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ABSTRACT

The aLm of Ëhís r-nvestigaÈion was to explore the

possÍb11fËy of identifyíng and isolat,ing the subpopulation of
lmmunocompeËent cells of strain A mice, capable of bindÍng to
the hapÈen DNP, in terms of their unfque celL surface charge
properties. The anlmal-s rüere Ímmunized wf th (our¡ 35-BSA and

the electrophoret,ic nobilitfes (EpM) of thefr fumunocytes,

expressed i.n unfts of mfcron/sec/volt/cn (referred to hereafter
as units) were measured Ín a special-Iy desfgned cell erectro-
phoresis chamber.

The EPM of lynph node cells of control- anlmals peaked

bimodally at the values of 0.9750 and 1.4000 units,whfle those
of inmunízed animals peaked at the values of 0"g126 and

L"34L7 units. upon incubaËion with varlous samples of the

synthetic mono "é-OUp-po1y-L-lysíne ( d(DNp-pLL) of dlfferfng
cha.in 1-engths, the ce11 populatlon of the Ímnunized anfunals

origfnally possesslng the 1or,¡ EPM val-ue of 0 " B1-76 uníË exhibf ted
a partiaJ-1y reduced electrophoretic mobl1íty. A partfaLly
elevated elect,rophoretic rnobiliËy ü¡as observed Ln ËL¡e Iow EpM

ce11 populatfon of Èhe fmmunízed. animals when incubaLed r¿fth

the É+uccinilated derivatives of various sampl-es of bhe

synÈhetic o(DNP-PLL of differing chain lengËhs. rncubaÈion

of the lynphocytes of both control and immune animal"s with
the Poly-trfmethyl amnor¡.ium derfvatives of o(DNp-pLÍ. resulted
in clumping of the cel-1s, thus making iË impossible Ëo study
the EPM of the cel1s lnteractlng r¿ith Ehis highl_y posÍtfvely
charged pol-ymer.
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To further charactexíze Ëhe low and hlgh electro-

phoreÈ1c mobil-fty cell- populaËíons, normal animals were treated

vrith the lmmunosuppressive drug cyclophosphaurLde. the cei-1

population with Lhe low EPM cells T¡ras reduced in cell- numbers,

whlle the ce11- populatÍon wiËh Ëhe high EPM cells remafned

relatively intact f ndicating that the Lor,r EPM ceLls Írere r in

all probabflityo the more raptdl-y dfvfding B ce11s. On the

other hand, Ëreatment of celLs of normal animaLs wÍth AKR antf-

C3H 0-anLiserum or with neuraminldase resulËed Ín the reverse

effect, i.e. the ce11 populaËion with the hfgh EPM cells rüaE

substantially reduced; hence one may suggest thaË this

population contalned T ce11s 
"

Studfes wiËh DNP-Biogel affinlty chronatography uelng

the batch meÈhod for fracÈíonatlon of hapten binding cells

indicated Èhat Ëhe meËhod was not ?specif{cr enough due to the

natural surface stickÍness of the ceLls and the incapab1Ltty

of displacing a1l- Ëhe antígen bindlng cells from Ehe gel by

hapten.

The practical use of cell elecËrophoresís as a tool

for ímmunologíca1 ínvestígations rdas further explored ln st,udies

of the Macrophage ElectrophoretÍc MfgraËion InhíblËior¡. FacÊor

(MEMIF) " Three specíf Íc antígenic sysËems srere ínvesËi-gated o

namely, the guinea pfg MCD tumor sysËem, the A/J mlce 1509

tumor system and the synthetic DNP ant,ígen system. In al-l-

cases, this f.actor(s) was released specÍfíca11y by the



sensitfzed cells upon incubation with the inmunizing antigens.

On the basis of all- these data indicating that ce11s

belonging to different classes of lynphocytes possess distincË

charges, iÈ ís suggested that preparative. ceLl- electrophoresfs

may be developed fnto a powerful tooL for the separation of

fmmunocyËe andralso posslbl-yo for inimunological dfagnoses.
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SCOPE OF THE PRESENT INVESTIGATION

The ímmune response comprises all Èhe phenomena thaÈ

result from Èhe inÈeracËion of cel1s of the l-mmune system wiÈh

antigen. As a consequence of such lnteracËions, cells may

become specfalized t,o mediate cellul-ar immune responses (such

as delayed hypersensitfvÍty, homograft reJecË1on, or 'gtaît versus

hostr (GVH) reactlon) ¡ oE to syntheslze and secrete one of

several classes of imraunoglobulLnso Our current understanding

of this compl-ex interaction of cellsu antlbodies and other soluble

nedÍators has been greaËly afded by the use of animal models,

I^Iith in viEro culËure techniques o inf ormation has been provided

regardfng the contrfbution of different lyrnphoid ce11 Èypes to

the Írnmune responses.

Lymphocytes are the cenLral cells for all i.mmune

responses and many atEempts have, therefore, been made to isolate

t,hem. By the use of physlcal methods, many r¿orkers have

attempt,ed Ëo separate populations of lymphoid cells into

fractlons díspLaying a l-iníËed degree of physical heterogenelty ín

size and charge¡ oD the suppositlon Ehat homogeneÍt.y fn physical

properties ref l-ects singulariËy in biological f uricLion. For

exampl-eo the widely used sedimentaÊlon velociEy method ieads

Èo the separation of cells into fractions díffering fn sl-ze and

sbape and possessíng dífferenË funcËÍons. Howeveno as rvith the other
00non-specific¡r methodso such as densíLy gradíent cenLrif,ugaÈion,

chromatography on glass beads and nylon column or free flow electro-

phoresls, Ëhese procedures lead aË best. to Ëhe isoLatfon of

repertoire of cells enríched wíth respect to a glven type



of cells possessing a distinct immunological funcËion, i.e.

hemolysin-forming ce11s, rosette-forrning celIs, suppressor

ce11s, nu11 ce11s, natural kitler or cells involved

1n grafË-versus-host reactíon" To overcome this problem,

specific methods such as affinity chromatography wiËh antigen

or antibody chemically coup 1ed to agarose , Sepharose , Sephadex

or polyacrylauride gels have L¡een used wldely. However, large

numbers of cel1s adhere nonspeclfically to the polyrnerfc maÈrLx

due to theír stickirìess and ft is dlfficult to release l-ntacE

viable cells from the immunosorbents.

The net electríca1 surf a.ce charge of an fmmunocyte,

neasured in terms of the corresponding electrophoretic mobílity,

is the result of charges contributed by the immunoglobulin-1ike

molecules of the antÍgen binding receptor sites and by the diverse

chenlicaL groups constiEuEing the rest of the complex ce11 menbrane.

It has been shown in this laboratoyy (149) that conJugat.es, con-

sisting of the immunizír.g hapten coupled to differenÈ polylonic

carrlcr nrdcrourolecules, carì speclfically blnd to che antÍgen

combining sites of the appropriat.e immunocytes and thus lead

to a marked change in the electrophoreËfc mobllltLes of these
ce11s. Lle.ce, it vras anticipat.ed Èhat this meËhod may be the
basis of the development of an immunologically specifÍc procedure
f or celr f ractionation. Theref ore o the obJ ect.íve of tr.¡is study
r'¡as to develop a retiable and sirnpre syst.em for cell elect,rophoresLs
with a vier¡ ro establishing surface charge propertÍes of immuno-

cy tes and the conditions for altering their electrophoretic
rnob i1i tv .



This sËudy was underËaken wiËh Ëhe following specific

ar-ms:

(1) to consËruct a closed, all glass mícroelectrophoresis

chamber for Ëhe reproducible measuremenËs of the net. elecËrophoretic

mobility (EPM) of ímmunocyÈes;

(2) to esËabltsh the EPM patterns of J-ynph node cells of

conËro1 and immunÍzed mice of sËrain AlJt

(3) to ídentify hapËen specifíc bíndfng ce11s l-n terms of

the alteraËion of EPM of these immunocyÈes on interacË1on wiËh

synthetic, polyionic conjugaËes of hapËens (or antfgens);

(4) to identify hapten specifíc bindíng cells by the fmmuno-

f luorescence t.echnique ;

(5) to ísolate hapten specific bínding cel-1s by specific

immunosorbents;

(6) to ÍdenEif.y Èhe ê-positive subpopulation of lynphocytes

in terms of Ëhe a1ËeraËion of their elecËrophoretic pattern on

interacËion with ant.i-0 anËLbodies;

(7) to ínvestígate the effect of neuraminidase on the surface

charge properËies of lynph node cel1s;

(8) to establish íf Ëhe in vi-vo adminis'EraLior: of the ímmuno-

suPpressive drug Cyclophosphamide could affect. the surface charge

propertíes of the lynph node cel1s;

(9) to esEablish íf. measuremenLs of EPM of peritoneal

macrophages could be used as diagnostfc properties in sysËems

involving cellular immunity to tumor antigens or synËheËic antigens.
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(a) The Innunologícal1y Cornpetent Cells

The inmune response manifests itself in t\,ro basic forms,

namely humoral and c,ell.trlar imnrrrnity. Both of these manÍfestations

are due to sma,l I 1y*phocytes (70), whose precursors origínate

f rom the bone marrow (117), The ímmunologíca11y competent cells

(68) consÍst of a very heterogenous population of cells with

regard to their origín (39), migratory pathways (gz, 165), life

span ( 51 ' 166) , theÍr functional dependence on the central lymphotd

organs (thymic or bursal deoendenee) f1S3), theír functíona1

c¿ìpac ít ies (236-239 , 244 , 245 , 254 , 258) , rhe ir ab iliry ro form

rosettes wíth rr.cl l:lood cc. 11s (240-242, 253, 255), their surface

markers, lmmunoglobulfns, and receptor s (243 
" 246-248, 250-252)

an<l Ë.heir radiosensitlvity (249).

The delayed type of hypersensÍt.ivity reacËion represents

the classical rce1l mediated immunity t (CMI) reacÈion. Skín graft

rej ections represent another example of cMr, since Ëhis Ëype of

ímmunity is easily Eransferable by lymphoid cells from immune to

normal animals. The transfer of spleen and lymph node ce1ls into

hosts, whj.ch are genetícally unable to reject them (163), resulÈs

in another manifestation of CMI designated as the rGraft, Versus

Hostt (GVH) reaction, which is due to the attack of the grafted

cells agains t the host r s - this immunological reactÍon is manifested

by splenomegaly, hepatomegaly and wasting disease.

Cel-ls t[raE are capable of releasing antibodies into

circul-ation are cal1ed antibody-forming cells. The detection

of antibody formation at the single ce11 1eve1 can be achieved
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by varíatj.ons (87) of the hemolytic plaqrre technlque j-ntrocluced

hr¡ '[orno :n¡l Nordin (89). Ce11 surface immunoglobulins can be- -,lorclin (89). Cell surface immunoglobulir

detected by the method of immunocytoadherence (99" 197, 19),

nicrodrop assays (I23, 7), immunofluorescence technlque (250, 259)

and electr<¡r.r nricroscopy for cl etectlon of anitbody comp.l exes (45).

I^litlì Llrcr tccltnlqtrc oI lnrnrt¡¡rocytoaclherence using

sensitized spleen celfs and SRts,C under mild centrlfugatlon, one

can separate out clusters or trosettes I of ce1ls comprisÍn€! one

nrrcleated ccll srlrrouncled by a group of SRBC. The rosette forming

cells compríse a) 1-arge and smal1 lymphocytes, b) plasma ce11s,

c) blast ce11s, and d) macrophages (167). These can be explalned

by the fact that plasma cells secrete antlbodies' macrophages

have pass ively bound ant ibod les which lead to thelr roset.te

formation, while the lymphocyËes have limlted quantity of membrane

bound antibodies (50) . The presence of treceptors I on Lhe surface

of the 1y*phocytes has been demonstrated by their abilíty to blnd

to antígen coatecl column; thus, the cells emerglng from such

colunns have rìo capacíty to protluce antlboclles on adoptlve transfer,

while the cel ls eluted from the column are endowed with this

capac ity ( I BB) . S imilarly the removal of rosette forming ce11

by rrrilcl ccrìLriiugatiou resulLs in loss of thls capaclcy (24).

Mitchlson (108) formulated the 'receptor hypothesis e

which was based on the assumption that antigen sensitive cells

have antibody-l.ike receptors on their surface which inÈeracÈ

with the ímmunogen.



There are effector cel1s of cellular lmmunfty (257)

which react with antlgen leading directly or fndfrecrly to t.lssue

damage. These effector cel1s have been deËected by the macrophage

nrigratÍon inhtbltfon tesL (44, 256); cVH (163) ; lncluding

Simonsen-CAl"f test (21); adopEive transf er of. delayed hyper-

sensÍtivity or graft rejection and 1n vitro damage Lo target celLs

(,l1.9). Ttrc prt.lcLlt'sors of rìorrìloblasts ancl myeloblasts, whfch are

colony-formíng units, are responslble for the formatlon of erythrofd

and myeloid cel1s in írradíaLed spleens (L78). It is posslble to

use chromos()mc anal,ysis of divídíng Kupffer cell-s 1n regeneratfng

1íver Èo detect the presence of macrophage precursors (83). The

bone marrow-derived precursors of thymus and lyrph node cells

have been shown to be the crue self-perpetuatfng stem cell pool

of the lymphoid system by the parabfosls technlque (120) 
"

( b) 'I hg_ Ihynrus and Cq!_fe!_L_J*ph9lg_Ä1_€_q..!fg.

The functional capacÍÈy of the thynus 'had not been

visualized until Mi1ler (112) shov¡ed thaL neonatal- thymect,o¡y

in niice prevented che proper development of atl cej.!-*,medfaËed

and some antíbody responses. Neonatal thyrnectomy i:esurted in

impaired abiliEy to reject grafts, to induce GVlt ïeacË1ons, and Eo

make antibody to some antigens especially proteÍns, 'iiaclerLao and

red ce11s. If Íl1er I s f inding on the import.ance of tl.ryzrnus j-n Ihe

immune response rùas Ín accord with the clinical stuciie-ç r¡i Good

(67) 
' who associat.ed the human congenital immunologicaj- defici ency

diseases with the independent deftcíency of this subpopulaËion

of ceLls. This phenomenon rüas also well demonstrated wirh Èhe ald

of chicken as an experimental_ model (lB5).



The population of cells t,haË fail Ëo develop afËer

neonatal- Ëhymectomy was termed rËhymus-dependentr lynphocyt,es

(T ce1ls). Thelr blast ÈransformaËion can be fnduced by plant

mitogens such as phyËohaemaggluÈínln (PHA) and inactivated by

heterologous anËilynphocyt,e sera (AtS) (48). They also have

the abí11Èy to release mediators upon the interact,ion r,riËh speciflc

antlgens or mÍtogen (9, 20r 36r 43r 44r 48r 94u 97r 136,138,

L84, 206) .

The study of the T cells fn Ímmune responses was made

possible wl-Ëh the discovering of their antigenic markers.

The exj-stence of a system of isoanËigens (O) 1n mice speciffc

f or Lhe Ëhymus-dependent cells \,ras des cribed by Ref f and Al1en

(377), usíng dye excluslon cytoËoxicfty tests. Thls anÈlgen

rtras found Ëo be present in brain and in a subpopulatlon of

lynphocytes l-n the lymph nodes and spleen of the anlmals.

The antigen was found Lo be conÈrolled by a síng1-e locus with tÌ¡¡o

alleles: O-AKR was found ín AKR, RF and a few sul¡sËraÍns while

O-CaH vras found 1n most oËher ínbred sËraíns of míce {225).

Anti-e antisera can be prepaned by ínjecËing C3H miee thynocytes

int.o AKR nice or vice versa. Other alloanËigeníc sys'úems such

as TL (thynus leukemia) Lyu and MSLA (mouse speciflc lymphocyLe

antigen)\Ârere extensively reviewed by Raf f (378) 
"

(c) The Bone Marrow and Hemopoíesis

It has been found Ëhat x-írradiation of. mÍce wíÈh doses

between 800 Èo 1000 rads resulËs in Ëhe deaËh of mfce within trÂro



I¡reeks unless Ëhe anÍma1s are inj ected with hemopoetic ce1ls so

as to restore malnly their granulocyËes and platelets. ülíth

radiomarkers and chromosome markers, Ít has been shown that the

resËoraËive cell-s are of donor origin (59). Bone ruarroT¡r is f ound

Ëo be the best f or res ËoratÍon r,¡h1le spLeen and peripheral blood

are less effectlve and lynph node, Ëhymus and thoracfc ducË

1-ymphocytes are ineffective, Colony formlng unÍts 1n the spleen

can be observed wíth the donor cells 1n l-lurfted numbers (7).

Each colony is shown to orl-gÍnaËe from one ce11 precursor (13),

whlch is found Lo be relat,ed to the small 1-ynphocyÈes (41).

IË fs inËeresËing to note that though bone marrovr can

repopulate spleen, lymph nodes and the thymus, spleen and lynph

node celLs can only repopulate Ëhe spleen and the lymph nodes,

buË not the thymus ( 60) . Hence the bone marror¡r can be consf dered

as the ultÍmate source of the stem cell-s whlch are capabl-e of

supPlying all the other lynphoÍd organ Ëhrough Ëhe pluripotential

precursors whose developments are dependenË on the l-ocal hunoral-

environments (195) " wiËh Ëhe Èhymectomízed animals, Ehere is a

reducËion of the repopulated lymphocytes, hence one of the

lyurphocyte-inducing environments is provided by Ëhe thymus.

There has been effort spent Ërying Lo ídenËify the non-thr¡mus

derived ce11s, some of the more successf u1 markers bei.ng 'she

mouse-specific B lyrnphocyte anËígen (MBtA) as defined by Raff

eE al. (145) and the cell surface immunogloblÍn by Greaves and

oËhers (71, 247" 264).

(d) The Macrophages

Macrophages are found to be responsible for the el-iminaËfon

of foreign materíal from the circulaËion and its degradaËion (37 
"



207)" These ce1ls are al-so fmportanË for concenËrating Ëhe

anËigen and presenËing Ëhem to the lmmunocompetent celrs (107).

sËudies on animals exposed to total body x-irradiaÈion have

shor¿n thaË the inj ection of macrophages wíth ant.igen promoËes

the recovery of the ímmune reponse (52, l_40) . AntÍbody formation

to sRBc can be fnduced ln vfËro only in the presence of uacro-

phages (53, 61, 121) .'

There are also reporÈs, which are dfsregarded by uost,

modern lmmunologists, Ëo Ëhe effect thaË the reactfon of macro-

phages with anËlgen yfeJ.ds an ttimmunogenlc RNAtt extract which,

when added to lyrnph node cells in culËure or upon injectlon

into animals,may eliciË antlbody formaÈíon (6, 54" l-37). Both

anËfgen-induced transformaÈ1on and antibody responses to some

antigens in vit.ro require the pa:,-ticÍp atíon of macrophages

(80, 160) .
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II. CELL COOPERATTON TN THE IMMUNE RESPONSE

(a) Effects of the Carrier PorËíon of the AnËigen Molecule

on Immunogenicltv (the Carrier Effect)

The recognítion of Ëhe forefgness of the carríer of an

anLígen is víËa1 for maxímal antibody production against the

hapten " I{omologous hapËen-prot,ein conj ugaËes are one-Ëhousand

fold more effectíve in stimul-ating anti-hapten antfbody than

conjugates of the hapten wlth a protein unrelated to the oríglnal-

carrier, even though Ëhe neT^r carrLer may be híghly immunogenic

molecules (106) " The response to Ëhe carrier molecule of the

hapËen-carrier antigen 1s genetically control-led, ât least for

DNP-poly-Iysíne in the gufnea plg system and Ln Ëhe mouse sysËem

Ëo polypepÈLdes (10, 266, 267), The lntroductlon of a spacer

molecule betr¿een hapten and carrier does not impair Ëhe immuno-

genicity of the antigen; hence it is concluded ËhaË Ëhe hapten

and the carrier do not act as one determínant (10). Ir gene

product or the Ia molecule díctaËes, by iËs abiliËy Ëo combine

r¿ith an antigen fragment at a speclfíc site on Ëhe fragment, the

naËure of the antigenfc determÍnant that stimulates helper or DTH

T cells (268) " The specific Ir gene may functfon to select B

cell clones (269) " In the guinea plg, Ëhe mf-nimal sfze of the

combining slte controlled by the PLL Tr gene-Ia moiecule ís a

sequence of Èhree to four amino acids (266, 267).

Using lyrnphofd ce11s stlmulated ln vitro wíth a hapten-

carrler conjugate and t,ransferred them Ínto x-irradiaÊed animals

for a subsequent challenge with Lhe origj-nal- or differenË

carrfer attached to Ëhe hapteno iË Ís obvÍous that ce1ls

respondlng to the carrier and the hapten are differenË and Ëhat
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both types of cells are needed for the anti-hapten antibody

response. IIowever, antibody producËion against a hapten can

be enhanced by Ëhe presence of t heLper cell-s t wf Ëh fmmunol-ogical

reacËivity to Ëhe carrfer (110) . The helper celLs are sensitive

to Ëreatment with antí-O serum; hence ÍË is concluded that Ëhey

are thymus-derived i.e" T cells (L43) " They may bind to Èhe

carrler through a receptor on theLr surface, however, the exacË

riat.ure of whích f s controversf aL.

(b) Ce11 Cooperation ín the Antibody Response

It is evldent that thymeetomy does lnpair the anÈfbody

response especiall-y Ëo thymus dependent anËi.gens (150) with the

exceptíon of some T-lndependent antigen (265) . The fnjectLon of

different Ëypes of cells with SRBC ínto Lrradiated mlce illustrates

that a mÍxture of Ëhymus ce11s and bone marror¡r cell-s ls necessary

for the producËíon of hemolytÍc focí and for ÍnducËion of plaque

f orming cel1s (32). Both thymus and bone marrovr ceJ-1s are found

Ëo be radíosensirive (34) 
"

studyíng rhe spleen cells wlrh regard ro Ëhefr abtltty

to adhere on plasËf-c surf aces e one can dlvf de them fnt,o adherenÈ

and nonadherent ce11s, The presence of boËh Èypes fs necessary

to mount an antibody response " The adherenL cells are found Ëo

be radioresistanË, whll-e Ëhe nonadherent cel-Ls are at l_easË.

partfally radiosensitive (122). From experimental- evi1{ence, lt
has been suggested ËhaË the adherenË cel1s are macrophages and

are generally referred to as A cel1s (accessory cells) by 0soba

(1_28) 
"
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(c) Ce11 CooperaEion 1n Ehe Ce11 Medlated Response

Thymocytes and bone marroÌ¡¡ cel1s are needed to elicit

cypical ce11 mediated irnmunity such as GVH reactions (11).

The cytotoxicity to mouse fibroblast by sensitized rat thyrnocytes

I¡ras increased when mixed v¡tth normal spleen cells (Se ¡.

