0 - XD
 Primary . 1:32 © 1:64 - <l:4 1:32 =0 - 0.50
' <l:i4 1:32 . <1:4 1:16+ =0, 0.75
Ahti-Bl3 . 132+ . 1:8 <1:8  <1:4 =0  =0.00
- ,/,_ 1:2048 1:128  1:2048 1:64° 1.00 0.50
RS ©1:512+ 1:128.  1:512+ 1:64+ 1.00 ° 0.75
: _ 1:256+ 1:128  1:128  1:64+ =1.00 0.75
Anti-By, - 1:128  1:64  1:128 1:32+ 1.00 - 0.75.
Hyper— ! 1:256+ .1:128  1:256+ 1:64+ =1.00 0.75
Immune 1:512 1:64 - 1:512°  1:32+ 1.00 0.75
ST < o 1:1024+ 1 11:1024 <1:4  0.75 =0.00
o v AntioBgy 1:64+ 1:8 1:64  <l:4 - 0.75 =0.00
. AF = allofixatibn, = he magglutinatioh; ND bnot done,
"ME = ~ = :

mercaptoethanol pprox1mate1y equal to.
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Table 10. Allofixation>of .Untreated, Heat Inactivated Antiserum and

Salt-Precipitated Globulins.

N S . .Percent Adhcring.Lymphdéytes.'

~Diluents ~ Na,SO, ppt Globulins . - S . Antiserum

o . Untreated '~ Heated _ Untreated ﬁeated',
HBSS 3.2 0 3.3 - 95.9 - . 1.8

BBS o s9.2 1.4 92.0° -t 4.1
P 96.4 - . 95.2. . 95.7 83.5 -
ﬁeated _ - . : , s : S

Plasma 99 . 21.6 . 64.6 - 16.6

HBSS = Hanks' balanced salt s}lution; BBS i'bﬁrate’buffered saline,
FP = fresh plasma. ' : o ' :

Tablé il.' Allofixatiod and_HémagglutiqatioanitefsTof~Partia'ly

« Purified IgM and. IgG Globuiins.

T

Control - ME-Treated o L
AT . .HA AF - - HA . . AF_ /AF : - HA-- /HA -
: e . me ¢ me c
1:32° 1:8+- 1:16  L:k+ 0.50 0.50
IgM v 1:32 0 1:8+ - l:dg o Liév . 0.50 0.50.
- 1:32 . 1:8  1:8 14 o7 . ot o075
. 1:512 1:32+ - 13256+ 1:16+ - ¢ 0.75 0.50 . -«
1g6, 15512 1:320 . 1:256+ 1:16+ . 0.75 ~0.75

SRR N » . R '
12512 1:320 - 1:512 0 ¥:32 0 0.75 . - 0.75

&

AF = glldfixatidn,,HA'é hemagglutination, ME = mc:éaptoethahol
HA__ or AF__ = hemagglutination or allofixation. titer of ME-treated

- me - me ' 2t . : , » " ST
immunoglobulin. . M e ‘-[ ‘ v ‘ ‘
-HAc'of Afc-= hemagglutination or allofixation titer‘df untreated

. immunoglobulin.'
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Table 12. Adherence of Mouse Lymph Node Cells w1th Chlcken Anti—-Mouse

Red Cell-—-Serum.' // ; "
o A Adhefing LXmLh Node Cells | _ - ‘
- Treatments " Balb/C L.X. CBA-L.N. Mean ‘ Remarks
AS + HBSS 85 . 95 90 . . 90 _Cyrotoxicity'.
CFP + HBSS .16 23 19 19 o
HAS + I;BSS , 58. " 69 60 62 AgglptinqpiOp.
HAS + CFP 43 4 39 23 ‘-?j‘A
'e dﬂAS +:MFP. lv | Sdé : 33. : }8, ’_: é8 .Agglutfnaeion

. 'MFP + HBSS + 5~ 1 8 8

AS '= antiserum, HBSS = Hanks' balanced salt solutlon, CFP = fresh chickeh

plasma, MFP = fresh mouse plasma, HAS = heated antiserum, L.N. = lymph
node, ? = cytotoxicity or agglutination.. '/ = : S B

v

i Table'13 Concanavalin A«lnduze€ Adherence of Chlcken Lymphocytes from

Different Genetic Lines.

. Concentration of Con A §
Genotypes Control : 50ug/m1 L IOOug/ml 3 2Q0ug/ml
. . ' ./ Adhering Lymphocytes h
¥t w0 exr - .16 . 78
B33 -1 st - . 12 i g0
s B3 T T s
BE/pl3 S s6 . 69 31 _
: ) ) IS \ E N S : t )
331/331' o -1. S s0 67 N
. . Vi . ’ 7' o




Table 14. Concanmavalin A-Induced Cell Adh

Bursa '(Bj and Peripheral (P) Lymﬁhocytes in Chicken.

b  First. Experiment: -

o

-

4

erence uf/Thme§—(T);'.

Cells . Time '

- Concentration of Con A (ug/ml)-

~..100 25 12.5 6.25  3.125° 0.00
N ' : , Percent Adhering Lymphocytes . o
> 1'Hr. . 23 0 4 7S -1
" 4 Hr. © 67 -6 4 <% 2 -3
. 1 Hr. 24 2 -1 -11 -0 3
IekE “4 Hr. 84 . 9 -1 6  -10 3
! * . . - .
i s o .
B 1 Hr. 62 37 12 17 6 -1
4 Hr. 89 60 .27 36 18 10
‘Second E#berimcﬁtg | v
" Cells . Time o ‘ ) Cbnceﬁtréfipn,pf Con A (ug/ml)
: : - 250 125 ° 160 62.5 31.25. 25.0  0.00
o e Percent Adhering Lvmphocvtes = - -
P - 1R 35, 20 15 8 -6 5 2
S 2Hr. - 68 .54 - 33 19 -7 4 2
: 1Hr. s 24 27 16 20 . 17 3
_ 2 Hr. 88 ' 69. . .34 28 8 8 -18
5 1Hr. 67 66 57 . 57 39 22 0 -12
. 2 Hr. 79 84 72 73 . 63 30 2
Third Experiment:_ ‘ . ‘
Cellsv"Time;i ) " -7 .. Concentration of Con A (ug/ml)
S 300 200 100 50 25 10 0.00
. N ______Percent Adherinz Lvmphocvtes' '
5 CTHr. . 62 "55 39 2 -6 -2 4
2 Hr. S79 . 78 .65 12 10 - . 8 5
g, - .1HE. . 60 65 34 23 2 10
2 L S ] 88 67 12 6 4 .18
5 LEn. 74 65 = 57 32 .18 12 11
 c2HcS T ) 0 76 75 53 rZ2 S B ¥
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Figure i. The effect of pH on aspec1f1c adherence (HBSS), non-adherence
_in plasma (HBSS + FP), and allofixatlon (HBSS + FP + ANTI-
SERUM) . Lymphocytes of dlfferent genotypes were used for R
the test of dspecific adherence, non—adherence in plasma, |
whereas B——/Blé-lymphocytes were tested wlth an unabsorbed
antl—B 14 prepared in B—/B—-for allofixatlon. The standard

errors for aspec1f1c adherence and non—adherence in plasma

are 1nd1cated by the parallel palrs of lines ( ) flanking
~ the means (=——). , . -
’
. *
# '
L | e LRty
Figure 2. ' The effect of pH on alloflxat1on of B—[&— and

Blélﬂlg lymphocytes w1th specific anti BZ’ ant1 B 14 and . anti~‘

‘Bis respectlvely was run at room temperature for 2 hours.
Four serles of tests were performed on’ B—/B— and Bll‘/x}yi
lymphocytes obtalned from 4 d1fferent blrds and 6 series of

tests were run with B——/B—— lymphocytes obtalned from 6
ldifferent birds. R

e
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Figure 3.

Figure 4,

The, effect of temperature on aspec1f1c adherence (HBSS) and
alloflxatlon (AS + FP + HBSS) B—/B— lymphocytes were used
for” the test of aspecific adherehce, whereas Br-——/Brlé
lymphocytes were tested with unabsorbed anti- Bla prepared
in E—/B~ for alloflxatlon. The points indicate the means at

each temperature. Both k1nds of adherence‘are 11near functions

of temperature (p<0.001 forllinear“regtession; p>0.03 for

deviation from linearity).

&

~

_The effect of time of incubation- on aspec1f1c adherence.
Duplicate tests were run\u1th B——/B—— lymphocytes in HBSS

'-at room temperature. Counts were taken at 15 minute intervals‘

for the first hour of incubation and at 30,m1npte..1nterﬁals

"for the second hOUr.of\incubation,
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Figure 5.

‘Eigure 6.

The effect of time of incubation on allofikation.

