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ABSTRACT

-
§

The _;ork of * this thesis has studied the sffest of
colchicine on the time course of Con 1 - induced lysphocyte
blastogenesis, nicrotubule ' netvorks and on thyamidine
transport in an attempt to elucidPte the role of “the
microtubule in lyaphocyte hlastogenesis‘ and the =molecular
mechanism of colchicine action. In hﬁnan and mouse -
cultures, colchicine inhibited REA synthesis as early as 12
hours Jf camlture. iith human 1ynphocytes. the addition of
colchicine to stimulated cells at varying times of cultqse
caused marked imhibition of DN synthesis," provided that
sufficient time had been allowved to elapse betseen the

J
addition of the drug and the assay for DNA synthesis,

. £onnitibnt is defined as the period of time after which
the re;oﬁhl of Con A from the 1lymphocyte cell surface no
\ .

longer prevents the cell from - enterlng DFR synthesis, This
' )

—

.~

T ' .



s operationally defined by the addition of the sugar auu to .

LFultura uhich acts to relove Con A from the 1ylphocyte cell

surface. In my cultures, the addition of aNm after 20 to 30

‘hours of .culture no longer._inhibits : DNL synthesis,,

Edelmwan *'s hypothesis that colchicine acts to block.
commitment was based on vhat .he took to be the similarity
hetwaanl the comaitment curve and that produced by the
addition of colchicipe. ( ¥ang et al, 1975). On ‘the basis
of this“observation, licrﬁtubules vere implicated as a

candidate for signalzkransnission ( Edelman, 1976). I have

shown . that the apparent coincidence of the curves is a

Ay NE] .
factitious consequence of an approximate 20-30 hour 1lag

period before maximal inhibition was observed., The later the
time of assay for 3H-thymidine .incorporétion,' the more
disparate the au; and colchicine curves becale.. In the case
of mouse splenocytes, there was no resenhlaﬁCe between “the
tile-coursé of inhib;tion by aNR and coichicine. The data
on the time course of inhibition by a methyl-D-mannoside and
colchicine cannot exclude the possibililty that colchicine

may interfere with coamitment, but show that colckicine can

inhibit well after commitment is complete.

In an attempt to déternine the target of inhibition by
colchicine, the effect of the alkaloid on microtubule
integrityﬁand thyaidine transport wvas examined. HMicrotubule

networks, ' as detected by. ;uhhlin-antihody



. - -

1llunof1uoreacqnco, diéappeargﬁ in some 70 to.75.percaﬁt of
the Con A-stimulated leukocytes after i 12 ﬁou: incubation
with colchicine. In contrast, Lulicolchicine-ﬁad no apparent
effaect on the presence 6f iicrbtubulbs at ‘a concentration.as )
ﬁigh as 10-4n. At the same time, cblchicina was some three-
orders of lagniiude more inhibitoary than lumicolchicine. 1In
-other words, colchicine inhibited'iﬂ-thylidine incorporation-
lby 50 percent at S;O X 10-8p, vhile luaico;chicine caused
equivalent inhibition at 5.0 X 10-3n8, fhese data suggest

tha; the' primary target of colchicine is the cytoplasiic

microtubule.

N

‘ éon A,vas fpund to induce the appearance of measureable
tile-dépeddent and ' saturable thymidine’ transport in human
peripheral leukocytes. Transport 4;5 not detected in resting
cultures. Both colchicigéxhigﬂ{ 1ua1colchicin? inhibited
thyiidine transport by 50 percent at 5.0 X 10-5n, Thié
suggests that inhibition\ of thymidine. transport by
colchicine cannot account fo; the effect of the agent on 3~
thymidihe incorporatioﬂ. On the other hand, the effect of
lumicolchicine on transport ‘may be  respomsible for its

effect on the assay of DHA synthesis. . -

- yiii -



RESUHME

¢ "

On- a &tudié 1l'effect de 1la colchicine sar la, période

nécessaire A 1la blastogénadse des lymphocytes provoquée pat

la concanavaline A&, sur 1. prékence des réseau de
microtubules et sur le d0placen:}R

-de 1a thymidine, afin de

découvrig le role du microtubule dans_lé blastogéndse des

lymphocytes et 1le nﬁcanisné‘loléculéref de 1la colchiciie.

Dans 1les cultures de cellules d'homse et de souris, la
colchicine a entravé la synthédse de 1'ARN das- 1a<douziéne
heure. Avec des lyaphocytes huaaias, 1taddition de
colchicine a des cellules stimulée A différentes &tapes de
la culture .a provogqué une inhibit;on-narquéé de 19 synthése
de 1*'ADN, pénrvu.gu'il,s'ecoule suffisamment de temps entre
1*addition de 1la droque ‘et le mésure bonr la synthese de
1tADE. ) | |

£
) L

L'hypothése de Edelman selon laquelle la colchicine agit .

~pour blogquer 1la détermination ‘6tait fondée sur ce qu*il
croyait ttre une similitude entre la dodrhe de determination
|

- ix - ¢
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et celle produite pnr'dl'additiqn dé Vcolchicine ( iand-et:
;1,1975 ). Par scite dellcatte ohseriatiqn, on a considéré
les Iiérotuhules comme liégént principal d'activation des
leucocytes ( ﬁdellag;‘1976). Jtai montré qﬁg 1a»sililitudé’ 
apparente des’conrbes‘ esﬁ une conséquence factice d*une
. Phase de latence d'environ 20 a 30 heures avanfi-que
. 1'Inhibition maximale n'ait 4t& observde. Plus le moment du-
doéage pour l'inéorporation de 1la .5B-thyliqine‘ étai£
"—;gfgrdé, plus les courbes d'all et de colchﬁcine devqnaig#t
diségrafes. Dans le cas:des splénocyteé de'souris. ‘11 n'y
avait aucune'ressenblancé entre la période nécessaire a
_l'inhibitioh‘par 1*aNn et 1alcolchicine..'Les,données sur le
~temps nécessaire a 1'inhibiti§n par un aMK et 1la colehicine"
ne peuvent exclure la possgbilité que la colchicine‘entrave.
peuf-atre la deterdination; mais eliés:dgmontrent que la

colchicine peut provoquer 1'inhibition bien aprds la fin de

la détermination.

Afin de déterminer ia clible d*inhibition .de la
colchicine, on a exaline le; effeés de l'aléaloide sur
1'intégralité du microtubules et le_ déplacement de 1la R
thymidine, Les réseau de -icrotuhulesi—fel que d4celés par
1*inmunofluorescence des antocorps pour -léca;isqr .‘la
tubuline, sont disparus dans Quelq;e_ 70 pour cent des‘

leucocytés “stiaulés par la ~ Con A aprés 12 heures

d*incubation avec 1la colchicime. Par contre, 1la

-



lumicolchicine n'avait ancune effet sur la présgngé des
lic:otubalas h. uﬁe_concen;tation afteignant 1d-fﬁ. La
colchicine ast -plﬁs inhibitriceﬂ-que'la‘ luqicolchicihe par
grois_ordrqs de grandeﬁr. En autres'tefles, la colchiciné
,entrave de 50 pour cent l'inco:poxatipn-de ia 3H-thnidine.
a 5,0 X 10-sn, H alors que la lumicolchicine IpfOVOgue une
. inhibition équivalente a 5,0 X 10-55; Ces données SGleent'
.indiquer que 1a cible principale de \ia colchicine est le

‘microtubule cytoplasmique.

Oﬁ a dé&écouvert que la concanavaline A simule dans les
leﬁcocytés péripﬁéfigues_hnnains un déplacement leaSuréablg-
ot saturablﬁ de thyuidine gui crotit en function du temps.
0n o'a éu déceler le déplacement dans les cultures au repos.

~La..colchicine et la lumicolchicine entravent de 50 pour cemt
le déplacement de la thymidime, a 5,0 X 10-34.  Ce qui
laisse <croire que 1l*imbhjibitiom du ﬁéplacenent de la
| thymidine par 1la colchicine ne peut éxpliquer l'effet de
1'agent sur l'incorporation de 1la 3B-thfnidine. Par contre,
lleffet de la lumicolchicine sur 1le déplacement pourrait
dtre responsable de son effet sur le ‘dc;sage pour la synthdse

de 1'ADN.

- xXi -
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EGTA

‘jrcs

FITC
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LHMGB

MLR
MTOC
NAGO
PBS
PEA
sT°
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TCA

TCGF

ABREVIATIONS

| A methyl-D-mannoside
A-lethyl-n-giucosidé_
Bovine serum albumin “
Concanavalin A.

Ethylene glycol bis (B-amino
ethyl)~N,N'~tetraacetic acid

Fetal calf serum
Fluorescein isothiocyanate
Illunodlohuliﬁ G |

Leukocyte medium-of glucose,
bovine serum albumin

Mixed lymphocyte reactionm
Bictﬁtubnle organising center -
Héuraninidasé—galactose oxidase
Phosphate huffered saline
Ppytohaeaagglutinin

Stimulation ;ndex

Stabilisation buffer .
Trichloroacetic acid

T cell growth factor

S
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'Chapter I

THE L!FPHOC!TE

One oflthe Eeg problems in i;lunobiology is to determine
h6u~:antigen,'ﬁiﬁding to lyamphocyte surface receptors is
linked to cell pfoiiféraéion and the e;préssion of specific
immune functionms. The thflus dependent T cells can become
killeﬁ cells or secrete various factors résponsible_ﬁfor
cell-mediated iglnne responses. Bone marrow derived B cells

mature into antihody secreting plaspa cells. Cell response

is indicated by the onset of DNA synthesis or certain

. effactor functions such as antibody synthesiﬁ, lymphokine

secretion or cytotdxicity during culture. Tﬁus. lymphocyte
blastogenesis has become important both in the study of the
lmmupe response and as a model for cell proliferafion.
tr‘ |
F .
. Lymphocytes respond im vivo to antigens with a high level
of genetic specificity. As a result, only a small aumber of

clonés are genefated by the presence of a single antigen.

The in yitgo study of lyaphocyte proliferation has been



%

facilifated by: the use of polyclonal -1togpns. These
suhstaﬁces are - relntivhly ” nonspecific, "activatin§ a
significant p:oportion of tﬁe B and/ or T clones!to‘divide (
Ling and Kay,iéTS). | This ensures thgtzthere are adequate
numbers of responding éells available fo:-hiochelical study.

The work of this thesis involves the use of the nitogen,
concanavalin A. Arhis plaht lectin and protein cousists of
four subunits, each. vith a saccharide bindlng ‘site. oie
transitional =metal usually Hn++ and one Ca++ ion
Bdelsan,1972). The sugars, a#N and aMG conpetitivély remove
.'Con A from the 'lYlphOCYtB cell surface as monitored by
labelled Con A ( Novogrodski and Katchalski,1972 ). This
suggests that the Conm 2 receptor has present mannose/glucose
~residues. Ljuphocyte - response requires the cbntinual
presence of lectin for 18-20 hours ( Lindahl-Kiessling, 1972
)e fnlternatively, this mitogen need 6n1y be pfesent between
0-3 and 15-18 hours of culture to give the same response (

toydshina et al,1976 ).

1.1 ' LYNPHOCITE RESPONSE TO BITOGERS

. Perhaps the greatest disadvantagé in using lflphocyte '
activation as a wmodel for ‘cell proliferation is the
. asynchronous response of lymphocytes to'polyclonal nitogens,
Activated cells pass from GO to G1, and enter DNA synthesis

at different times following mitogen addition. As a result,



N

measuresaent of biochemical events rapteseqta‘thé average of
cells at differeat stages of the cell'cyqle instead of an.
‘average-of cells at a comson stage of.their cycle.

This lymphocyte asynchrony in mesponse to Con A has been
parily overcome by the use of the sugars aBN and aNG. By

conpetitivély removing Con A from the cell surface, these

| sugars have been used to -determine commitment in the

lyaphocyte population at various times following lectin
addation. Commitment is defined as the time after which the
removal of Con L;no longer prevents the cell froi entering s
phase; The period preceé&ing coamitment is ilbortant hécause.
it. corresponds to the time during which initiation of‘
activation is océurring.. If aMM is added at yarious tiles:
follouing‘ lectin . addition, the Vpopnlatioﬁ ”hecones
Lincreasingly refractOry'-to inﬁipition until 18—26 hours

after which the sugar has no effect on subsequent DNA

. synthesis ] Novogrodski apnd Katchalski, 1971 ;¥Wang et al,1975

). The diminished ability of the sugar to inhibit DEA
synthesis corresponds to the appearance of increasing
“ nambers of labelled blast cells at 48 hours of -culture (
-Wang et al, 1975 ). ‘
s :
The reasom for the asynthonous response of lymphocytes
to mitogeas 1is poorly upderstood. It is probably related

both to the existence of various T cell subpopulations

-



diracfly actfyated by the lectin and to subsequent indirect
stimalation of T and B cells. '.In‘a nixed _pobulation.
' stiamulated with Con A or PHA, between 10-20 percent of the
DHA synthesizing blast cells are B lfnphocytgs ( Phillips
and‘ﬁoiti, 1973). These have been detected using fluorescent
anti;Ig coupled with autorqdiﬁadtography, Tvo mechanisas
havé.hqen'postulated to explain this B cell activation. One
involveslthe release of a solubia mrediator (s) by T cells
vhich in the presence of Con A cauées the activation of B
. cells. .Supernatants‘.fron resting and actiiated T cell
lcultures have been shown to activate purified B cells in the
presencé of Con Arihile neither Con A nor the supernatant
alone had ahj éffect on the cells ( Andersson et al,1972a
). .The i other Wproposed mechanism Fcalled thg "local
concentration hypothesis® proposes tﬁat T cells concentraté
Con A oﬁ their cell surface and then'present it to B cells
.in a mitogenic fora ( Boller,1970;‘ uitchisqn,1971 ).
Supporting evideﬁce is circumstantial, that‘ is,Con 1
covalently coupled to solid surfaces directly activated B
" cells ( Andersson et al,1972b ). |

. In addition to the‘response of B and T cells, macrophages
have heen shown to participate in the immune response. Their
preéence has been found necessary <for antigen- (Cline and
Svett, 1968) amixed léukocfte- (Alter and Bach, 1970) and

mitogen- (Bosenstreich ‘ét al,1976) induced 1lymphocyte



stinulgtion. Both. B and T 1lymphocytes cultured in the
presence of sitogen but .depleted ofﬁhaérophages failed to
_énter Dul‘syntﬂesis. Hovever, if these adherent cells vere
returned to cultnrgwuith the sugar, 5aﬁ§,uith1n 25 hours of
lit&gen“addltion,w then DNA synthesis began as if the
.nacrophages had beeh'lpresant during the entire culture
period (Béséh,1979). This suggests thaﬁ macrophages provide_
a 'sécond signal to activate 1lymphocytes, vhich acts
independently of the . lectin. ABac;ophages caﬁ also be

activated directly by Con A but only at concentrations toxic

for lymphocytes ( Wang and Basch ,1979 ).

The work reported iﬁ this thesis was carried out using
mixed pdpnlations of T and B Iceils froma human peripheral
hlood-aﬁd mouse sﬁleén. 'Lcéivatioﬁ nust he- consideréd to
have occurred in both the T and B cell populations, despite
the fact that Con A is conventionally ieﬁled aT cell
mitogen. Blastogenesis ana transformation afe defined as
the cell cycle of a lymphocyte., In contrast, activation is

the stage of blastogenesis prior to DNA replication.

1.2 THESIS BATIOWALE

Microtubules have been iaplicatéd in the transformation

of Con A—sfiuulateﬁ.lynphocytes. This contention has been



derived by the use of colchicine, hovever,  there is much"
disag;bélent as to .vhen the fransfori&ng :Iylphoéyte' is
sénsitiie ‘_go the - anti-l;c:otubulo ‘agent. several
investigators maintain that colchicine - tnﬁihition‘ is
restriCted,to‘events known to preceqé’s phase ( Medrano et
al, 1974; ¥ang et al,1975; Gunther et al,1976), while others
have reported cblchicine‘té.igﬁibit only after the omset of
DNA synthpsfs {Rasch et al,1977;Resch,1979). DBecause these
cbsaervations have heen"the.’ basis of the hypothesis
ilplicatin§ microtubules in signalftrans-issiOn. it was of
interest to study the time-course of lymphocyte sansitivity

to colchicine. It was also hoped that such data would shed

f

light on the role of t&e. nicrotuhule'cytoskeleton in the
‘transformation  of Coh A-stimulated mouse and  human
lymphocytes, Inplidate& in the lplecuiar basis of
lylbhocyte t;ansfo?lation and colchicine effeéts uaé an

investigaﬁion of thymidine tﬁansport apa' the effect of

colchicine and lumicolchicine on this event,

1.3  EARLY NOLECULAR EVENTS OF LYMPHOCYTE ACTIVATION

The wmechanism by which.an antigen or mitogen induces

N 1

blastogénesis appears'to be a complex proéess. Con A, in
soluble form, binds to both B and T lylphocjtes_ vith
approximately the sanme deﬁsity but activates directlg only
certain clones withkin the f lylphdcyte population (éreavés
ahd'Janossy,1972). Therefore, ‘although Bitogen binding to

-6 ~
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the cell surface is a_ prerequisite to transfor-ation, this
event hy itself is not sufficient to induce hlastogenesis.
!ntherlore, the fact that lylphocytes :egui:a a prolonged
period of exposure to the ' lectin to become, coamitted to-
. transform suggests that the mechanism of activation may lie
in ' the series . of early bioche;icai changes wvhich follovw
\lectin binding. The crigical event (s) responsible for
activation may be §ingu1ar;‘interrela{ad, in series with or

parallel to other pathways (Kaplam,1977).