(d) Antigenic Competitlon and Ce11 Cooperation

The injection of one antigen may alter the response

to another unrelated antigen. The alteration may range from a

mere delay in response to a total suppression of the ímmune response

for the unrelated antígen (171).

The phenomenon of antigenic competltlon is expected

Eo be affected by the physlological state of the animal, the form,

dose and route for the inJection of the antiBêtr, the genetic

characterístícs of Ehe animals, the kind of adJuvanÈs eurp j-oyed

and the past imnrunizaËion hist,ory of Lhe anlmals 1n questfon.

However, generally, the mechanísm of Èhfs phenomenon is noÈ well

understood.

(e) Immunological Memory and Ce11 Cooperati-on

'Ihe secondary antibody response occurs after repeated

injection of. the same anEigen. It is J-ong lasËing and uay persist

for months. Its 1ag phase ís shorter than for the primary respon6e

and the slope for Èhe secondary antibody response fe steeper and

aË the higher 1eve1. Antibodies produced in the secondary response

usually have excepttonally high affinítyo determined by the dose

of the antigen used for primary and secondary responses.

The cellular aspect of immunological memory can be well

lllustrated by I'fi11er ¡ s double transf er experimenÈ ln whlch thynus

ceIls I¡rere transferred into irradiated mice for a week, then Ëhe
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spleen ce11s vrere mixed \^/ith normal bone marror^r ce11s and

transferred to a secondary host (117). Response to SRBC can

be achieved only íf both hosËs had receíved the antigen. Horse

RBC used for the ímmunÍzat.ion of prinary host does not glve the

anti-SRBC response t.o the second host" This illustrates thaË

speciftcíty and memoty rests with Ëhe T cel1 populatlon.



I I I . THE Þ18 CHAN I SI'1 OF CELL COOP ERAT I ON

From the previous chapÈer, one can visualize that three

ce11 types parti cipate for the e1icj.Ëation of the immune response,

í.e. the thymus-derlved ce11s (T), the bursal equlvalent (B) aleo

generally referred to as bone marrow derl-ved ce11 and Ëhe

accessory cells (r\). The followfng mechanisms have been proposed

1n relation Èo Ehe cooperatl-on of A, B and T ce11s.

(a) Concentration of Antigens

The basic assumption ls that T ce11s, through their

ce11 surface receptors, termed IgX by Mitchlson (109), bfnd Èo

the carrier portion of Èhe antigen and present the haptenlc

portion of Ehe antigen to the B ce1ls wÍth approprlate anEí-hapten

receptors, which are thus stimulated leading to the antl-hapten

antibody producÈfon. Taylor (175) further suggests that macro-

phages may serve as helper cel1s along wíth the T ce11 1n ce11

cooperation.

(b) Solubl e Factor

Upon the interaction of T ce11 with specific anÈígen,

a soluble factor(s) rnay be released with effects on the other

ce11s. Some of Ehese facEors have been characterízed and Ëested

(91, 57r 208). PurÍf1ecl ¡-ro.i.rurrl'l::ct-l guinea pig B cells

population may bc sÈimulated by I,PD or LPS to produce mfgratlon

inhibition factor (MrF). However after reconstltuÈion wlth

T ce11 population or wlth the whole cell populatfon, B cell MrF

production is abolished. This observation is Ehe result of yet

another celluIar facËor produced by the T ce11s wíth the abllfty

to supPress the B ce11 actlvit ies. This may account for Ehe fact

that B cel I s cl o rìot appear to play a role in the reaction of
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cell-mediated immunity in vivo (256) 
"

(c) Acs-essory Cel1s

The accessory cell-s are most 1íkely macrophages" The

macrophage 1s a phagocytfc cel1 capable of taking up antigens

by endocytosis which are parË1y degraded " The anËigen thus

¡nodlfied 1s capable to e1ícit the immune response and is known

as immunogen (l-80). IË ís be1íeved by some invesË1gaËors ËhaË

some of Ëhe degraded antlgens combfned with Ëhe RNA of the

macrophages, which, upon extractíon, ls capable of Ëransferrfng

ímmuníËy (53, 54) "

(d) Function of ImmunocompeËenË Cell-s ln Genetic Control

of Immune Responslveness

With the dJ.scovery of the speclfic lmmune response (Ir)

genes in Ëhe ï region of Ëhe major hlstocompatfb1Lity compl-ex

(MHC) of mammals (270), their roles 1n the ce11 cooperation have

been reviewed by many dÍstinguished auËhors (268, 27L, 272, 273,

274; 275). Ir genes are expected to have the capacf.ty ro

channel the response of Ëhe animal Ëoward T helper or T suppressor

(276). T helper cells carry Ëhe murlne cell surface marker Ly 1

antlgen whfle the T suppressor cell-s carry Ly 23 anÈígen. Immunogen

favors the dÍfferentiation of Ly L23 ce11s Èo Ly I ce11s, whil-e

Ëolerogen favours the dífferenËiatíon of Ly L23 cell-s to Ly 23

ce11s.

The role of macrophage in the genetfc conËrol of

immune responslveness ís becoming very import.anË (277) since

the demonstration of a ne\¡r class of alloantigen (Ia nolecul-e)

on ít as well as on B cell-s (278) " Basfcally, a function of

the Ir gene expressed on B cells and macrophages concerns Ëhe
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ability of Ia molecules on Èhe cells to form, together wíth

antigen, an immunogenic complex capable of stimulaËing T cells

or being acted upon by specífic T cel1 clones (268). The

differenL mechanfsm of macrophages ln genetÍc control of immune

responsiveness have been proposed by A.S. RosenËha1 ejl a1. (273)

and E.M. Shevach (27L) 
"

(e) Mod.ulation of Immune Responses by Suppressor T Cells

Regulation of Ëhe fmmune response involves speciftc

and non-speclfic lnteractions betvreen dtfferent lmmunocytes r¡ith

Ëheir producËs (279-282) . The suppressor ce1ls modulate both

humoral and ce11-mediaËed immunity utilízlng antigen-speclflc

and nonspecífíc mechanísms (283). The nonspecl-fÍc suppressor

cells can be actlvaËed by míËogens such as Concanavalin-A (Con-A)

and phytohemagglutínin (PHA) (284-289) or by simple fn vírro

cultures (290-295) " Specific suppressor cells can be actlvÊted

by allogenelc cel1s (290 " 296-299) " al-i_ograf Ës (296, Zg9, 29L"

292, 300) and graf t-versus-hosr reacËion s (293, 301) . The

suPPressíve activíties carl be assayed by the ínhíbitlon of DNA

synthesís after the urítogeníc stimulaElon (286, 287, 289) in

míxed lynphocyte cu1Ëures (Mtc) reactlons (286, 295" 296, 297, 302)

ín delayed hypersensitivity reactíon(303) and the lnhtbirion of

graf.t.-versus-hosË reaction (304). suppressor cel1s can al-so

inhíbft the generation of cytotoxie ce11s to allogeneic ceLls

(285, 295" 301, 305, 315, 316) and rumor cells (297, 30Z, 306, 307)

The suppressor cel1s have been shown to be thymus-

dependent lyrnphocyres (285, ZB7, Zg2, Zg7, 30Z, 304" 305) "

the murine sysËem, Lhey belong Ëo T lynphocyte subseË wiËh

In
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surface marker Ly 2r3 (297 " 237, 308). Macrophages, in some

casese have also suppressive actívlties (277, 280'. 297).

SuPpressor cel1s can be cortisone-sensiËíve (fOZ¡ or cortísone-

resistanË (310) and cyclophosphamide sensit,ive (311, 3I2).

They can be adherent or non-adherenË to glass and nylon r¡oo1

(284, 287, 289, 302, 305, 307). The suppressor cel-1s show a

variety of specification ín their acLíviËies and thefr abí1tty

to produce suppressive factors (286" 288, 313, 314).

IË has been & scientific goal for modern immunologisËs

to search for Ëhe procedures to índuce specifie suppressor cells

production (276, 283, 317) so as to understand bet,Èer the

mechanism of disease and the ímmune response phenomenon (318, 3l-9).
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IV. SURFACE CHêRGE PROPERTIES OF IMMUNOCYTES

( a) Intr oduc t Lon

ElecËrophoresls fs one of the methods of charactetLzLng

cel1s as a functfon of Ëhelr surface charge (344, 345). Most of

the cell types lnvestigated Ëo date have been shown to have

characEerfstic ce11 membrane net charges. The net electrfcal

surface charge of an ímmunocyte, measured fn Ëerms of the

correspondl-ng electrophoretlc mobilÍty, ls expecËed to be the

resuLt of charges conËrlbuted by the fmmunogl-obuLfn'1fke peptfdes

1n the antígen binding receptor sLt,es and by the dfverse chemlcal

groups consËltutfng the rest of the cel-1 membrane (346, 347).

rn víew of the complex mosafc of antigens Lo whfch an anfmaL

is constantly exposed 1n its normal- envfronment and fn view of

the compl-ex chemícal- compositíon of cel-l membranes, a prf orl,
one does not expect mobilltÍes of unfractfonated fmmunocyËes of

normal anlmaLs to dfffer sfgnificantly from Ehose of animals

(of the same species) which have been immunized wfth a gLven

antÍgen. However, the evidence reviewed below lndfcates that
such differences exisË.

(b) Ce11 Surface Charge Properties of Immunocyte Subpopulations

The chemlcal moieties contríbutfng Ëo Ëhe charge

proPertfes of mammal-Ían cel"l-s have been wfdely studied. f¡If th

the aid of enzymatlc degradatíon procedures, sfalíc aefd is
found Ëo contríbute mosË of the negative charge properties of
the ceLls (63, 348, 354) "

A large number of fnvestígatfons have been done on the

el-ectroklnetfc propertfes of lmmunocytes. Thusu for exampl_e,

Ëhe surf ace charge of 1-yrnph node celLs f rom rabbits immun l-zed.
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and paraËypÍ A and B,

that of normal celLsor Vibrio cholera, fs shown Ëo díffer from

(168). Moreover, Ëhe surface charge of immune lyrnph node cel1s

(168) or of peripheral- bl-ood lynphoeytes (l-7) is found to be

reduced on treatment wfth the homologous, specific antigen" The

feasfbllity of a1Ëering signfffcanË1y Ëhe net surface charge of

1-ymphold cells from anLmal-s ímmunLzed r¡1th a hapten-carríer

conjugate by reactíng.them wlth the specfftc hapten, coupled

to different poLylonÍc carrfer macromolecules, has been

demonstraËed in Ëhis laboratory (149).

In a study on sma11 lyrnphocyEes of the rat thoracic

duct, Ruhenstroth-Bauer and ChristÍne (151) find that there are

t$ro popul-aË ions, one wlth slow and the other wlth f ast electro-

phoretlc mobi-Lities, From a comparlson of the histograms of

electrophoretlc mobil-itles of lynph node cell-s of normal rats

and of raËs imrnunized wiËh four complex vaccines, ft has been

deduced that the relatíve concentratíons of Ëwo subpopuLatÍons

of these cell-s changes on ímmunization and Ëhat the ner¡¡ type

paral1elÍng the kinetics of antíbody formation can be deteeted (135)

(c) The ElecËrophoretÍc Differentiation of T and B Cell-s

It has been established that the elecÈrophoreËfc

mobillty of lymphold cel1s of spleens of nude homozygolrs mice

1s 1.81 t 0.01 Fn "-1v-1"r-1, 
(the unít used, Í.e. pn *-1u-1"*-1

represents micrometer per second per vol-Ë per centímeter) (193) 
"

On the other hand, spleen lymphoid cel1s of heËerozygous nude

mice provide a trimodal mobiltty profile, having respectively
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mobiliË ies of 0 . B1 i L "20 and 1 .37 ¡rn s-1V-1cm-l . The cells

trrith Ëhe lowesË nobiliÈy are determined as B cel-1 and the other

Ë\¡ro subpopulatfons of higher nobillty as T ce11s ( 3 46) " The

1ow EPM cel1s show adherence Ëo nylon wool vrhÍle Ëhe high EPM

cel1s can form sponÈaneous roseÈte r¿ith SRBC (25g, 355) .

The subpopulaËion wíth characterfstfcs of T cel1s

have been Ínvestl-gated by Sabolovíc and DumonË (154). The

cortisone-reslstant PHA responslve cell-s have hfgher electrophoreËfc

mobllíËfes, whereas corËísone-sensitlve ceI-1s are found to have

lower eleetrophoretic mobilities as compared to the mean electro-

phoretLc mobíLity of the T ce11s" Four subgroups (T1, T2, T3, Ta)

of Ëhymocytes and 2 subgroups (T4, Ts) of .lyrnphocyËes f rom Lhe

peripheral lynphoíd organ have been determíned by the cel_1

elecËrophoresls technique (260, 26L" 262) "

The organ speciftc distrÍbuËion of Ëhe T and B cel_Ls

has been ínvesËígaËed with the zetss cytopherometer (l-90). The

percentages of cel1s l-n Ëhe fast and slow groups corresponded

to the percenËages of T and B cell_s in the Ëhymus, lynph nodes

and the spleen. Hence T and B cells may be charact,erized by

thelr different electrophoreËfc mobillties and ít has al-so been

observed that there is a change in the neL surface charge

dur ing maËurat ion f rom thyrnocyte Ëo T-lyrnphocyt e (26z) " Further

work done by l{iig (193) on the T cells depleted and B cel-1s

depleted animals confírms thaË T ce1ls have fast electrophoretic

mobilÍties while B cel1s have slow electrophoreÈíc mobilltíes.
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(d) Different ial Int,eraction of Anti-Lynphoc

with Sub-Popul-ation of Inmunocytes

In Èerms of dífferences fn thelr EPM, the xat lynph

node cel-1s have been divíded lnËo Class A and B, correspondÍng to

the T and B cell-s. Using îat lyrnph node cells and anti-l-yrnphocyËe

serum agalnsÈ normaL i-ynphoíd ce11s, ALS(N) , and lyurphoid ce11s

from anlmals immunLzed with Salmonella typhL, ALS(I), lt has been

shown ËhaË ALS(I) can ínteract wl-Èh a dffferenË class of ce11s

C 1n additl-on to Lhe above Ëvro claeses differentfated bv their

electroÐhoretic urobÍ1Íties. Cl-ass C cel1s are shown to be

anLibody producíng ce11s t,haË evol-ved during immunÍ-zaElon (133)

Differences are observed in the EPM after the interactionst

between anti-lymphocyte serum wÍËh T and B J-ymphocyËes 1n both

rat (L32) and mouse (15). Antilynphocyte serum produced agalnst

Ëhe spleen ce1ls cari decrease the mobilíties of lynphocytes and

platelets, buË noË Ëhe rnobility of erythrocytes.

(e) Free-Flow Electrophoresís for the Elucídation of

Immunologícal Events at the Cellular Level-

Free-f1ow elecËrophoresis is a refined meËhod for the

fractíonation of particles or cel1s accordíng to theír net surface

charge (344, 345). The apparatus developed oríginal1y by

Dr. K. Hannig of the Max-Planck-InsËitut 1n Muních and now

commerfcally available consists of an electrophoresis chamber

with a buffered medíum fl-or^ring Ín a consËant speed carrytng the

ce11s, under a strong el-ecËrical- fíe1d. The fracÈionated ce11s

can be harvested through the dífferent tubing running at

different disËance betr^reen the elecËrode at the bottom of Èhe

chamber "
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Since its development, free fl-ow electrophoresis has

been widely used for the fractionation of immunologically comPetent

ce11s, Two 19S hemolysín-producing cel-l-s f ractions have been

obËained from the 1-yurph nodes of the rat and theÍr lmmunol-oglca1-

functfons are confirmed Ín vitro (198). In accordance with the

findfngs of Ëhe mÍcro-elecÈrophoresis method, free-f1ow electro-

phoresis leads t,o Ëhe separatíon of two main subpopul-atíons of

lymphocyte. In functfonal tests, anËlbody precursor cells are

found only in Ëhe 1ow mobíl-ity region, whll-e the high noblllty

region conËafns cel-l-s responsibl-e for Ëhe GVH lreacË1on (l-99) 
"

Cells with high and low electroPhoretfc nobil-fËies

are found ín the rat thoraclc duct with percenËages of 75 and

25 respectíve1y. After proJ-onged cannul-aËion of the thoracic

duct, the percentage of ce11s wíth hlgh el-ectrophoretic noblllty

decreases ¡¡hí1e Ëhose l¡iËh l-ow electrophoretÍc nobfl-fty fncreases

(200). There are dlfferences ín mobllíty patterns of lynphoid

cell-s f rom dif f erent organs, i"e. bone marroür lynphocytes have

1ov¡ electrophoretíc mobl-1-l-Ly, thoracic duct lymphocytes have

hígh mobill-ty, whereas the ce11s of lyrnph nodes and sp1-een

have hígh and l-ow EPM 1-ynphocytes. NaËural- kí11er cel1s have

also been enríched by ueËhod of free-fl-ow electrophoresis (356).

The relationshf-p of mobílity to Ëhe slalic acíd contenË

on the ce11 surface has also ínvestígated by dígesËíon r¿ít,h

neuromínfdase (350, 351, 346); the bímodal pattern has found

to be reduced to a single peak (L24) 
"

As stated above, Ëhe cells with high and 1ow electro-

phoretfc mobflltles from the mouse lynph nodes have been demonstrated
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to be thymrrs-dependent and thyrnus-independent ce11s, respectively.

The hígh moblltËy cells carry the e ísoanËigen¡ Ë€spond to PHA

io vítro, and induce GVH reaction in newborn Fl hybrld mice.

Nearly all 1or,¡ mobl1íty spleen ce11s have eomplemenE receptors

on their surf ace. AbouE 7 0% of the l-or¿ mobility spleen cells are

sensítive to anti-MBLA serum and undergo tt""pf'formatfon when

ÍncubaËed with FITC-conj ugated antÍ-Ig . OnLy l-ov¡ mob i1-f ty cells

respond to E " coll 1-lpopl-ysaccarfde (5) , fndícating the presence

of cell-s r¡ith antigen recepËor in Ëhe l-ow moblJ-ity spleen cel-L.

By use of f.ree-fl-ow electrophoresís iË is possíble to

fractionate varíous subpopulaËions of T ce1ls (260-262) and of

B cel1s (203); f.e, the antÍbody formíng and Èhe ín vítrg colony

f orrrÍng cel-1s of the mouse bone marrohr (2O2) 
"

(f) Macrophage Elecrrophoretic MobÍlity (MEM) Test f.or

LymphocyËe Sens ít,izat íon

Field and Caspary (56)have dÍscovered that bLood

1-ynphocytes of patlenËs with malf gnant neopl-asms are sens LtLzed

to a basic protein derived from the nervous system. Such

sensitízed lynphocytes, when incubaËed wiËh the basíc protein,

release a factor ¡.rhich reduces the electrophoretic nobility of

normal guinea píg peritoneal macrophages and roodified sheep red

blood cells (357, 358). Since then Ëhis Ëest has been used

Eo show the presence of sensítized lynphocytes Eo thyroglobulin,

to components of Ëhyroíd tissue ín patíenËs wiËh Graves t

syndrome (55), to purifíed proËein derivative of Ëuberculín

and to Kvein antigen Ín Sarcoidosis (52¡ " From a variety of

human malignanË neoplasms, iE is possible to prepare by acíd
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extraction as basfc proteÍn (proteolipid) with a similar

molecul-ar weLght to Ëhat of Ëhe encephalÍtogenic proteln of

braín (l-6-18 r 000 daltons) . ThÍs proteln has rranËigenic'r

actfvitÍes in Ëhe MEM Ëest for cancer cel-l-s and the activiËy

is relaÈed Ëo Ëhe presence of tryptophan. An anal_ysis of the

most active material so far prepared suggests many important

differences from myelÍn basic proËeín and from hlst,ones (312, 26)

Of 464 patÍents with cancer, 463 have been correctly

diagnosed by measurfng their lyrphocyte senslLtzatlon to

encephalitogeníc factor or the cancer basic protefn in term of

EPMs" Leukemlaradvanced tubercul-osfs, asËhma, sarcoidosfs,

sysËemlc lupus eryËhematosus, and a number of taxe condltions

may ínterf ere wl-t,h a correcË dlagnos is. In rnulËÍp1e sclerosf s

and a1l- oËher neurological díseases ín whích there is an

apPreciable destructlon of nervous parenchyma, sensftizatfon of

lyurphocyËes have been found (2r4) . The usefulness of MEM test

in cancer díagnosfs has been confirned by other workers (141)"

IË has been shown ËhaË thís nigrat j-on lnhibition-f actor, r¡hlch

is deËecËed by the slowing of the elecÈrophoreËfc nobility of

the normal guínea pig perftoneal macrophages, ls dÍfferenË from

the migration Ínhibítfon factor which inhibits the mígratlon

of. normal guinea pig peritoneal macrophages in the absence of

an elecrric f ield (81) 
"

Macrophage slowíng

either by puromycin or inhib

It is also dependent on Ëhe

of lymphocyËe s (27) .

factors production ís inhÍbited

iËors of protein synthesls (28).

dose of antÍgen and on Ëhe number
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(g) SËudÍes related Ëo Ce11 Electrophoresig

Ce11 elecËrophoresis has been employed in varíous

sËudíes. It has been f ound ËhaË myeJ-ocytíc l-eukemic ce1ls have

high negaríve mobtliËy (L24, 359); sterllity fn man 1s related

to the surface charge of spermatozoa (111-); the el-ectrophoretic

mob11íty of lymphocyte changes in patËern during immune adherence

f or the intermediaËe cell-s (127) 3 po1y1-ysÍne reduces Ëhe

electrophoreËíc nobflity of BP8 cel1s r,rhereas lyslne IICl

neutr aLlzed Ëhe ef f ect of pol-yl-ysine and heparln can reverse

completely the effects of polyamines or protamine (l-05); fasË

syngenic lynph node celIs can protecË CSH mice agaÍnst fatal

challenge ¡¿lth BP8 tumor in vivo (L76); surface charge/unit

atea is found to be constant throughouË the ceLl- cycle of

synchron Lzed L51-78-Y mouse 1-yrnphobJ-asts (l-59) ; heparin can

induce bíphasic changes in Ëhe el-ectrophoretíc mobil-itles of

platelets (78), EDTA índuces increase in platelet surface charge

associated r¡1th the loss of a1gregabí1-ity (S0O¡; celL prolLferatíon

rather than Ëhe level- of differefitfatíon ís the signLficant

factor determinlng surface charge of livíng cells (361); lectin

sËimulation increase EPM of 1-ymphocytes (362); and Éhe changes

of Ëhe electrophoret,ic rnobill-ties of the intermediate cells

1n Ímmune hemolysís to the atËachmenË of the differenË

components of the complemenËs has been invesËlgated (209) .