, 15
‘tests were ruh -on B 1 B—/

The effect of time of incubation on allofixatlon Duplicate

tests were run on B /313, Blz/ulg nd’ B——/B—— lymphocytes
with a specific anti- 813 serum at room temperature and at

pH 8.5. Counts were taken at 15 minute intervals. for a

period'of 1 hour. The antiserum was tested at 1/8 dilution

~.and the supplement of fresh _hlcken plasma

'Duplieate

lé, Blé/ 13 dffir;-z/B—l-2 lymphocytes

with a spec1f1c ant1 BlS serum at room temperature and. at

pH 8.5. Counts were taken at 15 mlnute intervals for a

period of 1 hour. The antlserum was tested at 1/8 dllution

‘-and the supﬁlement ‘of fresh chlcken plasma.
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+ . .
- Figure 7. The effect of shaklng on allof1xat1on. Duplicate tests were
Tun on 5—21813 /B—~ lym%hocytes with anti- B13 and -
* antl--Bl5 Sera respectlvely The tests were performed at 1/8

- dilution of antisera and the supplement of fresh chlckenAb//g—\‘
~plasma at room temperature and at pH 8.5. Counts were taken
at 15 minute intervals for a period of 1 hour from the
first‘tube.(u,o), But the second, thirdvand fourth tubes

(m,@) were counted at 30, 45 and 60 minutes iespectively.

/

<

Figute 8.. The effect of cell concentratlon on alloflxatlon. Dupllcate
| tests were performed on B——/B—— lymphocytes with a specific
‘(antl-B13,serum at room temperature for 2 hours at pH 8.5. -
The antiserum was. tested at l/8 dilution with the supplement
, of ftesh chlcken plasma.
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- Figure 9.

‘ Figureplo

Tne'effects on allofixation of treating the antiserum and
omitting plasma. Bli/Bli lymphocytes were ‘tested with
unabsorbed antl B14 prepared 1n B—/B— after heat1ng at 56°
for 30. mlnutes, dialyzed overn1ght or untreated Three tests

were done for each of nine experlments The: effects of

’alterlng the antiserum and om1tt1ng plasma were very hlghly

51gn1f1cant (p»<0.001 for both),(but the’ omission of fresh

‘plasma was the more inhibitpry.

)
L3
14 14 )
The allofixation of B—/B— E—/B—— and E——/B——-lymphocytes
with unabsorbed anti-B prepared in Jlélﬂiz The tests were

14
run. ‘at’ room temperature for 1 hour and each of the poxnts

represents the mean of 3 separate tests performed on lympho—

cytes obtalned frqm 3 dlfferent blrds.
o o . -
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«

r

' Flgure ll. The allof1xat1on of B—/B— BZ/B14 nd B——/B——'lymphocytes

Figure 12.

T

i3

with anti-B 14 prepared rn E——/B—— blrds and absorbed with

1

,g;[&— and B—/B— erythrocvtes The tests were run at room

temperature for 1 hour and each of the points represents the

mean of 3/ separate tests performed on lymphocytes obtalned

»

from ifferent birds.

~

The allefixation of Bg/Bz“ BE/B . an d B——/B—- lymphocytes .
13513

: v1th unabsorbed antl-B2 prepared in B——/B—— The ‘tests were

run at room temperature for 1 hour.and each of the points

f'represents the mean of 3 separate tests performed on lympho-v

cytes obtalned from 3 dlfferent birds ‘of the same genoty

o
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Figure 13.

fixation of B—/B—— lymphocytes wlth anti-B

The allofixation of lymphocytes ftom A'ahd B .heterozygotes
and homozygotes. A—/A—» A—/A—, and A—JA— lymphocytes of

different B genotypes were tested w1th spec1f1c anti-A

15,15 >

and anti-A,. Bl/Bl~ Bg-/B2 B /B—— B——/B—— B~—=/B=="and

6"
le/ﬂg— homozygotes and. BL’Bg B—/&lﬁ B—/B—— 513/312

15,.21 2,22

B——/B——- and B—JB—-—heterozygotes vere tested w1th dlfferent

specific antibodies (1 e. anti- Bl’ .anti- B , anti-B.__, ant1

2° 13
14, anti-B 152 and antl—B ) Additive "gene dosage occurreo

/

for alleles A—-(p for llnear regression <€0. 001; dev1at10n

from linearity >0 050), 6 (p<oO. 001 and p>0. 050), and B—
1 13 15

2

..(p<0 050 and p>0. 050), but not“for B—, B—-— ‘E——, and B-—-—

at. 25 C The gene dosage effect of BZL was uncertaln due to

dlfflcuty in prepar1ng a spec1f1c anti-B serum. The allo—

21

was'several
14

times more rapid at 25 c than alloflxatlon of these cells

with antL—B2 :
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Figure 14 The allof1xation of . B——/B—— thymus (T) bursa (B) and

peripheral r3) lymphocytes with spec1f1c anti-B1 and anti-

4
15‘sera., Three series of tests were performed on a total

of 12 birds and each of the p01nts represents the mean of
3 separate tests on cells obtained from 3 different birds._
_Thecﬂpsed c1rcles(0), triangles (A) and _squares (w) repre-
“ - Sent the allofixation of T, B and P'cells with antl—BlA and .
- . the .open c1rcles o), tr1angles (A) -and squares (o) repre—.f
_ sentlthe controls tested with anti-B, .. Three - different

15

specific'anti—Bla'sera ‘and one specific anti—Bis'serum were

employed in the tests. . o : L >

°

"
DR VR

Figure‘ISQ The . a. lofixation of B—~/B—— thymus (T) bursa (B) and

'vperipheral (P) lymphocytes with specif1C!ant1—B14

15 sera. Lymph01d cells were obtained from a total of 12

~and anti—
different birds and each of the hars represents the mean of :
12 different tests performed The antisera were tested at
1/8 dilution w1th the supplement of fresh chicken plasma at

room temperature for 2 hours “and "at pH 8 5.
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Figure 16.

Figure 17.

.

The allofixation pf Aglhg'thymus (), bursé'(B) and peri¥

pheral (P) lymphocytes with spec1f1c ant1—A2 -and anti-A6

sera. -Lymphoid cells were obtained from a- total of 8

- different birds of whlch the B genotypes -were B—/B— (l)

2, 14

- B=/B— (2) and &——/B—— (5). ¥he means of the 8 tests were

plqtted and the tests performed in HBSS plus fresh ch1cken‘.

1plasma were used as control. The antisera were tested at

1/8 dilution ‘and the supp%gment of fresh ch1cken plasma at‘

room temperature with pH adJusted to 8.5 and incubated for’

-2 hours. S
‘- | .
C ~ \\\\\;;\;\;
- '
I X
| \, | 14, 14
The effect of simple sugars ‘on allof1xat1on of Ef—lﬁff‘
lymphocytes wlth unabsorbed” anti 314 prepared in E;—[g%l.

Three series of tests \Ere pe forgﬁﬁ on lymphocytes obtained

from 3 different blrds, and “each point represents the. mean-

of the tests.
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PO T - o ies 14, 14
. Figure 18. The effect of simple sugars on aspecific adherence. B——/Ef—

lymphocytes were tested in HBSS and. the means of the 3

different tests are - represented

Figure 19. The effect of 51mple amines on allofixatlon of By-"/Blﬁ

lymphocytes with unabsorbed ant1 Bl& prepared in BlélBlg .

Three: serles of tests were performed on 1ymphocytes obtained

-from 3 dlfferent blrdé and each point represents. the mean of
the tests. .
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Figure 20. The effect of amino sugars on aspecific adherence (HBSS?

14, 14

‘and allofixation (AF) of B~—JB——-lymphocytes with unabsorbed

ant1—814 prepared in Bllelé. -Three serles of test were

performed on lymphocytes obtalred from 3 dlfferent blrds and

" the means of the tests were represented The pH was not

adJusted for the tests represented with lines, but the pH
was adJusted to 8.0 with 0.IN NaOH for the tests represented

by bars indlcatlng that the effect on alloflxatlon must be

) attr1buted to the alteratlon of pH by the amlnes.4

| Flgure 21.
2\:

.
So

The effeet of sodium bdrate on aspecific adherence (ABSS) .and -

vallofixetion (AF). . BlﬁlBi—'lymphocytes were used for the
_test of aspecific adherence, whereas B——/ pl3 and Bllelé

lymphocytes were tested with speciflc anti-B serum. . Three

13-
series of aspec1f1c adherence tests and 4 series of allo-
fixation tests were done, and ‘the means of . these tests were

represented.
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u- . "u' o ~ *
Flgure 22 " The effect of sodlum perlodafe on aSpe&m
-+ and allof;xatlon (AF). “B*’Zé-lﬂyi lymphocytesgwete useﬂ%kog the
~ test of aspec1f1c adherepce whereas B——/ 13 and Bl?hd :

lymphocytes were tested ﬁlkh eciflc antl-B

-series of aspec1f1c adhéhﬂnt

N

B

"~

Figure:23‘ The effect of hydrocortisone ‘on aspecific adherence (HBSS)

and alloflxatlon (AF) of Bli/Bl— lymphocytes. Unabsorbed

'~ant1 814 prepared in BlélBll was used in alloflxatlon test.
. Three series of tests were done for aspec1f1c adherence test

e

and alloflxatlon test. The means of these tests were taken. o, /)/
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Flgure 24
(a)
®)

(c)

The alloflxation of tryp31n1zed lymphocytes wlth respect co

;change of pH.

s
Blf‘-/Blﬁ lymphocytes were tested with specrfic anti-B

serum
14
at room temperature for 2 hours. '

2%212%2 1yhphocytes were tested with specific anti-Bls serum
at room temperature for 2 hours: o -
it

P

B—/ﬁ- lymphocytes were tested with spec1f1c anti- B2 serum

at room temperature for 2 hours.

