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ABSTRACT -
“ T . -

» v

Concana%aliq 3 (Con i), a+ mitogenic doszs, actiwatag potas-

sium influx irn Balb/c spleﬁiﬁ:&ymphoéYtss( fzom 7.35 +/- 0.6

L0 12,66 +s~ 0.8 fmoles/call;hr;\K.fw.75rfold)." Influx was
; -

-~

[t

trac

Ry

nzasvred 5y a rapid cicromethod, using 86zh+ ag C.

dctivation of infiux was routirely datzctable until 6-8

hours aftar the addi "0f Con 1. Cuabain in%ibizéd both
“he activaticn of influx and ‘of Du: Synthesis.  The IDSO for

the Znkibition of irolifsration was 1.4 ¥ 10=4¥; " that for

v

<*he inkibition of (Nat,K+)~-2T"Pase-pediated influx( whethor
= . : .
m2asured at 10‘0: as 45 rours of culture, was 1.8 X 10-sv.
These inhibitions wera reversibla, Con A akso ac:i@aﬁed K+
2flux, frem €.42 +/= 0.f to 10.6 +/- 2.4 faoles/czll. k.
.(T.€€-£014) . TLis could bs dctectné arter 14 hou:s cf cul-
*ur<, Lku+ no+ immediately af+=zr Coﬁ ? acddition., Tntrac=allu-
lar potassium contarns increasad by < fmgcles/czll, batw3an 5
and 10 hogcef'afﬁe: Con & addéition. ~hara was no chang= irn
(K*)c, du= to a slighkt incr2ase in call volume, Th: pa= in-
Ilux was sufficiznt <o maincaigp (K*)é corstant duciang tha
'volume increa§e of blastogznzsis. Pu:dsemide (1 mﬁ)'inhibit-
2d both the dactivation cf K+ influx and o D%A synthasis,
: Con activatag neither K* influx por DX2 Syn+hesis in
3 ¢ells from EXC nu/nu spleen; LIPS adtivated both K+ influx

)
; J



{1.4-fo0ld) and DNA synthesis. Balb/c splenocytes were unres-
4

. ponsive o LPS; K* Znflux was not activated, and DN synthe-

-

sis was activated by at nost 3-%0ld. The activation of K+

influx was therefore botk necessary for and specific to +he

“mitogenic activation of lymphocytes. Con 2 binding pez se
/ . ' .

.

did cot activate influx. . | " .-

Te

1)

irichment of Balb/c splenocytes for 3- and T-cells, wus-
ing wheat gern M&gglutinin (WGR), did not NFffect <+he
1-75-fold activatiorn of X+ influx by Con 3 ir any ropula-

tion; despite 'Spme ¢ifferences in <heir proliferative re-
sponsa2s, all WGA-fractionmated populations showed identical

influx activations. Proliferative response t¢ Con A was nev-
er completely removed from *Ke B-cell populations. The re-

sponse <o Con i of mixtufes(;/;at constant cell density, of

-

BEC nu/+ cells (T-enriched) and FNC nu/nu cells, was as-

sessed. The'activations of both Kt influx (at 15 hours) and

o :

DNA synthesis (a+ QB'Fours) demcnstrated, trrougk the pro~
- o .. )

ductior of =2xcess,” or unexpacted respons2, interaction be-

tween the two .populations. Provided there were more tkan 10%

th

T-cells present, :QSponses‘indistinquishable iTom tLosa o
pure T-c¢ells wzre obtained, U¥-irradiation of either cell
type b2fore mixiag prevented this interaction, which also
required co-cultura. When LPS was addad to suckh mi§tures,

- +
there was no interaction; fesponses propoariional to the pum-~

ber ©f nu/nu cells present wa2re obtained. .

P S 8



-

In mixa2d cultures ‘containing 20% T-cells (from a femﬁle
mouse), and 80% nu/nu cells (from a male mouse) , uﬁ;ﬁ;f +he
cells ina metaphase, éfter 2 days incubation with Con 1 were
identified as being from nusnu spleen, by Hcechst 33258
stainirng of the chromoscmes. In separate ex;é:iments, 50% of
the blast c21ls it similar cultures stained strongly with
FIIC-acti-Ig. Lless tkan 5% cf the T-cells vere Ig-positive.
Anti~Thy 1.2 and complement traatment of nu/nuqbelig bzfore

mixing did no* affect their activation.

} Botk the exc2ss potassium uptake and 3i-thynidin2 incor-

S

poraticn seen in mixed cultures were therefore due +6 B-cell

.activation, through co-cul“ure witk Con A~activa*ed T-cells.

This accounts for the constancy of K+ influx in WGA-frac-
tionated populations. These results are consistent with a
mod2l whereby the Zflux. activations are caused by T-cell so-

luble factors, and thé’ultimate level of response. is ragu-

lated by macrophag:s.

. = yii -



RESUME

La copcanavalice'r (C¢n i) favorisa l'a2nt-fer de pozassium

’

chez les splfnecytes Balb/c d2 7.35 /= 0.6 & 12.66 +/- 0.8

fmcles/cell. Ekz. (X 1.75). L'Znflex eE‘kmasu*n par un?T Bi-

s

crem3thode rapide, ltaids du matqueur radi cactif 865b+ . La

P

timulatisr 22 cz+ influx n'a &t

iy

detzctabl cu'apris 6-8

oy

t

Dy

Az, dt'inCubation avec la Con i, =% a

inhinfe par l'oua—

balne, prcduit inhibant aussi la synthIse de l'th (K- uris o
L.oe .

par l'iacorporation &2 3H-thymiding). M3suree apres 48 ke,

l*xTPass (Na+* ,K*), mesuré ApPIoR 10'03_&5 kaurzs de culeur2, a -
; ; _ e ) .
- . . . . A e
24& d2 1.8 ¥ 10-4Y. Ces inhibitions furspt revarsiblzss. Con
- L] - - .

A favorisa aussi la sorti: d:  potassium ds €.24 +7- D.E ¥

1.6 +/- 0.4 fmoles/cell.hr. (X 1.66). Cottz s<ipulation a

DA

“2.m3surfe aprls 14 heure d2 culture, gais n'a pa§ £eZ da-‘;
t2ctable immediatemznt -aprds 1'addi<ion 4z la Con & L2 con=-
t2nu In*tracallulaire é%-po:a551um augmentd 62'2 ‘eelszs/cell
artre 5 =t 10 heurs s de cul=urs. Lo {(K*)c ras<a cqnstan; du
fait d'une Zaible augmentation 'éﬁ‘voiumé czllulairz. L'in-

flux nat fut sufiisan+t pour mair*znir cens+tant 1z (K+)yc an

cours d2 l?augmsntazion du volume czllulaize 4- la blastz--
~ - . . . ‘a : T, . -

nogensse. La furosemide ‘(1 m#) inkiba 3 la fois l'activation

de 1'influx d~ potassium 2t d2 la zynth3se de 1'3DY.

i
<
'Jl
'.la
l—.l

1



la Con 2 n'activa ni I'influx de potassium, ni 1la

synthk3se de 1°2DN dans les cellules de la souris RNC nu/nu;

mais le LPS activa l*'influx (X'.I.u), et la syn+hese de 17~
ADN. Chez les cellules Balb/c, l'influx da potassium ne fut
pas active par le 'LPS, - et la synthZse de 1'ADN ne fut que

tripl€e. Aainsi, l&activatf%n'de l'influx de potassium fut

-/

essentielle et spécifique pour l'activa‘tion mitcgenique des
lymphocytes. La liaisen de Con % per se= n'augmenta pas les

flux-de potassitm.

L'enrichissement par lectinge de grain de bld  (WGA) das

splénocytes Balb/c pour des cellules B et ™ -ntaffecta pas
. - .

v

l*'activation de 1'influx ge potassiur par la Ccn A. Malgré
[ s .
des differences au rniveau de lsur prolifération, les popula-

tions fractionfes par WEA ripondent de la n€me pmaniSre. 1La

réponse prolrf€}ativo des cellules B par la Con 2 ne fut ja-

-

mais enlev®e. La céponse & la Con A 3 une nélange a densitd
ccnstante de cellules de ;até_ RRC nu/+, enrichkies pour des
céllules T, et XNC nu/uu fut evalufe. La mesure de ltactiva~
"+ien-de l'influx de potassium (3 15 hed:es) et &2 l'incorpo-

ration -de Ji-+hymidine (& 48 hr.)y- indiqua une interac=ion

2ntre les 2 populations, <21 qu'bn obtint unre répornse iden-

tigque & cells de cellules T puTes si op avait eu - au moins

10% de cellules T. L'ipegraction de c2s callules necessita

B

une co-culture et elle fut annulfe par irradiation aux UV de

chague type de cellule avant leur nélange. la r&ponse au LPS

dans le wm3lange diminua proportidnellement avee¢' le nombre

AN '

des cellul=s nu/nu.-.



Dans une culturz de 2 jours, contenap*t 20% de cellulas T
(€'ure souris fenelle), 2t "80% de ceollules nugnu (d*une
securis nfle), 49% 4de c'llules 2a me*aphése furent idénf@r

€es par colgrat*on d=s chfomosomcs au Hoechs‘ ?32‘8 commo

H

8tant de rate nu/ne. D'autrﬂs expériencas mcntrent que dans
des cultures identigues, 50% das cellules blastiaques Turen+

marquies avec FITC-anti*Zg. Il y avait zcins de 5% de cell-

lules Ig-positif dans les Cultures T-enrichies. L1z traita-
ment des c¢ellules nu/cu Par 1l'anti Thy 1.2 e+ compléme@t

avant 12 aZlarge n'affecta pas isur activation, =
L'augmentation de 1'influx de potassium et 2e la synth3se

de 1'iDN obSerVSe'dans les cultures mixtes furape donc le

résultat de l'ace i ation des celltles B, par cowculture _avec
des cellules T, activées d2 Con A, Ceci expllqueALa cons-
tance de 1'influx deo potassiunm - dans des populations frac-
. ) ’ < o )

tionS2s avec 12 WGi. Ces T&3u3ta~€ supporteraient un zoddla

dont l'activation aos "flux serait produit par des mad~ateurs
solubles, s3cretss par des c=2llules T, sots l'effzt de Con
L, et le nPvear des rfponses serait dfternind par des macro-

phaqes% ' , - | .

) .
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SECTION I

INTRODUOCTION . -

In 1968, Quastel and Kaplan showed that ouwabain, a specif-

ic iphibitor of .tke (Na*,K*)-ATPase, intibits the activation

tokemagglutinin (FHA) (Quastel S'Kaplan. 19€8) . They subsg-'
- quently showad that the earliest detectable even+ followicaqg,
addition of PHXZ to human PBL in culture is the approximate
doubling of ouvabair-sensitiva petassium influx (Quastel &
T —

Kaplan, 1970B). ! o

Since than 1t has been shown +hat sicilar flux activa-
tlons are a characteristic of the ir vitrzo mitogaric activa-
tion of many different cell types (Kaplan,1978).In the in-
terveaing vyears, our undarstardirg of the interactions
involved iIn the éctivation of 1lymphocytes has 3increasazd
enormously, and ths roles these activated cells play ia the
imnune response are now nmuch batter appreciated . Since
all work to date has been with unfractionated, hetercgenous
lymphocyts populations, it is appropriate that +the activa-
tion by mitogens of monsvallkent cation fluxes in 1ymphoc}tes
be reassess=d, *o confirm thd£ this éctivation is a specific

consequence c¢f the stizgulation *o proliferate of cells in

culture. These fluxes, as zarly eveants of the activa+tion
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process, wmay enable us to dissect the cellular ~interac-
tions whick are so much a characteristic of +the immune re-
sponse, .

This intreoduction will review the immune system, the

‘cells vhick mediate its response and <he !‘39 of monova-

flent cations in ttre functioning +©of tkese and other cells,

-~
~

emphasising tkeir role im the requlation of cell prelifar-

ation, which is essential to +he immuce response,

1.1 THE IMMONE SYSTEN

%11 vertebrates and some higher invertebrates possess an im-

mune system, which responds to foreign or an*igenic substanc-
es(Stites & Caldwell,197¢ ). The immune systems of ‘the high-
2r vertebrates, especially mammals, are the best daveloped.
This review will ccercantrate on tgose of the hﬁman and the

”

nouse, )

The icmune system responds to bacterial and viral infec-

tions, and is also important for the control of malignancies
(Burnet, 1970 ). Its importance can be appreéiated by consid-
N
eration of some of tke consequences of its deragulation,
suck as_ agirng and auvteimmun2 diseasss (lance et al, 1977).
Tc understand thé.‘:egulation of a systen, it helps to
understand tke system itself, In the case of *he iomune sSys-

tem, one needs *o understand the effector cells.



1.1.1 izmghocxggg ¥
Lyophocytes, witk mac;Ophages, are th:s principal effector
cells ¢f the ipmune res?onse. !orphologicaily, resting lym=-
rhocytes are unprepossessing. They are seall, round cells,
about 6 pm in diameter, with a very hiéh nuclear to cyto4
plasmic volum2 ratio, and chromatin in a highly condensad
state, §timulated lyméhocyte§ are more diverge in morpholo-
gy: they afe larger than resting cells (up to 20 pa in diam-
eter), and have a’muck lower n;clear/cytoplasmic volume ra-
tio. Their deconden;ed caromati and highly organized
cytoplasn fespecially ic the case of plasma cells) bespeak
active cells.

Thare are two main classes of lyephocytes. Thosz that

3 - . N t 13 -
mediate the humoral immune response i.e. nmake antibody, and

those that mediate cellular immuna resporses. Antibody-pro-

52

(=

ducing cells were showr (%Warner & Szenberg, 1964) to ar
€rom the bursa of Fabricius in chickens, and wvere dasignated
B-cells. Fagraeus showed.that B-cells develop into plasea
cells, which actually make the antibody; she has recently
T2vi2wed +this work (Fagraeus, 1981 ). In mammals, there is.
Do bursa,and 3-lymphocytes ara considsred to derive ffom the

bone marrow, although it is nst clear whether +his is prop=-

3

2rly a bursal- equivalent (Cooper & lavwton,1972). The media~
tion of c=2llular r2sponses by <c¢ells derived from <he thymus
(T-cells) was shown by Miller, ard by Good'(Hiller.S Oso-

ba,1967;Go0od & Gabrielsdn,1965).



1.1.2  ontogeny of Lymphocytes ‘

Lymphocytes derive from <+he dane pluripotent stem ca2lls
& ' .
TN . .
whick give rise to erythroid c2lls (Hume EhWeldemannt1980).
Ir mammals, - these stem cells can  first be identified in

fetal liver, from where thk2y migrate to the bone marrow in
) . . v R

fhe adult.

On leaving the Lbone .marrcow, T-cells migrate to +‘he thy-
mus, where they acquire (in mouse) Thky-1 antiqgen (Cantor &
Boyse, 1378). They mature in the thymus (this may involve
proiiferation), ancd ther migrate to peripheral lvmphoid or=-
gans suc§ as’the spleen ard the Iymph nodes. ‘ They have by
thén acquired alloantigens of the Lyt-series (Cantor &
Soyse,1978). It s currently felt that immature T-c=z2lls
bear the Lyt 1+,2+,3+ antigens, and that their ccronlitzent to
a differentiated- function ipvolves the loss of one or sore
of thess antigens (see below). i; the absence of mature T~
cellg, or facto:s from then im’ature T-cells suchk as proth-
ynod¥tes are irncapable of T-GA11 function (Smitk et al,
1979;. Agtigens of the éa-series, és yet incomﬁletely char-
acterized, are alsc acquirad in T~cell ma*uration (Staaton
et al, 1978). The site of B-cell_differéntiation and matura-
tion in mamrals (the equivalent of the bursa in birds) thas
not been definitively established. Likely sites are‘ fatal
liver, adult bone'mérrow and/or gut associated lymphoepithé-

: —>

lial tissue Tazen ‘et al, 1974 ;Cooper & Law~-

ton,1972;Melckers,1977). While B-cell differentiation is be-

A
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lievad to be antigen- indep=zndznt, B-cell maturation (zo 'a
vlasma cell) is antigen=-drivsn, Differentiated B-cells cx-
pPress the Ly-b antigen . ' This can be detected prior <c zx-
‘pression ©f surfacse 'Ig (Sato & Boyse,197€;: Silvzrston2 g%
al, 1978).

1.7.3 The Nude Mouse

IR 19€E, mice of a4 Strain which had hither+ofors bz2n noted
only ZQ: hairlessness ard susceptibility +o infection wers
shown tg be a;hymia (Pan:elouris,1968').These- animals azce
davoid of all T-c:ll furc:ion. Despite son= di@ficuity in
2stablistirg arnd maint tal 2ning colonies, thay have be=n axten—
sively 524 and studied.Kindred (1979) has reviaved thz con-
tribuiion these mice have made to izmunology. Sof somz tim=
tkey uére tLougkt of as "B-cell mice®, a description wheh
alttough desczibing *heir functicn ;n icmune :ésgonsq guita
accurat2ly, sSuggy=sts an inaccurats: picture of thair comple-

@ent of lymrphocytzs.

suffar almost compL;:g thymic dzageneration. There is hewave
2T no d2fect in the bone ma::oﬁ of thess pice, and in fact
cells of tﬁe T-czll lincags som2 bearing detactabla T-cell
antig2ns, such as Thy-1, are produc2d . Since +h2s2 are no+
precass=2d by the thymus, <ha2 r2main con~functional, T=-

cell function can be reconstituted inp <these mice by injec-

b



topes cor antibody-recognizing si*es. TFor cach epitop

3
ticn or implantation of @mature T-cells, activa+ing factors -
f£rcen mature T-cells, or ma<tuce thymus tissue (Kindrz=d, 1979

). N

—

{

1.1.4 Liﬁphoid Tiséggg

The pripary lymphoid tissu2s are the bone? marrew, thynus,
gut-a3sociatad lymphoepithelial tissus, _and f=*al livar .

Szcondary lyampheid tissuzslinclude thks spl<ern, 1lympk nodszs

fad

[41]

I ars <+he s$i+2s whereiln

t

ané p2riph=ral blood . These lat

lynphocytes interact with antigen, arnd wi<l each othe2r= this

czllular activation is esssntial for +E= immune IesponsevThe .

sacondary lymphoid tissues, and tkz “hymus, ars *h2 pr

nci-=-

pal sourc2s o c21ls used for in vitro studies..

te

. N
s
“

1.1.5 The Humoral or B-cell Response

The humoral iasmune respons2 is media+ed chiefly by B-c=lls.
Resting B-lymphocy:tes camy cn  their surface immuncglobulin

molecul=2s, On zack antigen molecule arfe cme c¢r mo

]

2 2pi=

’

.
Ta2rz

o

L

is a corresponding antibody idiotypsz: this is a variable re-
gion on th2 antivecdy, <formsd by botk the heavy and ligh<
e '

crhains, which Is the combining site spec

Vda

=

4

c for that 2pi-
. . i
*ope (Taussig,1975).
Thes2 clones, =zach ¢f which contains 0.01-0.701% of all

—
B-cells, are zxpand:d through mitosis in respons2 %o an

et
pae

]

ge

(McCecnnr21l,1975). The ¢=lls =2nlargs tq bicom2 kElast c2lls

1)

1
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(lymphobjglts), then aé they develop more enaoplasmic rati-~-
culum, they can be identifisd as Plasmablasts, from which
tha ' |

develop into smaller (about 9-12 um in diameter) plasrma

Y
Ccells; these are the body's secretory cells, par <xcell=ncs,

b2ing r2adily idzatifiable by the distended cistarnae af
. 3x
thzir endoplasmic reticulunm. It is these cells whick pake

and s=zcrats antibody.

q

1.1.6 Cellular or Twcell Responses

T-cz2ll responses are of thrae classes.,

-

/
T.7.6.1 T-cell help

T-c2ll lp includas bosk T-7 ané T-3 help. T-T help will b=

Ha
0

d=alt with in a later soction. T-B h2lp refsrs to the in-
volvament of T-czlls ~ir th=2 recognition of antigen and +k=
preduction of antibody Ly 3-cells. Triggaring of B-cells in

the absgrnce 0f Tecell h21lp only eccurs in LZSponss to sons

antigans suchk as bactarial lipopolysaccharide {(L?3) (koders-

son et ai, 1972). In all cther caszs, T=cz2lls are requirad
for bothk r2cognition and activation, There ace idiotypsz~

specific T-cells, Jjust as thsre are idictype~spacific B~
lrer cells releas:z soluble Zactors, which,

cells. These T-h

10

[\l

in concert witk Racrophage- presernt?d antigen, activa+¥s B-
cell antibedy produc<ion . Some T-cell factors bzar Ta d=-

t2reminants (s=2e ba2lcw), anéd car ba absorb=d by antiger; thay

h

therefcre correspond *o tha antibody idiotype, and to thz
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T-c21l antigen pecaptor ({Tada & Okuoura,1980) . Helper T-

cells are of Lyt-1+ phenctype , having 1lost +he Lyt-2+,3+

et al, 1975).

