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, * ABSTRACT

Tatd
e i
- . ) ‘\%m‘:s ¢

‘The tumor promoter phprbbl diester 12-myristate 13-acetate induces the synthesis
and secretion of a number- of lymphokines from T-lymphocytes; while the immimo-
suppressive agent Cyclosporin A blocks -the eiprcssion of lymphokines by these cells,

These effects were studied in the mouse T-lymphoma .cell line. EL4, the human

-

T-leukemia line Jurkat, and in normal human peripheral blood T'lymphocytes. Induction

of expression of genes encoding lymphokines such as interleukin-2 in EL4, Jurkat and

. : , B

peripheral blood ' lymphocvtes and granulocyte-macrqphag% colony stimulating factor in
Y <

EL4 cells under various conditions was examined- by cytoplasmic dot (cylodot)

hybridi'zalion"' technique using 3P.labeled interleukin 2 and granulocvte ,“}macro;;hagc
colony-stimulating factor synthetic oligonucleotide and cDNA probes. Cy;losporin A
inhibited the accumuiation of interleukin 2 and granhlocyte macrophage colony-
stimulating fa'cwr‘mRNA's in induéed cells. Various cyclosporin A analogues werq found
to differentially fnhiﬁit lymphakine mRNA, thus illustrating that cyclosporin A reactivity
_is related to a specific structural -portion of its mofécule. i.‘e... the hydroxy! group in the.
first amino acid.v Another immun(;suppressive drug, 'dexaméthasone, was found to inhibil

_ interleukin 2 mRNA accumulation in human periphcral" blood - lymphocytes but not in

hiiman and mouse tumor/cell lines. .

¢

The éytodot' techiidue was used as.a means tb determine the éyclospor_in A con-
centrationzin the serum of a cyciosporin A-treated rénal alldgraf t recipieni; the concen-
tration was calculated from the degree of jnh’ibition'"of interleukin 2 mRNA in EL4 cells
in the presence of cyclosporin A-contaitﬁhé serum. The values _obtained with this tech-

_ nique confirmed those obtained by the radioimmunoassay performed at the-tiospital.

~
-

@+
-

Imerleukm 2 mRNA accumulation’ in sumulated ELA4 cells was found to pcak at
'12 to 16 hours and decline thereafter Removal of the_ mducuon sngnal phorbol

myristate acetate, by washing . and reculturmg the cells in fresh medxw al 12 hours,

[
v
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resulted in 3.rapid d?fne in the levels of interleukin 2 mRNA as éompared to’ control
levels in the constafit presence of phgrbol myristate acetate. Addition of the protein
x symhesxs_,mhibxtor cycloheximide to cells at dxfferem times after induction with phorbol

mynstate acetate was initiated, resulted in a rapid accumulatxon (supermducuon) of

interleukin 2 mRNA. In Contrast addition of cyclosporin A aftcr induction, rcsplted in

Snmultaneous addnuon of cyclohexxmnde and cyclosporin A Jesulted in supennducnon of
interleukin 2 mRNA. Conventional pulse-labeling of EL4 cells with YH -uridine demon-
strated that (i) cyclosporin A does not perturb-the turnover of bulk ‘poly(A)" cellular

mRNAs and (ii) the majority of bulk poly(A)* cellular mRNAs were long lived.

vi
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ABBREVIATIONS AND DEFINITIONS | /.

/
. . I . (
Antibody: k ™ an -immunoglobulin molecule capable .of combmmg spelf/
- v ically with a known substrate (anngen) ’ /
. Antigen: ‘ .. a molecule capable of sumulalmg an immune respon/
B cell: ; ‘ one of two major classes of lymphocytes B célls derive
: s from the Bursa of Fabricius in bitds or the b;{ne marrow
of mammals and respond to anugen by dlffe nuaung mlo
anubody producmg cells. ‘ /
.BCDF:‘ “ " Bcell differentiation factor. //
BCGF: ) - "B cell growth factor. . f
BSF-1: B cell stifnixlaling factor-one. \
cDNA: ’ . ~ complementary deoxyribonucleic@c’id.’
Con A: - " concanavalin A --a plant-sibstance that. .binds to Ssugar

residues .on . cell surfaces /and stimulates T cells to
prollferate — a lectm // :

/-

cpm: - o . counts per minute. . /
leA: } B cvclosporm A — / /cyclic undecapeptide 1solaled ‘from L
e -\ . | fungal extracts whici has 1mmunosuppresswe properties. -
. CSF: R colony- sumulatmN\fanr SR ¢
‘ DM._S"O:- - dxmethyl sulfoy Zie - *
EDTA : S ¢ ethylenedlammetetraaceﬁc 5c1d
1-:D3o N the amount of IL2 activity which causes 30% of maximal

Tesponse in the same assay with saluratmg levels of IL2 is
defmed as, 1 ‘unit per ml. . v

FCSs . . = fetal_ ‘cal> serum.
‘ GM-CSF,:," ;' ST grqnul&éyte macrophage colony-stimulating factor. - o ‘ \ _

IFN-a, IFN-B, IFN-y: - interferon alpha.‘beta and gamma,

ILl, 1L2 IL3: ~ intérleukin one, .two. and three.'-j:,__‘;k;f'%v
IL2 R: _— ' interleukin 2 receptor. "
."LAK: . - '  _lyinphocyte ’éc;iw’iated killer cell.
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‘lymphokines: soluble secreted glycoproteins of lymphocvtes havmg diverse
effects 'on other cells. .

* mAP: , J messengér’ affini;y paper. -'
MéB;m: ' - (4R)-4-[(E)-2-butenylk 4, N-dimethy!-L-threonine, amino
: acid 1 of cyclosporin A, - -
MHC: . major histocompatibility complex.
MIF: - migration inhibition factor.'
MLR: ' mixed lymphocvtc reaction — the proliferative response of

allogene:c lymphocvteﬂ when cultured together.

mRNA: messcngcx rnbonucleic amd

NK : S naturat x«kme

NP-40: R ‘nomdel ,«nomomc delergem

:;f_’BL: 7 'r__ipenpheralw blood lymphocyle
PBS: . | phosphate‘l ‘buffered salme pH 7.2.
PHA: | : ph\lohemagglulmm e'—~ a plam lectin that agglutinates
: _ animal - cells .and sumulales lymphocytes, mostly T cells, to
prohferate . -
pl: : , isoelectric point.
PMA: . h ‘ phorbol diester .12- myns* 13- acélate | .
RNAv‘: . ribonucleic acid.
RNA: © ribosomal ribonucleic acid.
SDS: - sodium dodecyl sulphate. o
SDS-PAGE.: sodium df)decy} ‘sulphate-polyacrylamide gel electrophoresis.
$SC: - sodium chloride, sodium citrate: A
SPE: © © sodium echloride, sodium phosphate, ethylenediamine

tetraacetic acid.

. TCA: . - triéhlor_oacetic acid.

T cell: T a class of lymphocytes derived from the thymus capablé of
~ responding 1o thymus dependent antigens and MHC gene
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delayed type hyp‘ersensitivi()""r._
tris ethylenediaminetetraacetids acid.

helper T lymphocyte.

%’%cell replacix{g factor.
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CHAPTER 1 . e
: INTRODUCTION

A. OVERVIEW OF THE IMMUNE RESPONSE— -

L

. 1. The Céllular Basis of Immunity

“The immune response. in  higher animals has evolved as a defence mechanism
~ aga1n51 foreign anugens Various types of cells participate in response to a -foreign

. antigen to elicit- an immune response The major cells mvolved are the lymphocytes and
m(\ '
macrophages Lymphocytes are divided into lwo maJor categories according to the site at
. *«p T
which they mature ie. B- lymphocvtes (B rcferrmg 10 the Bursa of Fabncxus of birds or

10 the bone marro“ in mammals) and T* lymphocytes (T refernng 10 the thvmus)

(a) B Lymphocytes . -

! ~
.

Upon activation with antigen, the B lymphocytes mature and synthesize and-__

secrete free antibody, speéific to- foreign Amigen. into the blood and other body fluids

(humoral immunity). The final stages of maturation of B lymphocytes depend on sol-
uble factors released by helper T lymphocytes and macrophages (see Section A.2). The

secréted antibody acts, for example, by coating- bacteria to enhance their phagocytosis or

by binding to, and neutralizing, bacterial toxins.

(b) T Lymphocytes

—

Q

N .

- T-cells fpclude an array of cell subsets. Some cell subsets mediatg imp&rtam
‘regulatory  functions that help, T-helper cells (Ty), or suppress, "I’,t'gppﬁressox/ cells
(Tg). Immune responses by th\e prodg:i\ibn of solﬁble factors including lymphokines (see
Section A2 below). Other cell subsets are directly involved in effector functions, such

as4 the cytotoxic destruction 'of antigeny-bearihg cells, cytotoxic T-cells (TCI'L)-'. In

-

1 -

~.



addition, T-cells are involved in other cellular immunity reactions, mcludmg delayed

sensitivity and contact sensluvm (TDTH)
\

(c) Macropirages and Other Cells .

Besides B- and T-lymphocytes, other cell types ~participate in immunity by

carrying out crucial effector functions such as phagocytosis, vasodilation and processing
' a

of antigen during immur;e/'nducti'on Thus, polymorphonuclear neutrophils, eosinophils,

basophils and mast cells participate in the ml’lammﬂlory response ‘mediated by antibodies.
"

The macrophages and macrophage- relaled cells such as the dendritic cells of the splecn

the epithelial Langerhans cells and the specialized epithelial cells, such as those found in.

.

_the thymus, play a central tole as auxillary cells in the initiation of the immune

)

response and in the generation of T-cell memory. These cells serve to present antigen,

in the context of ‘'self’, uS the helper T-cells. "Selﬁ" is defined -by an array of

glvcoprotein molecules which are encoded by the genes of the major histocompatibility

complex ' (MHC) (revrewed in “the "murine system by Hood .er al., 1983) and arc

expressed on cell surfaces, 1hus enabling cells of one geneuc origin—to drstmgunsh'
between 'self' and 'non-self". Helper T-cells recognize class Il molecules expresscd on X2

B-cells and macrophages and cytotoxic T-cells recognize class-I molecules exprcswd" on_ : ;

4 -

all somatic cells, , _ ;-

 These immune cells -occur in organized tissues and organs, iricluding the spleen,

the lymph ﬂodes the Peyer's patches of the intestine and the tonsils. - ln addmon a
very substantial proportion of the lymphocytes ‘and’ macrophages is presem as* a

recirculating pool “of cells in the blood and lymph. e

¢



2. Helper T-Cells

(a) Inductive Mechanisms

-

Wi »
B I N .
The induction of a T-cell immune response to a foreign antigen requires the

activation of T lymphpcytes with receptors for the speciﬁé antige-n. The ~human T-cell
antigen teccptor has been shown to be a 90-kilodalton (kD) polymorphic heterodxmer of
a and B chams each of 40- to SO-k-B assocxated with at least three 20- to 28-kD
"non polvmorphxc polypeptide chains ldenuﬁed by the T3 monoclonal anubody (’Haskms
et al, 1983; Yanagi et al., 1984;- Meuc_r_ et al., 1983a; Van der Elsen et al, 1984)
Similarly, tﬁe mouse T-cell antigen reée'b{;: has been characterized and cloned (Alhson.
et al., 1982; Hedrick er al., 1984; . Van ' der Elsen er al., 1985). T-cell activation is}
initiated after am'igens. mitogens, such as phytohemagglutinin (PHA) or concanavalin A
.(Con A), or antibodies, interact with this complex T-cell antigen recepior (Palacios,
,_ ~1982; Meuer et al., 1983b). When the receptor interacts with antigen' in the comext of
»producls of a maJor hnstocompanblhty locus‘and with the macrophage-derived product _
termed s'ymphocyte acuvatmg factor (Gery et al., 1972), and now referred to as
1nter1gukgn-l (IL1) (Aarden et al., 1979), the T-cells express the gene encoding the
. lymphokine interleukin-2 (IL2), previously termed T-cell growth factor (Morgan. et al.,
‘ 1976; Smith, 19805). The obsérvaiion that the macrophage product, IL1, is a requ.iredT
sign_al for the mitogen-induced IL2 &roductﬂ is well documented (Shaw er al., 1980;
Larsson et al., A198.0b; Smith et al;, 1980b; Moller (ed.). 1982). Activation through the
" Tecell receptor complex is associated with an increase in intracellular calcium (Weiss
et al., 1986) and the .;ctivaiion of proteih kinase C, with translocation of this ‘enzyme
from the cytoplasm to the p’lasm'a‘ membrane (Nishiz.{lka. 1984). These induction sigxx;ls _
can be by-passed be the use of the calcium ionophore A23187, which. increases intra- |
cellular ‘calciu’m. and by') phorbol miyristatic acetate, which activates prqteir\g_kk“inase o}

(Rosenstreich ef al., 1979; Farrar ef al., 1982; Kraft and Anderson, 1983; Truneh et al.,

4



1985).

A%
To exert its biological effect, IL2 must interact with speafic high affinity mem-
‘brane receptors (Robb el al., 1981b; Greene and Leonard, 1986). R¥ting T cells do not
éxpress IL2 receptors (IL2R), but aftér acli\{alion with an antigen or rﬁilogen. the genc

-

for the receptor is transcribed a;xd the protein exprcssqd on the T-cell surfacé (Leonard
et al., 1985). Once this brocess‘is iniliatéd.\.actiVa.ted‘,_T cells are clonally elbandcd as
long as IL‘Z'Eominu,és to be present. The. failure to either produce the growih factor o1
its rec.eplor results ‘in a failure o-f the T-cell immune fesponse. Thg‘ interaction of Ag

with ils receptor is also involved in the production of other lymphokines Such as

granulocyte-macrophage colony-stimulating factor (GM-CSF), y-interferon, and B-cell

growth factor-1 (BCGF-1 or BSF). These factors will be discugsed in more detail in the,

next section.

<

(b) Lymphokines Produced by Helper T-Cells
(1) Imerl;ukin-Z

Although all subclasses o T-cells have been shown to release IL2 under the

.

appropriate conditions, helper T-jcel appear to be the major source of IL2 (Pfizenmaier
. i

" -

.et al 1984). The lymphok_”me 12 has been \;vell characterized both physiologically and
bioct-lemicallyr (Farrar et al, 1982). The fractions with IL2 activity purified from
human, ape, rat ar;d murine cells were found to be secreted as single polypeptide chains
with . molecular  weights of - 19,000-22,000 as determined by gel pcrmlca”tion

chromatography and 15,000-17.000 by SDS-PAGE (Caplan et al., 1981; Schreier et al.,

1980; Henderson et al., 1983; Robb and Smith, 1981a). Althoygh murine IL2 behaved as

a molecule of 30,000-40,000 molechlar weight by gel filtration, this behavior was attri-

‘buted to non-covalent dimerization of a i1.‘).000-17.000 molecular weight subunit (Paetkau
G, J , »
et al., 1984). Both human and mouse IL2 can be isolated in various forms differing by

g

Faa



amounts of glycosylation, leading to heterogeneity for each species. Human and mouse
IL2 proteins themselves are different, the mouse IL2 having an “intrinsic pl near 5.0:
and the human IL2, near 8.2. Both mouse and human IL2 are hyd‘rophobic and stable
(Shaw et al., 1978 Gillis\ el al., 1982; Paetkau et al., 1984). }LZ is detected by a
variety of biological assays, such as -étimulation of .Con A-induced proliferation of
thymocytes (DiSabato ef al., 1975; Paetkau et al, 1976) and stimulation of in vitro pro-
liferation of cytotoxic T lymphocyte lines (Morgan er al., 1976; Gillis er al., 1978). The
specific activities of mouse and human IL2, ‘expressed in terms of ED,, ‘(see
Abbreviations), are 10,000-15,000 and 5,000-8,000 units pef ug plrotein. respectiveiy )
(Riendeau ei al., 1983). The concentration of IL2 giving 30;: maximal responses in cell
cuiture are in the.orger of 3-10 x 10 M (Paetkau et al., 1984). Although IL2 is well
recognized as a érowth Sgctor for activated T cells, it has other biologicél p{oberlies.
This faclor has been reﬁofted to induce thymocyte proliferation (Paetkau et al., 1976;
Farrar et al., 1978),. to augment thie proliferation and genera’tion of cytotoxic cells by
alloantigen-stimulated T-cell populations (Wa.g;\er and Rollinghoff , 1978; Farrar et al.,
1978) and to induce the synthesis of immune interferon '(IFN y) by alloantigen-
stimulated T cells (Farrar et al., 1981).. IL2 has been shown to amplify antibody-
forming B-cell responses by inducing T-cells to‘ release B-cell differentiation factors
(BCDF) (Inaba et al., 1983) and B-cell mgrov'vth factors (BCGF) (Howard et al., 1983).
IL2 may also have a direct effect on B-cells beyond that exerted indirectly through
induc;tion of B-cell specific lymphokines (Waldmann et al., 1984; Korsmeyer et al.,
1983). In addition. IL2 may play a direct role in' Qﬁmulating non’ T-cell. immune
responsc‘s‘. e.g. lto increase the " natural killer cell (NK) and lymphocyte-activated killer

cell (LAK) activities (Henney et al., 1981).

’ .Reéentlyr the genes ehcoding human and mouse IL2 have been molecularly

L ]

cloned (Taniguichi er al., 1983; Kashima et al., 1985), and the cDNbAs expressed . in

cukaryotic cells. . The entire gene has now beerrsequenced (Fujita et al., '1983; Holbrook
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cDNA_encodes biologically active 1L2 which |

a 20 amino acid signal sequence. The longes {mouse cDNA insert encodes a polypeptide -

of 169 amino acids (Kashima er al., 1985)¢ Of particular interest is. the presence of
highly conserved sequences in the 5'-flankif

(Fuse et al.,>1984). Whereag ghe c'odi,n'g.

between the two genes, the % panning about SO0 base pairs "(bp)
' %

shows 85% homology (Fuse ef "’Q" 71984). 1t

\ .
in controlled expression of the IL2 genes in activated T-lymphocytes (Chapter 1C,

% that such sequences are involved

Section 2).