Three series of tests were performed in each case, and the

means of the 3 tests were presented
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Flgure 25 'The effect of metabol1c 1nh1b1tor, 2~ deoxy—D-glucose, on
L ' aspecific adherence (HBSS) and alloflxaflon (AF) of Blﬁfﬁli
‘lymphocytes.. Unabsorbed antljBla.prepared in gf—[gf— wee.
ueed in allofixation test. Four series of aspecific¢ adherencé
S ?ﬁd allofixation tests were-performed.' The means of.

- these tests were. taken.

"o,

Flgure 26JW¥he effect of metabolic 1nh1b1tor, 1odoacetam1de, on aspecific
- adherence (HBSS) and allofixation (AF) of B——JB—— lym%hocytes.'

Uﬁébsorbed anti- Blk prepared in Blélal—-was used in allo-

vflxatlon test. Two series of aspec1f1c adherence and allc-

fixation tests - vere done and the means ‘¢ the tests were, -

‘taken. - -
) O

R
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. Figure 27. The efféect of metaholie inhibitor, sodium cyanide, on
' »asnecifie'adherence (HBSS) and allofixatidn (AF) of Bv-li-lf-/l?‘r!'-i :
. lymphocytes. - Unabsorbed ant1 -B 14 prepared in BlélBlé-was _
used for allofixatlon test. Two serles of aspec1f1c adherence .
- tests, and alloflxatlon tests were done and the means of the
o : tests were taken. ‘ : -

Flgure 28. The effect of metabollc inhibitor, 2 4 d1n1trophenol, on
' aspecific adherence (HBSS) and. allofixatlon (AF) of Bvl-{'--/B—]:-zi
}ymphocytes. .Unabsqrbed anti-B 14 ‘prepared in Bllel}-was‘ N
used for allofixation test. Two series of aspec1f1c adherence
‘and allofixation tests were performed and the means of these

tests were taken. ' R
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Flgure 29. The effect of v1nblast1ne, an inhibitor of mlcrotubuleb, on
aspecific adherence_(HBSS) and allofixation (AF) of BlﬁJBli
‘lymphocytes;ﬂLSpecific anti—BlA‘serum was used for allo-
fixation test. Three series of allofixation and l series of
g aspeeific adherence tests were performed and the means of

_ the former tests were taken.

- .
C o

figure 30. The effect of X-irradlatlon on allofixation of B——JB——

) lymphocytes. Lymphocytes exposed to 500R (25R/m1n for 20
minutes), 1000R (200R/m1n for 5 mlnutes) and SOOOR (200R/m1n
ffor 25 mlnutes) were tested with unabsorbed antl-BlA prepared
in B——/B—— b1rd. Dupllcate tests were performed with the'

untreated and X-irradiated lymphocytes at room temperature
for 2 hours and’ at pH 8.5,
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Flgure 31. The effect of chloramphenicol, a protein inhibitor, on

aspecific adherence (HBSS) and allofixatlon (AF) of B——/Bii

lymphocytes. Unabsorbed antifBlA prepared in Blglﬁlg was

used for allofixation test. Three series of aspecific

adhereﬁce and allofixatlon tests were performed and the means

! of these tests.were taken.

C &

14, 14

Flgure 32. The effect of antlcoagulants on allofixation of B—/B—.

“molarity of the medium.

lymphocytes. Unabsorbed anti- B 14 prepared in- B—Q/Blé

was used for the tests. Two serles of allofixation test°
were performed and the means of the tests were taken. _
sodium citrate, EDTA were tested at 10, 20 and 30 mM and
heparin at’5,125 and 50 unlts_(USP)/ml. Sucrose_was ‘used

_ as the control to eliminate the effect of .increase in’

T
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" Figure 33. The effect of chelating agent, EDTA on aspecific adherence

Figure 34.

l prepared in B—JB— was tested in  the presence of 5 mM EDTA,

- of the tests were taken.

(HBSS) and ailofixation (AF) /B—— lymphocytes. Unab-
sorbed anti- Bl4 prepared in 2~/Bg-was used for allofixation

test. Duplicate tests were done in each case with the pH

_ adJusted to 7.0 for the aspecific adherence test ‘and to 8.0

for the alloflxatlon test. The tests were ‘performed at room
temperature for 2 hours, and viable cells were observed and

counted under phase contrast mlcroscope.

The effect'of metallic ions on the inhibition of}aliofixation.
14, 14

of B—/B— lymphocytes 1nduced by EDTA. Unabsorbed anti—Bl4

5 WM EDTA plus 5 mM metallic ions or without EDTA. Duplicate

' tests were: done at room temperature for 2 hours and the means
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" Figure 35.

P

Figure 36.

The effect of concentration of divalent cations on the

inhibition of allofixation of B——/B—— lymphocytes in the

‘presence of. 5 mM EDTA. Unabsorbed anti-B 14 prepared in

‘B—JB—-was tested in the presence of 5 oM EDTA, 5 uM EDTA

plus 1, 2, 3 and 4 mM divalent cations at room temperature
for a perigd of 2 hours. Two series of the test wcre

performed and the means of the tests were taken,

The effect of plastlc or glass substrates on allofixatlon
of B——/B—— nd B——JB—— lymphocytes. Ope_unabsorbed antl-Bla,

one specific anti- Bl4 and- two specific ‘anti-B $era were

5 570 D
employed in the test. Duplicate or:triplicate tests were

performed with each ¢ the 4 sera at room temperature for

2 hours and at pH 8.5. - A total of’l7 tests were done and

IV

the means of these tests were used.’ . S
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Flgure 37. The effect of coated plastic on, aspec1f1c adherence (HBSS)
and allofixation’ (AF) of Brlé/bii lymphocytes. Specific
ar}ti—Bl5 serum was used for the allofixation test. Plastic
tubes were coated with 0.5% gela;in, BSA or agar or untreated. .
Three or more tests were performed cn each type of the cozted

surfaces and the means of the tests. were used.

i
Figdte 38. The effect of pH on the aspecific adherence to coated

plestic surfaces;_ Bié/Bl— lymphocytes were. used for the

test and, two or three series of the aspec1fic adherence

P

~ test were performed. The means of these tests were used.
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Figure 39. The effect of pH ‘on the all¢f1xat10n of BlélBl—-lymphocytes

to gelatin-coated plastic. Specific anti-B_ . serum was.

. « 15
used for, the test. Three series of allofixation tests wére

: , : o
performed and the means of these tests were used.

\ : ; . ' B H <_ -
Figure 40 The effect "of pH on allofixation of B——/B—— lymphocytes
' to BSA-coated plastic. Specific anti-B 5 serum was used

for the test. Two serles of allofixatlon tests were done and the.

‘means of these tests were used
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Figure 41a. Alloflxatlon by prlmary, secondary and tertiary antisera
_'on B—/B— lymphce. /tes. ‘Unabsorbed antl-B2 prepared in

B—/B—— was used for the tests. The tests were done at

room temperature for 2 hours and at pH 8. 5.

n
3
()

FEN

'»Figure 4lb Alloflxatlon by prlméry, secondary ‘and tertiary antisera
n B——/B—— lymphocytes.‘ Unabsorbed anti- Bl& prepared in

‘B—JB— was used for the tests. Five series of tests were
zperformedqat room temperature "for 2 hours and at pH 8.5. -

'1The means of these tests were used
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» Figure 42,

. [ 3 .
Allofixation (AF)kjnd Hemagglutination (HA)'titers of

"~ primary, secondary“and tertiary antisera.
. . _ A

(a)

(@

(@

Allofixation and hemag lutihation titers of unabsorbed anti-

<B2 prepared in B—JB——-and tested on B—JB— lymphocytes add
- b)

~

erythrocytes.

Allof1xat1on and hemagglutlnatlon titers of unabsorbed anti- -
4 prepared 1n B—/B—-and tested on B—-—-/B—'Lﬁ lymphocytes and
»erythrocytes. Three seriés of tests were ‘performed with the
primary»and secondary antisera, but.only'one series of test
was done‘with the tertiary autiserum; '

AN

Alloflxatlon and hemagglutlnatlon tlters of unabsorbed anti-
14, 14

14 prepared in B—/B—-and tested on B——/B—— lymphocytes and

- erythrocytes. Four ser1es of tests were performed with the

primary'antiserum .two series for the secondary and only one'

series for the tertlary antlserum.

The allofixation t¢§%'was 'perforued at room temperature

for 2 hours ‘and at; pH 8.5. The 50% cell adherence was taken

as the: end point for allofixatlon. ‘The hemagglutlnatlon test

" was done at. room temperature for 30 mlnutes.

".'W .
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Figure 43. The7effect on allofixation of treating the antiserum withv

Figure 44,

rabbit anti-chieken IgG- 'serum or agamma chlcken serum.
/B—— lymphocytes wvere tested with unabsorbed anti-B
14
prepared in B—/B— after treatlng at 37°C for 30 minute;,//
with equal amounts of rabbit anti- chicken I1gG~ serum or
agamma chicken serum. Two series of tests were done in each’

case at room temperature for 2 hours. The means of the two

‘tests were taken.