———

antigens ( Hirst
/

1.1.6.2 T-ceil Suppression

Suppr2ssor cells are the d;wn-:egulators of the inmmpune r=-
sponse. They serve as the_tefminators of the inmune re-
sponse, shutting off effector T-cells ‘and B-calls ({Ger=-
shoﬁ,197u; Janeway, 1978) . Llike helper cells, tk2y rroduce
soluble Eacfors, which can also be idiotype-specific (Tada &
Okumura,TéBO). They a:é responsible, with Interleukin-2 da2-
pletion, for the cessation of ﬁitogen—activation aftaf one
or a few rounds cf divisiorn (Hume € Weldemann,1990 ). While
Suppressor cells are activated by mitogens suck as Con 2, it
is nof Clear wnether £hey need to proliferate to exert +heir

effacts (Dutton,1973y. T-suppressors are of Ly~2+, 3+ pheno-~

type. Whether a mitogen induces helper cells, suppressor-

cells, or both, daperds, amongst cother thidgs, ¢n the mito-
gen dose ( Persson e* al, 1978A).

f

1.1.6.3 T-cell cytotoxicity .

Cytotoxic T-cells (CTL afe generated by the mixed iympho-
Ccyte reac+«ion (MLE - see below) .They arfsa,h_through prolif-
eration, 3in response to t@e recpgnition of alloantigen, in

the prasence c¢f Ta-bearing cells (Hayry & Defen-

di,1970;%2drud et al, 1975 . Mitogens can induce nonspacif-
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ic cytqtoxic T-cellé, which produce lympho*oxins, and can
aléﬁﬁfacilitape fih; emergence cf specific CTL, from primad
populations {David & David,19%2: ¥agner & Pollinghoff,1978).
CTL function in immune surveillamce, having the potential to
lfse specifically tumor cells. The mechanism‘of this l1lysis
s rnot fully understocad: it réquires cell=-cell . contact
(Befke,1980). CTL are also of Ly-2+,63+ allotype (Back 2t al,
1879). - ' | -

1.1.7  Macrophages

Macrophages have two principal furnctions in the immune re-
sponsa; these ars phagocytosis: and antigen-presentation .
Phagocytes engulsi foreign particles (cells and/or cellular
constituents) and destroy them by lysescomal digestion . Pha-
gocytosis 1s enhanced by opsonization (the bindirg of apti-
bodies to th; antigenic partici%): macrophages rave Fc and
C3b receptors on their surface and cap thus bind tha.opscn-
ized particle (cCcnnell, 1975; sSell, 1980).

311 inﬁeractions between l;mphocytcs and actigan ére ne-
diat2d by macrophages. This is the antigen-presenting func-
tion of macroplages, ‘wheraby antigens are ingested by the
macrophage, acnd then presented op its surface fo- recogni=-
tion by either T- or B-c2lls . This includes interaction
with mitogans (Eosenstre;gaﬁf 4izel,1978). Macropkages also

secrete soluble factors which regulate tke impune Tesponsa

(see below).2-cell response to T-independent mitogens such
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as LPS does not kave the same absolute requiremen< for ma-
croprages (Rersson er al, 1973B).

Both T-c21ls an@ nacropkages can be‘:eplaced entirely in
+he antibody response by soluble factors deriveéd from these

cells (Ratson 2t al, 1979; sShiozawa 2t al, 1980). Thesa fac-

Lors result froan

o+
(%]

Le prior nteraction of both c2ll types
with antigen. Needless to say, B-cells cannot be replacad by

soluble factors.

1.1.8  The Bixed LyaphocytZ Reaction

;Hhen;dllogeneic lyaphocytes are nmixed in cultur2,c21lls from
both populatious are activated. This is the ¥L® .(Bain 2t al,-
1964) . The <ceaction can be divided into two components,
stimulus and response. The c21ls which s£imu1at9 are\usual;
ly B-cells or macrophages . - These cells bear Ia antigans.
T=cells are the responders: all resporses invelve an activa-
tion *to proliferats, although there may also be recognltion
which do2s not in its21f lzad to proliferatioﬁ. The stipu-
lus to prolifarate is determingd by I region differences in
the. mouse (ncDévittjj978). If XK and/or D region differences
are also recodnized, then the activated T-cells differenti-

Ate! to become cytotoxic cells {Back e

al, 197%). Cytotoxic
T-cells generatad through ML mz=diate g:aft-vefsus‘ host re-
aciiéns dnring transplantation r and also madiate Cytolysis
of tumor tissues (immune surveillance) {Burnet, 1970;Lanc> et

al, 1977).
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1.1.9 Genetics of the Immune Response

P
The impune respors: is under th: control of a nupber of ga-

netic leci. Chief among th2se is «h Major Histccompatibili-

w

ty Complex, whici is " designated HIX in ran, and H=2 in
mcuss, locatsd oa chromosom2s 6 ard 17 Tespactively
{Kl2in,1975 }. Contairad within +his complex is +ke I subra-
gicn, whichk controls cellula: interactions and therefore ths
induction and the magnituds: of respcnst (McTevi++«,1978). Th:
Za (I-subczgion asspciated) ~antigens ars encodad by +thzg="
loci; +thes2 antigsns are expressed chiefly on B-cells and
macrophagas, althkough therz is a lew leval of Ta Xpr2ssion
on Te-cells (thi§ i35 clevat=d on activatad T cells)., Thks I-
subrz2gion alsc determines <hs= tature, or direc+ion o0f *h=
reséonse. FOor ipstance, T-hz2lp is an I-A/3 éssociated activ-
ity, whila I-J is associa+ted with suépr?ssion (Sell, 1980) .
The K and D sunregions’ ‘centrol the ipnduction of cyto:bxici-
LY. The Ss regicn deta:éin-s sarum frotein levels {5211,19890

Y

1.1.10  Reguirement for Blast Transformation

3

21l the ac=ivations described so far have in ccmmon <h-
requirement fo- blas: transformation and proliferation. Tha+
is +to say, hone'cf “he =2Zfzctor cslls dagecribed { wi:h +h=
possible 2xcepticn cf  the supprassor cell) ‘can be derived
from tk2ir oprogenitor cells without firg« beceming an en-
larged blast cell, fcllow2d by DNz synthasis and c2ll divi-

‘sion.

LRl



12
..Clonal expression requires clomal expansion, and there

can bp nc cloral expansion without prior cellular expansion.

1.2 1IN VITRO ACTIVATIOE OF LYMPHOCYTES

T1.2.1 Polyclonal Activators -

As mentioned above, each individual clone of lymphocytes,

)

vheth2r B or T, constitutes less +kan 0.01% .0f the
- .

population. Activation by antigen may raise %his,

cloral expansion, to 1-3% (1cConnell, 1975). Therefore, wer
lymphocytes “o be activated in vitre by a monoclonal or =avan
an cligoclomal activator (9. antigens such as sheap ra24d
cells), there would ensuz a low-1l2vel «responsa. Nowall's
discovery of the mitogenic pptential of Phytohegagglutinin
{¥owell, 19€0) in+rcducad polyclonql activators. Many other
Plant lectins were found to be pitogens, as were a diverse

s

array of other materials.

Thes2 agents all have in common “he ability.+o interact
witk the ce2ll surface and ther2by cause the celf to undergo
blast tramsforrcation and sSubsequent DNA synthesis and cell
diiision. They can activate aé*@any as 70-80% of all lympho=-
Ccytes ih peripharal bloed (Ling & Kay, 1975). Since these
processes ace crucial to any imomune response, thess in vitro
activators have bacoxe very wid21ly studi=23, to the extent
that in yitro ieucocyte culrure ‘has become a discipline o€
its own (Kaplan,1979a). The fact that the activation pro-

duced is polyclonal, i.e. non-specific, doss not dotrac+

-
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from their usefuiness, for it is appreciated that all cell
activations involve zuch the sape series of ‘events, and it
ig through. the undefs-anding of these géneral events that we

wiXl come *o understand thzir specific charactaristics.

1.2.1.1 Lectins

-L2ctins are hemagglutinatidg proteins (se=2 "TIB5 march
1981, for definizion), Some plant lectins are mitogenic for
lymphocytes. The two mitogenic lectins mos< ccmaonly uszad
are'EOncanavalin A (Con Ai, which is isolated from +h= jack
bean , 4and PHA, from the kidney bean (Lipg & Kay,1975). 'All
l@c?ins bind tc lympkocytes. The Teceplols or the lymphocyte
surface for lectirs are carbohydrate residues, covalently
attached to membrane proteins (Sharon & Lis,1972). L=étins
are polyvalent; they crosslink receptors on the cell sur-
face, For iustance. Con & is a tetrameric protein, withk 4
binding sites (Edzlman et gal, 1972). lectins can cause their
receptors to both patch and cap. fewever, carping is nei-
ther necessary nor sufficient for mitogenic activation., For
instanca, succinyl-Con &, a da2rivatizad form of Con L that
is divalent and does pot cap, is mitogenic, while both pea-
nut agglutinin (PNA) and soybean agglutinin (SBA) can cap,
but are no< mitegenic (¥cClain & Edelman, 197¢ ). Ther:z have
been reports +tha+t wkeat gera agglutinin (WGR) is mitogenic
for human lymphocytes, but the degree and persistence of the

activaticn are low, and it is difficult <o d2mons*rate (Udey



&
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& Parker,1980). Interestingly, PNaz and SB2 are mitogenic
for lymphocytzs which Lave been pretreated with peuramini-
dase, an activation protocol reminiscen+s of activation by
sequantial treatment with neurazminidase and galactose oxi-
dase (XKAGO) (Novogrcdsky €t al, 1977) (see below).
Other aitogenic 1lectins aze lentil lectin,and pokewead
mitogen (2WX); <+«he latter is in some spacies a B~cell mito-
gen; although it§ actién 1s T-depenrden%t { Greaves § Japnos-

sy, 1972).

1.2.1.2 ther Activators

The inteéaction of lectins witk the cell membrane has two
aspecﬁs: an interaction with glycesylatad proteins, and
their crosslinking. In tke searchk for the "activating pric=-
ciple", res=archers have attacked both thasa angles.

There are <two activating treatments involving direct
chemical modificatien of m2mbrane sugars; periodate coxida-
_tion, ' and activation by KNAGC (¥ovogrodsky & Ka<ckalski,
1972; 1973). it wWas recently shown that the suvgar residue
wEich is the sit2 of action for NGO actiom can be protected
by pravious binding of Con i, suggesting tha*t both mitogens
skare a "receptor® (Gordon =t al, 1980). Both KAGO and peric-
date oxidation cause proliferation of T-cells only, in both
mouse and man (&ovogrodsky & FKatchalski, 1973; OQ'Brien et
al, 18979). It tas also been shown that macrcphages arce es~

santial for NiGO activation (Phillips et al, 1980B) ( as
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they ar2 for all igp ¥itro activations. The macrophagc may
act by pres=ntatior of +he agent ¢ th2 respondéding c211,
and/or by vproducticn ¢f soluble facters reguired by thé ra-
sponding cell (see btelow)).N¥2uraminidass treatmen* of macro-
pkages enhances thair abili<y <o interact with T=cells; n2u-
raminidase~-treatsd macrophages ara RCre potant acc2assory
‘cells (Sakanc,1980), and %NAGC-=+ rzated macrophages can t@em—

Seiv:s Induce lymphocyta activas-ion (Gr=ineder & Fos

R 1]

n-
“kal,1975). NAGO is mitogzaic for Lyt 14,2+ m-cnlls (Phil-
lips 2¢ al, 1980n).

1gants cther than lsctins which func+icn by crossiink-
ing m2nbrane ra2ceprors include an**—immuanlobulin'antibody
and LPS, both ci which ars Y-c=11 mizogsns (Packer, 1980 .
LP5 activatzion is specific for mouse cellé, and

S a4 T=inde-

bt
)

pzndent activation., It isg interssting <ha* bac*erial an<:i-
9?LS ars racognizsed iz a “#Zndarendsnt manner, alzhougt
e 1s on:z (spa, uyap rYlococcal protein &) which has bezn

variously r

[\
el
0
H
t+
[
u

to b=z mitog2aic for T- and B-colls (Kas=-

ahara z* al, 1979; Sakare & Gr2=0,1978).

1.2.2  Mitogen Specificity ~—

X mitogzn spacific for any on €21l <yps is d=2finad k22 as

[1r

an ag2xa=t whichk, when added “o a cul<urz whick d22s no* con-
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cloud the interpretatioh. Most polycleonal activators arce T-
cell mitogens, including all the mitcgemic lectins,

Determination of~the specificity of the action of a mito-

gen requires well-defined systenms i.e. cleanly fractionatzd

cultures, whose 'B-ness' or 'T-ness' is assured. Assessment

of +k2 specificity o a2 nitogen therefore depends on the

Hh

method used to prepare the "purified”™ culure.

1.2.2.1 Cell Fractionation
fractionation ¢ lymphocytes 1is eitker on the basis of se-
lection for or agaiast some surface marker or antigen. Se-
lection for a marker usually leads to more homogeneous end-
populations than does selection against markers.

The vusual method for B- and T-cell separation is the ny-
lor w>0l columr (Julius et al, 1973; Greaves & Brown, 1974).
Removal of T-c=2lls from B-ca2lls apd mpacroprages 1s best
‘acheived using anti-thy 1 or anti~theta antibody and coaple-
ment. Anti-Thy 1/complemen* lysis is selective, in that
different T-cell poprlations express differing amounts or
densities of T%y 1 (Cantor et al, 1975). B-cells can be pu-
rified using absorption chromatog:ephy, binding the B-cells
to anti Ig-coupled matrices.

2 useful property of th2 non-mitogenic lectins SBA and
WGA is their specific agglutination of B-lymphocytes (R2is-
ner gt al, 197€; Bourguignon et al, 1978). Acglutipated B-
cells can be separated by gravity sedimentation from +ha T-
cells, Th= resﬁltant:T-cell populations are 95% Ig-negative.
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It‘is noteuorthy.that both insolubiliééé Con &4 and PHZ
are mitogenicrfor B-cells (G:éaves & Jarcossy, 1972; 2Andars-
son et al, 1972). Tkis fact, taken together with the fact
that LPS is a highly cross—linked polyzer, has 1led to the
idea tkat B-cell mitogenicity is somehow relatad t¢c such
multivalency; the concept of "antigen focussing™, by which
macrophageg are consiéered to present B-cells with a highly
order2d and repetitive arzay of antigen/mitogen is one mani=-
festation of this line of thought (Basten & Mitchell, 1976).
1.2.3 lg.zgz,l_egﬂag»
The term Intarleukir refers to scluble factors derived from
T-aitogen -activatad ‘cultures. In 1979 , ¥atson et al,
showed that a-variaty of soluble factors, obtained from Cor
A-activat=2d spleen cell cultures, were in fact +he saza fac-
tor, in tarms of their activity and their biochemical behav-
iour , This factor was named Interleukin-? (Z1-2) in 1979

(Mizel & Farraz, 1979). It was previously known as T-cell

-

Growth Factor (TCGF), T~replacing

rh

actor (TRF) or co=-stiamu-
lator. rlso re-named at +he same workshop was a macrophage-
produced fac*or which had be2n knowr as Lyrphocyte aetivat-
ing Factor {LAF} ; tkis 1s now called Interleukip-1
(IL-1).IL-2 is produced by T-cells: both IL-1 and Il-2 act
on mitogen primed T-cells.

)
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1.2.3.1 Interleukins in'yfcell Activation
The S2quence of events which follows addition oZ a T-mitogen
t0 a culture containing mature fT-cells (usuelly 3pleen
cells) is now considered to be as follous; +the mitogen binds
to both T-cells and to maéropheges. There is an in+teraction
between macrophages and Ly-1+ m-cells which :esults in IL-1A
being produced by the'macrophages. fhis IL41-binds to otker
Ly=1+ T-cells, rdnq induces +he production 0f IL-2. T-ca2lls
which have boutd. mitogen are <nduced +o express.IL-é recep=-

tors; this process requirkes protein synthesis, and is inde=-

Jperdent of macrophages. These cells biné or absorh I%-Z,
and are thus . activated to begin blastogenesis. This whole

Sequenca takes between SJE&;Eours froz the additicn :f rito-
gen (Szith,1980; Grouvik §& ind2rsson, 1980:~‘Larsson 2t al,
i980). Since production of IL-2 is of short duration, pro-
bably due to suppra2ssion, thers ievgltimately a depietiou of
I1-2 in the culture supernatant, leﬁﬁ the activatipn process
stops. If frash IL-2 is added, the process of DNA'syqt@esis
and c=211 divisiorn can be mainptained indefinitaly - in fact,
clones of CTL havz beer maintained for pericds oI years by
*haSe zeans (Smith et al, 1379).

Some:interleukins have cross-specific activity; rat and
humanp I1-2 activate mouse ca2lls, for instance. Thess activi-
ties are not histccompatability restricted . Neither factor
has yet been purified to homogeneity, aad the active princi=-

ple (s) of 2achk have not been identified.Th2y are bhoth protz-

el
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ins, their amolecular ueigh£s are considered to be in the

range 10-20 X for IL-1, and 30=-40 & fo- IT1-2 (Smith et al,
. . °

1979) .. '

The specificity of +he response is trarefore éontained
within <he cell subtypes, <ratker tkan being deterained by
tke mitogen. Con i Einds equally to alil - cells, as well as

AN

to B-cells, bu+* only those expressing a part?cular éntigen
can sither particiﬁéte in IL=-1/2 production, or respond to
IL~1. Thymocytes respond poorly to Con 2 or to PHA. Howev-
er, 1in th2 presence of e€xogenous IL=2, tkey genzrate CTL
norzally (Kruisbeek et al, 1980). Tkeir immatdrity is thare-
fore related o their inability fo produce zIL-2. IL-1 pro-
duection by a macriophage can be induced directly by its stipm=-
ulation with either Lps or-phorbcl BYristic acetate (PMA} =
it will however have no eifect on T-cellg unless éome T-cell
mitogar is present (Smith et al, 1973

Macrophages from +he spleens of Mde nice produce IL-1
aormally (Gronvik & Rnd=rsscn, 1980). However, there is no
T= cell activity in these Spieens. fhere are cells which are

0f the T-lincage in nud= spleer ( Kindrad 1979) . They can be

induced to express

+]

-c2ll function (for instance, cytotexic-

b4

ity) by addition of IL-2, eitker in vivo OC in ¥itro

—

(Dennert & Hyman, 1980; Wagner et al, '1980).Thkis indicates
that tkymic maturation of I=cells involves ¢heir beiag coa-
ferred 2ither with +he ability to produce IL-2 or fo respond

to Il-1,
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Aciivationqis therefore a two-signal process, with Con A
as the firs+« ,and specificity-determining signal, apd JI-2
as ﬁhe second, or amplifying sigral (larsson et al, 19890).

-

1.2.4 Secondar ~cell Activation

Not only are T-cells secondarily activated by other, mi<+o-
gen-activated T-cells, but B-cells can also be activated by
~

activated T~cells. These activations can be m2diated by so-
TN :
luble ®actors, Both proliferation and production of Doly-

clomal antibody can be démonstrated (tindersson et al, 1972).

T=-cell factors-.car induce proliferation, an+tibody synthesis,
or .both, depending on the Zactor (Potash, 1981).

So tt is clear that while Com A is a T-cell mwitcgen, +he

T=-cells which it activates can themselves activat= both oth-
. :

-

er T-cells, and B-cells.keports of Ig-bzaring blast cells inp

Con A-activated culturzs, which were at one time regarded as

- -

controvarsial, may now be- regarded more favourably (PLillips

&

53]

oitt, 1573).

These2 responses and interactions are complex. H;wevef,
thef dré all mediated by lymphocytés, and +“hese lyaptocytes
have all undergone a similar biochemical activation. In par-
ticular, théy have all engaged in.both blas+t trangformatiou-
and DNA synthesis. To undgr tand the interactions degcqibed

above ,ther, ore must concerr oneself with the molecular bhi-

ology of lymphocyte activation.

-t

iv .
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~will be discussed inr more detail in-a later sectiom.
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1.2.5 Biochemical Parameters of
Lymphocytes

L)

vitro Activation of

e

The sequence of biocherical events which follows the addi-
tion of a mitogen to lyﬁphocytes in culture is ag follows.

1. There is no requirement for entry of the‘mitbgen into
the ceIf{ Therefore, the events described below all result
from the % teraction ¢f the mitogen with the cell.membrane.

2. Within an hour of tha addition of mitogen, amany
groups have detected increased calciﬁm.iﬁflu; into lympho=-
cytes ( Allwood et al, 1971; Whi+ney & Sutkerland, 1374;
Preedmanjg; al, 1975; Besketh, 1979 . Hhile it seens likely
ﬁ;ium exerts a controlling role in lvmphocyte activi—
tion (Bard‘§3-g;, 1978), as it has been shown to do in the
activation of other cell zypes viz. echinoderm eggs (Sta2in-
har&?\? Wihkler, 1979), +*he faét that any change in cyto-
plasmic f£ree calcium must be transient, due to its rapid se-
guestration by organelles, makes measursments difficult .
Interpretati&n is also Lind2reé by the heterogeneity of the
cells studiad ¢+ and the multipliéity of Ca*+-binding sites
orn the cell surfacs, and Ca++-exchaigeable poéls witkin the
cell (§ee fum? & Weidemann, 1980 . . -

3. IQ human lymphocytes, early (withir 15 minutes) in-
creases in monovalent cation fluxes Lave been'conclusively:
deponstratad; some of thess increases are ouabain-sensitive,

s the whole activation sequence (Kaplan, 1978). TIhis

[ add

as
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U.' There are esarly changes in wmembrarne ﬁhospholipid ne-
tabolism. These Include an activaticn of +ke enzyoe lyso-
lecithin acyl transferase.The net result of *his activation
is the replacemernt thréugh turnover of saturated by ungatu-
rated fat<y acids in position 2 of membrane‘phosphati-‘
dyl choline’ and phosphatidyl ethanolamine (Ferber & tesck,
1977). This results in an increaseé membrane fluidity; this
may contribute‘to the increasad transmambrane ion movemants
. ;The:e is also increased phosphatidyl inositol turnover,
which may bz due to increased activity of polyphosphkoinosi~
tid= phosphodiésterase (Schallenborg & Gillaspie, 1977y .