Iocreased Ca++ uptake has been reported within minutes of
mitogen addition (Alford,1970 ; Allwood et al,1971) due to
a decrease in Km (Whitney and Sﬁtherland.1973)._ A transient
infiux has also been observed which isléonpleteﬂ within 1
sinute of Com A addition (Freedman et ai,1975).!evertheless,
the <role - of Ca++ in lymphocyte- actifagion is unclear.
Parker (1975) repor£ed Cat++ influx to ﬁe correlafed to the.
degree of stimulation, but Hesketh and coworkers (1977) have
found no detectéblq Cat+ influx ‘at optimal =mitogen
conceatrations. However,external Cat++ is reported necessary
for the lyaphocyte to transfora. The presence of the Ca++
chelators, EGTA has been shown consiétently to prevent the
onset of DHA synthesis (Alford,iBTOé Ghitney and
Sutherland,1972) and the inhibition is 'reversed by Cas#+ in
the mediua, Bard et al (1979) have.fonnd that cultures

required continuous access to Ca++ the first 20 hours of



culture in order for any‘cqllgﬂto move into § phase‘a£ ahoutq-.

1}
i

36 hours of .culture.

. |

A oaubain sengitive increase in K+ uptake has also been

':réported vithih one hour of PHA addition. (Quastel and

Kaplah,1970; 4 Averdunk, 1972y ; the increase being

characterised by an increased Vmax. Quastel and Kaplan

'(1970) showed that = PHA caused an increase %ﬁ'x+ transport
even in the presence of inhibitors Iof protein synthesis.
. This suggested that the -aitogen caused the exbosu:e of
former cryptic K+ transport sites. Cénc;litant with K+
influx is an equqll&'iﬁcreased efflux of K+ from the:cells {
S5egel et al,1975; Ealiltsn and Kaplan,1976). This suggests
that the intracellular concentration of -the ion may not
significantly " change during activation (Hamiltom and
Kablan,19?6). The relatiopéhip between K+ influx/efflux
activity and lynpﬁocyte acFivation .is unclear. The early

inhibition of K¢ influx by oaubain prevented the onset of S

phase (Quastel and Kaplan,1968).

Other transport events also activated by the presencé of
mitogen are Na+ effiux; choliné, nucléosidé and amino acid
uptake (Averdunk and Lauf,197S:Peters an& Hausen, 1971;Van

der Berg amd Betel.1973).

-
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" In addition toltrnnsport changes, alterations in cyclic’
nuélaotida content have been reported‘fgllowing addifion'qf ‘
litogan. CAMP transiently incfeases 1-2 fold vithiﬁ 30
sinuntes folloued.by a return to cohtroi levels hy:1-2 hours
( Smith et al,1971; Parker et al,1974; Foker et al,1979 ).
This is folléued some 10 hours Laier hy‘a continous increase.
- until 24-36 hours of culture (Wamg et 'al,1978). The
relevance of these changes.to lyaphocyte ‘activation is
questionable. The onset of Dﬁn synthesis can be prevented by
an ihhibition of the early éiug rise ( Poker et al, 1979.);
However, wheat gera agglutinin, uﬁich is nonmitogenic¢, has
been shoéh to caﬁse a similar increase in cCANP {gvels. (
Coffey et al,1977 ). In some cases, the addition of
axogenous cAMP induced mitosis ( Smith et al,19?1:wﬁedner at
a1,1975 ). Houever,ﬂ .others have have "found the cjclié
nucleot;de to be with:ﬁt an effect ( Birschorn ot al,1970) .
lastly, the.addition of cANP has been reported to inhibit

the mitogenic response of lymphocytes to lectin ( Quastel

and Kaplan,1970; Diamanstein and Ulmer,1975 ).

CGHMP - has been réported to. undergo a 50 fold increase
within 20 minutes of litogenlaéﬂition (- Badden et al.197£;
Coffey et al,1975,1977 ), h&t other investigators have
féiled to confirm this finding ( Parker;197ﬂ; iatson,197§ ) .
LPS caused an increase in CcGMP .levels-but other B cell

mitogens failed +to induce any change (Watson,1976). CGERP



.

has been reported both to activate lymphocytes ( Diamanstein

‘and  Olmer, 1975 ) and to be non-stimulatory ( Wedner et

 al, 1975 ), however, when a mitogen is used to induce cells

to enter DHA synthesis, the‘presence of cGEP potentiates the
response ( Badden q; al, 1973 ). CGHP has also been

reported to reverse the inhibitory effect of cAMP on the PEHA

1 . '
.and LPS response ( Diamanstein and Ulmer, 1975). These data

suggesi that cANP and GGKP are réspectively negative and

- postive regulators of iitogen—induced blastogenesis.

If éyclic nucleotides regqgulate activation ‘it ray be
accomplished not as a singular event but rather in
cénjunction pifh Caes, | -Dibntyryl CANP inhibits mitogen
induced Ca+e¢+ uptake (Freedman et .31,1975;Bhitney and
Sutherland, 1972) while dihntyryl CGMP eonhances Ca++ uptake
(Freédaan et al,1975). Conversely, the ion stimnlates guanyl

cyclase activity (Shultz et al,1973). With 'TL cells,Ca++

and cABP have been reported interdependent. Both the size

of the cANp surgé and the susequent Dﬁn synthetic response

depend on Ca++ ( Boynton and Whitfield, 1979 ) .

Accompanying changes in transport amd cyclic nucleotides
are 'alteratioﬁs in +the activify bf- certain meabrane
associated enzymes. Ha+-K+ ATPase adtivity is enhanced

vithin miputes of PHA and Con 2 binding ( Resch et al,1978

). Ca++ATPase activity is increased'100 pexrcent by Con A (

- 10 -



~.

synthesis is ihcraased;= however, its inhibition ha

Dormand et a1;1978 ) vhile HNg++ATPase aétivity. is either
activated ( Hovog;quki.1972 ) or depressad. (“Besch et
a1;1§78 ) during iylppocyte activation. Ldenylaie cyclase:
is increased el ther larginallf ( Synder and Parker,1977 ),

or not at all ( Resch et al, 1978 ). Guanylate cyclase has

. also been reported activated ( Haddem et al, 1974 ).

BEnzymes realated to rembrane composition are also

activated by the presence of a Iitpgen.' De povo cholesterol

of PHA/A23187 addition .. Phospholip&se A and acyl/ col
lysolecithin acyltransferase were also activated due./to a

change . in Vmax '( Resch, 1979 ). This 1lattér enzyme

in a co-enrichment of lysolecithin acyltransfera
Bas-K+ATPase in high affinity fractions ( Rode et al,1979)).
This is presumably related to the reported increase in

plasma membrane fluidity following lectin binding (Fg;;Er et

.al,1975).

A final -event dependent on membrame fluidity which occurs

within S5 minutes of lectin binding is patching and capping

- LY
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of’ Teceptor-ligand . complexes.Unbound receptors exist
randonly throughout the plane of the lymaphocyte nelbrana.
However, thp recéptbr-ligand complexes #assivqu aggreagate
'into_a ‘patch* follovodw by their active ligration into a
*cap!' at one pole of the cell. Cap formation has been shown
to occu:‘ vith saveral Ig classes,B-Z,HLi,o,TL antigens’ and
sost lectin receptoré. The mechanisa is dependent on
membrane fluidity and the | licrotuhule/nicrofi}alent
cytoskeleton. Nonetheless, capping is an insufficent signal
for transformation and in fact, pay not be involved at all.
B and T cells cap Coh A and LPS equally vell hovever, only T
or B cells are activa£§d, réépectively { Loor,1974; Bona et
a1,5976 ). On the‘other hand, both the tetramer and dimer

forms of Con A are mitogenic vwhile only. the tetrasmer

undergoes cap formation ( Edelman, 1976 f.

1.4  LATER MOLECULAR EVEETS OF LYMPHOCYTE BLASTOGENESIS

A detectéhle increase in BENA synthesis has been Feported
within 1-6 hours of mitogen addition ( Cooper and Kay, 1968
). This increase thenm comtinues for 48 to 72 hours apd is
accompanied by an increase in uridine kinase ac@ivity. DEA
reélication commences within 24 to 36 hours of culture and
also continues for some ﬁB to 72 hours ( Lling and Kay, 1975
). Thyaidine transport and kinase activity gppear to start
vith the onset of S phase ( Strauss et al,1977 )+ Unlike

most egkaryotic cells, stimulated lymphocytes exhibit large

-
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variations in the length of S phase; from 6 to 30 hours (

!ouniin, 1975 ). The length of s phase is inturn thought to
be related to the ribosomal content per cell ( Darzynkieuicz
et 31,1§?9 ). . Protein synthesis has ‘been ‘shown to increase
uithin'i fo 3 honrs of Con A/PHA addition and continues id
increase until 48 to 72 hours of cultnre { Kay,1968 ).
Rumerous proteins are prodnceq and“released‘into the medium,
These include TCGF ( !qrgan, ef al,1976) uhich- allows the

longterm maintenance of T cells in culture.

1.5  BUCLEOSIDE UPTAKE AED TRANSPORT IN LYNPEOCYTES

The uptake of various nucleos®les has been demonstrated

in several mammalian cells. This is of special interest

because 3JH-nucleoside uptake is a prerequisite for the usual

assay of DNA and RNA synthesis. However, little is known

(i:garding the =mechanism or the appearance' of trans?ort
stems in elither resting or stimulated lyaphocytes. Barly
-studies generally neasured net upfake .of nﬁcléosides,
however, it has becone increasingly evident 'that this
process must be distinquished fros transport(Plagemann and
Urbe,1972:;Barlov " and 0rd,1975). Het uptake includes the
accumulation and/or backflux of substrate in and out of the
cell. In contrast, transport is the inidirectional
translocation of sﬂbstrata into the cell. To measure this,
measurements must be made over short intervqlsjuhere the

initial rates are determined and the quantities taken up

- 13 =
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extrapolate back to zero ( Berlin,1975). With the advent of

rapid sampling techniques, '1t has been .possihlelto take .

‘Seasurements over periods as short as ‘8 to 20 seconds (

Hawkins amd ﬁerlin,1969; Strauss - et al,1976). This method
applied to rat hepatoma ce;ls'_and.lurine . splenocytes have

shown that rates are linear for 10 to 60 seconds (stranss et

‘al, 1977;Hohleuter et al,1978).

Resging murine splenocytes (Strauss et 51,1917) apd human
peripheral lynphocytes' exhibit no apparent thyanidine
transport (rigureﬂéij. In contrast, adenosine tramsport is
quantitatively amd qualitatively the:sale iﬁ resting and
stimulated mouse splenocytes (Strauss et al,1977).
Bacrophages also show adenosine transport without the

presence of a mitogen (Berlin,1973). Adherence to a glass

"surface acts to augment nucleoside fransport (Pofit amnd

Strauss;1977). In the case‘of lyamphocytes, the presence of
Con A in vivo induces the appearance of . a thymidine
transport system as early as 28 hours (Strauss et al,1977).
This corresponds -to the onset of DNA replication and

theoretically, could be related to the commitment of the

.population to transfora.
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Chapter II

"THE BICROTUBULE

The microtubule is an filamentous aggregate of tubulin
subunits found in all eukaryotic cells at some stage in
their 1life cycle (Porter,1966; !arg&lié,1973). They aré
usually seen to esanate from a NTOC and to run throughout
the cytoplasa and nucleus of various cell types (
Biberfeid,1971; Osborn and Weber,1975). In‘uolecu}ar teras,
the cytoplasmic microtubule is composed of 13 aligned
protofilaments, which ih'cross-section appear as a tube with
an outér diameter of 25 nnm ; a wall of 5 nm and a core of
some 15 na. Each'p:otofilalent consists of an altérnatipg
array of two species of 55,000 M.¥. tubulin monomers, a and
b. These differ in their amimo acid compositions (Zee et
--a1,1973) and their degree of projection fron the i§side
surface of the.protofilanent (Amos and Baker,1979}.,Fro? X-
ray diffraction data, the subunits aré displaced fros the -
side horizontal axis by 10. giving rise to a three-start

| helix with 13 subunits per turn ( Erickabn,1975).
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Bicrotubules ‘are  asseabled fros free tubulin
heterodimers; each consists of an a and b lononef. Asseabled
tubulin is in a constant state of dynamic equilibriom :}th
free tubdl{n { Inoué and Sato;196u ). Using optlcal
Sirefringeuce mitotic fibers that disappeared aftér
cold/colchicine‘treatlent recovered after réStoring\norlal
conditions,even 15 the . présence Iof actinomycin D or *
pnrohyéin. Inoué and Sato (1967) postulated the existence of
a pool of free subunifs in aequilibrium fitﬁ the assembled
microtabule. Steady state is thought to occur by the
addition and 1loss of tubulin at opposite ends of ;he

microtubule (Margolis and Wilson,1978;Farrell et al,1979).

‘Besides binding- other subunits, the tubulin .dimer binds
GTP at a ratié of 1:2 and Mg++ at a° ratio of 1:1. 'GTP
binding is' complicated by the fact that ome sife contains
| tightly bound- non=-exchangeable GDP which is
trgnsphosphorylated Sy- GTP bound at.the exchangeable site.
{Olasted and Borisy,1973). The e:changeaﬂie site . becoses
non-exchangseable when tubulin is incorporated into the
microtubule (Weisemberg. et .ai,19?6).\ Certain exogenous\
chemicals such as  colchicine,vinblastine sulfate and

podophyllotoxin also bind the tubulin dimer, at a ratio of

Tt hdrisy and Taylor,1967 ).
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| 2.1 I8Z PUNCTION OF AICROTUBULES IN THE CELL -

The wmicrotnbule has. heen'ilplicated in numerous cellﬁlar

functions. As a constituent of the cytoskeleton, this

' structure has been shown to both .develop and maintain cell o

shape. In the perve ceoll, .licrofilalents cause the cell to
elongate while the licrotuhulé. maintains caell shape (Yamada
et al,197oi. On thé other hand, in gghiéggngg both the
development and aaintenance of shape are determined by

cytoplasaic microtubules. Following colchicine treatment,

'the alga beconmes rounded with 1ittle change in the

distribution of organelles ( Brown and Bouck,1973). In
contrast, leukocytes be¢bne more  polymorphic vith an
irregular distribution of\organelles ‘( Padawer et a;,1975).
However,  a 56 percent reduction of nicrotubulés -around
lymphocyte centrioles has no detectable effect on cell shape;

( Oliver et al, 1980 ).

As mentioped above (Section 1.3) ¢ the capping of

ligand/receptor complexes has been thought to be depegdeni

‘on the nicrotnhnle/licrofilalent'cytdskeleton. Anti-tubulin

ismunofluoresent "subcaps®™ A have beem 1localised under Ig {
Gabbiani et al,1977; Yaha;a and Kakindio-ﬁaleshila,1978) and

Con A caps (Albertini and Clark,1975). Hovever, although

microtubules have been found associated with caps, it is not

clear wvhether these structures actually' determine the

location of the cap. Ig cap foraation bhas generally been
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found to be insensitive‘to the presencé of colchicine (de
Petris, 1975; Unanue et a1,1973 Poste et a1,1975) although
Cchem (1975) has reported marked inhibition. Con A cap
formation is pronotéd by the presemce of colchicine (Edelman
and ﬂcclain;1976- Oliver et al ,1980). In addition, B cells
have been repo:ted to cap. more readily by colchic;ne than T
cells ( Oliver et al ,1980 ). At high concentrations of Con
A, receptors become immobilised and unable to cap Con A or
Ig uithont the presence of colchicine ( Unanue et al, 1372 H
Yahara and Edellan, 1973 ). Even at low Cou A concentraions,
PEN cells have been reported to require colchicine in order
to cap ( Ryan et al, 1974 ; Oliver et.al, 1976 ).
_ . , _ |

From .ihis observatioa, models have been developed in
vhich microtubules were shown to 'exert a tfansnenhrane
control over cell surface - 'receptdrg (Yahara and
Edelman, 1973;Berlin et al,1978). Houevé:, this has been
contested by Balla et ai (1979)  who found that the removal
of unbound Con A,Ng++ énd Ca++ from the mediunm induced cap
formation without any apparent microtubule disassembly.  In
addiiion, Yahara and Kakildto-Saleshila‘ (1979) claim that -
there exists a two-way modulatiojn between microtubyles and
the Con A-receptor complex during‘ cap formation.
uigrotubnles and aicrofilaments most probably act together

in the comtrol of recepior disfrihution. Colchicine and

cytochalasin B inhibit synergistiéally‘ Ig cap foraation (
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Poste et al,1975; Taylor et al,1971) and QOn“i‘binding (
Karsenti et al 1977 ). '

* The 'ltgahd-receptor cap is ‘eventually internalised by

phagocytosis. In PAN cells, these reéeptors;are éelectirely

removed from the cell surface during phaéocytosis;

Colchicine énd vinblnstine don't inhibit phagocytosis per
se, but they do prevent the selective removal of lectin’

receptors from the cell surface ( Oliver et al,1974).  In a

‘sore general semnse, colchicine has been shown to interfere

vith the phagocytosis of certain substances such as starch

but not others such as S;agbxgococcus (Malawista,1975).