(ii) Colonv-Stimulating Factors

T-cell-dcr_ived glycoproteins are ; ,also required to stimulate the proliferation of the

herrfa,lopoielic cell lineages and modulate some aspects of the functional activity of these:

",

cells. Since these regulatory glycoproteins were first identified by fh_eir abili 0
. 4

stimulate precursor cells tof form colonies of progeny cells, they are refex‘ed as the

colony-stimulating factors (CSFs). The best characterized of these CSFs are those

——

controlling granulbcyte-macrophagc (GM) populations, (GM-CSFs) (Metcalfe, 1985). In

~addition, CSFs are not limited to the regulation of GM differentiation but they are also

able- to cause proliferatioh of a wide range of other. cell types, including erythfoid,
megakaryocytic, eosinophil, maét, stem and multipotential cells. This molecule is fcferred

to as Multi-CSF. Interleukin 3 "(IL3) is included in the Multi-CSF complex, but is of

- T-lymphocyte origin and does not activate erythroid and stem cell populations (Metcalf,

1986). . .

Murine GM-CSF" was purified to homogeneity as a glycoprotein of molecular
weight 23,000 D (Burgess et al., 1977). Based on amino-terminal amino acid sequence

data oligonucieotide probes were used to isoiale c¢DNAs - for GM-CSF (Gough et al.,

-



1984; Gough ef al., 1985). Sequencing of these cmk%a

f&s indicate that the mature
GM-C§F ﬁolypeptide contains 124 amino acids. Mo&%\e genomic GM-CSF exists in
single-copy form, and"'thc gene s iécalizzd on chromosb\mc 11 (Gough e al., 1984).
Clotés of ¢cDNA for human GM-CSF have been isolal%! (Wong ‘et al..‘1985; Lee
et al., 1985). Sequencing of these cDNA clones indicated that the precufsor GM-CSI»?
polypeptide contains 127 amino acids. In the protein coding région there is 70% nucleo-
tide homolog) with the cqulvalcnl region of murine GM-CSF, but there is no species

cross-reactivity between murine and human GM- CSF (Metcalf 1986)

Similarly, Multi-CSF (iLS) has been purified to homogeneity (Ihle er al., 1982).
Estimates of molecular we‘ighl, ranged .from 23,000 1o BQ.OOO D, -possibly due lo_‘a
varying carbohydrate content. élones of ¢cDNA for murine fL3 have been isolated (Fung
et al., 1984; Yokota el ‘:T 1984). The IL3 polypeptide appears to contain 140 ‘émin‘o'
acids. The chromosomal gene for mufine IL3 has been characterized and shown to be
present in a single copy form (Miyatake et aI..r,‘19KBSa) and on the same chromosome as
GM-CSF: Many. T-lymphocytes have the a%;ilit,y to synthesize both GM-CSF and
Mum-c':ss; exposure of such clones to antigens or inducers, such as Con A, can cause

an increase of transcription of both genes, suggesting some type of common induction

process (Kelso et al., 1986).

(iii) Immune Interferon

Interferons are a hetcrogencous family of protcms IFNs a“re induced by viral -
infection or bactenal stimulation and produced by leukocytes and f ibroblasts (IFN-a and
IFN-8, respecuv::ly). Immune interferon, also known as mterfcron-gamma (IFN\-y)
induced by specific anti‘ or mnogens and produwd by stimulated lymph\cytes

. Helper T-lymphocytes ) rmnantly produce IFN- Y (Yrinchieri and Perussia, 1 5).
however upon appxlpnate stimulation NK cells can become potent IFN-y producers
(,Trinchxcn et al., 1984). IFN-y is a glycoprotein with 2 active specics of molecuiar



weights 20,000 ;nd 25,000 jdentified by SDS-PAGE (Yip et al., 1982). The 146 amino

acid sequence of matufe murine IFN-y was derived from the nucleotide sequence of the

cloned ¢cDNA (Gray and Goeddel, 1983). The human genomic DNA sequence q'f’ the

'IFN-y gerie ié situated on chromosome 12. (Trent et al., 1982) and there is evideﬁcc‘f or

only one gene. Thus, the 2 components of different molecular weight are due to

post-transcriptional processing. The availability of homogeneous recombinant ‘IFN-'y has
. ,

1982). &
. >

In addition to its antiviral activity, IFN-y has other biological effects including

enabled much progress to be made in the study of the biology of IFN-y (Gray-er gl.,

inhibition of cell proliferation, and various immunoregulatory actions ;(Friedman and
Vogel, 1983). IFN-y has profound effects on macrophages, stimulating thcir. phagocytic
and tumoricidal activities as well as inducing the increased vexprcssion. of certain cell sur-
face protcix;s. including the class-1 and class-II MHC antigens (Steeg e al., 1982). I
has been found that rg‘urine_ IFN-y treatment results in increases in’ the levels of
mRNA for Class-] and Class-1I MHC genes (Nakamﬁra Qer al., 1984; P;ulnock-l(ing
et al., 1985). In addition, IFN-y acts as a B cell maturating factor and stimulates

cytotoxic T cell responses (Fdrrar et al., 1981).

(iv) B Cell Growth and Differentiation Factors

As inemioned previously, several éntigen-nbnspecif ic, goenetically unrestricted
~ factors derived from T cells have been shown 10 play a role in the regulation of B cell
responses (Howard and Paul, 1§82). Oﬂc such factor, designated B-cell growth factor

(BCGF-1) appears to be required for the proliferation of a subset of B cells a\fter
'- interaction thh antigen or antiimmunoglobﬁlin antibodies. BCGF-1 oﬁ its own activates
resting B cells, and is therefore called B-cell stimulatory factor (BSF-1). BCGF has a
molecular -wcight of 11,000-15,000 D with isoelectric points between pH 6.4 to 8.7
(Howard and Paul, 1982). Recently, cDNA clones have been isolated encoding a murine



LT

T-ce{l product that has mast cell and T-cell growth activities, distinct from §L3 and
IL2, a5 well as B-cel stimulating activities. These include induction of class I antigen
on re;ling B cells., enhancement of IgE and IgGl production and costimulation %[
anu-1gM-activated B cells, These are all properties of BSF-I (Lee e al., 1986; Noma
el d" 1986). The nucleotide sequence from the cDNA predicts that the precursor poly-
peptide consists of 120 amino acids with a mdlecular weight of \ 14,000 (Lec e al..
1986). Lee et al. ( 1986)~ and Noma er al. (1986) have designa}éd this factor encod;d by

«their cDNA clones as “interleukin-4".

A second scries of factors, called B cell diffefentiation (BCDF) or T cell-replac-
ing factors (TRF), is involved in the terminal maturation of proliferating B cells into

immunoglobﬁlin. secreting ;ells. Upon induction with TRF, B cells undergo isotype

switching (Moller [ed.). 1984).

%

{v) Summaryv <

Mitogen- or amigén-initiated lymphocyte activation processes involve a concert of
not only cellular membrane interactions and antigen-presentation events, but also a series '
of amplification signals medi;ted by lymphoki‘nes. Distinct lymphokines either bind to

i
common Larg-et,_/-c'ells and induce identical functional cellular changcs";/ or they bind to,
and activale.dif ferent oei;!s involved_ -__in a cascade of interactions that eventually result in

_activation and promotion of the cytotoxic T-cell and antibody-forming B-cell responses’

(Farrar et al., 1982).

1

Because IL2 produétion is a pivotal event in the cascade /of antigen non-specific
events, the study of this growth factor becomes most impdrtant in the understanding of

the transduction of growth-promoting signals. , /
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B. EFFECTS OF CYCLOSPORIN A (CsA) ON THE IMMUNE SYSTEM

1. Historical Review

' Cyclosporin A (CsA), a remively new xmmunosuppremve drug, was dltcovetcd
by Borel in N970 (Borel, 1982). This compound was extracted from two runnl mains
Cylindrocapon lucidum Booth and mypocladlum ln;[latum Gams. It was found 1o havc
lmlc antifungal acuvu). but had\a low degree of toxicity. This prompwd further
investigation and a pharmacological screening peogram.. lnitgl studies bx Botel dqnon-
strated thzn"CsA had profound immunosuppressive a@livit& (Borel, 1'976a; Borel ?: al.,
1976b). CsA “treatment caused an ihhibitiqn of amibq’dy formation to ~hT-d':pe‘ndem
" antigens, encouraged a prolongation of skin graft survival, and the supprcssidn of
delayed=type hyperscnsiiivity skin reactions (Borel, 1976a; Borel ey al., 1976b; - Borel
et ‘al.. 1977). Additional studies revealed that CsA failed to inhibit the a_‘mibod,\
response t;Hipopolysanharide amigens. suggeésting that the iction of .CsA was limited to
T lymph&yte-demndent responses (Borel et al., 1976b). The role of CsA as a potem
suppressor of organ allograft iej,eélion has been demonstrated in niany instances in a
wide variety of species "(Calne, 1979, White and Calne, 1982). This improved
_transplantation success rate for kidney. hcart liver and bonc marrow ('WT ka et al.,
1979) was due to thc unique propeny of CsA in sparing B ccllsrs*y:oj and

hematopoietic elemenls. .

k"\ “ . 6 . , - .

2. Effects on T-Lymphocyte Responses ' - 4 ‘ AN
i )i .
Initial studies - nevealed several 1mponant facts regardmg the eﬁ'ects of CsA on

A

lymphocytc res‘bonsc&, Fust CsA inhibited. lymphocytc prolil' eration in respome (R

mitogen and alloanugen stimulatjon (White- er al, 1979). Second in the pnmary mixed -

lymphocyte response (MLR). the inductfeh of cytolyuc T- lymphocytcs (CTL) was ml‘h

‘bited by CsA (Hess and Tutschka, 1980; Wang et al., 1981) In conuut me genertuon

.‘/
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of . “ suppressor cells"“:'Was* not affected by CsA (Kupiec-Wegﬁtski et al. 1984;“4‘Hess -el al.,
S\\l) Thxrd CsA had 1o be present at culture mmatton or shortly thereafter m order
"o observe an mhnbttton of mttogen mduced T- cell actrvatton (Hess and Tutschka
- 1980) It was reported that the proltferatrve responses to mitogens in wtro were inhi-

btted by CsA b) blocktng receptor binding sites” for anttgen OKT3 (monoclonal antibody

_to the T-cell receptor). Con A,; PHA, or class-II. MHC anugen (Palacnos- and Moller,

B 081; White el el 1§79' Britton and Palaclos “1982- Chapter 1B, Sccti'on 3). However;

S,recent studtes with cloned helper and cytolytic T-cell lrjnes ‘clarified the cffects of Gi§CSA
: on‘ single cell populattons of T lymphocwtes (Shcxach “1985) CsA has been shown to
m/htbn the prolrferauon of cloned-helper T-cells (Herold et al.o 1986; Orosz et al., 1982) ‘
and cloned cy’tolvtic T cells in one 'Teport (Orosz-et al., 1982) but not in another
(Herold et al 1986) This’ drscrepancy was probably due to the dtfferences in systems.
It has now been accepted that the effect of CsA'is medrated r?fme most part, by us
’ abtlttv 10 block IL2 producuon (Chapter 1B, Sectton 4). Thts has been demonstrated in
b- a vartet\ of systems (Bunges ef al® 1981 Kaufmann et al., 1984 Bmton and Palacios,
1982 Wagner, 1983) Thts may explain the observed mlﬁ:luon of the generation of

§
CTL b) mdtrect suppressron of helper T-cell functron in mixed lymphocyte populauons

. Sttmulatton of T lymphocyte growth by IL2 or’PMA on. the other hand, is not

¥
sensitive to CsA (Bunges et al., 1981; Orosz et ‘al. 1982; Shevach 1985) No direct
effect of CsA on JLZ receptor expression was demonstrated using a monoclonal antibody

to the IL2 receptor (MtiyaWaki ‘et ‘al, 1983).

L &R . . ' N

3. Cellular Site of CsA Action

- The >exac,t“ cellular site at which CsA disr-tﬁ)ts lymphokine production rémains
’ S R _ ' : v
' uncertain While it was initially suggested tha!‘.p&asma membrane receptors for CsA on
mouse and human lymphocytes were present (Ryffel et aI 1980; Ryffel et al., 1982)

LeGrue el al. (1983) showed that gsA does not bmd 10 specrftc drug sites but, because
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it s hxghl) h§droph‘bblc it parmpns readll) into hpnd bnlayers Alte‘rnativrly.‘ir was
su gesmed that CsA mlerferes with the bmdmg -of the OKT3 and mitogen receplors
A(ghand Moler, 1981) }@wever it was found b) Colombam et al (19853) that
t_hére \was no mh of OKT3 monoclonal anhbody pretreatment on dansylated-CsA
binding Furthermore thegﬁsdansvlaled-CsA was ‘found to accumulate in both the mem-

¥

branes and cytoplasm, but not in the nuclei of cloned T- cells (Colombani et al.,

(l’:

1985a) An uncharacterized 15 kD cytoplasmic proterf that binds to CsA, called
cyclophilin, ~ was xsolated from 2 murine thymic lymphoma (BWS5147), and was also
found in a variety of murine tissues, as =i s in the calf thymus (Metker and
'HandschUmacher, 1984;. Handschumacher et‘,a.» 9% It is difficull to postulate-a rela-
. tionship between Pyclophilin and the mechanism of action of CsA, since cells found 1o
be resistant to growth innibition by C§A contnined“ the similar prrnein'. However, it is .‘
possible that the sensitivity to CsA: 'r'na\?y relate "to the rate of producllion or turnover of

-

the binding component. ﬁ o ’ o

Cyclophilin has been punf:ed to homogeneuy from bovine- thymocytes. It binds
" CsA with a dlssocrauon constant of 2 x 100" M~ (240 ng ml- ‘) 1s sulfhydry! dependent,
unstable' at 56°C ¢ at pH 4 or 9 5 and sensitive 1o t.rypsm digestion. The first 46
out of 117 rcsxdnes have been identified a,nd _were found to have no sequence homology_ B
to any other‘ proteins in the Natronal 'Biomedical Reséarch Foundation data . base
\(Han'dschumacher"el al., 1984). Recently, it has been vobserved that’ purified cyclophilin
has inrmunbidgic ‘cros$&cdvity with czrlrnndulin. as determined in a calmodulin
radinimmunoassay involving a high-affinity”. polyclonal antis.erurn (Colombani et al.,
198§b). 1t has also b"een shown tha} dansylatedesA ‘binds to calmodulin, and vice versa.
In’ addition, calmodulin- inhibitors R24571 and W-7 competitively inhibit the binding of
* CsA to cloned T lymphocytes (Colombani' et al., 1985b). It is imprmani to nt{);c lnat

cyclophilin may be a structural analog to calmodulin or may co-phrify with it, which

9

could account for the ‘cross-reactivity in the’calmodulin radioimmunoassay.
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Calmodulin 1s a hbiquitous calcium binding broteiﬁ that plays an important role
in regulating calcium-dependent tcell-f‘ux‘lctiohsv (Means and Dedman, 1980). vlr;‘w'tro
models of T-cell act‘ivatio,n have demonstrated that proliféiation in Tesponse td.mitogehs
(PHA or Con A).“.th‘e \Ol&T3 rﬁonocloxial amibody,‘ or- the calcium ionophore' A23187,
results in an increase in intracellular free calcium ([Ca®};) (Chapter 1A, Se_étion 2a°:). In
contrast, phorbol esters ﬂavé no effect on ‘[Ca"]i in a cloned human T. cell line
(Eé?fé‘e_n"e‘l al., 1985) c;r‘in non-transformed T lymphocytes (Tsien et al, 1982). CsA
has been shown to inhibit the proliferative response of human lymphocytes induced by -
‘Con A and A23187 (Kay'.el al., 1983a,b), but to have no effect; on the responses of
“human T 'lymphocyles 10 stiﬁulalipn by PMA (S‘n.gawa;.;a and Ishizaka, 1983; Shevach,
1985) The conclusion that CsA affects T cell acuvauon_by affectmg [Ca™}; or phorbol
' ester- -mediated snmulauon of protem kinase C actmty ;has - been dlsproved CsA was
" observed not - to affecl the mcrease in - mtracelllﬂar \calcmm secondar) to mitogen
stimulation of T lymphotytes (Melcalfe 1984 Wnskocxl et al., 1985) nor to block the |
activation signalling regulalea by PMA. mdmbd activation -of protein kmase C (deelus

and Laughter. 1986 Manger el al 1986) The obs;:rvauons that calmodulin inhibitofs,

vmﬂuoroperazme (TFP) or W-7 mhxbned both ‘human and murine T lymphocyte prolif -

eration in response ‘1o alloanugen or mitogen in a dose-dependem manner (Cheung
et al., 1984, LeG;ue aﬁd Munn, ,1986); and that W-7 inhibited IL2 mRNA producu'on
in TPA plus AZ3187 Qnimulaer‘human wonsillat lymphocytes (Yamam?,Lc; et al., 1985),
are fortuitous with respect to CsA being a calmbdulin_-specific amagoni.sts. 'fhe fact tﬁal
CsA and _calmodulin inhibitors both- block the ‘induction' of IL2 'r'nRNA. is not sufficient

evidence to assumg that CsA's action s mediateclj via calmodulin. Finally, only -o'ne' "
calmodulin-dependent éhzyme'activity (in vitro\bréin phosphbdiesterase) was shown to be
inhibited. by CsA (Colombani et al., ’1985b) from ’é number -of -fundamemal- cellular‘

!

activities regulated by calmodulin. -

’
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4. Effects on Lymphokine Gene Expression ~

\ Recent investigations using ¢cDNA probes for lymphokines have indicated that, in
both tumor and normal cells, the inhibition‘ of lymphokines by:. CsA occurs al z
preiranslalionai level, CsA,was_:shown to inhibit IL2 mRNA prodxictidn in PMA plus_
mitogen-sliinulaled Jurkat celis (a hur;iain leukemic T'cel,l‘ line) (‘Ellion el al., '1984;
Kroiike el al., 1984; Wiskocil ‘et al., 1'985); Similarly, CsA wds shown to inhibit 1L2
ﬁiRNA synthesis in: PMA sLimuléled- EL4 ‘cells (;\)nurfne lymﬁhoma‘ T cell line)
' (Granelli-Piperno _er &1., 1984). In addition to IL2, gsA has -also beeii' $hown” to ir?hibit
IFN-y produci’ii)n Min thymocyvtes and T 'lym»ngﬁies”(Recm et al., 1583) and production
of IFN-y mRNA in Jurkat cells (Wiskocil et al., 1985). In norrhal T cells, CsA was
~also shown to liphibil lthe symhcsié of IL2 and IFN:y mRNAs (Granelli-Piperno el al., :
1986). In cloncd~help§r zind cytolytic T cell lines, CsA was shown to inhibit the syn-

thesis of IL2, IL3, and yIFN mRNAs (Herold ef al., 1986).