Each of the above studíes rePresents a dlstíncË

problem of consíderable ínteresË, supPortíng thus that ce11

electrophoresÍs has a potenËia1 of being developed inËo a porÀlerfu1

tool for research in various axeas of ceLL biology"
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EXPERIMENTAL

INTRODUCT ION

The experfments performed in Ëhis study are revlewed

fn rd-ne sections. The experlmental layout began r¿ith the

construcËion of the al-l- glass closed mlcroel-ectrophoresfs chamber

that met the bfophysfcaj- requiremenËs for el-ectrophoretic

studies involving ce11s. Then the experfments proceeded rsith

establlshing the electrophoreË1c nobLl{tfes of the normal and

lmmunLzed. mouse lymph node ce11s. In order to establ-Ísh the

el-ect,rophoretíc urobility of the hapt,en (DNP) specLfic bindfng

cell- and Ëhe possíbility of a1-tering fts nobfllty by fnteraction

wLth charged molecul-es lncorporatfng the hapten, the monohaptenfc

pol-yloníc polymers, o(DNP-poly-l-i-ysines and their derivatives

and IDNP, Ê-ísothiocyanaÈe fluorescefn-Lysine rdere synËheslzed.

The efficíency of DNP-specific biogel afflnfty column

as a method for cel1 fractionatfon was ínvesËÍgated with

reference Ëo Êhe ce11 electrophoresis Ëechníque" To ldentffy

functlonal (i.e. T and B) subpopul-atlons among lynph node ce11s,

the cells were selecËívely depleted by treatment in vÍtro wlth

anti e serum. Also, to establ-ish if the neË surface charge

of the immunocytes r¡ras contributed nrainly by siallc acíd,

ce1ls rÀrere treated wLth neuraminidase " The ef f ect of the

immunosuppressíve drug cyclophosphamide r¡ras also investigated

Finally the pracÈical use of the mlcroelecËrophores

as a possíble sensitive tool in cl-inical- diagnosís r¡ras

invesËfgated 1n terms of the Macrophage ElectrophoreËic

Migratlon Test (MEM) for Lynphocyte sensíttzatlon"

l-s
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I. THE MICROELECTROPHORESTS CHAMBER

(a) Material

For consËrucË1on of Ëhe gJ-ass chamber e Pyrex PLate

(6t' x 6'¡ x 1/8t') were purchased f rom Versa Glass Lt,d. o 89 Quinn

SËreeË, Manchester, England. the el-ectrodes lirere made f rom

'f half hard" f Íne sÍlver strlps (0 .394n x 0.010rr x 1") and f ine

sll-ver wires (0.04" fn díameter) obtained from Johnson Malthey

and Mallory Ltd. , l-1-0 Industry Street, Toronto 15 u Ontario.

Acrylanlde (CHrz CHCoNH2) r N', Nr-methyl-ene-bLs

acryl-amíde ( (CHZ : CHCONH) 2CHZ) , and N rN rN' ,N'-tetramethyLethy-

l-enedlamine (TEMED) , (CHg) 2NCit2CH2N (CH3) 2 , were Purchased f rom

Eastman Kodak Compâtry¡ Organfc Chenicals DfvisÍonu Rochestere

New York. Tris (HydroxymethyL)Anfnomet,hanol was ordered fron

Fisher ScienÈífic Company and rsas of Reagent grade.

(b) Instrunent

The microscope used was a sËandard Garl Zeiss research

microscope (Cat" ll47-09-34) provÍded with optfcal phoËo changer

(Cat.ll47-30-10) Ëo a square projection aLËachmenLs (Cat. tl47-30-80)

capable of holdÍng a phoÈographic fil-n (4tt x 5") lnserter

(Cat" lt47-30-84). The objecËive was an AchromaÈ UD 401O.65

ef f ective 25lO,4I (Cat. lt46-20-46) vrith a working dísËance of 6,6 mm.

(c) Method

The part,s for the elecËrophoresfs apParatus are

represented in Figure l- and in PLate l and the assembled ceIls

in PlaËe 2. The rnf croel-ectrophoresis chamber hras made 1n the

The ConsËruction of the Microel-ectrophores Charnb
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Figure 1- The microelectrophoresis ehamber and lts

eLectrode eomparLments "
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glass r¡rorkshop of Ehe Chenistry Department of the uníversÍty

of ManLtoba. After several trlal models deslgned by the author,

the ffnal- ce11 chamber r,ras made from the optical free glase

plate provided by versa GLass LLd". The parallelepfpedal gJ.ass

chamber (6 cm. x 3 cm. x 0"9 cn.) úras Joined to a 87 female at

each end and to a 85 Joint at an angle of 600 to the 87 joint

(Ffgure 1), The capaclty of the chamber itself togeËher wfth the

dead space at each end Ì¡Ias t\rro nl ..

The Constructiolr of the Electrode Compartnen.t

The T-shape electrode compartments rrere nade of one

cm. lnternal- diameter tubes (Figure 1), and each was provided

with'87 fe¡nale and male Joínts for connection to the chamber

and the elecÈrodep rêspectively, A coarse sinËered diec was

seared lnto each el-ectrode compartment Èo act as a permeable

partiË1on beEween this eLecÈrode compartment and the cel-L

chamber. The electrode consisting of el-ectrode siLver wire
and silver p1-ate ttas made Ln the f actory of the Bf rks Jewel-lery,

trIlnnLpeg, Manltoba by rrletheringrr Èogether, f . e. by hamnerlng

without soldering. This electrode sysËem rqras chosen slnce f t

rlas â reversible silver-silver chl-oride, non-poLatfzlng electrode

and dfd not promote gas formatfon. The top of the elecËrode

compartment rÁ7as ff11ed wlth the buffer used in the el-ecËrophoresis

chamber and the botËom w1Ëh 20% Kcl, as normally reconmended.

for the classfcal free electrophoresls (235). rn Èhls systeme

Èhe react,ions involved at the trdo el-ectrodes are: AË the

cathode (1.e. negat,ive electrode, conversfon of Agcl to Ag.)
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.LK' + e K.

AgCl + K' ------) Ag' + KCl

At Ëhe Anode (i.e. posít,íve electrode, reducËion of Ag ion to

Ag aton)

C1:' e 

-----=å 

Cl"

Cl- " + Ag AgCl (Ag is deposlted on the

electrode fn Ëhe form of AeCl)

To begin with, the eLecËrodes \^7ere anodÍzed in 20"Á KCI-

uslng a platinum wire as the cathode for L5 mÍnutes with an

electric current of 5 nilllamp.eres before assembly.

PolynerizaË1on of Acrylamide for Ge1 FormatÍon

The componenË for preparfng the gel T¡re:îe níxed accordfng

to the ratio lndicated in Table l-. After nixlng, the solutfon wa8

quickly degassed under vacuum and poured l-nËo the female Jofnt about

the sintered disc ln an uprtght posíÈÍon r¿ith Ëhe el-ectrode compartm€

flIled with PBS and cl-osed by the electrode 87 Jolnt. The

elecËrode compartment hras p1-aced for 20 minutes at a dfstance of

about Ëhree inches from a Buchler fluorescenË 1Íght unit whfch

provided the photochemical energy for initfaËing the poLyuerlzation

reaction. Any excess gel above Ëhe fenale Joint kras removed wlth

a sharp scapel under PBS so as to provide a weË and fLat surface.

The presence of Ëhe ge1 vras necessary to reduce the dÍffusion of Ëhe

contaminaÈfng Íons from the el-ecËrode chamber from ent.eríng the

ce11 chamber.

Circult and DeternfnatÍon of Fleld Strength

The Heatkit regulated povlet :,rnplY, Model- PS-4 (Heatkit

Co,, A subsidary of Daystrom Inc., Bentono Harbor, Michlgan)

r^ras used. A polarity switch designed Ëo alter Ëhe polarlty
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TABLE I

POLYAGRYLAMIDE GEL COMPOSITTON

VOLUME
RAT IO S coMPoNENTS/100 ML PH Qso C)

cEL i- Acrylanide 30 s

Blsacrylaníde 0,8 g

I{ater to Volume

1 Trfs
(Hydroxyrnethyl)
Aminomethanol

l-8.15 s

L N HCI_ 25 ni-

Temed 0.24 nl-
(NrNrNt rNt-
t e Ërame thyl-ethy lened iamine )

tr{ater to Volume

9.1

2 Ammonium PersulfaLe O.28 g

trIater Ëo Volume
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of the currenË without, changing the curren Ë \¡7as made by the

ElecÈronic v¡orkshop of FaculËy of Medícíne of the UníversiËy

of Manitoba. The porüer supply was capable of supPlylng a

constant DC el-ectric current of 5 nillianperes wlthin the

exÞerfmenËal time.

The field strength in vo1Ës per cm" was obtafned from

either (a) the appl-1ed potentÍal- and Ëhe dL sËance between Ëhe

elecErodes or (b) Ohmts law using conductance and currenË data.

From the l-aËter reJ-aLíon, iË f ollor¿s Ëhat

FieLd strengËh = f.R. /q

where f = current in amÞere

R - speciflc resietance in ohm

q. = cross-sectional area of Ëhe cell in "t2
The conducËanee was measured wlËh a LKB ConductÍvity

Brldge Type 3216 B. The author found Ëhat both a and b method

yielded ídentLcal val-ues f or the f Íe1d strength because tbêrê:. t{ês

absence of polarLzatÍon. Hence meËhod (a) $ras adopted. The

dÍstance between Ëhe electrodes I^Ias 35 cm 
"

ElectrophoreËic mobilities were expressed as the

distan.ce moved in uniË tfme under unit potentlaL gradient and

correspondingly the mobility uniË Ì¡ras in micron per second per volt

per cm,, i.e. pm/secf volt/cm,

The Det,ermfnation of Ëhe Electrophoretlc Mobil-ity

o f Cel- 1s

There \Àrere lots of blophysical problems associated

with cel-I el-ectrophoresís , however, Ëhere was no exact, soluÈlon

for the hydrodynanic equaÈfon for Ëhe recËangular chamber,
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but at a raËio of ¡,ridth Lo depth of the cell- chamber of 20: 1,

the st,aËf-onary level-s r¡rere locaLed at O.2L and 0 "79 of the toËal

depth of Ëhe cel-l chamber (1) " The exact depth from the fnside

Ëop surface and botËom surface of the cel-1 chamber úras precisely

deËermíned and achieved by adjusting the vernfer scale mounted

on the arm of the microscope by first focussing on the LnsLde

top surface and then the boËtom surface of the cell- chamber.

The mÍcroscope r¡ras equipped with the photographic

unit as mentloned. A 4" x 5" (10.2 x L2"7 cn.) Kodak ContrasË

Process 0rtho Fil-¡n wfth ExÈra thfck base was used wfth the filn

hol-der mounted on the projector. The light fnlet was seË at

"number 10" on the scal-e. The intensity of the current $¡as

5 nilllarnperes " The exposure Ëime rdas 10 seconds. Af ter the

f ilm was developed, the vel-ocity of Ëhe cells r¡ras calcul-ated.

The dlsËance travelled by the cel-1s was measured by comparf.ng

the length of Ëhe Èracts on the film wiËh the prlnt of the f1ln

of a stage mlcrometerts scal-e under the same uagnlfication.

Each dívís íon on Èhe scale on the f il-n qras equival-ent to L0 microns

ln LengËh (Plate number 3) " Each photographic filn covered a

fÍeld of about 290 microns x 440 microns at Ëhe statfonary phase

with abouÈ 50 to 7O cel-1s"

Temperature

Since lt hras imporLant to avoid heat generated during

the experínents, Ëhe experiment.al time rras 1iníËed to 10

seconds. Heat elevatíon during an experfmenÈ r¡oul_d lnduce
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viscosity changes in the medíum, as well- as convection, whích

would lead to serious errors in the determlnaËion of the

electrophoreÈ1c mobil-fË1es of the ce11s. All the experiments

rrere run aË room Ëemperature unless otherwise stated.

Setting up of the Ïnst,rument

Wlth the help of a spirLË l-evel, Ëhe ce11 holder wlth

the elect,rophoresi.s chamber fixed ínto positlon vras adJusÈed and

levelled by three leve1ling screr{s at the bottou of the mountlng

p1-atforu of the nicroscope. The chamber should be accurately

horizontal- so as to el-lminate the effect of any gravltatlonal

components and the optically flat surface should be perpendicular

to the ob j ecËíves . A ce11 suspension of l-05 cel-l-s /n1. T¡Ias

pipetËed ÍnËo the chamber through Ëhe 85 fenale Joint. Grease

rìras not used ín any of the Joints. Caution T/¡as taken so no

aÍr bubbl-es r¿ould Ërap ínside Ëhe cel1 chamber.

The inner surf ace of the upper wal-L and Ëhe lower wall- of Ëhe

cell- chamber $Iere observed to have thin layers of ce1ls

atËachingtothem.TheSËationaryphaseT¡7aspin-potnÈed

r¡ith the heJ-p of Ëhe vernier scal-e on the arm of the microecoPe.

Cleaning and Filling

The chamber could be cleaned r¿iÈh either Cr0O /nr8O O,

CrOr/HNO3 o a1-coholf c KOH, pyroneg or lM NaC1. Usual1-y Ëhe cell

charnber was cleaned wiËh lM NaCl- o then f o1lor^red by rinsing

with distilled \.\raËer and stliconized wiËh Sf l-icl-ad (C1ay Adams 
'

Division of Becton, Díckinson and CompâD1r¡ Parsippany, N.Y.07054).



Plate 2¿ The Microelectrophoresis Chamber
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The chamber f¡Ias Ëhen Ëhroughly rinsed with double distilled

I,rater. Bef ore the ce11 suspenslon r^ras put Ín, the

cell- chamber \¡Ias prerinsed r¿f th the suspendÍng uedium. AË Ëhe

end of the experiment, all the fl-uÍd was removed from the

chamber with a polythene cannula aËtached Ëo a vrat,er suctíon punp 
"

As mentÍoned earlÍer no grease Tdas used on the stoppers

or sockeËs.

The water used for the preparatfon of soLutfon

htæ freshly dist11]-ed at l-east tr¡ice from a pyrex 9Lass or quartz

stf1L" The distil-Led waËer Eupply from severaL fndfvfdual

laboraËories vrere checked wfth no signfficant changes

ín the elecËrophoretic moblliEfes for the cal-Íbratfon curve

using the author t s own red blood cell-s.

Cal-ibration of the Ce11 Microel-ectrophoresls Unit

The human red cell had so f.ax gained the r¡idest use

as a cal-ibraËlon partÍcles. Each time when an experiment was

performed, the cell was caLlbrated with the red blood cell of

the author. The blood rras ob t,ained by cutËing the nf ddl-e f inger

w1Ëh a steríle disposable blood lancet. Three drops of bLood

I^Iere suspended in 5 rn1" of PBS . pH 7 .2 and centrif uged down at

l-500 rpm f or 10 minutes " The ce1ls \¡rere vrashed Ëhree times with

PBS " Ff naJ-ly Ëhe cells r^rere suspended in 0 " 5 m1 . PBS and counted

wiËh a haemacytometer, Lhe volume was adjusted to a concentration
q

of 10- cel1/nl.

(d) Result and ConclusLon

The elecËrophoreÍic mobllfty of human red blood cell

üras f ound to be L.28 t 0.03 mLcrons/sec/vol-t/cn. whf ch was in
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good agreemenË wtth the values given in Ëhe llteraËure

(Table II) for the stationary phase.

The relat.ionship between t,he disÈance from the lnner

surfaces of the cell- chamber and the elecËrophoEet,lc mobfltty

of the red ce11s Ì¡ras lnvestf gated (Figur e 2) " The prof f 1e of the

dlstrlbutfon of the eLecÈrophoreËÍc mobÍlfËy of the red celLs

as a function of Èhe cel-l chamber depth was in agreemenË t¡fth

the hypoËheËicaL curve (2O9) and could be fitted fnto Ëhe

t,heoretlcal mathemaËÍc equaË1on.



40

P1aËe 3: The tract,s of Human Red Bl-ood CeLls

under the influence of an eLecËric

strength of 80135 vol-t/cn.

Sca1e, 1- Dlvisf on = 1-0 mlcrons.

col:êned

ffeld
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TABLE IT

ELECTROPHORETIC MOBILITY OF HUMAN RED CELLS
AT pH 7,4 and ZsoC

RE FERENCE APPARATUS SUSPENDING
MEDTUM

MOBIL TTY
y/sec/v/cm.

Abramson (210) ReeËangular
ho ri z ont al-
positlve

Re ctangularBrody (211)

Bangham (2I2) Cy1índrícal

Phosphate 4.1-72

Pho sp ha te
Ch 1 orí de

Pho sphate
Chloride

0"L72
0.1_45

0,L72

0.145

0.L67

0.145

0.145

o "L72

1" 30

L"28
1.07

to.oz

1.28
Io.os

i_.07
to. oz

L. 30

L.28
to. or

-1 .08
to.os

L .28
to.og

Rhfe & Sehon
(L4e)

Chol-1et et a1"
(2s9)

Vassat et a1 .
(3ss)

This Study

Rectangular

Cy1 lnd r1 ca1

Cylíndrical

Phosphate

Pho sphate
S alíne

Saline

Rectangular Phosphate
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Ffgure 2 Tlne ElectrophoreËfc Mobillty of

Human Red Blood Cell-s versus Ëhe

distance fron the inner surface

of Èhe ce l-L chamb er in nm .

The field strengËh was B0/35 vol-t/cn.

The current was 5 ni3-J-ianPeres.

The Ëime o f exposure r{'as 1-0 seconds "
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II THE ELECTROPHORET]C MOB]LITY PATTERNS O!'LYMPH NODE

CELLS OF CONTROL AND IMMUNIZED AlJ MICE

(a) Material

All chemicals used r¡rere of reagenL grade. BovÍne

serum alburnín (BSA) was purchased from Armour PharmaceuËica1

co., r11lnois, u.s.A. 2,4-Dinitrobenzenesulfonic acid (DNBS)

was purchased f rom Sigrna Chemical Co., St. Louis, Mo., U"S "A.,
and the contpouncl was recrystallized three times from ethanol

bef ore use. Dowex \Átas purchased f rom Dow Chemical of Canada Lt,d.,

Richmond Hi11, 0ntarÍo. PoËassium carbonate r/¡as obtaíned f rom

Fisher scientÍfic company, Toronto, ontarío. sËraln A míce (A/J)

\¡/ere ordered f rom the Jackson Laboratorye Maine, U,S.A.. Freund rs

comPlete adjuvant and RPMI 1640 culture medlum v/ere obtafned

from Dlfco Laboratories, Detroit, Michigan, u.s.A. penlcflltn-

streptomycin No.507, and foetal calf serum \{ere purchased from

Grant Lsland Biologlcal Co., Grant Island, N.y., U.S.A..

( b) Method

The Preparation of DNp35-BSA

'fo a rnixLurc of 1.0 g lìSA Ín 50 m1" of distllled vrater

containing of 1.0 g of potassium carbonate was added 1,0 g of

recrystral l ízecl DNBS in small portions. The mixture Þ/as stírred

It I r()()lìl t r'liì l)L'l';ltttt'(.' f or- 2A lrorrr-s, 'l'lrr' ¡lrotein conjugaIe was

díaryzed againsE distilled warer (9.4 lítres) for tvro days

or delonLzed by passíng through a Dowex (400 mesh), I x B cm.

t:oluntlì (llcrrl vtrluntc 5 rul.), previously equilibrated wlEh vrater"
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LyophiLízaËion gave L.2 g of a yellow product. The extent of

conjugatJ-on of DNP Ëo BSA was deËermined spectrophoÈometrically

at o.D. zgo ( 215) " rt rÂras then f ound that an average of 35

groups \¡rere coupled to each mol_ecule of BSA.

ImmunizaËion Schedule

A/J mice, 6-B weeks oId, ü¡ere immunLzed at the four
foot pads with 20 FgN of DNP3'-BSA in so% emulsion of Freundrs

complete ad j uvant Ín o .2 nl- . pBS . Af ter two weeks , the anfmals

T¡rere boosted ¡vith the same dos e of anËf gen f n FCA sub cutaneously

aË the back. The anímals ürere bLed afËer four days and the

peripheral 1-ynph nodes ürere excised. A weak precl¡iitln l-ine

appeared on the Ouchterlony double dfffusíon meËhod 1n L% agar

plates between the serum and 500 |rgN/rnl of DNp35-BsA after
incubatíng overnight at room temperature fn a cI_osed huroid

plast Lc box. The agar plates T¡rere gif ts f rom Dr . s . FuJ imoto .

rt \¡7as Ëhe intenËíon of the author Ëo sacrifiee the

anímal-s on thís day so that the EpM experimenE coul_d be done

before the peak of the secondary antíbody response, The

presence of a Large number of plasma cel1s wtth possible surface
specific lmmunoglobulirs to DNP would affecË the ínËerpretation
of the EPM data. A group of anlmals r¡rere lmmun Lzed wlth 50%

of emulsion of FCA in 0"2 ml . pBS as controls¡ so as Ëo bring
ouË the dlfferencee if âDy, conËributed by Ëhe anËígen alone

to the electrophoretíc nobility profiles of the celLs. Normal

virgin anímals \¡/ere not tested because of the dífficultfes Ëo

obtafn peripheral lymph nodes from them. The peripheral Lynrph

nodes trere dlsseeted out from the control- and fmmun{zed anlmals,

and were placed in 5 nl" of culËure medÍun RPMI ]-640 containing
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o'r"Å ptlromYci¡l ¿tncl strcpt()my<:in anrl 5"a l-oet¿¡1. c¿rlf scrurr. The

cells \¡rere teased out from Èhe ty.rnph nodes with t\^ro 26 gauges

needles 1n a petri dish. The cerls hrere ftltered into a Falcon
30 m1. culrure flask through a 200 mesh platinum sÍngre cerl
filter and weïe incubated at 37oc for 45 minutes each side.
Thc non-adlìtlrL'11 L ccl-1s \¡J(ìì:c pipetEecl out and transferrecl into
a test Lubc- Ilre cer-rs urere centrffuged aL 1,500 rpm for r5
minutes. The cerl- button r¡ras vrashed r,Jlth 15 m1 . of pBS, pH 7 .2,
This proce(l rrrc \^ras repe¿ìted twíce. The cel r concentratlon üras

ad j ustecl Eo f 05 cel-1s /ur1. with PBS. The viabillty of Ëhe cells
\4/¿rs determirred by the clye exclusion Ëest with 0.2% Trypan Brue
in PBS. The electrophoretic mobilities of the cells r¡¡ere

determinecl as described e¿rr1Íer. l-or each experrment, about
150-300 ccl ìs [)()o1ed f ront t-ltrcc aninr¡rl s hrcre r]etermlned f or
theÍr electroplrorctíc mobilí[ies. .I'he results r{ere compuLed

and illustrated on the histograrn wiEh psrcentage of cel1s,/ersus
the electrophoretic mobí1itíes. Altogether sÍx experfments
wfth 3 a'in¡ars eacrr were done for Èrre conEror and test system"
The EPII values of the peaks for each of Lhe corresponding
experiments \^rere f ound Ëo be reproducible. Theír collectlve
Itiscogralìrs v/ere courputed and trre mean percenÈage of cerrs and

tlìeir s. D. with ÈheÍr respect.ive erectrophoretic mobiríties
I'rere plotted in the f inal histogram (Figure 3 and 4). These
experiments r,¡ere done at the same time with Section rrr and

served as the basic EPM profiles for Ehe control and immunízed
animals before Lhe sPecific incubation with the antigens and the
inhibition tesrs wirh Èhe dialysable hapËen.