E Perhaps the nmost ilaginativé possibility ;s the putative-
role of liérotuhnles in intracellular sigﬁhl—transmiSSLOn.
This idea has mostly arisen froa assoclation, in that micro-
tubules are‘fonnd‘ in various chemoreceptors (Gaffal and
Bassenmir, 1974) and in organs‘like the brain (Borisf et
al,1974) . HNodels have' been proposed im which signals are
anplifi;d between adjacent tubulin suhﬁnits along the
microtubule ( Atema,b1975). Hovever, there 1is no direct
evidemce which supports‘this hypothesis. R;cently. as will

be mentioned, this notion has been extended to Con A-induced

lymphocyte blastogenesis ( Edelman,1976).
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2.2 IBE BEPECT QF COLCEICINE OF MICROTUBULES
Colchicine, an alkaloid derived froa Cglchigu-_ggggggg;g_

is known to arrest microtubule assénﬁly and eventually to
B - N . o

cause licrotuhnie diéasselbly. . However, the mechanisa bj

- A

‘ which this is -achieved is éoorly understood. Inoué and Sato
(1967) }o;tulated that_‘colchic;né shifted the nonomer-
polynerh‘eguilibriﬁl to;and‘the msonomer state. However,
c¢olchicine capnot bind to’ assenbled:tubuliﬁ_directly {¥ison
and Meza,1973). Insfead, colchicine must bind free tqhﬁlin
dimers .at a ratio of 1:1 to form a’ coichicine—tubulin
complex (Borisy and Taylor, 1967) to inhibit microtubule

assembly (Margulis and Wilson, 1977).

Thef'nature of ;he‘colchicine-tuhulin complex has been
studied principally by Wilson and.cowvorkers (i&ﬁ&, 1967,
197@, 1973, 1974, 1975); ~ Bond forlétion is slow forning,
non;éovalent. ana insensiti;e‘ to pE and iomic streangth
'T]Er}an and iilson,197gj. This’latter.point suggests that the
" bound is non-electrostatic. It is also characterised by
positive entbalpy,entropy and free enerqgy changes {
¥ilson,1972 ). This is consistent with colchicine pindin§ to
a hydrophobic, non-polar pocket. Once formed the conélex is
not reédily reversed ugder normal conditioné,with a reported
half life of 6-8 hours  (Wilsom,1974). The rate of decay

unlike the rate of formation is very 'sensitive to pH and

ionic strength (Wilson,1974). It is noteworthy that chick
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‘embryo brain tubulin after binding colchicine hecones'

ihactivatad,nnahle to bind the . alkaloid again (iilson.1970).“

This suggefts. that. the protein pndergoes a copformational
change canéing the colchicine binding site to be no longer
accessible. . . Other agents such as vinhlastine' sulfate
stabilise the tubulin dimer, tkereby extending the life of
* the colchicine-tuhnlin bound (Hilson 1974 ) Lunicolchicine,
.ﬁa photoinactivated derivative of colchicine has no effect on
colchiciné binding or wmicrotubule assembly (Wilson '~ and

Preidkin, 1966).

The lechanism by uhich colchicine arrests nicrotnbule

asse-bly and causes disasselhly is not fully nnderstood. The

colchicine/podophylotoxin-tubulin complex inhihits assembly

in - a substoichiometric manner (oinsied and Borisy,1973).

Several models have attempted to explain this. Hérgolis and

. Wilson (1978) maintain that the complex binds to the growing

end of the wmicrotubule. This serves to block asseably,

disaéselbly then occurs at the opposite end resulting the
disappearance of the assembled structure. However, in con-
tradiction vith this model, Lambier and Engelboroughs (1978)
have found the colchicine-tubulin complex to bind reversibly
.to the microtubule.Sternlicht and Riﬁgel {1979) found that
microtubule assenbly inhihited by 'the presence of
coléhicine/tuhnlin coaplexes retained the . ability.to add

tubulin to it's formally growing end.
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| Chapter III:
| ncngruauu FUNCTION IN LYNPHOCYTE ACTIVATION
In recemnt years, ‘microtubles have heé# iiplicated in the
activatiohei'of 1ylphocytes; Using tubulin-antibody
1lnﬁnof1noréscenceg liétdtﬂbﬂlééﬂ have been observ;d to’
eyinate from a centriolar region an& run circulferentially
th;oughpnt the cytéE}asn of resfing } !apata apd Katatinoto-l
Saleshila,1973;  Rodgers amnd Brown,1979) ‘aﬁd stimulated
lymphocytes ' ( Bogers and : Brown,1979;  Rudd et al,1979) .
During‘1ynphécyteitransforiatibn; a significant iﬂcxgggggbf.
niérotnhules in the centriolar region haé been reportedi
(éiberfield,1971:Thyhe:ghet al, 1977; Budd et al,1979). In

contrast,i -Yahara and Kakatisoto-Sameshima (1978) have -

L

failed to stain detectable amicrotubule networks in

stisulated leukocyte cultures.

Bicrotubules are thought to controi'the- distribution of

‘receptors in the plane of the 1lymphocyte plasma cell

membrane (Taube and Berlin, 1972). The presence'of.high Con

q
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A concentrations has been shown to arrest the redistribution
of Ig and Con A receptor/ligand conplexes (Yahara and
Rdelman,1973). It was found that colchicime, brief cold
treataents and oiher _anti-licrptnhulé . agents indnéed
receptor/ ligand co;plex redistribption.‘.r:OI thisTL models
were poasatulated in; which . the: underlying liérotubﬁle
cftdékeleton exerted % transmembrame contfol over the
ﬁisfributioﬁ_of zeabrane reéeptors;‘ In an asseabled state,
the cytoskeleton éqchored tie receptoéi‘ vhile disassembled
tubules had no control ove;' receptor mobility ( Berlin et
al,1974; Yakara anmnd Edell;n,1973). -

-

Edelman and couorkers (1975R3976) furthér postulated a
role- for llcrotubules in \Eon A-induced :‘1ylpho§yte
acti?ation; Their evidence vas basgeaed on'the dinminished
ability of colchicine to inhibit DNA synthesis when added at
the start of culture (Wang et‘a1,1973f.- Between 0;20 hours,
coldhicine became increasing ‘1ess able to supbre#s the
incbrporation of thymidine vhen assayed'at 48 hours (¥ang ef\
al,1975; Edelman,1976}. Futheraore, 'the_qurve produced by
the addition of colchicime vas similar to the curve p:o&hce&
hy the addition of auu { Bodd. et al, 1979 ). _ Ohserviné that
the 1nhih1tory action of colchicine was t;stricfeizto a
.period of time prior to cell commitment, they conclnded tha;':

colchicime interfered with the intiation of lyaphocyte

activatién. ‘Colchicine was assumed to act via nicrotuhuleéw
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and so it wvas hypothesised that microtubules were involved
in the initiation of lymphocyte activation. The exact

nature of this role was nmnever clearly defined (

:Edellag.19?5); j however, it was interpreted by other

investigators to correspond to the critical second messenger
‘1nrlynphocyte activation (Betel qnd nafkijnée.1976]. It is.
important to note that at no time was it considered that the
similarity hetiaén the colchcicine and adM curves could have

heén a factitious ' consequence - of the doSe a;d time
dependence of colchicine inhibjtion. Mso in these
experiments, microtubule’ disassembly was not actually

demonstrated to have resulted froa coichicine treataent,

3.1 IHE EFPECT OF COLCHICINE OB THE EARLY HOLECULAR
.-, EVENTS OF LYNPFOCYTE ACTIVATION

If wmicrotubules are involved in the initiation of

" activation, it is logical to assume that certain early

. events causally linked to DNA  synthesis vould be inhibited

by the_presénce of colchicine. Hovever, unfortunately these

events salient to DHA replication have yet to be clearlj

establiShed'Caff influx (Greene et a1,1976), AIB transport

) (Greene - ot al,1976), phosphatidyl lysolecithin turnover

(Resch et al,1977) and lymphokine production (Sherlime and .
Bundy,1977; Gunther et al,1976; BResch et al,1977) have been

| reported unaffécted by colchicine. This failure to cause

iphibition occured despite the fact that the -alkaloid
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inhibited:thynid;ne‘incorporation at later times. Resch and
co;orkers ( i977,1919) have assérted that . these data
indicate that  microtubules are not involved in the _
triggering fﬁf lymphocyte activation. This 'conclusiqﬁ,
hovever, is probably premature. The expoéure time to
" colchicine was usually very shoft;at no time vas colchicine
actually shown to cause- librbtuﬁgle disassenrbly. In
' gdditionjeven if aicrotubule disassembly was shown it is
conceivable tﬁat colchicine could interfere vith the
initiation of activation and not inhibit all events causallj
‘related to DNA synthesis. :Théseaeveni(sj vould be in series

- to each other (Kaplan,1977).

In contrast to fhg ago;e findings, certain events have
been found to be alterédfbifthéfpresence of colchicime. The
early .cAHP surge follauiﬁg;hinding of lectin bas been
reported to to be éhh;ﬁéed-by the presence of colchicine
(Greene et a1,1976).'?'hls;, phosphatidyl inositol turmover

has been found reduced in lysphocyte cultures (Schellemburg

C.

and Gillespie,iQ?). These studies have suggested the
“@xistence of a 'faleﬁ ”fér microtubules in 1ymphocyte
activation. However, the fact that colchicine has heen
"found to bind to isolated membrane fractions_poiﬁts to an
alternative target“for the aqtion of colchicine {Riordan and
'110n,1977; Sherlime et al,1977; Gillespie,1971). Therefore,

it 1is possible that colchicine is causing inhibition or
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promotion of these eafiy events by some as yet undefinmed

1

action.

3.2 _IBE BPFECT OF GOLCHICINE ON ENA SYNTEESIS

Literature on the effect of_colg?igine on RNA sjntkesis
is cogflicting._ In these cases, ‘the éiposﬁre time tb‘thé
alkaloid is ‘longer agd therefore it is probably séfer to
assume that lic;otubule disasselbly oécnrred (Rogeis and

Brown, 1979) .Betel and Martijnse (1976) using Con A activated

rat lymphocytes found that vinblastine and podophyllotoxin

¥

uhen~§reSent fron.the start of culture haﬁ no effect on
u;idine incorporation at 24h. In agreenént,nesch et"al
(1977) using Con A-stiamulated rabbit 1lymphocytes found
c¢olchicine to have ho effect on 'Rﬂn‘synthésis at & and 24
. hours of culture.Both groups concluded that sicrotubules are

not involved in the triggering of lymphocyte activation.

In contrast to these fesnlts,ﬂausser et al (1976) noted

a dramatic inhibition of uridine incorporatiomn into Com A=
stimulated bovine lyaphocytes until 20h of culture. After
this time, the additiom of célchicine had no apparent
effect. In d;der to déterning'if the alkaloid inhibited BEA
synthesis directly,_ colchicine was added to an in ywyjitro
traascription Eystel. The alkaloid had no effect on either
isolated nuclei .or RHEA polymerase activity. From

this,Hausser et al (1976) concluded that uiérotubules'are

.= 26 =



o

involved in the triggering.nachanisl of activation, .a

conclusion similar to that of Edellﬁh (1976) . However, their

‘conclnsion would appear to be somevhat suspect.Uridine

incorporation was aésayed :onlyﬂ¥iice after 20h of culture,
both withim 10 hours of colchicine addition. If colchicine

required a long lag time -to become ' inhibitory then

‘inhibition vould have gone undetected (Rudd et al,1979) .

Al

. The reason for the lackh of consensus regafding
colchicine's effect on early RNA syntheéis is .unclear.
Porsgyke (1979) claims that it ';Ay be related to the
concentration .of Con A used. He found that colchicine
inhibition of wuridine 1ncorporationnwas evident im rat
lyaphocytes stinulat?d vith S5SOug/ml Con A and mot with
S5ug/ml. 'Tﬁis could account for the lack of inmhibition
reported by Betel and Hartijmse (1976). Another possibility
couldx be related to the source of 1lymphocytes in the
different experiments. I-have‘ found lbuse splenocytes
significantlﬁ more sensitive to colchicine than human cells
(Rudd et al,1979).  The reasom for this differesce in
sensitivity is not known., However, it may be related to thé
ability of colchicine.to enter the cell. Ling and Thoapson (
1973 ) have isolated Chinese hasster ovary cells which are
colchicine resistant by virtﬁe of reduced permeability. In
these calls, microtubule dependent functions such as cappné

are unaffected by colchicine. The different sensitivitj of -
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lylphocjtes froa different sources to coléhicine also points

to the need to carry out a proper dose respbnse curve before

'proceeding with an experilant;

3.3 TBE EFEECT OF COLCHICINE ON DN} SYNTEESIS e

There is also a lack of consensus regarding the effect of
licrotuhuie-disruptin§ agents ,on DNA synthesis in activated
lymphocyte cultures. Nost studies.have shown that colchicine
_‘wﬁen present fron‘ the star;\of‘culture pfevented the onset
of 'S phase as 'aésayed by fhylidiné incorpration (Wang et
51;1975; ﬁilner.1977). Colchicine, vwhen added:-at various
times prior to DNA syhthesis elther caused a constant degree
of inhibition {Hed:ano et al,1974) or became progressively
less inhibitory until 20 hours aftervhich there was no

effect (ihng'et‘al,1975)

In contrast to these’findings, Betel and Martijnse }1976)
reported that vinblastine and podophyllotoxin had no effect.
‘in preienting Con A-activated spleen cells froam entering s
phase. However, this study must be v;ewed with cautidn

because the aumber of aitotic figures at 72 hours vas

unaffected by the preseﬁce of fhesé agents, deSpite‘

céléhicine's well documented ability to cause metaphase
a}rest. Colchicine inhihitipn of tﬁylidine‘ incorporation
vas attributed to an effect on tramsport and ﬁbt on DN}

synthesis. However, the study quoted in support of that

- 28 -
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suggestion ({ leel and i1130n,1972 ) did not exasine’
|

thylidine transport in lymsphocytes and found different Ki

values for various cell types.

In addition, net thymidipe
uptake and not transport’ vas measured.  Futhermore, these
authors found that.qpichiéinq inhibited 3f-uridine effect
u:idine upﬁake to ‘the;;;gapee degree . as 3H-thymidine
" (Wilson,1972). Betel and uartijnSe {1976) fepofteg that

colchicine had no effect on uridine incorporation\at 24

hour.

This does not exciude the possibility'thai colchicine
could be acting on transport.Steen and Limdo (1979), fourd
the measurement Vof 3g-thynidine as an assay for DEA
syntﬁesis to overestimate the degree of colchicine

inhibition when using cytofluofo!etric methods to quantitate

DNA.

Reports concerning . the efféct of colchicine on ongoing
. DHA synthesis are also confiictiﬁg.'Inhihition caused by the'
alkaloid when added #fte: 20-30,1hours of culture has been
gqtédﬂ ‘in partially . isynchronised'V aouse ‘splenogytes
(éilner 1976)“and in hunén lymphocytes (Beécﬁ,197§) using.
both thynldlne incorporatlon and cytofluorouetry (Steen and

Lindo,1978) as an assay for DEA synthesis.
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In contrast to 'thé' above,Edelman and coworkers.
]1975,1976) _have claimed that human lylphocyteg are
insensitive +to colchicine during S phase. '~ Partially
éynchronised cells released fro. the G1/5 boundary underwent
- an ~early rise :in DNA synfhesis_ followed by a retnfn to
control levels some 20 hours later.Both éslchicina treated .
and control cells folloved the same pattern. They concluded
that both ongoing DNA synthesis and thyaidine transport in
1Yuphocytes are unaffected by 'colcﬁicine. However, the
interpretation of: these résults vere confounded by the
recycling of-.thé sti-ulgted cells -and disregarded the
possibility that colchicine-lﬁy require a period of time for

inhibition to become manifest (Rudd et al,1979).

3.0 THE BEFECT OF COLCHICINE OF THYNIDINE TRANSPORT

1 The effect of colchicine on the assay for DNA replication
has been complicated by a possible effect of the alkaloid on
thymidine transport (Betel and Hartinjse,1976;5§een and
Lildo.1979). However, it is ‘unclear as toN whether
colchicine acts on tﬁy-idine transport,DNA synthesis or
both. Theoretically, the agent could act to limit the amount
;f 38~thyaidine taken up into the cell to be used in DNA
synthesis. Hilson‘(1§72} ugiﬁg severél.aanlalian cell lines
found colchicine to inhibit thyiidine uétake. In the case of
Hela céils. célchiéine éaused a 50 percent inhibition at a

~ concentration of 6.1 X 10-5n, However," it is not clear in
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the éase 6f‘t§ese cells hov this effect is related to the
effect of colcﬁicihe on Dla;synthesié. ?ﬁiherlore. because
the Ki values differed significantly betveen cells from
different soufces} it is unclear how these - values afeA

related to stimulated lymphocytes. Lastly, in this study ,

thymidine uptake as opposed to transport was measured.