The effect on allofixation of treating the .antisera with

merceptoeghanol (ME) .. E——/B—— lymphocytes were tested w1th

unabsorbed anti- B14 prepared in B—/B— and B—/B— birds after

treating w1th ‘equal amounts of 0.1 M mercaptoethanolda

room temperature for 1 hour. Two series of the test were:

. done at room temperature for 2 hours and at pH 8. 5 ‘Two

_primary and 2.hyper1mmune‘antlsera were employed 'in the.tests.

G
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Figure 45. The effecu ‘of mercaptoethanol on the alloflxatlon of primary

Figure 46. The adherenCe of chicken’ lymphocytes with untreated and

of ce115»was detected under phase contrast microscope.

and hyperlmmune antisera. Dupllcate tests ‘were performed
on Bl—JB——-lymphocytes with 2 primary and 4 hyperlmmune anti-

sera at room temperature for 2 hours and ag pH 8.5. One, 3

-and 5 mM of meréaptoethanol'was'addéd]tb the test‘system at

the beginning of the experiments.

heat—lnactlvated goat anti—chlcken red- cell-serum. /B—i"

1ymphocytes were tested_a; different dilutions of the anti-

serum vith or‘withbut the‘supplement of fresh chicken plasma

. at room ‘temperature for 2 hour: and at pH 8. S.‘ Two series of

‘tests wvere performed in each case. and -the lysis or cytotoxi ]y:

’Complete lysis of cells was ‘detected at antiserum dilutions

,smaller than 1/8; cytotoxicity was detected from 1/8 -to 1/512

dilutions of the untreated antiserum, but was.detected»from
1/8 to 1/125 dilutions of the heat-inactivated antiserum. .

.,
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'Eigdre 47. Tﬁe e'ffég,

4

£}

A n_xous_é 1ym{>} node ¥eil&hy ednby ‘-‘chi”cke“x\ll -anti-moys

- . . L B [+ " . N
p,\gf fres@hous’e plas'ma- %) on the adherence of

', ed cell-
cells of Balb/C

h) oY

'ﬁe.rum.an‘d fresh chicken~r';'),§;;as

v - . L - " /I
or CBA micé'&wiere_ used in:the tests-. ';l‘h fosts were done at

\ > - . o ity '
room temperature for 2 hours and at pH.8t5 with or without

the presence of fresh mouse plasma. Two series of tests were

performed - in the presenge of 25% MFP .and 't.hr'ee sel;"ie:s of

tests were done in the presence of 1% MFP. Twenty five

percent of fresh chicken plasma was added into the test sys-
tem in all cases. ¥
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Figure 48. Cell adherence induced with plant lectins.
(a) Cell adherence induced with Concanavalin A (Con A) in the
presence of serum or'plasma. is/B-]-"—S--'lymphocytes were tested

with Con A at room temperature for 2 hours and at pH 7.0.

Twenty five percentppresh chlcken plasma or agamma chicken

serum was used to prevent the aspec1fic adherence in. HBSS.

(b) Ceil ad..>rence induced with Phytohemagglutinin (PHA) ‘in the
presence of serum or plasma. g?{glﬁ lymphocytes were tested
Qith‘PHA-P at room temperature for 2 hours and at pH 7.0.
One percent of fresh chicken plasma or agamma chicken serum
was used to inhibit .the aspecific adherence 1n HBSS. Agglu—
tination may be assoc1ated with cell adherence in some of
these tests. '

(c) Cell adherence test with Pokeweed mitogeﬁﬁiPWM) . BZ/Bii

: lymphocytes were tested with PWM at room temperature for 2

hours and at pH 7.0. One ‘percent fresh chlcken plasma was

used to inhibit the aspeciflc adherence in HBSS.
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Figure 49a. The adhering lvmpﬁocytes on the surface of a plastic petri
“dish. B—%jB——-lymphocytes were fixed by 100 ug/ml Con A
at room temperature for -2 hours at pH 7.0 and in the pre-
sence of 257 agamma chieken‘serum.- -

'(Hagnifiéetion 5000x)

The adherlng 1ymphocytes on the surface of’a plastlc petrl

‘dish. B—IB—— lymphocytes were fixed by 1/100 dllutlon of

HA—P at room temperature for 2 hours at pH 7.0 and 1n the

o ‘e”presence of 17 agamma chicken serum.

s }
Qj~vf o (Hagnlflcaglon 5000x)
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Figure 50. The effect of pH on Con A-induced cell’adherence Dupllcate

o tests were performed on EZ/B—— lymphocytes with 200 ug/ml
Con A at toom temperature for 1 and 2 hours in the presence
of 25% fresh chicken plasma. or agamma chicken serum. The

pH was adJusted with 0.1 N NaOH or HCl. - .

¢

F1gure 51. The effect of concentratlon of Con A on Con A—lnduced
cell .adherence. B—/B—— lymphocytes were tested at room
v temperature for 1 and 2 hours ip the presence of 25% fresh

. chicken plasma or agamma chicken serum at pd 7 U
) o

- o N T &/
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: Flgure 52. The effect of serum conceﬂaﬁétlon . on Con A-induced cell
adherence. B—/B—— lymphocytes were tested with 25, 50 and

. 100 ug/ml of Con A at room temperature for 1 hour at
,pH70

Figure 53 The effect of cell concentratlon on Con A-induced cell.

adherence. -Duplicate tests ‘were performed on B—/B-Z v
1ymphocytes w1th-100 and 200 ug/ml Con A at room temperatufe‘
for 1 and 2 hours at pH 7.0 in the presence of 25%
agamma chicken serhm. ' | o '

N
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Flgure 54. The effect of time of incubatlonqr on Con A-induced cell

adherence. Dupllcate tests were performed on B-—-—/B15

lymphocytes with 50 ug/ml Con A for a period of 90 mlnutes

in the presence of 1% fresh chicken plasma. Counts were

“*«taken at 15 minute intervals for the first hour of -tests.

Figure 55
& .

‘o

The egf ct of temperature on_ ~ Con A-induced cell adherence. - -

B

: qu series Qf dupllcate test were performed on B—/ 14

lymphocytes for 1 and 2 hours in the presence of 25/ agamma _
chicken serum at pH 7.0. : : :

PR

L
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Figure 56. The effect of spec1f1c 1nh1b1tors : Qn“% Con,A—induced cell

adha;ence. b—/B— lymphocytes were tested wlth 50 lOO and

200 ug/ml Con A w1th or wltnout tne addiclo% of Q. 05 M

spec1f1c 1nh1b1tors.

for 2 hours in the presence of ZSA agamma ch%cken,se;um.

‘v‘-‘ b

‘The tests were run at- toom xempetatupe

e W
v

. 'u‘ 1,
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Figure 57.

Figure 58.

~f
{

Figute 59.

Figmrelﬁo

vvfor 2 hours in the presence of 254 agamma\ch1cken serum

pH 7.00-_ S o _‘7"

The effect of metabolic imhibitors, éodium cyanide eﬂq‘
iodoacetamlde, and/ehelatlng agent EDTA, on Con Aéinduced
cell adherences Duplicate tests uere performed op B—/B—
lymphocytes with 100 ug/ml Con A at room temperature for

2 hours in. the presence of 25/ agamma chlcken serum at

pH 7. 0 _' ' J

J
B

Thé effect-of metabolic inhibitor, 2- deoxy?D—glucose, on
Con A—1nduced cell adherence. Dupllcate tests were done on

/B——-lymphocytes with 100 ug/ml Con A at room temperature

at pH_7.0.

!

The effect of chloramphenlcol bn Con‘A—induced cell

adherence. Dupllcate tests were performed on B——/B——

lymphocytes with 100 ug[ml.Con A at room temperature for-

2 hours in the presence of 25% agamma chicken serum at
, . » _

/

The effect of cyclohex1m1de on Com A—induced cell adherence;

Dupllcate tests were performed on ér—/B——-lymphocytes with

‘»lOO ug/ml Con A at ‘room temperature for 2 hours in the pre-

sence of 254 agamma chlcken serum at pH '7.0.

-

o
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Figure 61. The effect of hydrocortisone on Con A-i 'duced cell
adherence. Duplicate tests were performed B——/Bli
lymphocyfes with 100 ug/ml Con A at room t¢ 2rature for
2 hours in the presence of 25% agamma chicken serum at

pH 7.0.

Figure 62. The effecr on allofixation'of treating the lymphocytes with
“Con A. /B—— 1ymphocytes were treated with 50, 100 and
200 ug/ml Con A at room temperature for 2 hours Dupllcate
tests were performed on - these treated lymphocytes with a
i Spec1f1c antl—BlA’serum at room temperature for 2 hours
at pH 8.5. The controls were run-under the same conditions

with the omission of antiserum.



166

RCENT ADHERING LYMPHOCYTES

- D

wo - o : 100 [

80 |- _ | v ) /- 80 |-

60

>

ANTISERUM

PERCENT ADHERING LYMPHOCYTES

40
20 |- 20 |
L o FRESH PLASMA
0 | I | l 0 J _d

0 50 100 : 200 NS 50 1
CONCENTRATION (ug/ml) .

CONCENTRATION -(ug/ml)

Figure 61 . | ‘Figure 62



: L 167

" BIBLIOGRAPHY . _

Adelson, M., S. Surrey and .H. Punnett. 1965. The isolation of a hemagglu-~
tinin-free leucocyte growth factor from. red kldney bean (Phaseolus
xglgarls) extracts. J. Cell B101 27 :3A.