(c) Restrlt and Conclusion

l'he Iynrph node cells
anÍma1s exhibired a birnodal EpM

of both control and immunlzed

curve; the control cell sub_
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populations had EPM peaked at 0.8750 and 1.4000 micron/sec /vlcm
(Figure 3). However, the immune ce11 subpopulaËions had EpM

peaked aË 0.8L76 and I.3417 mícron/sec /v/em (Figure 4).
The results índicated that Ëhe electrophoretic rnobil-ities

of the ce11s aË the peaks of the lmmune anfnaL hfsËogram \¡7ere

slov¡er than Ëhe corresponding peaks f or the control animal cel- j_s.

They nay correLate with the ffndíngs for the inverse rel-atÍonship
between the charge of the antlbodies by sela et al_ " (sl) and for
the cells by Rhle and sehon (L4g) wfrh rhaË of Ëhe immunizing

antigen" rn our case, the fmmunÍzlng anÈigen fs DNp35-BSA

r¿hich is negaËfvely charged.

ït üras observed that the fast electrophoretÍc
nobllity cell- populatÍon was of a higher percentage fn the

lynph node cel-l-s of the conËro1 anímal_ whfle Ëhe 1ow electro-
phoretíc urobí1tty celL popul-ation conprísed a hlgher proportlon
of lynph node ce1l s in the immun rzed, anímal- . AnatomlcaLJ-y, one

could observe that the sLze of the lyrnph node of the fmmunLzed

anímals at the time of excísÍon was about Ëhree to four tLnes

larger Ëhan that of the conËrol anfmal.

. The electrophoretíc nobí1Íty of our fÍnd
l-or,r el-ectrophoreËic rnobility cells and Ëhat of the

cel1s of the eontrol anfmal correlated with those

of I{i1g (190), the values for the l_ynph node cells
mouse r¡rere 0"855 t 0"113 ¡:m/sec /v/cm. and 1.394 t

Fn/ sec /v / cm. (191 )

fng for the

hngh EPM

vírgC.n anfmals

of C3H/A/BoM

0. t_13
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Figure 3 The EPM Profile for Lynph Node

Cel-ls of A/J Mfce Immunized with FCA.

The fiel-d stïength was B0/35/v/cn and

the current 5 nilliamPeres.
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Fígure 4 The EPM Proflle for Lynph Node

Ce1ls of ¿/¡ ltice Immunlzed wfth

20 ¡reN DNP 35-BSA ln FCA. The

f ield strengËh r¡ras 80/35 lvl cm

and the app 1-íed current 5 mLLlLanperes "
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III " TITE TDENTIFTCATION" OF THE HAPTEN SPECTFIC BINDTNG CELLS

BY POI,YIONIC CONJUGATES OF ITAPTEN

(a) _Mater iaI and MeËhod

€,N-ê(N-carboxy-L-lysfne-anhydride (the Leuch! s anhydride)

f,,N-carb ober.z oxy-L-lyslne, d,N- Srcsz-po1y-L-1-ysr.ne (M "I,r.15 ,000)
and f,N-€,cBZ-poJ.y-L-lysine (M.trrI.150r000) r'rere purchased fron
Mlles Lab " , rnc. ELkhart, rndiana. Triethylamine, d,foxane,

sodlum hydride (57 "/. suspens f on in oi j-) and succÍnf c anhydrÍde

I^rere supplied by Fisher Scientif ic Co . (Figure 5 ) .

The Synthesis of the Pol_y-L-lysine Houro-polyner

The general- reaction governfng the polymerizatíon wLth

the Leuch ! s anhydride (2L6, 2L7) r¡ras as f ollovrs:

NH-Z
I

(CHr)¿-
I

HN-CIT.C: Otl
O:C-O

(r)

NH-Z
I
I(cH.),

¿'4
f,

(-NH-CH-C;o)n * n CoZ

(II)

To a sol_ution of 0.5 g of 6 rN-carbobenz oxy drN-
carboxy-L-lysine anhydride (r) in z0 mj-. of anhydrous dioxane

vras added 0 "2 nl- of triethylarnine and the resulting míxture
tras st,irred at room temperaËure for four days " The polymer

lIas poured into 40 m1 of dlstflLed qrat,er and the precípftate \¡ras

coLlecËed by cenËrifugfng ar 15,000 rpm for 30 mínutes" The

polymer (rr) r¡ras dried Ín vacuo over phosphorus pentoxf de.

Syntþesis of Unfvalent DNP*Ê-N-carbobenzoxy-polv-

L:lysine (III)

To 100 ng. €,N-carbobenzoxy:polyrL-lysfne of
M"l^I.15,000 or l-50,000 contafned in a 50 nL. reacËion f J_ask,
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Figure 5 SYnthesls reagent"
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equipped I,rtiËh a ref lux condenser e r¡ras added 10 m1- of anhydrous

df oxane, and the r¡hol-e system \^ras kept under nf trogen.
Thereaf Ëer, 100 mg o f s odf um hydride (57"Å f n oir_

suspension) was added into Èhe reactÍon flask. The reacÈfon

mixture \¡ras ref luxed f or f our hours under nÍtrogen.

Two hundred mg. of 1-fr-uoro-2u4-dinitro benzene (DNFB)

1n 5 nl. of dioxane rras added dropwÍse to the reaction flask
and the mLxture v¡as stirred at room temperature overnfght
(220, 228) " The solurion r,¡as acidif ied to pH 3.4 r¡irh 0.lN HcL

and was f iltered. The residue rras washed wf th \^rater and the

eombined filtrate was dialysed against several- changes of z

liters of dis tilLed rr¡ater untiL the diaLysate rras colourLess .

The homogenous sol-utÍon was lyophil-ized and 1_J.0 ng. of a yelj-ow

fluffy product was col_lected (Figure 6).

Cleavage of Ëhe Carbobenzoxy.l group

The cBZ-honopolymer (100 ng) qras dr.ssoLved f n 5 ml.
of anhydrous hydrogen bromide (30-352 in g1_aciaL acetic acid).
The solution was sËírred for one hour at room Ëemperat,ure (22L)
and the homopolymer r¡ras preclpÍtated by acldf tion of zo nl . of
anhydrous ether, the Precipitate was co1lect,ed, ruashed with ether
and dried in vacuo over phosphorus penËoxfde (step rrtr, Ffgure 7)"

SuccÍnic Acid MonomethyL Ester

A sol-ution of zs g. of succínic anhydride was reacted
with 100 nl. of methanol Ín a z5o n1. reactlon flask for four
hours at room teuperature e excess methanor. was evaporated by

uslng a rotatory evaporator. The white soi-id was crystaLl Lzed

from benzene, Several recrystallízations frou the same solvent
gave a pure producËo m.p. 54o _ 55qC.
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Figure 6 Flor¡ chart f or synthesis of DNP-PZLL "
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Figure 7 Flow charL fox synthesÍs of DNP-PLL derivatives.
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Succinlc Acid ChlorÍde MonomeÈhyl Ester

Ten grams of monomethyl ester of succlnic acfd and

20 rn1. of thíony1 chLoride (canj.ab 
" ) r^7as ref luxed f or three

hours. Excess thionyl chloride nas removed by dfsËillation
and succinic acid chloride monomethyi. ester rras dlstill-ed under

redueed pressure at 7BoC.

The synthesis of the PoLysuccinllated DerÍvatlve of

To a solutl0n of 5 ng. of dDNp-pLL fn 10 mL. of drfe
dioxane was added 0.3 rnl. of (r) and the reactf on mixture was

stlrred aË the room temperature for zo hours. The excess sol_v

and the reagenË \¡rere removed by a rot,atory evaporator. The

comPound (II) Iras redlssolved in 10 nl. of dioxane and 5 url of
l-N Naoll solutlon was added. The soLutf on was acidif ied Ëo

pH 3.5 wíth 1 N HCl and l¡/as f f ltered. The f f ltrate r{ras exhaus

ively dialyzed with T^rater at 40c and ryophfLized to (rrr).

P -NII
l'\cr I r-NHz+ | .---+ Q=O+HCl- \ --otte Io (cH")^rr 'l--'' ', 

"o, cng
I

I wao¡t
ü

-NH
I
Ç=Orrr I

(cH2) 
2

Ioo"
The percentage of succinfe acid coupled to {DNp_pLL

was determined by the nihydrln tesË using alanfne as the

d

ent

EF
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calibratíon .',.rtn"'. rE v/as !hus shown that 7ol¿ of the S-arni-no

groups had reacted.

Synthesis of Pol -Trime th I AmmonÍum Deriva lve of

dpNP -P LL

To a solution of 5 mg. of DNP-PLL in 10 ¡r1 of anhydrous

díoxane \¡ras added 5 mg. of sodrun hydride. The solutlon was

st,lrred f or 15 ninutes under nítrogen and 0.3 ¡nl. of nethyl
iodide was added. The reaction was left aL room temperature
for four hours and rhen acidifled to pH 3.5 with l-N Hcl. The

soluËLon was fi1Ëered and the filErate ü¡as evaporated Eo dryness

by the rotatory evaporator. The product !¡as dissolved fn 2 ml.

of distilled hrater and dialysed against dfsEilled waÈer (4f¡ for
24 hours 1n the eold room ar 40C (222>.

ConjugaËes

ïrre 'l *mphocytcs fro¡n thc r:egíona1 lymph nodes of thc
control and immunized animals $rere excised and treated as described
ín the previous chapter. The lyrnphocytes, after removar of adherenË

ce11s, vrere determined for Eheir víabllity by Ëhe dye exclusLon
tesË ' The lÌPM prof iles of the control and the ímrnunized animals
were determined before each experiment, and Èhe collective computed

daÈa v¡as reported fn sectíon rr. Approxfmately a ratio of 108

molecules of the hapten conjugate per cerr in 5 ml. (2 x 106 celLs
per m1.) of PBS, pH 7.2 vrere incubated aË room tenperâture for
one hour. The ce11s vrere washed r¡ith 5 m1. of pBS three tfmes.
Again the viability of the cells h¡ere determined, and then the
elecErophoretic nobiliry of the celrs r¡ras measured.

Âfter Ëhe incubation of the hapten conjugate, harf
of the cells ì¡rcre incubatecl wich ,.i DNp-rysine HCl, at a raEio

The InteractÍon of Immunocvtes
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larger t,han 108 ,nolecules per ce11. The suspension was incubated

in a polystyrene tube under Ëhe same condítÍons as beforeu and

the cell-s vrere washed three Èimes urtth pBS " Thef r eLectroo

phoretíc mobillËies !üere determÍned.

(b ) Resul-t and Conclusf on

The EPM of the Control A/J Lynph Node Cel_ls treated

with o(DNP-PLL15,000, rnhfbition Test r^rf th o{DNp-Lyslne

HC1

The histogram of the eLectrophoretfc mobil-ity of the

ce1ls versus the percentage of the ceLls remalned constant,
though the peak for the low EPM ceLls became broader" Thls night

be due Èo a 1ow percent,age of the anËfgen bfndLng ceLLs specifÍc

to the DNP ín Èhe control- anÍmals. rn fact it waa reported

by trIofsy (L94) Ëhat the antlgen blnding cells for the normal

animal r^ras around 0 .1 in 104 ce1l s .

. The tnhfbiËion Èesr wfrh 4DNp-Lysfne HCI dfd

change the prof 11-e of the htstograrn (Figure g).
not

htith o( DNP-PLL'",000, Inhlbition Test wlth ø(DNP-lyslne

HCl

The high EPM cel-ls seemed to remain as the non*treated
immune cel-J-s o at an EpM of L "3hL7 p/ see/v/ cm. The Low EpM cel_ls

of 0.8176 ¡rlsec /v/ cm shíf Ëed ro peak at a mobil-ity of t.2333

¡r/se e/v/ em" HaLf of the lor^r EPM ce11- popul-arlon mafnËained the

orf ginal- nobil-f ty of 0.8L76 y/see/v/ cm. In between there uras a

mlnor peak of mobility 0.5250 p/seclv/cm" On the inhíblrfon test

Thq EËM of the Immunized A/J Lymph Node tel]s treat,ed
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Figure I HisÈogram of percentage of. control

. ceLl agaÍnsL EPM' Cel-1s treated r'rfth

a( Otlp-PLLl5,000. Inhtbltion TesË with

o(Onp-Lysine I{Cl" Field Strength

80/35v/cm.currenËapp1.ied5ni11.lanperes.
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a porËion of the 0.2333 y/sec/v/cm ce11s Íncreased ro 0.6416

p/se cf vf cn. As a conclusion, half c¡f tlre orf gf nal low gpy ce11,

which were ant.igen binclÍng with different affinfty, became parE of
Èhe celfs bound with the DNP-PLL and could not be displaced out by

xDNP-lysine Hc1 or it might be possibLe that the length of the carrir
of the PLL prevented some of the hapten lDNp-lysine HCI to gafn

access to the cell recepEors (Figure g). The control_ experlment
ruled our non-speclfic bfnding of .rDNp-poly-t-1ysine.

Th" EPM of rhe cotttrol A/J Ly*ph Nod" c"1ls T.."ted
\,riËlì a(DNp-pLLt5O,000. Inhibirlon test with C(DNp_

lysine HC1

As in the previous experiment r¡rith the l-orrrer molecular
tueight lìapcen ( o<n¡lp-PLL15r00g), there \^7as no obvious change fn
the EPM parrern of rhe control 1y*ph node cells (Figure l0).

Th" EPM of thu r**troi""d Lyrph Nod. c.11" Tr"",L"d

\üirlì /DNp-pLLtso,0o0. lnhibirfon Tesr wlrh 4DNp_
lysine HC1

Ce1ls treated with dDNp-pLL15Or000 caused a portlon 
,,

of the 1ow EPM cel1s to migrate in dif f erent dÍrections. The 
,,.

1ow EPM cel1s broke down ro peak at o.zg16 and -0.2333 ¡r/sec/v/cn.
The inhibirion resr shifred rhe peak Eo 0.2333 and 0.5833

y/sec/v/cn. The orher high EpM ce11s remained all through the 
,

tesÈs" This showed that a portion of the low EPM cells nere antlgen
bindlng, and rhe binding affinfty varied (Fígure ll) as in cDNp-
DT T¡ !!150,000 .
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Figure 9 Hlstogram of EPM versus percentage of

immunized ce11s. AnimaL immunfzed wlth

20 pgN DNP35-BSA at the foot Pad and

boosted afËer two r¡¡eeks w1Ëh the same

dose sub cutaneously " Cel-1s have been

incubaËed with Ëhe hapÈen dol¡p-PLL15 ro00'

InhibÍËion tesL by d' Otqf -lysfne HC1'
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Figure i-O Hlstogram of EPM versus cel1

percentage. Cel-l-s are ËreaËed trith

o{ÐNP-PLLI_50,000. Inhibltlon test

wirh ø(DNP-i-ysine HCI-. FieLd

strength 80/35 v/cm. Current aPpLied

5 nilllamperes "
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Ffgure 11 Hlstograu.¡f EPM versus cell- percentage

(imnunlzed). Cel-ls are treated with

d DNP-PLLl50,OO0. Inhibitlon test wfth

a(otlp-lyslne Hcl-. FÍe1d strength 80/35

v1cm. Current appl-ied is 5 nill-fanperes
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The incubation with Ëhe anËigen was shown Ëo be able Èo

change the electrophoretíc mobility of the lynph node cell_s

from Ëhe immunízed animal for Ëhe baeteríal anÈigens (169) and

for the synthetic anËfgen (L49) 
"

Ihe EPM of rhe Conrrol_ A/J Lynph Node Ge1ls Treated

A/J nfce

the EPM

inhib f t i

The lncubation of the Lynph node cei-Ls of the con

with the highLy negaËive charged antigen did not
patËern. No change of the pattern nas obtained in
on test (Figure L2).

,000

trol

change

the

,000'

The patËern of Ëhe high EpM cerr.s drd not change as

signif icantly as the lor¿ EPM cell-s. Part of the 1ow EpM cel-1s t

nobillty r¡rasel-evated to about L"L667 and L.3400 /rf seelv/em,

on the inhiblÈíon tesr, rhe cells wiËh EpM of 1.3400 y/seclvlcm
could not be depleted r¿hf 1e cel-1 with EpM L "L667 \^ras shif ted

índicatíng that Lhere l^reïe dÍfference ín affinity for the antigen
blnding ceL1s.

wÍth the Esuccínílated derivatíve of øfDNp-pLL150r000,

InhÍbírÍon Tesr vrith dDNp_lysine HCI_

The lncubaËfon of the ceLl_s vyith Ëhe highly negative
charged antígen dfd noË change Èhe EpM paËtern of the control

r.rith the tsuccinÍl_ated derivative of DNP-PLL. -

ynph Node Cel1s Treared

with the succLnil-ated derlvaËive of dDNp-pLL15

Inhibirion Tesj_yçþh dONp-lysine HCL (Flgure j-3

The EPM of the___Ç.q_n!-qS1 A/J Lynph Node Cells Trear



73

Flgur e L2 Histogram of the EPM versus celI

Percentage for Ëhe control anlmal- l-ymph

node ce11s. Cell-s are treated wlth

f succinílated derLvaËives of é(DNP-

PLL15,000. Inhibítion test by ê{DNP-

Lysine HCI-. Fiel-d strength 80/35 v/c¡n'

Current aPPlied 5 millianPeres '
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Flgure 13 HÍstogram of the EPM of the ímmunized A/J

lymph node cei-1s treated r¿fth the

$ succini 1aÈed derívative of ,{DNP-PLLL5 
, OOO.

Inhibition test with dDNP-1-ysine ItC1.

Fiei-d strengËh B0/35 v/cn. Current appLfed

5 mil-1íanperes.
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A/J mice lynph node ceLls. No change ín paËtern rÂras observed

l-n the inhib ir f on tes r (Figure 14 ) .

The EPM of the Inrnunized A/J Lymph Node Cells

Treated r,¡1th €Sucelní1ated Derivatfve of 4 DNp-

PLL150,000, Inhibirion Test wirh c(_ÐNp.-lysine HC1

The 1ow el-ecËrophoretfc moblLity cell-s of the 1-yuph nodes

of the Ímmun Lzed A/J mf ee \^rere af f ected wlth part of the

cell subpopulat,lon shif ted to EpM of L.L667 and l-.7500. on

the lnhibiÈion test using the hapten a(DNP-Lysf ne HcL, a snal_l_

portlon of the cell-s r,'las shf f ted back to the orlglnal- nobl1f ty.
Ilowever, a large proportlon of the ceLLs remafned w{th a high

electrophoreË1c rnobii-ity lndÍcated that the affinity for binding

mlght be very hfgh wíËh these ce11s (Figure 1_5).

The selectlve shift of the portion of Èhe Lor.+

electrophoretlc mobí1íty cell-s upon incubaË1on wl-th the charge

hapten indicated the possÍbility of f.ractfonatLon of the specÍfic
hapten bindfng cel-l- v¡lth electrophoresis.

The Interaction of the Control and Imrnunfzed A/_:L

Lyurph Node Cel-1s wíth Ëhe Trimethyl AmrnonÍurn

Derivative of ( DNP-PLL

The trimethyl- ammonÍum derívaËÍves of the hapten

^ 
DNP-PLL15 ,000 r¡/as synthesized as descrlbed bef ore. This

highly posiËivel-y charged hapten caused cel-1 crumpíng tügether upon

Èreatment wíth either control or ímmunÍzed ce1Ls. The ce11

clunping could noË be redÍssocÍated by washing with pBS. Llence

it Tras impossfble to observe the EpM of the índfvldual celj-s.



78

FJ.gure L4 If istogram of the control A/l lyurph node

ce11s. EPM versus Percentage of ce11s.

Cell-s Êreated with Ëhe I succinilated

derÍvaLive of ô<DNP-PLLtSOr00O. Inhlbltfon

Ëest Ì,rith ø{, lltp-lysine HCL . FieLd s trength

80/35 v/crn. Current appl-Íed 5 nilliamPeres.
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Figure 15 The EPM of the lmmunized L/J lynph node

cel-ls Ëreated r¿1th E succf ní1ated derfvaË1ve

of 6.( DNP-PLL150,000 " HLstogram EPM versus

cel-J- percenËage. FÍel-d strength 80/35 v/cn.

Current applled 5 mí11-ianPeres.
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AggregaËíon of Ëhe ce1ls with the posltively charged
molecules nas conceivable since al_L mammalian cel-l_s were
found Ëo be negatively charged"

one qroul-d conclude r,rlth confidence that Ehe row
electrophoreËic mobility cel-l-s contafned a populatfon of hapten
specffic binding ce11s.
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IV. THE IDENTIFICATION OF THE HAPTEN BINDING CELL BY THE

IMMUNOFLUORESCENCE TECHNIQUE

(a) Matería1 and Method

The Prepararion of /-N-DNp_l_ysine

The methodsused by Sanger (2L9) and sober (220) qrere

adopted. (-N-cBz-lysine (5 ng " ) üras al-Lowed to react wíth 0.3 m1.

of l-fl-uoro-2r4-ditrobenzene Ín a mixture of 10 ml. of o.L M

NaHCo3 and 5 nl of 501l uethanol at room temperature over night.
The bright yel1ow soLution wag extracted qrith ether, and the

aqueous porËfon r¿as brought to pH 2 wÍth citrÍc acfd. This was

extracÈed wf th EtOAc f o1lor¿ed by washing rrf th r¡rater, then Ëhe

sample r,ras drled, and f Íltered. The f lltrate r^ras evaporated by the

rof avapor on a \¡rater bath under reduced pïessure " The only
producË, o(-N-DNP- €, -n-z-1ysf ne was rreated qrith 5 nl. of zoi¿

HBr in aceËic acid at room t.emperat,ure f or one hour. Ether
was added and the precf piËate T^ras centríf uged at 1-5 r000 rpm f or

15 minutes . The precÍpiËate r¡ras collected, washed wf th ürater,
and dri-ed with acetone " The melting poÍnt was z4o-z430c. A

sample of 0.65 mg. was obtained"

The "(Olqp-lysine synthesfzed here was used

following reaction. rdentical experiment was carri_ed

using ,ÁOUp-Lyslne HCI as Èhe starËíng maËerial.