Therefore, the colchicine could have affected any number of

events linked to uptake stch as DNA 'synthesis itself. In
addition to this study, Berlin (1973) has studied the effect
of colchicine treataent on adenosine transport inlaveolar
naérophages. The alkaloid was fdund to change the
Fe-perature trahsition of transport to that.of a lov energy
state.‘ However, it‘is not known whether the agent acted via
an'effect on licrqtupules. In contrast, Pofit and Strauss
(1978) fouﬁd that micromolar concentrations of colchicine
did not inhibit the transport of thymidine’ in adherent
macrophages. The sale'concentrations iﬁhihited sffonq;y 35-
thyn;dine incorporation when used as amn assay for DNA

replication. .
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Chapter IV

MATERIALS AND METHODS
4.1. PREPABATION OF CELL CULTURES

'"Buman  péripheral 1lymphocytes vere purified fronm
heparinisgd venous blood (100 ugsml) by Ficoll-Hypaque
(Pharmacia) density gradient\centrifngation. The héparinised
~ blood was fi;st céntrifuged at 400g for 30 minuotes, thé
auntologous Se:uu containing platletg ¥as ﬁenoved an§ the ‘-
;elainingécell suspension wvas diluted 1:3 with RPAI 1én0
(Flow Lahs).' The cell sﬁspensién wvas then layered on the |
Ficéll-ﬂyﬁague, centfifnged for 35 sinutes’ at 800g at
18-200C and the 1yiphocytes vere removed froa the cell layer
" at the Picoll~RPNI interface. Cells vere then washed 3X with
BfaI 1640,suspended in_cnlture nediuom ‘at a'concéntration of
1.0-1.5 X 10® cells/ mlL and incubated in either closed 75
ca2 culture flasks (Coraing) to a- final volume of 50 mL or
in 12 I.TS mn_tuﬁés at a final volume of 1 aL. The cﬁltnre
mediua consisted of BPMI 1640 supplemented with 10 perdent

autologous serum,penicillin-streptomycin ( 1000/mL-100U/aL)
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( Difco } and uaS'buffefed‘ to pH 7.6 with Hepes buffer
(Sigma). Autologous serum was prepared by heating for 30
pinutés at 56C and centrifuging-for 30 minutes at 2,000§ in
. order to inactivate the cogplelenf and heparin and to remove
fibrogen and platelets. The purifigation' protoco; vyielded
cultures containing 95 percent lymphocytes with viabilities

of usualiywﬂg perceat as aésessbd by trypan-blﬁe exclusion.
L‘\'.
Burine lyaphocytes were prepared froa spleens of Balb/C .
nice. fhe nice vere killed by cervicél dislocation, 5the‘
sﬁleens excised, and the cells gently ieased‘into néu: iGnO
mediunm. The‘cell suspension;uaS‘layered on fetal calf 3q;ui
(Gibco Ltd.) to sediment debris.Red blood cells were lféed:
in HE4CL -for 7 minutes at gog, centrifuged and the
lymphocyte pellet washed twice in culture mediua, Cellé vere
suspended at a concentration of 1.0~1.5 X 108 cells/al in
RPAX 1§40 sapplemented with 6  percent fetél‘calf serua uith
penicillin-streptoiycin (100 UT/aL-100 ug/al) buffered to
pH.6.9 with Hepes buffer, Cultures uere'incnhated in 12 X 75

ns tubes.

8.2  MITOGESS AND IEHIBITOBS

Concanavalin A (Calbiochen) vas added at é final
concantration of 20ug/mlL and 2 ug/al to.ﬁunan peripheral and
ionsé Spleen lyaphocyte cultnres,' respéctively. This vas
addead prior to distributiom to eifhef the flasks or
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disPosahle tubes.Dose response curves wera occasionally donef‘

to check the Con A stock for nitogenic activity.

The glycoside, “ann vas added at various ‘timas of culture
to a final concentration of 0. 1u. A SDul aliguot K was
trassfered'to 0.5aL volunes of hnnan and !ouse 1ygphocyte_
~cultures fron a.stock solntion.:: | \

.
s

3
-~ Al

Concentrations of colchiCine (Pisher),vinblastine sulfate
(sigla) and lulicolchicine uere also added to 0. SIL of cell
culture in SOnL aliquots from stock solutions. The
"=cgncentration of inhibitor used was\ébasedvcn;siandard dose-
ﬂcesponse‘curqes;k ?iguses 4-6). - ﬂu ?E

Lulicolch1c1ne vas brepared as desctlbed*hy wilson and

Priedkin (1966). Colchicine (signa) vas dissolved in 100

percent-ethanol at the de51red conceutration placed in a '

3. OnL qnartz cnvette and placed 2-6" “from a: long uave ultr- ' |

aviolet light. The setup uas '1p ‘a' dark hox to avoidt"

~ extraneons light.i " »The conversion of colch1c1ne to
lnlicolchic1ne uas folloued by . U v. spectrophoteletry. Figure

1 shous that hetveen 0 to ‘120 ninutes, the peak ahsorption

-

.at 350nl for colchiCine decreased and was,replaced by the

':appearance of -another absorption pedk. at 267nm. " The

e

- lu-icolchicine in ethanol wvas ‘then etaposated'uith nitrogen
gas to .yield a pouder.‘ The,_preﬁacationttasﬂloccasicﬂally

v,
e



icheékedi for dagradation by 'resuspending the powder in

‘ethanmol and observing the U.V. Absorption Spectra.

rra
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: r;gn:é,i: 6opversio§fpf;éoléhiciné_to lﬁligb;éhidine;
» ¥ . B ' \ - . AN .

Colchicine ‘vas dissolved at a concentration ' of 10-¢8 and"
pericdds of time as.

exposed to U.V. 1light . for various
outlined im Section, 5.1.2 of the Natepjals apd Nethods..

- 36 -

b aa® M =

P



a .

500 450, 400 350 300 250 200

. chelength (nM)

N L oL

S e

s e 1 e e e R pan



4.3  ASSAY FOR BEA AND DNA SYNTEESIS
- In éxpcrileets :neasuring‘nun synthesis,. colcﬁicine uaé

b}

added at the onset of culture. [3RJuridipe, labeléd at

"pqéitions 5 and 6 on the molecule - { uoéixnu (5Ci=37_,

GBq),Anershan) vas used to lensnre BRNA synthesis at various

times of culture. The isotope vas added to cultures 1% hour_

. prior to harvest in S0ul BPHI 1680 to a final radioactivity.

of ZuCi/lL.

In the assay of DNA synthesis, thé inhihitors vaere added

at different tiles ‘of culture as indicated. The

1igcorporgtion of. [BH]thyuidine (uoci/lu.hlershan)was

i assayed aé.ua,so and 72 h. The isotope was added 2h‘prior to

Harveét in SOuL RPEI 1640 toh a final concentration of
2uCi/iia | '
1

In all casés, the incorporation of isotope was neasnred

. by depositzng ‘cells on ihatnan GF1A filters,washing vith

PBS, ice-cold 5 percent trlchloroacetlc acid and methanol.

The dried filtefs were counted -in 7 =L of scintlllation

fluid in a Beckman liquid scintillation counter. At least
four replicates nere coquted for each'salple: sean counts

are presented yith their.standard'deviations.
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L B.3.1 upod egce
~,

IlnunofluorescentAqtaining vas based oh a lédification of
the method of Qfborn, Webster and Weber (1975) as outlined
in Rudd et al (19?9). "Briefly, célls iere pipetted onto
coverslips coated with poly--l.lysin_e," vashed twiceé with
| stabilzation buffer 6dh$isting of 0;1E‘giperazi;e-n,N'-bis |
(2-ethane sulfogic acid), 1iu ethyléne " glycol=bis
(2#alinoethf1 ether;\ ~-N-N'-tetraacetic acid ( EGTA) and &
pércgnt polyethylohe éiycol. Cells ue#e then extracted for
5 ‘minutes with stabilization buffer ‘containing 1 percent.
.Ttiton X-100. - The cytoskelefons vere ﬁashed twice for 35!
seconds- with SB, fixed for 10 lindtes iith 1 percent
giutataldehyde in SB and reduced vtvicé wi}h 2mg/ml sodiun
- borohyﬂride.in‘PBs. The ce11 preparations vere wvashed thrice
in PBS, incubated for 45 ninute# with antiserum to tubulin,
vashed thrice with PBS and finally, incubated for &5 minutes
with fluorescein-conjugated goat anti-IéG to rabbit IgG
(Byland Lahoratorieé}. The tuhulih—antihody serua was
generously provided by Dr. v.I.. Kainins and Dr. J.2.
'Connoliy, University of Toromto ; the other sufplies vere

provided by our colleagne;-nr. D.L. Brown.

4.4 MEASUREBEET OF THYMIDINE TRAESPORT

- Thymidine transport im husan peripheral lyiphdcyteg_uas

measured by modification of the rapid’éaifling technique of
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Strauss IStransé et al,1976). ‘Ceils vere - removed froa
cOrning 1nédhat16n flasks, washed twice and suspended in a
incubation maedina (LHGB) at a concontration of 10,0 X 106
cells/lL. LMGB consisted of 10au'sod1ul phosphate buffer,
'pE.T 5,0.9 percent Nacl 0.1 percent hovina serus albnlin 5X
ctystallized (signa) and Sa¥-glucose (Fisher). Transport vas '
leasured by lixing equal volumes (0.25 X 0.25 al) of cell
suspension with thymidine at the desiread concentration at 15
or 30uci/lL in LMGB. After the appropriate incubation tine
(15-60 seconds).£00 ul of reaction mixture was layered into
a 400ul microfuge tuhe.(Canlah) containing 50ulL. of 7 percent
perchloric acid as the bottosm .layer and 150ul of silicone
oil (12 voluneg of Do'.Corning 550 fluid and 13 volulgs of
Dow Cotning 510 fluid). The tnpe vas .spun at 10,000 Iph for.
20 seconds using a Beckman aicrofuge. The microfuge tubes
vere frozen in ethanol/dry ice and the tips slicad into a
scinitillation vial for counting. Cell digestion ¥as
acconpiished overnight with 1.0mf of Protosol. (NSew England
ﬁnclear) at 37C. This was then neutralised with 100.0ul
glacial acetic acid and counted in 7 aL of scintillation
fluid (Scintiverse, 1Fishet)uith a Beckian Scintillation
counter. Cpunting efficencies,which rénged hetween 2435

percent, were determined by intermal quenchk correction.
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. Chaptér L A

BESULTS
5.1 IEOGEIIQ BRESPONSE OF H gg_ USE LYMPHOCYTES .

19 __! A

Figures 2 ahd‘ 3 show the litogehic‘respogse to Con A of

human peripheral blood and .lbusq spleen leukocyte cultures, -

respectively. In both cases, 3g-uridine incorporation

increased as a early.as 12 hours énd reached a maximal level

of incorporatioh by betyéen 48 to 12 hours of culture. The-

incorpératioh of 3H;thynidine 1ncorporation‘ increased
beiueen ‘26 fo 36 hours and peaked by between 48 td 100
hours. Hulan 1eukocyte cultures ¥ere -usuallf seen to
commmence DHA , synthesis later than mouse splenocyte
cultures;that is at 30 to 36 hours as bpposéd to 24 +to 30

hours., Human cell cultures contained at least 92 percent

viahle cells for the full duration of incubation (120 honr),'

as assayed by trypan blue exclusion.  In the case of mouse

splenocytes,viahilities dropped to about 45 to 60 perceant

during the first 24 hours of culture in both resting and Con

A -stimulated cultures. This was followed by a
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Pigure 2: The Incorporation of 3H-Uridine and’ 3H-Thymidine
into Con 'A-Stimulated Human Leukocytes

- Human leukocyte cultures were prepared as‘? out-iined in

«  The incorporation of 3H-uridine and

Naterials and | .
© 3=thymidine (2ucCi/mL/2h) vas assayed at differemt times
following Con A addition.resting control:2.0-3.0 X 103 cpn.

- , .
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Figure 3: : The Incotporation of 3H~Uridine and 3H-Thyaidine
into Con A~Stimulated Nouse Splenocytes.

Eouse sp 'nocytes‘ vore cultured as previously outlined in

a 3ud Bethods. The incorporation of 3H-uridine and

3B—thynidine (2uCi/aL/2h) vas assayed at various times

- following Con A addition.resting control:2.0-3.0 X 103 cpm.
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gradual increaso nin cell number by 48 to 72 hours in
-stilulated cultnres (data not shoun), presnlably dne to the

-

presence of second generation cells( Ling and Kay, 1975}.

5.2 DOSB-PEPENDENT COLCHICINS INBIBITION OF LIMPHOCITE

\\
)

Colchicine uhon present fron the start of culture caused'
- a dose-dependent inhlbition of 3H-thymidine incorporation
vhen measured at 60h of cultnre. Figure 4 shows that at
10-88 to 10-?5 colchicine reduced the incorporntion of 35~
thylidine into con A-stilulated human lysphocytes . by 70-90

'percent. At concentrations betueen 10-7M-10-01 colchicine.
the lynphocytes exhibited a sharp dose-dependent inhibition
of ‘3H~thymidine incorporation at 10-75 colchicine ‘the
nucleoside 'incorporation ranged fro- 70-90 «percent of
stilnleten control uhile:at 10-o1 there uas generally‘ no-
inhibition Further experilents were carried out at 10-on
colchicine in order to avoid variablility uhich conld result
from slight changes in alkaloid concentration. ' Colch1c1ne
at 10-6x had .no detectahle ' effect on ‘3B-th§nidine
incorporation into resting hnnan lylphocytes(data not

shoun) .
FPigure 5 shows a similar dose-dépendent inhibition of 3H-
" . . o

thymidine incorporation into Com A-stimulated husan

iylphocyten causedl hy the'presence of vinblastine sulfate.



3 ) ) ’ ’ - - . ) ’ .
- In'this case, thymidine incorporation was also raduced about

70-90 percent between concemtrations 10-3M and 10-7M. In

addition, between concent:ationa 10-7H and 10-9! there was a :

sharp dose-depandence.ﬂunan cells appaared slightly lore

sensitive to the effects of this alkaloid since

concentrations less  than iO—P! -cﬁused- significant

inhibition.

: Figuré 6 shows the dose;rblated inhibition of 35-‘.
thymidine incorporation caused by colchicinme in Con .A
activatéd BOUSE .spleen‘ lynphocytes.--zrhe_ ﬁouse cealls
: exhibited a sensitivity to the alkaloid 1n a manper s{?ilar ;”

to that of human cells and hence, 10~88 colchicine vas

selected for further experiments.

L]
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;‘,rigufeﬁn: Bffect.of Different Concentrutions .of COlchicine
_ ' on Stinuluted Human Leukocytes R .

A

%Colchicine at concentrations hetuoen 10=e to’ 10-55 was addedf;
at thq start of . culture. to Con A-stimulated human -

leukocytes. The incorporatiou of 3B-thylidine (2uci/alL/2h)
.quas assayed at 60 hour of. cultire. Con A control:1l.75-2. 25 X
108 an- restxng control:2.0-3.0 x 103 cpa.

"
s .

Figufe:s-i Effect of Different Concentrations of Vinblastine

-~

Sulfate on Stimulated Bulan Leukocytes

vinhlastine sulfate at concentrations betueen 10-9 to 10-53
- was added at the start of culture to Con A-stinulated humsan
, leukocyte cultures. . The incorporation -of ° -3g=thyaidine
(2uCi/mL/2h) - was assayed at 60 hour of culture.. Con A

.control:1.75-2.00 X 108 cpa;resting control:2.0-3.0 x-,10{

" CPpm.
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~° . rigure 6: - Bffect of Different Concentrations of Colchicino
o \ on Stilnlated uouse Splenocytes ‘

1

Colchicina at concontrations hatueen 10-' to" 10-55 was added
‘at the start of culture to Con A-stimulated. lonse splenocyte

- cultures. The. incorporation of: 3H-thysidine was assayed at
60 of culture. Con A control 1 50-1 75 ©° 105cpn.._.,
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Hext it uns of interest to define the stage of Con A-.

indnced lylphocyte transforlation sensitive to colchicine.

-ls lentioned several reports have clained thet lylphocytes

are sensitive to colchicine only prior to S phase(nedrano et‘

:: ‘1'197“'1 iang at al 1975). oOther reports have laintained

that colchicine is 1nhihitory only ‘after the omset of DNA

synthesis(nesch et ‘al, 1977). Figures 7 and 8 show that'

‘colchicine when present froa the "start of cnitnre preveanted
;tne.onset .0f § -pnese inb both Con A-stinulated hunan and
lonse lylphocyte cultures, respectively. This is in
b_agreelent eith iang et a1(1975) and has been interpreted to
indicate that colchicine may inhibit early event(s} causally
linked to DNA replication. '

Since COlCthlnG prevented the onset of DHA synthesis in

lost of ‘the popnlation, it was of interest to leasnre -

directly the effect of the alkaloid on an event uhich occurs
-before ZR hours. Table 1 shous that a 12 hour exposure to

colchicine caused an inhibition in RHA synthesis after 12

'hours of cnlture.,u iﬂ-urldine incorporation was ‘inhibited

. about 50-~60 percent at. 12 and 20/24 hOnrs in both

stimulated hnnan' end mouse cells, _ There ues~litt1e‘ or no i

inhihition of REA synthesis in resting human cultures. 1In

-5 -
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the case offiesting_lohs-'splenocytes. colchicine inhibited

BNA systhesis by approximately 60 percent.