It is also likeiy that CsA affects ;the" generation of oilhei soiublc imriiunolbgiczilly
active factors e.g... rriacrophage inhibitory factor (MIE) (Thorrihson el al., 1983) and
IL1 (Bungeéi et al.,, 1981). However, CsA does not affecl the synthesis of lymphokines
in all instanceé, since cell Ime@smuuvely producing IL2 (the pr:male MLA 144). or
IL3 (WEHI 3) are not-affected by the presence of CsA (Bouwer and ‘Hinreds, 1983).

Furthermore, three % of evidence suggest that CsA does not affect the cxpressnon of
‘t.he IL2 4rcceptor. ,(1) responsiveness ‘to IL2 of cloned helper an_d cytolytic T cells was
‘not‘ 'affecled by CsA (He;old et- al., 1986); (ii) anti-Tac binding to,Jurkal is not inhi-
bitéd by{ CsA (Krdnke er al., 1984) aiid (iii) CsA does not inhibit IL2 receptor mRNA
inmlated I"B(L (Shaw et al., submitted). .In addition, CsA 'doe's not inhibit the
expression of another inducible gene, HT-3, in indiiced Jurkat cells (Kronke iel al.,
1984) suggestixig that CsA exeits a selective inhibition on induced genes in T lympho-’

[y €

cytes.



The biochemical mechanism by which CsA mediates its agtion is still unclear.
However, the observation thal the effect of CsA may in fact reside at the level of IL2
gene transcrrpuon opens up the POSSlbllll) of further studnes on lymphokme:{' gene
expressnon. ‘

C. REGULATION OF EUKARYOTIC GENE EXPRESSION
fa“‘}« 4 .
. S
1. General Principles
1 .
‘In general, eukaryotic gene regulation can occur at each step that is required for

.

mRNA formation (transcription) and protein synthesis (translation). The ‘varieiy of g‘tne
contro! sites include (i) RNA Lran;criplion, (i) RNA pro?essing and transpon‘ arnd-
(iii) mRNA stability and accessibility to ribosomes (Darnell, 1982). The following dis-
c‘u'ssion‘ will concentrate on the levels of con‘t‘rol of _ mRNA concentration, ‘and not the

. . ' s . v .
biochemical mechanisms underlying the controls. &

(i) mRNA Transcrimion. " mRNA trariscrip}ion is initiated when RNA' polym-
~erase I recqgnizes a conserved 8-10. nucleotide region ("i‘A'TA' box) located 25-30
nucleotides ufstream from the RNA starl'site.. 'I:;i-s regulatory region is important for
establishing the variation of transcription rates. Recemly..‘factors ,have been described
Lhat contro] the decrsron of RNA polymerase Il to initiate lranscnpuon from the
promoter region. Such 'trans-acting’ proteins have been identified for a number of
- systems 1acluding SV40_transcription (Dynan and Tjian, 1983) immur_roglobulin transcrip-
“tion (Singh el al., 1986) and adenovirus transcription (KoVesdi et al., 1?86). To mea-
sure tranécriptional activity in vitro assays must be used in which nuclei are isolated and
previously initiated érowing RNA chains are elongated in the presence of radioactive
Enucleosnde mphosphates It is then possible, with cDNA clones as probes to measure

dxfferemral transcnpuon rates of specxf ic genes. Eukaryouc\ gene expression is frequeml)

controlled at the transcriptional level.
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(li) RNA -Processing. T_lle"‘ sequence of even;s_thal convert a _primary RNA
transcript to a mature mRNA are colleclively‘ known as 'RN;\ "Inrccessing'- Soon after
initiation of an RNA chain, a m’Gpp residue (cap) is added to"the flrst nucleoude At
the 3' end of the transcrlpl a poly(A) segmem is added post- transcnpuonall\ to
helerogeneous nuclear RNA (hnRNA). At least part of the signal l'or poly(A) addmonv
is provrded by the AAUAAA sequence found '10-25 nucleoudes upstream l'rom the
poly(A) addition sne The poly(A) segment is complexed wuh specxfrc protems and this
.nbonucle()protem complex is requlred for efficient transport of lhe message from thc
nucleus to the cytoplasm. The “final processmg steps whlch also occur in- the nucleus o
.requlre removal of non- codmg mtervenmg sequences b) a mcchamsm 1ermed sphemg

The' function of th‘e 5'-cap is to"nrotec't. the mRNA from degradarion(a_s well"asl
to act as a recognition signal for ribosomes and' thus promote el‘l‘icien‘l’translalion The
poly(A) segmem is not requxred for translation, bul is requn‘ed to protecl the mRNA
from cytoplasmlc degradauon The control of mRNA proccssmg can be achleved enther
throuw differential selection of poly(A) addmon snes (e.g., heavy chams of the
lmmun_oglobulms :lRogers el .al., 1980]) or vanauons in the sphcmg pauerns (e.g..

-

adenovirus nuclear RNA [Shaw and Ziff, 1980]).

(iii) RNA Stability'. Afterv rhe rnRNA llas. reached the cytoplasm, Arth‘e_, fates ol -
mRNA molecules differ. Evidence exists for a wide range of " half lives fo; different
specific. mRNAs in the same cells. For example, adenovirus-2 mRNAs in at cells turn
over more rapidly (35_.and 100 min) than the bulk: of poly(A‘)-'coniaining mRNAs (4 to.
. § hr) (Wilson 53? al., 1978). In addition, different half lives for the same {mRNAs m
the same cell under Hifferem \circumstances havef'been;ﬁobserved.. During erylnroblast dlf
ferentiation in mammals, the developing'eell makes many different mRNAs includin; v |
globin' mRNA. Globin mRNA constitutes about-10% of the populatiqn aj)d has a half
life ‘of 17 hr. During the final ‘il divisions the cell becomes a highly specialized

.
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retlculocyte in Whlch 90% of the cellular messages are globin mRNA wnth the same
half - llfe of 17 hr. This can be accounted for only by the specific destrucuon of all

other long lived mRNA, components (Bastos et al., 19%7). -

There are examples of hormone-dependent changes in half lives of specific

mRNAs. When mammary gland organ cultures are stimulated with prolactm there is an

i

) accumulauon of casein mRNA Thrs accumulation is associated with a 17- 25 fold

increase in the mRNA half- hfe but only a 2-3 fold increase in its transcnpuonal rate
"~ (Guyette et al., 1979). A’ second reported instance of mRNA stabilization occurs with
oestrogen treated roosters. The half-life of vitellogenin and VLDL mRNAs durilg the
first week of :oestrogen treatment is >24 hr However upon oestrogen w1thdrawal the
vrtellogenm and' VLDL mRNAs are destabrlrzed 10 2 half- life of 3 hr (Wrskocrl el al.,
1980). Thus the effective cytoplasmic concentration of a SpClelC mRNA can be deter-

mined by several factors including the rate of gene transcription, the"efficiency of pro-

cessing of the primary transcript and the stahility of the mature mRNA.
2. Regulation of Lymphokine Gene Expression

When helper T-cells are activated hy lectin and antigen, various lymphokines'are
* induced at high levels (Chapter 1B, Section 2). Therefore, many lymphokme genes may
contam specific sequence(s) requlred for this mducrble expression. A companson study
usmg the 5'-flapking region -sequences of IL2, IL3 JIFN-y and GM,:CSF revealed no
srgmficant consensus sequences shared by all lyrnphokme genes: but drd indicate the pres-
‘ence of several homologies (Miyatake -et al., 1985b). A GC nch region, precedmg the
TATA box, was found in mouse IL3, mouse and human IL2 _and mouse G_M-CSE but
not ,‘.“ the human IFNy gene. However, there are sequence homologies_between mouse
IL3 and mouse GM-CSF, and between mouse GM-CSF and human IFN-y (Miyatake
"b'"el al., 1985b). In another study, a: consensus sequenoe. 5'-GPuGPuTI'l’yCA Py-3', was
found in the 5'-flanking regions of murine GM-CSF, Multi-CSF, and IL2. This

r" ? ’
L
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sequence lS also present in the human IFN-y gene albeit in the reverse orientation

(Stanley e al., 1985). ThlS consensus sequence may play a role in the coordinated
induction of these genes. / |

1

Coordinate induction has " been demonstrated for IL2 and> IFN-y in PHA and

PMA "stimulated vlurkat cells (Wiskocil et al., 1985). Although it has been demonstrated

that IL2 can enhance IFN-y productton (Farrar e al., 1981-‘ 'Torres el al‘ 1982;.

| Kasahara et al.. 1983) and IL2 R expression (Depper el al 1985 Malek and Ashwell,

1985) in cultres of normal T cells. it has -also beqn shown that this probably occurs

. only ln sul)optimally stimulated"l".-cells (Kronke et al., ;985)‘. In fact, nuclear transcrip-
tion assays in human T-cells .stimulated with PHA and PMA revealed that IFN-y and

IL2 R gene transcription occurred _befo}e that of IL2 (Kronke et al., 1985).

» Most'rnouse and human lyn'tphokine genes such as IL2 (Fujitaet al., 1983),
) IFN-y (Gray and Goeddel, 1983) and GM CSF (Stanle) et al., 1985; Miyatake el al.,
1985b) are composed of 4 exons and 3 introns, except lL3 (Miyatake et al.; 1985a)
which consists of 4 exons and 5 introns. Gene aetivation _in eukaryotic cells requires
‘that, the configuration of the DNA be "exposed” to allow for RNA polymerase and/or
regulatory molecules to bind and initiate the synthesis of new RNA chains. Such regions

would be preferentially digested with DNase. In accord with this view, a parttcular

DNase hypersensrtrve site at the 5 -side of the IFN -y gene has been found m the

chromatm of activated T cells but not in mactrvated T-celle Ha:-tv o1 al., 1985). This

result suggests that srgnals required for IFN-y gene activa‘iu,.  anw1.v7ion) exert their

effect at least in part “at the S' -t'lankmg regions of the groue

Acttvatton of the IL2 gene has been demonstrated by meam: - oocyte-translation

systems (Eliott et al., 1984 Granellr Ptperno et al 1984), . Northem blotting {Elliott

et 41 1984- Wiskocil et-’ aI 1985) and nuclear transcnptton assays (Krdnke et al,

19855 A kinetic analysrs has shown that* the appearance of IL2 and IFN -y mRNAs in
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induced Jurkat cells was transient, such that IL2 and IFN-y mRNAs reached maximum
levels at 4 10 6 hours after indudion vand were barely detec_table by 12 hr (Clarke
el al., 1984: Kronke et al.,.1984; Wiskocil et al., 1985). Similar, though slower, kinetics
of IL2 mRNA in PHA-activated human tonsillar lymphocytes have been reported (Efrat
et al., 1982; Efrat et al., 1984). The progressive decline in the IL2 mRNA could be tt;e

)

result of shut-off of active IL2 mRNA synthesis and/or the inactivation.or breakdown

3
of the mRNA. Wrat and Kaempfer (1984) have shown that treatment of induced
T-cells with cycloheximide. an inhibitor of protein synthesis, resulted in a retardation of
the down regula'tion of IL2 mRNA with thg,;g\?n'comilam increase ('superinduction') in
mRNA accumulation. This suggests that the &"ex’iiressiqn of the IL2 gene might be under
the cgmrol’of a repressor protein. This negative control 'clerhem could act as a
repressor of trenscription or as a factor ;cc‘elerating IL2 mRANA. degradation. It has
been reported that the transcription rate of the IL2-gene in superinduced cells does not
exceed that observed in normally induced cells. (Kronke et al., 1985, Efrat and
Kaempfer, 1985). In a series of "run-on” experiments, Kmnkve et al. (1984) noted that
nuclear transcription 6( IL2 continues for at least 15 hr following stimulation of Jurkat
at a time when mRNA levels -are decreasing.. This resultT and the fact that thé
superinduction phenomenon appears to be in part a result of mRNA stabilization
suggests that non-transcriptional regulatory mechaniéms are involved in the rapid fall of
‘II.,2.~ and presumably IFN-v, vtrahscripts following activation. -Such non-transcriptional
regulatory mechanisms could <include degradation of thé transcribgd RNA (Chapter 1C,

Section 1). Further understanding of the mechanisms that result in the turning on and

off of the IL2 genés will be important for understanding lymphokine gene regulation.

[ 4
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» D. THESIS OBJECTIVE
' .
The objective of this study, was to investigate tholecular mechanisms important in
the process of Ilymphokine gene regulation and therefore in overall immune
rcsponsiven;:‘és. The‘ experimental system used was the induction of lymphokines by PMA
in murine and guman T-lymphocyte u;mor cells. These ceils are induced 10 synthesize
and sec.rete lymphokines by the same signéls as normal T-lymphocytes. Since the
immunosuppressive agent CsA is/known to suppress lymphokine production at lh; tran}-h'

criptional level (Elliow et al., 1984), but not to affect the general symhesi; of celiular

genes {Paetkau er al., 1985), it was used as a modulator of lymphokine production.

To achieve the overall objéctive. it was first necessary to assess the ability of Cs |
to inhibit lymphokin® mRNA production (ie.. IL2 and GM-CSF) in a variety of cell
types. For fhis, a rapid method had to be devised or adopted to isolate and quantitate
lymphokine mRNAs. The study of IL2 gene regulation, using CsA as a tool to specif-
ically perturb the gene expression of lymphokines, constituted the main objective of this

research.



CHAPTER 11
MATERIAL AND METHODS

q "A. QELL CULTURE

1

1. Cell Culture Medium

‘ﬂ:e cell culture medium consists of RPMI 1640 (Gibco Laboratorigé. Grandl
Island, NY) with the addition of 20 mM. sodium bicarbonate, 0.34 mM sodium
pyruvate, _6:027 M HEPES (N-2-hydroxyethylpiperézine-N'-2-ethansulfonic acid) (Sigma,
St. Louis, Mo,) ,'adj‘uswd to pH 7.3, and supplemented with 100 1.U.. ml* peni;:illin G
potassium (10 ‘;310" lU 1!, Averst Hospila‘l Pharm;cy. Montreal, Quebec) and 190 u%

ml'! streptomycin sulfate (Gibco). This medium is referred to as f{H.

#“*RH with-10* M B-mercaptoethanol (Baker) is referred to as RHM. RHM with

10% (v/v) heat inactivated fetal calf serum is referred to as RHFM.

- Cells grown in RHFM were incubated under 5% CO, in air at 37C and “under |

100% humidity.

All cell culture work was performed with either COSTAR tissue culture plates
(Belco Glass Inc., Vineland, N.J.) or Nunc and Corning tissue culture plates, flasks

and centrifuge tubes (Gibco Laboratories, Grand Island, N.Y.) ~

2. Cell Lines

EL4.E] is a subclone of the n{uriqe T-cell lymphoma described by Farrar et al.
’(1980) which produces high levels of ‘IL2 when stimulated with phorbol diesters. The
subclone JEH.3B of the human T-cell leukemia line (Jurkat) was described by Gillis
and Watson (1980) which also generates IL2 upon stimulation with phorbol dies%ér plus
mitogen. .

21



EL4 and Jurkat cell variants were grown in RHFM to a maximum density of
2 x 10¢ cells ‘m‘l". Cell density was deterrhined by scoring on a hemacytometer after
staining dead cells with 0.7% eosin. Fresh cultures were seeded at a density ‘.of 2 x 10
cells ml?. High producers of IL2 from the EL4.El or Jurkat.‘ 3B cell lines were frozen
at a cell density of 1 x 10* cells ml"' in RHFM containing 10% dimeihylsulfoxidc
(DMSQO) (Fisher Scientific, N.J.) and420%~FCS, (Gibcolfet‘al calf ' serum) in a, 2 ml
pro-vial (Cooke Laboratories, Alcxandria. Virginia) and stored liquid nitrogen.

Frozen stocks were periodically thawed at 37°C, diluted in 5 mis RHFM, centri-.

~

fugéd at 250 x g for 5 minutes and resuspénded at a density of 5 x 10* cells mi .

: ©
3. Isolation ef Peripheral Blood Lymphocytes

- O
Peripheral blood mononuctéar cells were isolated either from the concentrated

buffy coats (the white blood cell layer when fresh heparinized bloc;d is sedimented at
400 x g) of normal human donors or frrom'“fresh blood collected in 17 x 10 mm
heparinized vacutainer tubes (Becton, Diékinson & Co., Mississauga, Omari‘o) from a
healthy human}ndonors. by means of sedimentation on .ficoll-Paque (Pharmacia Inc.,
N.J.). T-heml;lood was carefully oveﬂéid on Ficoll" and centrifuged at 1000 x g for
20 min. The interface was collected and the cells‘ pelleted at 250 x g for 10 min. The
cells were washed three times in RHFM and resuspendéd to a final cchgntration of 10

cells ml"* in RHFM., v o ‘x
4. Reagents

Samples of .cyclosporih A (CsA), cyclosporiﬁ C (CsC) and cyclosﬁorin D
(CsD), kindly donated by Dr. *P.Q Pasutto (Department of Pharmacy, University of
Albéna) were dissolved in DMSO at a concentration of 1 mg ml' and diluted to the
desired concentrations ‘in the culture medium. Cyclosporin samples were stor;ad, frozen at =~

-20°C.
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, . .
Four different analogues of cyclosporin A synthesized in the hboratory of

Dr. J. Vederas (Department of Chemistry, University of Albé;u). were received from

him as-a gift. These analogues were dissolved ir DMSO and Lilcn di!uted to a wo}kiig’_\

stock of 100 mg ml"' in RH. Serial threefold dilutions were made from. the stock and

stored at -20°C.