.5 Many workers have deiected 2 transient increases in
CAMP concéentraticnp irmediately following +he addition of mi~-
togen (Parker,1978 ). There is sone disagreemeﬁt over thig
fipdipg, as CcAMP has often been associated wit? Regative
o regulgtion-of cellularc activity (Pardee’ 2t al, 1978). In the
caée of‘stimu;at}d lynphocytes, there is a later increa§e*in
(cAHPj, which co::espdnds to the GI1-8 boundary,‘ followed.by
a fall im pid-s phase-(Foker e+ al, 1979) . The "Yin-Yangn
kypothesis holds that cé;lular activity 1is regulated by the
opposing activities of CANP and cGMP (Goldberg et é;, 1975) .
There have been detected Changes in cGMP levels inp activated

-~

lymphocytes which variously support and contradict this hy-
- . ¢ . L

pothegis €2 Hume & Weidemann, 1980 ).

6. n the first € Lecurs, thera are increased uptakes of

all metgbolites, including amino acids, sugars, and uridinpe
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{(*endelsohn et al, 1970; Petars & dauszn, 1971 A/B;: -iHume &
Weidz2mann, 1978). ~The amino acid uptakes ar? thoss media<«ad

by tha "2 or Na+-dépendent pathway (var den Berg,1974). Up-

“ake of sugars izn many c¢z21l  <types is knewn <o b
Yat-dz2pznd=2nt (Cranc & Dorando, 1983) ,al+tkough similar

Na+-dep2ndent uptakc has not been skown in stimvlated lym=-

phecytes, Tarly uridin2 up=ak2 reflects arn incr2assd péol

size, rather than a nat syath2sis, although n=+ rrya sSynthe-

"

sis begins as carly as € hours (Fubin & Coop2r, 19635 ).

1

at

H

farly v-idin2 uptake is not ossential for prelife on.

The other uptakes correlat: with ne+ synthesis ( P2t

"

Ts &
Hausen, 197171 5.

7. Protein synthesis is ac+tivated within *he ficst ot

-

hours (lLevy & Rosznbsrg, 1973). This Cepresents translation

.,_h

frcm.p:efo:med IEN: - tharoe $ RO mew wrapscription un+il
about 11 .hours.However, =her2 1is prccessing 2of pr:focpad
m¥NA in  the first 10 Lours, and export to +the cytoplasn
(Hauser 2z al, 1978; ¥irchell 2t al, 1978). Th= =arly con-
ol of activatlon is thkerzfore post= transcrip+ional., icti-
vazion C¢f protzin synthesis is required for Llas+ gransfo:—
maticn (Schafer & ¥itchell, 1979).

B. In mousc splanocy+2s, +hers has bezn shown an =arly
{within 2-4 hours) degolarization cf the memtranz poteatial,
which is‘followed by repolarization and than hyperpolariza-
tion ovzgp the onpex+ 48 hours; +he depolarizaticn is duz <o

bindiag of the mitogzn, and is ‘specific to those cells acti-
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'vated by the 'mitogen. Tte repolarization seems to correlate

with a~ secondary activation, and is possibly duz to IL-2

[y

¢

(Kiefer et al, 1983).

9. After abcut 12-14 hours the cell volume incraases.
This blast +transformation is dependent on previous protein.
synthesis, The rnucl2ar/cytoplasmic volume ratio also da-
¢reasas (Ling & Kay, 1975).

10. At about tLe same time, nuclear dacondensation be-
gins, with <concomitant: tr anscrip*tioral ac+ivation. The
‘cell has by now ieft G0 ard =2ntgred G1 - it becnmas commit-
ted to entering S phase some tinme towards. +he end of G1
{8iddle et al, 1979y . Tha2 exaét‘time of commitment is not
. easily definad; it may vary for each individual cell (the
usual m=asurement is of "populatior commitmept™, which is a
conseusﬁs measurem=2nt), Cells which aras directly activated
2y be cormitted as early as 5 hours after addi+ticn of mito-
gen, 'whife those whkich are activated through secondary in-
teractions will be coreit+ed la%er: activation is therefeore
asynchrornous.

11. After apout 30 hours, DEX synthesis can be detected,
and p2aks batween 48 and 60 hours. Cell division follows.
Activity of the enzyme *kymidine kinase is stipgulated by as
much as 200-fold, concomitant with the activation of DN2
syn'thesis (Xunch- Peterson & Tyrsted, 1977; S+trauss

al,

2

ot

1977).
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Chief among <the earlies+t events 3ip this activation se-
quence are those Involving transmembrane caticn fluxes: so-
dium and potassium inf;px and efflux, menbrane éotential
changes, Na-dependzant mataﬂolite uptékes. The'se are essen=-
tial for all subsequernt activaticn. They are also the earli-

est events to hav2 besn =2stablished with certain*y in the
R I'4

-~

activation of humar lympHccytes. Sipilar observations have
been made with other cell types; tLesz will be reviewed in

the following section.

1.3  BEGULATION OF CELL ACTIVATION BY MONOVALENT CATIONS

The monovalent cations whichk will be discussed are sodium
ané potassium. Sodium and potassiuvm cress the membranes of
mammalian celis by passive diffusiou ané by two other
-routes. These ac=2 defined by inhibitcr%, and ars the sodium
pump, which is ouabalin-seusitive, and ouatain-insensitive
movemengs, which in some systems includs a furosemide-sensi-

tive component ( Gargus & Slavman, 198C).

1.3.1 The Sodium Puap

This enzyme, (describad bty Skou (1957) ), is a Na+* and K+

~dependent ATPasa (EC 3.€.1.3.). It translocates ¥a+ and K+

¥

in opposite directions across most sayucaryoctic membranes,
against considerable 2lectrochamical gradients, at the ex-

pense of ATP (Post 2t al, 1360). Excitable membranes (eg.

nerve) are richkest in this enzyme . The enzyme consists of
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two catalytic subtnits, ¢ K.W. 95,000 and four glycopro-
teins of M.8. 55,000 daltons; these all span the membrane

(Fobinson & Flashner, - 1979). Phospﬁolipids, constituting

about on2-third of the enzyme by veight, ar-2 also fequired

for its activi:zy (Skou, 1975). A 12,000 dalton M.W., proctein

has also been implicated inp its .activity (Forbush et

=
-

1978) . Therz are binding sites for Na*+ and K+, bothk on

ct

D

h
large subunit; that for ¥a+t is internal, that for X+ is ex-
ternal. Intracellular ug*+ is required for punp operation
{Glynn & Karlish, 1975). <he 2nzyme translocates 3 Na+t ions
for eyery 2 K* ions. Since the direc+ion of translocation is
‘f .
Na;féut and K+-in, it is =2l=2ctrogenic, and SO coptributes
s%gnificantly t0 maintenance of the +transmensbrane
;

eiéctricallpoténtial {Hoffpan et al, 1979). It is therefore

. f

‘céﬁtral to all cell function. Due to the importance of thea
transmembrane potential and ion gradients, and o€ the intra-
cellulaxz ionic enviroament, to all cellu;ar metabeclism, any
inhibition or activation of +his 2nzyre will have pleiotrop-
ic =ffects (Kaplan, 1978). . The operatiornal defini+ions of
sodium pump activ;ty are Na*,Kt-dependent LTPase activity,
and ATP=-driven Na+, K+ t:énslocation, botk cvabain- sensi-
tive, The requi:ément for Na+ is almost atsolute, while
Li+, Rb*,Cs*, Te+ and ¥H4+ can all subs*itute “or K+ (Robin=-

son & Flashner, 1979).



1.3.1.1 Ouabain | o | :

Cuabain is a cardisactive steroid. It binds rTevarsibly to
the large ‘subunit of +the i%a*,K*)-ATPase; competing with. po-
tassium binding, ;;though they do no* actually share a bind-
ing site (Pobinscn é'Flashner, 1979) . The only known site.of
action or of binding of ocuapbain is the (Na¥,K+)-ATPase.

Quabain does not bind to =ither

ot

h
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small sudbunits, or to

the icner face of tke membrane. It

0

binding is inhibi<ed by
high. (K+). Socdlun pumps isslated f£from membranes of most
species are essentially biochemi&ally identical (Skou,
1975). However, cells from varcious specles are not equally
sensitive to ouabain; this appears to b2 due to altarations

in the interaction between ouabain and the puep, rather than

to any change in the response of +<he ATPase itself (Leliav-e

o

et al, 1979). Rodent cells are about 4 orders of maéﬁitude
less sensifive to cuabain than are human cells (Robinson &
Flashner, 1979) .Tke sensitiv;ty of mousz2 (¥Wa+,K+)-iT7Pas=2 to
ouabain can be increased 300-1C00C fold by rpmoéal of a
.Ca**-pinding protein from the inner membrane face (Charle-

magne et al, 1980;.

1.3.1.2 Regulation of the Sodiuam Puap

Tre sodium pump shkows a third-power depandence on intermal
sodiuz concentratiorn; this reflects i+s prima;y activity,
vhiéh is to maintain a low intra;ellular {¥a*+) (Glynn & Kar-

lish, 1975). The sodium pump im rat submandibular gland can

be regulated by <GMP and by Ca++ (Ski et al, 1980).
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1.3.2 Furosemide-Sensitive Fluxes

Furosamide, a sulforaride diuretic, inkibits =le t-ically-
sil2rn+ ouatair- inszpnsitive K+ Zlux:=s in some cells. Thesa

dentified in mouss L czlls and avian €rythcocytas

(X0

hava hezn
as & link2d Na*-K* co-transport (Mc™anus & Schkpids, 1878y,

ard as a 1linked K+-Cl- co-transport in ascitas czlls (Bak-

k2r- srunwald =t al, 1980). Unlike ouabadin-sensitiva K+

movem=mts, both K+ influx and eflex, mediated by the fuaro-~

szmid: channel, ace Znkibivsd by tke drug (Gazgus ¢ Slayman,

V¥

1980) . Thaese fluxes have bean implica<tsd in th2 centool of

cell volume (K:igenow, 1971y .

1.3.3 Horovalent Cations in Lymphocyta Activation

1H

& 1968, Quastel ané Kaplar showed +~hLas ouabasin Itkibits ¢
versiply all paramztsrs o +h2 ac{ivation Ey FHX of human
EBL (Juastel & Kaplan, 19€3). I+ was shcwd that within 39
minutzs of <he additiorn 0I PHi to these c=1lls, rpotassium in-
flux 1s approximaszly doublad; <+hisg doukling was charac=er-
iz=zd by an iné:edsad Vmax, with nc changz in Ka. Yeithar ac-
“incoycin £ rnor cycloheximid: could iphibi+t <he “lux
activaticr (Quastzl & Kaplan, 1970E: 'Qﬁastel gx al, 1970j.
Pctassiuvn =fflux was‘dlso doublzd (Segzl &+ al, 1976; Hamil-
~cn & Kaplaz, 1977). These r2sul<s hav2 been coafirmad by
other labs (Averduak, 197€: S2g21 & Lich<tman, 197€). I+ was

alsc shown that aitcgen activation causas +ihsz lymphocyta

menbrarne 10 becom: lzaky (which could 2xplain the ‘incooaasad
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K+ efflux ) (Segel et al, 1975). There are also ircreases in
Na* influx and efflux, the latter- being ouabair-sensitive
(Aver@unk, 197¢). It was showq that potassium concentration
does not change appreciahlf ia thke first 20 hours after
Stimulation (Segel & Lich*man, 1978). While the activation
of human lymphocytes was totally inhibited by 10-7 ¥ oua-
bain, rat lymphocytes required 10-3 M for total inhibition
(Quastel & Vogelianger, 1971). For a review of these fipng-
iggs, see Kaplan (1978;.

"The increases ir influx and efflgx produced by stimula-
tion are equal in magnitude, This ﬁeans *kat there should be
zCc net charnge in intracelluldr (K*). Potassium concerp+tration
has been reported +to botkh decrease following stipulation
(Yegendank & Collisr, 197€¢; ~ aAverdunk & Gunther, 19894}, or
to remain constant (Segel & Lichtman, 1978). The lynphocyte
increases dramatically ip volume af*ter 16-20 hours; to mpain-
tain (K*)c wi+hkin the range of measured values, thera must
threrefore be a net increase in potassium content, This
should be reflected by an imbalance between influx and ef-
flux (i.e. by a net 3influx;. But such-has no*t yet been
found; this® paradox - has been discussed by Kaplan
(1978,19798B) .

The increasad leakiness of the membrane following s<imu-
lation suggestad a possible mechanisr for tke sodium pump
activation. Thislwas that ar increased intracellular (Na+)

led, through tke kno:ﬁ third-powver dependence of pump activ-



30
ity on- (Na+)c, to an elevation of 2TPase-mediated pumping
{Xaplan & Owens, 1580;) . Ind=z4d, S=2gel & Lickhtman
(1979) /5292l =t 'g; (1279) aﬂd sverdunk & Gun<ther (1980.)

have shown an in¢rzase in in=racellular s0dium conczntration

fcllowing PH: addition to human PBL. There have b2en simi-
lar ‘findings in othcr syst:ms (se= below).
Thers is :zvidernce tha< nsw, previously coyptic

Y¥a+,K+)-1ATPases are ecxposed folioving mitog2r binding,
through som2 membrane reorganizaticn. Thus, *there has been
datactz2d an irncrzased 3H-ouabair binding wi*hin 30 minutzs
of addition of PHELI to human PBL {Aiverdunk & lauf, 1375:
Quast21 & Kaplan, 1975).

Quastel has rec:antly shown that SGTA, a Ca++ chelator-,
inducas uptake. of 86ip+* by human lymphocy<zs (Duasta2l :*+ al,
1980) . -This is an ictriquing £inding, as i+ su9gests thas
Ca** may scmzhow cortrol sodiuvr and potassium eptak

. &
haps through an zffect on *he membrane permzabili+ty, In%ra-
cellular Ca** Is kxnown to control K+ fluxes in cead cellé

{Gardos et al, (1975)). cCa*++ also regulates polyrhosphoinn-

sitids phosphediesterase activi+ty (Michell, 1975).

ot

1.3.4 Activation of Other Systeams

Kaplan (1978) *has reviewed -other systans whos? stinulation

to prolifezate Iis accompanied by an increasz 3in monovalen<*

a\ cation fluxzs. These includ: Zibreoblas+s,stipula=ad by bo+th
AN

n2rating h2pato~-

W

serum and  growth factérs, rag



]
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"

Cytes,f2reilized echinasdernp 29gs and vir

cells .Tn all of géese Systexs, stinmula+s

>

liferata is ACCORpPaniec by an elevatio

L of cells to prg-

0f these fluxes, and

it

fw
wn

2

[

ctivations are inkibi+ad by cuatain (Kaplan, 12378;:

as r=zgards the mechanisa of these activations, <ther2 has
been som2 support for tra idea that they ara mediatad via an

incr=aded permeability to sodivam, +thus activating the pump.

[EX)

Toback (1980) has shcwn that grow:h of cuyl=uragd kidrey c21ls
¢an b2 inducsd 0¥ arn  incczase in the 2xtTacellular (Xa+).
Smith § Pozengu:t_(1978J found tha+ monenéin, an agant which
facilitates éodium €lIIy~nto cells, can induce +*h: ac+iva-
“ion  o©f ovabain- Sensitiv:z potassium influx in*o fibrob-

las=+s. Increassd Xat*t influyx and In<%trac2lluplar (Mat) havz:

in these c:lls following s2rurm stizulaticn

(=8

bezr demcastrars
(¥=ndoza 2t a], 198C) . HMonersin has Hasp shown %o stimulass=

Na*- dependern* amino acig uptake by mouse fitrsklase<s (Saith

(5]

sustic, 1980). In YSi-stimuvla+2d chick 2mbryo Zibroblast*s,
thers is also activatior of Na*-deperdzn% aminec acig uptaksz
(Perz & Smith, 1980).  Koch and Leffars (1979)  found zha:

amileride, ar inkitivor of rassivs scdiunm 2ntry inte cz2lls,

can inkibit the Prollicration of liver calls which follows

[

pacrtial hepatectonmy. 2 hypezpolarization of the membranz po-
L
tentiat has been dzmonstratad during rat liver regenzra

ct
)y

.

which could result f-onp an dactivated Na+ pump (Wcndzrgam &
hY

Harder, 138(). However, Moolznaar 2x al (1981) €ird tha* ap-
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loride, whil=s inkiriting ¥a* influx and scdium cump acéiva—
tion In s2rum=-stimulated neuroblas*oma c2lls, dces not af-
€oct an z2arly d:polarization induczd by serum addition; <his
stggests that not all electrical events can be atiributed o
activity of cither the (Na*,X*)-ATPase, or of Na+ crantczals.
While Lubin (psrsonael comm.) tas recommended caution in <+h=
Interpretation of results obtained using amileorida, +hes>
rasults, tcgather with those of Seg:l & Lick+mpan ({1379) sag-

! ]
g2s% =hat th2re nmay in fact b2 a cormon mectanism for =

ih

-

activatipdn of puamp activity in thes

i

syst2ms , iInvelving an
incr2as2d mambracs permeability to scdiua.
h2 possibility that n:zw pump sitazs are =xpeszd during

activa+tion of cells othar <han lymprocy“2s is suggestzd by

t
¥
]
th
'JD
=]
L
oY)

ing that ouabain-binding is elavatad in gqrowing an

virally-transfcrnzd .fibroblasts, and =that s*igulation c

bt

thes= cells with serum lezads to an :ncresased bindiang of

-

3H=-cuabain (Jochason & Waber, 1979, 1980y .

1.3.5 Cation Fluxes and Differentiation

Yary irhibiters of lymphocy+z proliferation, ircludipg ouwa-

bain,induce diffzrarp

t
H

ation in otker syst:ms, neost no*ably

nd

0
ow
bt

n thz Fri

[
b
t

1 {(Bernstein 3zt al, (1976)). ~ruabain can
~

alsc Znduce diff:zrentiation in the chick embryc lons c=l1

1%
t
'..l.

Piatagorsky 2t ai, "1980). It has beer suggasted *hat ip all
these c211s rproliferation is accoaparnizd by an activation,

and .differzzntiation by a d2prassiocn, of monevalant cation
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fluxas (Kaplan & Owerns, 1980). “ndeesd, such a depression
has been shewn for botk the induced Friend cell and whz dif-
fazrzntiating lens ca2ll (Magzr E Bernstein, 1978; Piatagorsky
gi al, 1980). This Hoﬁld predict +hat a differsntiating lym-

phocyte would shtow a dapressio

=)
o]
3]

potassium uptak:., Whila

ot
Ww

+his has not been shovn, her is an observation whiclk day

te relat2d, which is thar human lymprocyta2s, pretr2azaed for

U8 hours with a low ouabain coacent:atiqn, preoducz an =21le-

vatzd lea]l of stimulatien 3in =t
_ . -

1975). It is pessible %hat <his pre<reatment has inducad a

diffzcgntia*ion whick cayszs "supers-imulation™.

1.3.6 Control of Cellular M2tabolism by Momovalent Ca icns
1.3.6.1 Na+/K+ ratio

Lubin h;s shown thdat p:o:iin syrntresis in F. coli and ik
mampalian cells in _culéu:a is ‘nhibited
(¥+) falls below a"critical conc: ntration (Luwbin, 19¢4,

1967; Ledbetter § Lubin, 1977: <Cakn & Lubkin, 1978} ,.,The =zf-

s#if, and nct on precursor <ranspert (Ladbattar & iubin,
1877). Howéver, since ther, Lubin has' shown that a degre:z of
ipkicition ¢f the sodium pump which is by i+sel€ no+ suffi-
ciznt to lower (K*)c erough %o afec+ p:otgin synthesis can

inrhibit proliferation (Lubin, 1980}, which suggests thas

is npot the 2ffect of in+trac=1llular (K*) orn protein synthasis

-

per s2 whichk is the controll:ar-. lubin has poin*ed ou+t zthat
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ffect on either Nat* or K+ cannmot with certainty bL: dis-

-

any

/]

tinguishad from an effect on the Na+/K+ ratic., He has maas-
1red this ratio in mouse 373 cells, and shown that wh=n i+

is raisad, proliferation can be halted. In+*erestingly, con-

*rcl of a similar nature is rco

13

avident in “ransformsé SV3T3

cells (lLubirg, 1986A). In con<trast, Moscat=lli =%7al (1979)

found that 2ither lowezing (X+)c to 22%, o raisincg (Na+)c

to B23% of morzal dlevels, had no 2ffzct on D¥A sSyn+<hesis in.
. - 1

chick embrye fibreblasts for 16 hours following thz ctange.
. - (..
Piatigjorsky has shown that th2 differantiating =

(&8

th

f2¢ct of

)
=]

Quabain on l2ps c¢2lls cor-alat

(t

s with a alteration in +h>

w

-,
e}

Na*t/K+ ratio, end thkat this in fac* controls the selactivity
c¢f trarslation (Shkinohara & Piatagersky, 1980). O+ther dem-

ects of +k2 intracz2llular ionic =avi-

th

onstraticns of the ef
ronpent on translatlon include thoss of Camersn (Camsron i

al, 1980).