In addition, table 2 shows 'that with Con A-stimulated

husan lysphocytes studied over 12 hour ihtervals at varying

durations of chlﬁure, colchicine was equally inhibitory both .

prior to ahd after “the onset of S‘ phase. ;Colchiciné

inhibition of RNA synthesis wvas not restricted to a period’

priq; to DNA 'synthesis as has been .previously reported

(Bhuser'et 51,1976).
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Figure 7: Rffect of Colchicine on the Onset of DNA
. Synthesis in Stimulated ‘Human Leukocytes -

4
A

Colchlicine at a concentration of 10-oN was present from the
start -of culture. The incorporation of 3i-thymidine was

assayed at between 16 to &8 hours following the addition of
Con A.resting control:2.0-3.0 X 103 cpa. :

b
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Figure 8: Effaect of Colchicine on the Ohaet‘of DHA
: Synthesis in Stismulated Bouse Splenocytes

A

- Colchicine at a concentration of 10=-¢M was present froam the-

start of culture.  The incorporation of 3H~thymidine was
assayed at between 24 and 48 hours following the addition of
Con A. reosting control:2.0-3.0 X 102 cpa.
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TABLE 1l: EFEECT OF COLCHICINE ONIEARLY‘RNA SYNTHESIS IN HUMAN PERIPHERAL

AND MOUSE SPLEEN LYMPHOCYTES

14000 *

HUMAN MOUSE

CELL CATEGORY 12 B 24 ¥ 12 20 H
RESTING CONTROL 1400 * 50 2500 * 120 6450 * 700 4500 * 150
RESTING COLCHICINE 1400 # 200 1650 #+ 120 4050 * 400 2100 * 200
. CON A CONTROL 14200 + 1900 22800 + 1450 46800 + 1500 28700 + 1200
CON A COLCHICINE 6100 * 1400 6550 * 550 22700 '+ 400 500
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. Table 2: Effect of a 12 Hour Exposure of Houoz Eglchicine at <wuwo:m.ﬁwamm on u:-cuwawzo
Ingorporation in Con A - mﬂwscmpﬁom :QLM: Lymphocytes.,
: ) o © Resting | Con A-Stimulated
Exposure Period(h) Cpm % of Control Cpm % of Control
0-12 -Col 3562 + 797 89 + 13 5731 %137 62 + 8
+Col 3165 H‘Hmm ‘ 3567 HN@H
2-14 -Col " 3190 + 2104 92. + 42 9506 *461 T 47 £ 3 .
+Col 2024 + 595 - . 4424 194
. 4-16 -Col 4516 * 0632 75 + 8 17690 #1107 51 3
‘ +Col 3403 * 128 . 9068 49
6-18 -Col 4697 + 183 82 % 9 21068 +682 . 48 * 2
+Col - 3866 + 616 10203 %153
ﬂ 8-20. -Col 4204 + 256 82 + 10 21524 +2104 49 10
B +Col " 3462 £ 583 10502 %2044
10-22 -Col . 4442 * 822 1037+ 22 22183 *1690 57 =7
’ - +Col 4563 + 1132 12568 %1212 .
22-34 -Col | 3967 + 797 77 + 13 53328 +4322 51+ 5
) +Col 3805 L 223 27040 *1159
- © 34-46  -Col - 2218 L 388 . 101 & 15, 127600£4742 ol © 3

+ol 2244 1 250 77425 £2153%




5.4 WMWHMEML CONNITRENT

R Having Vshoun that coichicine could inhibit lymphocyte
‘actifation ﬁtior\to S phagg, lit"becane of interest to .
invéstiéata‘ whether " this . inhibitio% vas related to
‘éon.itient of lynphoéjtes during '‘blastogenesis., This 1is
ilpoftﬁﬁt hecausé.éOllitlent'approxilates the period of iile
duriiglﬁhich initiation of activation is occuring. Removal
of Con -A prior to "the completion of the commitment périod
pfevéﬁté the cell from transforaing. Figures 9 and 10 show
the‘COllit;ent kinetics of the huzman and mouse lymphocytes,
respeéfiiélj? The sugar, aMN vas added at different times
foiloviﬁq Con A addition.From the beginning of culture to
20-3O ﬁdnrs' later, the lyiphocyte" population becaae
inc:easingly fefractory to the presénce of  the sugﬁr. If
the sugar was added 12 hours after Con A then the
_ 1ﬁcorpofatien of 3B-£hf|idine at 48-60 hours vas 50 percent
Cj,éf,cén-!'dctivated control. After 2b-§b hours of colture,
tﬁe addition-of aM¥ had no effect oa Suhseguent 3H;thynidine
1ncorpora€ion indicating that the entire populgtion had been
commited to ‘transfora. This effeci has been wvell
docunenfad(ﬁovogrodski and xatchalski, 1972) and has been
shovh “ielatéd to the progressive appéarance of blast

cells(Gunther et al,1976).
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Pigure 9: Effect of Adding aMM at various Times on
' Stimulated Human lLeukocytes ’ )

The sugar, alM at a final concentration of 0.1M was added at

various times after the addition of cCon A, The
incorporation of 3H-thyaidine vas assayed after 48 hours of
culture, Three separate experiments are shown. Con A

control:1.50-2.00 X 105 cpmsresting control:2.0-3.0'x 109
Ccpa. . : .

~

Figure 10: Effect of ldding aME at Various Tises on
Stisulated Bouse Splenocytes

The sugar, alM at a final conceatration of 0.1% was added at
various. times following the addition of con Aa. The
incorporation of 3g-thyaldine wvas assayed after 48 hours of
culture. Three separate experiments . are shown. Con 1
" control:1.50~1.75 1 10S cpa;resting control:1.5-2.0 X 103
Cpm. . , .
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the relation of colchicine inhibition of lymphocyte

tgansforlation'to the prOgressive qelnltlent of Con A= ‘

stimulated hqlaa rlylphocytes vas investigated by adding
colchicine‘at various times of culturxe in’ a‘mamner siailar
to‘auualrignre 1i shows that when 5B-thylidine incorporation

vas assayed at 88 hours of culture, the additiom of aMXN anad

- colchlclne prodnced - curves which although similar are not.

fdentical. The similarity between these curves had been
previously intefﬁreted by Edelman ﬁand ceuorkers(1975) as
1pdieating that colchicine blocled lymphocyte transformation
at tle soint of cell coalitnent; However, Figures 12 and 13

illustrate that 1f 3H~-thyaidine incerporation vas assayed at

later tiles, 60 and 72 hours respectively, the " curve °

_prodnced hy' colchicine bhecane progressively disparate

:elative to the a!n curve which remained more or Iess the

same. The colchicine curve was shifted a tile-frale which

'approxilated she time difference ‘between 3IH-thymidine
assays. Putheruore. the shape of the curve generated by the
R N

addition of colchicine E}elained more or less the same

regardless of the time of assay. It is evident that there

exists-a lag time , in the range of,20430‘honrs, between the

additjon of the alkaloid and manifestation of inhibition of
f;ﬂ-thylidiae uétake. It uould appea: that the sinilarity
Vbetween the aﬁu.ahd colchicine curves when the assay took
place at 48 hours was a factitious consegnence of the lag

time required for colchicine to become inhibitory.Pinally,
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it is also clear_thatm colchicj.ne‘i;could inhibit lymphocyte

traasformation well after the tile. of commitment,provided

was an even greator difference betwaeen the curves generated

' 'that\ snfﬁ.cie@ tise be allowed to elapse for :l.nhihition to

becore lanifest.

rigufe 14 sh'ous the same éxperinent‘ dpne on mouse spieen

lylphocytes af.ter a8 hours of culture. In t'his‘.cas'e, . -there

| by the addition of the sugar and colchicine. Also, as seen

in Figure 15, the discrepancy between the aXK curve anﬁ the
colchicine curve increased vhen JH-thylid:lne incorporation
vas assessed at 72 hour, as in- the ‘case of human

lylphocytes. At both times of assay the lag time reguired

for the alkalo:.d to exert fnlly its inhib:ltion vas about 15 '

et

\__ e ‘
honrs. _____,_,“__ﬂ_\

:‘-{"",1 .

R
3
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Figure 11: BEffect of Adding aMX® and Colchicine At Various
Times on Stimulated Human Leukocytes At 48h

The sugar, ANM and caichicina‘ at final concentrations of
0.18 and 10-¢% .respectively vere added at various -times

- following the addition of Con A. The incorporation of 3H-

thyaidine was. assayed at 48 hour of culture. Con A
_control:1.75-2.25 X 10% cpa; resting control:2.0-3.0 X 103
cpa. ‘ : ‘ . A
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Figure 12: Effect of Adding aMM and Colchicime at Various
'Times on Stimulated Human Leukocytes at 60h

A

:\‘ i )
The sugar, a8 at 0.7M and colchicine at 10-eN-yere added at
~ various times. following the ..addition of Con A. The
. incorporation of 3B-thyaidine vas " assayed at 60 hours of
culture. Com A ..control:1.5-1.75 X 103 cpa; resting
control:2.0-3.0 X 103 cpa. . :
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Pigure 13: Effect of 1dding all} and Colchicine at Vvarious
: : - Times on Stiaulated Human Leukocytes at 72h

)

A

The sugar, all and colchicine at final concentrations of
Q.18 and 10-¢8 respectively were added at various - times
.. following the addition of Con A. The incorporation of 3H-
.. thymidine was assayed at 72 bhours of cultuore. Con A
. coatrol:1.50-1.75 X 10% cpa; resting control:1.50-3.00 X 103
cp....‘ P - . . .
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Pigure 14: Rffect of Adding aMM and Colchicine at Various
. : Times on Stimulated Splenocytes at 48h

—_———

.

The sugar, al and colchicine at fipal concentrations of
0.18 and 10-48 respectively vere added at various times
.. after the. addition of . Con A. . The incorporation of 3IH-
thymidine was..assayed at 48 hour . of culture. Con A
control:1.25-1.75 X 10% cpa:resting control:2.0-3.0 X 103
CPR. - L . .
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Figure 15: Effec§36f Adding aMM and Colchicine at Various
. _ Times on Stimulated Mouse Splenocytes at 72h

v

The sugar, alMN and colchicine at final concentrations of
- 0.1 and-10-¢M. respectively were added at variois times
- after..Con. A addition. The incorporation .of 38-thyamidine
was assayaed at 72 hour of culture., Con A control:1.50=2.00
X 103 cpm;resting control:1.50-2.00 X 10® cpa.
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5.5 TINE- ARD gdg;;n:g;:;on-ggggunnngﬁ OF COLCHICINE
rhe. discrepancy between the curves genar#tad. By'.the
itibl of aﬁn-ah& colchicine could be a consequence of the
é néghirétiéhs of the agents used. . In order to investigaté

thiéypbssihility,  different concentrations of each agent

were added at varions timaes 5of culture and 3H~thymidine °

1ncorpo:ation assayed at 60 hour. Pigure 16 shows that at

10-‘5, colchicine reguired some 6-8 hours to cause any‘

' detectable inhibition of 3-thymidine uptake, An additional

20 'io.éoi youfs vas necessary for the alkaloid to cause

, , , . . R_

‘ laxilal inhibition. At 10-7H colchicine, some 10 to 15

honrs vere required for first detect§ble inhihition. and 30

hours for laxiual inhihition. An extension of this graph is

"seen in Pigure 17.. At 5.0 I 10-%8 colchicine, Iaxinal
: : 1 :

inhibition vas apparent only after 30-40 hour of incupation

while at 2.5 X 10-88 colchicine a 50-60 hour imcubation was

necessary. Due to the sharp concentration dependence in the

range bf 10-3 to 10-7K, there was some variation in the time

cdurée of inhibition froa onme experiuent to the next.
Nonetheless, the cucve produced by the addition of 2.5 X
10-*1 .vas seen freguenfly to 1lie to the léft of the
commitment c'urv'a on the same time axis. Pinally, .t;ae final
leiél'of saximal inhibition was the same .at all colchicine

coﬁCGntraiions uséd;70-90 percent of stimulated control.



Figure ia- shous that the addition of ann - at
concentrations of 0. 05 to 0.1H produced the same curve,

Houever, ' helou these concentrations at 0. 025 the sugar

appeared to have little if any effect on the suhsequent'

=uptnke of 3H—thylidino. On the other hand, at 0.2N aNX the

sugar appearad to have n'general supﬁneesive‘effect on 3~ .

thyaidine uptake, by about ‘50 percent.

5.6 REVERSIBILITY.OF STINULATED LYNPHOCYTES TO COLCEICINE

Figure 19 shons that Con A-stimulated human peripheral
lylphocjtes recove:ed”fully from an 8 or 24 hour exposure to
coichicine at 10-¢x8 within 100 hours of resuspension in
colchicine-free lediul.Bxposure tines of 8 and 24 hours were
selected hecanse they corresponded to the period necessary\
for the alkaloid to cause any detec able inhibition amd
maximal inhibition,respectively. Thistngindings show that
hundn cells were neither parmanently damaged nor‘.killed by
the alkaloid. In the case of mouse solenocytes,recovery was

ﬂ
usually only partial(date not shown). It was for this reason

'that hnnan cells were used in snhsequent studies.

.
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\-_Bignra 163 !ine-nepondent Inhibition by 10-sto 10-7x

Colchic;ne‘on Stiasulated Human Leukocytes at 60h

Colchicine at cohceht:ations 10~¢ to 10-?N - yas added at

- various times after Con A addition to -human peripheral

Jeukocyte cultures. The incorporation of 3SH~thymidine

- {2uCi/mL/2h) was assayed after 60 hours of culture. Con A

control: - 1.5-2.0 X 108 cpm;resting control:2.0-3.0 X 103
CpR. : . - .
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Pigure 17: Time-Dependent Inhibition by 10-7 to 2.5x10-8M

Colchicipe -on Stiaulated Human Leukocyteé_at 60h

»
.

. " \\ . - .
Colchicine at concentrations between 10-7M apd 2.5 X 10-0H
was added - at various times to Con A (20ug/al) stimulated

human. peripheral lymphocyte cultures. . The incorporation of
3E-thyaidine (2uCi/alL/2h)

vas assayed after 60 hours of
. incub ation. Con A control:1.5-2.0 X 105 cpme;resting
. control:2.0-3.0 X 103 cpa. to ‘
£
-~
L
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Figure 18: Effect of Adding Different Concentrations of axN
o on Stismulated Human Lyaphocytes at 60h

S

-

- Thé sugar, aMM at concentrations between 0.02 to 0.2N was
- added at various times to Con A (20ug/mL) stimulated human
peripheral 1lyaphocytes. The incorporatioan of3H-thymidine
. (2uCi/ml/2h). . was assayed after 60 hours incubation. Con A
control:1.5-2.0 IX-10% cpa;resting control:2.0-3.0 X 103 cpa. -
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Figure 19:',Beversibility.of Con A-Stinﬁ;ated Human
o . Lymphocytes to Colchicine:

L8

~
o

\ - -~ -
Colchicine .at 10-¢M was added  to Con A-stimulated human
lymphocytes . from. . the start of culture for 8 or 24 hours.
Cells were . wvashed 3X in prewaraed mediuam and resuspended in
. colchicine~free maedium with Con A. The incorporation of 3H-
thymidine was assayed at 28 to 120 hours of culture.
Resting control:1.5-3.0 X 103 cpm. . ’ '
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5.7 Wuwma
* - AICROTUDULES IX HUNAW LBUKOCYTES

It was essentlal ' to determine whether the effect of
colchiéine was éxerted via disassembly of microtubules. for
thié ténson. the effect of colchicine and  the photo=-
inacﬁivﬁfed derivative, lumicolchicine on
;Pnunofluorescence-stained licrotnbuié netuorkg in’ Con A-
'VQti-nliied.hunan lénkocytes‘was examined ('05§orn and iebér,
1975,1976; Rodgers'and Brown,1979). Table 3 illustrates the
efféctiof colchicine and lumicolchicine vhen present from
“the start ,of culture on husan leukocytes after a 12 hour
1n¢u5§tioﬁ. Later time .points wvere avoided because  of the
difficuity in visualising'licrotubnle networks in stimulated
celis létér in culture(Bodgars‘ and' Brown, 1979 ;Rudd et
>a1,197§j. In the control samples, it is evident that 70 to
80 percent of the cells in the popnlétion had stained
tubulin filaments. After a 12 hour exposure to 10-*M
1uniéolchicin9, it is apparent that the percent of cells
with stéined netiorks‘renained the same. In EontraSt,only
20 percent of fhe cells which had been treated with 10-* to
10-on cﬁléhicine 'had,positively stained filanenté after 12
hours. This snggésts that the lulicblchicinelﬁreparation
had little if anf anti-nicrotubnle activity. H;iever, the
possihility exists that residual colchicine at very low
concentratious lay be present ' in the 1pn1colchicine

”preparations.‘
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Figure 20 shows the relative effects of different

concentrations of cblchicine and’ lumicolchicine on 3=~

'thyiidine incorporation into stimulated hulah"lilphocytes

. after 8 hours, of 1ndubation., While tolchicine caused 50

percent ‘1nhib%tion of incorporation at 5.0 X 16-05;‘

_lu-icolqh;cinefreqnired a concentration of 5/0 X 10-+N to

cause éﬁuivilant inh1bition. In other words, there were some

4% “orders of magnitude difference in the ability of the

~ alkaloids to camse inhibition of thymidine incobporation.

Again 1t is possible that the inhibitory effect of
iulicqlchicine was due to the presence of ° residual
quantities'of colchicinﬁ;it is 'also. possible that very high
concentrations of lumicolchicine have an inhibitory effegt;
In any éase, these ddta. are consisient with the hypothesis

that colchicine inhibits DBA synthesis of Con A-stimulated

_lynphocyteé hy.virtue directly or indirectly of its effect

on licrétuhuie aéselhly.

—
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TABLE 3: Effect of Colchicine and Lumicolchicine on

microtubule Networks 'in Con A-Stimulated

Human Peripheral Lymphocytes

{ Positive % Negative®
Con A Control 70 £ 3 30
Colchicine (xo~ *m) 11 + 1 39
Colchicine (10~ %M) 12+ 2 38
‘Lumicolchicine (107%M) 62 + 6 . 38

* Tncludes £ 2 stained filaments
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Pigure 20: Effect of Concentrations of Lumicolchicine and
‘ Colchicine on Stimulated Human Leukocytes at 48h

Lumicolchicine and colchicine at concentrations beteeen 10-3.
to 10-#N vere added at the start of : culture to Con a~
stimnlated humsan peripheral leukocyte cultures. The
incorporation of 3i=-thynidine (2uCi/aL/2h) was assayed at 48
hoor of culture. Com A control: 1.50-2.00 I 10 cpmiresting
control:2.00-3.00 1 103 cpa. ‘ '



100

75

S0

.25

% of mito’genic control

- 4 o o}
. Y
(o)
, @
~<~——B. Con A+
Lcol
® A. Con A /
| + col___ J
— o ‘ | | u
N 3/

L .