Phorbol 12 mynstate 13-acetate (PMA) (Sigma Chemical Co St. Louis, Mo.)
was dissolved in elhanol (1 mg ml?) and diluted with Jmedxa toa s ug ml! stock.
-Concanavalin A (Con A) (Sigma) was made up in RH at a’ concentration of 2 mg
ml' and fi/ltcr-stcril.izcd. Cycloheximide (Sigma Chemical Co.) was -made up in
phosphate-buffercd'sa"l'ine (PB'S‘)’ al a concentration of 2 mg ml'. All these feagems
were stored at -20°C. )

Dexamethasone (K-line Pharmace‘uticals. Downview, Ontarib) and melphalan

(Sigma) we}e both diluted in media to a concentration of 500 xg ml} and stored at

#C.
S.  Stimulation of Cells to Produce Lymphokines

-ln order to induce IL2 §ynthesis, EL4.El cells at a concentration of 10* ml-® in
a Costar 6-well plate (5 ml tq}ﬁl) were stimulated with/lfg ng mi" PMA. Supernatants
were - harvested by mnuifugaﬁdn (250 x g for S xhih) after 24 hours when optimal
levels of IL2 activily were obtained. For maximal IL2 niRNA production, cells. were
harvested 12 to l»6v hours after) stimulgtion (Bleackley et al., 1981)7 To induce the
optimal synthesis and secretion of lymphokings from the Jt;rkat cell line, it was neces-
sary to use both PMA (15 ng ml?) and the mitogen Con A (30 ug ml?). Human
peripheral blood lymphocytes (PBL) were stimulated in the same way as Jurkat cells.- In
the case of Jurkat cells maximal. IL2 mRNA synthesis occurred 4 to 6 hours after
* stimulation, whereas with PBL, IL2 mRNA was detectable after 12 hours (observed



resulis).’

‘e

In order to obtain a complete inhibition of lymphokine mRNA production,

LS .
100 ng ml' of CsA were routinely used for all the cell lines’ s?t\died This had no
effect on cell v:abllm throughout the incubation period (observed results, Elliowt ef a/.,

1984; )(rOnke et al., 1984)

‘ Blologieal Assay for 1L2 Activity 4

o
The standard assay cell MTL2.8.2 is an IL2-dependent subclone of 3 murine

cytotoxic T cell line (CT L)'described bkaIeackley er al. (1982). This assay mce‘sured
the ability of metabolically active MTL2.8.2 cells to reduce the tetrazolium dye -
3-(4,5- dxmethylthnazolyl 2)-2.5- dxphenyl telrazohum bromide (MTI‘) to a blue formazor"

product, as described by Mosmann (1983). '

L4 ) ) . [ 3 v C .
Triplicate, independedl serial ~ dilutions  (usually threcfold) of cell-frec
supernatants to be a;sayed were prepafed in 96-well, ﬂa&-bqnom'ed microtiter plaies
| (Nunc, Roskilde: Denmark) in a 50 ul ‘volume of RHFM.S;’M'fLZ_.S.Z cells, (5 x 10 in ,
100 ul RHFM) were added 1o each well, and the cultures mcubaled for 48 hours Four
1o six houys before measuremem 10 ul of a 5 mg ml*! ac‘ueous solution of the MTT
dye was added. At the time of harvest 30 ul of 10% N lauroylsarcosme (Sa-rkosyl)'
(‘Sig.ma) was added end the trays ‘were-l addmonelly incubated for 30 ml’{lnal 3ITCin
order t’of‘ sblubilize the proteins ""‘To edlubﬂiie the dye. and bleaeh the ‘phenol red color‘

of the cultures 100 ul of 0.04N HCl in 2-propagol were added -and the samples ~were

mixed v:gorously with a multipipettor. The mxcroutcr plates were then directly analyzed '

in a Dynatech MR600 ELlSA plate reader by usmg 570 and 630 nm as test and refer-

‘ence wavelengths.-respecuvely. The activity of IL2 was expressed as a percemage of an

internal positive control.



;o ‘ I | | i (:} | . . | 25
] . '-I . ) | ['z\ ‘
./ B. 'ISOLATION AND CHARACTERIZATION OF RNA

1. Dot Blot Analysis. of Cellular Cytoplasmic RNA

Ll
-

*

Relative levels of cellular cytoplasmic mRNA were ‘determifted by the cytoplasmic
dot hybrtdwauon method described by White and Bancroft (1982). Cells (2- 5 X 10")

were pelleted b\ centrtfugauon (250 x g, 5 min) resuspended in 1.0 ml of PBS and

‘”repelleted by centrtfugatton in a sterile- 1.5 ml tube (15, 000 X g. 15 sec) in an
Eppendorl”quel 5412 Centrtfuge (Brmkman) After resuspensron in. 45 ul of ice-cold
110 mM Tris (pH 7.0), 1 mM dlsodrum ethylene tetraaceuc acid (EDTA.QW(referred to as
TE) cells were lvsed by addmon of two 5 ul aquuots{ of 5% Nomdel P-40 (NP 40)

q

i(Stgma Chemrcal Co.) wrth 5 min of mixing on rce between the addmons Followmg

“the pelletmg of nuclei, (15. OOO X g,-2 min), 50 ul of the supematam were transferred
10 a sterile 1.5 ml tube contammg 30 ul of ZOX SSC (0.15M NaCl, 0.015M trtsodtum,
crtrate) (SSC) plus 20 ul of 37 '(w/w) formaldehyde (J Baker,v Chemical Co.,

Phxlltpsburg N.J.). The mixture was then - mcubated at 60°C for 15 min and stored at -

' -70C..‘ r
' | S

.For. analysis, 5-20 ul aquuots of each sample (approximately 2.0 x 106 cell
‘ equrvalents) were senally dlluted (usually two fold) -with 15X SSC in a 96 well -
"‘mtcro!tttre plate 10 ~yteld a final volume of_; 150\;1.1\. All 150 ul of each ,dilution were
applied with sucti'on to ' a 4 mm diameter» spot .on%&a* nl‘t‘rocellulose sheet ' (BA45,
0.45 M) supported on No 470 paper emplo"?mg a. 96- hole Mmrfold apparatus
(Schlercher and Schuell) The. mtrocellulose sheet - was then. baked (80C 2 hours) in"

vacuo to fix cytoplasmic macromolecul‘ and stored in & dry place until ready 10

’ prehybndtze.

C -
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2. Northern Analysis of Cellular mRN A

v

_1soiarion of cellular’ cytoplasmic mRNA for Northern analysis was similar 1o that

1

“described above, with the following modifications. After cells were washedAn PBS and

centrifuged as described, the pellets were reshspended in 90 ul of ice<€old TE, and lysed

between the addmons Followmg pelletmg of nucle1 as desc

by the addmon of two 10 ul altquots of 5% NP- 40 “with 5 mjs incubation_"»on ice
‘. 100- of the

supernatam were transferred 10 a stcrile 1.5 mi tube comammg 300 ul TE, 20 4l 10

(w/v) sogrum dodecyl sulfate (SDS) (Biorad Laboratories). and 10 ul of 2 mg ml x
proteinase K (Bethesda Research Laboratories). The mixture was digested at 37C for
15 'min, _tltc RNA precipitated al ;20‘C Vovernight.by the addition of sodium acetate
- (pH 5.2) to a final cortcentration of 0.3M and 2.2 volumes of 95% ethanol. Total RNA
was recovered from the ethanol by centrifugation af 15,000 x g for 15 mir: aty 4C. Thc“

pell% was dried and dissolved in 20-30 ul stertle 25 mM EDTA, 0 1% SDS, and the

concentrauon of RNA determmed by fluorimetry (Morgan el a[ 1979). . /)

\

Gels for Northern a

lysis of mRNA consisted of 0.8% agarose_(BioRad) in
buffer containing 20 mM 3-[ -morpholino] propane sulfonic acid, .pH 7.0 (MOP&
~ (Sigma), 5 m.M'SOdium acetat', 1 mM EDTA 1% formaldehyde and 15 ug ml1 ethid- .
- ium bromide. R> - samptes -20 ‘ug) were denatured by mcubatmg at. 55C for '15
mir_nrtes in 20 ul of the same buffer éwlining 6.5% formaldehyde and 50% deionized
ft’)rmamide (Fluka, Germany), before being cdoled to 4'C‘and loaded .on.to the gel. Gels .
were electrophoresed for about 10 hr at 30 volts, soaked in 20X SSC.for 0.5 hr, and
transferred to BA8S nitrocellulose fxlters (Schletcher%nd Schuell) wmch had been soaked
for 1 hr in 15X SSC Nitrocellulose filters were then ba.ked in an 80’ vacuum oven for

2 hr,.g;,and stored in a dry place untrl ready to prehybridize. -
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3 lsolnlion of bo_ly( A) _RNA by ‘Messenger ‘Affinity Paper .

A
v[‘, .
Poly(A) RNA was separaled from 1olal cytoplasmxc RNA accordmg to the pro-

cedure of Wreschner and Herzberg (1984) A dxazomum -activated paper is chemically

coupled wnh poly(U) gwmg T ‘a very high afﬁmty “for poly(A) sequences. The.

poly(A)- conlammg messenger RNA afl"lmty paper (mAP) was obtained from Amersham

(Oakville, Omano) and the protocol recommended by the manufacturers was followed

’ Briefly, mAP was .cut into 1 cm’ pieces wnh,stenle‘scxsso‘rs and wetted in 2X SSPE

(0.15M NaCl, :0.01~M ‘monosodium p'ho'Sphat‘e:»l mM EDTA). Aliquots -of ‘1_0 pl of an

, 'R\NA solution ‘were placed- on the mAP pieces that were placcd‘ on several layers of

Whatman 3 mm filter paper. This was followed <by washings of the "mAP pieces
separately in’ 5 mls of 0.5M NaCl (three times, 10 min each) in a Costar 6-well dish,

_and finall\' in 5. mls of 70% (v/v) ethanol for 2 min. 'The air-dried mAP pieces were

then 1ransferred into 1 ml of distilled waler in a sterlle 15 ml Falcon tube for 5 min

discarded.

at 70°C, lhlS released the poly(A)- RNA. The mAP was removed afig

Poly(A)- RNA was plrecxpnatled with 1/10 vol "of 3M. sodium acetate and 3

ethanol (-20°C). ST

/

4.  Probes

' Oligonucleotide pfobes“were synthesized by P. Barr (Chiron, Emeryville CA.) on’
o

Aan Apphed Wmems nucleoude synthesxzer They were based on '’ published sequences

’

for human (Tamguchx Pt al., 1983) and mouse (Fuse et al., 1984) IL2 and munne

' GM CSF (Gough et al., 1983) Cloned - cDNA probes for mouse IL2, GM-CSF and .

human ggLZ were 1solated from cDNA llbranes (in Agt 10) from PMA sumulated

EL4 El cells or PMA and Con A- sumulated Jurkat cells respectively by John Elhott in

. Dr. V. Paig,;kau s laboralor) (University of Alberta) ’I’he scregning probes for murine

and human IL2 were the human IL2 34, which cross- reacts with murine IL2 ,by virtue

of 25 out of 28 identities at theg;& wend of ‘the probe, as well ‘as murine and human



specific oligonucleotide probes described in detail in Shaw er al. (Shaw el al., 1986,
submitied). Murine. GM-CSF ¢DNA clones were identified using the mixture of 3
oligonucleotides mouse GM-30.1, -.2, and -.3 The characteristics of "‘the oligéhucleoﬁdc

. and cDNA pfobes are *shown ianable 1 (Laken"from‘ Shaw et al., 1986).

S.  Labeling of Probes and .Hybridization

1

Symhelic oligonucleotide probes (usually 100 ng) were 5'-end !ébele?:l wv'il.h
[y-.I”‘P]-ATP (New Ehgland Nuclear, 2900 Ci nmol*) using 300-400 units mi* T4 poly- .

. nucleotide kinase (Phairmacia. ‘Dorval, Qlﬁbéc) in buffer containing 0.1M Tris.CI\
(pH 7.6), 0.2M MgCl,, 10 mM dithiothreitol, 0.2 m’M spermidinc .(37'C, 30 min) to a
final specific activity of 3-6 x 10' cpm’ ug'. The cDNA i‘x;;obes were riﬂick translated in
the presence o[“[a-}’P]-dCTP (New Ehgland Nuclear, I?»OOO Ci mmol'') using a kit.from
Bethesda Research .Labdrélorieé (BRL., Gaithesburg, Mary.land).' toaf inél specific activ-

ity of 0.8:4 x 10' cpm ug. '

w e
Y

Filters were "ﬁéhybridized for 6-18 hr at 42°C in a solution comair{i‘ng either
o 20% (v/v) (for‘oligﬁnuél'eotidev probés) or Sb% (v/v) (for full length EDNA probes)
1formam’ide. 50 mM ’sodiu,«m phosphate, _pHv 6.8, 2 mM ;odium pyrophosphate, 100 M .
'ATP '(Sigma), 5X Denhardss 'solution (0.02% [w/v] each of ficoll, polyvvihyilpyroll'idone
and BSA), 5X SSC, 0.1% (w/v)' Sf)S, 2.5 mM EDTA and 100 ug rhl" heat dcnaiured ;
salmon 4sperm DNA (Sigma) and 106 ug ’ml‘1 yeast tRNA .(vBoeh.ringver .Mahnheim, ,
.Dorval. Quebec) as described by Maniatis et al., -1982. I-!ybr,idization 1o ."P-labeled‘
DNA probes- was carried out ‘i'n' the same solution, for 18 hr at 42°C, atv a final con-b :
éentraﬁon of 0.5 - 2 x 10¢ cpm m!".v Filters ‘which had been hyi)ridize:i with s_yh;hclic
ol.igonucleotide probes were washed for 1.5 hr at" 42’C .in 2X $5C/0.1% (w/v.) SDS.
' Filtérs' hybridized with. cDNAﬂ ﬁrobe were washed for 0.5 hr at 42’C in 2X SSC/d.l%
) (.w/v) SDS, followed by two wasl;cs for 0.5 hr eaéh at | 55°C in 2X SSC/0.1% (w/v)

SDS and 0.2 x $SC/0.1% SDS, respectively.. Filters were wrapped in "Saran wrap” and
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Murine-pGM.1 -

" ¢cDNA clone

TABLE 1
&
DESCRIPTION OF PROBES
Region
Probe Length Encoded Sequence
Synthetic Probes: -
Human-1L.2-34 34  C terminus of (5")AGTTAGTGTTGAGAT-
- human and murine GATGCTTTGACAAAAGGTA
* IL2
Murine:GM-43.13 43  Amino acids (5'YGCTCGAATATCTTCAG -
’ 263-272, primary GCGGGTCT GCACACATGTI'A
translation product, GCTTCIT .
murine GM-CSF
Murine-GM-43.14 43 Amino acids (5')TTCAAGGCGCCCTTGA -
< 90-104, primary GTTTGGTGAAATTGCCCCGT-
translation product, AGACCCT
. murine GM-CSF N .
Murine-GM-43.15 43 ° Amino acids (5')CGGAGTTGGGGGGCAG-
- ~ 105-118, primary ~ TATGTCT GGTA(JTAGCT GGC-
- transladion product, TGTCATG
>« murine GM-CSF
"Cloned cDNA- Probes:- '
Human-plL2.1 . 820 Human IL2 ¢cDNA  Entire coding region plus 100
: ' clone nucleotides. of 5' UT and 260
: nucleotides of 3' UT
“Murine-plIL2.1 960  Murine IL2 ¢cDNA  Entire coding region plus 130
clone : nucleotide of 5' UT and 320
nucleotides of 3' UT
-Murine GM-CSF  Entire coding and 3' UT

regions, plus. 50 nucleotides of
5' UT.

The table summarizes the properties of both. synthetic oligonucleotide probes and
cloned cDNA sequence probes. The number at the end of the designations of the syn-
thetic probes indicates the length (if more than one probe of that length was made,

-they are identified as .1, .2 .etc.).-
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expésed to film (Kodak X-Omat AR) with 2 intensifying screens for 1 16 3 days at
-10°C. | |

3

s

L Hybridized probe was removed by either boiling the filters for _10 min in distilled
water or washing for 1-2 hr at 65°C in 50 mM Tris.Cl “(pH w8.(‘)),‘2 mM EDTA.QG,S%'
- (w/v) sodium pyrophosphate, 0.02% (w/v) each of BSA, Ficoll and - polyvinyl

,pyr'rolidohe'. '

6. Quantitation of Results

. {-'
The amount or RNA hybrldlzed 0 a parucular DNA dot was detected by auto- ‘=

radiograph) as descnbed above. A} quanulauve determination of the amount of RNA
" bound 1o a dot was made by cutling out the dot and measuring its radioactivity in a
“scintillation counter in 5 ml Scimin;i;;-(l gal. scinlillélic;n grade tolucne plus 1 15 g
GAL- PA]\ [New England Nuclear]). When ]ow levels of radioactivity were bound thal
could not be accurately determmed by scmullatnon counting, then thc relative amounls
of bound radioactivity were dctermmed by scanning “the autoradiograph with a Dynatech

> , ‘
/ MR600 ELISA _plate reader at a wavelength of 570 nm as a test wavelength.

C. BIOSYNTHET IC LABELING OF RNA MADE BY EL4.El CELLS

«

» 1. . Pulse Labeling

0.5 - 1.0 x lO‘ EL4.E]l cells ml" were suspended in a bulk cﬁlture in RHFM
with 2 qu mll [*H]-uridine (NEN, 26.5 Ci mmol ‘) plus d oxymosme (P -L Bio-
chemicals Ltd ‘Milwaukee, WI.) to a final concentration. of Q)f mM, with or without
15 ng ml' PMA. Cells were incubated for 16 hr (unless btherwise stated) at ,37‘C,
under 100% humidity and 5% CO, in air.- After t.he.incubau'on period, the cells were
‘washed three times in warm. RHFM and resuspended at the same concentration in 5 ml

~

RHFM with or without varying concentra‘tions of "cold” uridine\?'(‘Sigma). (a) with or



N .

without 15 ng ml"' PMA, and (b) wiu; PMA plus 100 ng ml?! CsA. Over a 24 hr
"chase” period, d\;plicate samples were pooled and harvesied by centrifugation  at
250 x g for. 5 mins. The cell pelleté were washed in PBS and ’[H]¥RNA were - recovered
from the cells as described in Matepals and Methods Section B.2. Where mdxcated

poly(A) mRNA was isolated as descnbed in Matenals ‘and Methods, Section B3 A
portion of the volume containing the released poly(A) .RNA was directly used for
;fluprimetry readings and further mixed with 10 ml of Aquasol .(NEN) and counted. In

this fashion the specific activity I(.cp'm ug?) of poly(A): RNA was calculated.
2. Mea;uremenr of lhcorporation of Radioactivity

. Radioactivity incorporation was deler.mined’ al various times throughbul the” pulse
and chase b) three consecuuve 15:minute precnpxtauons at 4'C of nucleic Z;s on
<3 mM Whatman filter dxscs in 5% (v/v) TCA and 5 mM sodium pyrophosphate,
followed by rmsmg in cold 95’/ ethanol. The filter discs were dried under a heat lamp

~ and the radioactivity was counted in Scintimix.