Allan, D., J. Auger and M. J. Crumpton. 1971. Interaction of phyto-

hemagglutlnln w1th plasma membranes of pig. Exptl. Cell Res. §b6:
. "

Allen, L. W., R. H. Svenson and S. &achnln. 1969. Purification of
mltogenlc proteins derived from Phaseolus vulgarls Isolatlon of
potent and weak phytohemagglutinins possessing mltogenlc activity.
Proc. Natl. Acad. Sci. U.S. 63: 334.

A111son,'A. C. 1969. Lysosomes and cancer. In "Lygbsomes in Biology
and Pathology"” -(J. T. Dingle and H. B. Fell, eds.) vol. 2, p. 178.
North-Holland, Amsterdam. - o, @

Allison, A. C., P. Daﬁies and P. dePeters. 1971. Role of contractile

-microfilaments in macrophage movement and endocytosis. Natqre New -
Biol. 232: 153. : i : '

Ambrose, E. J. 1961. The movements of fibrocytes. Exptl. Cell Res.,
suppl. 8: 54. - ‘ o

_Amifaian, K., 0. J. Plescia,ﬁG. Cavallo and M.’ Helldeberger. 1962
Aspacts of the immune hemolytic reaction. VI. Effect of inhibitors
from sheep serum'on immune hemolxsis: J. Immunol.  88: 309. ;

Astaldi, G. and J. Lisiewicz. 1971. 'Lvmphocytes Structare; broduction
and functlons., Biomedical Idelson English Editions. Naples- Italy.
4 ‘,.‘
Aub, J C., B. H. Sanford and M.\N Cote. 1965. Studles on reactiv1ty of
tumor and normal cells to a wheat germ agglutlnin. Proc. Natl.
Acad. Sci. U.S. 54: 396. o I

Bangham, A. D. and B. A. Pethica. 1961. The adhesiveness of ‘cells 1ad
the nature of. the chemlcal groups at their surfaces.’ Proc. ‘Roy.
Phys. Soc. Edin. 28: 43 '

Barat, N. and S. Avrameas, 1973. Surface and intracellular localization
of concanavalin A in human lymphocytes. Exptl. Cell Res. 76: 451.

Baserga R. and S. Stein. 1971.. Nuclear acidic protclrs and ‘cell
proliferation. Fed. Proc. 30: 1752.

Bauver, D. C. and A. B. Stavitsky. 1961. On the different molecular
forms of antibody synthesized by rabbits during the early response
_to a single inJection of protein and cellular antigens.  Proc. Natl.
nAcad Sci U.S. 47: 1667- e

.
YTRE
RN L



168
Benedict, A. A., R.'J. Brown and R. Ayengar. 1962. Physical properties
of antibody to bovine serum albumin as demonstrated by hema sgluti-
nation. J. ExXp. Med. 115: 195

Benedict, A. A., R. J Brown and R. T. Hersch. 1963a. The temporal
‘'synthesis and some chromatographic and ultracentrifugal charac-~ -
teristics of chicken ant1bod1es. J. Imnunol 90 399.

Benedict‘ A. A., R. T. Hersch and C Larson. .1963b. The gemporal
.synthesis of chicken antibodies: The efxects of salt on the precipi-
tin reaction. J. Immunol. 91: 795.

Benson. H. N., H. P. Bumfield and B. S. Po.eroy 1961. Requirement of
- avian €'l for ff'a' i, suinea pig complement by avian antibody-
"antigen complex gpol. 87: 616. . :

'Aiﬂﬁ
K62, Some chemical factors in cellular
ancer: Res. 22: 982

Berwick, L. and D.
adhcsion and st
Bhandari S. C. and D."P. SlngeI 1973..~Reroval and regeneratlon of-

HL-A antlgens on per1phera1 blood 1vmphoc=tes. Tissuve Antigens
3 140.

Borgery, H., J. Woodruff, R. Hirschhorn, B. Gesner, P. Miescher and
R. Silber. 1966. Phytohemagglutinin: . Inhibition of the aggluti-
' nating actlvity-by N—acetyl—D*galactosaﬂlne. © Science 154: 1019
Borjcson, J., R. Reisfeld, L. N. Chessin, P. D. Kelsh and S D. D0ug1as
1960. . Studies on human peripheral blood lvmphocytes 1n vitro.. I.
Biological and physicochemical properties of the po}e.eed mltogen.
J. Exp. Med. 124 859.

Boyse, E. A., L. J. Old, E. Stockert and ‘N. Shigeno. 1968..Genetic
‘origin of tumor antigens. Cancer Res. .28: 1280.

Burger, M. 1971. The 51gn1f1cancL of surface structure changes for
growth control under crowded conditions. In "Growth Control- in
Cell Cultures" (G. E. W. Wolstenholm and J. knight, eds.) p. 45.
Churchill and Livingstone, London.

Burger, M. M. and A. R Goldberg. ‘1967. Identlflcation of a tumor- -
specific determinant on neoplastic cell surfaces. Proc. Natl. Acad.
Sei. U.S. 57 359. - o L X

Carter §> B. 1965. Prlncipleq of cell motility: "The &ireccion of cell
movement and cancer 1nv351on. "Nature: 206: 1183. °

°

Changeux; J=P., J- C. Meunier and‘“ Huchet. 1971. . Studies on the
cholinergic receptor protein of Electrcphorus electricus. I. An
r assay in vitro for the cholinergic receptor site and solubilization

of the r receptor prote1n from electric tlSSue. Mol. :Pharmacol. 7: 538.

N

L
LY

b
M



;
o 169

Chapel, H. M. and. K. I. Welsh. 1972. Removal and resynthesis of HL-A2,
5 'and 12 determinants at-the Surface of peripheral blood lymphocytes.
Transplantatlon 13: 347 ‘ ‘

.Coombs, R. R. A. and P. G. H. Gell. 1963. D1agnost1c methods in serology
and- immunopathology. In "Clinical Aspects of Immunology." (P. G. H.
Gell ‘and R. R.'A. Coombs edltors Oxford), Blackwell Scientjific

ler

o PubllCatlons. . o W .

Cuatrecasas P 1971 Insulln receptor interactions in ad1pose tissue
‘cells:  Direct .measurement and properties. Proc. Natl. Acad. Sci.
U S. 68: 1264. ) '

c : ) pat N :
‘Curtis A S. G. 1960. Cell contacts: Some physical considerations.
Am. Nat. 94: 37, ' ’ T :

Curtis, A. S. G. 1962. Cell contact and adhesion. Biol. Rev. 37: 82. .

eft . o : R . [
Curtis, ‘A..S. G. 1964. The adhesion of .cells to glass: A study by €
ointerference reflectionfmicroscapy J. Cell Biol. 19: 199, o '
o j{#

Curtis, A.%S. G. 1966. Cellladhésion Sc1.-progress 54: 61.

' . Dan, K: 1947 Electrok1net1c studles ‘of marine ova. VII. Relation ,

between g € .zeta potential and adhesrveness of .the cell membrane '

" of sea—urﬂmln eggs. Biol. Bull. 93'«274 S

lgDav1d L. A., G. R. J Law and R. F. Ruth. 1966 Speciflc detectionv

of cellular transplantation antlgen by fluorescent antlbody. Ann.
N-. Y. Acad Sci. 129 46.

-

Davidenas, J. 1970. Isoantigens of -chicken cella..PhD(thesis; University
) . ' ' .. . APad

of Alberta. B ' . »

o Dingle, J. T 1969¢' The extracellular secretion of lvsosomal enzymes.

In! Lysosomes in. Biclegy and Pathology" (J. .T. Dingle and H. B..
“Fell, eds. ) vol. 2 . P- 4 1 NortH—Holland Amsterdan. :

‘,,\,

"'Dingle,*J .T., H. B. Fell and. R#‘R A. Coombs. 1967. - The breakdown of
embryonic cartilage and bone .cyltured in the - presence-of conplercnt—f

sufficient antlserum 2. Bioé¢hemical changes and the role of the
lysosomal system. Int. Arch. Allergy Appl. Immunol ‘31: 283.

:'breesman' G., C. Larson, R. N. Plnckard R. M. Groyon and A..A. Benedlct.'

- 1965. Antlbody activity in dlfferent chicken globullns Proc. Soc.

- Exp. Biol. Med. 118: 292. ° @ - - . LI TR .

Easty, G C., D M. Easty and E. J. Ambrose. 1960. Studies- of cellular

adhesiveness. Exptl Cell Res. 19: 539. S B .
D . : .

o

Edelman, G, M., u. Rutishauser apd C. F. Milletle. 1971. Cell fractiona-

‘tion and. arrangement on fibers, beads, and surfaces. Proc. Natl.
Acad. ‘Sei. U.S. 68: 2153. b : o

4

&



co ' 170

Eguchi, G. and T. S. Okada. 1971. Ultrastructure.of the differenti-
ated cell colony derived from a single isolated chondrocyte 1n
in vitro culture. Dcvelop Growt® Diff. 12: 297.

Elves, M. W. 1972. The lymphocyCes. 2nd edition;-Lloydluke (medical
--books) Ltd. ' '

Farnes, P., B. E. Barker, L. E. Brounh111 and H. Fanger. 1964. Mltogeﬂlc
activity in Phytola(‘ca anericana; (pokeweed% Lancet ii, 1100.