—/H E ST
07 107 10 10 1077 1078
Alkaloid (M) |

r



i

5.8 IGISIPINE _Bllll ABD IBANSPORT IE LB_EQQ_IB CULTURES
5.9 II!B.EBB!!D!!EB oF IBIEIDIIE UPIAKE

In view of the reports snggesting an alternative target
-for ‘ﬁhe‘ action of colchicine, it was neceSsary id
investigate the effect of colchicine and 1nlicolchicine on
thylidine transport. To due this. it was important first to f.
denonstrate the existence of a transport conponent in human
| lylphocytes cultured J{n !;;;_ with or vithout Con A. As
seen in“Figure 21, tile-dependentmthynidine nptakelconld not
'be deaonstrated in resting human leukocyte cultures for a
period as long as 80 seconds. In contrast, human 1eukocytes
after a 48  hoaur, ‘incnbation uith Con A shoned a marked
increase in thynidine uptake as a function of tine. As shown
in Curves L and B of Figure 22,_ the uptake and transport of
thy-idine at a fipal extermal concentration of 100ax

increased in a limear fashion for about 45 seconds. In this
and otner experiaents, the inc¢reased nntake continued to be
linear for apnroxiaately 80 to 100 seconds after uhicn
radiolahel associated with the cell pellet began to level
off.‘ihe plateau.corresponds to the time at which equlibrina
of thyaidine across the plasaa meabrane has been attained.
The_linear phase, 'during which +the data points‘extrapolate
to tne origin ( Curve B )' repf!%ent the time during which

the translocation of substrate is anidirectional and
. - ‘

-
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- Figure 21: Thymidine OUptake in Resting Human Leukocytes

|

Besting human leukocytes at a cell concentration of 10.0°X
‘10¢ .cells/al in -250ul LMGB .was mixed for different time
. periods. with an ‘equal volume. of - LAEGB with 2.0 X 10-7R
thymidine (Pinal Radioactivity:15 uCi/ml).. A 200ul aliquot
wvas then centrifuged using the microcentrifugation tachnique

as outlimed in Bgterisls and Bethods

- ‘91 - - V -



H.‘ am- |

L%,

© -

0. °

Q 50— o * | |
[ | ® \ ® ®
LE , "l | o e |
- 11 A. Uptake (100 nM)
& 100+ I . |
-} ~ I

a I

S |

(o) ’

c |

B 504!

£ I

> I

N o

— [

0IL T -l I l

| | | ]
I0 20 30 40 50 60 70 80
— Time (seconds)



‘Figure 22: Tile-nependent Thylidine Optake and’ Transport in
- Con A-Stimulated Human Leukocytes

st

»

Con A-stimulated huaman peripheral = leukocytes after 48 hours
- of culture vwere suspended® in pre-wvarmed LNGB at a cell

concentration of .10.0 X 10¢ cells/alL. The cell suspersion at
a volume of 250ul wvas then =mixed for differemt periods of
time vith an egqual voluse. of LAGB containing 2.0 X 10-7H
thymidime (Final Radioactivity:20uCi/alL).A 200ul aliquot was

‘. then centrifuged using the .licrocenttifugation technigue as

outlined in the gg&g;;_;g gg;gods. .
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uncomplicated by backflux ( Barlin and Oliver, 1975 ).
Similar tin;-dapendehéy vas also demonstrated at external
boncéntrations aééhiéh as 10-3x, All‘subsequent experisents
utilised a 15 to 20 second time point in ordef to be sure

that no backflux of the substrate vas occuring.

5.10  SATUSATION OF TEISIDINE UPTAKE
A kinetic conponanf éfn thymidine nuptake in Con A-
stii;iafad hqnanl iéﬁkocytas was found to be saturable and
this'cﬁnponeht vas defined as traﬁsporf..‘rigure 23 shows
thdt ih'lediun containing a constant amount of isotope, the
presence of‘incréising concentrations of unlabeled thymidine,
reduced the anouA; of radioactive thylisine associated with
the pellet until a concentration ofl1.qu'nas reached. Above
| fiis cbﬁcenfr&tion;' no further decrease in fadiolépel with
the pellet was observed. This non-diluted residual
radioaéiivity was taken to reprggenﬁlcontalinating label
either dus to diffusioh, adsorption to the cell surface
and/of in the extrécellnlar space. It was subtracted froas
the total pelle£ counts at lower external thymidine
'concentrétipns to givé values due to tfénséort alone ( Curve

B, Pignte ﬁi ). : S 2



S.11  EINETICS OF THYMIDIEE TERANSPORT
After the subtraction of the non-specific cell associated

lahelg a double reciprocal plot of the data yieided a norsal
aichaelis uenton‘cﬁrve (‘riguée 24 i. bata was fitted to an
equation darivad frql the lethod of least sqnares._ Contrary
to the :esults of strauss and covorkers (1976,1979), the
correlation_coefficient'pas laxllized'yhen a single line was
deterlined for all poihts. Thus a single Km value was
estiuated from the asymptotic curve and from the Linweaver-
'Burk plots vhich ranged from 200 to 500ux, varying with the
' e;parilent and presnlnbly,' the .dopor. Vmax values ranged

from 5 to 8‘ploles/ cell/ second,

5.12  LUMICOLCHICINE AND COLCHICIEE EFFECTS O THYNIDLNE
. IBRANSPORT

Figure 25 shows that colchicine ‘uhan'present over the 15
second transport 1nterva1 caused significant inhibltion of

thy-idine transport in stimulated human 1eukocyte cnltures.

The alkaloid reduced 2framsport by 50 percent * at a

concentration of 5.0 X 10-SN, Futhermore, PFigure 26 showus

that lulicolchicine caused the same degree of inhkibition as

observed from the parent compound. ~In contrast, as

preyiously shoun in Piguré 20, colchicine canused a 5S¢
| percent inhibition of 3H-thyiidine incorboration at 5.0 X
10~on ﬁhereas luliéolchicine did so at about . 5.0 X

10-3K,This is consistent with the  hypothesis that
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lnlicolqhicina inhibited 3H-thyaidine uptake as‘i result of

its effect on transport.
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Figure 23: Saturation of Thymidine Uptake in COn A-

Stilulatod Hiuman Lenkocytes

Con Ilstilulatdd.hulan-peripheral leukocytes after 48 hours

of culture . were .-suspended in prewarmed IL¥GB at a
- - concentration of 10.0 X 10% cells/aL. The cell supension was .
. then mixed with an. equal volume of LAGH containing thyaidine

concentrations between 10-7 to 'S.0 I 10-2n, The -final
specific activity of radioactive thymidine remained constant

at 20.0uCi/sL.A 200ul aliquot of reaction mixture was then

centrifuged using the licrocenirifngation technique as

outlined in the _asgxié_lﬁ and Qaﬂu-

ol
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?igure-zﬁz. Kinetics of Thymidine Tramsport in Con A-
-Stimulated Human Leukocytes

Con A-stimulated human peripheral 1leukocytes after 48 hours
- of culture® uore_snsponﬁed in prewarmed LAGB at 'a cell
concentration of 10.0 X 10¢ cells/aL, 4 volume of 250uL of
suspension. was then nmixed with an Qaqual volume of LNGB

containing concentrations of thyaidine between 10-2 to
- 10-SuN. The final specific activity of radioactive thyaidine
romained constant at 20uCi/mL. A 200uL aliquot of re attion
. mixture.was then centrifuged-using the microcentrifugation

technique outlined in the Nategjals and Methods. The dotted

lines.represent separate experiments for which the plotted
points are not shown. o .

- 100 -



I ’
, i g
N A

\\A.

’

100

75
Thymidine (mM)™

i R
\ . .-Lw.\. : m .. mluc N
o ©

025}

11 (SII82 401 / 985 Gl / sajows

L et

O.10 |-
o 005

)




L

Flgure 25: Bffect of Colchicine on Thymidine Transport in
. o " Con A=-Stiaulated Leukocytes . :

Con A-stimulated human peripheral leukocytes after 48 hours
of culture were suspended in prevarmed ILMGB at a cell
- _concentration of 10.0 X 10¢ cells/al. A volume of 250ul of
‘cell suspension was then sixed with "an equal volume of LNGB
- containing 2.0 X 10-7?M . thysidine {(Final Radiocactivity:
. 20.0uci/aL). Colchicine at concentrations . between 10-3 to

5.0 X .10~¢N vas present ‘over the 15 . second incubation
- period. A. .200ulL aliquot of reaction . mixture vwas then
- 'centrifuged using the‘licrocentrifugation:tachniqne outlined

- in the Materials and Bethods. -

]
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Figure 26: Bffect of Lumicolchicine and Colchicine onm
: -Thymidine Transport in Con A-Stimulated Human
Leukocytes T .

N,

Con A-stiamulated human peripheral lyaphocytes at 88 hours of
culture. -were suspended in prevarmed LNGB at a cell
comcentration of . 10.0 X 10 cells/aL.A volume of 250ul of
suspension. was then -mixed with an equal volume of LANGB
containing 2.0 X 10-7K . thymidine (Final Radioactivity:
20uCi/lL].,‘Lulicolchicino or colchicine at concentrations
- betwgen 103 to. 108N was present . over the 15 second
imcubation period. A 200ul aligquot aof reaction mixture was
then .centrifuged using tke microcentrifugation technique

outlined in the Mgterials gpd Hethods.:
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Chapter VI
DISCUSSION
‘6.1 THE EFFECT OF COLCHICINE QN THE QMM__A_E.&_E
© LINRHOCITE TRARSFORN mg_ »

(l .

The . contention that inhibition of ° ml}nphoéjte
blastogenesis .hj:.coichicine vas reétficted to event(s)
preceeding s phase vas based prinarilj on the gradual loss
in the‘ability of the alkaloid to inﬁibit 3F~-thymidine
1n§o£§6faﬁidn at QB ﬁours of cultnre.(!ed:aﬁo et a1,197n§

. Baigiéfgq},fSTS). In.addition. éolchiéine, vhen added after
th&\onset of DNA synthésis, vas found to have little if any
_éfﬁéc£ on the inéofporation of the nucleoside (Bedramno et
él;iQTh: '.Béng éi"51,1975). Ny da;a have shown that
coibhicine 'can 1nhibit Cbn n—stilulated lyaphocyte
frﬁnéfﬁflation heforé DNA- replication. . This has been
ohservéd in hoth hulan and mouse lylphocyte cultures where

éoi e prevented the onset of DNA synthesis ( Pigures 7

and )“ and inhibited RNA synthesis by ahout 60 percent as

early as 12 bours of culture (Table 1).. However, it 1s
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important to note that my findings also show that the
alkaioid caﬁ-ighihit iyiphocyte transforlatiﬁn after s ghase
has sfarted (fignrémi1-15).; . In addition, the degree of
inhibitionAof RBA'Fsynthesis over various'12_ hour intervals
prior' to and during $ phase was more or less the same
(Tahie 2). This 'is consistent ui#h the concept that

inﬂibition by' colchicine occurs by the - same .lechanigl.

' 1rres§ective of the-siage of lymphocyte transformation.

Ky findings also indicate that the action of colchicine
is both time-and éonce;tration-dependent. In fact, it ié
this ohsérvétion wvhich may e;plain the discrepancy between
ny findings and those which were taken to indicate that

inhihitioﬁ dccnrs only prior to S phase (Medrano et al,1974;

¥ang et al, 1975). In the experiments of Hedraﬁo et al .
(197“).‘ thé longest incubation of cells in S phase with
coiéhicine wvas 3 hburs, a period clearly too brief to causse
a'deteciable reduction of 3H-thynidine incorporatioﬁ. ¥ang
et.51'(1975) found that 3H-thymidine incorporation into Con
‘.a-stinulated lynphocjtes fell within 16 hours of a
hyérbxynrea-induced 61/S block in both ,colchicine-treated'
and- -untreéted cultures. The authors interpreted this to
_in&iééfé thét colchicine hag' no efféct on DA synthesis.
However, my'data indicate ;hat inhibition would have been
detecfahle if sufficient tiie had been allowed to elapse

before the assay of DNA synthesis.
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Froa the data of Hang et al (1975),‘one could qﬁtrapolate

that 10-ex colchicine xaguired sone 10 15‘ hours: before

inhibition was detactable. Hy findings have shown 1nh1bition
by colchicine to be evident within 6-8 hours of 1ncubation;

hoiever, it is possible that this latent pericd could vary

‘with  differerent culture conditions. For example,

colchicine has been reported to bind to- components of serum

(¥ilson,1972;Trnavska et al,1979). Both MNedrano et al

(1978) and Wang et al (1975) used 20 percent foetal\calf'

serur, in contrast to 10 percent adtologous serum used in
»y cultures. By binding colchicine, serum. could act to
lodulate the amount of COlCthinB avallable to enter 'the

cell

Colchicine has also been shown to augment the response of’
1ynphocytes to periodate ( Stenzel et al,1978) and to
allogeneiC‘cells ( Suthanthiron et al, 1980). A one~half
hodruﬁretréatnent of cells with 10-¢M colchicine increased
the DNA synthetic response by 250 percent. Howvever, when
the same cells were stimulated with Con A or PHX, the
colchicine pretreatment actually inhibited. 3f-thyaidine

incorporétion.' Uﬁfortunately, in the former study , the

| kinéfics 6f DHA synthésis‘uere not fdlloued, which makes it

difficult to determine wvhether the effect of colchicine was
to iétﬁqlly inhibit S phase or to alter the kinetics of the

respohsé, that is, to synchronise'the population so that
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'lore cells happenédlto be in S phase relative toibontrol
" cultures at the singlé Fiﬁe.pbint oxasined. In the case of
'the enhanced HLE :espdﬁse, Suthanthiron et al (1980) found
that pretreating the reponders and/ Qr the? stinula@ors
potenfi&ﬁéﬂ tha MLR response'dnd the -suhsequenf generation
of.spécific cytotoxic cells. In cogtrast,‘nanney and Pincus
‘(j976)' found that a 2 hbur pretreatment of stimulators with
cﬁlchicina or vincristine inhihitéd the HLR by 1nhibi£ing
the étilnlator . cells. Clearly, further study will be
'necessaﬁy to verify these observations .and to determine the
target of 'colchicine. From their study,: Rovog:odski and
cowotkeréaattribntadlthe action 6f célchicine‘to an effect
on liérdtnbulés. Howavér, Rogers amd Brown (1979) and Oliver
"and coworkers (1980) have found more than half of the
lymphocyte population with microtubules after a haif hour
exposu:é to 10ulN colchicine.

Aﬂunan lymphocytes have also been observed to differ inm
- their sensitivity to colchicine over 72 hours depending on
the mitogen uéed to stimulate tke population. Rasmussen and
| Davisl(1977) found human lyaphocytes, when stiaulated with
Con 1, .to be some tvo orders of magnitude noré.sensitivg to
colchicine +tham the same cells stimulated with NAGO.
| Inﬁeréstinglj, colchicine inkibited 3H-thymidine
inéorporation into BAGO-stimulated huaan lysphocytes by 50

petcent.at a concentration of 5.0 X 10-3M. This is closQ to
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the concentration‘ of dolchicine'uhich 'I have fouﬁd to
inhibit thylidino transport by 50 percent  { Eigure‘ ).
'Therefore, - it may be that the ability of colchicine to
inhihit 3H-thymnidine inporporation in Klso;stilﬁlatad human

cultures is due to an effect on thymidine transport, and not

on the microtubule. LT . c

Ny data show that colchicine can inhibit Con A~-induced

-

lyaphocyte blastogenesis hotﬁm_piiﬁf”id and after the onset
‘ . ‘

of DNA replication, provided that sufficient time be allowved

to alapse for inhihition to -become detectable. HRowever, it =

is possible that human cells stimulated with NAGO may be
leés sehsitive to colchicine than Con A-stimulated cells (

Rasmussen and Davis «1977) and that a brief colchicipe

pretreatment may actuallf augment the  response in the NLR

and to beriodate ( Suthanthiron et 31,1978);

\

6.2 IS THE EFFECT OF COLCHICINE RELATED TO COAMITNENT?

Edelran's hypothesis that colchiciyge acts to block

lymphocyte transformation nmear or at the point of cell

commitment vas based on what he took to be the similarity in a

the tile course of inhibition of DEA synthesis by aBA and
colchicipe (Wang et al,1975; Gunther ét a1,1?76). Oon the
hasié bf this observation, microtubules vere iaplicated as a
~ fandidate for sigﬁal—transnissiOn { Edellan,1976).f I have
shown "that the _app;rent coincidence of the curves.is a

L]
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;gctitions‘ consequence of aﬁ approximate 20-30 hour 1lag
périod hefpre‘laiilal‘inhibition of thjnidine inhibition vas
observed { ?ignie 11,16 ). The.latef the fine 6ff assay for
thymidinpe, . (e.g. 60 and 72 hon;s ( Pigures 12 and' 13 ) e the%

more disparate the aNN and colchicine cnrves'bec;le.