L4



s! J v
CHAPTER 11

j

~ EFFECTS OF SOME IMMUNOSUPPRESSIVE DRUGS ON IL2 AND GM-CSF
- mRNA PRODUCTION BY TUMOR AND NORMAL CELLS

A. INTRODUCTION

Cyclosporin A (CsA) i§ a potent immqhosuppfessant that has been shown to act
selectively on the T-cell arm of the immune Tesponse io inhibit the prod—ucﬁon of
.lymphokines (Chapter 1, Section B). It has been shown that CsA acts 1o inhjbit
lymphokines” at the transcriptional level “(Elliott er al., 1984; KrOnkc‘ et _al., 1984;I
“Wiskocil et al), 1985; Granelli-Piperno et al., 1986).,Gl‘ut:é)corticohsteroids, and steroid
horfnones in géneral. are -also widely used clinically .és immunosuppressénts and anti-
) ihflammator)" agents. Their ?mmunosuppressive effects may in part be due to their»
ability to inhibit metabolic activities in both unstimulated and ‘mitogen-stimulated human
lymphocytes (Smith et “al., i977). A synthetic glucocorticosleiroid. dexamethasorie, has
been shown to havé a dose-dependent inhibitory effect on interleukin 2 (1L2)—-produ¢-
iion in slimplaled lymphocyzles’(Gillis et al., 1979; Larsson, 1980a). GlucoTorticosteroids
d;e also important' modulators .of eukaryotic gene expressi_on.z

: . | -

Failure to detect lymphokine production in stimulated lymphocytes mig;l be due
to the rapid reutilizatic';n or degradation of these grpteins._ Alternatively _.this observed.
i;xhibition could occur at the level of transcription, tran:slalion or pbst-tranélational p;o-
cessing of ,the lymﬁhbkines (Chal-pter I, Section é) ln- an attempt to distinguish between
‘these possibilities, experiments reported ih this ch;pter were designed to quantitate levels
§f lymphokine mRNA. The availability of .synthetic and cloned cDNA p_ro'bcs.for mouse
"and human IL2 and mouse GM-CSF provided a means with which to'{; analyze the
effects of immuposuppressants_ on lymphokine mRNA production. For the pufpoée of
repligatc determinations of dose-reaponse' cu‘rvei the cytoplasmic dot hybridization

32
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technique (White and Bancroft, 1982) wés‘ employed. This permitied the analysis of
mRNA levels in numerous samples and required minimal manipulatioh prior to analysis,
and should reduce losses of RNA or its d;gradation by nucleases. Quamitationl of relat-
jve cytoplasmic mRNA levels with lhis techniqué” would ‘make it possible’ to study th‘:

abilities of immunosuppressants such(as CsA and dexamethasone to inhibit lymphokine

synthesis at the mRNA level.
B.. RESULTS
1.  Chemistry of Cyclosporin A (CsA)

'The: structure of CsA (Figure la) was determined b) chemical degradation as
well as by- X-ray crystallographic analysis of an iodo derivative (Retigger et al., 1976;
Petcher, 1976). Ten of the gleven _ring' members are derivatives of known alipl;alic
amino acids: they are a-amino butyric theid (Abu) in position 2, sarcoginé (Sar) in
position 3, N-methylleucine (MeLeu) in positions 4, 6."9 and 10, valine (Val) in posi- |
tion 5, alanine (Ala) in position® 7, D-alanine‘)\‘ (D-Ala) in position 8, and N-
methylvaline (MeVal) in- po?it.io,n 11. The amino acid \in position 1‘ is novel. It is
(4R)-4‘-[(E)-2-butenyl]-4,v _N-dimethyl—l.-thréqnine and abbr_eviated ~as ‘MeBmt. This
amino acid has the polar era'tu‘rcs of an N-methyl-L-threonine which is substituted at.
the carbon chain by .bkuylenyl and mgthyl groups. CsA has; a molecular weight of
1202.6D. is neutral, and due to the fact that 7 of il amino acids are N-methylated, is

quite hydrophobic.
2. CsA Inhibits the Accumulation of I1L2 mRNA in lnducéd EL4.E] cells

A synthetic oligonucleotide, specific Afor IL2 mRNA, was employed as a probe to
detect murine IL2 mRNA. The IL2 mRNA levels were determined in cloned uninduced
EL4.El cells or in EL4.E] cells induced with PMA. (15 ng ml") for 12 hr in the pres-

ence or absence of varying concentrations of CsA. Cytoplasmic%NA was isdlated from



FIGURE 1
(A) CHEMICAL STRUCTURE OF CYCLOSPORIN A

(B) mINO ACID SUBSTITUTIONS OF A FEW NATURALLY
‘ OCCURRING CsA ANALOGUES
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each cell population and analyzed by the cytoplasmic dot hybridization technique with

end-labeled probe for IL2 hiNA. As shown in Figure 2, IL2 mRNA was detectable i

PMA -positive samples, whereas low levels of lL} -mRNA was detected in uninduced
(-PMA). CsA at a concentration of 30 ng ml"' maximally inhibited IL2 mRNA pr
tion. As concentrations of CsA were'decreased, increasing amounts of IL2 mRNA were
 detected. Conventional Norihesn blot analysis was done to confirm the specificity of the
probes for IL2 mRNA transcripts.‘lt should be Roted that the concentration of CsA.
observed to completely inhibit IL2 and GM-CSF ./mRNA (Figure 3) corresponds to the
concem?;tiqns used to suppress immune functions in renal transplant patients and is

lhpref ore pharmacologically relevant.

3.  CsA Analogues Differentially Inhibit IL2 mRNA Accumulation in EL4.E! Cells

[

. Several naturally occurring analogues of CsA have been reported (Traber et al.,
1977), and they usually differ in their chemical structure only at one amino acid
(Figure 1b). Two of these analogues, CsC and CsD, were available to test for their

potenﬁ relative to CsA.

As shown in Figure 2, CsC at a concentration of 100 ng ml!' and CsD at a.
“concentration of 300 ng ml' maximally inhibited the accumulation ‘of IL2 mRNA .in
induced EL4.El cells. The protocol for analysis was the same as in the previous sec-
tion. These data suggest that CsA is approximately 3 times more potent .lhan' CsC, and
10 times more potent than CsD in reducing IL2 mRNA levels. The relative immuno-
suppressive potencies of these 3 compounds correspond to in vivo immunosuppression

data (Borel, personal communication). '

£

o . o
4. Cytodots can be Quantitated by Scanning the Autoradiogram

1

In order to quantitate the dose-response effect of CsA on IL2 mRNA, the

autoradiogram (Figure 2) was scanned in an FELISA plate reader at a wavelength of '

-
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FIGURE 2
DOSE - DEPENDENT lNHIBI’ION OF IL2 mRNA
ACCUMULATION IN EL4.El

EL4.E1 cells (5 x 10* cells mi?) were cultured in the presence of PMA (15 ng ml')
‘and various concentrations of CsA, CsC or CsD for 12 hr. Total cytoplasmic RNA was
isolated, as described in Materials and Methods (Chapter 2B, Section 1), transferred to =
nitrocellulose and hybridized to end-labeled synthetic IL2 34-mer. Samples are represent-
ative of 10 x 10* cell equivalents serially diluted 2-fold. The controls are cells cultured
with (+) and without (-) PMA. The dilutions in the control panel apply to all panels.
-Drugs were added only to stimulated cells.

% Py '
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"further -examine the possible selectivity of CsA inhibition, cytodot samples from mduced

: blocked this induction at the r'qRNA\E%l level, at concen.tratrons almost 'dentrcal

kme Y- mterferon (y- lFN) is also inegl

<@ o 39
] o

570’ nm. A dilution of cell number was picked (e.gr...-2-5 x 10* cell equivalents) 'in the
. . ' Lo R 4

range. where absorbance units were linear with respect’ to cel’ equivalent number, and

thus .proportional to RNA concentration. The absorbance unitsr of that particular dilution

‘ were used 10 generate a percentage of &e amount of mRNA remaining in the presence
. of CsA over a positive control (minus CsA) /As shown in Figure 3, a dose- response

curve deprcts a 50‘[9 rnl‘ubrtron of IL2 mRNA at 14 ng ml" of CsA, and at 63 ng mll

of CsD. This corresponds to thc approxrmate results obtameckfrom the cytodot as

shown in- Figure 2.

S. Seleclivir) of CsA

CsA did not diminish- cell viability, or the overall synthesis of DNA, RNA or

proteins' in ‘either unstimulated or stimulated‘EL4 El cells (J. Ngb ’unpublished data).
° ¢
Thus CsA did nol appear to exert a general mhrbrtorv action on cell metabolism. To

7

EL4.El cells treated with varrous concentrauons of CsA CsC or CsD (as descrrbed for.
Frgure 2) were, hybrrdrzed to ‘the synthetrc GM CSF probe The cytodots were zﬁralyzed

quantrtatwely and the results of Csﬁ, and CsD- mduced mlnbrtron .of G‘M CSF are .-

,.shown in Frgure 3 "The results show that GM-CSF way mduced and CsA and CsD

b

Thrs suggests that the effects of 'CsA and CsD on\t?ese 2 lymphokmes are ; elated to

common iryracellular mechamsms

"It S shown by Shaw et al (1986) and Wrsckocrl (1985) tha_, anothe;;, lyrrlpho

l;;xPMA and Con A in hurnan PBL an& in

'Jurkat oells and tumed off by CsA at the mRNA Jevel. CsA does not however
: “mhrbrt the production of IL2- receptor mRNA in PMA- and ‘Con A mduced hurnan PBL

- and _Jurkat cells (Shaw et al subrnrtted) it therefore appears that its mhrbrtmg effect

does not extent to all the mduced mRNA s.. Moreover CsA has no effect on- the
7) . L. . ~



FIGURE 3 !

QUANTITATIVE ANALYSIS OF THE EFFECTS OF CsA AND
CsD ON THE INDUCTION OF mRNA FOR IL2 AND
GM-CSF.IN EL4.El CELLS
Cells were induced with PMA to which various concentrations of CsA (—o0—) or CsD
" (—{J—) were fadded, as described in the legend to Figure 2. The IL2 (solid lines) or
GM-CSF (dashed linés) RNA levels were quantitated by scanning the aptoradiograms in

an ELISA plate-reader. The absorbance units at 570 nm of .5 x 10° cell equivalents
are expressed as a percentage of a fully induced positive control (100%). -
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svnthesxs of mRNAs for the T- cell receptor B -chain or acun which are conswlemh
expressed in Jurkat and EL4 El cells (Shaw er al., submltted) Thus, CsA-mduced mhl-

bmon of lymphokme gene expression- appears 10 be a selective feature. .

.

&_ Cs)i, ‘CsC and CsD Inhibit 1L2 Produciion in Murine EL4.E1 Cells : | ﬁ'

+ As shown in I-‘lgures 4 and 5, CsA mduces a dose- dependenl

Cell ’l"r'ee supernatants from EL4. El cells stimulated wuh PMA, or human PBL

‘ sumulatcd with PMA plus Con A, were assayed for IL2 activity as described in

Materlals and Methods (Chaptcr 2A, Section 6). Typlcall) thevEL4.El cell line pro?

..duced 500 lO 1000 .units of IL2, whereas fresh human PBL produced only 20-50 units.

uliilbmon of IL2 activity
in sumulaled EL4 El celis and PBL. Analogues of CsA CsC an D similarly produce

a ‘dose-dependent .inhibition of IL2 in both cell types' at concentrations resembling those

- observed for IL2 mRNA, in EL4.E1 cells. Moreover, the observed potencies. of CsC and

CsD, as compared to that of CsA, are reproduced in the biological assay. These results

" serve to illustrate the fact .that the inhibitory effect of CsA on the induction of

. . ~ o )
lymphokine mRNA,,as determined by cytodot analysis (Figure 2), reflects an inhibition

of biologically active IL2. In addition, Figure S'de,monstrates that this effect is not

specific to the EL4.El cell Jline. but is also observed in primary culturés of human

PBL.

. . N
\ v N : s

. 1. Differential Inhibition of Lymphokine mRNA by Synthetic CsA Analoguss /

Quanmauon ol‘ relative mRNA levels wnh the cytodot techmque is both scnsmvc

and bxologncally relevant. ‘However, NP-40 lysxs of cells. results in some vanabllny in

,AmRNA levels in the same concentration of cells from day to day Thxs is usually

,~y'4c1rcumvemed by duphcate or mpllcate sampling. The results indicate that both mréuon

with dxfferenl conceml\anons of cyclosporin and wnth dxfferem numbers of cells are

“\
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FIGURE 4 o
DOSE-DEPENDENT INHIBITION OF IL2 PRODUCTION
. IN EL4.El CELL® BY CsA, CsC AND-CsD -

Cell-free snpeinaims of EL4.El cells induced with PMA (15 ng ml*) ahd treated with
various concentraijons of CsA (—o—), CsC (—A—) or CsD (—{}—) for 15 hr were
assayed for IL2 activity as described in Materials and Methods, Chapter 2A, Section 6. -
The activity ®f L2 ,was expressed as a percentage of a positive control. The positive
control was fhe amount of IL2 produced from a PMA-stimulated( culture of EL4.El
cells in the absence of any drugs. '

. )
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FIGURE 5
DOSE - DEPENDENT INHIBITION OF IL2 PRODUCTI%)N
IN HUMAN PBL BY CsA, CsC AND CsD

Human PBL were isolated from fresh buffy coat as described in Matérials and Methods,
Chapter 2A,"Section 3, and stimulated for 24 hr ip the presence offW’MA (15 ng ml!™)
and Con A (30 ug ml*) and treated with vanou%ncemrauons of CsA (—o—), CsC
(—A—) or CsD (—{J—). Cell-free supernates "were assayed for IL2 activity as
described in Materials and Methods, Chapter 2A, Section 6. Human IL2 is active on
murine cells (Gillis et al., 1982)
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consistent (Figure\s 2, 4 and '5). As well, it has been shown that there isv a direct cor-
relation l;ctwccn IL2 mRNA levels from cytodots and IL2 activity in stimulated cell
supematanis (Figures 2 and 4). Therefore, the cytodot technique provid‘es a useful assay
for -examination of specific éspects of the CsA structure required for activity “in
suppressing lymphokine mRNA.. As a consequence of the rigic'l‘ vco‘nformati.‘on of thé
cyclosporin skeleton, the ~ unusual amino acid, Meﬁml, in position 1, is directed
quasi-perpendicular 1o the plahe of the peptide ring (Wenger, 1985). This could result
in it bemg involved in interactions with a receptor. Modifica{ions in this amino acid
were synthesnzed by Dr J Vederas (Chemistry Department, University of 'Albéna) in
order to determine which feature(s) of MéBmt were essenllal for its acuvuy Figure 6
shows the structure of 4 such CsA analogues. These analogues were added in varying
concentrations. to PMA-stimulated EL4.E1- cells. The mRI{JA from cytoplasmic extracts l
of cells were hybridi;ed to a synthetic IL2 34-mer probe. As shown in Figure 6, PMA
induced‘ IL2 mRN”A s}'nthesis. however the variability observed b§tween samples reflects
the actual amounts of IL2 mRNA produced as confirmed by the amount of IL2 activity
assayed from the supernatant from PMA stimulated cells (data not shown) Saturation
of the double bond in Dideutero-CsA resulted in a dose dependem inhibition of IL2
mRNA‘. with complete 1;1hlbmon_ar/ound <100 ng ml’. Similarly, Iso-CsA retained its
immunosuppressive; activity, maximally inhibiting IL2 mRNA, at 100 ng mi. These 2
analogues were seen to have activity comparable to 'that of native CsA. In contrast,
O-Acyl-CSA and Bromo-CsA were much less potent than CsA in inhibiting IL2 mRNA
The variability in IL2 mRNA levels observed vertically in O-Acyl-CsA - reflects the
limitation of the cytodot techmque addressed above. Bromo-CsA seemed to be com-
. plelely‘ macuvc whxle O-Acyl-CsA could partially inhibit mRNA accumulation at 1000 ng
ml-'. ldentical results were observed v{l{én the levels of GM-CSF mRNA*re measured

(data not shown). These “results suggest that the unusual MeBmt chain is intimately

involved in the biological activity of the cyclosporin molecule.

L]
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FIGURE 6 .
'EFFECT OF CsA ANALOGUES ON THE ACCUMULAT&N
~ OF IL2 mRNA IN EL4.E] CELLS “
RNA samples from u'niﬁduééd (-) and induced (o) EL4.E1 cells, or induced in ‘the

présence of various doncentrations™yof CsA analogues for 12 hr, were prepared and
analyzed by the cytodot llechniue exactly as described in the legend to Figure 2.
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8. E ffec!'of CsA Analogues on IL2 Prod&;cuoa in Jurkal and Hﬁman PBL

" a * ¥
4 -
1 L}

In order to exclude the pdssibility that the effects ‘of the different. CsA ana-

logues were not specific to the murine EL4.E]l tumor cell lme they tested on the

human Jurkat Leukemna cell line and fresh human PBLs '}Thcsc ell lypes were
induced wnh. PMA- and Con A“ in the presence of 0.01 to 1000 ng ml‘ of a CsA ana-
- logue. Cells were cultured for 24 hr and the supernants were collected and assayed for
IL2 activity. Concentrations of CsA analogues up to 1000 ng‘ml" had no effect on the
viability of the cultured cells nor on the bioassay cells (data not shown). Figures 7. and
8!show the effect of the different analogues on IL2 production in stimulated Jurkat
cells 'or human PBL,s'réspectivel_\'. In both cell"tyf}es, the Dideutero-CsA and lso-CsA
showed a dose-dependent ihhibition of 1.2 acli-Vily,. while O-Acyl-CsA and Bromo-CsA

had little or no effect on IL2 activity. [hese results are compar

-

at the mRNA level for IL2 and GM-CSF. This suggests oﬁ‘ce at the inhibitory

effect of CsA-is exerted on biologically active mRNA. These results nstrate that
~ modiTications of CsA in position 1, result in a differential inhibition of IL2 production

in other cell types, @nd are not specific to a murine tumor cell line.