The SynÈhesís of DNP -isothiocyanate fl_uorescein-

for the

out by

ly s ine

Five ml.

r^rith 4 mi-

of <DNP-Lysine

. of 0.l-5 M NaCl

contaíning 1 mg. of

solut,lon and 1 m1.

peptide/nl-.

of 0.5 Me
rtras mfxed
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PH 9.0 Narco, - NHco3 buffer. The solution was cooled to
40c wíÈh an ice bath. Five ng. of fl-uoresceln ÍsothÍocyanate
I¡ras slow1y added, and the reaction was Lef t at 40c f or lg hours
with genÈly nixLng to avoid foamfng" The product was fractÍonated
with G1-0 sephadex col-umn with column size L.o x LOo cm., bed

volume 50 ml. , rate of f Lor¿ was Lg nl/hr. The sample of the l.st
peak was collected and stored aË *zOoc in smalL aLlquots fn
plastlc tubes or lypholysed

The Modtflcatlon the CelL El.ectrophoresisor

adapËed

filter.

remain ed

Microscope

The power suppLy

Lo proJect UV lfghr

(cat. ligL-00-31) .

the same.

for the Carl Zefss nfcroscope r¡ras

" The UV Lfght passed rhrough a FITC

The other photographfc conditÍons

DNP receptor

a t broader I

the antigen

No rna I- ly

The regionaL lynphoeytes from the control and immunfzed

anlmal-s x'rere obtaLned as descrlbed before. The lynphocytes,
afËer the removal of the aËtaching cell-s r¡rere fncubated r¿ith the
f luoresceÍn antigen, corrtainÍng L0B moI-ecures/cel-l- u in a shaker
aË room tempereture for one hour. Then the celLs \{ere washed

with PBS three tfmes. The el-ectrophoretic nobil-ity was observed.
(b) ResulË and DfecussÍon

The antigen binding ce11s cont,ainÍng the

bound to the ( DNP- t-fluoresceÍn ísothiocyanate and

EPM track was observed on the f ir-nr. The number of
binding cel-l-s in the contror- animar- üras negligibre.

The rncubaÈfon of the Fluorqssel- _IlaÈten ¡¡¡fth the celrs
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Fígure L6 Synthesfs of o(DNP- t-fsoÈhlocyanate

f luo res cein-L-lYsfne .
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only one or tr¡ro in a series of frlms ïrere observed. For Ëhe

lmmunized animal, up Ëo three cer-r-s rdere deËected on a singl-e
f Íln. The EPM of the antf gen bindf.ng cer-l to DNp rüas f ound

to be 0"7608 p/sec/v/cm. The EpM was found ro be consrant
wlth a slight devíatlon. The dlfference in EpM betú/een rhese
bindlng cei-L and the subpopulaËfon of the r.ow electrophoretfc
nobiLlty cell-s of the prevlous experlments r^ras contrfbuted by
the dffferences in the charge of the DNp-pLL poryner and the
o( DNP-lysine- t-rsothrocyanate fluorescein compoundq which
bound,,to the cel_1 surf ace.
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\I THE IDENTIFICATION OF THE HAPTEN BTNDING CELL BY THE

HAPTEN SPECIFIC BIOGEL AFFINTTY COLUMN

(a) MaËeria1 and Method

celr- electrophoresis revr.ewed thaË nearly half of Ëhe

low EPM ce11 popui-atlon rrere antlgen bínding for the immun Lzeð.

animals. However the method of affinity chromatography and the
rosette fornation wlth the hapten coupl-ed to the sRBc indicated
that the number of antigen bindlng cer-ls remained around 0. r_ to
I 1n 104 cel1s (194). Hence affinity chromarography with rhe hapten
chemical-Ly bound to the cor.umn r,ras used to examine the prevlous
experimental_ data

The Preparation of N-(2,4-dinitrophenyl

P o lya c ryl ami de -I{exanÍne

Biogel p6, L6-20 mesh; p6,400 mesh and p6, ro0-200 nesh
$¡ere ordered f rour BLoRad Co " . IË r¡¡as observed that Biogel p6 400

mesh was the most effecËÍve by virtue of its J.arge surface area.
BiogeJ. hras polyacryl_anide gel beads whích dld not have any

surface charges.

Five grams of Blogel P6 4OO mesh were allowed to swell
1n 100 rnl. of distilled r^rater containing 5 M of 1,6 hexadíamine
soluti-on (50 ml) (East,man Kodak co . , Roehester, New york) " The

mixture r¡ras ürarmed at gOoC f or B hours r¿ith stirring.
The beads rüere washed wiËh severar 1ítres of saline,

pH 7 "2 and r¡ith 500 nl-, of 0.1 M sodlum teËraborate (pH g.2).
Excess solvents rÁrere decanted to a level_ where the beads rrere
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jusË covered and five grams of recïysta11ízed sodium zr4,
dlnitrobenzene sulf onate I^ras added. The reaction rvas sËirred
for L6 hours at room temperature. The material üras ffltered,
washed several trmes r¡1th saline untir. the filtrate gave a

negatfve resr for DNp (ZZ3)

r^Iere separated out by the flotatíonThe broken beads

method, and r¿as discarded.

The Interaction of the DNP-Biogel r,¡ith the L

Node Ce11s

The fmmun tzed A/ ¡ lynph node cel_ls r,¡ere

obtalned as descrlbed in the prevÍous chapters. one n1. of the
paeked gel ín suspension was uixed with 106 rymphocytes ln 4 m1.

of phosphaËe buf f er sali.ne pÏr 7 ,2. The ger and cer_1 suspenslon
r¡7ere 1ef t at room ËemperaËure in a Ëube f or one hour on a roËator.
Then the tube r¡ras 1ef t upright. The cel_1 suspensf on on the
suPernatant lrtas PipeËted out and Èermed the "unf raetionated cel_l_s,, "

The original ce11 suspension r^ras termed "whole cer.1,,(FÍgure ,]7) ,

The bioger with cer-rs attaching to ft was washed wlth
15 nl . of PBs and r,¡as resuspended Ín 5 ml . of pBS " Fif t y ]tg of
o(DNP-1-ysíne HCl rüas added to the solution and the suspension
üras lef t on the rotator at room t.emperature f or t hour. The

tube wiËh the suspension was ref t upright. trrlhen the ger settled
down, the suPernatant whlch contaíned cel-1s termed theufraction-
ated cel1s r $ras pf pet ted out . The ceLl-s were cent,rif uged down
and washed Ëhree tfmes r¡iËh 15 url . of pBS 

"

The Dissociation of the Antigen Bfnding cetr with
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Flgure L7 The EPM of cel-ls versus percentage of

cel-1s hf s Éograms f or the whole ceLl-;

fracËionat.ed and unfracÈionated ce1ls

with BioGel- P6 400 mesh ' EPM taken in

PBS, pH 7 .2. Current appi-ied 5 ¡nt1Lf anperes.

FieLd strength B0/35 v/cm.
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All Ëhree kinds of cell_s vrere adjusted to have

10- celLs per nl". The víability hras derermined with Ëhe dye

exclusíon test. The vfabflÍty Ìras found to be hfgher than

95"/". The EPM was observed (Figure 17) 
"

(b) Result and ConcLusíon

It r¡as found that 9% of cel-1s could be fractÍonated

by the above method. The speclflc cell-s fractíonated by the

column r¡7ere richer fn the 1ow electrophoretic nobillty celJ-s; as

f or the unf ractf onated ceL1-s, the reverse üras true " But the

contamínaË1ng populatÍon $/as stf 11- f airly 1-arge. The non-

specifÍcity of the rspecífíc? affinity chromatography nLght be

due to Ëhe sËlckness of the cel-1 surf ace o Hence t,he non-,

specific cell-s would be expected to aËtach to the beads also.
chollet et al. f ound that rhe low EpM celLs (Lg,gT. of the whoLe

ce11 populaËion) could adhere to Ehe nyl-on wool, and were

po:íËive wf rh f luorescein anribody ro ù--g1_obulln (259), they

ürere B lymphocytes . The h igh af f lnÍty ceLl-s couLd not be

displaced by the Ê(DNP-lysine HCI-, some of Ëhe hapren and DNp-

lysine used for displacing Èhe specffic bfndfng eell-s frorn the

coLumn nfght bind to Ëhe hapten speclfic receptor on the cel-l_

surface causlng difference 1n thefr elecËrophoretíc nnobil-ltles

as conpared with the experÍments done r^rith the I DNP*PtL pol-yrner.

FurËher studies on the varlous problems associated r,¡íth affínity
chromatography should be performed.
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VI. THE TMMUNOLO ICAL SPECTFTCITY OF THE HIGH ELECTROPHORETIC

MOBILITY LYMPH NODE CELLS

(a) Material and Merhod

c3H and AKR nice rüere obtained from Jackson Lab" c3H

thymocytes T¡¡ere prepared from young c3H nice by Ëeasing the
thymus 1n 5 nl" of RPMI L64o cul-Ëure medlum ç¡Íth 5"Á f oetaL calf
serum Ln a petrÍ dlsh. A pooJ. of three anfmal_s sra.a used " For
immunÍzation, r06 c3H thynocyËes in 0"5 nr. kTere rnjected fn-
travenously through the tafL veln Èo AKR mfce weekly. The serum
was eollecÈed at the end of the seventh week (zz4r 19r.).

Uslng gulnea plg conplement, the eytotoxfc acËåvíty
of the anti-ê serum vras tesËed on normar n/.1 mice Lymph node
cel-1s ueing the trypan blue dye excrusf on tes t . ït rüaa f ound

that about 62"/" of the lyrnph node ceLls of the normaL anlmal-s
were killed by anti-ê anËlserum (f- nL. of anti-o serum Ëo LO6

l-ynph node cell-s wrth 2 nr. of fresh guinea pÍg serum for r_ hour
at troom temperaÈure).

The damaged cer-ls \ùere removed by the method of Boehmer

and ShorËman (231) 
' usÍng 1or¿ ioníc strength medium on a sma11

glass r¡oo1 coLumn uade by a sÍLíconÍzed pipeËte. The vÍabílity
of Ëhe ce11s af ter passing Lhrough the col-umn was more t.h¿* gsy" 

"

(b) Besul-t and ConcLusfon

rt was found that treatment r¡¡iËh Ëhe anËi.-Ð serum of
the lynph node cel1s eourd selectÍvely depLete the high electro-
phoretÍc mobiLÍty cell_s (FÍgure 1g) " Hence the hÍgh EpM cel_l_s
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Figure l-B The EPM of the Ã/J ]-ymph node cells af ter

Ereated wj-th antí-@ serlrm (1 ml- " of antl-O

serum, 106 lymph node ce1ls and 2 mL" of

fres?r guinea pfg comPlement,)rtlere Íncubated

for I hour at room temperaËure.
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bear Ëhe O antígen and are thymus dependenË. In the prevlous

chapter, it T¡Ias establlshed that the high el-ecËrophoreËic cells

$rere not hapten specif 1c.
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VII. THE EFFECT OF NEURAMTNIDASE ON THE CELL SURFACE CHARGE

PROPERT ] ES

SiaIic acid had been quanËltativel-y the most importanË

identif ied anioníc group on the surf ace of ceLl_s (l_29, L24, zz5 
"

347 -354) " The difference ln rhe number of sial-ic acLd groups

exposed on the surface of 1ymphocytes urlght be responsible for
their dffferences ln electrophoretÍc nob111ty. Neuramlnidase

treatment of control- and lmmune cel-l-s woul-d reveaL changes fn
net charges due to siallc acid"

(a) Material and Merhod

cho lera

r¿lth 105

in 5 rnl.

EPM were

(b)

The Treaturent of Ce11s wíth Neuraminídase

The control- and lmmune cel-l- vJere treated with vlbrfo
neuramínídase (Behringwerke, Marburg au Lahn" Germany),

ce11s/n1, in solution contalning 5o unLÈs of enzyne/n1-"

of PBS pH 7 "2 at 25oC f or 30 mfnut,es.

The cel-ls hTere then washed wíth 15 m1" of pBs and Ëheir

t aken

Result. and Conclusíon

Nordlfng er aL, (LZ4) obËained a single EpM peak of

lymphocyËes treaÈed wfth neuraminldase ínstead of the original
binodal pattern. I{e observed Ëhat the low EPl"i cel-1s appeared

to be more resistant to neuraminidase dtgestion whÍ1e the high

EPM cel1s rüere completely reduced ln theír EpM (Figure l-9, 20).
Thís nlght be due to the presence of Ëhe hlgh number of hapËen

receptors or surface immunoglobulins on the 1ow EPM cells whfch

covered up some of the sía1ic acíd mol_ecules (346). The resul_t

índícated that slalfc acid vras responsibl_e for conËribuËing

nainly to the cel1 EPM.
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Flgure Lg The changes of the EPM of the control

wÍËh neuramínÍdase.
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Fi.gure 20 The changes l-n EPM of the immune cel-i- wlth

neuraminidase.
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VIII.THE EFFECT OF IMMUNOSUPPRESSIVE DRUG (CYCLOPHOSPHAMIDE

TO THE LYMPH NODE CELL DISTRTBUTION)

Turk and Poul_ter (227) and I^Iilg (191_) had índependenrly

reported that cyclophosphanide coul-d depress Ëhe ímmune response

by an a1kylating reacËfon. rt lras ímportant Lo observe Èhe

different capacíty of the action of thls lmmunosuppressive drug

on the B and T cells.

(a) MaËerial and Method

The Preparation of the Aninal

Normal- healthy 6-8 weeks A/J nice f rom Jackson Ìùere

ínjected intraPerÍtoneally 7.5 ng of CycJ-ophosphanide (Pharnacfa)

in 0.2 ml " . The animal-s r^rere sacrif iced af ter Èhree days " The

EPM of the reglonal lymph nodes was observed,

(b) Result and Conclusíon

AnaËomÍcaLLye atrophy coul-d be observed on Ëhe lynph

nodes of the treaËed animals. The popuLatlon of the f,ast Epl'l

cell-s (T ce1-1-s) remained intact while the Low EPM cells (haptenfe

bindtng ce11s) rrere depl-ered (Figur e 2L) ,

This could be explafned by that cyclophosphamtde, as an

alkylaÈing agent, r^ras capable to ki11 the more active dividing

ce11s. The B ce1ls I¡Iere short lived 1-ymphocyt.es and. Ëhey turned

over much faster than Ëhe T cel1, since the latter hras mostly long

lfved lynphocytes" The B cell populatlon was expected to be

depleted much f aster Ëhan Ëhe T cel-l- s (226) " Hence in concLusiono

the low EPM cells (haptenic bíndlng cel-1s) rdere B celLs,

Treatment of aníma1 r.rÍth cyclophosphanfde night form

an alternatíve method Ëo select the T ce11s f.n vfvo.
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Figure 2L effect of

l-ymph node

The

the

the cycloPhosPhanide on

cell poPulaEf on in vlv-o "
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MACR0pHAGE ELECTR0pH0REI'lC t-{IGRAI tON (MEM) TEST FOR

LYMPHOCYTE SENS ITIZATION

The macrophage slowing factor from the sensftized

lymphocyte had been demonstrated by many workers (26, 2B-31, 33,

55-57, 141, 2L4, 2r5). rn this section, tymphocyEes from mfce or

guinea pÍgs sensitive to specific tumor antigens or to synËhetlc

anÈigens r^7ere found to release a factor(s), which upon exposure

to the specifíc sensttizing ant.lgene was able to reduce the

eLectrophoretic mobÍlity of normal guinea pig peritoneal macrophages.

(a) l"lateríal and Method

cavity of normal guinea pígs with 10 m1. of minfmal Eagle,s

medium. Bef ore use, the cells krere washed three Ëi¡nes wf th I5 ml

of PBS and adjusted to a concentration of 106 cells/m1" one m1,

of peritoneal nlacrophages were míxecl with 5 m1 . of contror or

tcqt super¡latants and íncubated for t hour at room temperature

on a rotator. The macrophages v¡ere washed three times wfth pBS

again' I¡7ere resuspended \ntith PBS and the electrophoretic mobility
r,ras ilefcrnlinecl.

test, i.e. immune reaction of syngeneíc (strain 13) guinea plg

lymphocytes against a nìethylcirolanthrene Índuced. tumoï (Mc-D)

in viÈro (2'28 
' 363, 364); rhe reaction of rymphocytes f rom A/J

mice bearing a methylcholanthrene induced. sarcoma (1509A) agalnsÈ

tumor cel1,s; and finally tbe reaction of. lymphocytes from A/J

nrÍcc imnunized with bovine serum albumin conjugated with

IX

The Treatment of Gulnea pig peritoneal Macrophaee

Macrophages r^rere obtaíned by washing the perltoneal

The Macrophage Electrophoretic Migratfon (MEM) Test

Three immunological systems \,Jeïe studied with the MEM
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dinitrophenol (DNP35-BSA) to the immunizíng anËigen. The resul-t,s

of the MEM tesË for three immune systems r¡rere presented in

Table III, IV and V respeetiveLy.

The In Vftro SysËem

A strongly anËigenic methylcholanthrene-induced sarcoma

D (MC-D), LransplanËab1e fn lnbred Sewall- l^Irlght straLn 13

guinea piB, r,ras studied by I. Berc zL eE aL" wlth in vftro cuLture

technique (228), The emergence of ,t; * ,rtnn"*t;rr"

vras observed in the MC-D Ëumor line ¡ câpable of rapidly destroying

the tumor cel-1s ln the cu1Èure, In the first group of experiments

thls culture system r¡ras invesË1gaËed where tumor cel-L desËructfon

took p1-ace in vitro, by lmmune syngeneic lynphobl-asË ceL1s. CeLL

free supernatants of pure tumor cel-1 cultures without the

syngenelc lymphoblast cell-s \^rere col-l-ected and used as control,

Ëhe test supernaËants were collected from cultures where tumor

cell- destruction took place by immune lymphoblasts" Macrophages

( 10" ceJ-ls) of. normal guinea pÍgs ürere exposed to 5 nl- . of Ëhese

control and test supernatanËs separaLeLy for one hour at room

temperaËure on a rotator ín a t,esË tube at diluËlons gfven ln

Table III " There vras a progressíve decrease (22-26A%) fn the

macrophage electrophoretíc mobiliÈy with increasing eoncentration

of test supernatanËs. The macrophages exposed to the concentrated

tesÈ supernatants (Experiments 10, 11, L2) acËuai-l-y migrated

Ëo the opposíte dírecËion (cathode) r^rhile Ëhe macrophages exposed

to the conErol supernaËanËs were heading for the anode"

The In Vivo Systeûr
6In Lhe second group of experiment,s (Table IV) L0- lymph

node cel-l-s from normal virgÍn A/J mice (N) and those bearLng



L07

TABLE TII

ReacËion of syngeneie guinea pig (sËrain 13) ryrnphoblasts
against a methylcholanthrene induced sarcoma (Mc-D) rn vitro.
Macrophages in control have been exposed to ce11 free supernaË-
ants of Mc-D eultures. rn the test, system supernatants of
cultures, wiËh immune lynphoblasts rüas used. Negative nobl1íty
values (experiments l-0 L2> represent a complete change in
macrophage charge o so that they migrate torrrards the cathode
lnstead of the anode.

THE MACROPHAGE ELECTROPHORETIC
MIGRATION (MEM) TEST FOR LYMPHOCYTES

SENS IT IZATION

(a) In Vit¡o System

The MCD Guínea Pig Strain XIII Tumor Syst,em

Expt. /i Control (MCD Sup) Test (MCD + LBC) dtlutton 7" decrease

+t1.

+t2"

+

+t4,

+t
t
t
t
t
+

+t
+

t3.

+6.

+

+

+

+

7"

8"

0.5615

0.56L6

4.5204

0.5600

0.5450

0.5340

0"5810

0 " s500

0.5601

0.5318

0.5318

0"5318

0.0300

0.0010

0.0L00

0 .01_00

0.0100

0 . 0141-

0.0010

0"0331_

0 " 0300

0.01_73

0.0173

0.0173

0 .4 187

o "3649

0.3661_

0.3400

0 .37 84

0.3511

0 " 3846

0.36s0

0 " 3550

-0.9s43

-0,79L6

-0.7951

0.0100

0 .0100

0.0200

0 .0 200

0 " 0100

0 . 0141

0.0223

0.0282

0.0400

0.0284

0.0363

0.0233

25.43

35 .00

29.65

22 "00

29 .13

34.25

33.49

33"63

32 "00

260.00

248.00

249 .00

L/6

1ltt

L/4

Ll4

L/4

L/4

L/4

rl4
Llq

L/t
111

L/t

q

10.

11.

12"
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TABLE IV

ReacËion of l-ynph node cell-s from A/J mfce bearfng a methyl-
cholanthrene induced sarcoua (L5094) to L509A celLs
(experirnents 13 l-5 ) or to l-5094 tissue cuLture supernatants
(experiments l-6, 17) .

THE MACROPHAGE ELECTROPHORETTC
MIGRATION (UTU¡ TEST FOR LYMPHOCYTES

S ENS IT TZAT ION

(b ) ln Vivo Sys tem

The 
^/J 

L5094 Tumor Celi- System

Expc. /l ConÉroL (15094 TesË (15094 % decrease
Tumor cel-1 õ N eell-) Tumor cel-l- ë I ce1-1s )

13. 0.s617 t 0"0374 0,3106 t 0.0244

L4. O.s7r4 10.0616 0"4133t0.0346

l-s. 0. s614 t 0 " osl-s O.4zs8 t 0. o4sB

44.70

27 "66

24 "L5

Expt. // Conürol (1-5094 Tesr (L5094 % decrease
supõç cell) supe Icell_)

L6. 0. ssso t 0 "0424 0 "3s26 t A.A264

L7" A.5620:0.0390 0.4L73t0.0700
36.47

25 "73
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sarcoua 15094 ( r) (gifts from Dr " s . Fuj Ímoto) were exposed

separately in 5 nl. of PBS for I hour at room temperaLure on a

rotator to 106 15094 sarcoma cells taken from another animal

(Experiment 13) or from tissue culture (Experiment L4" l5). rn

Ëhe oËher experimenËs (L6, L7) the lyrnph node ce11s (N and r)
I¡rere exposed only Ëo 15094 culture supernaËants " The ce11 f ree

supernatants T^7ere obtained by cenËríf ugatíon at 1r 500 rpm f or

15 minutes " The normal guinea pig perltoneal macrophages r¡rere

exposed to the supernatants under the condfËions as described

before. Theír EPM were determined after washfng. Table rv

shor.red that lnhíbitions of macrophage el-ectrophoreËic mobil-fty
tl'lere detecËed rangíng f rom 24 - 45% "

The Artífícal_ Syste¡n

rn the third group of experimenËs (Tab1-e v), artlf Lcal-

antígen, DNPâ.-BSA was used " A/¡ míce r¡rere immunrzed wiËh 20J.)

ltg N of this anËigen emulsif ied r¿íÈh equal amounts of Freund 1s

complete adjuvant and fnjected lnto Ëhe foot pads at a totaL
volume of 0 "2 ml " The animals \47ere boosËed rr¡ith Ëhe same dose

of antígen subcutaneously on Ëhe back, Regíonal lymph node ceLl-s

\¡/ere excised from immunLzed animal-s four days after the second.