In the case of mouse splenocytes, the lag period between

[ B

~the ad#ition of colchicine and the sanifestation of
inhibition is. ponsiderahly shorter  than with | human
i lymphocytas. ?or this reason, the alM and colchicine‘durves
were different even vhen thymidine was assayed as early as
48 hbnrs ( Pigure 14 ). As in the case of human lymphocytes,
the later the time of assay the more disp;rate the aNM and
‘._colchicine'curtés Beca!e (ﬁignre 15 ). Hence, in both human
and_lonéa lymphocyte cﬁltures, inhibition hj colchicine was
avident well afterrfhe populations vere fully conlited (Rudd
et al,1979). This is inmn agréenent with the results of Milmer
| (1977) who used pdrtially synchronised: mouse splenocytes and
-by Besch (1979) ' who used hulan. cells, .The p:incipal'
differen;e baetween ay £findings and those of Resch and
covorkers is that the latter claimed that early events SE
lymphocyte activétion were unaffected by colchicine (Resch'
et .a1,1976). Hoiever, recently they have found that
colchicine inhibited early BNA synthesis in - human

lyiphocftes (Besch; personnal communication).
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The effect\éf colcﬁigine on 1y-phocytg transfornatibn‘
cannot beé due exclusively to an 'éffect on chronbsple
movement in mitdsis. Colchicine has beén‘gidely used for
many years to inhiﬂit the call cycle by blocking ceils at
metaphase, prior to chromsome movement at anaphase ( Inbué
* and Sato, 19551. This effect cannot explain most of the.
inhibition observed in my experiments, since it was noted at
times when cells would be expaected to enter S phase for the
first time. In human cells in culture, no second round
mitosis was notad.befora X houréi of culture in the presence
of Con A ( Dular, this lahoratdry, personm. commmun.). It
is alse clear that the 1nhih1tory.effect 6f colchic¢ine
‘ cannot.be ascribeg tb an éction on cell viability. The drug
did ﬁot .dause significant cytoxicit} as fontinely assessed
by tffpan blue dye ekclnsioﬁ. This confirms the previous
findings of others ( Nedramo et al,197&; ¥ang et al,1975;

Greene et al,1976). ' |

Human peripheral lymphocytes were found to recover from
the effects of an‘a or 24 hour exposure to 10-¢M colchicine
uithin 50-75 hours after - resuspension in colchicine-free -
mediuva. These incubation periods were selected because they'
cofkespond to the exposure times necéssary for colchicimne to
~ cause the first detectablq inhibition and maximal inhibition
of.DﬁA synthesis. The ability of these cells to recover

supports .fnrthe: the clai- that the alkaloid is not
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cytotoxic. The 1ength_.of tine required"fOt_ conplete‘
recoverg is donsistent.vity the slow-decay kinetics repor;eﬂ
for the dissociation of iﬁq colchicine-tubulin complex (
-Hilson et al,1974)f Houaver; the lolecula# -echgniSITLy
vhich the lylphobyte'recovars from colchicine treatment is

unknowvn.

iTheretore, my data show that colchicine inhihition cannot
be dus solely to an effeét on coamiteent. Otherwise, the
éurves generated by thelﬁddition of ‘aNN and colch;cinq upuld
be felatéd in- a naﬁnq; independent of the time of the
thymidine assay.’ Boiever,vhile there is no evidence th&t
colchicine inhibition bas anything to due with coamitment,
my data camnot exclude -such an effect. They show that
colcﬁiciné can-inhibit at any time of culture, at'ér after
counitlénf, provided sufficient time be allowed to ¢lapse
‘ hetueéhl the addition of the drug and the assay for DHNA

‘.-synthesis.

6.3 CONNITNENT IE LYMPHOCYTE BLASTOGENESIS

In this thesis,. commitment, the period of time during
which Con 2 is requi;ed’on the lynphdcyte_ cell surface for
the cell to enterﬁnﬂa synthesis, is oﬁerationally defined by
| the addition of aMM to cultﬁre. This sugar has been shown to

remove the lectin froa the cell surface ( Bovogrodski and

- Katchéiski, 1971; Stenzel et al,1978 ). The suspension of .
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cells is said to be committed when the addition of aMX
ca&ses 'no inhibition of DNA synthesis wvhen this is
subsequently assayed by 1H-t§ylidine 1ncor§b:ation. If amMp
is added to culture at various times after the addition of
"Con A then the population becomes increasingly refractory to
the sggar‘until 20 hours afterwhich all has no effect on the
suhséquentsincorporation éf 3i=-thymidine. This corresponds
to the appearance of an increaging number of blast cells
vhen measured at 88-60 hours { Gunther et al, 1976). In
addition, the period necessary for the copplete coamitment
of the population varies with the -concentration of Con A
néed ( Milner,1977; Stenzel at al, 1978 ). Hovever, my data
have shown that thfs straigh;-for?ard inte:pretation:of‘the
commitment kinetics of the populat;on can become coamplicated
‘when DNA synthesis :is measured late in culture. ¥hen 3H-
thynidiné incorporation is agsayed at 48 hour, the addiéion
of aNM after 20-30 hours of culture resulted in a level of
incorporation equal to that found in the Con A control
cultures. . This applies’ to both the human and mouse cells.
However, whan DEA synthesis is assessed at 72 hours, the
addition of aMM after comaitment resulted in a level of IH-
~thyaidine ingorpo;gtion some 10 to 20 , percemt less than
that obseriesﬁiﬁzihe Con A control cui@ures.
_ %
| The reason for this discrepancy may be related to the

effact of a¥M on the stimulation of second generation cells,
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If Con A is necessary for their entry into S rphase, {;he
addition of the sugar after conlitlent to the first round of
DHA synthesis would be expected to inhibit the incorporation

of 3H-thylidine ‘neasured at 72 hours' to a degree .equal to
the contribution of the second gemeration cells to the
o;erali level of 3H-thymidine incorporation et this time, In
my wouse and human cultnres,’ the addition of aMA after
comaitment reduced J-thflidineLincorporaéion some 10 ‘tp 20
. percent relatiee to that in Con‘A control cultures. This
‘COIPGrGS vell with the number of second generation cells
vhich have been reported at 72 hours in Con A control
cultures of human cells ( Dular, personnal. conluh;).
Therefore, basides explaining the difference betueen Con A
control an& anM treated cells vhen DNA synthesis is measured
at 72 hour, this observation provides is consistent with the
hypothesis that Con A is rquired for the stimulation of

LR

second generation cells into S phase.

An  alternative explanation is that there is a
subpopulation of cells which between ¢0 to 60 hours of
culture enter DNA synthesis for the first‘tile. The presence

| of aNM would prevent this population from entering DNA
synthesis. It is noteworthy that if this is the case, one.
'cannof exclude tﬁe poésihility that colchicine could also
prevent their eatry into S phase by acting at .the point of

co-litlent. However, colchicine when present between %° and
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72 houxs inhibited DNA synthesis by 80 percent indicating-

: that at least for the majority of celis_responding to ' Con A,

colchicine inhibits after commitment.

6.4 N N BY COLC oo an B 0
‘ 18 INHIBITION BX $Q¥E§I§I!l.29§ IQHAE EPFECT ON

Hhving ostablished that .colchicine could inhibit Con A-

1nduced IYIPEOC]£G blastogenesis after the onset of DNA

- replication and commitaent, ‘it became essential to ascertain

.the.targét of colchicine. This was of particular importance

because it had been assumed by most investigators'that the

, effect of colchicine wvas directed to the microtubule {

Nedrano et al ,1974; Wang et al,1975; Gunther et al,1976;

Greene et al, 1976{, howaver, in only one case ‘was

microtubule disruption actually demonstrated (Thyberg et al,

1977} and this- ias at a colchicine concentration that was
toxic in my experiments. Futhermore, several investigators
suggeéied that the effect of colchicine was to inbhibit
thylidine transport into the cell { Betel and Nartijose,
1976; Steen and Lindmo, 1978).

The first evidence implicating the- aicrotabule as the
Pfilarx target Of.COIChiCinE involved a comparison of the
effedt of - vinblastine sulfate“and colchicine on lymphocyte
bhlastogenesis. Vinhléstiné sulfate prevents microtubule

asselbiy by binding to tubulin at a site distinct from the
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colchicine binding sxte ( Hilson et al, 1913). As seen in

. rign:es 1 and '8, both agents .uhen present frons the start of
cnltnre,‘caused a sisilar concentration-dependent inhibition'

zof DNA synthesis. Futhermore, this inhihition vas evident at

concentrations as lov as 10-9H suggosting a common specific

target for the agents. gpuever, caution is needed in the

.1nterpr9tation of these data since liliilolar concentrations
of vinblastine sulfate have also been shown .td precipitate

. leuhgine'ptdteins { Wilson et al ,1976). At present, the

effect of vinblastine sulfhte at concenttations as low as

10-%8 on cell surface proteins is unknown.

Colchicine was also found to have a'significant effact on
ihe;xpreéence of licroﬁnbuléApetvqus in Con A-stimulated
ﬁulan leﬁyocyfés.' Ricrotubule netuotts, as detected bg
‘tubuiin-antiﬁddy‘illﬁnoflndiascencé, disappeared in 70 to 75‘
..ﬁerceﬁt of the population aftér a 12‘hour incubation vith

 10-eN colchicine. At the same tine, ‘this alkaloid imbibited

JH-thylidine incorporation by 10-90 percent vhen measared at
60 hours of culture. 1In contrast, lumicolchicine, an
inactive 6: weakly active congener of colchicine‘( Wilson et
al, .197Q), had no effect.'on the ptesenée of microtubule
netwvorks éfter a 12 hour incubation at concentrations as
high és 10-+n. It also was some three orders of magnitude

less inhihitory of the ihcorporation of 3H-thymidine than

- colcﬁicine. | These coabined data suggest that at

.
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"concenirations hotuecﬁ. 10-¢ and 10~eN, . the primary iarget |
for the‘action of colchicine is the microtubule. As will be
diSCﬁésaﬂ?\F_at higher concentrations, colchicine\ caused
.sigﬁificant 1nhib1£ibn of thymidine trdnsport. However,
since  colchicine inhibited lymphocyte hl#stogenesis at
conbentrationsuaé lov as 10-%N, it islunlikely that the
effect_df colchicine on thymidine transport 1is responsible
for the'drugs effect on 3H~thymidine incorporation.
The obsertation‘ that lulicolchiéins inhibits the
incorporation of ” 3H-thymidine into Con A-stilulated
'lylphocytes has been repoxrted in only ome other study (
Graené et al, 1976). The .mechaniss of inhibition is not
Xxnown; however, it is noteworthy that inhihition oécurred
ﬁnder conditions uhére kthere was no apparent effect"qn
licrotusule integrity. ﬁIn addition, this derivative caused
56 ﬁetcent inhibiton at a concentration of 5.0-7.5 X 10-SH
fuhich-is closé to the concentration of the agent fegnired to
inhibit thyiidine transport. Theréfore, while I cannot
exclude the possibility that residunal quantities of
éolchicing remained present in ay colchicine preparation,
and .fhat. over 48 hours this could have iphibited the |
inco:ﬁofation of 3E-thylidine, ay data suggest that
lumicolchicine probably inhibited incorporation by a direct
effecf on ‘thylidine transport. Proma the spectophtometric

curves, it was not possible to estimate the concentration of
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‘co-chicine in e lumicolchicine preparation, . when the

coléhicine concen ation vas belou 10-7l.,

Nl

S

-

After having estahlished that the primary target ofi
colchicine vas . nost likely the nicrotuhule. it became of
interest to correlate ‘the tine-conrse of Iicrotuhule
disasselhly to the inhibition of DNA synthesis. . Rogers and

Broun (1979) had\ previously shown that the effect of

colchicine on. the microtubule networks in resting hulan and

L]

aouse ce ls was time-dependent. At concentrations betveen
10-4 and 10-‘n,. colchicine required only 1 hour to cause a
50 percent reduction in the nuaber of cells with detectable
licrotnbule networks. In comparison, my data show that at
10-‘!. colchicine required some 15 heurs to cause a 50
percent reduction in the incorporation of 3H-thymidine into
Con l-stinnlated hunan lyaphocytes, Assuming that the
kinetics of disasseably in stimulated cells is similar to
that ef resting lymphocytes, a lag tile'of some 15 hours

exists between the disappearance of aicrofubules and the

| lanifestation of inhibition; Vieved froa another angle, ny

data uith Con A-stiamulated human lylphocytes indicate that

after a 12 hour exposure to . colchicine, the najority of

‘stained microtubule networks disappeared from the stinulated St

pepulation.f Therefore. -a lag period of at least 15 hours

_erists between the disappearance of wmicrotubules ia

- stimulated human cells and demonstrable inhibition of DNRA

T e
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syntheéis."'rhns, vhile the p;ilaty target of inhihitionlby
coléhicine seens to be- the licrotubﬁle, the lag\tine betieeh'
cause ahd -effopt suggests that its inhibition ~of Con A-
‘induced lymphocyte transformation is only indirectly related
léd its effect on niciotubnle integrity. ‘ Y

: : .

6.5 IBIAIDINE TRANSPORT IN STINULATED HUNAN LYNPHOCYTES

The work of this thesis has demonstrated-that Con A, when
present in culture for &8 hours, can induce J@hylidine'
traasport in human peripheral: leukobytes.‘ The tfsn;iocation'
of this substrate also apfears _to be carrier-mediated since
;t is both tine-depéndentland‘Saiurahle. in addition, in‘one
experiment, deoxycygidine inhibited +thymidine transpoﬁt,
suggeéting a- common carrier for both nucleotides. ‘Thyhidine
uptaké increased iith time in a linear fashion‘nntillﬂs—so.
seconds, afteruhidh it startedAto réach a plateau. The early
lineaf_increase represents transport, that‘is, - the time
durihg vhich uptake is unidirectional anmnd uncéhﬁlicated by
backflux ( Berlin and Oliver, 1975).  This period is
comparable to that in ~mouse splenocytes ( Strauss et al,
1976). In contrast, @ranspo:t im Boiikoff hepaton& cells afs
189C lasted for several ninufes while in non-phosphorylating
| Novikoff cells; .thylidine achieved equilibrium across the

-aembrane nithin 10-12 seconds (Plagemann et al, 1976 ;
J‘Hohlheuter at .a1,19?8). : Several other studies have

atteléted to leaéure transport over petiods ~of 10-20

- 120 -



e

. R I :
minutes, which probably corresponds tol the net uptakqwof

substrate ( Breslov and Goldsby,1969,- Plagesann énd Erbe,
1972; Barlow and - Ord, 1975). In Novikoff cells, the
measurement of thymidine uptake over 5 ainutes

underestimated both the XKm and Vmax of thymidine tramsport (

' Wohlheuter et al, 1978). This observation shows the need to

measure the initial rates of thymidine uptake.

Thymidine t;ansporf wvas also found to be saturable with

increasing doncéntrations of external th}nidine. Onlabelled

thymidine decreaséd the rate of isotope incorporation until .

about 1.0n!, afterwvhich no further. label vas found
associated with the cell peli@t. A double-reciprocal plot
qf the initial‘ratas of uptake agaimnst the concentration of
external thynidiné yiélded a normal Nichaelis-Nenton curve.
Data wvas fitted to an equation derived froa the method sf

least squares., Coantrary to the results of Strauss and

" coworkers (1976;1979), the correlation coefficient was

maximized when a éingle line was determined for all points.
This résulted in the estiiétion of a single Ka léalqe that

fanged from 200-500uN, and vhich varied with the experiment

" and presumably, the donor. These values conpare'well with

" those derived from other systess; B85uM for rat Novikoff

hepatdia cells. {( ﬁohlueter.et al,1978) apd 160ulM fbr nouse

.splenocytes stimulated in vivo with Con A (Strauss et

al,1977). In the case of AKR cells of leukaemic mice, a
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transport systen vith a Ka of 3%uM was reported. With the

addition of Con A, am additioual systen uith a Kmn of 21208

appeared. Signifigantly, this eysten Ihich appedred

directly as a result of the addition of Con A has. the same

affinity as that observed for Con A-stimulated human cells

(Stranss et~a1,1919)."

~
Y

-

StranSs and covorkers (1977) have descrihed‘an'additional

low affinity system with a Xm of 4mM in wmouse splenocytes

stimulated ip vyivo with Con A and 1.6lHAfor unstimulated AXR
cells-(Strauss ot al,1977; ' Strauss et a1,197§). Bowever,
the identity of this. ‘entity as a transport system 1is
suspect. For example, in the case of AKR cells, vhere a

system with a Km of 1.6m8 was reported, time-dependent

-uptake of thymidine in this concentration range could anot be'

denonstrated. Therefore, instead of ,corresponding to a
transport systea, it may represent-so-ething like a binding
protein suchk as has heen_ described for glucose transport:in

chick fibroblasts ( Lee and Lipman,1977).

From a comparison with other studies( Strauss et al,1977;

‘Wohlheuter, 1978), it is evident that the Vaax for thymidine

transport in hunan leukocytes stimanlated in witro with Con A

“15 significantly greater ‘than that found in other cells .

| While the vmax for husan leukocytes ranged fron 75 to 125

ppoles/ 10¢ cells/ 15 seconds, mouse splenocytes stilulated
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13 j;gg with Con A transported the nucleoside vith a Vmax of \w'
20 pioleé/ 6.7 X 108 cells/ 20 seconds. In addition,\v
 Hovikoff ceils had a velocity of 0.13 paocles/ 1.3 X 10¢
cells/ 605gconds;' Unfortnnhtely, it is not pessihle to
Acorreiﬁte the Ymax of thynidihé Qrgnbﬁbrt to thé lagniinde
of DNA synthesis for-different cell cultures because of thehi
different - methods qsed  to measure 3g-thyaidine
" incorporation. In fa;t, Strauss et al (1977) claim that the
 used of‘TCA precipitafion to . neasura‘nni synthesis can
overestimate 3H-thylidine incoxrporation by as much as 700

percent relative to DNA extraction technigques.