9. Effect of Bromo-CsA on the Dose-Dependent Inhibition of CsA on
"IL2 Production in EL4.El Cells

] X .
In -order to assess further the functional impoxtance of the MeBmt side chain of

those observed

CsA, EL4.E] cells' wepe stimulated with PMA and incubated ‘with various concentrations

of CsA in the presence of 1 ug m_l‘l or Q.l'ug ml-! Bromo-CsA. At 24 hr, cell-free
supernatants were collecteci and assayed for IL2 activity. The percentage of IL2 remain-
ing in the presence of CsA, as compared to a fully indiced- control saniplc, is shown in
Figure 9 as a ff;lction of CsA concentration. The curve resembles the characterislic dose
dependent inhibition of IL2 producuon by CsA (Figures 4 and 5). CsA at hxgh concen-
trauons (30- 1000 Rg ml ) in the presence of Bromo-CsA, completely inhibited IL2

Y
" -



FIGURE" 7
EFFECT OF CsA ANALOGUES ON IL2 PRODUCTION
 INJURKAT CELLS ,
5 x 10 Jurk;t cells were stimulated with PMA (15 ng ml"') and Con A (30 ug ml"S’

in the presence of various' concentrations of Dideutero-CsA (—o—), O-Acyl-CsA -

(—e—), Iso-CsA (—&—) or Bromo:CsA (—{—). After 24 hr incubation, the cell-free

supernatants were collected and assayed for IL2 activity as described in Materials and

Methods, Chapter 2A, Section 6. The activity of IL2 was expressed as a percentage of

~a positive control (100%). The synibol (—[}—) is a consequence of (—e—) and
(—) coinciffing at the same point: = | "N, 5 e
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- FIGURE 8
< TOURE 8 iy )
* EFFECT OF CsA ANALOGUES ON IL2 PRODUCTION
o '~ INHUMANPBL ' g

5 x-10* human PBL were 'stimulaled" with PMA (15 ng'ml-?) and Con A (30 ug ml)

in the presence of various concentrations -of Dideutero-Csa (—o0—), O-Acyl-CsA

(—e—),Is0-CsA (—b—) or Bsomo-CsA * (—[). After 24 hr incubation, the cell-free

stipernatants were collected and assayed for TL2 - activity as described in Materials and
- Methods, Chapter 2A, Section 6. The activity of IL2 was expressed as a percentage of
g 2 positive control' (100%). - Lo N : ’

-y

o
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v - FIGURE 9 |
EFFECT OF CsA ON IL2 PRODUCTION IN EL4.ED’
CELLS IN THE PRESENCE OF B‘Ro@o-cm

»
.

Celi-free supérnatants of PMA-stimulated .EL4.El cells treated with -various concen-

trations of CsA and either 1000 ng ml! Bromo-CsA (—o—) or 100 ng ml’

Bromo-CsA (—e—) for 24 hr were assayed for IL2 activity-as described in Materials

_and Methods, Chapter. 2A, Section 6. The activity of IL2 was expressed as a percentage
of a positive control. : ‘ :
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"production ini EL4.E1.’c’ellsy. Asrhe'concent'raiion was lowered, increésing amounts of ‘
IL2 prod,uctidn‘wereebserved.:lt was shown by cytodel analysis (Figure 2), that very
low concentrations of CsA (eg. 0.01 ng mi"j had no inhibitory effecr on the
) acc\umulauon of IL2 mRNA However it is apparent from Frgure 9 that only 70% of
maxrmal IL2 producuon was attamed in the presence of 0.01 ng mi* of CsA This was

“not d‘ué to an inhibitory ‘effect‘of CsA, but rather to fluctuations occasionally ‘observed

_in the assay that detects IL2 protein levels. Vo

. As the presence of 1 yg ml'' or 0.1 pg ml” of Bromo-CsA did not appear to
- cempelc with CsA in its ability to inhibit IL2 production, it appears that modification
of the MeBmt side chain by either the eyclizalibn of the ring or the addition of 'the

Bromine group renders the molecule inactive. Perhaps, this side chain is important for
recognition of a CsA Teceptor. - ‘ ‘ ‘ .
4

lt is clear that selective m'odification of the CsA strucwre renders it less.active

.

in rts abrlrty to inhibit IL2 mRNA accumulauon ‘and activity.: ‘A summary of results.is

v o

grven in Table 2. In otder to compare the rmmunosuppres‘rve Jactivities of the analogues
to the acuvuy of CsA Lhe forme) are expressed as their concentrauon requrred t% cause

a.SO% m‘hxbmon of IL2 mRNA synthesis.
e , v

*

10. E ffects: of Other lmmunosuppressivé Drugs and Anti-Cancer Agents
'hon the Induction oj' -IL2 mRNA

‘lan addition to CsA, other drugs such as glucocorticosteroids and anti-cancer
agents are used clinically to immunosuppress patients. In most cases, such treatments
cause severe damage to lymphoid tissues. : o, &

-

\

Since IL2 plays a major rble in the prolr'ferait_‘ron and activation of T lympho:
cytes (Chapter 1A, Section 2), and its production con be qnantitatively measure& at the

 mRNA level (Chapter 3B, Section 4), the effects of .2 immunosuppressants
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TABLE 2 g
EFFECT OF CYCLOSPORIN ANALOGUES ON L2 mRNA ACCUMULATION 5
AND IL2 ACTIVITY . o PR

Concentration (ng/ml)/ required for 50% o
inhibition of IL2 production

Cyclosporin EL4 ‘JURKAT Y* nePBL

_ mRNA Activity mRNA Activity  mRNA . Activity
CsA 10 0 " nd 0 4 3 3
CsC 30 $ - nd 010 4
CsD 100 158 nd 125 100 P
Iso-CsA 10 2 " nd . 30 100 10
Di;&euggro'-CsA‘ 20 10 . nd 25 0 30
Dihydro-CsA 200~ nd | nd nd " nd nd
O-Acyl-CsA <1000 30 ad 21000 1000 21000
‘Bromo-CsA , 21000 300 nd 21000 © 21000 1000

e

The table summarizes the effects of dlfferem cyclosporm analogues on both IL2 mRNA
and activity in three *cell types. The cqncentrations required for 50% inhibition of IL2
mRNA or activity are taken from dose-response cutves derived from quantitative anal-
ysis of cytodots o# IL2 assays, respectively. Activity refers to the amoumt of L2
assayed in the supernatants of activated cells as described in Matenals and Methods
(Chapter 2A, Section 5).

nd; not determined.
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dexamethasone and: 6-mercaptopufine. and 2 anti-cancer agents, cyclophospharhide and

- melphalan, on the induction of IL2 mRNA in tumor and normal cells were examined.

v

EL4.E1‘ cells were stimulaied with .P'MVA for .13 hr in the presence of various
concentrations of melphalan '(up to 5 ug mi), cycldphosphamfde .(up to 200 ug mi?),
dexamethasone or 6-m§r,captopurine. (both up w0 5 ug ml'). The mRNA levels‘ were
analyzed by cytodots using IL2 34-mer as probe.‘ No cytotoxic'effec'lé were observ;; at
the highest concentrations of the ~drugs étﬁdied (data not shown),_ nor were there any-

inhibiting effects. on “the IL2 mRNA accumulation in 'EL4.E1 cells in the presence of

the highest concentrations of the drugs, as seen in Table .3.

Morc‘o,ver, when dexamethasone or melphalan were tested on the Juvrkal cell line'.
no inhibition of IL2 mRNA synthesis was observed. To examine the possibility that
these drugs inay not be activexon tumor cell lines, the same -dilutions of drugs were
added to PMA- and Con A-stimulated normal human PPL. After 720 hr -inéubaition,
cytoplasmic RNA was 1solaled for cytodot analysis, and"u-hy'btidiud“""to synthetic
IL2 34-mer. Interestingly, only dexamethasone appeared t0 have a slight mhxbnory effect -
on ILZ mRNA producuon m‘human PBL. This selecuve effect of dexamethasone ;n cell
type is demonstrated in Figure 10. In EL4.E]l and Jurkat cells, IL2 mRNA was presem
at control levgls in th; presence of all concentrations of dexamethasone tested. However,
in PBL, 5000 ng ml* of d_examethasone Cau‘sed a slight inhibition of the accumu]ati;)n
- of IL2 ‘mRNA. _Thé supernatants from. stimulated- cultures treated with -dexamethasone

were assayed for IL2 aethity and the following results were obx.ained: At 5000-ng ml!

_ethaisohe ther'e were 22 IL2 units mi?, at 1000 ng ml 1,02 umts ml?; ai

- % “?“S mi*; at 200 ng ml, 28 units mi*, . 34 units mit;

- at 8 mg ml-?, “ ng ml’ wlnch reflected control level
:-."acnvxty in the sumtams suggcst that there ,15'{' ~dose-

duchdﬁ#qby dexamethaséne .ﬂ,’
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| TABLE 3 -
EFFECT OF DIFFERENT IMMUNOSUPPRESSIVE DRUGS ON THE
INDUCTION OF IL2 mRNA IN MOUSE AND HUMAN T CELL

-

. LINES AND NORMAL PBLs

-

. ‘.g‘;‘ Y
q E .
Dryg - El4 . : JURKAT h-PBL

6-Mercaptopurine )

5000 ng ml* , + _ nd _ +
Cye¢lophosphamide

200:pg ml" + ‘ nd ' o+
Déxamethasone | : :

200 ng ml" B + + v +

1000 ng ml"! + ' + —
Melphalan ‘ . :

200 ng ml' _ + S+ +

. -t

1000. ng ml"! + u + . ‘

The symbols (-) and (+) refer to the absence or presence of IL2 mRNA respeciively,
in PMA stimulated EL4.El cells or PMA plus Con A stimulated Jurkat and PBLs, that
were treated with various drugs. The concentration of drugs tested varied from 0.32 ng
ml-' to a maximum described in the text. The concentrations shown in the table were
selected to illustrate whether or not the drugs had an effect on IL2 mRNA production.

nd; not de;ermined.



FIGURE 10 C
INHIBITORY EFFECT OF DEXAMETHASONE ON IL2 mRNA L
ACCUMULATION IN HUMAN PBL BUT NOT ON

. . TUMOR CELL LINES _
S x 10* EL4.E] cells, Jurkat cells or human PBL- weré stimulated with 15 ng ml* ‘PMA
(and 30 wg ml'' Con A for Jurkat -and human PBL) and treated with various concen-
trations of dexamethasone. EL4.El and Jurkat cells at 13 hr and PBL at 20 hr were
. harvested and cytoplasmic RNA ‘extracted as described in Materials and Methods,
Chapter 2B, Section 1. Cytodot filters were hybridized to s2p.-labeled synthetic
IL2-34 mer. ‘

K
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11.. Human Serum. Inhibits IL2 mRNA Accumulation in Stimulated EL4.El Cells

CsA is a potent suppressor of rejection of kidney, _liver, he‘t. heart-lung, and
bone marrow transplants (White & Calne, 1982). lis widespread use in transplantation
suréery is hindered by its toXicity (especially nephrotoxicity) and by a lack 9f' knowi-
edge of the optimal dosage to be administered to the patient. Thus, a strong correlation_,
was found between CsA levels in the blood serum ahd' clinical post.,-transplz;nta/fion
complicaiions (Keown er al., 1981;& Irschik et al., 1984; Rogerson et al., 1985).. The
avoidance of nephrotoxic compiicaﬁons. while maimaini;)g .acceptable immunosuppréssive’
CsA serum levels, requires‘a fast, reliable and” reproducible CsA -monitoring method as

an important element in post-renal transplantation therapy.

A commercially available radioimmunoassay (RIA) kit from Sandoz Products 4s
: currently most widely used for this purpose. Unfortunaleiy the CsA cg:r)lcentraiioﬁ. as
measured \:uh the RIA kit are found to bc-substantially higher -than when measured
with high performance liquid chromatographic (HPLC) techniques (Carruthers et al.,
1983). This dlfference may be due to the antibody, present in the RIA kit, which may -
cross-react with several CsA .metabolues that are closely related to the parent com-

vpound. Little is known of the coxﬁtributions of these cyclosporin metabolites to the

activity spectrum of the drh_g (Shran & Abisch, 1984).

Since, as summarized above, the monitoring of CsSA concentrations in the blood:
or serum of transplant patients is not totally reliable at present, the development of “a
bioassay - method that would reliably determine such concentrations quantitatively, would

appear to be both urgent and important. _
As' shown above,  CsA inhibits, in a dose-dependent fashion, the induction of
IL2 at the mRNA  level in EL4.El cells, and this correlates with the d{egree of

. ! \‘ )
immunosuppression. It was proposed that, the CsA. concentration in patient serum could
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be rapidly assessed by means of the cyu\)dot analysis through the ability of CsA-con-

taining serum to inhibit IL2 mRNA accumulation in stimulated EL4.E1.cells; the degrec

of inhibition could be read off a standard curve.

In order 1o test this hypothesis it was first necessary to determine the effect of
human serum oﬁ IL2 mRNA pr(;l(’ii;ctiop in slimulélcd EL4.E]1 cells. 'Human.serum
samples from renal allograft reéipiems were obtained through Dr. Kovithavongs
(Transplantgtion Unit; ‘University ' of - Albérta Hospital). Serum samples were taken /prior
to the administration of CsA ('day 0 éamplc) and then periodically, post-CsA \treat-
ment. Serum was obtained from fresh hepari.nized blood that was clotied at 4'C.. All
serum samples were heatl-inactivated at 56'C for 30 mm Th;: 'day 0’ serum samples’
from 2 patients and from a healtﬁy donor, were added .at ;/arious concentrations 1o
PMA -stimulated EL4.El cells and incubated for 16 hr. 'Cyloplasmic RNA sam‘ples‘ wcrclb
transf_erréd to nitrocellulose 'ﬁnd hybridized to niék-translaled IL2-cDNA or actin-DNA
probe as a control. The effects of human serum on IL2 mRNA produciion are shown
in Figure 11. PMA induced significant levels of IL2 mRNA in these cells and this
induction was inhibi&ed'by high concentrations of human sera. Hoyever: the concen-
tration required for inhibition varied from individual to individual. Possibly, the serum
promoted a generalized inhibition or degrada{ion of RNA al_though there iwas no mea- .
surable effect .on the viability of cells during the treatment period (data not sho»yg'
Therefore, after removing the IL2 probe, the filters with RNA were hybridized u’tﬁ/ ;
labeled actin gene probe, as shown in Figure 11. The levels of actin mRNA
;accumulaﬁon are- relatively consi.stent with the exception of the PMA positive ‘coﬁtrol.
This could be a result of the‘"variabilx'ty of mRNA levels. addressed in Section 7 above,

or else PMA 'might have a "d{gect affect on reducing actin mRNA acéumulation. The

Q

latter is unlikely since all othér samples in the presence of serum were also stimulated
with PMA. Since there was no significant decrease in the actin 'mRNA that could

account for the magnitude of IL2 mRNA inhibition, no evidence was obtained for



FIGURE 11 v
' CONCENTRATION-DEPENDENT INHIBITION BY HUMAN @
SERUM ON THE INDUCTION-PF IL2 mRNA |
IN EL4.E] CELLS.

-2 x 10¢ EL4.El celly were stimulated with- (+) or without (-) PMA (15 ng ml') or
. with PMA and 20, 10, 5 or 1% heat inactivated human serum. After 16 hr incubation,
* cells were harvested and RNA extracted for cytodot analysis. The filter was first
hybridized to nick-translated murine IL2-cDNA probe. The IL2 probe was removed by
washing at 65C as described in Materials and Methods, Chapter 2B, Section 5, and
then the filters hybridized to nick-translated actin-F ¢cDNA probe.
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aon- specnflc serum -induced RNA degradauons These results show that human -serum

0

mhnbns 1L2 mRNA acc’ 'wlauon in a concentration- dependem fashion, and thal 1% (or

b J 5 B8
5% as is the Case of pauem B) is the maxrmum concentrauon of serum that COM\’

A added to EL4, El cells that drd not mhxbu IL2. mRNA‘ producnon

i

Y

1. (Determflna:iqn of CsA Cohcent_r,atiorr in the Serum of a RénaI:Allogrqﬂ Recipient
- . The eoncéntratidn of CsA in the serum - of »pa'rient B ('see previous‘ sectidn) -was'
- % .

delermmed Twelve serum samp]es taken ori'edrfferent davs durmg a 24 day posl lrans

planlauon follow ‘up perlod were avarlable for testmg The serum was hear macuxgd N
and added at 1 or 5% comentranon 10 PMA sumulated EL4. El cells For a standard E &

" curve . sumu&aled EL4 El cells were mcubaled m the presenee of various drluuons of
L . .‘
CsA ‘in the presence of 1/5; "day 0" {e’rum. ’

\ 3

AL 12 hr the e);lonla'smic RNA ,wa‘_s iso,latgid?and transferred 0 nitrocellnlese
filters, or. cytodots: The filters were hybridized to IL%*CDNA probe. <.

R . k . N

Quanmauon of IL2 mRNA was achreved b) countmg ‘the radioactive dots m a

Tt

o scmullauon counter m 5 mls of Scr&rmrx A standard curve representmg the cpm of ¢
IL2 mRNArversus the concentrauonu of CsA was drawn (not shown) Determmatron of ;
tIie CsA conccntratron ‘in- the %serum eamples wag ac‘ueved by the use of this standard_

cr!rve Fxgure 12 deprcts a graph of CsA concentrauon in the serum of pauem B durmg‘ PR
a 24 day penod. RS S V/f. o e e
0 RS v - :
Supenmp{)sed is Lhe CsA concentrauon determmed 'by means ‘of RIA by the S

hospntal staff. 'I'he graphs generated by "’both techmques are . ;umlar in two ways
, . WV
(1) there ‘are’ ﬂuctuatwns m xhe CsA concentranon dunng the course of mveﬁuganon .

e and (u) the maLt al concentratxon detected th 200 ng ml‘ The hrmtanon of the ‘

Lb\t conoentrauons of CEA l?ss thdn ‘20‘ ml -1 \cannot be detected since o
@ . : L e

Y : )
thesc oenee trauons produce L2 mRNA leVels /'" uwaleﬁt to eontrol values Sumlarly
v < e B L e a ‘
Y N N D
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DETERMINATION OF THE CsA CONCENTRATION IN THE Lo

SERUM OF A RENAL ALLOGRAFT RECIPIENT

“ 25 X J0¢ EL4 El cells were stimulated in' the. presence of 1% human setum (from
‘patieént °B, Figure 11). After 13 *hr incubation; cells were harvested and RNA. extracted

for cytodot analysis. Similarly,-2.5 x 10¢-EL4.E1l cells were stimulated in the presence .

of "l% day '0' serum (see text) and various concentrations of CsA. RNA was extfacted
at 13 hr .and analyzed - as above. The filters were. hybridized to nick-translated IL2
cDNA “probe. IL2 mRNA levels were. quantitated by counting the radioactive dots- in
Scintiverse. Concentrauons of -CsA in the serum . samples (—o—) were determined: from
"a standard curve of CsA concentration versus IL2 mRNA levels expressed "as cpm. The
cOncentrauon of CsA delermmed by (he hospital staff are also shown (—-0—-)
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concentrationis . of CsA greater than 300 ng ml*'. cannot be quantitated since at these

'concentrations, IL2 mRNA is at background levels.