Fell, H. B., J. T. Dingle and R. R. A. Coombs. 1966. - The breakdown of
embryonic (chick) .cartilage and bone cultivated - in presence of ’
complement-sufficient antiserum. 1. Morphological changes, their

revcrsibllity and - 1nh1b1t10n Int.Arch. Allergy Appl. Immunok.
30 146. ' - : - :

W
"Fell, H. B. and L. Weiss. 1965 The effect of antiserum, alone and with

hydrocortlsone, orr foctal mouse bones ln culture J. Exp. Med.
121: 551. : o

'

%‘Forget A.; E. F. POtWQTOkSkl G. Richer and A. G. Borduas~ 1970
' “Antigenic specificities of bursal and thymic lymphocytes in. the
chicken. Immunol. 19: 465.

. \ o o : . b ' ¢ - o N
" Frye, L. D. and M. Edidin. 1970. . The rapid intermixing of celllsurfdce
antigens after formaLion of mouse~human heterokar\ons J. Cell

Sci 7:-°319. - o - !

.
~ 3

Gibofsxy, ..fand P. I. Terasaki.”1972. Trypsinization of lxmphocytes
far HLA typlng Transplantation 13: 197 . :

Claeqer R. M.; J. E. Richmond and P. W. Todd 19687 Hl%tOthlc self-
organizatlon by trypsin- dlSSOClJLCd and EDTA- d1Qs0c1ated .chick
. embryo colls prtl Cell Res. 71,
; & . , E
_Gcldstein,,l. J., C. E. Hollerman and: J. M. Merrick. 1965. Protein-—
| carbohydraLc interaction. I. ;h; interaction’ of polvsacc%arldes
with concanavalln A onchlm Blophyg Acta 97‘ 68. .
Goldstein, I.-J., L. L. ¢o \anb and Q. C. Callie< -1969.. Protein-
carbohydrate’ intcractlon XIX. " The interaction of cpncanavalln A
»with IgM and the gl;copxoteln ph\tohomagglutJnlns of ChL wax bean
V‘ . and thc soy bean. J. Immunol 103: 695.

Grabex P Qeligmann and J. Bernard 1955. Hethodeb de preparation
o d! extraits ICUCOCytairLb et de serums anti- leucocxtalrgs ‘susceptibles
id'etre utilises pour des etudes lmmunochlmlques “Ann.  Inst.
- Pasteur. - 88 548 ‘ -
‘ Hahks, J. H. and R. E Wﬁilacé 1949. Relation oxygen and temperature
in the prcservation of tissues by retrigerat?ﬁﬁ “Proc. Soc. Exp. q
Biol. Med. 71: 196. '



171

Rawkins, J. D. 1961. The inhibition offthe}hemoly;ic‘action of guinéa
pig complement by heated guinea pig serum.: Imﬂunol. 4: 44].
&
‘ leschhorn, K. 1969..- Situatlons leadlng to lymphocyte activation. In
"Mediators of Cellular Immunlty ‘¢H. S. Lawrence and M. Landy, eds.)
¢ p. 3. Academic Prgss, New York. : ' '
Hirschhorn, K. and R. ‘Hirschhorn. 1965. Role of lysosomes in the lynpho—.
cyte response. . ‘Lancet i: 1046. , ’ . N

Hirschhorn, R., G. Brittinger, K. Hirschhorn and G. Weissman: 1968.
Studies on lysosomes. XJI. Redistribution:of acid hydrolases in
human lymphocytes stimulated by phytohemagglutlnln. J. Cell Biol.
"37: 4120 '

 Hirschhorn, R., J. Grossman and C.-weissman. 1970. - Effect of.cyclic
3', 5'-adenosine monophosphate and theOphylllne on lymphocyte
:transformationv‘ Proc. Soc. Exp. Biol. Med. 133:1361.

Hudson, L. and I. M Roitt. 1973. Immunofluorescent detection'of
surface antlgens specific to T and B lymphocytes in the chicken.
Eur.'J. Immunol. 3 63. : . 3 '

'inbar M., ‘H. Ben—Bassat and L Sachs. 1971.' A spec1fic metabolic
_ activ1ty on the surface membrane in mallgnant cell- transformatlon.
Proc. ‘Natl. Acad. Sc1 U. S - 68: 2748.

k)

Inbar, M., Hs Ben- Bassat and L. Saéns. 1973. Temperaturevsensltlve .
activity on the surface membrane in the activation of 1ymphocvtes by
lectlns. Exptl Cell Res. 76: 143. R

Inbar, M. and L . Sachs. 1969 Interactlon of the carbohydrate-binding
protein. concanavalin A with normal and transformed cells Prog.
"Natl. Acad. Sci U.S. 63 lAlB..,» v .

Irv1ne, w. J. 1960. The cytotoxlc {actor in thyroid diseaae. .Scot.

: Méd J. 5: 511. L . S - ' ~

IvanyL,- .hand P. M. Lydyard 1972 . Dellneatlonlof:rhlckgn lymphocyte ’

) populations: by specific ‘anti- thynus and anti- bursa sera. .Cell.’ :
Immunol. 5: 180 S - o S C -

Jankovic,iB.‘D. and K. Isakovic. 1960. HacmoIYtic properties of immune

chicken antibody. Ndture 185: 322. ' Lo -

~ Jennings, J. F. 1966. ‘The effect of hydrocortisone on immune 1y51s of
cells induced by cytotoxic antlbody'and complement in vitro. J..
Immunol 96: 409. . o R .

N . . e R :

"Jénnings, J.vF. and G. Taylor. 1964. Effect of h§drocortisone hemi-
succinate on immune lysis of sheep erythrocytes. Nature 203: 661.

(™



S 172

Jones, G. 1973. Lymphocyte activation. III. The prolonged requircment
: for mitogen in phytohemagglutinin- and concanavalin A-stimulated
culture. J. Immunol 110: 1262. C

Kabat, E. A. and M. M. Meyer. 1948. Complement and complement fixation.
In ' Experxmental immunochemistry” p. 130. Charles C. Thomas Pub.,
Springfield. ’

Kano, K. and F. Wilgrom 1965. Serologlcal adhesion in mammalian cell
cultures. Int. Arch. Allergy Appl Immunol. 288 231.

Kassulke, J. T., O. Stutman and E. J. Yunis. 197]. Blood gr0up
isoantigens in leukemic;&ells: Reverqiblllty of 1soant1gen1c
changes by. neuraminidase.. J. Natl. Cancer Inst. 46: 1201.

-Kincade, P. ¥W., A. R. La<ton and M. D. Cooper. 1971. Restriction of
. Sp) ;lammunoglobulln determinants to lymphocytes of the plasma
b b T \J - Immunol. 106: 1421. -

! M. K. Patterson, Jr. 1973. Tissue culture.' Methods
" “and’ appllcétlons : Academlc Prcss New’York/London;’

Kubo, T. and A. A. Benedlct. 1969. Comparison of varlous avian and
manralian® IgG 1"“unolglobu11ns for salt- induced aggregation. J.
Immunol. 103: 1022. :

[ .

>

Laporte, R' 1952&v Imnuno}ogle de 1 hemolyse 'modalltes de 1’ actlon :
des seruzs normaux Ann. Inst. Pasteur 83 323 B :
}Lafta“ H. ;1957.> C)tOtOth effect of speciflc antlserum ‘and 17~-hydroxy- A
Jcortlcosterone on cells in tlssue culture Lab Invest 6: 12+
LeOn, M. A 1967. Concanaval1n A reaction w1th Human normal 1mmuno—
globulxn G and m\cloma immunoglobulln G. Science 158: 1325

Leon, M.‘and Al E Pouell. 1968 Stlmulatlon of human, l)mphocytes by e
‘ concanavalln As Jd. Retlcul hndothel . Soc. 5: 584 - . .
LesSeps 'R J. L963 Cell 9urface Drofectionq their role in _Ghe
aggregatlon of etxbryonic’ chlckcn cells as reve@led by ‘electron .
“microscopy. ~J E\ptl. Zool. “153: 171.

vy BN

DTSN . .
: N
.

Lichtman,‘}.,ﬂl and R. I.fWeed 1970 Electrophoretlc moblllty and
N-acetyl neurarlnlc ac1d content of human normal- and leukemlc
lymphOC)tes and granulocvtes. Blood - 35 12,

Lindahl-Kiessling'K l972.“echanlsm of phytohcmagglutlnln (PHA) actlon.
‘V,. PHA COmpaer with concanavalin A (Con ngw Exptl. Cell Res.
70 17.' s .

"Léngenecker B M., E Pazderka, G. R. J Law and R. F. Ruth 1972.'
Genetic control of . graft—vercus~host competcnce Transplantation
14: 424, - . o _ ST



o S ) . 1713

Marantz, R., M. Ventilla and M. Shelanski. 1968. Vinblastine induced
precipitation of microtubule pro}eih. Science 165: 498,

McDermid, E. M. 1968. Isoantigens of chicken lymphocytes. Ih Proc.
12th. \ht Cong. Genet. Tokyo. 1:'245.

McFarlandg W. and G. P. Schechter..1969. E-M studies of lymphocytes
;7 in immunological reaction in vitro. Blood 34: 832.