Resting human leukoéytgs shéued no apparent transport of
thylidihe over the period of tise testéd, an obervation .
vhich aérees with that found for resting mouse splemocytes (
' Strauss et al,1976). - The inabiliff to detect thymidine
'transﬁort in resting cells may hé a related to a lack of
ihylidiﬁe kinase activity.in these cells. Thymidine kinase
activity has been reported to increase exclusively during S
fhaselbf the cell cycle Litélefield, 19663 Hoywood et
' a1,1975). In the c\Le of 1ymphocytes stimulated by PHA,
there is a correlation beiueen 3f-thynidine incorporation‘
| and thylidine-'kihase activity ( Peters and Hausen, 1971;
Barloi aﬁd.Ord, 1975} . }In addition, recent evidence
suégests' that thylidihe transport involves a tqnde-

arrangement of traamslocation and subsequent phosphorylationm,
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with phosphorylation as the rate-limiting step. iphlheﬁief
et al (1978) fdund that transp&rt 'in non-phosphorylating.
!ovikoff“'hepatoni‘hcelis achieved eguiiibriql much more
rapidly than the phosphorylating cells. ‘At 1809, thynidiné
attained egnilxhrul in non-phosphorylating cells vithin 8- 12'
secqnds, ‘ while tho same¢ phosphorylating cells required.
several minutes. A comparable situation could exist vith
testihg leukocytes which have besn reported to have a low
level of thymidine kinase activity { Barlou and Ord, 1975).
Thylidine could attain equilibrium across the lylphoéjfe
piaala mombrane so quickly as to be unthecfaSle vhen
assayed over 15 seconds. Any.fufther-thynidine uptake as a
function of time would be negligible because there would be

no synthetic actiiity to use the available thysidine.

6.6  COLCHICIIE KD  LUBICOLCHICINE INEIRITION OF
- w_;n;u TEAFSEORT

s¥ data bave shown colchicine to imhibit thymidine
transport 'in  Con A-stimulated hulan. lymphocytes in a
concentatfhn-dependent manner, dﬁring a 15 second interval
(Figure 25). Thymidine transpoxrt was inhibited by 50
percent at a concentration of 5.0-7.5 X 10-5N. Futhermore,
inhiﬁition vas 'nicfotuhule-independént because it occurred
over-15 seconds, a period too short for the significant
| foramation of the colchicine=-tubulin ‘bond (¥ilson,1970) and
because lumicolchicine. inhibited thyiidine' transport to the

sase degree-as cdlchicine (Pigure_zﬁj.
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These tindingé\agreg in part with the report of Mizel and
wilson (1972). These invesflgators .ton;d coldﬁicine ?o

~ inhibit cblpetitivaly nucleoside uptake ih several ceil
lines during a 10 minute incubatiom period. Colchicine
inhibited thymidine uptake in Hela cells by 50 percent at ;‘
conceﬁtration og-u:b X 10-SHK. Tgis_value is quite comparable

to tﬁe inhibition constant of thymidine transport of Con A-
stimulated human leukocytes, that 15. 5.0=7.5 X 10-SN.
These I1bpvestigators also noted that colchicine did not
"—\p:qsfrentiaily inhibit 3H-thymidine incorporation into TCA-
\\\Iisolgblé material relative to TCA-soluble material. They
conclnhgg that the putative inhibiiion of BB; and DKA
synthésis by colchicine claimed by previouns workers (Hell
and Cox;1963;11ap and Quaétol;1966; Fitzgerald and
Breﬁant,1970) vas in fact an effect on transport rathgr than

on nucleic acid synthesis.

It is here that the interpretation of my findings differs
from those of Nizel and Wilson (1972).f Ny data suggest that
| colchicine inhibition of thysidinme traansport in Con A-
stilﬁlated human leukocytes is unlikely to be responsible
for colchicine iﬁhibigion of 3H-thymidine into DEA. While
both coichicine and lumicolchicine inhibited tramsport by 50
percent at 5.0 I 10-SH, coiChicine inhibited 3H-thymidine
incofédration into TCA-insoluble material to the same degree

"at 5.0 I 10-8H. In other words, there vere three orders of
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magnitude difference betwesn the alkaloid*s effect on
transport relative to incorpéra%ién iito‘DN;. Thereforé,
since colchicine inhibited DNA synthesis at concentrations
at which it had no effect on thymidime transport, inhibition

of DNA synthesis cannqt be due to an effect on trahsgort.

another‘possibility is that goichicine, when present for.

48 hbﬁrs, could inhibit thymidine | transport at
concéntrations lower than would be reguiréd to cause
equiialént‘inhibition over a 15 second period. This could be

. relateﬁ to the binding kinetics of the dﬁug to the
lymphocyte plasma membrane ( Riordan and Alon, 1977) .
However, I uonld argue against this possibility for the
following reason. Since colchlcine'and lunicolchicine are
structurally siuiiar (¥ilson -and Freidkin, f966), and
) 1nte£act with the plasma membrane with kinilﬁr propertiaes (
Riordan and Alon, 197i) ' and inhibit the transport of
thymidine over 15 seconds to the same degtee { Figure 2§ } e
it is reasonable to assume that both agents interfere with
thysidine t:ausport‘by‘a coamon mechanism., Therefore, if the
sensitivity of thyaidine transport to .the presence of
colchiéine increased with time, - then this shonl& occur with
lul;cdlchiéine as well. However, éé seen in Figures 20 and
26, lulicblchicine inhibited the incorporation of 3H-
.thynidine for 48 hours.to>ahout the same degree as over 15

seconds. In both cases, lumicolchicine inhibited thyaidine

—
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transport/incorporation by 50 percent at a concentration of

approximately 5.0 X 10-" n. There;ote} the increased
seasitivity éf Con A-stimulated hﬂlan--leukocytes to the
presence of.coichicine ovar a 48 houf period as opbosedfto
15 secondéh is 'probably not related to the microtubule
inde;bandent effect of colchicine on thymidine transport.
Instead, .1t is pfobably related to colchicine's previously
délonstrated effect‘on aicrotubule integrity.

Colchicine could still ;nferfere wvith the transpﬁrt of
thylidine“into the lymphocyte; hovever, this wéuld be
'expécﬁed "to ocdur indirectly due its effect on the

)

microtubule. Berlin and covorkers . (1972,1975) have shown

colchicine to interfere with the 'seleétive exclusion of

Y

w

%

i

‘certain proteins &uring phagocytosis tBerlin and Oliver,

1972; Taube and Berlin,1975) . Therefore, contrary to the
conclusien of Nizel and Wwilson (1972), the' ability of
colchicine to inhibit thysidine transport, independent of
the microtubnle is unlikely to account for the diminished
incorporation of 3H-thyaidine into DNA.

Our understanding of the mechanisa by Hhich‘colchicine
and lnnicblchicine inhibit thymidine transport im Con A-
stimulated human lymphocytes 4is 1lisited by the lack of
knovledge concerﬁing the molecular basis of nuclecside

transpoft in mammalian cells. It is not known ‘uheiher
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thyaidine transport is coupled to phosphorylation as with
sugar transport in several hacterial systens (Kahack,1910).
Plagelann and collaborators ( 1978) found the transport of
th-idine into \non-phosphorylnting cells to be iora rapid,
less'spacific Qnd to have 4 higher Km than tramsport into
Phosphorylating cells..!hiﬁ suggests thyt'phosphorylatidn is
the rate-liliting step in transport. :On the ofher hand,
thylidine kinase activity leasnred in !;;;g has an activity
several fold greater than that necessary for thymidine
ﬁhosphorylation ( Plagesann and Erba. 1972) . In addition,
the lajority of thylidine taken up by the lymphocyte appears

to be iuuediately phosphorylated ( Strauss et al, 1977). It
is my belief that both steps in the translocation process
may be rate-limiting since sevqrall agents 'such as persantin
wvhich have no effect on the enziyme act;vity can inhibit
& tranéport ( Plagemann et al; 1972). Theoretically, con A-
induced thymidine tranépor; in human leukocytes could result
from either increased thymidine kinése activity, da novo
synthesis of a protein carrier(s) or alternatively, frona
dereﬁréséion o previously cryptic transport sites, as in
the case of PHA-induced K¢ transport ( (Quastel and
Kaplan,1970).

Thus, colchicine and lamicolchicime could potentially

interfere with any of several aspects of thymidine

transport. However, it is probably not the result of general
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lglbtane daiage since ianf other membrane-related events
aﬁch as Cas+ tramsport, lectin binding aeg CoA lysolecithin
acylttansférasa are uneffected by colchicine (‘Gréene et al,
1976 ; Resch et al, 1977).~ In.addition.l it seems unlikely
that colchicine would inhibit the de povwo synthesis of
transport proieins or ‘thynidine kihase acfivity qia: a
period as short as'15 seconds. This conclusion could not be
derived froi‘studies vherae the effect of colchicine on
thylidine uptake wvas measured over a period as long as 1
hour (iilson,1972). ~ Froa ly‘ data, .colchicine and
lumicolchicine are more 1likely to inter@ct directly with
membrane transport components. As outlined in Section 2.1,
colchicine-fuhuliq Band formation is thought to _involve
hydrophobic interactions (Wilson,1970). It ‘has also been
suégestdd. that tramsport proteins. consist of hydrophokic
areas ( Lieb and Steen,1971). The molecular basis of
transport asechanisas in lyaphocyte blastogenesis could make
for interesting future study. Colchicine could becone a
usefal tool in delineating the rate-liliting_ steps of
thyaidine transport.

6.7 HODEL

Froa the available data, -I have Attelpted to construct a
model concerning the role bf colchicine, microtubules and
thyaidine transport imn lymphocyte blastogenesis. It is haéed
on tﬁe following facts:
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(1) Colchicine can inhibit Com . A~induced lyaphocyte
blastogenesis before and after the omset of DNA synthesis,
provided sufficient time be allowed to elapse for inhibition
to become manifest. In the case of human  cells,
approximately 20 to 30 -hours are necessary for =maximal
inhibition of DNA synthesils, while with mouse splenocytes 10
to 15 howrs is required. . : -

(2) The ——primary target for the action of colchicipne
appears to be the microtubule. A secondary target is the -
plasma membrane ( Riordan and Alon, 1977) and the membrane
components involved in the transport of thymidine. " In the
case of the aicrotubule, the existence of a lag period
between the disappearance of the microtubule networks in Con
A-stimulated human leukocytes and subsequent inhibition of
DRA synthesis suggests that colchicine that while acting by
affacting microtubule integrity produces its inhibitory

effect via indirect ( and possibly remote) consequences of

this primary action.. .

(3) Brief exposures to colchicine may augment the response
of human lymphocytes to periodate ( Stenzel et al, 1978) and
to allogeneic cells ( Suthanthiron et al, 1980) . In
contrast, - the same pretreatment has been shown to inhibit
the response of cells to Con A and PHA, Howevear, " it is not .
certain that the actual target responsible for potentiation

- of ‘'response is the microtubule, since the exposure time to

colchicine was too brief to permit such a conclusion.

{(4) HAGO-stimulated cells say be some 2 orders of
magnitude . less sensitive to prolonged exposures to
colchicine than the same cells stimulated with Con A(
Basmussen and Davis, 1977). This suggests indirectly a role
for microtubules in the cCon A induced activation of
lyaphocytes. However, there is no direct evidence to support
this theory. Edelman's hypothesis that colchicine acts to
block lymphocyte blastogenesis at the point of cell
coamitment has been shown to be a factitious consequence of

a 20 to 30 hour lag period required before maximal

iohibition is achieved. In the case of mouse splenocytes,
there is no apparent similarity between the colchicine amd

- commitment curves. While my data cannot exclude a role for

microtubules in signal transaission or coamitment, there is
no evidence that inhibition by. colchicine and thus
microtubule integrity has anything to due with either .of
these events. « A 12 hour exposure ,0f cells to colchicinpe
imhibited BRHA synthesis to the same degree before and after
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the onset of DHA synthesis. In addition, colchicine has not
- heen found to inhibit many of the early events associated
wvith 1lysphocyte activation. These include Ca#+ influx ¢
Greene et al, 1976);; lectin binding ( Greene et al, 1976);
Cod lysolecithin acyltransierase (Resch et al, 1978). The
effect of colchicine cannot be due exclusively to
interference with Con A capping. If this was the -case, then
the time-course of inhibition by colchicine would be the.
same as cytochalsin B,  which inhibits only vhen' present °
- within 2 hours of Con A addition ( Nedrano et al, 197a).
- These data, vwhile they do not exclude a role for the
microtubule in signal-transmission, suggest that microtubule
integrity is simply a general requirement for the
maintenance of lysphocyte function. '

=

(5)Con A, when present for 48 hours, can induce time-
. dependent and saturable  thymidine transport in human
peripheral leukocytes. Transport in resting cells is
undetectable. . A

(6) Colchicine and lumicolchicine can inhibit <thymidine
traasport in human peripheral leukocytes, independent of the

" .. microtubule. However, in .the case of Con A-stimulated

cells, this inhibition of tramsport cannot account for the
effect of this agent on the assay for DNA synthesis. In
- contrast, colchicine inhibition of thymidine transport could
‘be responsible for inhibition of - 3H-thymidine imcoporation
in NAGO-stimulated cultures. o

T

'((7)The‘ effect of luliéolchiciha on the transport of
thysidine can account for the inhibitory action of this
agent on the assay for DNA synthesis.

- Etonrthe ‘éiailable data, it is ciéar th;f the initial
évenf. in lfiphocyte .blastbgenesié'is the binding of the
uitoéen,to the ce rface. However,- although nécessary; |
this.—step: by itse is ‘insufficient to activate . the-

lymphocyte. { Binding is followed ' by 'capping of the'
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ligand/receptor colploxes.‘ vhich does not appeatr td Be'
-pecessary for éctivation. rhergtoré. by some yet undefined
pipceés { receptor-receptor cooperqtivify. a specific
' receptor etc.), a nmitogen induces a' cascade of early
mRolecular events, which aventuaily lead td protein, BRNA and
DA Qynthasis. These events have already 5een described in
teras of theit possible roie ‘in lylphocyié‘activation (

Section 1.3 ). at present, it is not known vhich of thgse

many éiénts are or is causally linked to DNA raplication.

The role of ﬁhe microtubule in lymphocyte activation.
remains elusive, but there no ldﬁger exists any direc£
evidence to support the Edelman hyéothesis implicating the
aicrotubule in siénal—transnission. Microtubule integrity
is rqgﬁired both before and aftéﬁ the onéet of DHA
replication. Euihernore, the time lag between colchicine
addition, 'nicfotqhule .disasselblj and inhibition of
lyaphocyte blastogenesis suggests +that whatever role the
microtubule does | play in. hlastogenesis. itl is onlx

indirectly related to the Dﬁn synthesis.

Colchicine has been found to .interfere uiﬁh‘the activity
of feusearly‘ rolecular events associéted vith activation (
Section 3.1 ) - Theoretically, microtubules could be involved
in activation Hde an interaction with the cyclic

nuéieotides. Greene dﬁa\gpwbrkers { 1976 ). have reported
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| the enhanced release of prostaglandin E ( Gelsa, 1979 ).;

" that colchicine enhances and'prolongslthe'early :anPﬁsnrge:

felleuing lectin hinding. rntherlore,f cANp uhen present 153“

111;9 has been noted to - inhibit calf tnbnlin asselbly T(flff_f
.Gnrland, 1979 )e Therefore, both these lolecnlar events nayn??‘:
regulate each others activity. Colchicine vas ‘reported to
Jhave no’ effect on CGNP levels. ﬂovever, agents, knoun to’
‘inc:ease cGuP 1etels have also been shown to antagonise Con

A capping { Oliver et al, 1976 ). This is presuled to occar

by an effect on licrotubules.
A
Colchicine - has been found to disrupt numerous events

thengntl to be“dependent. en. microtubules. These include

'deterlinatibn of cell shape ( Brown and_ Bouck, 1973 } .

phagoeytosis ( Oliver et al, 197u"), . export of proteins (‘
Dkena.&ndABerlnn; 1972 ) end:the topographic distribution of

cell surface receptors ( Oliver et al, 197§ ). -On this

-7‘hasis, tne'tile-Inﬁ’ of eolchicine 1nhinition could  be the

resnlt of an effect on any nulher of functions. 'In the'case
of lenkocytes, nicrotnbnle disasselhly could have resulted 

in inhibition of TCGF prodnction ( norgan et al, 1976 ), or

o

%hile the basis for inhibitiom is poorly understood, it

appears that the prinary target of colchicine action 1s the

Alicrotnbnle. Althongh thiS'agent has “been found tOjblnd'-'.

membrane, it does not appear to gnosélx damage the beli:
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lelhrane since events' such as ‘Con 1A binding ana early Ca++¢_
transport are unaffectod hy the presence of the agent (
'Greene et al. 1976 ‘L. However, colchicine can 1nhibitw'
thylidine transport 1n a manner indapendent of licrotnbules. .
This inhibition..is . probably, the result of a direct ' -

"1nteraction with t:ansport carrier colponents. In additionm,

‘this affect does not appear to‘-he' the: cause of the

inhibition of the assay for DA .synthesis.
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