ínjectíon. In experl-ment 18 of Tabl-e Vo LO6 normal or immun lzed,

lymphocytes r,Jere exposed Ëo 0.1 mg. of antigen. rn ExperimenË 19,
q

10- lymphocytes \^rere exposed to the same amount of antígen for
one hour ín PBS at room Ëemperature on a rotator " cell free
supernatants r¡7ere obtaÍned by centrif ugation as descrlbed bef ore.
The supernatanËs then T¡rere used for íncubaËion wíth macrophages.

The data of macrophage elect.rophoretíc migratÍon rras presented.
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TABLE V

ReacLion of lyrnph node cell-s from míce fmmunized wlth
dlnitrophenyL-bovÍne serum albumfn with the specific ant,fgen
(DNP35-BSA).

THE MACROPHAGE ELECÎROPHORETIC
MIGRATION (MEM) TEST FOR LyMpH0CyTE

SENS ITIZAT ION

(c) Artlficial Sysrem

The ÐNP SysËem on rhe A/¡ ttice

Expt ' ll control- (DNP"E-BSA Test (nNplq-BSA % d,ecrease
õNCell) " õIcelL)"

L8. r"1317I0.07s4 0"4660 tO,0574 58.82

19. 0"9t29 t O"O7O7 0.69s1 t 0.0842 23.85
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in Table V. r t Ìr¿ìs evÍdent th¿ll higìrer number of immune

lymphocytcs g¿rvc rise Lo a lligher pcrcentage of inhibltÍon.

Peculíar1y the electrophoretic mobillcy of macrophages exposed

to control sttp(ìrnatanÈs vJas mt¡ch higher than values obtafned fn

the previous expcrimcnts. This might be explained by the

possibilíty rhar some of rhe DNp35-BSA (a híghly negatlvely

charged antigen), might adhere to the surface of macrophages

non-specífica11y, íncreasing Èhelr orlginal negaËfve charge, and

resulted in a higher electrophoretic mob11tty. other possibtltties

could not be excluded aÈ this point.

(U) Result and ConclusÍon

The results indicated that mouse and guinea pfg

lyntphocytes sensitized to tumor or synthetlc antl-gens released

a factor which \ras able to decrease or conìpete1-y change the

negative charge of normal guinea pig macrophages. Thls factor

\,rag produced during lymphoblast mediated killing of cumor cerls
Í¡r viEf:o (363) ¿rs well as by lymphocytes of tumor bearlng mice
upon'exposure to intact tumor ce1ls or even to ce11 free supernat-
ants of Lunìor cell cu1 tures wíth lymphoblasts. This latrer experfment

irrcl ic¿lt€ìtl tlrat lllt' tumor "Antigcrn' interacting wlth the sens LtLzed
lymphocytes vTas released at least in the case of 1509A sarcoma

during in viEro culture. The fact that this macrophage electro-
phoretic mÍgratíon slowlng factor obtained wtth mice immunLzed

with DNP-tssA strongly supported the assumption that thfs factor
v/as released by the sens ítj-zed lymphocytes during the int,eraction
with antígen. We did not knor,¡ whether thfs factor was identical

to MrF or Èo the l-eukocyte adherence inhíbition factor (365).
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I^Ie had no evidence at Ëhís moment, Lo know whet,her t,he antigen

Ínvolved ín these animals Ëumor sysËems r^ras sinÍlar to the

encephalitogenÍe proËeÍn as in Ëhe case of human Ëumors.

However, Ëhe great, siní1ariËy of Ëhe behaviour of human and

animaL lynphocytes from Ëumor bearing hosts suggested that
anfmal models might be used to obtain more informatlon about

Ëhe nat,ure of this reactíon under utore careful-ry controlLed

experimenËal conditfons
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-GENERAL DISCUSSION

Many Procedures had been developed Ëo enrich Ëhe

specÍfic lymphocyËe subpopulations. The erythrocytes could

be removed by Ëhe combíned phagocytosis with the density

gradienËs cefitrífugaÈion (367, 368). MonocyËes and granulocyËe

(and plaËe1ets) could be depleted by passÍng the leucocytes

through a column of glass wool (369), coLton batting (370),

nylon fibres (371) or glass beads (SlZ¡ " ParË of the B

lynphocytes \,ras found to adhere non-specifically on nylon

f íbre column (330). Human T lyurphocyLes vlere shown to have

receptors for sheep red blood ce1ls (SRBC) (332, 333) while

B lyuphocytes ti/ere demonstraËed Ëo have monkey red blood cell-

recepËors (334) and Fc receptors (335, 336) " They formed

roset,t.es when íncubaÉ.ed wíËh Ehe red cel1s alone or with antibody.

I¡Iith cenËrifugatlon on a densiËy gtadíent, the non-rosetÈed

ce1ls \¡rere separaËed out at the lnterphase, the rosetted cells

in the pellet míghÈ be harvested by the 1-ysis of the SRBC wiËh

a hypertonic solution. However, there r,l'ere díf.f. ículties

associaÈed with the competitíVe displacemeni of Ehe cells out

from the specific hapÈen lmmunosorbenË by Ehe dialysable hapten

(87, f88). Cell electrophoresis \^zas developed Eo ínvesLigaËe

Ehe different surface charge properËies of Ehe immunocytes,

as a possíble specific ce11 fractfonation technique-

The non*po1ari,zíng reversíble silver-silver chlôride -

elecÈrode gave no gas formaÈion fn Ëhe electrode compartment

so thaË Ëhe net elecËrophoreËic mobility could be measured

(SectÍon I), The EPM of red cells r,¡as found Ëo be fairl-y
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consËanË (1) due to Ëhe relativeLy consËant charged rnoietÍes

on the cel1 surface. The value of EPM with Ëhe calibration

of the author?s red blood cells was L,28 t 0.03 micronf sec/,volt/cn.

at the staÈÍonary phase in our ce11 electrophoresis system whích

agreed wlth the 1lteraüure (Table II). The immunlzing antigen

used 1n these sËudies vras DNP35-BSA which was negatívely

charged. The peaks of Ëhe bÍrnodal EPM prof ile f or the lynphocytes

from Ëhe immunized animals were slower than that of the control

one (Figure 3 and 4, Section II) , verifying the finding of Rhle

and Sehon (L49) in the inverse relatlonshlp beÈween the immuno-

cytes and Ëhat of Èhe immunf zl-ng anË1gen. The low elect,rophoret,fc

nobí11ty cell- subpopulatlon was higher ln percentage Ëhan the

high electrophoretfc mobility ce11 subpopulation for the

immunized animal lynph node cell-s as compared with that of the

control anfmals. B ce11s, T ce11s, mast ce3-1s, granulocyËes

and basophils r^rere shown to possess receptors wfth varfous

types of Ig specificiËies (247, 25Lo 337). B lynphocyÈes rilere

shown to bínd Ag-Ab complex (338, 375) and fluorescein-1abe11ed

aggr:egated Ig (339). Addition of anti-Ig sera to culture of

lynphold ce1ls in vltro could stimulaËe metabollc ehanges and

ce11 proliferation (158). With radlo-iodlnaLed specifie

anËisera to Ig, the uptake of radloactivitÍes by the ceLls

could be demonstrated by radloauÈography (L25, 373) " QuantiÈatíve

deËerminaËion of the amount of membrane bound Ig on lynphold

cells had been made by the bÍnding of horseradish peroxidase

labeled anÈibody (374). In EPM study of human lynphocytes,

the pret,reatment with polyvalent antísera caused a reducËion
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in Ëhe neÈ negative charge of cells (16) " clona1 selectÍon
concepËs held Ëhat the inËeraction of antígen r¿ith specífic
preformed Ab receptors on the ceLl surface triggered clonal_

proliferation, The membrane-bound rg on Ëhe lymphocyte surface
courd have been derived exogenoúsly by the rg bound Ëo it
Èhrough the Fc recept,or on Ëhe lyrnphoe/tes surface (LZ, 335, 336)

or had been derived ,enðogenously f rom the lyrnphocyËes themselves.
The Low electrophoretj-c cel1s night have more recepËors for the

immunizing ant,igen than that of the hígh el-ectrophoretic
nobility ce11s, hence fn response t,o the antlgen, they proli-
f eraËed more than the 1aËter. I^If Ëh quantiËaËive studies in
the upËake of 125r-label-red specÍf ic anÈíbodles Ëo rg u it rÍas

shown that the B cel1 popul-ations hád abouË Lqo to 440 tlmes

more anËi-rg bínding sítes Ëhan T cell populatÍons (tzs). The

low electrophoreÊic cell-s could be considered Ëo be B cells
while the high electrophoretic celLs lrere I cel-Is (5 , L24, L76,

LgL" 193, 259,355). rn the case of the cel-l-mediated lmmuniËy,

the subpopulaLion of Ëhe hígh elecLrophoreËfc mobility ce11 was

J-arger than rhat of Ëhe 1ow electrophoreËic mobility cell_s (77)

since T ce11 rrras responsíb1e most. ly f.ot the ce11-mediaËed lnmunity"
The electrophoretic mobiLity of the immunocytes could

be altered wl-th the specific incubatÍon of the immunizaLj-on

antlgens (L49, 168). using different synt,hetic polyionic
derivatives of DNP-PLL as Lhe incubaËing anËigen, (section rrr),
half of Ëhe 1or^r electrophor.iic mobi1lËy ce11s of the immunized
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animals r¡rlth DNP35-BSA r.ras alËered in their EpM, whil_e the

high el-ecËrophoretic mobilfty cell- subpopulatlon remained

relatively the same indicatfng that Ëhe 1ow electrophoretíc
nobflity cell- popuJ-ation conËained ceLL subpopulatfons which

could btnd to the haptenic det,erminanË DNp specf f lcal j-y 
o

posslbly through an antfbody-like receptor or by the cell bound

antlbodies on the plasma ce11É¡ or L celLe (z4g), !ùith other
antigen and anfmal- systemg, the percentages of anËfgen binding
ce1ls rTere reported Ëo range f rom 0 " 002 to I (g 22) . Hor¿ever

Ëhe sensfËivity of dffferent assaying technfques varied a Lot.
The speclficity of the alternation of the EpM of the l_ow

el-ectrophoreËlc mobility ce11 by the fncubatfon wfËh Ëhe

antigens in the immunlzed anfmal-s reported in thfs study was

furnished by Èhe fallure of the incubatfng ant,igens to change

Èhe EPM profile of the control animals.

The fnhibftion test performed with the dialysable
hapten DNP-lysine HCI r¡as incompletç, probabl-y due to ühe

dlfference in the affiníËy beËsreen the anttbody-lfke recepËors

and the incubatÍng antígens. The incubating antlgens, ,¿DNp-g-

polyLonlc derlvatives of l-ysÍne, night block the competftfve
bindfng by the díaLyzable hapEen by Ëhe vfrtue of the length
and eharges of theLr carrier. Durf ng t.he r¿ho1e process of Èhe

experimenË, the cells had been shown Ëo be llvÍng by the trypan
blue viability test. rt had been shown that the physíologically
actlve antigen blnding celrs could regenerate thefr receptor
(232) within a maËter of few hours. slnce iË night also be

possÍble that some of the receptors of the lynphocyËes were
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regenerated at, the time the dialysable hapËen was incubatlng
wiËh the cel1s.

Using ce11 electrophoresfs and c{DNP-€-isoËhiocyanate

fluorescein L-lysine as Ëhe incubatfng hapËen, it was possibre
to identify the hapten bÍndÍng cells by the broader and Líghter
Ëracks on the black and r¿hiËe photo negatives (section rv).
Actua11y, fLuorescein labell-ed ce1ls had been inJected Ëhrough

a glass-nozzLe in a very dfluËe concenËraËion, and excfËed

by a beam of light, the emissíon was detected by a phot,omultiplfer
which would excíüe an elect,ríc fie1d. The cells travellÍng
Ëhrough the elect,ric field would Ëhen be deflected and coLl-ected
in Ëhe tube ar the bot,Ëom of the apparatus (376) 

"

The isolaËfon of the hapten specific bindlng cell_s

by DNP-BioGel affiníty column was shovrn Èo have problems

ínvolving Ëhe non-specfffc bindÍng of the cells to the gel by

the virtue of their stickiness on the cell- surfaces (Sectlon V).
Also the cells wlth hfgh affinity receptor to Ëhe hapten v¡ould

not be able to be eluted out by the free hapten"

The T ce11s carried ê antigen on theír surfaces (r_43,

L44). The selective depletion of the high electrophoretic
cel1s by the anti-g antisera indlcated the presence of r cel_1s

ín that subpopulation (Section VI) 
"

The densíty of the exposed sialic acid on Ëhe surface
of ímmunocytes determined theÍr electrophoretic mobiltty (L24,
346, 347 , 350, 351) . The B cell subpopulation r,.ras f ound to have

lower el-ecËrophoretic mobí1iËy than the T ce11s, probably due
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to Ëhe fact Ëhat the surface of the B ce1ls had more Ig-lfke

receptors to the imnunizing anËigens (346, 355, 356, 359) and

covered up some of the síal1c acÍd. ThfÉi assumptfon was

further supported by Ëhe fact Èhat the B ceLls r¡rere more

resísËant to neurarninldase dfgestlon than the T cells (Section VII).

IÈ had been shonn Ëhat B cel-ls hrere short llved

lymphocyEes, and they turned over much f aster t,han the T cel-l-s

(51, 166). CycJ-ophosphanide¡ ân lmmunosuppressive drug, r/as

able to kf 11 the dividing ceLl-s by an alkylarfng reactfon (226) 
"

AfËer the ín vÍvo adminlstratlon of 7 .5 Eg " of cyclophospharnfde

to Èhe mice after 3 days, the low electrophoret,Íc mobillty

ce11s r¡rere f ound to be depl-eted (SecÈion VIII), conf Írning

the fíndÍng of Turk and Poulter (226) e suggesÈlng Ëhe posslbLe

selective depletion of B cells by this lmmunosuppressfve drug.

The practíca1 use of ce11 electrophoresLs as a tool

ín .ímmunologíca1 sËudies, uËlJ-Ízing the ce11 surface charge

propertÍes r^ras investigated (SectÍon IX). Lots of experiment,s

had been done by many workers involving the deÈection of

lynphocytes s@ssltized to human t,umor antfgens (26" 28-31,

33, 55-57 o L4L, 2L4, 215) . Anímal model-s &rere enpl-oyed 1n our

experiments; the guinea pfg MCD tumor sysLem, the A/J rntce

15094 tumor system and the artífícial DNP sysËem rÁrere

ínvestlgated. In al-L the experlmentso rned{ator(s) rüas neleased

specífically by the sensiËlzed cells upon the fncubatlon with

Ëhe immunizing antl-gens. The factor(s) was probably a

positi-vely charged proLeín material which could bind non-

speclfically to the normal peritoneal macrophages of the guinea
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pig " The possibilíËy Ëhat thls f act,or vras an antigen-antibody

complex could not be ruled out (207),
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CONCLUS ION

I4lith a !Jell constructed mícroel-ectrophoresls chamber,

the elecËrophoretic mobility proflle of lyrnphocytea were

, analysed. The high EPM ce11s $rere demonstraEed to be T eells

by means of the selective depletion by the anti-O antlserum.

The low EPM cells of the lynph node were demonstrated to be

B cells by their binding capacity with the charged hapËenu by

an fmmunofluorescence technique, Ehe rrselectivett depletlon by

the fmmunosuppressive drug ¡ cyclophosphamide, and by Lhe

hapten bindíng aff inf ty column. The eff iclency oÍ. ce11

fracEionaEion by the affinity column had to be quest,ioned

owing to the natural stíckiness of Èhe ce11 surface and also

because of ¿he difficulties Ín eluting Lhe bound ce1ls effecLfvely

wíth Ehe lì¿rpten.

The abílity of the hapt,en wiËh the different polyionic

charged carriers to identífy the speclfic populaËfon of Ëhe

hapten bindlng cells by Èhe ce11 electrophoresis Èechnique

provided an alternate method for specíffc cei-l fractfonationo

especially with the help of the preparative deflectlon-

conEinuous free flow electrophoresís apparatus. The main

advantag,es of the nethod suggested above were Ëhat l-t combÍned

the immunochenrical specificity r^¡it.h the mfldness of f,ree flow

electrophoresis and dÍd not involve Ëhe contact of. cel-ls r,¡ith

solid surfaces (as would be in the case in the affinlty

chromaEography). However, the possibility of the regeneratlon
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of the receptors and rhe difficurties of dispracing out the

incubating antigen would add to the problems.

In princÍple 
' Èhis method of the possible fractLonat,Lon

of Ímmunocytes wiEh highly charged conjugaEes had the capaciÈy

to be extended Eo the fractionatíon of immunocyÈes sensLtLzed

to Èhe rnore c<-lurplex antlgens (e.g. Èransprantatlon or tumor

associaÈed antigens) subJ ected to being able to attach covalently

polyionlc molecules t,o these anLf gens. But more paramet.ers had

to be adjusÈed to ensure the proper interpretatlon of the data.

rt v¡as also anEicipated that this method mÍght prove

valuable for the elucidaÈion of the repertoire of .cel1s involved

in the delayed type of hypersensitivlty and ín the celr

cooperation. Thus, by using a hapten attached to the polyionfc

rnolecules, which differ radicalry from that of the r carrier t

of the sensitizing antigen, one might be able to isolaËe, by

defrection electrophoresis, the hapten-specific binding cells;

sÍrnirarly one wourd be able to isolate the cel1s reacting with

the Icarrierr portion of the antigen by aEEaching the rcarrierr

fo an appropriaEely charged polyionic group.

Trre macrophage clectrophorctlc rnobrltty lnhibrtr_on
Èest for lymphocyte sensj-tLzation rnÍght be developed into an

extremely sensitive method. The factor responsÍble for Lhe

Ínhibit i.on \,rras specif ically rereased by Èhe sensiËized lymphocyËes

during the incubation wíth the antigen. rn order Ëo erucldate
the role of this facEor in the immune response, the rel_atlonship
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beÈween fË and MIFe or Ëhe leukocyte adherence inhibition facÈor,

or other lyrnphokines will have Ëo be esËabLished.

The ce11 mícroelecËrophoresis meÈhod appears therefore
to be a useful tool for immunological research and hence additionaL
studies for investígaËing its potentíal- appears to be Justffied"
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CLAII'1 OF ORIGINALITY

1. A microclectrophoresis ce11 vras consÈructed which provided

optimal conditions for ce11 elecÈrophoresis.

2. The EPM profile of the cont,rol A/J Mice lymph node cells

\¡Ias f ound to be bimodal o and peaked at 0.8750 and 1.4000

micron/sec/v/cm. The EPM profile of the Immuned Lynph Node

Cel1s v¡as found to be bionodal and peaked at 0.8176 and

I .34L7 mi cron / sec / v / cm.

3, .d DNP-PLLt5 
, OOO and I50,000 and Èheir derivaÈlves were

synthesized and vrere found to be able to Lnduce specl.ffc

changes of the EPM of the low EpM j-mmuned cell populatlon.

4. The hapten bindÍng ce1ls \^rere ldent,if ied r,¡f th an lmmuno-

fluorescence technique.

5. The efficiency of the hapten affinity chromat,ography method

for ce1 I Ísolation $ras questioned.

6. The dcpl-ction of the hlgh EpM cell-s ¡rf th anti-o antiserum

r{as conf írmed.

7. The contríbution of sialic acid to the surface charge

propert ies of ce11s vras conf irmed . B lymphocytes \,rere f ound

to be nìore resÍstent to neuroaminidase dígesËion Ëhan the

T lymphocy Ees .

B. The possibirity of the depleÈion of B cells wlth cyclophosp-

hamide in vivo was confirmed.

9, Macrophage Electrophoretic Migratíon was demonstrated to

be a very sensitive test for lynphocyt.e sens ítizaÈÍon.



B lynphocyËe Thymus independenË lynphocyte '

C Control animals immunízed r¿ith FCA.

CMI Ce11 mediated ímmuniÈY.

DNBS 2 r4-DÍ-niËrobenzenesulfonic acid.

DNP35-BSA 35 molecules of diníËrophenol were coupled to
one bovine serum albumin mol-ecule.

o( DNP -PLL a( dinlËrophenol-P oly-L-ly sine "

DNP DínlËroPhenol 
"

EPM Electrophoretic mobilltY.

FCA Freund I s complete adj uvants 
"

GVH Graft versus hosË reacËiono

I Immunized anímal.

MBLA Mouse sPecifíc B lymphocyËe antfgen.

MCD Tumor methyl-cholanthrene induced aarcoma.

MEMIF Macrophage electrophoretic migraLion inhibitlon
factor.

A Cell

^/ 
J Míce

I,¡

PBS
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LIST OF ABBREVIATIONS

Accessory cel-1.

Strain A Mf ce devel-oped by Ëhe Jackson Lab. , USA.

Norma1 control anímal.

Phosphate buffer saline"

T lynphocyte Thymus dependenE j-ymphocyLe.

OAg eAll-oantÍgen of the mouse T lynphocyte 
"



L25

BIBLIOGRAPHY

1. Abramson, H.4., L.S. Moyer and M.H. Gorl-n (1964): Electro-
phoresís of Proteins and the Chemistry of Cel-L Surfaces,
Hofner Publishing Co" Inc., N.Y.

2. Aísenbêrgo A.G" and C. Murray (L972)e Journal of Immunology
107 (1) : 284.

3. A11ison, A.C. (1971-): Cel-l- Co-operatíon in Immunlty with
Special- Reference to the Mode of Actfon of AdJuvants in
'tlmmunopathology¡r, VI Int. Synposium, editor Mlescher " pp "79.

4. All-ison, A"C. (l-971): Nature 2332 330.

5. Anderson, L.C", S. Nordling and P. Hayry (1973) ! Cellular
Immunology 8: 235.

6" Askonaso B"A. and J.M. Rhodes (1965)¡ Narure 205: 47O.

7, Attardi, G., M" Cohn, K. tleribaÈa and E.S. Lennox (l-959):
BacËeriology Rev" 23: 2L3"

8. AugusË, C.S., E. Merler, D"O" Lucas and G.A. Janeway (l-970):
Cell-ular Immunology 1: 603 

"

9. Badger, A.M. , S "R. Cooperband and J,4. Green (1971) : JournaL
of Immunology 107: L259 .

10. Benacerraf , B. , I. Green and W.E. Paul (l-967) : Cold SprÍng
Harbour Symp. Quant,. BioL. 322 569.

1L. Barchí1on, J., K.K. Gershon (l-970): Narure 2272 7L

L2, Basten, 4., J"F.A.P. MilI-er, J, Sprent and J. Pye (L972b):
J. Exp . Med " 1-35 : 610 .

13. Becker, A.J. , E.A. McCol-1och and J.E. Tíl-1 (l-963) ; Narure
L97 ¿ 452.

L4" Benaeerraf, B. e I. Green and !ü"8. Paul (Lg67)¿ Cold Sprlng
Harbour Syrnp. Quant. BioL. 322 56a.