© i
\ o

R Co . C. DISCUSSION
1. Structure-Activity Relalionship‘s of CsA

The effects of CsA and other 1mmunosuppressrve drugs on lymphoku@ gene
expressron was studred usmg synthettc o‘rgonucleoude or cDNA probes specific .for
' mouse and human IL2 or mouse GM- CSF in a cytopiasmrc RNA dot-blot technfquc

The work reported in this chapter» demonstrates fhat tnh, cuon of EL4 El mur)pe t}mor
o, ; .
; 3’-_"7-

whereas  in umnduced EL4.E1 cells, IL2 and GM-CSF-spg

™

id‘entrfied. Simrlar. althéugh lower, IL2 ni’RNA accumulation in R and Con “A

i -transcrrpts were

-actrvated Jurkat leukemrc T-cells and human PBLs but' not in unmduced cells, was
observed Thus the IL2 and GM- CSI‘ mRNA accumulatfon observed in  induced cells;.

reflects_incgeased trans}rrptronal activities of - the IL2 and GM- CSF genes that result in .

. : N

bi'olgally 'active mRNAs. =~ . L o Coe :

A

.. It was prevrously reported that CsA’ abrogates IL2 production by actrvated T

. lymphocytes (BunJes et al., 1981; Hess et al., 1982; =~Orosz el al 1984) The results of
. - thi§ study demonstrate that IL2: arid GM CSF mRNA accumulatron in mduced EL4, El ‘
Jufifat or human PBLs was dtmmrshed by CsA in a dose- dependent manner However ‘

it wag not Rossrble to de'termme from thrs study rf CsA " acted by blockmg lymphokme
transxptton at mmatzon. processmg, stabrhty or translatron stage The mductwn of IL2
k(Elliott et al., «1984) and IFN-y (Wrskocrf et alr 1985) mRNAs by PMA and
A suppressron by ¢sA was prevrously demonstrated m Jurkat cells, and of IL2 mRNA tn
'EL4 cells (Granelh Prperno o al 1984) Furthermore it has been shown that ¢ o

'l

acted by blockmg IL2 mRNA transcnpuon m*rsolated n.uclet from sttmulated Jurkat eelIs_ e

-




n

(Kronke .et al.; 1984) as well as from stimulated EP4.E] cells (Shaw et al., 1986). |
However, these reports do not exclude the poss:blhty ok addxtrormlr effects of CsA on
IL2 mRNA processmg. stabtltty or translauon Addmonal studies of the abrltty ol” CsA,

to modulate lymphokmc gene expressron wrll be reported in the next chapter .

_ One of the objectives of the work described in this chapter'-was to determine
'the chemrcal charactensuc of CsA résponsrble for its rmmunosuppreésive activity- ﬁ”vitro
During the course of th'lork it was reported elsewhere (Wenger 1985) that the bio-
'-_‘f.logtcal acttvrt) of CsA for thc most part is assoerated wrth thé" umtsual side- chain in .
| ; wsmonn 1'as well as amino acids m posmon 2, 3 and wll The -compounds were charac
: ter using pharmacologrc ‘models prevrousl) used- lmtestmg cyclospogns (Borel el al.,
’ 19';3§ ,ﬂorel P al., 1977), Cs& analogues were obtainéd abhad modrftcattons in thet
.met group Tl’le)i‘wergﬁ ested for therr abtht) to mhm - or' GM\=CSF mRNA

k!

accumulauon in vnro relauve !b that of Thrs apprqach is~ very dtf ferent "from that
. v . ” '6

of Wenger (1985) The concentration requ‘lred for a 50% mhtbmon nl‘ ILé n&%A in

'sumulated EL4 E» or human PBLs is summal‘rzed in Table 2 The CsA analogues with *

L

. ' &
hX: ica tons in posmon 1 or 2 were not found to have more g,nhanced immuno-

) » PR ; A : .
suppressive properues s compared to the parent molecule Modtl' rcatron Mhe l}ydron

* \ [O

'grgup in the unusual side chain in position 1 as in O- Acyl -CsA and Bromo- CsA\

£l 4

rendered? thé&'e molecules approxtmately 100 ttmes less potent as compared to CsA. The :

- b

saturauon ‘of the double bond in Bromo GsA could also have contnbuted to the obser

vauon + that Bromo CsA was inactive. However as shown in Dideutero or Dihydro- CsA

”
LN 4

saturation of the double bond alone only rendered these molecules somewhat less actrve
.\ than CsA ’l'hus Bromo CsA Mght be rendéred completely macuve by a- combmed '
@9 efl‘ect of mochfymg the hydroxy group and saturatmg the double bond Aqtdxc treatment

-9

. of CsA tn the absenoe of water effects an ‘N O acyl tmgratron of the methylvalyl
rnonety and fumtshes Is0-CsA. Thrs reactton is’ reversrble (L T;unbeu personal

oommumeauon) and thus exphuns the observatton that l'so CsA s as actrve«as CsA

’.l

f ) ) ’ N \ h oot
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despite the modification of the ‘hydroxyl ‘group‘ Therefore, A’ese results suggest that

1rreversrble modrfncauon of ‘the hydroxyl group in the MeBmt side chaln of CsA results
' 0' m .

in a loss of immunosuppressive acuvrty To further test, tlus conclusion rl would be of

interest p synthesize an, analogue that contains only . the rem ammo acrd threonine of ,

i i With the cytodot lechmque it would be possrble to deterrmnerrl‘ this hydro

uppresswe acuvny However,’ as |mp0r.-.
it

is assocrared wnh a larger pomon of; M
& | Jagit CsD are 'S‘and 10 nnres less - potent than CsA, i

A . l
I 2're mu% less srgmflcam as compared 10 CsD when repealedl) tested

L4

; . 1§'pes The: conclusxpn is thal CsC is as pbseql as CsA but that

subsmuuon ol‘ a@-amino butync acid in posmon 2 of CsA for valine as irv CsD renders \
k) |

-the mole_cule ~mu

s acuve Amino acids m posmon 3 and 11 are 1mponam becaus'e

they provide steric‘v ulk jger, 1985). . ', ' e , | .
; i » 5 R N "
a e ; . ’ ) . A

\ The resulrs prese'ﬁed ’here suggesr t.hat a free hydroxy group 1s 5

" CsA-mediated ﬁmunosuppressron The ,\rmplrcauon is fﬁal hydrogen bonding is necessary

for CsA action,” perhaps by binding to a membrane receptor, The nature,-of a CsA o
receptor Is,” lowéver, -unclear as detailed in ‘Chapter 1B, Séction 3. ol ¢ s

. ‘ ] >

‘lnter;sungly the results p}esented here on the relanve abrlmes of CsA analogues

E&Y mhnbn the mducnon of tWo- lyrﬂphokme mRNAs correspond to‘&h.e_ specrl' ieity - of
cycloplulm f or bmdmg CsA Arlalogues that were unable 0. mhnbxt lymphokme mRNA
F: , also had‘ affxmty for. cycloplulm (Handschumacher et al 1984) These results suggest .
that the mhxbruon of lymphokme mRNA in, sumulated T cells by GsA may a‘.‘,result
of CsA binding" to’ an mtr cellular componem and that, u_pon- mﬁrfrqtron ‘Cﬁ“s ’

- structure - results *in a loss of biological sctnvrty. ’

. - » - - TR Me o n
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mflammatdry or anu cancer drugs only dexamethasone Mduced a srgml‘rcant mlubmon

: cyclophospl"mde or melphalan on mhrbmon of IL2 rnRNA may % ﬁoquurr of then

-

sy

. . l’r/ N i * N . ,Q;,‘l‘
2. Deiamethasone-Medmted lnhibulon of IL’E mRNA "

v

Tlle work in this ch"'apter (Secuon 10) demonstrated that. of l‘our anti-

of lL2 mRNA in stimulated human PBLs. The lack of an effecn ol' :% mef‘captopunm, «

mabrlu,x to "act ln vitro. - In fact it appears that the alkyla\tmg actronf qf pycl ‘,'f‘

phamide requires the melabohzmg of the drug in vivo by the tnixed functron eoxrdase s
enzymes of liver 'mrc?semes, _ whrel‘ produce several actrve« metabolnes in vivo -

Y,

mee"abolizing miglu ‘als%‘é requrred for melphalan 6- Mercaptopurme the active com- |

pound of azot'moprme an énu ml‘lammatory agent that js most often used in com

-bination Wlth CsA 10 maintain 1mmunosuppressxon and prevent mflammauon followmg

I3 '\4

organ ’transplamation”rhe ‘results observed that 6- mercaptopurme does mot inhibit IL2

.'mRNA producuon /in nOrmal PBL stﬁ‘d wrth PMA and Con A, indicate an

-~ alternative mechamsm for its mode ¢” action in 'o _ o »

.. .‘ - . Y Y
k-1

Dexamelhasone was observed to cause a parual inhibition of IL2 mRNA produc

/ tion m mduced ‘human PBLs, but not in ’duced munne ‘or human T* lr‘h*'

_ Generally, dexamethasone acts b\;} stimulating ’ﬁre synthesis’ of specrfrc mRNA, suqh as.,

ﬂ
m8hse mammary tumo’ vrrus »RNA (ngold et al., 1983) metallotluonen (Hdger and 3

3 N A'\‘.‘v
Palmner 1981),,and a,-acrd glypoprotem (Vanmce et al 1984) mrd*“\ Dexamethm
1
has also been shown to mlnbrt the ‘synthesis of mRNA for propromelanoeomrr' Qw

et al.; 1982), a,-l‘etoprotem (Belanger et al. cml981) IL2 and IFN-y (Arya et al., 1984)

'and IL2 Teceptor (Larsen and Grahsteh}n 1985) It s these lat?él effeols that result ina ~

S

glucocorucord suppressron of the munune response’ Arya and co workers observed” that"
1 uM dexamethasone (392 n% ml- ‘»l%?mhrbued H72 and IFN Y in PMA plus TPA '
stimulated human PBL and only —mrmmally mhrbrted ILZ mRNA in Jurkat oells The

results presented here are’ in dxrect agreemem wrth Arya et al. (1984)

!
o o
.- N
.

T . ) : a o A
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' © . The mechamsm for sterond hormone acuon is initiated to act by blndmg ro sol-

‘ uble cytoplasmrc receptors; ilng_g ”l,lowd by transportatlon of steroid -receptor-‘¢om-
p‘lexcs to 'the nucleus The nuclear éomplexes bmd with hrgh affinity to specific DNA
i srtes adJacem to regulated genes, lo reduce or enhance rherr transcnpuon This mecha

_nism’ doe‘ not 1ccount for the lack of effecl observed in sumulated Jurkat cells, since

-

.they too contain dexamethasone receptors (Arya et al 1984) However, the fact that
W

Jurkar cells are of neoplasuc -origin, rmghl _mean that they have undergone gene

- rearrangements whrch have abolrshe

.

plexes Alrernauvel), the receptor n\ﬁ‘y be able J,, brpd dexame(ha asgne but bemaltered in

;g @ g

. such a@,way that the complex can no longer bmd\to regulalory regrons on ‘the DNA It
i)

might be ll‘ dexagrethasone affects the synthesis or funcuon of lL-l produced bs

_"‘fregulator) sntes for dexamethasone -receplor com-

macrophages as it has ‘been reported that glucocorucords render human T lymphocytes

unresgonsive o ILl thus preventing IL2 production (Palacios and Sugarawa, 11982).

Y 3

 J
comrast, corticosteroids reportedly suppresi,r.b.q producuon of IL1 by murme )
macrophages (Snyder and Unanue. 1982) If the effect of dexamethasone rs medlaled
& via IL-1, this could ‘explain r'he result observed wrth Jurkat cells, smce n is a clonal

T- helper cell line that does not requrre exogenous IL1. Thrs 'result further suppol’ts the

o
usefulness of the cytodot assay, m that it is possrble to measure and brolosncally assess

X ~
" the gene expressron of a specxl‘rc cell in a heterogeneous populanon of cells

* -

3. Clinical Apj:iication o] the C ytod)%aj ,
Sty . ) |

R 4 The"availahility of a rapid and quantitative' assay 1o measure IL2. mRNA levels

o . for clmrcal use” is. 1mportam Momtormg of CsA conoemrauon in allograft recrprem sera

Y

| by the ability. of the serum 10 mhrblt IL2 mRNA productxon in cloned T- helper cell
K2 .

I llmes would ba such an assay The prelrrmnary results reported in “this chapter predrct‘

t such a tool could prove useful. but the followmgs,consrderauons have to be taken
, » . . .

1=
-

k]

into acc?uni.\.(i)Normal human serum suppresses IL2 mRNA aOCumulaiion, This has:



e

” "“rthen tl\ls assay for measuring CsA concenu:auons * serum would be f - .

A

4
. ¥

w»

' previously been shown with human (Cooperbrand el al., 1968; Matsushima et al., 1984)

and mouse (Hardt er al., 1981, Hsu e a[, 1981; Viet et al, 1973) sera. However, it
has been shown that the inhibition by murine serum of the prol*tion of

'IL2-dependent cells s nolvspeci’fi'c foy IL2 since this effect was observed with other

‘cells not dependent on IL2 and a’lsQ' murine serum did not inactivate IL in vitro,

(Hpoton e al., 1985).*11‘ normal human serum does not specxfxcally inhibit IL2 mRNA,H

e l‘m,xatlon curve ‘would be necessary 10 dete:mme which concentration to - use. (u)fﬂll

r,. ~

appears from Figure 11 that different individwal's sera mhxbxt L2 mRNA produ

the same extent alt different concentrations. Thus, to be clinlcally applicable ‘to a variely

of ndividuals, .'prelxmmary tests must be performed in each case to delermme‘ Wthh

concemrauon of serum 1o use in the assa\ (iii) The limit of accurate measuremem ol‘

CsA in the serum determined thh the bioassay is in the order of 20 ng ml‘ to 300 ng _

m]-! (Chapler 3B, Secuon 12). Tlns lnmuauon has’ also been rgported for the RlA at

65 ng ml" (Rogerson et al., 1985) and for HPLC at 32 ng ml-* (Carruthers et al

“l1983). In IhlS Tespect, the bnoassay is’ more sensmve. In general, the technique is-.

. -

mterestmg bm not readlly acceptable for chmcal use. The results could be available in

+

: _”4. no-legs than 3 days -after sampﬁ!g. herefore danly rqunonng wnh this techmque would,

noQ advax}tageous lnterestmgly though panem B studied in thns work, réjected a
renal' graft. The bioassay results .conflrm the RIA values that the concentrauon of CsA
A

was generally less .than 200 ng ml'. It has been reported that - CsA concentratxons less »
than 200 ng ml' are associated wnh a higher frequency of” rejection (Irscmk et al.,_

.1984). The results presentedu here emphasize the correlation betweens‘cyclospo.rin levels

and clinical complications.’ Do _ ’ o p
Y

%

e



CHAPTER IV , . s
FORMATION AND DECAY KINETICS OF IL2 mRNA IN EL4.El CELLS

A. INTRODUCTION

#
3‘-0

The objective of the worlé‘ reported in this chapter was investigate the possi-
lq

bility of post-transcriptional control of lLaw— expressron (Chapter lC Section'2) by

examining the stability of IL2- mRNA in relauon to the stabrhty .of bulk celfular '* E
3 ¥ . Fid ./ .

mRNAs. The EL4.E] cell line used for this stud) is clonal, thus the accumulauon ol’ ¢
. gt
IL2 mRNA and its subsequent decline resull from intracellular events and not from -
“ 4‘,'
ﬁgulalor) signals ongmaung in another cell type. Early experiments on- -the stapility of

o \-vl

mRNA made use of -protocols in which acunomvcm D was added 1o blocku the symhesrs

» ™

of new messengers so that. decay of pre- exnsung mRNA could be followed Ho“ﬁyer ”\

-

¥ '. %

according to Singer and Penman (1972) acunomycm D had secondary effec@n trans*
2 Q.

lation initiation. Thus it is possible thal'%mRNA remams sLable in the presence of

acunomycm D because of the loss of regulatory molecules ln fact there ‘are many

n

repﬁrts of mcreased enzymatic activities after the addmon of acunomycm D to cells

actively synthesizing specific enzymes ('l"omkms et al., 1972)."

. '
' . . \ : v "
Srnce acu’remycrn D blocks all nuclear transcrrpuon theoretrcally it would mhlbn
4

the synthesis of molecules that corgrol the accumulation and decay of IL2 mRNA In
Tk l.

atter!pung to determmc the half-life of IL2 mRNA normal clearance :mechanisms must ’
be retained. Therefore, because the unmunosuppressrve drug CsA has bqn shouln 10, ’ "
inhibit the gynthesis of L2 mRNA (Elliott er al., 1984; Kronke et al. 1984; Granelli:
Piperno & al., 1986) and its effect is selective, Le., it does not inhibit Ehe u:nxdpﬁon

fate of non-lymphokine genes, (Chaptet 3B, Section 5), .CsA is a valuable ‘tool to study -
further IL2 gene expressron at the molecular level. Since CsA blocks transcrrpuon of the

i

IL2 gene without perturbrng other cellular functions, it was" used to monitor the aecay

“,

76 A -
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O .
- B °
of IL2 mRNA in EUCEl cells The half-life of bulk cellular mRNAs was determined

by convenuonal pulse*labellmg of cells with *H-uridine.