Metcalf, D. and M. A. S. Moore. 1971. Haemopoiétic cells. 1In "Frontler‘@i;_m

of Biology" (A. Neuberger and E. L. Tatum, eds.) vol. 24, North—
Holland Amsterdam.

b
I .

Meyer, K. F. 1944. P51t£acosis and ornithosis. 1In "Diseases of Poultry"

p. 433. Tlowa State College Press, Arwes.

Meyer, K. 'F. and B. Eddie. 1956. In "Diagnostic Procedures for Virus

~and Rickettsial Diseases" p- 399. 7Pub.v0ffice, Amer. Public. Health:

Assoc., New. York )
Miledi, R., P. Molinoff and’ L T. Potter. 1971. lsolation of the

cholinerglc receptor protein -of Torpedo electrlc tissue. Nature
229: 554. S

. ﬁ i L _ «
Mittal, K. K., M. R. Mickey and P. I. Terasak11 1969 Serotyping for
~ 'homotransplantation. XXXI. A 45 minutes- mlcrocytotoxicity “test.

- Transplantation 8: 801. o -

v A . ’ “ ! h * ) .

Moscona, A. 1962.- Analysis of cell recombinations -in experimental
.- synthesis of tissues in vitro. J. Cell Comp. Physiol..suppl. 1,
60: 65. ‘ . ' : o L

;Mo$coqaj‘A.'l97lu' Embryonlc and\neop]aqtic cell surfaces: Avallabillt)
of'recepto:s'f r con A and wheat germ agglutinin. Sc1ence 171: 905.

[y

'VT Munck, . A. and T. " Brinck-Johnson. 1968. - Speciflc and nonspeq1f1c )
.. physicochemlcal interactions. of. glucocort1c01ds and related ster01ds .

with,rat thymus cells in vitro. J BlOl ~Chem. 243+ 5556

Nadler H L., R M Dowben and D Y Y Héih 1969 Enzyme bhahges and

e polyribosome prOfllCS in phytohemagglutlnln étimulated lymphocytes
Blood 34: 52 .
Nathenson, S. G. and D A. L. Dav1es 1966 aTransplantatlon antigens:
- Studies of the mouse model system, solubllizatlon and partial puri-
fication of H-2 isoantigens Ann. N. Y. Acad. Seci. 129: 6.

.Nelson, D “S. 1963. Immune adherenée In "Advances in Immunology"
(. J. Dlxon, Jr. and J. F. Humphrey, eds.) vwol. 3, p. 131.
Academic Press, New York . ,

nm



. 174
{
Nicolson, G. L. and S. J. Singer. 1971. Ferrltln—conJugated plant
agglutinins as Zﬂgc1f1c saccharide stains for electron microscopy:

Application to saccharides bound to cell membraqgs. Proc. Natl.
Acad “$§ci. U.S. 68> 942. .

"'vNordling, S., K Pentlnnen and E. Saxen. 1965. * The' effects of dlfferent
) ,methods of .washing, drying and ster111z1ng glass surfaces on cell

- attachment and growth behaviour. Exptl Cell Res. 37: 161. -

b -

Nordman, C. T.,:A. De La Chapelle and R. Grasback. 1964. The inter-

~ - actions of erythroagy lutlnatlng, leucoagglutinating and leucocyte-

mitogenic nctivitie: 1n -Phaseodws vulaa§i§_pn}tohemagglgﬁjnln-

" Acta. Med. Scand: Suppl. 4128 g : S

o Nossal G. J. V: and G.' L. Ada.ﬂl§?§  .Antigens, lvmphoid cells and the

: immune response. In "Immunol 4¥-—An Interpational Series of

. Monographs and Teatlses) Acadenic PreSs, New fgrk. :

o

Nowell,-P« C. 1960. Ph)tohemgéglutxnln. An initiator of mitosis in
cultures of normal huma 1eukoc>tes. Cancer Res. 20: 462.

!T

(o

Old L J., F. A, Boyse dﬁd E. Stockert. 1963. Antlgeqlc propertles of
. ' s | experimental "leukemids” I. Serological studies in vitro with spon—

. taneogz)and radiation ihduced leukerxas. J. \at. Cancer Inst.
- 31 9N. e :

’ Orlans, ‘E., M. E. R9$e‘aﬁd K.WH. Clapp 1967a. Fowl antibodv V. The
interactiqns of fresh and heated fow} serum and of guinea pig ‘

@mﬂbmplement ‘measured by the 1\515 of sensitized red cells. Imnunol.,
5:. 649. : ! -

<

0rlans, E., M. E. Rose and K. H. Clapp. 1962b. Fowl antibody. VI.  The,
- fixation of complément by antibody to antigens. The effect of fresh.
normal foul serum on the precxpxtatlon rtactlon. _J. Iwmunol. 5: _6)6.

_Orlans, E., M., E. Rose and J. -~uarrdc“.; 1961. . Fowl ahtibody:' ...
’ Some ph551cal aqd 1mrunochen1c31 prOﬁeTtlnb. ,Immunol.'4:¥262,; i
h\\ ){ -
& o ‘ " ; N

Osunkoya, B. 0., A. 1. 0. ‘Williams, W. H. Adler and R. T. Smith. 1970.
Studlcq on the lntcractlon of phltOmltOLLnb klth l)ﬂphcxd cells. '
Afr J. Med. S&il 1: 3 - S ~ o

Perlmann, P., H. Vllsson and M. A. Leon. 1970. Ihhibitioh of cyto-

toxicity of lymphocxtgs by concanavaILn A in’ v1tro. Science 168:
1112. . . N S L F

Powell, A. E. and M. A. Léon. 1970. Rever51b1e 1nﬁtr3%tlon ‘of human

lymphocytes with-the mltogen concanavalxn Al Etptl, Cell Res.
"62: 315. T : S s : :

:Raff, M. C. 1969. Theta 1soantlgen as a marker of thymus derlved lympbo- B
cytes in mice. _Nature’ 224 378. : -



. ¢ ' 175
3 C }

Raff, M. C. 1971. Evidence for subpopulation of mature lymphocytes
within mouse thymus. Nature New Biol. 229: 182.

Raff, M. C., M. Sternberg and R. B. Taylor. 1970. Immunoglobulin
-~ determinants on the surface of mouse lymphoid cells. Nature 225: 553.
Ray, P. K. and'R,uL.(Simméns. 1973. Mésking of cellular’histbcompati—
‘bility antigens with'phytomitogens. J. Immunol. 110: 4693.

~ Reisfeld, R. A. and B. D. Kahan..l970._ Transplantation antigens. 1In
"Advances in Immunology" vol. 2, p. 117.° (F. J. Dixon, Jr. and
J. F. Humphrey, eds.) Academic Press, New York., ~

Rice; C. E. 1947. Atypical behaviour of certain avian antlsera in
complement fixation tests. (an..J. ébmp Med. 11: 236.

Rice, C. E. 1948. inhibitory efféctS'of certain avian and mammalian
antisera in specific C'-fixation system. J. Immunol. 59: 365.

Rice, €. E. and 'C. N. Crowson. 1950. The interchangeability of the
complemerit components of different animal spec1es.' II. In the.

"hemolysis of sheep ervthrocytes sen51tlzed w1th rabbit amboreceptor
J. Immunol. 65: 201.

' :
. %

Rlvera A. Jr. and G' C. Meuller. 1966. . Differentlatlon of the biologxcal
activities of phytohemagglutlnln affectlng leucocytes.- Nature .
212: 1207. o ‘ S .
. ' 1_._...." ny .
Robbins, J. G. 1964. Tissue ‘cultdre studies of the human lynphocyte.
Sclence 146: 1648. L ‘ - .

: Rose, M. L. and E. Orlans ‘1962. Fowl antibody IIT1. Its haemolyti- :
activity with complements of various species and some propert1 5
of fowl complement Immunol. 5: 633.

‘Rosgnberg,,ﬂ. D. 1960 Mlcroexudates’from cells grown in tlssue
culture. ,Blophy J. 1: 137 .+ . :
h T #L

Rosepberg, M. D. 1962. Long rarige 1nter%ctions between cell and sub
stratum. 'Proc. Natl. Acad Sc1. U.S.. 48: 1342,

z

Rosepberg,"M. D 1963 Cell guldance by alterations in monomolecular: -
-fi}ms.' Sc1ence 139 411 _ -
e s ; N ,
Sailstrom, J. .F. and C..V.'ALm;’l972. Binding of concanavalin A to
g thymic and bursal chickenFlymphOid cells. Expt. Cell Res..75: 63.
€. B
'__';'Sanf.ovrd‘, ‘B. H.- 1967. ,An alteratlon in tumor hls_tocompatibllity induced
' ‘ by neuraminidaseh Transplantation 5: 1273 . - :
Schaumburg, B. P. and E Bojesen. 1968. Speciflcity and thermbdynamic
properties “of the corticosteroid binding to a receptor of rat
thymocytes in vitro. Biochim. Biophys. Acta. 170: 172.

G, . B—



- 1767

_hSchaumburg, B P and M. Crone 1971. B1nd1ng of" cortlcosterone by

’ thymus celhs‘lnusa cells and blood lymphocytes from the chicken.