1.3.6.2 pH

//Thdngas ia ZIntrac21llularc pH havz been ipplica+:d in thks corn-

trol 5% the mitotric cycle (Gerson, 1978 Gilliss & Dz2amer,

[ED

1979) . It has been sugges+t2d tha+t the increaseg in Xa+ in-

-

“lux In many cell types ar2 =22diated by Na+/H+ ¢xchange -

i
r

125 15 blockad by amilerid:z (Steinhard= § wWirkl=rc, 1679).
Therz has be2n a preliminary rsport tka¢ <+ke intracellular
pH of lydphocytes increaszs following s+iaulaticn (Gzrson,

\
racellular pll of achinodere sqggs alse ipcraas-
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Any ctange in activity 6f the (Na*,K+)-aTPase will be re-
flected both by changes in the'mqﬁbrane potential, arnd by
changes in <the total intracellular ionic envircnment.
Changes in both mernbrane potential and sodium fluxes will
affect both amino acid apd sugar uptakes, and may also exert
_d'seleCinity on these uptakes (Johnstone & laris, 1980).

\ It is clear that the cell membrane, and monovalent cation
fluxes in.sariicular,‘are intimately involved in the control
cf.cell proigzeration. It is also clear that cellular pro-
‘liferaticn is an essen+tial coamponent of the immune response.
In fact, it was with cells of the immune system tha£ this ///’
cdntrol of proligeration by monovalent cations was first
depmonstrated. It is generally accepted, as a resui??~fthmt’/ﬂ//
activation of monovalent cation fluxes 3is specific%to, and
necessary for tke activation of a cell +o proliferate'(xé—‘
plan, 1978 );

However, ali ¥ork to date on ifon fluxes in lymphgéy es
has been with unfractionated populations. For +his redson,
it is impossible to be suvre that tke ion fluxes generated b§
the additior of a mi?sgen are in fact. confined to those

cells whick are activated 2o proliferate, and afg\not pro-

Y

duced in all cells which bind the mitogen. Neither® has cle~-
vaticn of cation fluxes beern shown for cells which ar2 gac-
ondarily activated, through interactions subsequent \ﬁo

mitogén addition. -



1.8  PORPOSE OF THIS THESIS

The purpose of this thesis is to éxamine the specificity of
the activq;ioh of potassium influx which accompanigs the
mitoganic activatioﬁ of lymphocytgs in vitro, and then to
use this flux activat;cn in an analysis of the interactive

activations whick are knowr to follow the primary activation

by mitogen. ~

1.4.1  Approach

The system ctosen for this study was the mouse splenic lym-
- phocyte. This was for the following reasons:

1. Although activation of rodent f&mphocytes-has " heen

shown *o be inhibited by ouabail uastel & Vogalfan-

ger, 1971), the activation of cation €luxes hLas not

been shown for this system. Sinhce tke mouse is the
nos*t used animal in immunology, \it is imporgant that
this be establisthed. ] f
2. Mouse cells are availablz in larger number;, frém in=-
brad animals, and are mwore amepable to fractionation
~technigques tkan are human lymphocﬁtes.
3. Mice, as rodents, are orders of magnitude less sensi-
-tive to ouabaia than are hymans -this is an interest-
ing differgnce, worthy "of study for its own sake
(ever though it is uo*t the primpary focus of tia pro-

ject).
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Tha approach tb be takea is to confirm that activation
. .

- of mouse-splenic lymphocytas is accompanied by activated ca-
tion fluxes, as in other Syst2gs. These fluxes will be char-

acterized in terans of thgir kinetics and mode of action.

Thelr spacificity will then be assessed, using c2ll-specific
mitogens and either fractionated cell populations, or inbred
nude mice as a source of T-mitogen unresponsive cells. Tha

involvement of these flux activaticns in celluvlar interac-

tions ‘(ard vice versa) can be examined by mixing bopulations

A

of cells of various rasponsz capabilities,



SECTION II

MATEEIALS AND METHODS

2.1 BICE

Balbs/c mice wercs obtained <from Bio-3Brezding lats., 'Ot?awa,

and from Charles River labs. Animals baswe=2n 8-10 weegs old

~ .

were us2d in all coxperiments., Mos* c¢f the animals us:zd wsrs

=]

male, In latz:r experiments, f2males wers also uszd.

¥NC nu/nu andé nu/+ mice war:s ob+tainzd frow thke Dzpar<tasn

ot

- -

o0f Clirical Studies, University of Guslph, Guelph, Ontario.
Yice betw2en 6-10 weeks old wszre used in all 2xpzriments.
Nude 2ice wer2 maintained in a draught-fre: envizonmen®, at

a fairly constant temperature (23 - 270C)y B2dding and food

wers autoclavad, the watsr was chlorinated, pH 3.5.

2.2 CZLL PREPARATION

Mice were killad by cervical dislocation, Their splecns wera
removzd and disrupted om a wire scréen, in<o a drop of calf
serun (Flow; Canacdian Vetarinary Bilologics Ltét, Smiths
Talls, On+tario). Zfed blcood c=lls wero z=2movad froam ths ra-
sul+ant c=all suspaasioﬁ Ly lysis with NH4C1l (0.83%, 5-7 zin-
utes at rccm temparature). E2sultant suspsnsicons { 955 lyam-

phocytes) wzare washed cnce #w+th EPMI 1640 (Flow) befor=z us=.
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2.3 CELL FRACTIONATION

B~- and T-c:zl1 subpopulatioés wer2 separated by aggiutination
of the B-calls with wheatage:m agglutinin (WG3), by the
method of Bcu:éuignon ex g;i(1979). This Qas carriad cut bz-
for'z reroval of =he rad cells. Briefly,  ©Db2tween 3 and 4 X
108 c:ils wers suspeadzd in 1 ml.' of WGA (Calbiochem}, (100
vg/ml., in EPMI 1€40) for 5 apinu+es a+ roem terperaturs,

then layeced onzo a SOi'calf SeTumR/5PMI 1640 gradient. :ft=r

)]

30 minutes at Cocn t2mperatur=, <+hz T (top) and B {bottom)

fraction$ w2re collected and washzd, cnce with 200 oM N-acz-
-~

*¥l D-gluccsaminzs (Calbiochem), and oncs with IFMI 16482. 1In

2arlier exparimsnts they wzre then cecycled, bu* for encich-

ment of cells for the T-csll/ nude-co2ll mixtur=ss, only on=

‘cycle was usad,

2.4  ANTI-THY 1.2 AND COMPLEMENT LYSIS

Mcrocloral anti-Thy 1.2 (New Zangland Nuclear,‘AKE anti- C3H)
¥as addz2d to 1 nl. of splenocytes (about 2 X 108 cells), at
a £inal titer of 1/800. C2lls were incubated with antibody
on ic2 for 1 hour, washzd oncz, *then incybated at 37°C for 1
hour 1n 1/20 guinza pig complzment (kindly providad by Dz.
J. lairg, Ag:iculpure Canada), in.Rpxi 1€40. Th2y were thag
washed +wic2, and racyclzd once through the entirs procz-

durs.
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2.5  OLTEAVIOLET LIGHT IRRADIATION
Washed cells were suspended at 2 X 106 sml in phosphate~
buffered-salire (PBS), and 5 ml aliquots placed in silicon-
ized glass petri dishes. These were exposed to a 15W gerami-~
cidal UV lamp, the petri dish uncovered, fer 10 seconds -~
+his correspbnded to a dose of 84 ergs/mm2 (Castellanos,
1980). Cells wvere then washed twice before culturing.

2.6 CEL

CULTORE -

Cells were cultured in EPMI 1640, suppla2mented with 6% fetal
calf serum (Flow), penicillin (100 uwpits/mL) -~ streptomycin
(160 2g/mL) (Difco), apd 2 nM L-glutanmine, buffered (27 nk
Hepes) to pH 7. All cultures were at a density of 2 X 10e
cells/ml, .unless otherwise indicated. Cells were cultured
eithef in microplates (Linbro}, at 200 pL/well (flat- and
rouad-bottomad wells were used interchangeably); in plastic
tubes (Falcon), ét 0.5-1.0 ml/tube (depending on the experi-
ment); or in plastic flasks (Corning), at 10 ml/flask. Con-
tainers were kept sealed, and cells were cultured at 37°C,
In late: experiments I found tha* cell survival in culture
was inproved by supplementing the cultu:és every 24 hours

with complate culture mediunm {10% vplume)L

<
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2.7 MITOGERNS -

Con A& (Calbiockem, Sigmnma) Qas stored at -20°9C, (1 mg/mL in
isotonic saline) and was added to culturaes at from 2-4 ng/
rL, dzpending or tke ba*ch; 511 batches of mitogen wers as-
sayed for optimal dose on preparation. LpPs {

.coli

[G]

055:85, (Difco),. and E.coli 011:B4, a gift from Dr. Phyllis
Kind, George Washingter university, Waskington, D.C.) wvas
stored at -20°C, dt 1 ng/nl., in séline, and was added‘to
cultures at 25-40 pg/ml; the dose optimum for LPS showed a

broad p=ak.

2.8 INHIBITORS

Ouabaia (Sigma) was stored at 40C, 2 X 10—2 M in saline,.
Furosemzide (Hoechst) was storad at 4o0c, 2 X 10—2 x, in IZIPMI
1640. Amiloride (Merck-Frosst) was stored at 40C, 10—-2M in
water, Inhibitors, when used, Qe&e added within 5 minutes of

the mitogen(s).

2.9  ACTIVATION ASSESSMENT

Cells wers pulsed for 1-2 hours with 2 uCi (1 Ci = 37 GBqg)
3H-thymidi£; PsC 1L (Awmerskham, WNew England Nuclear). Calls
were harvested (b2tween 48 and 72 hours after initiatioﬂ of
culture) =2ither from microplates using a malti-vell cell
harvestér (Titertek), or from tubes using a manifold (Milli-
pore), onto glass fiber filters (Whatman). When using a ma-

oifold, cells were washed once with 5% trichloroacetic acid,

\
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4¢C, Filters were dried and radiocactivity was counted in a
scintillation counter (Beckman). W®hen activation was ‘ex-

ress2d4 in teras of §timulation index (SI), this was calcu-
lated as follows:
ST ; ((cpm in mitogen~-treated cells) - fbackground))/((cpm
in r2sting cells) - (background)).
To detérmine the time of activation of protein synthe-
sis, 10 pCi 3H-leucine (Amershamlbwas added per mlL. culture,
and cells were saopled on a manifold at various times after-

wards.

2.10 POTASSIUE IRFLUX

2.10.1 nflux Measurement

C . . ' . A
Preliminary experiments established that B8%Pb¢ was trans-

ported identically to *2K. Since tie latter is a short-livad
isotope, 86Pb+ was used as a tracer £or potassium in all ex-
periments, it specified times after mitogen addition, ap-
proximately 40 pCi (irn 25 al) of ®8eRbCl (Y¥ew Ingland Nucle-
ar) was added to each ml of culture, in plastic tubes., C2lls
vere sampled by centrifugaticn of 2C0 plL aliguots through
100 uL of either corm=-oil (Mazola) and n,n-dibutylphthalate
{10:3y, or silicom oil (Dow Corning 550 and 560 (12:13) ) .
n1sing a Beckman microfuge (Oliver & Patersoﬁ, 1971; Strauss
et al, 1976). The tips of the tubes were cut off and the
radicactivity in thé pellets counted in - a ganma counter.
Counts were converted to potassium uptake according to egua-

tions 1. and 2.
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1) SEM (counts/fmol K*) = (counts/ml)/ (2 {frol/ml}) ,
where SEX® was the specific radioactiyity of tke medium, and
Z the concentration of K+ in the supernatant (5.4 X 109

faol/al) . <

2) K* uptake (fmol/cell) = ((counts/palle+). = (ttapped

counts))) (SEM X (viable cells/pellet)).

2.10.2 Trapped Space

-

Tnvariably, some medium remained associated with the cells.
It vas necessary to correct for the counts contained within
this trapped medium, to accurately determine up*ake. ~Two
_methgds vere used for this cof?ectién.

Thke first iﬁvolved use ‘of the gamﬁa-emitter ?97¢c (m) ,
vhich was kindly supplied by Jack Mclean, Radiation Protec-
tion Branch, Health & Welfare Canada.‘ This iso*tore does ro+
bind o cells in the absence of a reduéing agent (Gillespie
2t al, 1973).Cell suspensions were labelled with 99T7c(m) and
aliquots taken immediately and centrifuged. Rédioactivity ic
the pellet was counted on a gamm; counter, and the volume of
entrapped medium calculated f;om the radicactivity per al of
the supernatant. Figure ; shows the volume in thé pellet as

determined by this method, plotted against the number of

cells in +th=2 pella<, The relationship batweean the two is
linea th2 volumes determined are similar *o those deter=
mined Xy Strauss gt al, (137¢), who used !'*C-sucrose as a

marker. Xnowing the number of cells per pellet in any a2xper-
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iment, it was possible, by reference to this figgre, to cal- -

culate the volume of trapped medium, and hence the counts to

be subtracted.

-

r




Figure 1. . Volume of medium trapped in a pellet {as measured

from the content of 997c({(m)), vsS. <=he number of cells which

kad beer centrifuged throughk oil. Points are the means of €

replicates, bars are standard deviations,

1
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A_more convenient method, which“did-not ;nvolve.jfe use ofia
short-IE;ég isotope, and which therefore could be carried
out concuégéntly with uptake éxperiments; vas the zero time
uptake method. 8¢Rb+* vas added to cells vwhick had been
‘cooled to 49C. They wvere ’ipmediately (witkin 30 seconds)
s ampled by ceﬁtrifugation. The 30 second, HOE uétake into
the pellet repressnts trapped wmedium; under thkese condi-
tions, transport is insignificart. Figure 2 shows the re-
sults of one experimgnt which illustrate <the use of this
method. | | -
- Both methods gave comparable results in the range of cell
'dénsities used. In fact, the subtracspd counts never consti-

. . /
tuted more than 20% of the :;?Er=ﬁp%ake « and this only for

the earlier *ime points. ~

-7

4

o
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i

gigggg\g. Illustration of the zero time methoé for the cor-
rection of tracer uanke éor éounts trappéd in the pellet., -
Curve A (0): Zero t e uptake of ®&Rb, measured ‘as de-
scribed. These values iﬁclude background counts. Curve B (A -

): 86Pb+ uyptake after a\gne-hour incubation at 370C;® these
i -

valués include uptake, bdékgrqund, énd counts due to trapped
medium. Curve C () : +he correcteﬁ points, which pow -ip-
clude neither gatkground nor trapped counts. These were cal-
dégigted by subtraction of values ﬁor {A) from values for

A . ’
{B). Points are means of guadruplicates; the bars are stan-

dard deviations. Lines were fitted by eye. - -
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2.11  POTASSIUM EFFLUX

Efflux of BeFb+ was peasured over a period of 2.5 hours us-

ing cells +that had been preloaded ‘ith the isotope- for 14

hours. When efflux was measured . from 0 <2.5 hours, «cells
had bggﬁfgzéloadeg for 14 hours, then washed once with ice-
ccld PBS and resuspended im Con A-containing nmedium. Por
meaﬁyremegt at 14 hburs, cells were preloaded in the pres-
ence gof Con A, then washed and resuspended as above. No sig-
nificant loss of isotope from the cellé occ;rred during the
PBS wash; the radicactivity washed@ from the tubes did rpot

exceed that expected from residual pediunm. Samples were tak-

‘en exactly as for iZnflux. Eff lux was calcui\zed as the re-

gress_on conff1c1ent for plots of =-1n (°t/P0) vs. time in
unlabellOd mndlum, vhere Pt and PO are cgll trécer contents
at times t and zero, respesctivaly. These Curves represent
fractional loss from tke cells. Efflux uaé calcrlated from
qggse slopes as dascribed for influx-in section 3.16.2

2.12 POTASSIUM CONTENTS

-]

Cells were cultured at 3 X 106/3L, 20 ol in flasks. At spec-

ified times, cells were collected by centrifugation in
acid-vashed glass tubes. The supernatants were poured off,
and the insides of. the tubes wiped dry. The cells were then
recentrifuged. The pellets Heré then ﬁashed three tinmes,
taking caxe ﬁB& t0 resuspend any cells, with chclipe cklo-

ride (125 mn), buffered with Hepes ({20 mﬂ PH, 7). They were

-



-~

e

N/

. ’ 49
then suspended in Z)5 ol disfilled water, and sohicated for
2 pminutes at S0/60 Hz, 80 W (Branson). The suspensions were
then made up to 5 mi.,and the potassium concentrations maas-
ured ﬁsing an EEL flame photometer, Potassium content per
cell was determined by calculation. These values uére cor-
rected for thé potassium. content of the medium trapped in
the pellets by measuging the volume of this mediur using
?9Tc (m), 1in separate experiments. This .volume was L.4 +/-
0;5 {(SD) nlL.

2.13. METAPHASE SPREADS . _
Cells were cultured ian flasks. After 2 days, colcemid (Dif-
co} was added (0.1 pg/zl) for 3~4 hours. Cells uére collact-
ed by centrifugation, washed, and géntly resuspended in
0.075 M KC1 for 20 ninutes, They were then fixed in metta-
nol: acetic acid (351), and spread on glass slides, Sprzad-
ing was accoamplished % gently blowing on the slidg " as it
dried under an incandescent light bulb., Best results vere

obtained by resuspending the cells ip freshk fixative before

spreadirng.

Staining ¥

Sta

2.13.1  Hoechst 33258
Hoechst dye 33258 (Calbiochem) was stored at 500 png/ml, at
EOC, wrapp2d in foil, in 0.15 ® ~KaCl, 0.02 ® KC1, 0.5 M
Phosphate, pH 7. For staining; this was diluted to 0.5 ag/

pl. Slides were immersed in the stain in a coplin jar for 90

"
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secondsttiﬂiyéﬁ temperature, then washed ¢wice in PBS and
once in water. Spreads werefmounted in immersion oil under
coverslips for scoring and microscopy.

/ ‘ .
2.13.2 sScoring \Hk,' .
To eliminate "bias in the countiﬁg of male and female
spreads, slides from 2 expariments we;é nixed and réndomly
pumbar-coded (twice) by two people not associated with the
experiment, and then scored blind.

- -

2.14 ~ IMMUNOFLUORESCENCE

2.14.1 Roptine Assessment of Practionated Poptilations

The method of lamelin et al (1972) was used. Cells wer=s
vashed, <+then culturad in;serum-fnee i for one hour,
They were then incubated with fluoresceir is tﬁiocyanate-
conjugated goat anti-mouse heavy and light chain imamunoglo~
bvlian (Cappell Lébs.) for 30 min. at 40C. The antiserun had
previously beer adsorbed with mouse liver- acetone powder
for one hour at 49C - it was gﬁbsequently us2d at.a titer of
1/8. &after incubation with antibody, +the cells waras washed
witk PBS, then resuspended and air-dried onto glass slides.
They were then fixed in methaﬁol:acetic acid (1:3), washed,
and viewed under UV. all micr&scopy vas carriad éut using a

Zelss photomicroscope.



51

M
23
r
[}

2.14,2 Determipation Fature of Blast Cells

The above method » while adequate for the assessment of thé

[o 7]

number of cells bearing a given marker, vas rather harsh.
There also tended to'be_high backgrecuynd fluorascence. A aore
careful method was used for the idéntification of the nature
of responding cells ir mixtures. A ,/ !

About 5 X 10s CQllSj_HEIe collected E; centrifugation and
washed once. They weére incubated in a velume of 100 pl at
40C, with ?ITC-@oat anti-mouse Ig, at a titer of 1,40 ?this-
antiserﬁm had not been adsorbed). After a 15 minvte incuba-
tion, cells were washed once with™ serum-containing rediuvm,
onc2 with PBS, then fixed (1 min.)™ with 3% paraformaldehyde
in PBS (pH 7). They were again washed, suspzsnded in PBS and
allcwed to settle .onto poly-L-lysine- coated coverslips.
These were then aounted in 50% glycerol in PBS {pH 7.2) for
scoring and photography. Cells were sized using a calibrat-
ed eyepiece; cells with a diapmeter greatef than 8 um were
considered to Le blast cells. Only «c¢ells which showed
strong fluorescence were scored as Ig-positive.

The significance of diffesrecnces betwegg‘}reatments in all

\
experiments vas assessed using Student's ¢ test.

e —

; 7
o



SECTION III

RESULTS

Con A is mitogenic for mouse splenocytes in cultures, induc-
ing a 20~50 fold activation of 3H-thymidine incorporatioa,
measured ¢8-60 hours after the initiation of culture, This
activation is kaown toc be inhibited by ouabain (Quastel &
Raplan, 19704; Quastel & Vogelfanger, 197i):. therefore it
requires sqdium pump activity. To #etermine whether COn-A in
fact stimulates the activity of the (Na+,K+)- ATPase, potas-
siur Influx into Cells was measured, and its ouabain sensi-

tivity detarmined.

3.1 ACTIVATION OF POTASSIUM INFLUX

Tigure 3 shows the effect of Comn A on total potassium influx
into Balb/c splenic lymphocytes, .measured 1u-i8 tours aéter
the addition of Con A. 1In this and subseguent figures show-
ing iﬁflux, tracer was add2d to the cells at tims zerc (on
the abscissa), which was between 8 and 15 kours after the
iritiation of culture.®8sRb+ was used as a tracer for potas~-
sium. Con A caused an approximate doubling of the net rate

of uptake of potassium.

- 52 -
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igura 3. Total uptake of potassium into Balb/c splano-
cytes, both resting and s+timulated with Con & for 14-18
hours.‘&gfcer (86Eb+) was addad at time zero., Fesults from 9
exéerimenfs are combined, the bars represent standard error
of the nmean. In tkis and all subsequent Zfigures showing
combined data Irom a number of experiments, each individual

experiment was performed in triplicate,
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Por all assays described. hereunder, ﬁarallel cultures were
maintained, and their activation to proliférate aésessed dt
48 hours, by JH—fhymidine incorporation, Onlf the resuits
from cultures which were shown by this assay to proliferate

will be presented in this thesis.