15" BerÈ, A.L" o D" Magsaro and J. MaJd (L968) ¡ Narure 2rB(5L46) z

1078

L6" Bert, G.o D.L. DiCaesano and P. Pecco (1969): Clin" Exp.
Immunol. 5: 669"

L7. Bert, G., J.A" Forrester and A.J.S, Davies (1971): Nature
Ner¿ Biol-, 234: 86"



L26

18 . Bier, M. ( 19 59 ) : El-ectrophoresís Theory ' MeËhods and
Application, Academfc Press, New York

19 " Bíozzí, G. , G, Stíffe1-, D. Moutor, M. Liacopoulos-BrioË 'C. Decreuseford and Y. Bouthíl-1íer (l-966): Ann Inst.
Pasteur Paris Suppl-. 3: 1l-0.

20. B1oom, B,R" (f969): Mediator of Cellular ImmunÍty' Academic
Press, New York, p. 254.

2L. Boyer, c. S . (1960) : NaLure l-85 : 327 ,

22. Boyl-e o W. (1968) : TranspJ-. 6z 76L.

23 . Boyum, A. (1-968) : Scand. J, Cl-in. Lab . Invess. 2L: SuPp . 97 ' 77 .

24. Brody, T. (l-970) : J. Inmunol. 105 z L26 ,

25. CanÈor, H. and R. Asofsky (1970): J" Exp. Med.13L:235"

26. Carnegf e, P.R", E.A. CasparÏ¡ J.P, Dickinson, E.J. Fleld
(L9 7 3) : Cl1n. Exp t " Immunol- . 14: 37 "

27 . CarnegÍe, P.R. , E.A. Caspary and E.J. Field (L972) z Proc.
Biochem. Soc . L26 z 5P .

28 " Caspary n E.A. (L97l-) : Nature Ner^r Biol . 23Lz 24.

29 " Caspary, E.A. and E.J. Field (1972)z Proc. Biochem. Soc.
L26 z 4P.

30. Caspary, E.A. and E.J" Ffeld (1971): Brlt. Hed. J. 2(5754)z 143.

31. Caspary, E.A. and E.J. Fiel-d (1971-): Brit. Med. J. 2(5162)¿ 613.

32" Claman, H.N. and E.A. Chaperon and R.F. Triplete (1966):
Proc. Soc. ExpË. Biol-. Med " L22z LL67 "

33. Field, E,J. and E.A. Caspary (1971); Brit. Med. J. 2(5754): l-19.

34. Claman, H.N. and E.A" Chaperon (1969): Iranspl-. Rev. 1: 92"

35. Cochrane, C.G. and E.J. Dixon (1962): Adv. Immunol. 2z 206"

36. Cohen, S" u P "4. trrlard (1971-): J. Exp" Med. 133: f 33.

37 , Cohn, Z "A. (1968) : Adv. Immunol. 9: l-63.

38. Cone, R.E. and A.G" Johnson (197lb): Gel1. Immunol. 3: 283.



r27

39 " Cooper, M.0., R.D.A. PeËerson, M.A. South and R.A. Good
(l-966): J. Exp. Med. L23¿ 75.

40 . Coulson, A. S . and O. G. Chal-mers (]-967) t Immunol. L2 z 4L7 .

41" Cudkowicz, G., M" Bennett and G"M.Shearer(1964)z Sci, L44: 866.

42" Crone, H. o C. Koch, M. Símonsen (L972): Transplant. Rev. l-0: 36"

43. David, J.R. (1971-): MígraËÍon fnhíbtting f actor and nediators
of, ce11ular hyPersensítivity in vitro fn "lgggggaþ.
Immunol-ogy", Academic Press, New York, editor B. Amos, p. 399.

44, Davido J.R., S. AJ--Askarl, H.S" Lawrence and L. Thonas(1964):
J. Immunol. 93: 264.

45. de PeËris,S. and G. Karlsbad (1965): J. Cell- 81o1.262 759"

46 " Detrdech, A.L . and C. H. Sehneider (19 70) : Bayer Syn.l: Carrier
Problems in Immunology, P. 32.

47. de George,A.M" (1965) ¡ J. Paedlat " 67r 907 "

48. Doenhoff , M.J., A.J.S" Davies, E. Leuchars and V. I^Ia11is
(1-970): Proc. Roy. Soc. Biol. L76z 69.

49 " Dresser, D.W. (1970): Inmunol. 18: 663"

50. Duf fus, I,{.P.H, and D. All-an (1969): Immunol. 16: 337 "

51. Everett, N.B. and R"I{. Tyler (l-967) z Ann. Rev. Cyto. 222 205.

52. Feldman, M. and R. Gal11ly (1967); The function of macrophage
in the induction of Ab production in x-irradíated animals ln
rr0nËogeny of ImmunÍtyrr, editor Surith, R. T. , R "A" Good and
P,4, Miescher, University of Fl-orida Press, Gainesville'
F Lorida, p . 39 .

53. Fishman, M. and F.L. Adler (1963): J. Exp. Med. 117: 595.

54. Físhman, M. and F.L. Adi-er (L967) z Cold Spring llarbour Syu.
Quant. Biol. 32t 343,

55. Field, E.J. and E.A. Caspary (l-970): The Lancet l(7657)z
LL44.

56" Field, E.J. and E.A. Caspary (1970): The Lancet l-1(7687)z 1337.

57. Field, E.J. and E.A. Caspary (1971): J. Clin. PaËh. 24(2)z L79 -



L28

58. Fishman, M., J"J. van Rood and F.L. Adler (1965): The
fnÍtiaLion of anËibody formaËion by ríbonucleic acid
from specif ical1y sËimulated uacrophages in 'rMolecuLar
end Ce1lular Basis of Antibody ForrnaËionrro editor
Sterzl¡ J. et a1.), Publ-fsher House, Czech. Acad.
Sci., Praque, p. 49L"

59. Ford, C.E., J.L" Hamertonu D.I^I .H. Barnes and J.F. LoutiE
(1956): Nature 2282 620"

60. Ford, C.E. and H.S. Micklen (l_963): The Lancet 1:

6I. Ford, trü.L. u J.L. Gowansand P.J. McCullagh (1966):
orf.gin and function of 1-yrnphocytes in"The thymus:
and Cliníca1 Srudiest! Ed . trloLsÈenho1-rnq G. E .I^I. and
Churchill, London, p. 58.

359.

The
Exptl-.
R. Porter,

62. Granger, G.4., G.E. Moore, J"G. White, P. l{aluzinger,
J.S. Sundsmoe S. Shupe, l^I.P" Kol-b, J. Kramer and P.R. GLade
(1970): Immunol-" 104: ]-476 

"

63 " Glasser e

of Intact

64" Glick, B"o
35: 224.

65. Gol-dsteinu
(1970): J"

68. Gowans ¡

69 " Gowans,

70 " Gowans,

7L. Greaves

J.L. (1959):

J.L . (L962) z

J.L " and D.D.

, M.F. (1970):

R.M. (l_964): Electric Charge and Surface Properties
Thesis, U.C" BerkeJ-ey.Ce1-1s o Ph. D.

T.S" Chang and K.G" Japp (1956): Poultry Sci"

4.L., Y. BaÈËisËoo Jr., H"M"A. Quint and A. White
Immunol. l-04: 359.

66" GoldsËein, P., R. WigzeS-1, H. Blomgren and E.A.J. Svednyr
(L972gz J, Exp" Med" 135: 890.

67 " Good, R.4., W.D. Kelly, J. Rotstein and R"L. Varco (L962)z
Prog. Allergy 6z 187 "

J . Phys io1- . (Lond . ) L46 e 51 "

Ann. N.Y. Aead " Scí . 99 z 432 
"

McGregor (l-965): Proc" Allergy I.

Transpl. Rev. 45.

72. Greaves, M.F., G. Torrfgianl and I.M. Roitt (1969): Nature
2222 885 "

73. Greaveso M.F., N.M. Hogg (197L): ce11 interacË1on in l-mmune
response, Proc. of 3rd Sígrid JuseLius Sylnposiuur, edftor
O. Makela, A.M. Cross and K" Tu, Academic Press e New York.



L29

74" Hakin, J., H.J" Grange, J. Boucherrot and p. Boivl_n
(L971): NouviLle Revue Francaise de Hematologfe Tome 1l-:
No. 5, p. 799,

75" Harris, R. and c. UkaeJfofo (1969): Lancer lL z 327.

76 " Ilartmanno K.O. (l-970) : J. Exp " Med. L32l" L267 .

77. Hartviet, F., D"B. CaËer and J.N" Mehrfshi (1968): Brit.
J. Expt " Path " 49; 634.

78. HawkLns, R.I" (1971): Narure New BioL, 2332 92.

79. Hennig, C., J. Kimura, C. tr{of sy (1972): Proc. Nat. Acad.
Sci. 69(l-): 34"

80. Hersho E.M. and J.E. HarrÍs (1968); J. Immunol. 100: 1184.

81. Hil-berg¡ R.I{" o S.P. BalcerzaL and A.F. LoBugl_io (1973) ¡

Ce11. Immunol" 7z L52.

82. Hof fman, M" and R.l^I. Dutton (1-971): Sci. L72z L047.

83. Howard, J.G. and B " Benace rraf. (1966) : Brlt " J. Expt. pathol.
47,2 19 3.

84. Hul1eger, L. and A.A. Blazkovee (1967)z Lancet 1: 1304.

85. Humphrey, J.H., D.M.V. ParrotË and J" East (1964):
Immunolo 7 ¿ 4]-9.

86. ' HuleËto H"R. o l{.4, Bonner, J. Basret,t and L.A. Herzenberg
(1969): Sci. L66t 747,

87, Ingrahano J.S. and A.E. Bussard (1964); J. Exp. Med.
1-19 : 667 ,

88. Jacobson, 8.8., J. L!Age-Stehr and L.A.Hexzenbere (L970):
J " Exp " Med. 131: 1109 .

89. Jerne, H.K. and A.A. Nordin (L963): Scf . 140: 405.

90. Kennedy, J"c", L. simlnoviËch, J.c. Till- and E"A. Mccul-loch
(1965): Proc" Soc. Expr. BioL" (tt"y.): 120: 863.

9l-. Lachmanno P.J" (l-97L): Proc. Roy" soc" (Lond.)ser, J-3 L76z 425.

92. Lanceo E.M. and ¡.N. Taub (1969): Nature 2ZLz 84I"

93. Larcan, A. o J.F. stoltz and F" sËruff (i.97r-): Rev. Europ.
Et,udes, CLin¡ Et o Biol_. XVI; 700.



rJU

94. Lawrence, H. S. , F " I. ValenËine (19 70) : Am. J. Pathol-.
60: 437 

"

95. Leduc, 8.H., A.H. Coons and J"M. Connolly (1955): J. Exp.
Med.102:6L"

96. Lonai u P. and M. Feldman (1970) ¡ TransplanËatlon 10: 372 "

97. Mainí, R.N., A.D"M. Bryceson, R.A. I,'rolstencroft and
D. C. Dumonde (t969 ) : Nature 224 z 43 .

98. Makel-a, O. and A.M, Cross (1970); Progr. ALl-ergy L4: 1-54.

99. Makel-a, O. and G.J.V. Nossal (1-961-): J. Imuunol-" 87 z 447,

100. Dresser, D.I^1. (L972)z Eur. J. Imnunol. 2: 50.

101-. McConnell, I.e A. Munro, B.W. Gurner and R.R.A. Coombs (1969)z
Int. Arch. Allergy App1. Immunol. 35: 209"

LOz" McGregor, D"D"o P.J. McCuLJ-agh and J"L. Gowans (1967):
Proc. Roy. Soc " B . 168: 229 .

103" Medawar, P.B" (1961-): InÈroducËíon: defíniËíon of the
immunologíca1ly competent ce1Ls. I " In l,Iol-sterholm
f oundation study group L6 " Chr¡rchiL1, London, p.1.

104. Merler, E" and M. Sil-verschmidt (L972)z Immunol. 222 82L.

105. Mitchel-1, D.M" and D.B. Cat,er (1971-) ¡ Brlt.J.Expt.Path.52 z L52.

106. Mitchison, N.A. (L967)z Col-d Spring Harbour Syn. Quant. Bio1.
32t 431.

L07. Mitchisone N.A. (1968): RecognÍËion of Ag. in Symposlum on
Dif f erentiation and Imm. Int, Soc. of Cei-1 Biol-ogy, Gothenburg Z
p. 29, Academie Pressu New York"

l-08. Mitchíson, N .4. (1969 ) : Immunol-ogical- Tolerance, edited by
Landy, M. and I,I . Braun o Academie Press n New York, p. L49 .

109 . MlËchisone N.A. (L969) : In MedlaËors-_sjq_lgellul-ar_IsnÌunology,
AeademÍc Press, New Yorko p. 73.

110" Mitchisone N.4., K. Rajewsklr and R.B. Taylor (l-971):
CooperaËion of auËogenic deEerminants and of cells in the
induction of antib6díes íntt
Format,íon and Struct,ure¡r, ediËed by Sterzl, J. and M. Riha,
pub. Ilous e Czech, Vol-. 2 Acad . Scf . u praque,

111. MilIer, E.G" and R. Kurzrak (1932); A,ut" J. 0bst. Gyn, 24t' l-9.



r3I

LIz. Mi1-1er, J.F.A"P" (1961): Lancet 2z 748"

113. Mi1ler, J.F.A.P. (L962): Proc. Roy. Soc.B. L56z 4L5 "

LI4, Mi11er, J.F.A.P.,S.M"A.Doak and A.M. Cross (1963): Proc.
Soc. ExpË. Bío1. LL2:785"

115. Mí11er, J.F.A"P. (1965): Nature 2082 1337.

116. Miller, J.J., K. Shortman and P. Byrt (L972)z J. Immunol.
108: l_591.

LL7. Mi11er, J.F.A.P. and c.F. MitchelL (1969): Transpl. Rev. 1: 3.

118. Moav, N " and T.N. HarrLs (1970) : J. Immunol. 105 (6) : l-501.

119. Möller, c. (l-968): J. Exp. Med. I27z 29L"

L20. Moore, M.A.S. and J.J.T. Owen (L967b)z Nature 2L5:1081.

Lz1-. Mosier, D.E. (1967): Sci. l-58: 1-573.

L22" Mosier, D.E., F.I,tI. FiËch, D"A. Rowley and A"J.S" Davies
(1970): Nature 225t 276.

L23" Nossal-, c.J.V. and J. Lederberg (1958): NaËure l-81, L4L9 
"

L24 " Nordling, S. e L.C. Anderson, P. Havry (L972) z Scf. L75z 1002.

L25 " Nossal, G.J.V. r N"C. Ialarner, H. Lewis and J. Sprent (I972) z

J. Expt. Med. l-35: 405 
"

L26" 0hada, H. and K. NlshÍoka (1972)r Studíes on the Mechanism
of Immunological Adherence and ElecËric Charge of Inter-
medíate Ce11so Biol-ogical Activlties of C, publÍsher Hargar,
Base1, p, 229 

"

L27" Okada, H., K. KojJ.ma,T.O" Yoshida and K. Níshioka (L972)z
J. Immunol. 1-08: 59 "

L28. 0soba, D. (1970): Eur. J. Ci-ln. Biol. Res" L5: 929.

L29. Palekar, M,S. and M.S. SatyavaËí (1971): Ind. J. Expr. Biol.
9z 289"

130. Papamichael u M. o E.J. I{olboro\¡r, H.I"Kelth and II.L.F. Cuney
(L972) z LanceË 2: 64 "

131. Phi11ips,R.A. and R.G. Mtller (1970): J. Immunol. 1-05(5):
1l_68.

L32. Phondke, G.P. and K. Sundaram, K.P" Sundavesan (1970):
Nature 225(5227)t 79.

L33" Phondke, G.P. AND K. Sundaram (L971): Immunol-. 2Lz 1.



r32

134. Phondke, G.P. , V.K. Gohhale and K. Sundaïam (1971) :
Immunol. 2I: 437.

135. Phondkeo G.P., v,s. I^Iene and K. sundaram (L972)z Rev. Europ.
Etudes Ci-in. Et BÍo1. L7z 379"

136. Pick, E., J. Krej Íi and J.LTurk (1970): Nar,ure 225: 236,

L37" Pinchuck, P., M. Fishman, F. L. Adler and p.H. Maurer (1969):
Sci. 160: L94.

138. Powles, R., L. Balchin, G.A. Curíne and p. Alexander
(1971) : Nature 23Lz 161-.

139. Playf air, J.N.L., B.I4I. Papermaster and L.J. cor-e (1965):
Sci. l-49z 998"

140. Pribnosre J.F. and M. S. Silverman (1967) z J. ImmunoL. 9B: 225.

L4L" PríËchard, J.A.V., J.L. Moore, W"H. Sutherland, C.A.F.
Joslin (L972): The LanceË 1l-(7778)z 627.

L42 " PriËchard, J.A,V. , J.L. Moore, W.H. Sutherl_and, C.A.F.
Joslin (1973): Brir. J. Cancer 27: 1.

L43" Raff, M.C. (1970): Narure 2262 L257,

L44" Raff , M.C" and H.H. I{orris (1970): ImmunoL. Lg: 93L.

L45 " Raff, M.c. and s" Nase and N.A" MiÊchison (1971): Narure
230 z 50.

L46. Ramming, K.P. and Y.H. Pilch (j.970): Sci" 168: 49Z.

L47 " Rajewsky, K., v. schirrmacher, s. Nase and N.K. Jerne (1969):
J. Exp. Med " L29 z 1l_31.

148. Remdd, H. G. and J.R. David (19 71-) : J . rmmunol . 107: 1090 .

L49. Rhle, J"O. and A.H. Sehon (I972) z Nat,ure New Biol , 235(57) z l-56.

150. Rouse, B.T. and N.L. Itarner (r972a)z Nature New Biol , 236: 79.

151. RuhensËroÈh-Bauer and c. Lucke-Hu11e (l-968) ¡ J. cell. Bíol.
372 L96"

L52" sabbadinÍ, E. and A.H. sehon (1967): rnr. Arch. Allergy
32: 55.

153. sabbadiní, E. and A.H. sehon (i-968) : rn Nucl-eie Acids in
Immunology, SprÍnger-VerlagrNew york, p.ffi



133

154" sabolovic, D. and F. Dumont (1973): rmmunol, 242 601.

155. Schlesinger, M. ( j_970) : Nature 226zLZS4

156. schLossman, s. and L. Hudson (L973): J. rmmunol. 110: 313"

157. sela, M., E. Mozeso G.H. shearer and y. Karnidy (L970):
Proc. N. Acad. Sci" 67(3): 1288.

1-58. sell, s. and P.c.II" Gel-l (1965): J. Exp. Med. L22z 423.

159. shank, B.B. and H.J. Benki (1921) ¡ J" cel-1. physi.o. 7g(2): 2h3.

L60. shortman, K., E. Diener, P. RusseLl- and I^I.D, Armstrong -(1970):J. ExpÈ. Med. 131: 461-.

l-61. shortman, K. , N. trIill-ians and p. Adans (L972) z J. rmmunol_.
Methods 1: 27 3 .

L62" ShorÈman, K., l¡I . Byrd, N. I^Ii1liams, K.T. Brunner and
J.c. cerottini (L972)z Ausr. J" Expr" Biot-. Med. sci.50: gz3,

163. Sfmonsen, M. (L962)z progr. AllerCy 6z 349,

L64. spitznage]-, J.K., A.c. A11f son (l-970): J. rmmunol. l-04: ]-2g.

165" SprenE, J. (1973): Ce1l. Immunol. 7t L0.

166. Sprent, J. and A. Basren (r973): ce11. rmmunol. 7: ho.

L67. Storb, U., I^1. Bauero R. Storb, J.M. Flieldner and R.S. I^leiser(1969): J" Immunol" L02z L474.

l-68. sundaïam, K., G"P. Phondke and E.J. Ambrose (1967): rmmunol.
l-2z 2L.

169. sundaresan, P., K. sundaram and G.p. phondke (L972)z
Immunol. 23¿ 439 .

L7o" sweet, R.o. (1964)¡ sranford university Technícal Report(722-L) (Report su-sEL-64-004" Defence Document centre,
I,{ashington, D"C.)

L7L" Tajoig, M.J. and P.J. Lachmann (Lgl2)z rmmunol-. zzz 1g5.

L72" Taub, R.N. and R.K. Gershon (L972): J. rmmunol. 10g(2): 377.
173. Taub, R.N. and E"M. Lance (1968): rmmunol. 5: 633.

L74. Taylor, R.B. and H.H. I^Iortis (1969): Nature 220: g27 .

L75. Taylor, R.B. and c.M. rverson (197 j.): proc. Roy. soc. B. 176: 393.



t3¿Ì-

776. Thom;ls, C.lJ. and D.R. C¿lter (1972): Brir. J. Exp. Pathol-.
53: 1r1.

177. Ti11, J.E. and E.A. McCulloch (1961): Radiat Res. L4z 213,

178. TtI1, J.8., IÌ.4. McCulloch and L. Siminovitch (1964):
Proc. Nat. Acad. Sci. U. S. 51: 29 .

179. Truf f a, B.P. and L. I^lof sy (1970): Proc. Nat. Acad. Sci. 662 685.

180. Uhr, J.W., G. Weissmann (1968): J. Retfculoendthel. Soc.5 z 243.

181. Trainin, N., 1"1. Srnal.l and A. Globerson (1969): J. Exp. Med.
l¿1, 7 6s .

r82. unanue, 8.R., B.A. Askonas and A.c. Arlison (1969b) : J.Immunol. 103: 7I.

183. In/aksman, 8.H., B.G. Aranson and B.D. JarkovÍs (r962)z J.
Exp " Med. lt6 : 187.

L84, I^Jard, P.4., H.c. Remor-d and J.R. David (1969): sci. 163: 1079.

rB5. l^Iarner, N.L. and A. Szenberg (r964): Ann. Rev.. Mrcrobior.

186

1B: 253.

I,'Ihire, R.c. (1971): Adjuvanr sÈimulation of Ab synthesis
:l "rJnmunopathology", vrth rnEernationar sym. , edÍted byMÍescher, P., p. 91.

187. Wigze1l, H. and B. Anderson (1969):

188. I^Iigzel1, H. and O. Makela (1970): J.

189. Wigzel1, H., K.G. Sundgvist and T.O.
J. Immunol. I: 75,

J. Exp. Med. L29l. 23.

Exp. Med . I32 z 1 10 .

Yoshida (1972): Scand.

190.

191.

1q?

r9 3.

L94.

195.

\^liig, .I .l.l. (1973) : Acra parh " Microbiol
Suppl. 136: l0l.

Wiig, J .N. (l 973) : Scand. J. Immunol. 2:

i^li1son, A.B., A. Munro and R.R"A. Coombs
Al lergy 35 : 228 ,

I^lio1and, M., D. Sablrrvic
Biol . 237 : 27 4.