Biochim Biophys. Acta. 237: 494,

, 4 . 4 : o

-Schierman, L. W. and A. W. N rdskog.-i962 Relatlonshlp of ervthrocyte ~
"to leucocytc antigen in ickens. Science .137: 620. ‘ L '

"SchwarCZ, B D. and S. .G. Nathenson. 1971 Regcneratlon of - transplan—'
' tation antigens -on mouse cells Transpl. Proc. 3: 180. :
.'_Schwartzé 5., N. Rutman N. Vardinon and” E. Rosenfeld. 1969 Serologlcal
. adhesion in chicken and mammallan cultures with human er‘throcytes of

different rcact1v1ty Arch Allergy Appl. Immunol. 36 204,

:Sefton,.B M. and H. Rubin. 1970. Release from density dependent grouth
. inhibition by proteolytlc enzynes. Nature 227: 843

Séngar ‘D. P. S. R J. Douglas and F. X. Jerome. 1970. Agglut&natln
’activity of phytohcnaghlutlnln on peripheral blood cells from
- chickens Int. Arch, Allergy Appl. Immunol. 38 291.

. Shimada, A. and S. G. Nathcﬁﬁdn @%971 Removal of neuraminic acid. from
'H-2 alloafitigens withouf® effect on antigenlc redctivity. -J. Immunol.

107 1197.
Siege], 1. 1972. . Antiserum-induced adherence of small lymphocytes’ to
heterologous red cells. . Cell. C?mmunol 5 426. -, , .
. ;‘ -
Singer _ “and L. Nico]son 1972, Thgjfluld mosalc model of the

‘ structg;g}of cell membranes, Scxcnce 1/5 kJZO

Sﬁith <. N.'and J. C ‘Hollers. 1970. The pattern of b1nd g of

- flugrescein- labeled concznavalin A to the, POtllO lynphocxfe J.
Ret{cul. hndothel Soc. 8 458,

» G.oF. 1963. Pnzvmatlc and nonenzyvmatic. alteratlon qr ervthxo—/q,,k

RS

cyt s surfacc antibens. Bace. Rev,. 27: 191 A ; o e
. L. and D. F. H. Wa’l1ch, 1965. The. blndlng of kldnc\ ~bean ‘
phyet hcmnyglutinln by Ehr llch abcites carc1noma Biochim. Biophys. Lo

o Stclos, P. 1958, Compar1t1ve study of rabbit henolvs1ns to various _ S
ahtigens. I. Hemolysis to bteef ‘red’ cells. J. Infect. Diseases
102:.103. : L

Summer, J. B. and S. F. Honcll. 19357' The non—identity of jack bean
' agglutinin with crystalline urease. J. Immunol. 29' 133

Summer, 'J B. and S. F. Howeil. 1936. The identification of the hem?z—
glutinin of the jack -bean with concanavalln A J. Bacteriol.
32 -227. ’ . . '



"

177

‘Takahashi,. T., P. Ramachandramurthy and 1. E., Liener. 1967. Some physi-

cal and chemical properties of a phytohemagglutinin isolated from
Phaseqglus vulgaris. Biochim. Biophys. Acta. 133: }23.

Takeichi, M. 1971. Chaﬁges'in the properties of cell-substrate adhesion
during cultivation of chicken fibroblasts in vitro in a serum free

medium. Exptl. Cel@%Res. 68: 88.. o «
- ' s

Tékeidhi, Mf»and.T. S. dfnga. 1972. Roles 6f‘magnesium and calcibm
- dons in cell—substra%&fadhesion.' Exptl. Cell Res. 74: S1.
. T
) . R ,;,r;;;é‘." . .
Taylor, A. C. 1961. Attachment and spreading of cells in culture.
Exptl. Cell Res., suppl. 8: '154. '

A

'Taylor,,A. C. and E. Robbins. 1963. ‘O§$ervationé on micro-extensions

from the surface of isolated vers
-, . L

‘ﬁ%ate cells.  Devel. Biol. 7: 660.
ylor, R. B., W. P. H. Duffus, M. C..R#ff and S. dePetris. 1971.
Redistribution and pinocytosis 11¢>L :ho¢yte surface immunoglobulin
' molecules induced by anti—immuqégﬁgc vin. antibody. Nature New
Biol. 233:225. = AR o

Teﬁenhouse, H. and H. F. Deutsch.“1966., Some physical-chemical properties

of chicken®gamma globulins and their pepsin’ard papain digeéstion
l PerUq;s”' Immunochem.- 3: 11. ' o ‘ e

Teréééﬁf@“?. I. 1959. Identificafion_of the type of blood-céll’fespon—
sible for the graft-versus-host reaction in chicken. ' J. Embryol. '
Exptl. Morphol. 7: 394. - " ¥

[

.Terasaki, P. I., J. A. Cannon;jw. P. Longmire, Jr. and C. C. Chamberlain:

1960. Antibody response to homografts. V. Cytotoxic effects upon
lymphocytes as measured by time-lapse cidematography. Ann. N.Y.
Acad. Sci. 87: 258. S : ' '

{

Thien,'P, andﬁD.;O;/EEbmid,-1968. Uber isologe antileukocytenseren vom -

" " huln. Z. Immun. rsch} 135:,388..

-

- Truffa-Bachi, P. and L. Waféyn 1970. épecific separationiof cells on -+

~-affinity. columns. Proc. Narl. Acad. Sci. U.S. 66: 685.

Tunis, "M, "1964. Agglutinins of the red”didﬁéy bean. (Phaseolus vulgaris).

A newfcytoaggl&tinin,distinc; from hemagglutinin. ~ J. Immunol.
92: 864. g S . . :

J

- Tunis, M. 1965. The'inhiﬁitory action of EDTA on'erythrocyt%gaggldtina—,

tion by lectins. J. Immunol. 95: 876.

Turner, ‘M. J., J. L. Strominger and A. R. Sanderson. 1972. Enzymic -~
removal and re-expression of a histocompatibility antigen, HQEAZV
at the surface of human peripheralvlymphocytgs. Proc. Natl], Acad..
Sci. U.S. 69: 200. = - AR ’

' , 8 U o L
' Watkins, W. M. 1966 Blood group substances. .Science 152: 172



. . ‘; - e, ° ’ . U --"‘{?:‘ 178
Weiss, L. 1959. Studies’ on cellular adh831on in tissue cdlture. ITI.
The adhesion of cells to gel surfaces, Exptl Cell Res._17. 508.

Weiss, L. 1961. Studies on cellular adhesion in t1ssuc culture. Iv.
The altecration of subgtrata by cell surfaces. Expcl Cell Res.
25 504. - 4 o :
Weiss, L 1963. Studies on cellular adhes sion in tissue culture. V.
Some cffnctq of enzymes on cell det achrcwt h“ptlJ Cell Res. 30: 509.

Weiss,'L. 1967. The cell pcfiwhcrv “ctastasls-aqd other contact
phenomena. - North-Holland, kﬁstcrdaM( :

Weiss; L. and J. T. Dingle. 1964. Lvscsomal activation in relation to”
connectlve tlssue dl@(agc Ann. Rheums Dis. 23: 57.

‘ Weissenberg, R. C., G. G. Borisv and E. W. Tavlor. 1960. The colchicine-
binding protein of mamrnalian brain and its relatlon to nmicrotubules.
Biochemistry .7: 4466. . : ) -

Wessells, N. K., B. S. Spooner, J. Fj“Ash; M. 0. Bradleyv, M. A. Laducna,
E. L. Taylor, J: T. Wrenn and K. M. Yamada. 1971. . Microfilaments in
cellular and deve10pmcntal pracesses. _Science 171: 135.

Wigzell, H. and B. Andersson 1969 Cell buparathP on ﬂtlcen coated
columns. Elimination of high rate dn21uoc\—xorrl"; cells and
immunologlcal memory cells. J. Exp. . Med. 129: 23.

'Wig7e11 H. and O. Wékela .1970. qewarat1on of normal and immure
lymphoid ceglls by antigen-coated coludns. antigen~binding charac-
‘teristics oOf membrane antibodies as analvzed bv hapten-protein
antigeng J. Exp. Wed. 132: llO o '

4

Yachnin, S. and R. H. Svcncon..197“ " The imhunological and physico-
‘chemical propert1cs of x ltogen ic proteins dekivbd'f rom Phasep lus 3
vulgax1<__ Immupology.Z“: 8712'-j' ' . ,l';' : .
TR ' ' ' . ' - R S
Yoffey, J. M. 1967.  The. l\mphocytc 1n 1mmuncldgy and Hac" >poiesis. - .
«Edward Arnold LOndon S A. e S T %ﬂ
. K

‘iatz,’ M. M.,- L. Goldsu-ln. ‘0. o Blumenfeld and A. White. 1972. - ~-. ..
~\Regulat10n of normal and lcukdu ric 1w nnnocxtc tranbxorﬁdtlon and . - o '
‘recirculation by sodium’ pcrlodatc oxldatlon and bocluw boroh\drlde
reduction. Nature New Biol. 24: 252, L ' ! L
Zigmond, S. H. and T. JG. Hirsch. 1972.. Effect of cvtochalasin on poly-
morphonuc]ear lelucocvte locomotlon phagocvtoqls and glycolysic.
Exptl. Cell. hcs.,73 383. w

Zittle, C.;A. 1951. Reaction of boratc w1th qubbtances of blolog1cal
interest. Advances in Enzymol 12: 493. :

. EEN . . S o