. 3.1.1 Time of Flux Activatio

-

The activation of K* influx uas- not detectable wuntil 6-8
hours after addition of Con A. The precis2 time of activa-
tion was not determined. ictivated influx was not routinely
detectabla at 4 hours, was apparent at 6 hours hnd'uas maxi-
mal at 8 kours. TLhere was some variahili%b in the tima of
influx activation, uhiéh ¥as probably a conééquence of the
asynchrony of thasz cultures. The stimulat2d rate was then
maintained for a further-10 hours; measu:emeq}s were nnt
made after that time. Activation of protgin Synthesis wvas
detectabls in some experiments earlier than activation of

.

potassium influx.

e
3.1.2  Bates-
These data were converted from cell potassiumr content to
‘fracticnal uptake (1 - U%/Uu ., wvhere Ut is tha uptak2 at
time t,,fﬁﬁg Ueo 15 the maximal uptaké (estimated from hyper-
bolic plots such as Figure 3), and khé log of thkis value
plotted against tiag, as shown in Figure 4, This gave a lip-

ear plot, which allowed accurate calculation of the mean nst
) :
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-

influx over the period of the assay (2.5 kours). Slopes qf

these lines were calculated by linear regression dnalysis.

r

s
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Figure 4. Data for peotassium uptake from Figure 3, ex~
pressad as tha lod of the fractional uptake, as described iz
the ta2xt, and plotted against time of uptake. This is +tota

uptak2, 4s shown in Figures 3, 11, and 12. EZach point repre-

sents the ccobined results from a group of thrze experi-.

ments. Lines were fitted using linear regression analysis.

* o6
.- o o T
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-

Con I caused ar increase in +the rate constant from 0.24 ’/’ _
RI.=1 in restin o 0.55 hr.—1 in stimulated cells,

This _repra2sen*s a 2.3-folad activation of net total K+ influx

by Con a.- If the 30 minute time Point was used as an esti-

R

mator of the initial rate of uptake (Figure 3), rates of 4.6 '

+/~ 0.2 and 8.5 +/=- Q.4 fmoles/cell. . br. wvere obtained for,

resting and Con A-activated cells respectively. This shows a

1.85~£01d activati of influx. That the degree of Flux ac—

'S 4
|.|

vaticn wa thi rate determination may reflect

2
diffe;gn%JsaturgtiSh_kin tics of the resting and stimulated
inflnx- since the fractional uptake lipe included data from ?
all points assayed (including those npearer saturatlon), it .

vould show a Adegrea of activation that reflects +kis. -Tka 30

»

Dinute estimator, on the other hand, was a better measur=2 of

i Y
the initial rate of uptake.
: R

To convert the slopes of <he fractional uptaké lipe to~

-~

influx, (for Comparison with the 30 mipute rates), the meth-
. e
od of Segel & Lichtman {1976) was used. Essentially, nulti=-

plication of the slope (hr=1!) by the intracellular potassiur
content (fmolﬂs/cell see Table 3 for valtes) gives a value :

for influx (fmoles/cell.hr.).

Thué, mean n2t total influx for restiné cells was calcu-
lated as 3 35 fooles/cell.hr., which was activated by Con t

to 8.93¢ fmoles/cell;hr.' These values differ fronm those da-

- -
L

termined fronm the 30 minute points ip Figure 3 bazcause frac—
[

tional uptake represents mean net uptake ovar a 2.5 period,



. : . " s5g

as opposed to the estimate of the initial rate cbtained from
the 30 minute uptake points. .

-

This difference illustratas an inherent- disadvantage of
suck a lengthy assay for measurement of influx. There is an
increasingly large coaponent of backflux of tracer from the

-

cells to +he medium with £ime. The earlier the tipme point

cktosen for ipflux Deasurement, the more accurate an estigpate

- -

of initial influx is obtained. Por this I'eason, influx was

measured using a very short assay, during wvhick backflux did

.

not become significant.

. ]

M -

“h
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Figure 5. - "Optake cf pdtassium by Balb/c splenccytes, both

I:sting and stipulated witk Con 4 for 14 hours. Total uptaks

time vas 3 minutes. Counts contained in . trapped padium haw=

r

not *baen subt:acted,; this has no effect on the slopes (m

values), Slopes were‘calculdteﬂ by. linear regr2ssion analy-
! - '

sis. Points represent the means of 3 2xperiments, th2 bars

are standard error of the mean. ’ -
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Pigure 5 shows the results of such an'assa;{p/gﬁe total time
for assay was 3 ninutes. Tracer vas add2d to the cells 1h
hours after the initiation of culture. The uptake line gen-

. :

erated was-linear. This allowed an accurate determination of
the rate‘of uptake; it also made correction for counts trap-
ped in the pallet ﬁnnecessary, since, this correction would
affect only the  intercept, and not the slope2 of the lige.
Slopes of +these lines (vhose correlation coefficignﬁé “ere
all greater than 0.9) were calculated by linear regressionﬁ
Influx into resting cells was 7.35 +/- 0.6 fmoleé/cell.@r.,
that into Con I -activated.cells was 12.€€ /- 0.8 fmoles/
cell.hr. éon A therefore produced a 1.72-%014 activation of
potassium influx, -

The degrees of activation measuregd by this method and by
using the 30 minége time poinmt on Figure.3 wers similar,
which justified the _use of the 30 minute uptake points for
the assessment of activation. That the rates were so differ-
eht eaphasizes the contribution of backflux, even as early
as 30 minutes., 1In later exée;ihents, the 2.5 hour assay was

/,used, since activation can be assesséq_reasonably.éccurately
by this method. fates deternined from +hese assays are in-
tended for comparison of treatments; they are not absolute.
¢ It vas ipportant <to determine whethar the activation of
influx was due to ar activatior of transport activity, or to
an increase in the nuﬁber of tramnsport units, asscciated

L

with an ipcrease ir cell surface area.

. hl
. \ -



3.1.3 91 i _{

2ll :lzo was moasurea in resting and Con i-stinmvlated cul-

_tures. Figure € skows mean cell diamet2r in thes2 <wo

tr2ataents with +inme aFter initiation of cultu-_. A mean d4i~
ameter of 6.%# H@ was measured for TCesting cells during th=
£irs® 14 hours of culture; sh2 mean cell diameter £4r Ccn i-

stimulated cultures at 14 hours vas €.5 nn. There&<€rar, the

ey

mean cell diameter for stimulated c211ls increased considara-

bly, ceaching a value of almost 11 ko af+er 48 hours. Tasse

m=2an values terd to obscure the fact +hat certasn 0f the

i

c2lls in th= 48 hour cul%uras werz as large as 20 pm ir di-

amater, while iﬁec always remaired a popula*ion of cal
SRR

whos2 diameters ware in *he 6-8 kRm Zangs, Howevar, sinc=s all

other mzasurements were fron Dopulafious wh,cb ware similar-

ly hesteroyenzous, +hese mean valuos are appropriats,

e

e

W anti S
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igure €. Mean diameter for both resting and Con A-stipu-

E

lated cells with time after initiation of cul*ure. GResults

from one-experiment are shown[/At least 50 cells were count-

ed for éifh point. Cell diameters were measured using 'a cal-
ibrated eyepiece. ~ - '

= < —

"~
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The mean c€ll diameter in stimulated cultures was only 1.04
times that of rasting cells at 14 hours after initiation of
ﬁulture, rising to only 1.1€ times at 20 hours. Assuming
that the nuﬁﬁer of trénsport sites/omp?2 of cell surface re-
mains coastant, the almost 2-fold activation of potassiunm
influx:which oécuré at €-8 " hours cannot be-due—to an in-
crease in the number of transport sites per cell which would
result from the apprbximatély 1.1-foléd increasé ip celi sur-
face area. ﬁére potassium influx to have been measured at
later times (such as 48 hours), much of the increase-in” in-
. ' _/\_./’
flux per cell might well result from such a surfaca area in-
crease.

3.1.4 Quabain Sensjitivity

In order Jto determine the contribution of the
(Na*,K*)—ATPa;e to this activation of influx, the inhibition
of influ¥ py ouabain was measured. Ouabain;insensitive ia-
flux was defined as that whgch' could be detected in the
presence of 1 mM- ouabain, This representad about 20% of
resting influx, and about 10% of Con‘ A-stimulatad influx;
Con A did not affect ouabain~insensitive influx greatly.
Subtraction of this from total influx gave ocuabain-sensitive
influx. Most of the Con A-activated influx was ouabain~sen-
sitfve, as can be seen by comparing Figures 3 and 9. )

Figure 7 shows the dose-dapendent inhibition - by cuabain

\
of (Na+,K+)-2TPase-mediated potassium influx ipto Con 2A-

MR
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stim&lated and resting splenocytes; Influx wvas measured/at
10 and at- 45 hours after initiatién.of culture, data fronm
both times are included. The dose-dependence of tha inhib-
ition was the same at both times; the 1IDS0 for inhibition
was 1.8 X 10—+ M ocuabain. Con A-activated potassium influx
wvas raducad to resting levels by 3-4 X 10—+ M ouabain; this
concentraticn ~—abolished the subseguenf activation of

3H-thymidine incorporation. .

iy

o

]

PR VO 13
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Pigare 7. Ouabain-sensitive uptake of 86kb+ into resting (B -
y and Con A-stigulated (®) Balb/c splenccytes, vs. concen-
tration of ouvabain in the mediuvm. Uptake is expressed as a

f . /‘\-
percentage of the uptake in the absence of ouatain. Uptake
vas measured at 10 and 45 hoturs after the initiation of cul-

- r

ture, one point for eachk of two experiments is shown - there

Was no correspondzace batween the degree of inhibition and

the time of its ceasurement. -
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Fiqure 8. Incorporation of 3H-thymidine into Balb/c spleno-
cytes whick had beeﬁ incubatad Qith Con 2, and ouabain at
various concenirations, for 45-48 hours. Incerporation is
o
expressed as a percentage of that into cells cultured in the
absence oonuabain, and plotte?'against £h9:concentration of

ouabalin in the medium. *Eesults from 3 experiments are cop-
:_ p

bined, the bars represent standard deviations.

¥
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T Figure 8, <he dose-d2pendent inkibition by ouakain of 3g- .

[a d

e
thymidine incorporation (m2asarad a+ 88 houcs) is shown. "he

IP50 for <+his inhibieicp ¥as almost iden+ical *¢ tha<- for

the inkibition of pekassium influx, a+ 1,4 X 10—% ¥ ouabain.

These ID50 values are similar +o those reported ty Quas=el &

Vegzliangar (1371;.

That the IDSC Icr Loz ingibitices was se sipilar sug-
. ] )

gests that  the inkitTtign of *E-thynidins ipcorpora-
5

. ' 1 : ,
tlon,assayed az 48 Lours, was causally rela+2é +o the snhib-
-5

*

(2]

on oZ potassiun  influx at 10 hours. <ia+ is, ouabain,

-

* s "eff:ct or po+assiua Influx activation mediataqd

~
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resting and Com a~s+tipulated splenocytes is shewn. Influx
vas mz2asured betwacr 10 and 14 kours after Con-? adédition.
Using the 30 mingts peint as an e@stimator, it gar be calen- - -

lated tka* Con & increaszd Ouabain-sensitive pe+ po@assium' .

[l

in

nflux frem 2.2 fmcles/cell.hr. ip re cells 0 5.9 .

r)

[

‘ -
fmoles/cell.hr. in activatzd cells, a 2.7- ncraasa, :

-
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Figure 3. Ouabaid-sensitive potassium uptake into Bélb/c

splenocytes, both resting and stimulated with Corn A for
10-14 kours. Results from 6 experiments are combinedﬂ bars

the mean.
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3.1.5 Reversibility of Inhibition

-

Inhibition by ouabain of Con A st1mP1a+1on is revers*ble, as
shown in Table 1. Potassium uptake and thymidine incorpora-

tion vere measured after 45 hours of cu1+ure.' The responses
E

e

to Con 2 of cells incubated with various concentrations of

iy
OCuabain are expressed as a percent of the uninkibited re-

e

sponse. At 48 hours, the cells were washed three times and

resuspended with Con A. Potassium'uptaké vas measured'TO-Té
hours after the wask, | thymidine incorporation was measured
7-9 hours later. Tke degree-of 1nh1b1tlon at all concentra-
tions was much *educed b) thls wvash; in thegcase of 0.2 m¥

ouabainp, reversibility was complete. The inkibiticn due to

‘‘ouabain therefore required the continuous presence of the

drug.

There was one exception to this finding. "The incorpéra-
tion of 3H-thymidine . by cells whick had been cultured with
Con A and 1 @M ocuabain for 48 hours did not recover foﬁ&ou—
ing washing. They did houever Tecover an appreciable pro-

portion of their potassium uptake. This suggests that an ir-

reversible change in some system essential for entry imnto

S-phase, other than membrane cation transport, was inducagd

-

by this treatment.



71

aonma ‘uewlynsiT 8 19bag a9s) ¢ manma WOoIJ uayeqy u:mu:oo E:amwMuom

uﬂa:aa@bﬂuucq Agq uvorjeorrdyaTnw 113y3 Aq sadors 2yl wo1y pajernorep a10M mw:~m> Xn131349
’ . *6'0 ueyl 1332316 qu DIIM

SIU8TOTIIS00 UOTIRTI1I0D :uoTssarbai ieaqrT Aqg vwme:UAMJ 919M SBUTT Xnyjjo jJo sadors

paaouwai usbolty

9 L' 3 1 m 1°0 1 15'0 Vﬁ“ : 'y uo)
6 e 7 901 L9'0 7 999 PT - ¥ uod
6 S9°@ 3 Zv°9 P1'0° § 9yt . @ v uo)
6 9°9 F Zb'9 . ZT'8 7 9b'e , ? butysay
‘ W3S 3 ueay .as 3 uesy
gjuawtiadxyg (*ay*yrao/satow]) AH ay) - (1Y)
- ’
Jo 1aqunpN Xnr13q 9uIT XxnT13349 jo adors Aessy jJo sury juawlieadiy -

v uod Aq xnT13J43 wnisse3jod JO UOTIPATIOV

e © +z s1g®L



72

3.2

Con A also enhanced efflui of potassium from splemocytes.
This efflux was total%y ouabain-~insensitive, as befite a’
"leak flux. Tablz 2 shows that  tke Eate‘ef tracer loss froa
cells that had all been preioaded for 14{hours with 8emp+
wvas increas2d 1.43~fold by Con A. Efflux was calculated from

the slopes of fractiomal loss ragression llnes, (s_;iiar to
those fo£ ;uflux, Pigure 4), by the method of Segel Licht-
mdn, 1976. Resting cell efflux vwa g?ﬁé +/~ 0‘ (SEn)
fnoles/celi.hr., vhich was activated by Con A to 10.6 +/~
O,RS(SEH)‘fmoles/cell.gr. .%hen slopes (hr—1) were convertad
to efflux (fmoles/cell.hr.), the degree of activationrof of-
’flux bzcame greater, due to the contribution of intracellu-

lar potassium content {which is greater in stimulated cells:

Table 3) to the Calculation. Efflux ir resting cells was not

o // A ‘jfjsiﬁigantly differernt (p=0.3) from resting influx (Figure

\
5). Influx and Sfflux are equal in restlng cells (met flux

= 0). That they were measured as equal therefore Jus*lfles
+he methods used for- measurement {especially of influx; the
efflux assay 1s.not subject to backflux,

The activation of efflux by Con A was not seen if the as-

say was carr*ed out d_rectly after .Con A additior, but wvas

/\\\\\-’fully evident 14 hours later. flux was no easured at any
‘ E 4
- intervening time. _ - ;

. ‘ /
Cells which had been preloadead ¥ith isotope in the pres-

ence of Con A had a higher isotope content after‘tﬂe 18 hour

r
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loading period than d4id resting'cells: If Con A vas ndt in-

" cluded in the vashing medium, an insignificant (p=0.3) " in-

érease in the slope of the efflux lime was seen. -Even when
the slopeg wvere converted to efflux, the rssultant increase
in the degree of activation, .due to the higher potassium
bontent of 14 hour éon A-treated cells (see above), was only
significant at the p=0.1 ievel. The increase wmeasured in

s '
the presence of Con A was -significant at the p=0.001 level.

. Activated effiux in tkese cells wvas therefore due to the

’ presence of Con A, ard not to their higher isotope content.

The degree of activation of efflux By Con & was similar
to, 'but slightly less than that of, influx (1.€6 fold vs.
1.7-1.85 folqd). ‘ihe)activated rates (influx and efflux)

wvere significantly different from each other (p=0.05).

3.3 FPUROSENIDE

Pigure 10 shows the dose dependent inkibition by furosemide

of 3H-thymidine incorporation irto splenocytes incubatad

with Conm 2 and_fu:oseﬁide for 68 hours., Con A stimulation
%%s completely inhibited by 1 m»M furosemide - this same con-
é;ntration reduced Con A-activated potassium influx +o the
resting cell leyei (data not showg}; This indicates that

there is a component of the activated influx, required for

-

entry ipto— =phase, which is furosemide-sensitive. The omna-

/,»«—J/—‘\\\_ggiaééensitivity‘pf this component was not determined: npei-

/ . .
ther was the effdcet of furosemide on efflux measured. Aver-
." .

Risfribmead b <
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dunk & Gunther (198ba) have confirmed the iphibition by

-

furoseside of Con L activation of human lydppocytes. ™~

-t
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Pigure 10. Incorporation of 3H-thymidine into Balb/c sple-

nocytes uhich_hsd een incubated with Comn 2 and furosemide

\\?for 64 hours. Ingorporation is expressed as a percentage of

that into cells7incubated in the absence of furosemide,’ and

A
plotted against the concentration of furcsemide in the madi-

-~

um. Results from 1 experiment are shown, bars are standard

" deviations.

-
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"Amiloride also inhibited 3H-thymidinas . incorporation inm a

dose-depend2nt manmer, but was quité toxic to the cells (wa.
2ns & Kaplan, }979). )

It was Zimportant to determine vhether these changes in
potggsium fluxas produced any chﬁngg in +the in%racellular

ionic enviromment, €éspecially potassium concentra+tion. For

this reason, intracellular potassium content was mz2asured., -
P

3.4  INTBACELLULAR POTASSIUM CONTENT

:able 3 shows the potassium content (fmoles/cell) of resting
and Cop A-stimulated lymphocyt2as. Contents were ' ms2asursd by .
. N .

flame photqmétry, as described in Materials & Methods. Dur-
ing the first 5 houis oé cqiture, there was no significant
differenc2 in this paramet2r between :eézing aﬁd Con i-acti-
vated cz2lls. : pean potassium content of _14.0 +/-'d.2(SEH)'
fmoles/cell was m2asured. H?en measuefd“lo and *14 hourg af -
tar‘the addition of Cén A, Ppotassium con+tan+ts wers signifi-
cantly (p=0.01). bkigher than in resting ceils, uifh a mean
value ¢£f 16 +/~- 0.35 (ssn; fmolas/ cell. “.

However, because of the small 3inecreas2 in cell diameter
(dnd thzreforzs in cell volums) * wkich haS cccurrsd by this
time,  tharz is no change in (K;jc. Potassium content was
converted to concentration by assuming a c21l to ke a smooth
spher=s, 78% of wéose’“volume is water (Segel & Lichtman,
1976). . (K*)c for restirg cells was calculated as 140.7 +/-

7 mk; (K*}ec for Con A-stimulatad cells was 142.7 +/~ 3™,



14 * | . 78

There was no apprecxable change 1n the intracellular concen-

tration of potass;um result lng from the flux act;ggtlons,

3.5 SPECIPICITY OP PLUX A TION§

, 0
A1l of tha above determinations involved unfractionated and

‘therefore haterogeneous populations of splenocytes. 211 ba-.

rameters measured so far are ex ressed, per cell present,
aven tkougk all of these cells nay oot part1c1pate in the

actlvatlon events. It was lmportant thereforo to determine
J

th& specifiﬁity of the activation by Con 2a of potassiuvm .

" fluxes, In particular, it wvas necessary to knou wfetner only
the cells activated into mitosis showed the flux actzva-

tions, ot wvhether fluxes were activated in all cells which

bind Con a.