Wofsy, L.r.I . Kimura and

Scand. Sectíon A,

)').

(1969) : Int. Arch.

and C. Ilurg (I972) : Narure New

P. Truffa-Bachi (1971): J" Immunol.107(3): 72s.

Wolf, N.S. and J.J Trentín (196S): J. Exp. Med. I27: 205.



L96

L97

198

Yamacla, T.

ZaaLberg,

Zeil1er, K
Z . Phys iol

Zeiller, K
Z. Physiol

ZeíLIer, K
Immunol. ]-

Zeiller, K
Chem. Bd .

Zeiller, K
Chem. 2 ( 1)

Zei1ler, K., E. Holzberg,
Hoppe-Seyler¡s Z. Physiol.

Likhite, V. and A.l-I. Sehon

135

and M. Yamada (1973): Narure 244(54I4): 297.

0.8. (1964): Nature 202:1231.

, G. Pascher and K. Hannig (1970) : Hoppe-Seyler's
Chem. Bd. 351: S435.

, K. Hannig and G. Pascher (1971): Hoppe-Seylerrs
Clrem. Bd. 352: S1168.

, H.G. Liebtch and K. Hannig (1971): Eur. J
315 .

and K. Hannig (1971): Hoppe-Seylerts Z. physiol.
352: S1162.

., G. Pascher and K. Hannig (I972): Prep. Bio.
: 2L.

L99 ,

200.

20L 
"

202.

203.

204 
"

205 .

206.

207 .

2II.

?1t

G . Pas cher and K. Hannig (L97 2) z

Chem. Bd . 35 3 : S105 .

(L972) z Sc1. 175 (4018) : 204.

208. Evans, R. and P. Alexander (L972) : NaËur e 236: r6g.
209. Dutton, R.w., R. Falkof f , J,A. Hurst, M. Hof fmann, J.w.

Kappler, J.R"Keetman, J.F" Lesley and D. vann (1g71): InProgress in rmmunology, Vo1. r. n ed . B " Amos, Academic press, New
York n p. 355 .

2I0. Sachtleben, p.,G. F. Fuhrmann, E. Stromb and G. Ruhenstroth_
Bauer (1961): Klfn" Wschr" 39: 939"

Nelson, D " S . ( 1969) : Þlacrophage and Irnmunf ty ln "Frontiers
of Bío1ogy", Vol " Il, A. Neuberger and E.L. Tatum, eds .

North 11 olland Publishing Co., Amsterclam.

l4ascrn, S. and Ì,larner, N.L, (f970): J. ImmunoI. 100: 762,

GranBer, G.4", G.E. Moore, J.G. I^Ihite, p. llatzinger, J.S.
Sundsomo, S. Shupe, IÀl .P. Kolb, J. Kramer and p.R. Glade
(1970): J. lmmunol. 104: t476.

Abramson, lt"A. (1929): J. Gen. physfol. L2z 46g"

Brody, 0.v" (1954): Microelectrophoresis studies on humanerythrocytes, Ph.D. thesÍs, Div. Med. sci., Harvard unLv.

Bangham, 4.D., B,A. pethica and G.V.F. Seaman (195g):
ilioche¡n. J. 6: g12.



136

2L4" Díckinson, P.R" and E.A, Caspary (1973): Brit. J. Cancer
(Supp1. 1) 282 224"

2L5. Field, E"J., E.A. Caspaty and K.S. Smirh (1973): BriË.
J. Cancer 282 208 (Supp1" L)

216 " Kabat, E.A" (1961) : Experimental- Immunochemistry, Charl-es
C . Thomas , Sp ringfield .

2L7" Barnford, C.H., A. Elliot and I,t.E. Hanby (1956): Synthetic
PolypepËide Prep atatÍon, StrucËure and Propertf es, .A,cademic
Press, New York.

zLB. Katchalski, E" and M. Sela (1958)¡ Adv. Protein Chem. 13: 243.

2L9, Sanger, F. (1945): Biochem. J. 39: 507 
"

220 " Sobero H.A. (1965): Bíochem. 4: 1638.

22L" Amiard, c" e R. Hcymes and L" Víi-l-ecz (1956): Bull-. Soc. Chem.
France, p. 698.

222" Ben-Ishai, D" and A. Berger (l-952): J. Org. Chem. L7z L564.

223" üIilkínson, C. (l-958): J. Chem. Soc. 2079 
"

224 " Inmann J.K" and H.M. Díntzis (i-969) : Biochen. 8; 4074,
't

225. R"éf , A"E. and J"M" Allen (1966): Nat,ure 2092 52I.

226. Weiss, L. (1970): In viÈro 5: 48"

227 " Turk, J.L. and L"lú, Poulter (L972) z Clin. Exp. Immunol_.
10: 285.

228" Berczi, I. e P. Strausbauch and A.H. Sehon (1973): Sci. 180: L289.

229 " schlossmano s.F" , s " Ben-Ef raim, A.Yaron and H.A. sober (1966) ¡

J . Exp . Med. !23 z 1083 .

23A" Parakevas, F. S"T" Lee and L.G. Israel (197L)z J" Immunol.
106: 160.

23I. Boyden, S"V. and E. Sorkín (1961): Immunol. 4c 244,

232. Von Boehmere H. and K" Shortman (1973): J" Immunol" i{ethods.
2z 293.

233" Loor, F", L" Forni and B" Pernis (L972)z Bur" J. Immunol. 2t
203.



L37

234 " Haillard, J. and B.R. Bloom (L972) : J. Exp.Med 
" 136: 185.

235. seaman, G.v.F. (1965): rn I'ce1l- ElecÈrophoreslsr', ediËed by
E.J. Ambrose, J & A Churchí11- Ltd., London, p. g"

236. Tse, H. and R. I^I. DuËton (L976): J. Exp. Med. L43z LLgg.

237. Tse, H" and R" I,{. DuLton (L977): J. Exp" Med" L46z 747,

238. Tse, H. and R, I^I" Dutton (1978): J. Immunol. 120(4): LL49.

239. Kall, M.A. and H.S. Koren (1978): Ce11,. Immunol. 4Qz 58.

240 " ZoIa" H" (L977) z J " Immunol. MeËhods l8: 387.

24L" Sasaki, M., T" Sekízawa, H. Takahashi, T, Abo and K. Kumagai
(1975): J. Immunol" 115(6): 1509

242. Vakharia, D.D", M.R. Vakharia and S "S. Rao (L977) z J.
Immunol. Methods 1B: L4L.

243. Ross, G.D " (L977) z Arch Pathol. Lab. Med. l_01s 337 "

244" Tsubota, T., I. Míyoshí, J. Uno, S. Hírakf and I. Kimura
(1978) : J. ![atl. Cancer InsË " 60(4) z 793.

245" Horwítz" D. and M.A" GarretË (L977)z J. Immunol. 118(5): L7L2.

246" Okumura, K., T. Takemori, T. Tokuhisa and T. Tada (L977)z
J. Exp. Med. 146z L234.

247. KermanÍ-Arab, V., J.L. Roberts and G.A. Leslie (1978): Int"
Arch" of Allergy and Applled Immunol" 572 zOL,

248. Horwitz, D.4., P. Niaudet, M.F. Greaves, J. Dorlng and
P. DeErix (1978): J" ImmunoL. L2L(2)z 678.

249" Anderson, R.E" and I^r.L" I,IÍ11íams (L977)z Am. J. parh. B9(2): 367,

250. sandilands, G.P", K. Gray, F. Reld and J.R, Anderson (r978):
Int . Arch " À11ergy App 1. Immunol- . 5 7 ¡ 411 .

251. Kumagai, K", T. Abo, T" Sekiza\¡ta and M. Sasakf (1975)z
J. Immunol. 115(4) ¡ 982,

252" ltrof sy, L", H.O" McDevf rË and C, Henry (f977 ); J. Imuunol.
119(1): 61"

253. Moore, A"L. and J. Zusman (1978): J. rmmunol" Methods 23; 275.

254" Santolí, D., G. Trinehleri, L. Morutao C"M. Zmtjewski and
H. Koprowski (1978); Clln" Exp. Inimunol" 33: 309"



138

255 " Dean, J.H. o J"S. Silva, J.L" McCoy, C.M. Leonard, G.B.
Cannon and R.B" Herberman (1975): J.Immunol_. 1l_.5(5): L449

256. Cohen, S. and T" Yoshída (L977)z J. Immunol. l_19(2): 7L9

257 " Mö11er , G. (L97 6) z Transpl " Revíer¿ 29 o Munksgaard rnt .
Booksel-lers and Publishers, Denmark"

258 " Thoma, J.4., c.J. Thoma and Iü. Cl_ark (197S) : Cellu1ar
Immunology 40: 4Q4 .

259 " Cho1let, P. , J. Chassagne, B. Sauvczle, J.M. Codegnat and
R" Plague (L976): J. Tmmunol, MeËhods Ll-(L): 25.

260 " Raff, H.C" and H. Cantor (1971): SubpopulaÈfons of thymus
cells and thymus derived J-ynphocyËes inrrprogress in
Immunology", Acadeuic Press, New york, edfEôiAmos, B",
Pp" 83.

26L" ZeiI1er, K., G. Pascher, H. Wagner, H.G. Lf ebich,
E. HoLzberg and K" Hanning (L974)z ImmunoLogy 262 gg5"

262" ZeíLLer, K., R.K. Schindler and H"c. Llebtch (1975):
Israel J. of Med. Scí. t1(12): L24Z

263. Hokland, M., P" IIokl-and and r. Heron (1978): rnt. Archs.
AllerCy Appl" ImmunoL". 572 435,

264 . Julíus, M. , T . Masuda and L. Herzenberg (L97 z) z proc . Natl.
Acad . Sci " 69 z 934 "

265 " Sharon, R., P.R"B. McMaster, A.M" Kask, J.D. Or¿ens and
ï^l .E " Paul (1975) : J. tmmunol- " tf 4 (5) ¡ 1585.

266" Yaron,4., E.K. Dunham and s"F. schrossman (L974)z Biochem.
L3 2347 .

267" Schlossnan, S.F. (1972)z Transpl, Rev. 1O: 97.

268" Benacerraf, B. (1978): J. Immunol" 120(6): 1909.

269" sachs, D"H., J.A. Berzofsky, c.G. Fathman, D.s. pizetsky,
A.N. Schechter and R.H. SchwarËz (L976) t Col-d Spring Harbour
Syn" Quanr. Blol_" 5lz 295"

270" Benacerraf, B. and H.o. McÐevirt (1972) z sci. ]-75t 273 
"

27L" Shevach, E"M" (L976)z Fed" proc. 35(9): 2049"

272. Paul, lf "E. (L976)z Fed" proc. 35(9): 2044"

273" Rosenthal, A.s.o M,A. Barcfnskl and L"J. Rosenwasser (197g):
Fed. Proc. 37(t): 79,



139

274" Baeh, F.H., M.L. Bach and p.M. sondel (L976)z Nature
2592 273.

275" Irwin, M.R. (L976)z Immunogenerícs 3: 1.

276. sehon, A.H.(1978): J. of Allergy and c1ín. rmmunol. 62(5) z

257 "

277 " MUller , G. , editor (1978) : Immunol . Rev. 40 .

278. shref f ler, D.c " and c. s. Davtd (l-975) : Adv. rmmunol. 20z L25 .

279. Gershon, R.K. (1975) : -rn 
,suppressor cel_l_s in rmmunl_ty",Eds. Sínghal, s.K. and N.R" ffit" ont" press,

pP .1 .

280. MUller, G. (L97 5) z Transpl. Rev, 26 .

2BL" Tayl0r, R.8., A. BasËen (Lg76)z Brtr. Med. 8u11. 322 L52.

282. I,rIaldmann, T ,A. , s . Broder (L977) z prog. clin. rmmunol. 3:r)1.

283" Kapp, J.4., c.r,ü. pierc,e, J. Theze and B. Benacerraf (197g):
Fed " Proc " 37 (1_0) : Z36L "

284" Folch" H. and B.H" trIaksman (L973) z cel1. rmmunol. 9z Lz.
285" Peavy, D"L. and c.I^r. pierce (1974): J. Exp. Med. 140: 356.

286" Nelson, D.S.L. (1973): Narure 246¡ 306,

287',. Folch, H. and B.Il . I¡Iaksman (L974)z J, rmmunol. 113: Lzl.
288. Rlch, R.R. and s.s. Rich (L975) z J. rmmunol. 114¡ LLL|.
289- Fo1ch, H., H" Yoshinaga and B"H, trdaksman (1973): J. rmmunol.110: 835 .

290 " Ferguson, R.M., s .M. Andersono R.L. simmons (1977) zTranspl. proc. 9: gLg .

29L" Dorsch, s. and B. Roser (L977)z J. Exp. Med. r-45: Lr44,
292. Kí1shaw, p . J. and L. BrenL (Lg7 7) z Transpl_ . proc.9 : 7 L7 ,

293" Gershon, R.K., E.M. Lame and K. Kendo (L974)z J" rmmunol.lI2z 546 "

294 . Kamat, R. and c. s. Henney (L97 5) z J " rmmunol.115: L5g2,

295" Nadler, L.M. ,and R.J. Hodes (1977)¿ J. rmmunol. 11g: lgg6.
296. Rich, s.s. and R.R. Rich (L974)t J; Exp, Med, 140: 15gg.



140

297. Rich, S.S. and R.R.Rich (1975): ;. Exp. Med. L42z I39t.

298. Matter, A. (1976) : J. Immunol-. Methods 12z 289 ,

299, Hayry, P. and E. M8l1er (L977): Transpl. Proc. 9: 1293.

300. Brent, L" and J.R" BaËchelen (L977) z Transpl. Proc.9: L287,

301. Mi11er, R.c. and R.A. PhiIlips (1976): J. Immunol. 117:

302 " FoIch, H. and B. J. Waksman (I97 4) z J. Immuno1.113: 140.

303. Nera, R. and S.B. Salvin (I976)z J. Immunol. 117: 20L4.

304. Gershono R.K., S. Liebhaber, S. Ryn (L974)t ImmunoL,26¿
909.

305. Hodes, R.J. and K.S. Hathcock (1976): J. Immunol. 116:
167,

306. Sabbadini, E. (I974)z J" Exp" Med" 140: 470,

307 " Eggers, A.E.and J.R" Wunderlich (1975)z J. Immunol. 114:
1554.

308" Ramshaw, I.4", I.F.C. McKenzie and P.A. Bretscher
(7971)z Ce11. Immunol. 31: 364,

309. I^lonigeit, K. and R. Píchlmayr (L977) t Transpl. Proc.

310. FujÍmoto, S., H.I. Greene and A.H. Sehon (I976)z J.
Immunol" 116: 800.

311. Polak, L. and J. Turk (I974)z Nature 2492 645.

312. Milf on, .I .D., C.B. Carpenter and I.E. Addíson (1976):
Cell. Immunol. 24: 308.

313. Rich, S.S. and R.R. Rich (I976): J. E4p. Med, 143: 672,

3L4. Hirano, T. and A.A. Nordin (1976): J. ImmunoI. LLTz 2226.

315 " Bírnbacum, G. and L. Swick (1978) : Ce11. Immuno1 "40: 16.

316. Fergurson, R.M", S.M. Anderson and R"L. Símons (1978):
Transpl" 26(5)z 331"

377 . Fuj iwara, M. and A" Kariyme (1978) : Immunol. 342 51.



'?r r

141
318. walrl urann, I.À., s. llrorl cr, lì. I(rakauer, Il .I,. McDermott,

H. Duron, c. Goldman a.cl B. I{eacle (r976): Fed. proc.
35: 2067.

319. l^laksman, B .ll . (1971) : cri. . lxp " rmmunol. 2g 363.

320 " Katz, D. H. and B . Benacerref (ed s. ) (r97 4) : "rmmunologicalTolerance Mechanísms and Potential Therapeutlc Applícatlon"
Acaclenrlc Press, New York.

32I. Braun, M. (I97 6) z Ce1 1. Immunol. 25 z I .

322 " I^larner, N "L. (797 4) : Adv. Immunol. 19: 67 .

323. Benacerref , Il " (L97 4) : Ann. Immuno1.l25: 143.

324, Shevach, E.M.,l./"E. paul and I. Green (I974):,¡" Exp. Med. 139:
661 "

325. Ìí.cnlrcrll'u L"J., ¡f.8" Dorfu E.R. unanue and B" Benacerref
(1975): J. Immunol. 114: L670

326. Basten, A. u J"Ë.4.p. Mill-er and R. Abradham (1975):
J. Exp " Med " IíL; 547 

"

327" cauchi, M"N. and K.B" Dau¡son (L9r5): J" Exp. Med, L42: z4g.

328" l'lccahnon, R.T., R.T. Kubo and H"M. Grey (1975): J. rmmunol,
114: L766 "

329" McKearn, T.J" (L914)z Scí. 183: 94"

339. Tríziou D. and G" cudkowicz (1974): J. rmmunol.l13: 1093.

331" l.]igze1l, 1{. (197 6) : scand " J " Trnmunor-.5 supp1.5: 23.

332 " Brain, P", J. Gordon and !J.A" i^Jíl-1eLt.s (1970): clin.
Exp . Immunol " 6: 6 BI 

"

333. Froland, S. S. (I972) : Scand. J " Immunol " 1: 269 
"

334. Pellegrinou H"4., s" Ferrone and A.N" Theofilopoulous(1976): J. Lmmunol" MeLhods" l1:273,

335. Edeno 4., c. Biancou ts. ì3ogart and V.NussenzweLg (1973b):
Ce11" Immunol" 7z 474"

336. lÌden, A. u c. lJianco and v " Nussenzweig (19 7 3a) : cell.
Immunol. 7z 459.

337. Nelson, D.S" (1969): Fronr. Biol. II"

338. Uhr, J"l^1" (1965): Proc" Nar" Acad. Sci, U.S. 54: 1599"

339. Dickler, H.B. and H.c" Kunkel (1972)z J. Exp" Med.l36: 19r.



L42

340" BLnz, H., J" Lirdemann and Ti" Iarigzell (L974)z J" ExP" Med.
139: 877 "

34]-" Kohler, H. (1978): Ann. Clín" and Lab. Sci" B(4): 318.

342 " Crone, M. , C. Koch and M. Símoûsen (L972) z Transpl.
Rev . 10: 36 "

343" Singer, D.E" and R"M. I^Ìi11íams (I978): Ce11" Immunol.
?q. 1

344, Gajdoso I-,J. and H. Brenner (f978): SeparaLíon Scí" and
Technol-ogy 13 ( 3) : 2L5 "

345 " Giddíngs, J"C,, F,J.F" Yang and M"N, Myers (1976) z

Scl-" 193z :-.244"

346. Hayry, P.u L.C. Anderson, C. Gahonberg, P. RoberÉsu
A. Ranki and S. Nordlfng (1975): Israel J. Med" Scf.
1r(l-2): L299 "

347 " Jean*Laz, R"W" and J,F. Codington (L976) z The bíologf ca1
role of siali-c acid aE the s'úrface of the cells ín:
Biological Roles of Síal-íc Acid: A"Rosenberg and C.L"
Schengr nd ed.: Plenum Press, New York, pp" 2OL-238"

348. Nordt, F"J., R"J" I(nox and G'V.F' Seaman (f978):
J. Cel-1" Physiology 97(2)z 249"

349 " Seaman, G.V "F., R"J, Kn,ox, F"J'. Nordt and D.H. Regan
. (I977)z Blood 50: 1001.

350. -Lune::, S .J " , A. Sturgeonn D, Szklarek and D.T " McQuíston
(L97 5) z Vox Sang u.LnLs 29 z 440

351" Sedlacek, H.H" and F.R" Se-ller (L974-)z Behring Inst. Mftt.
55: 254""

352" Luben, G. n il .H. Sedlacek a::rd F"R. seiler (L976) z BehrJ.ng
Tnst" Mitt, 592 30.

353. Landaro, S.4., T. Tenforde a.nd J.C" Scholley (L977)z
J. Lab. Clín" Med. B9: 581"

354. Drzeníek, R. (L973)z Hisroehem" J. 5: 273-"

355. Vassasu P.S", E.M. Levy and D"E. Brooks (L976): Ce11"
Immunol " 2L(2) z 257 .

356 " Levy, E. M" , D. Yfnkosky, K" Schmíd and S 'R. Cooperband
(L977) z PreparaEive Biochereístry 7 (6) z 467 .



143

357 " Field, E.J. , G " Joyce, ll .I . Bauer, and J. I^IíksLrom
(I917): The Lancet, Sept " 242 658 "

358" Shenton, 8"K., H.L. Jenssen, H" I^lerner and E.J. FíeId
(7917) t J . Immunol. Methods. L4z I23,

359. Sabolovíc, 0., N" Saholovic ancl J"L, Amief (1978):
The Lancet " Feb. 11: 335 .

360. Grant, R.A" and M"B. Z,¿.cker (1978): Blood 52(3): 515.

361. E1u1, R., J, Brons and K. Kravitz (1975): Nature 258
( 5536) : 6L6.

362" Blurne, P., A" Ma11ey, R.J" Knox and G,V,F. Seaman (1978):
C11n. Chem. 24t 1300.

363" Berczi, I. and A.H, Sehon (i975): InE. J. Cancer 16: 665"

364. Berczi, I., H,M" Tsay ancl A.II. Sehon (L976)e Eur. J,
Immunol" 6(6); 453

365. Goldrosen, M.H" and J"H. Howell (ed.) (f979): Int. I,Iorkshop
on Leukocyte Adherence InhÍbition: Cancer Res. 39(2-2) z

555.

366" Boyum, A. (I917) z Lymphology 10(2): 7I.

367 . Boyrrm, Â" (1916) t Scand . J " Immunol. 5: Supp1.5: 9.

368. Tebbi, K" (1973): The Lancet 1: L392,

369 . Brancì t, L. , J. lSor j eson, A" Norden and I . 0lsson (I962) z

Acta Med. Scand " Il2: 459 "

370. Lamvik, J.0 " (1966) : Acta Haemat " 35: 294.

37I. Greenwalt, T.J., M" Gajewski, J,L" McKenna (1962)z
Transfusion 2: 22I "

372. Rabinowitz, Y. (1964): Blood 23: 811.

373. Raff, M.C. (1970)¡ Immunology L9z 637.

374. Â,vranreus, S" and Il" Cuilbert (1971): Ilur" J, Immunol.
1. ?O/,

375 " Ste. Sinclair, N.R" (1978): Transpl. Proc, X(2): 349,

376 " Arndt-Jovin, D.J. and T"M. Jovin (1978): Ann. Review of
Bio¡>hysics and Bioeng,ineering l_.

337. Reif, A.Ë. and J.M.V" Allen (f964): J. Exp. Med. I20: 4f3.

338. Iìaf f o M.C. (1971): Transpl. Rev, 6z 52"