3.5.1 Proliferative Response - |, fv—uf;
To amswer this question, cells from the spleens of'athymic
(nude) mice werz used., Con A binds to all these cells

(Greaves & Janossy, 1972), but does not activate then. Table

4 shows the proliferative response of nnde splenocytes to

Con A and to LPS.While (Eésg'cells responded excellently to

LP5, their proliferative response ¥as~ in fact depressed by

Con A. Con R had no™effect on their viability, .
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3.5.2 Potassiunm ;gjﬂg;'\ - . ,

Pigurz 11 shows tke effects of ‘éon 2 and_ LPS cn”potassiﬁm'
influx into cells from ENC nu/nu and Balb/c sple:zn. This is

total influx, as was .shown iﬁ‘%ignré/S. Rhile Cen A causz8 a

doubling of ° potassium influx ihtd Balb/c cells (curve. B,,
measured at 14-18 ‘Lhours), i< kad no 2ff2ct obn influx into

nude spleen cells {curve k, de;sured at B-1€ komyrs). 1LpPS,"”
howevar, activataé potassium influx into nu/nu cell; by

about 1.4-fo0ld (curve Cj ; this response was_significantly'
different (p=0.02) from +ke resting response fcurve Ay. LPS

had.nb efﬁect onipota§sium influx into _Balbsc celLS (Cucve

%, @m2asured at B8-1¢ hours) ; nei+her d it any aétivating

2ffect on DK synthesis; the mean s*imulation of QH- thymi-

—

dine imcerperation was thre2£0ld in 6 exp2riments.
\ "

v — .
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Figure 11. Potassium uptake by cells from RNC nu/nu aod
Balb/c spleen. (A}: Potassium uptake by 6dlb/c cells, eij
ther resting (O), or incubated with LPS for 8-16 hours @A),
and Sy nude spleéﬁ cells;‘ aither resting (®), or incubated
with Con 2 for 8-16 hours (®). (B): Uptake by Balb/e cells
whichk were incﬁbatad wvith Con A for 8-16 hours (0). (C): Up~-
take by nude spleen cells whick were incubated with LPS for
8=16 hours (&. Combined results :Ifrom,:-l lexperiments are

shown, bars represent standard error of the mean.
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The activation of potass;um influx by a mitogen is therdfore
Testricted .to those cells which are stimﬁlated to divide;
and‘does 1ot result“simply fror birding of the ﬁitogén.

This experiment was Tepeated using Balb/c cells which had
been fractionated into B-'and T-enriched populaticns. This’

fractionation was accomplished using WGA, by the amethcd of

Bourguignoa et al {(1978) . The puri&y of these ropulations

was assess2d g by anti- 1Igq immunofluorescence; the T-cells

were toutinely 90-95% ig-negative, while the B-cells were at
least 70% Ig-positive. Table S shows the 2ffect of Con & dn
?H-thym;dine incorporation by these cells. There was usually
an increase in both counts and stimulation index in the T-
cells, aad a decrease in both in the.B-celis. . It 1s impor-
tant to note that there was not found routinely ap enkance=-
m2nt fdr the T-cells or a dimingtion for the B-cells of thsa
response which was proportionsi to their purification as.as-
sessed‘bj iomunofluorescence. Neither vas there ever com-

plete removal of response to Con X in the B-cell population,



83

‘painseaw jou = KN

*(ST120 burysai ur wdd) /(str92 vmummuur:mmouwe ur wds) = xapur :OuumdLEﬁum

, . v 0T WN
. . 9 £P HWN
Vi b1 €€
L AT sy
. bE B bST . T
T
PaysTIuUg-~g pagoraug-g pajeuorioerjup

Xapuyl uoT3eTnuwTas

) ‘voM Aq pajeiaedas pue

fy - 'S

AL Ty
S TL '€

.hm *Z
s 15 ‘T
fessge laquny

Jo auwrtyg, Juawyaadxy

£

.kum:oﬁuomuu:m Yloq ‘ssjdoouards o/qrea Aq uotrjezodioosutr aurprwiyy-g uo ¥ u0od 3o 303333

:

'S 9TqeL



84

Pigure ;g. () (opern 3ymbols): potassiunm uptake by resting
?iip/c splenocytes which are unfractionated (b, and sapa-
rated (using WGAa) into T~enriched (&) and B-enriched (o)
Populations. (B) (closed symbols): Potassium uptake by rep-
iicate samples 6é the cell populations in (&) which had been
incubated with Can 2 for 14~18 hours. Results fror & experi=-

meats are combined, bars represent standard error of tha

nean.

&
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*

Figure 12 ‘shows that Con A activates “potassium influr into
b J

these populations tﬁfan extent indistinguishable from tha

Y -

into unfractionated Balb/c cells. TIn all 3 populatibns,‘ a
T.BS-fald increase in total influx was observed. Pretreat-
ment of nu/nu cells with @G2 ahd N-acé;yl D-glucosamine did
not cause any activation by Con A of potassium fldxlin these
cells. The results shewa in Figure 12 are not therefore an
artifact of the fractiopatior procedure. -

it was importang to eﬁsure that tke influx and thymidine
incorporation assays were capable of'.detecting differences
in the number of respondingpcell§, such as were exbected as
a resuit of the WGA fractionmation, Pesults of experiments to
test this.§§zzshown irc Figure'jB. HGA—eﬁriches T-cells and
nu/nu cells ware cultured with Con A, separately; there wvas
no co-culture. Immediately prior to assay'(potassiuﬁ influx
at 14-18 hours, 3IH-thymidine .incorporation at 48 Rours),
thkey were mixed in various proportions, so as to dilute the
T=cells witkh non-respondiﬁg nud2 cells, There wvas Qbserved a

reduction in the percent respoase almost exactly proportion-

al to the percent T-cells present. “he line in Figure 13 is

the response predicted for a dilution of the observed re-:

sponse proportional to the number of activgfed cells.,

a

R S N R R



86

Piqure 13. Dilution of respoase in absence of co-culture.

trarily set to zero perceant,’ anéd that into Con 1—stiuulat§é
T-cells to 100 percent responsa. Reéults from two expefi-
ments are shown for each isotope. ‘(I):'potassium uptake, id
hours in one and 18 hours in the other experiment; (®) :
3A~thymidine incorporation, at 48 kogrs. S and ‘R on the ab-
scissa refer to the percentages of resting (nude) and stimu-

lated (T) cells, raspectively. \

.

;
Uptake or incorporation into ubhdiluted nude cells was arbi=- |

;

//ﬂ/“
\‘\
/,/
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Figure 12 then indicates that, despite the WGA fractiona-
tion, tke number of responding cells in all three popula-
tione was the sade. . HGA fractionation never completely Le-
meved Con A response (DNA syathesis) from the B-population,
A likely explanation for the results in Figure 12 is that
the cdntaminating T~cells wer2 activated by Con 2, ard then
secondarily activated-the B-cells. To test this possibility,
a model System was devised. Cells from RNC nu/nu spleen, by
themse%ves devoid of Con 2 reeponse,were pixed in varying
- Proportions, at constant ceoll density, with cells from BNC
nu/+ spleen, that had been enriched for T-cells. Con A was
added to these wmix*ures and po-a551um uptake (at 14-18

hours) and DNA synthesis (2t 48 hours) m2asured.

3.6  SECONDARY Ac'rInT;oils
3.6.1 Potassium Influx ,
Table 6{5) contains +the results of a rapresen*a+1ve experi-
ment measurlng Pctassium uptake into these mlxed cultures.
The uptake period used was 1.hour. 1In figure 14, the uptake
data from- a number (shown in parentheses) of experiments
have bean combined, andlgresented as the ratic of the uptake
observed (cpm/pellef, after a one-hour incubation) to that -
expected wer2 there to be no 1nteractlon between the two
populations (see Table 64). ThlS latter would be the sum of

1 ihe proportional response of a population whose potassi-~

uz uptake has been activated 1.75-fold, and 2); the propor-

L ]
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tional response of a population whose potassium ’uptake uaé
unaffected by Coa 2 i.e. a resting res??“ﬁi’ UA ratio of
unity, ‘shown by‘:he.dashed line, indicgegs absence of inter-
action. By definition, this ratio applies to‘ the unmixed
pqgulations. While the maximal actiVation is 1.75-fold, the
m;ximal observed/expected ratio is less than that, since 2
cul ture containing ao Con A-responsive cells canrnot be acti-
vated, B

Line a) in figure 14 shows +he résponsé to Con A of cul-
tures of T—&ells, mixed with nu/nu cells that kad bzen irra-

diated with uifraviolet light (88 ergs/am2) before mixing.

. This irradiation completely abolishes the capacity of a cell

tc respond to any mitogen, without affecting its viability
{Castellanos, 1980). Such cultures showad only the acéiva-
tion of potassium influx thkpt vould be expacted from the f—
cells present. '

Wher the T-cells vere mixed witkh nu/nu cells tkat had not
been irradiated (i.e. wera r2sponsive to LPS)(“}esponse rat-
ios greater than -unity were observed (Figure 14, 1line b):
Table 6A). These ratios increaseé until the proportion of-
T-c2lls in the mixtures fall to below 10%. Thare was fhgs
consideréble interaction between the cells in these miied
cultures, 2An adtivaéion of potassium up*take greatly in ex-
cess of that exéected on the basis of the Conm A- re sponsive-
ness of the add2d c=21lls was produced. The combined data in

figure 14 indicate that as long as tkere were moie_than 10%

~—
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T=cells in t4e mixtures, an approximately maximal fesponse
. . -
<o Con 2.ensued, The observed)expected ratios predict%d fér
the maintagance of a maximal response,asrthe T-c21ls gée're;
duced would fif 6n & line that joins, rougkly linearly, uni-

-

ty ahd 1.75; +ke data points also £i+ suck a line.

3.6.7 Thymidine Incorporation

The re2sults of a typical sxperimert measuring 3H-thymidine
incorporation in response to Con 4 in these T/auds cell mix-
ﬁures are shown in Table €B. Tﬁe conbined results from a
number of such expariments ars shown in Figure 15. Responses.
are expressed as a percentage of +he T=cell fésponse; In
lir2 a), the squares show the respénse of mixtures of nu/nu
cells which had been UV-irradiated befors mixiné, anﬁ T-
cells which were untreated; There was a co-linear diluzion
of th> response with dilution of <he T-czlls, The‘liﬁ; drawvn
‘corresponrds *o that in Pigure 13, and repf-sents th2 pra-
dict;d fespdnse were thare to be no interactionm. In line
b), the trianglss skow the Cesponse of T-cclls +hat ware di-
let2d without thz addition of nu/nu cells; +he cell density

P .
in these cultures dacreaszd with +he percent T-cells. The

~—

reduction in response, although éimilar'to that in line a%:
was more severe. This reflects an =2ffect of céll density on
Con A activatiorn,

« 'In line ¢), the cirgles show the response of T-cs2lls mix-

od witk untreatzd nude s

¢en cells. As ip line b), Figur=

’ ¥
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~c2lls). This interaction d4id mot occur i€ the

90

:
-t

14, there was no épp:eciable reduction of the responsz below
tkat of a pure T-cell culture optil thé‘prpportion of T-
c2lls was ;educed\tc iess than 10%.

T@ere was therefore an iﬁteraction “between the two ﬁbpu-

lationéﬁﬁhich resulted in both- excess potassiunm uptaks and

DN2 synthesis in response to Con A -(without Con 2a, no re-

spors2 at’ all was observad since thzsa gre _syngeneic
hude c21ls

vers inactivated befdre mixing:
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Piqure 14. Excess potassiua vptake by mixtures of T-cells
anq.nudé cells, cultured with Con A for 15 hours. (a) (O):
'u;iake ratios for mixtures of T-cells and ﬁu/nu cells; the
nude célls had been UV-inactivated before mixing. (b) (m :
Response of mixtures of T-cells and nudz cells, néither of
which had been treated before nmixing. The po;nts represent
the means.of the nunbers of experiments shown in paranthe-

-

ses. The bars show the standard error of the mean.
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'gggg;g as. 3Hi-thymidise incorporation into mixtures of T-

cells and nu/au cells, peasured Ug hours after addition of

-

Con A, and expressed as a percentage of the T-cell response.’

(a) (= The line drawn is that predicted were the response
to Con & to diminisk proportionally to +he number of T-calls
add=d to the mixture, The squares show +he response of mix-

tures of nu/nu cells which had beern UV-inactivated before
mixing, and T-cells, at constant cell density. (b) ¢Q): Re-

spouse’,0f cultures corntaircing only T-cells, wvhose density

" Was progressively reducad:; these points represent experi--

ments in which the cell density was not maintained constant,
unlike those Lepresented by lines aj) and c¢). {c) (0): e~
sgohse of mixtures 0f T-cells and nu/nu cells, neither of
which were treata=d before mixing. <Zach point shows ttre mean
of the number of experiments shown in the parentheses. The

bars show the Standard error of the mean.

A
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3.6.3 . Bequirement for Active g-celis

That this interaction was mediated through T-celi activa-
tion, was shown by UV- irradiating the T-cells prior to mix-~
ing. In Table 7, the ;esults of 3 experiments are shown. TIn
T-cells, thymidine incorporation at 48 hours vas resduced to
' resting levals by their prior irradiation. Nude cells of
course did not respond to Con A. Infa mixture containing 25%
T-cells, there was ;lmést 20 response above that expected on
the basis of additivity. The' interaction which did occur,
indicated by the observe&/expected ratios, was too small to

—

be considsr=d significant.

3.6.4 I-Cell Supernatants

In three experinments, supernatants £rom Con A-activated
wvhole spleen cultures (collectad 8-16 hours after addition
of Con A) had no effect on the respcnse of nu/nu cells, withk
or withouvt added con a. Similarly, neither supplemanting the
medium with IL~2 (a gift from Dr. K.2. Smithk) npor with T=-
cell growth factor (preparad in our lab by br. P.R.lLai), had
any effect on cultures of nu/nu cells, whether or not Con A

was included in the medium.

3.6.5 Demongtration that nu/nu Cells tespond

In some experiments, more blast cells were counted in mix-
tures of 10%T/90% nude cells, at 50-60 hours, than T=c21lls

were originally add2d {as wmuch as twice as many), suggesting
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that ﬁuch of the excess response came from nude splaen (Ta-
ble 8).' To show that the cells which contribute the 2xcess
response came from nude spleen, it was necessary to be able
to ‘discriminate in- culture ba2tween cells from different
spleehs. The fact tkat the Y or male chromosome can be dis-
tinguished from “the other 39 chromosomesrin the. mouse was
exploited. Its centromer2 is not differentially stained
wvith Hoechst dye 33258, whareas the othar 39 are (Nesbit+ &
Francke, 1973; Latt & Wohlleb,1975). Plate 1,a), shows m2ta-
phase chromosoées from a rale (EXC nu/nu) wmouse. The Y
ckromosome, indicated by an arrow, is distinguishatla fron
tke others on the basis of its size (it is the third small-
est), 1ts lack of obvious banding, and the fact that.there
is no differential staining of the cent:Omére.' The other 39
chromosomes, and all 40 in Plate 1,by}, showing c?romosomes
from a female, BRNC gau/+ mouse, sﬁou a Eentromere which
stains brighter than the rest of +the chromosome.nanf are
alsoc banded. Thus, metaphases from male and femalaz mice can

b2 distinguishad.
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Plate 1. a) Metaphase chromosomes from a wmale ENC nu/nu

spleen. Cells had been cultured for 50 hours with LPS be-
fore preparation of this slide., The Y chromosome, whose cen-
tromere is not stained differently from the chromosoma as a
whole, is indicated by the arrow. b) Metaphase chromosomes
from a female, BENC nu/+¢ splean. Cells were culturad for 70
hours with Con & before presparation of this slide. All 40
chromosones show a differentially~stained centromere. Final

magnification is 1700 X.
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T-cell/aude cell aixtures such as those decribed~i€érigures
14 and 15 vere set up,;with éPe difference; fhe'f-cells came
from a female mouse, and iﬂe‘ nude cells came from a male
mouse, Aftef 2 days co-culture' with Con A, metaphases wera
prepared and stained with Hoechst a{Z 33258. They wer2 then
scored as male or fenale, _thus indicating their sﬁieen of
origin. REesults of this scoring are shown in Table ?. It
is clear that wmany of the rasponding cells were from nu/nu
sSpleen. gs the proportion of cells from nude Spleen was in-
creased, the pgoportion of ﬁeiaphases from nude spleen in-
créased. When the T-cells were reduced ¢to 10%, as many as
598% o{ the responding cells ware fron nﬁﬁe spleen.

/

3.6.6 iatu_g of the Responding Cell ‘ K\\

Table 10 shows that treatment of cells from nu/nu spleen
with monoclenal anti-Thy 1.2 and -conplement (2 cycles)’ be-
fore they were nixed with T-cells had no effect on the sub-
sequent response to Con A. Theref?re, Th} 1.2~bearing cells
in nude séleen ‘are not responsible for the intaractive re-
sponse. The respdnse te fon A éf 'unfracéioﬁated cultures
which had been treated with anti~-Thy ?.2 and ccmplement be-
fore addition of the mitogen was 18 - 30% thJQ' of comple-
ment- treated cultures (Table 11) . The possibility that
cells which express Thy 1.2 too weakly for lysis are acti-‘
vated cannot Be ‘tested, due to the' impossibility of their

discrimination from -the T-cazlls add2d in the cons*itution of

"~ the mixtures.
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That the responding tells from nu/nu spleen were'B-cells was
shown by anti-Ig immunofluoresc;nce. Cells from opixtures’
co-cultured with Con 3 for 48 hours were stained with PITC=-
goat anti-mouse Ig, then fixed and scored. The Tresults of 3

experiments are shown im Table 12.
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Plate 2. '2a) Phase contrast micrograph of c2lls fronm a mix-
ture containing 20XT/80% fmude cells;_which had been incubat-
ed with Con 1A for 48 kours prior to fixation and FITC-anti
Ig stgining. Two blas} cglls arz visible. b} The same field
as im a), pﬁotographed unéer OV ligkt. Final mégnification

is 2600 X; the D4ar. represents 5 um.
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Tke éroportion of blasﬁs in all 3 activated cultures wvas
about equal. The‘very low percentage of Ig-po;}tive cell; in
the-T-cell cultures showed the high 1level of purity of this
‘Fopulation, and alsc indicatgd that there -was almost co non-
specific binding of.antibOQy o blast cells; the percentage
of blasts which were Ig-positive was very low in these popu-
lations. 1In the;nude cell population, there was a high per~
centage of Ig-positive ceils, and in tvo out of tkree axper-
iments, all of +he blasts were Ig—posi£ive. In a mixturs to
vhick was added 2035 I-cells, between 45 and 65 percent of
the blasts werse ig-positive (+he mean was S50%) .

Plate 2 a) shows a phase contrast microéraph of a field
of cells from such a nixture. Two of the cells are ewiarged
blast ¢211ls. In Plate 2 by, this same field is sho#ﬁ photo-
graphed under UV. One of the blasts is strongly Ig-pcsitive,
the otker 1is quite'unst;ined. Only cells with a staining
comparaple to the former were' scored-ag Ig~positive for Ta-
ble 12,

Zn one experimernt, treatment of a 20%T/80% nude cell wix-
ture that had been incubated with Con A for 48 hours, with 2
cyclas anti~Thy 1.2 and coaplemant, raised the percent Ig=-
Positive cells and blasts to 922 and 100% respectively, when
these cultures wers Stained for surface Ig. Thus, all of the
non-fluorescant c2lls were Thy 1.2- bezaring (Table 13).

Table 9.shoued that in a 1:4 T=cell:nu/nu cell mixturse,

40% of the metaphases were from nude splean. Table 12 shows
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that 50% of the blasts in +this mixture vere Ig-positive,
vhile almost none of the blasts or the c2lls frcm ths T-cell
population were Ig-positive. It seems therefore that all of
tke excess response can be attributed to B-calls frog rude

spleen.

3.6.7  LPS Does ot Produce Secopdary Activation
¥hen LPS vas added to mixturss of T- and nu/nu cells, there
was no interaction (Table 14) ., The LPS reéponse diminished
in proportion to the nude spleen cells. There was no activa-
tion of cells from the T-cell poprlaticn. The interaction
described above was therefore One-way. 2An activated T-cell
can activate a B-cell, but the Ieverse is not true. .
These results show tken that an apparently maximal re-
spoase to Con a4, as measured by the activations of potassiun
influx and 3H-thymidine incorporation, can be producgd

through the activation of B-cells by activated T-cells.



. 189

SRR S € A (o]

*juadiad 0192 03 39S udaq sey (SIUNOD buyisais) syrToo-L ojuy

uorjexodiooutr {8{T8d nu/nu 03ut 3Pyl Jo 3bejusoniad e se passaidxs aie suotyeiodiooul

S8IN3TND JO UOTIRTIITUL BY3 I33Je SInoy 99 cwusmmmﬁ ses uoraeaodiooury m:ﬂnﬁemsulzm

o

6 o1 .
€C : 57
9¢ BS :
8nT oot R .
) . . 8
62 . Az
bS © ap
ot - 801 1

2INIXTW uT-

osuodsay juadiagd STT@2 nu/nu jusdiad Juawtiodxy

Sd7T 03 SII9D nu/nu pue STTID-L JO SINIXTW Jo asuodsay

"PT erqed



SECTION IV

PISCUSSIOR

4.1 - FLUX ACTIVATIONS

Con A activates bothk influx and efflux of potassium in mouse

splenocytes. Mouse lymphocytes are therefore similar to hu-

man lymphocytes, and to mamy other cell types, in *that 2ale-
A

vation of mcnovalént catidn fluxes accompanies their activa-

tion to proliferate,

3.1.1 'Rates -

All rates (influx and efflux), and'accompanying paraaeters
{cell siie,_potassium contents) were measured in unfraction-A
ated, hete:oganeou§ populations; values are *herafore mean
population values. Since all are expressed on the same ba-
Sis, comparisons hbetweern +hen are valid. : ‘ 4
The 30 minute uptake points (as from Figure 3), gqgive a-
useful estimate of the dagree of activation of influx (1.85-
fold). Houever; tkey do not allov precise determination of
the rate of uptake, . due to the effeét of backflux. This is
avoided by using <tke short time assay, shown ir Figure 5.
Gargus et al, (1975) found that influx was maximal dand lin=~
€ar over a ten minute period iﬁ mouse L cells, so the three
minute assay used ir this study zust also exclude backflux.

'\ “The fact that rasting cell influx and efflux werz measured

as equal further jus+ifies the use of thkis method.

» - ¢
”

- 110 -



Previous measurements of restihg-éfflux and influx as un-
i N .

equal was probably a result of babkflux. (Cwens & Kaplan,
19801). Resting fluxes were measured as equal in.studies
with human cells, using longer éssay times for influx, (Ham-
""ilton & Kaplan, 19773 Segel 2t a2l, 1976). 1In thkese the 15
ﬁinute point was used_for influx estimation, as opposed to
the 30 minute estimator used in this study; +thus,mobe accu-
rate influx estimates were obtained. The earlier influx is
) Eeasured, .the less the fesu;t will be compromised by back-
flux.

The measursd rates are consequently higher tharn those re-
ported previously for mouse (Owens & Kaplan, 1989%2), and hu-
man lymphkocytes (S2gel & Lichtman, 1976; Quastel & Kaplan,
19763). The deérees of activation determined are similar
(about 2-fold), this is probably because the relative effect
of backflux on resting and stimulated uptakes is siailar
within the first 30 wminutes. The increasad degree of activa-
tion Qf'influx-measured over a loﬁger period (Figure 4) in-
dicat2s that this’ similarity does not hold over 2.5 hours.
Activation is therefore more accurately nmeasured from “he 3
minute uptake.

2 1,72-fold activation was measured by the short uptake
method (?fzure 5); that from the 30 minote point was -m2as-
ured as 1.85;fold. A degree of ;ctivation of 1.75-fold was

I3

assigned to the elevation of total potassium influx by Con.

A.

RUEEE LY
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4.1.2 Efflux Activation

Con A activates potassium efflux, vith wkat can be assumed

to be a similar time course +o tke influx activation (Table.

2). The degrée of activation as determined from the slopes
of efflux plots is considerably less than that of influx
(1.43 vs. 1.75 ~fold). Even when rates (Zmoles/cell.hr.) are
. Compared, (thus increasing théidegree of activation of ef-~
flux due %o the increased potassium comtent of a stimui&ted
cell,- ?able 3, the degree of activation of afflnx
(1.€6-fold) is less than that for infigx.

Hhile/;pe 'degree of activation of efflunx, as measured
from the\ggopes of fractional 1o§s p}éts, is absolutet being
calculated from tracer counts aloue, éhe actual efflux val-

ues (fmolas/cell.hr.) depend on the intracallular potassium

content, which can change with time. Since this is so, it is

very impor+tant for the interpretation of flux data tkat all

assuaptions which are used in calculation be verified., For
instaﬁce, assumption that splenocytes are éells o£ diameter
7 um with a (g+)c of 130 aM, constant from 0-14 hours, gave
€rroneous values both for efflux itself and for the dégree
of its activation (Owens § Kaplan, 1980A). The only assump=-
tion that was made in tha calculation of the ratss presented

in Table 2 was that cells are smooth spheres, 78% of whose
vqlume is water; both Segel & Lichtman (197€) and Gargus et

/rij} (1980) have verifiad the latter assuwption, for human and
m

Oouse ceolls’ respectively.

[T BT
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The difference in tﬁe degreé of actifatiou of influx and
afflux is apparently peculiar to tke rodant lymphacyte;'such
differences, although predigted, have hot;beeﬁ seen in human
cells (Kaplan, 1978; - Kaélan & Owens, 1980 )- Segal et al
(1976} showed th;t PRA produca2d a 1.27-folad activation of
potassium efflgx in ra; thymocytes, 3in experiments ihere
they measured a 2-fold activation of efflux in human iympho-
cytes; they did not measuré influx in rat ceilt.

Segel et';; (197€) found that potassium efflux in unsti-
rulatad rag;thyhbcytes ¥as almost twice that 3in human lym-'
ph?cfte;, measured-in the sanme study. They calculated a Ke
value (see Segel & Lichtman, 1976, for nethod) for this =of-
- flux of 7.8 nm/mii. This is very similar ¢o the Ke value
which can be calculated from the slopes in Table 2 (8.1 nm/
liﬁ;. Efflux and influ; in restipng human lyﬁphocytes are
equgl (Segel 2t al, 197s; H;milton & Kaplan, '1977) ;_ these
rates are all about 4 fmoles/cell.hr. Pestiné flJ;es-in rat
and mouse lymphocytes are almose twice this values, at about
7 fmoles/cell.hr. kodent lymphocytes therefore differ.in
three respeéts from humén lymphocytes: they are 4 ordars of

. v .
&agnitude less sensitive to ouabain:_.their restigg potassiunm
fluxes are almost twice those in human cells; and, the da-
gree of aqtivation of efflux by a mitogen is substénti&lly

less than in huwan cells.
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Co .
4,1.3 Potassium Contents 5 Concentration

‘There is a measurable imbalance between infldi iénd efflux,
or a aet influx. This predicts an incgeased.in{}acellular
potassiunm cdngtzt (assuning that tracer flexes reflect chenm-
ical fluxes). There %j' in fact, a significant (2 fmoles/
cell) increase in potassiup contentl detectable at 10:= but
not at 5 hours~after Coz i addition (Table 3). Tntracellular
Fotassiunm ;oncentratioﬁxgoeé n;k change, because of a com~
pensatory Increase in c?ll volume. Constancy of (K*)c was
alsoc shown by-Segel & Lichtman !1978) for PHA-stimulated hu-
man }ympkocyies. Négendunk & Collier (1976) measured }K*)c_

in stimulated human lymphocy*es, and found <that it de=~

creased; decreases were also reported by Averdunk (1976),

-~

;'and by Averdunk & Gunther, (19804) , for mouse and human lym~-

phocytes, respectively. Decreases in (K*¥)c nmay be due to
the incraase in‘ membrane leakiness reported by Segel et al
(1875, uhichfprecludes ﬁashinévof cells in such stuéies.
In the only study other than +hkis of K+ contents in mouse
lynphkocytes (ghat by Averdunk, 1976), . a Con A concentration'
was used ®hich in my hands is not mitogenic.' There is gen=-
eral agreemeﬁt that there is no increase in (K+)c¢ folIlowing

stimulation.

“s8.133.1 Imbalance

-

The pinimum net potassium influx that pust occur to produce,

betw2en 5 and 10 kours, "an incraase in potassiun contant of

'

]
-

e -
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2 fmoles/cell is 0.4 fmoles/cell.h;, The observed net in-
flux of almost 2 fmole/cell.hbr., . measured at 14 hours, is
Dore thanm adeguate. That potassium content tFas not in-
creasad further ray simply'indicaté that net influx was not
pajintained over the entire 5-hour period.

#This imhalancg-befween influx azd efflux ig sufficient to
maiﬁ%ain‘gﬁ+)c constant during blast transformaticn. Since
potassium co§$eutratioﬁ is critical for protein synthasis
{Cahn & Lubin:#1978j, it may be assumed that, as was shown

for the 0-1t hour pericd, there is no significant change in

(K¥)c during blastogenesis (10 = 48 hours). In this tige, //
the bean cell diameter of these unfractionat=d population

increases from €.24 to 10.€ um (see Figure €} - *kis produc-

@S an approximately 5-fold increase in mean populat

on v
ume. To maintaia (K*)c¢ constant in the face of { this in-
Ccrease, potéssium content must increase -5-fold, This
requires the net.éntry of 4 +times the original potassium
centent, of 56 fmoles/ce@l. The required mean net in:kﬂz,
over a 38 hour period, -is tken 1.5 fmoles/cell.hr. "The ob-
served net influx, almost 2 fmoles/cell.hr., .is sefficient
- .

to maintaln (X*)c constant in the face of a E.S—ébld zean
population volume increase, if maintained for 38 hours.

in this system, therefore, the predicted imbalance be-
twveen influx and efflux; required fgr the mainteﬁanca ;§

L,(E*)c in the face of a ' large mean population voluma in=-

crease, can and has beem detectedt

-
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4.1.4 Components of Activated Influx

Rbout 80X of tctal potassium influx _ is ouabain-sensitive.
Con 2 aetivates ouabaln-sensitive influx by about 2.9-fold
(Figure 9;. ¥ost of tae activated influx is *“herefore oua-
baln-sensitive, and so is nmediated by the (Ka*,K*)-LTPase.
Thers is also a furosemide-sensitive componeﬁt {Fiqurz 10) ;
this may represent Na+-K+ co-transport, as has been shown
for L cells by Gargus & Slayman {1980) . Chloride has been
suggestéd as a counter-ion {or these movements (Bakker-Grun-
wvald et al, 19580). Averdunk & Gunther (HQSOB) equate furo-
semid2~ sensitive 42K+ influx ir Luvman lymphocyteg witk
K+:K+ exchange, whick is Kat-insensitive, and unaffect§3\§y
Con A (this hovever does not mean tkat its inhibition cannot

affect Con 2 stimulation). Segel & Lichtman (1976) found no

evidenc2 for K*:K+* exchangs in human lymphocytes. Since the

furosemiqe sensitiviﬁy of efflux was not measured in\ this
study, and th?/buabainﬁkensigivity of the residual-f}u vas
not determined, interpretation of thke inhibition by furosen-
ide of .botk potassium influx and. Con A-induced proiife:ation
is necessarily speculative. However, &since it is accepted
that fufosemide ichibits a ouabain-insensitive component of
influx, this result shows that, although the (Na+,K+)-ATPase
may ba the psiieﬁfal effector of activated influx, othér
components are alss activated. It is.possible that all com-
poonents of cation fluxes ace activatéd and tkhat these acti-

vations are interdependent, so that inhibition of any one
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component will lead to inhibition of the others, and there-

fore of the entire activation sequence,

4.1.5 Inhibitjon by Ouabainp

The IDS0 for the inhibition 0y ouabain of both potassium in-
flux {rediated by the sodium pump) and JH-thymidine incorpo-
- ration is identical (Figures 7 & 8), Therefore, the efféct
of ouabain on the entry of cells into S phase can be attrib-
uted entirely to its sarlier inhibitiorn of tke
{Na+ K*)-aTp . Segel & Lichtman (1980) have shown tha<
although theajj;;—for thke inkibition by ouabain of potassium
influx (280 nX) is greater than .that for the inhibition of
DNA synthasis (49 ﬁn), it decreases with +ime of incubation
with ouvabain, due %o the slow binding of the drug =at low
.concentrations, so that thg ichibitory doses for both param-
‘eters of activatiop become equal (40 nM) wher they ace maas-
ured af£er 24 hours. Szam=1 2% al, (1980) claim that even
‘at1u8”hpurs,' the IDS0's are different, -and they maintain
that ovabain inkibits JH-thymidine incorporation in a cell
Cycle-dependent manner by sﬁme nechanism other tkan its ac-
tion on the sodiunm pump. Howevar, they us2d a 6-hour assay.
for 863b+ uptake,. which pay have led to erroncous estimates
of the degr2e of activation (and therefore of inhibpition) of
Fotassium inf ;v as was su&éested above. Sinc2 ocuabain was
only pressent fo? 6 hour periods, the slow binding at loﬁ

doses noted by ségel & Lichtman (1980) could also account
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for the discrepancy. Eills & Tupper (1976) m2asured the
ouabain and furosemide sensitivities of K+ influx during the
cell cycie in Ehrlich ascites cells. Pump-mediatad influx
increased duging S-phase, then declined in G2 (doth relativsa
to G1). Szawmel g2t al alsorfound that influx was amaximally
sensitive to ouabain during S~phase.
| In this study, not only vas the IDS0 equal at 45-48
hours, 3s in human cells, but that for the inhibition of po=-
tassium influx at 10 hours was no greater i.e. +hkere was no
difference over the period of incubatign. This is‘a conse-
quencz of the 4 orders of magnitude.gifference in the sensi=-
tivity of mouse and hupan cells tol ouabain; at concentra-
tions approachgpg 1 nM, maximal ocuabain binding is attainad
quickly.

-~
4.1.5.1 Reversibility of Ouabain Inhibition
The reversibility of the inhibition by ouébain of both po-
tassive influx and DNR synthesis by washing shows that oua--
bain does aot produce a permanent effect on the cell: con;
stant presence of the dreg is required for its effect. This
was not true, however, for those cells which ware incubatad
for 48 hours with 1 an cuabain, Althdﬁgg_zgg?g‘ﬁasnsome re-
covery of potassium influx in these cells following wasking,
thare was no recovery of the proliferative response (Table
. These-cells have been ixreversibly inkibitea. Wright et

al (1973) showed that tke mitogen responsiveness of human
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cells, . lost following incuba;ion for 48 rours withk concen-
trations of ouabain as kigh as 8 x 10-3M, could be restored
by wasking with high (K*) @medium (20 nM). Suéﬁ washes were
not used in this study. Quastel § Kaplan (1970A) showed that
at deses sufficient to inphibit mitogenesis (10-8 - 10—-7m) ,

. ; .
the inkaibition by ouabain o%?ﬁhuman lymphocytes was reversi-
ble. The sanme thing was shown by the reversibility of the
inhibition\by 0.2 mr ouabain in this study (Table 1). Presu-
mably, 'prélonged éhut-down of the sodiunm pump changes the
intracell%éar ionic eavi-onment drastically, and so causes
a% irreversible loss of ability to respond, vhereas lower .
concentraticns, uhich inhibit activation only while the drug
is pres2nt, do not produce suchk changes.
o

6.1.5.2 Requirement for Puap Activation for Proliferation
Pesults presented in this thesis show that the inhibition by
- ouabain of proliferatior results entirely from its inhib~
ition of the sodium pump. Owabain 2xerts all of its effacts
through its binding to tke (Na*,K*)fATPase (Fobinson &
Flaskner, 1979). Inhibition of the (Na+,K*+) ~2TPase, whether
.it was previously activated or not, "must have profound con-
sequences ﬁpr all cellular activity.,

Negendank has suggested that membranpe ion pumps are not
as important for the regulation of intracellular ionié ac-
‘tivities as ié the adsorption of ions onto fixed-;ni;nic

sites within the cell (Negendank & Shaller, 1980). While
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Some results may be difficult to reconcile-uith tks membrane
Pump hypothesis, the evidence that tke (Na+,K+)-ATPase tran-
slocates Na+ and K+, against their " electrochenmical gradi-
ents, and is also eléctrogenic, is by now 6verwhelming. Any
effect of ocuabain (2 drug specific for this enzyme) is
therefore conclusive evidence for a rols of the sodium pump
in ionic regulation in that systen,

That ouabain inhibits Con A-induced proliferation there-~
fore indicates a requirement for.a functioning sodiunm pump
during blas* transformation, as was suggested for human lym~
Pkocytes by Quastel & Kaplan, (19708) . Llever et al (1980)
have shown that npeither activatéd 3H~uridine nor S6epp+ up-
takes are sufficient to induce proliferation in 373 cells.
However,_ in the Same paper are presentazd data sﬂowing that
there was n2ver proliferation without prior activation of
potassium uptake. Sc, while the activation of influx may not
be sufficient to induce'proliferation, it is indeed neces-
/

sary.

-

Th2re was never datected inp this study activation of pro-

- -

liferation which was not preceded &Ly activation of cuabain=~
sensitive potassium influx. Furthermore, the same concantra-
tion of ouabair wkich reduced the activat%ﬁ potassiuz influx
to resting levels (3= 4 om) ai§o reduced JH-thyhidine incor-.
poration to resting levéls. ﬂaiqténanée of.resﬁing cell pump

flux is therefore not sufficien+ for nitogenesis: potassiuva

fluxes nmust be activated. Similar conclusions have been



Ar early cell rounding, such as that shown for rat thymo-
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reached by Hammarstrom & Smith 1979y, énd by BRart (1981),
vho used K* congenars to demonstrate (Na+,E+)-ATPase activi-
ty ip stimulated lymphocytes from mouse and hamster.

' \

8.1.6 Hechanism of Plux Activation
The mechanism of the influx'activation vas not determinfd.
Cytes by Hume e% al, (1979), could lead +o exposure of ﬂev,
Previously cryptic tramsport sites, so causing an 2levation
of potassium influx. Howaver, cell rounding was m€asurad
within 30 minutes of Com i addition, whercas influx is not

activated in this system until € FRours later. There is no

‘sigrifican* increase in cell sizaz un+il after 12 hours (Pig-

ure 6; lLaBadie et al, 1979), sC the 1.75~fcld influx activa-
tion at 6 hours cannot rasult from a cell surface area in-
Crease, | )

It was not possible to accurately measure intracellular
sodium, s0 the hypothesis that the sodiunm pump is activated
%0 response to an increased (Na+*)c was not testad. However,'
the inhibition by furosenide may suggest gqgium entry, 4if
indeed tkis drug inhibi;s Na+-K+ cotransport. Inhibition by
arilorid= (Owans & Kaplan, 1979) would be compatible uit#
the same hypothesis, but its toxicity clouds the interpreta-
tion. One result wvhich is supportive of sodium entry is the
demorstration of activéted potassium efflux; +this is oua-

bain-insensitive, and reprasents a leak. Sodium enters thLe

cell by the analogue of this lean flux, ~

-

“w
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»

Activated sodium entrzy é;d potassium efflex have both

a $een shown fn a number of celi types that are ;ctivated to

proliferate (Leffert, 1980; see Introduction). There is in

all these systems a gereral membrane permeability increase,

as was’ shown for mouse splenocy;es by the-Con A- induced de~

polarizaéion.of the membrane potential (Kiefer et al, 1980y,

and by the enhanced uptake of Hoechst 33342 by splenocytes

that have been activated a2ither in MLER or by mitogens (La-

//’—iande & Miller, 1979, 1980). These obszrvations complement

,_,/// those previously made of increased potassium efflux (Kaplan,

1978). Since any permeability increase will produce aa ele-~

vated (Na+*)c, the sodium pump must respond. T?erefora, at

least part of tke pump ;ctivation probably results from an
elevation of (Nat)c. f;

Demonstration of the activation of 8ssph+ uptake by treat-
ment of humar lymphocytes with EGTA, a Ca++ chelator, impli-
cates Ca++ in the control of this influx activaticn (Quastel
et al, 1980). 1Imntracellular Ca++ has been shown to regulate
potassium fluxes in red calls by the Gardos effect (Gafdos*"
2t al, 1975). The early incr2ase in pofﬁssium influx in hu-
man lymphocytes is independent of both translationland tran-
scription, (Quastel g; al, 1970), so is probably mediated by
a combination ' of physiockemical events suck as those ée—
scribéd above; it. is likely that similar mechanism(s) oper-

.ate in the mouse systen.
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The activation of potassium influx -in mouse splenocytes was
not routinely detectable until 6-8 hours after the addition
of Con A. This suggests that it may be related *o a “second
signal" of activation, rather *han to Com A Hinding ber sea,
vhich~is essentially complete within 30 minutes (Repackoli,
1981) . The fact that activation of protein synthesis could,
in some expeR®iments, be detected before the activation of
potassium influx, aad in others was simultaneous with it,
might be explained by association of tke flux activation
with +<he secretign of Some soluble factor. The timing is
appropriate for its being associéted with the production of
IL~-2 (éronvik & Andersson, 1950).. Since Puri gt al (1980)
have;shown ihat {L-17 (LEF) incréases the lipid viscosity of
T-cell membranes.from rousea splenocytes,.IL-1 is less likely
to be a flux-activating factor. Influx is activated a 1lit-
tle later than thé dépolarization reported by Kiefer et al,
(1980) .

Why tke activation of influx should be later in nouse
splenocytes than in tuman PBL ~is not known. T+ may’reflect

2ither a species or a tissue difference.

4.1.8 specificity of Flux Activa{;3§s
That activation of potassium influx is not a result of Con 1A
binding per sz was demonmstrated by the results presented in

Table 4 and Pigure 11. Con A binds +o RNC nu/nu splenécytes
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{(Greaves ‘& Janossy, 1972), but activated neither potassiuﬁ.
influx nor DXA Syntkesis in them. LPS activated both, Tﬁe
association of Tation flux elevation with LpS activation has
not previously been shown. In Balb/c cells, the reverse was
true; Con A activated both pérameters, LPS neither, The ac-
tivation of potassium inflax is therefora absolutely lipked
to the activation of a cell ‘to prolif;rate. The Cor A-ip-
duced depolarization in mouse splenocytes was also specific
to those cells stimulated to proliferate (Kiefer et al,
" 1980). If *he influx activaticn is inde2d associatad with a
soluble-factor! it is probably +then not produced sikply by

interaction of the factor with a cell, as the specificity of

factor interaction is considared *o be cenferred by the mi-

togen (Smith er al, 1579).

4.1.9 ®hy is Influx Activated?

The activation of influx can be'seen to have three éoals:

1) to balancs efflﬁx; T

0 regulate cell volume:

C maintain a constant (K*}c in the face of the volupe
increasa\of blastogenesis. ' -

- 1) asshmes thqt efflux activation is specific tc those
cells which preliferate, and that it initiates tha influx
activation. Both these assumptions seen Teasonable, .It kas
been skown in the preceding discussion that- ths activation

-

of influx is ficiert in npmagnitude apd appropriate in

h,

1

R LT TSNP
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ckaracter for these three goals. The furosemide~sensitive
component may function irn volume regulation; much of the re-

nainder of influx is ouabain- sensitive, and can both bal-

ance 2fflux and maintain.iaggzgtant (K*)c.

The depolarization shown by Kiefer et al (1980)‘ in mousd
lymrhocytes procbably reflects the activation of effiux. Moo=
legaaf et al (7981) f£ind that inhkibition of Na+ entry and
p:evention_of sodium pump activation by amiloride.in serum-
stimulated n2uroblastoma cells does not‘have any ‘effect on
the serum-induced depolarization of these c¢ells. .The elec-
trical events may be distinct froum rad%otracer fluxas. The
depolari;ation seen ‘in mouge lympkocytes occurs 2-4 hours
after mitogen® addition, while tka+t ip nauroblastona celis is
immeéiate, and repolarization is qmplete within ;inutes.
These depoLarizaﬁions probably refzgkg différent activation
events. In lymphocytes, the repoiarizaticn may reflect the

activatior of influx, whkick repolarizes and subsequently hy-

perpolarizes the cell, as a resul+ of activation. of tke vump

for 24-48 hours. It seens likely that suck hyperpolariza-

tions have a general role ia ;ctivation.' Wondergem & Harder
{(1980) showzd that regenerating rat liver cells are hyperpo-
larized; sSachs et g;((197u) correlated an increase in mem=-
brane pot2ntial with entry of Chinese hamster lung celis

intols-phase.

r"
e,

Mithiaie, o
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4.2 ACTIVATION OF INFLUX AND PROLIPERATION IN B-CELLS

——

The results discussed so far have showh that activation of
pot%ssiun influx is an essential parameter of the mitogenic
activation of mcuse spléﬁ%cytes. The fact that the activa-
tion is 'not a conseguence of Con 2 binding, but of some
event (s) occurfing some hours'afterwards, indicates that it
represents a 'second—signal'lactivation paramefer. It has
bean shown to be a specific event, restricted +o those celis
_uhich subsequently proliferate.

u.ztj Cell Interactions in WGA B-cell Populations

i —— ——

4,2.1.1 L Paradox

At first glance, the results sh&wn in Table 5 and Figure 12
Seem to contradict those in Table & angd Figure 11. Praction-
ation of Balb/c ;plenocytes with WGA ra2moves almost all of
the Ig-bearing calls frenm oﬁe population {(the t'7¢ cells, see
Table 11), and substantially enrickes the 'Bt population fer
these cells. Goe would predict, on th2 basis of results in
Figure 11 and_Table kL, that populations so altered in terms
of their propoﬁtional content of !T- and B-cells wonld re=
spond differently to a T-cell mitogen. While differences in
the proliferative response Te obserfed-(Tab;e 5), there
was no differenée in the activation gy Con Aﬁ of potassiunm
uptake in thesa pcpulations (Pigure 12). Cne inference fron
this finding is that activation of.potassium uptake is not

necessarily propoztionﬁg to nitogengsis. It was not initial-



ly clﬁﬁgﬁthy 2 response which had been shown to be restrict-
' ed to thbse cells whick proliferate in —response to' Con 1
“should not be reduced vhen the number of those cells was ra-
duced. -

Unlike éalls fror nude spleen, WGA Bécells.éﬁo;éd a maas-
urabla proliferative response +to Con A. Bourguignon et.al
(1979) identified 108 of +their B—population as theta-beaf—
ing; this can ‘be taken as a minimug estlma*e of the percent
T-celils *n Such~ cultures. B-populations used in this study
contained 70-80% Ig-bearing cells, and therefore 20-30% T~
cells. It was through these T-cells that Con A activatiorn

N
.wds nediated. / 1

. T~

3.2.2 .T=cel 1/Xude cell gxxtn res -’?

2s a @model system for +he interaction of Con A-respon51ve
and non-responsive populations, T-cells from ENC nu/+ mice

vere cultur=d with nu/nu cells angd Con i. RXude spleen ccn-

tains scme T=cells (Xindred, 1979, but, since nud: spleno-

cytes do no+ respond to Con A (Table 4}, +they are functioni

ally equivalegt to B-célls. Figures 14 and 15, and Table 6,

. _ : N, . o
show that these mixed co-cultures responded to _Con R as
ttough there had been no reduction in the auwmber of’ T-cells,

" as long as there were more tkan 10% T-cells present.

GE\\\

B i Y S
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8.2.2.1 A Paradox Lost = .

FPigure .14 and Table 6 (k) show that potassium uptake is en-

banced by these mixtures to a level sufficient +o ad
for the apparently praximal®response of a B-enriched
tion (Figure ®2). as the pg?pcrtion of“r~cells vas reducad,

the excégs, Oor upexpected potassium wptake }reprasehted by

A

-

/ -
= - . 3 -
~an obserzgqyexpected ratio greater than unity) lncreas=4d,

-

-+ion, influx is enhanced, as shown by the obseived/expncted

" The paximum activation of potassium influx by Con P is

1.75-foid. In a typical WGA B-ca2ll poprlation, there are

25% T-cells, and 75% B-cells. addition of Con kR will graise

the T-c9ll contribution td the population K+ influx -frOn_.

0.25 to (0.25).(1.?5)= 0.4u . The B-cell contributicn will
rerain unchanged,. at 0.75. In the absence of any interac-
tign,fiherefo:e, popuIatioﬁ K* influx will rise froem (0.25 +

0:75)7= 1.0, o (0.44 + 0.75)= 1.19.  Througk cel¥ interac-

.ratios im Table .6(A). Potassium influx b°comes (1.19). (1.u45)

1.72. This is almost cgpal to the 1, 75—fold maximal acti-
. ' -
vawion, and _ndlstlngulshable fzom it, Thus, due to 1nte¢ac-'
4 .

tion between B~cells and a small number of Cor A-actlvated e,

-

T-ceITs, .an apparently maxlmal activation of potasszum in-
flux can be p*oducec 1n that populatlon, despite its lowered

content of Con A-regponsive (T-) cells.

i} o The excess, or ‘nteractive uptake, that is requirasd to

maintain a maxlmal reoposse as the number of T-cells is re-

ducesayill generate observed/axpected Tatios whick fall on a

-
-~

e

Vg
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line whick joins, almost linearly, unity (for 100% T-cells)
and 1.75 (for 0% T-cells - .noté that since ttis rasponse is
impossible, +this is a theoretical ratio). The data poiats

(Figure 1@;-lipe b) £fit such a line, until tke T-cells are

) reduced to less t 10%. sSinca there ware always at laas¢
. & . >
° 10% T~c21ls ip the WG "B-populations, <+he maxipal respoase
"-\'___ )

seen was\EEerefore & consequencz of )co~-culture of T- and B-

N cells. This alsc explains why the respomse of opurified 7T-

.’ : I
cells was no greater than +that of unfractionated calls

{(vhich contain approximately equal ﬂﬁmbers 'bf T=- and B-

cells). Pigure 13.shows that this reéponse is only obtaipead
d 1f tha cells are co-cultured, Mixing T-cells and nu/nu cells

ipmediately riof.tO'assay gave the reduction of botk K+ ip-
flux gnd‘33-thymidine incorporatica eipected éof the reduc-
tion in the npumber of resp;nding (T=) célls.

-

0-2.5.2 Requirements for Active Cells

Lines a) i both Figures 14 and 15 show Tiii responsive nu/
es3

nu cells were required for these respons when they were

ingctivated prior to mixing, <«ke responde was reducad exact-

ly in proportion to tke number of T-cells. Line b) in Figure
. . - ]

.15 shows +xat reducgion 0f the botk the number of T-cel}s

and the.absolute number-of cells in culture (by decféasing

the cell density), caused a .more severe redygction than digd

dilution with inactivated nu/nu cells. There was. therefore
/ﬁ -an effect of T-cell density on their response to Con A, such
. o ;

.w . 4
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that the response was not directly pfopoftidnal to cell nunp-
ber (seg Sfewart & Eémill. 1981). It was only when T~cells
ware cultured wifh responsive nu/nu cells gpat a - response in
2xcass -of that expectad from the T;cells @lone was szen. _

The production oﬁ this excess responsa in T-cell/nude
cell ﬁixtures vas mediated through the T-cells. Table 7
shows that 1% the T-cells ;ére rendered unresponsive o Con
A by OV-irradiation before mixing, there.uas'essentially no
response of the mixtures to Con A. The response s2on was
higher <than that expecied on the basis of additivity of
counts, but the counts themselves wWere tdB\iﬁ \t0 be consid-

ered meaningful,

u.2.2,3 Response of Cells froa Nude spleen

Both blast counts énd quch;t 33258 identificatidn' of the
spleen of oriéin of mitotic cells ,§ho§ed that cells from
nE#Mmu spleen wers aétivated in Eﬂg;; mixtures (Tables 8 §&
9, The excess cation influx activation and thymidine in-
corporation are therefore a resul+ of there being moIe calls
enghged in activation and not to a 'superactivation? of the

. . ~

T=cells.

The excess, cr unexpected 86Rp+ ubtake seen in Figures 12
and 14 is mb;t 1ikeﬁy due to these cells from nu/nu spleen;
activated_potggsiém uptake has already been shown to be an

.

e@ssential component of the proliferative response, arnd puda

cells were shown to proliferate (Table 9, Plate 1.

-
b . *
-

TN
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B.2.2.4 B~cells Respond
While cells from nude spleen were used as B-=cell equivalents
cn 2 basis of their nop-response <o Con 2, rather than
heir.'dentity, the cells from nu/au spleen which respondead
were in fact B-cells (Taple-s12, Plate 2). Comparing Tables 9
and 12; it can be seen * that the proportipn of Ig-b2aring
blasts ir a 20% T-cell mixture is as great as the proportion
of metaphas2s from nude spleen in similar cultures. It is
quite probable then that all of the node cells which raspoad
aré B-cells.

If T-cells ﬁrom nud2 spleen were activatéd,they. did npot
2xpress fhy 1.2 very strongly. Table 1Q shows that treatment
of nu/nu spleen cells wi+h anti-Tky 1.2 angd complement be=
fore mixing had no effect on the repo;se to Con A of the
mixtures. Table 11 yerifies that this treatment lyses Con
A-responding cells. It has been reﬁorted that T-cells fronm
nude spleen express Ih? 1.2 more strongly wken they haée
bgen activated (Leﬁarte et al, 198p: Dennerk &€ Hymanr, 1980).

However, it was not possible to exploit this preperty here,

since, once mixed, Thy 1.2-bearing cells from auw/ru d%& au/+

spleen could not be di tinguished T-cells fronm hude spleen’
8¢

could not therefore beﬁéormally excluded from tke response.
There have beem two other <reports of the generation.of

Qgcess proliferative response to T=-cell mitcgens by co-cul-

ture of T- and B-cells: both used Luman PBL. Kasahkara gg.g;,

(1979) * showed no diminpution of response +to Con X or to PHA

-
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of T-cells diluted with B-&ells, gn+il the.T-cells consti-
tuted less than 20% of the mixtures; the§ found cptimal re-
Sponse at ratios between 80% and 40% T-cells. Hhén they
inactivaiad the B-cells with mitomycin ¢, +tre Iesponse was
unchanged; they concluded th;t~ T-cell activaticn was en-
hanced. Han & Dadey (1978) wmixed X-irrad:ated T-cells with
B=-cells, iz a 1:1 ratio; and found a significant prolifera=-
tive responsz to PHA. My results differ from both in that
inactivation of eitkher population totally prevents the ip-
teractién. This may be at least paiﬁly due to differences

in tha effects of yUy- and ¥X-irradiaticn on T=cells.

4.2.2.5 Lack of Interaction_in LPS Response

Figura 14 shows <ka? *the acts ation’by LPS of K+* influx in
nu/nu cells was not 4s great as tha+t by'Con £ in Balb/c or
in ENC nu/+ cells. This is R;Qfabiy due to the fact that LPS
does not produce any secondégy inter;ctions, as shown in'Ta-
ble 14. The ILesponse of nu/nu cells'to LPS is reduced as the
proportion of thase cells is ;%duced by corculture with nu/+
T-cells. The activatioy of B-cells by T=cells is the;efore
one-way. The 1.4=fd1d activation of K+ influx-by ;PS repre-
sents éctifation in B-cells only. The finding by Goodman §
'Héigle (1979) that T-cells can-enhancefLPS response v¥as per-.
haps due to their imclusion £ 2-mercaptoethanol in the me-

diunm.



3.2.3 Immunology of Secondary Actjivations

Tte activatian of B-cells by activated T-cells is possibly a
non~specific T—helpef activity. Similar activations of B-
cglis kave been dsscribed in_a qumbe: of systems. Con 2 thas
been shown tec induce poiyc onal antibody synthesis in mouse
splenocytes, cultired in giggé. There was no suck eféect on
cells from nudz splean, shoﬁzng that T-cells mediatad this

.

B-cell activation (Coutinho et al, (1973) . A similar activa-
tion of antibody synthesig by Corn 2 was shown ty Markham gt
al, k1977j; here, Con 2 was administered in fizg,_yith anti-
g2n, and the PFC response to thatwéntigan aésayed in wvitro.
Ir neither of these studies was it conclusively shown that
2ither T= or B-cells prolifsratead, alfhough one assumes that
Con A madiatad its a2ffects via T-céll acti}ation.

The results in this thesis are the first demcnstratién ol
the mitogenic activation of nude mouse B-cells by activated
T-cells. Suck polyclonal 'non-specific' activations may-in
fact 2 a collection of individual specific gctivationg.
This cculd be verified by ass2ssing the antibedy response of

thes2 mixed culturss. Thkis work is pr¥gsotly in prograss.

r

4.2.4  Mechanisn ' ~— .

The machanism of the secondary activation is unknown. Super-
Y

natants from Con.aA~activatsQ culturss had no effact on nu/nu

cells. Attemp*s to produce activations in a Marbrook-type

systen vere Winsuccessful, It seens likely tha*t sclubla fac-
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tors are involved, as has been shown for other B-ceall acti-
vations (Cken & Leor, 1976; pPrimi et al, 1979; Bergenstock
et al, 1981; ©potash, 198&), but direct cell-cell contact
cannot be excludsad. Additioﬁ of neither IL-2,a TCGF ‘prepa-
ration, nor Com 1A Supernatants had any effect on nude spleen
cells, Both the supernatants and the TCGF may have containad
Suppressive components (see Primi et al, 1979). If.nu/nu
cells were cultured with IL—é and witk OV-inactivated T-
cells, the interaction might kave beenq restored; IL-2 has
been sﬁoun to restofé‘the activity of OV-treated cells in

MLE (Dotila et al, 1978).

8.2.5 limits to the Response

Tke T-c21l/nude c¢211 mixtures closely model the potassiun
uptake respcase of WGA B-cells. However, +*he prcliferative
respoqses of the two sy%tems are quifqe different. This ray
be explained sy considering +he Tegulation of the level of

these responses.

u.2.5.1 Proliferation

The proliferative Tesponse of T/nude mixtures to Con i wvas
essentially unchkarnged above a threshold number of T-cells.
Thé:e véra therefore two limits to tke response; the T-cells
vere limiting when they weres reduced to less than 10%, and
some other  cell type was limiting above fhis level., This

cell was probably the Bacrophage. Miller et al {1979) thave

L]
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shown that 7T-cell response (assayed_by CTL production) could
be elevated by ££e addition of syngeneic nu/nu spleep cells;
they show=2d that it was the macrophage addition which was
respoasible. WGA T-cells are2 not depleted of macrophages,
as is eéidencgd by their responsiveness to Con A. Tk2 pla-
teau of response from 10-100% T-=cells in; nude/T-cell mix-
tures can be explained by there being an equivalent propor-
tion of macrophages in both populations, sb tﬁat their
content in the mixtures is [ constart. This constaat propor-
tion then sets a lirit on the level of the proliferative re-
sponse (see Figure 15). The shape of ;he reSponsEe curve
{Pigé:e 15) makes it unlikely that T-suppressors are limip-
ing; they uéuld be redpced by dilution at low T-cell propor-

tions.

8,2,5.2 Flux nctivaéion

The sam2 unity of respomse was not seen for proliferation of
the different WGA-fracticnated populations. Rlthough K+ :in-
flux was activated tc the same (maximal) extert ip all thrae
populations, wvhose T- and B~cell compositions diffared,
their proliferative reéponsés éo Con 2 were not equal fTahle
5). This apparent discrepancy may be explained by assuming
that the 3-cells were macrophage-depleted, . relative to un-
fractionatzd or T-cell populations. Thkis would not gecessar-
ily affect T-) interiftions, but would set a lower limit on

the attainable resFonse. The fact that K+ influx was acti-

—
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- .
vated equally im all 3 populations would suggest either that
racrophages are not required for flux activation, or that
’
the minimum requirement is lass than were actually presené,

and less than that for entry into S-phase,

-

8.2.6 Barly vs. Late Activation

This would predict that tkhe early events of activation {such
as flux activation) are less dependent on machphages than
thke later events. Support for this hypothasis car bs found
in the literature.. Resch § Gemsa (1979) shbwed +hat redupc=-
tion of +the maczcphage content of 1lymph node cultures to
less than 0.2% (the normal lewel is about 1%} completely in-
hibited their‘prqliferative response to Con A or Pﬁ}. How-
ever, 1if macrophages were restored to depleted cuitures af-
ter 24 QOurs in presence of tha mitogen, a normal response
2nsuad; the time of peak Cesponse vas not changed. Simila;
results were obtained by Dixon et al (19871), using oxidative
mitogenesis of humar lymptocytes, and so culturiag 4ia +he
;bsence of a mitogen. Once again, the peak response was
changad neither quantitatively nor temporéllz by the deple~-
+ican of. macrophages in the firs+* 24-30 hoturs of culture.
Ivata & OSaua (1980) showed ihat adherent cells were re-
quired for entry of mouse splendcytes into §iphase, ard that
thes2 c211s wvere Ila=bearing. They identified +he require-
ment period as post~12 hours, and showed that cell-cell con-

tact was necessary for tkis accassory c2ll function. This

Y
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would explain the higher requirement for macrophag;s for S~-
pPhase entry. If early macrophage functions were ﬁediatéd by

soluble factors, and thke later furctions via cell-cell con~
-tact, then a lowver macrophage/ljmphocyte fatio would be ef=-
factive for the 2arly activatioas (suck as fluox activaiion)
than for entry into S-phas=. Activation by Con A therefore
comprises two stagas, which can be differentiated on *the ba-
sis of their requirement for macrophages. Czlls which have
accomplisked the activation events of the first, low-macro-
phaga requiring stage, cannot enter the second, higk-re-
quirementkstage unless sufficient macgophages are present,
Hhile Shiozawa 2% g;'(1980) have shown fiat macrophages
can b2 completely replaced by an adherent~cell superﬂatant
in B-lymphocyte activation, thus making cell-cell contact
Seem unpecessary, supernatants from activated T-cells were
also presant, It could be argusd that thg reguirement for
cell-cell contact had pEeviously been fulfiiled in that sys-
ten. - )
Larsson 2t al (1980) have discussad the problem of dif-
feré%tiating betvwezn no and very few maérophagés in a cul-
ture., T% ;as suggestad above that K* flux activation re-
gquires either no macrophages, or fewer +than for S-phase’
entry. It is unlikely that WGA B-cells were coapletely de=-
pletad of macrophages, since some proliferative Tesponsa to

Con 2 remained., It is also umnlikely that racrophages are

- DOt required for the activation of K+ influx. I¢ this were
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so, then, by the current model for T-cell activa+tisn (Gron-
vik & Rndersson, 1980; Larsson % al 1980), the flux activa®
tion, being indepéhdent of spluble factors, wculd ba pro-
ducaed by Con A alone. This i's not the case.

Given that K+ influx activaticn in T=c2lls may {be solubie
factoer- ma2diatzd, and that K+ infiux activation N B-czlls
ig mediated ﬂj T-cells, at a similar time, it follows that
B—celf'activat;pn is. pPrcbably mediated by a T-cell soluble

-

factor. .

-It kas been —reported that 1ff’53ﬁ’ induce macrophagsas to

produce a superpatart wkich 'helps' nude B-cells in T-depen-

| e

dent responses, in the absence of T=cells (Bernabe gg'a .
1979). The responses described above, however, all raguice
Cen A-activated T-cells. WGA pretrsatment of nu/nu cells did

not ipduce ir them any responsiveness to Con E.

4.3 COBCLUSIORS

72sults presented in this +hesis are compatible with the hy-
poth2sis that potassium influx is activat2ad in <respoasz to

the interaction of T-cells with a soluble factor, whose pro-

ductfon is mediated by macrophages. This factor is possibly:

IL-2, The macrophage reguiresment for this activation is not

b

Yery stringant, althougk they are essential. ,Activated T-
- .

cells can then induce B-cells in *he same culture tc prelif-
S )

arfte; it. seens likely tkat a T=-cell soluble facfor pediates

this activadion. Subseguent 2ntry ¢f these c211ls into S§-

[ERELEN ST S
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pkase }equires Dore Racrophages than for the flux activa-
tion, possibly due to a requirement for cell-cell coﬁtact.

Con 2 binding is essential for” the £lux activation in T~
cells, it is not known if this is the case for B-cells. Gnly

those cells which are activated towards proliferation show

the activation of K+ influx. ' ’ {;j‘“’,
All activations of potassium influx neced no*+ lead to pro-y ..

liferation ; the same B-cell popvlations which sktowad a max-

imal activation of potassiue influx (Fiqure 12) skowad a
markedly reduced proliferative response (Table 5). 'This re- }-
+flécts diffeTences in adherent cell density.

It seems likely that +hke other parameters of activation
(efflux, changes in polarization etc,) will also be detected
in secondarily activated cells. The mechanism of activation
is probably universal (Honardﬁ 1979y .

The activation of B-cells by Con A~activated T-cells
shown in the T/nude ﬁodel Systea, and inferred from results

~with partially- purified Cultures, undoubtedly takes place
in all but totQIIy'purified cultures wvhich are activatad by.
mitogans. That this can procduce activations of votassium ip-
flux and DNX synthesis that are indistinguishable from those
in pure T-cell cultures emphasizes that, although Con A is a
T-ceXl mitogén, all response f +thege ltures cannot be

-

assumed to be T-cell responses. : k_){

r
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