B. RESULTS' )

\\t Y

) The kinetics of -appearance of nt\RNA\EQr\« IL2 i‘EL4.E1 célls stimulated with

PMA, as followed by cytoplasmic\ RNA dot bldt h\wzﬁlmuom are illustrated in‘

e—

w:gure 13. For quanmatwe analysis, the autoradtogram was scanned on an ELISA “plate—- -

reader and optical densities of the spots were usedtq generate a graph. Levels of RNA

become detectable by the 4th hr following stimulation, and then  the values fall into a

sigmoidal curve. Not shown in

mRNA following -attainment of §

"kihetics ol‘ mdﬁc?t:on of IL2 mRNA An PMA stimulated EL4 El cells agree wuh the.

kmeucs of accumulation of IL2 in the culture™ med;um (¥ odNge- Efl‘eatsﬁdl‘ Pw\ and

.'

CsA on a T cell lme M.Sc. Thesis, Edmonton, 1984). The mRNA levels precede

"

‘extracellular IL2 acuvrty by about 4 hr. -,

-

2. PMA Requitement for IL2 mRNA Synthesis , S

. To determine whether PMA was required continuously orfonly initially to induce
the synthesis of IL2 mRNA, a’ kinetic study was\Performed in whrch EJ.A El cells were

w
cultured with and without PMA after a .12 hour prerncul;atnon period thh PMA.

. . -
e is the decline in the accumulation of IL2

levels at approximately 16 o 24 hi. The

Removal of PMA at 12 hr resulted in a dramanc loss of 1L2 mRNA accuznulauon js .

oomplred 0 culture’ Jn which PMA was left for a further\ hr mcubyon penod
" (Figtize 14). Approxxmately 50% of IL2 mRNA decayed in 2 hEJr l‘ollowmg alhr lag
period. These Tesults demonstratubat in order 10 maintain high levels of TL2 mRNA,

For

: PMA must be _present in. the culture system throughout the mducuon penod In addx-

‘ﬁ»’la

' Bt

tion, the pbservauon that the removal of the tnducuoufml results in, a. raprd decline

®©

LY

L



FIGURE 13
KmETxcs OF CYTOPLASMIC AC(;}JMULATION OF IL2 mRNA

DURING lNDUCTION F EL4.E1 CELLS

5 x 10° EL4.E1 cells were mduced with 15 ng im!"* PMA. Total cytoplasmnc RNA was
extracted at various time intervals after mdutnon as described in. Section B.1™ of
Materials and Methods. Cytoplasmic dot blots ! were hybridized to - mick-translated IL2
c¢DNA probe and the. autoradiograms quantitated by scanning on an ELISA plate-reader ». -
at 570 nm. The eptical density (O.D.) units correspond to 25 x 10* cell eqmvalems -
with a negatwe comrol ( PMA) subtracted. _ v o

*
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FIGURE 14 o
 EFFECT OF  REMOVING i:MA AFTER A 12 HR STIMULATION
IN EL4.E] CELLS ON THE ACCUMULATION OF IL2 mRNA
EL4.E] celis were induced in the presence of PMA (15 ng ml 1) for 12 hr At that
time, the cells' were washe%hree times in warm medium and recultured at the same

density (10° cells ml-') with™\(open symbols) or without (filled symbols) [resh PMA.
Cells were further incubated for 6 hr. Total cytoplasmlc RNA was extracted at various .

- time intervals after the wash as described in Materials and Methods, Chapter 2B, -

Section 1. RNA was transferred to nitrocellulose filters and, hybridized to nick-translated
- IL2 ¢cDNA probe. Quantitation of IL2-mRNA levels were performad by coynting the
radioactive dots corresponding to 4 x 10° cell equivalents. in 5 ml Scintiver§e, and
subtracting the counts of a negative control sample. The hgure shows the dala from
two separate expenmems (circles and triangles).
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,in ‘the- accumulatron of IL2 mR A suggests\that this mRNA has a sh/r_L half - hl‘e

, o
- These results. suppon the concept th:n the . producuon ol‘ /IL2 in T cells is regulated at
o 'y
“ the level of 1ranscrrpuon (Efrat and Kaempl‘er 1982; ClqA'k et al., 1984) B N
/ j : ‘
3 Super'induclion of ILZ'MRNA - o T /,«’ P o a -l",

Prror studres haye indicated that cyclohexrmrde rl' added wu.h the mrtoggn tboe

\\

i not alter lymphokme mRNA‘ levels. bus blocks‘ the down regulauon of IL2 mRNA

.y

e,

occurrmg at later time pornts (Efrat and Kaempfer 1984 Efrat and Kaempfer 1985)

.To dererrnme rf this - phenomenon also occr}'r[s m a murme tumor T cell hnc EL4.El-

celis were sumulated wrlh PMA for 10 or /24 hr durmg which perrod the) were exposed

1o cycloheumrde for varroqs lengths of tlme or not exposed ;1o cyclohexrmrde Frgure 15 =

/
deprcts the kmeucs of accumulatron‘ -of IL; mRNA und ‘vanous condmons of

mducuon The presence of cyclohex{mrde from th\e trme of strmulatron 0 hr) resulted

~in no. observable accumulatron of/ IL2 mRNA at '10 hr (Frgure 15B) and much lessv
than the control (PMA) at 24 Kr (Figure 15A). Similarly, CsA added at time 0 resulted

‘rn no observable accumulauo{ of lL2' mRNA‘ at 24 hr*(Figure 15A). 'However the

presence of cyclohexrmrde m the 6 to 10 hr 8 1 10 hr or 10 to 24 hr time rnrerval

led to srgmfrcant superrnducuon of IL2 mRNA levels relatrve to the controls mcubated

only with PMA (Frguré 15B) ldenucal results were obtained for GM-CSF mRNA (data
not shown) sugge;tmg thar common mtracellular - mechanisms - regulate lymphokme

‘ mRNAs in EL4 EI cells. It should be pormed out that cyclohexrmrde had no effect on

the expression /of the IL2 receptor 13 PMA plus Con A snmulated Jurkat cells or -

;lhuman PBLS// nor on the consmuuve expression. of the T- cell receptor B chain - in

VEL4 El’ cells (Paetkau et 1985).  This indicates that- cyclohexrmrde medrated_

/
supennducnon does not reflect merely a generalxzed stabilization of oellular mRNA
B R

/

Addmon of cyclohexxmlde upon sumulauon blocked the mducuon of IL2 and

-,
GM CSF mRNAs completely Therefore protem syntheSrS\rs requrred for the mducuon

U e

\



® ' FIGURE 15 e

SUPERINDUCTION OF lL2 mRNA

L]

. Cycloh\,xxmlde (20 ug ml ‘) was added to - 5 x 10¢ )EL4 El “cells at the umc of
stimulation with PMA (15 ng ml*!) or 6, 8 or 10 hr after PMA induction as indicated.-

Al 10 or 24 hr cells; were harvested and cytoplasm:c&{‘?\ extracted "as described in
Materials” and Methods ‘Chapter 2B~Sectioch 1. RNA
and hybndxzed 1o nick-transiated IL2 cDNA probes. The: autoradnogram is shown in ‘A.

transferred to nitrocellulose.

Quanmamx’r of the autoradiographic spots -were achieved by scapning  on an A -

plate-reader- At 570 nm. The optical density (O.D.) units, 'shown™ m B. correspon
the dilution’ whxch represents 25 p 10‘ cell equivalents. g . C

! i ’ . ' ’ Kl
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of lvmphokine mRNA synthesls When only cycloheximide was - added to EL4 El cells‘
‘tl!ere \Vas no observable accumulatton of . IL2 mRNA (data not showr). Thls suggests
the requrrement for de novo protein synthesrs for IL2 mRNA induction. However once
transcrrptron was rmtrated the steady state levels of JL2’ mRNA were mcreased by the
addmon of -cyelohexrmrde The extent of superinduction was approxrmately 8 to 10-fold

,-(Frgure 15). This effect »f cyclohexrrnrde may be due in part to stabilization ol‘ the

“ mRNA, cogglediperhaps to an increase in transcnpttoa.‘, M B

4. Kinetics of IL"Z.j'mRNA Decay and Superinduction in the Presence
o_f Cyclosporin ‘A v:'izr'id Cycloheximide - .

N

CsA has been prevrousl) shown to reduce IL2 mRNA levels by inhibiting its
‘ transcrrptron rate in isolated nuclei (KrOnke et al., 1984; Shaw et aI submmed) It is
,thrs effect of CsA that was taken advantage of for the followmg experlments CsA was
‘used as-a tool to mhrbrt the on- gomg transcrrptron of the ILﬂZ gene, thus enablmg the
determination of the halfflife of the pre existing IL2 mRNA in_ the cytoplasm wrthout .'

effecting normal mRNA clearance mechanisms.

- -

»

EL4.El cells were Stir_nulatec_l vvith PMA for 20 hr after which the induced «,gells =
were transferred' to indivldual wells that did or did not contain CsA. Cytoplasmlc RNAl
-was extracted from the cells before and at various times, points after CsA treatment
' Cyrtﬁasmrc RNA dot blot hybrrdrzauon to nick -translated IL2 ¢DNA probe was per-
- formed. The kmet1c curves of RNA degradatron as determined by scmnllatton countmg
_‘ of the radroactrve dots, are shown in Frgure 16. The IL2 mRNA levels in the absence
of CsA represent the normal IL2 mRNA decay‘ rate. ’l:he presence of CsA at 20 hr
: after. PMA induction resulted in a dramatic loss of IL2 mRNA aocumulation' which, .
after a-1h lag, became undetectable after 3.5 to 4 hr. It remains unclear from

Figure 16 whether the mRNA dway curve in the presence of CsA is truly exponenttal
‘ Frgure 17 represents the peroent survival of IL2 mRNA in the presence of CsA as



, " FIGURE 16
¢ KINETICS OF ’ésA nqzmATED IL2 mRNA DECAY AND
cvcmuaxmmrs MEDIATED IL2 mRNA SUPERINDUCTION
"IN STIMYLATED.EL4.E] CELLS

- EL4.E1 cells (10¢ cells ml- ‘) were sumulated with PMA (15 ng ml'!) for 20 hr. At this
time either nothing (—e—), '100 ng ml-! CsA (—o—), 20 uxg mi? cycloheximide
(—4A—) or 100 ng ml! CsA plus:-20 ug ml* by cyclohexlmxde (—A—) were added to
. one-quarter of the cells.and further incubated for 8 hr. At several time intervals after
~ the drup additions, RNA was - extracted as described in Materials and Methods,
"Chapter 2B, Section 1. The RNA was transferred to nitrocellulose filters and hybridized -
- 10 nick-translated IL2 cDNA probe. Quantitation of IL2 mRNA levels were achieved by
counting the radiolabgled spots corresponding to 5 x 10‘ cell equwalems in Scintiverse,
and subtracting a ncg tive control (-PMA). J , .
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. FIGURE 17 N
'SURVIVAL CURVES OF IL2 mRNA IN THE ABSENCE

" AND PRESENCE OF CsA -

IL2 mRNA .from,EL4.Ei' cells was quantitated as described in the legend to Figure 16.
Zero time of CsA treatment (100 ng ml') ‘was used as a reference for 100% survival.
+Curves for half-lives of IL2 mRNA in the presence (—0—) and absence (—e—) of

‘CsA are shown. ‘
{



SURVIVAL

%

100
90
-
70
60
50
40

- 30

20

O . A ‘A¥ J' ‘3 A

-

21 22 23 24 25 26 27 28

TIME (hrs)



o \
. compared to the control. -
. ‘ - ’l

| “As rhov;rr\ in Flsure 15 addition ol’ cycloheximlde at ‘various times after'
. induction resulted in an lncreue ln the aocumulatlon of 1&\ mRNA. To evaluate the
kinetics of IL2 mRNA superinductton EL4 El cells- were stimulated with PMA for -
20 hr and then cyclohleximlde vas added Cymplasmlc RNA was extracted ‘at l hr
intervals, and analysed by dot -blot hybrrdlution to nick-translated IL2 ¢DNA probe
quantitation of the data was achieved by scintillatton counting of the radroactlve dots :
When cyclohextrmde was addéd at 20 hr there was a drarhatic tise in IL2 mRNA levels
(Figure 16). After 3 brin the presence of cycloheximlde. there was an approxrmatcf
5-fold increase in the accumulaudu of lL2 mRNA and this ‘was observed to- pérsist for -

\g

a further § hr. : o . a

The~:eombined effect of cy’elohex.irnide arrd CsA was also tested in this experi-
ment. EL4.E1 cells were stimulated with PhdA for 20 hr at which tirrle both
“cycloheximide and CsA were added.‘ éytdplasmic RNA was extracted at 1 hr intervals.
and artalysed as‘ 'described above. The combined effect of cycloheximide and CsA led 1o
an increase in IL2 mRNA accumulattqn However, this rise was not identical to that
observed with cycloheximide alone. The addmonal presence of CsA resulted in a shghtl)

/
lower increase in IL2 mRNA accumuleuon (Flgure 16).

Figure 16  shows that (i) addition of CsA after 20 hr of PMA stimulation
resulted in a rapid decay of IL2 mRNA accumulation as oorrtpared to the normal decay
~ rate of the message durmg shut off, (ii) the addition of cycloheximide after 20 hr of
" PMA surnulmon resulted in a rapid accumulatton of IL2 mRNA and the subsequent
mbihution of the message at thns superinduced level and (iii) that the addition of .
cycloheximide plus CsA after 20 hr of PMA stimulation resulted in a supennductron of ‘
IL2 mRNA production although somewhat less than with 'cyclol‘reximide alone.
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S.  Messenger Dccay Kinetics

The reduction in IL2 mRNA accumulation upon CsA treatment observed above,

reflects a post-transcriptional down-regulation of the message. To rule out ihe Joulﬁmtym
that CsA exerts any additional effects on the processes ‘that conttoi mRNA
accumulation, the kinetics of decay of bulk cellular mRNAs were determined in the

absence ahd presence of CsA.

(a) Kinetics of Labeling with Uridine

Exponentially growing cells can incorporate *H-uridine into RNA. Messenger -

RNA dc«#y can be monitored directly by measuring the-decteasing counts in cytoplasmic
poly(A)-containing RNA. EL4.E]l cells, at a density orI.lQ‘ cells ml'', . were cultured in
the presence of 1 uCi ml' (4 )ijQ_‘"M) 3H-uridine. At various time intervals, aliquots

of the total cell culture were spotied onto Whatman 3 ‘'mm filter paper and nucleic

acids were precipitated in 5% TCA.'lQuamimion of lAbel incorporaied‘ was achieved by

counting the filters in Scintiverse. As shown in Figure 18, incorporation of ‘H-uridine,

continued for 24 hr. However, the TCA precipitated cpm weré not observed to incyease

significantly during’ the 24 hr pt}lsg. This couldv be a result of degradation of\ the
nucleoside. In an attempt to address this possibility an ’e‘xoess of cold uridine/or
deoxyiriosine was added. Deoxyinosine is a substrate for enzymes that degrade ur;dinc
(V. Paetiau, personal communication). 'l;he -addition of 0.5 uM cold uridine had_no
appreciable effect on the incorporation .of ’H-,uﬁdine into TCA -precipitable nucleic acids,

but the addition“ of 0.4 mM déoxyinosine resulted in a dramatic mcrease in the amount

of *H-uridine incorporated into nucleic acids. The incorporation was observed to increase

rapidly during the first S hr and to increase at a slo_wer/ rate during the next 19 hr.

-

To rule out the possibility that ‘Heuridine was incorporated into DNA, the

percentage of 'H-RNA in the TCA-precipitated material was determined. RNA was

v



FIGURE 18 |
KINETICS OF 'H-URIDINE INCORPORATION INTO
TCA-PRECIPITATED MATERIAL FROM EL4.El CELLS

EL4.E] cells (10* cells ml*) were cultured in the continuous presence of -1 uCi mf!
SH-uridine (—o0~) with the addition of 0.5 uM uridine (—e—) or 04 mm
deoxyinosine (—&—). At the indicated times, 0.05 ml aliquots of the total cell culture
were  applied to Watman filter paper and precipitatéd in 5% TCA as described in
Materials and Methods, Chapter 2C, Section 2. The inset shows TCA precipitated counts
into unstimulated (—A8—) or PMA stimulated (15 ng ml'') (—A—) ELA.E] cells in &he.
continuous presence of 2 uCi mi* *H-uridine from a separate experiment.

1
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" and 74% ’H RNA 10 TCA precrpttated counts after 18 hr and 63 and 65% respectrvel\,

= hydrolysrs and that very little of the label was mcorporated into non- RNA matenal'

J

‘ mcorporate the label (as determmed by TCA precrprtable cpm) to the same extent A

N,

. ' X A

extracted from. cell cultures labeled wrth ’H urrdme in ‘the absence and_ presence  of

deoxymosme as descrtbed in Materrals and Methods Sectron ,B. 2. A portion of thck.'

RNA was pr dtrectly onto frlter dtscs in TCA. Another portlon from the same

sample ‘was subjected to mrld alkalme hydrolys:s at 3T'C overmght bel‘ore precrprtauon :

wrth TCA 'I'he samples in the. absence and presence of deoxymosme consrsted of 7%’

0 76 #0. 57% (n= 4) of the counts compared to the T CA precrprtated counts Thesc ‘

results suggest that 99% of the counts -in extracted total RNA are sensitive to alkalme

¢ m—

The mset ‘,tn thure 18 shows thal both “PMA - sttmulated and unstrmulated cultures

after 24 hr The portlons of RNA that were subjected to alkalme hydrolysrs retalned :

4

labelmg trme of 14- 16 hr was therefore demded upon to achteve blosynthetrc labelmg of

long ltved RNA components m the cell
:( b) 'Kinetics ‘of ChctS,e, A ﬁ_er 16 'Hr,.'of Lab%ling wt‘lh "H-Uridin;‘e

Table 4 shows the effect of ~washmg out the 3H urtdme "after 16 hr labelmg

| (2 uCi ml 1) One sample contamed PMA, the other drd not. After 16 hr of mcorpor

 fresh- medrum 3 times. After the wash, lh'le stunulated culture was: drvrded mto two

»

Fresh PMA was added to one- culture and fresh PMA plus - CsA o the other ‘The.

| : ‘unstunulated culture was free of PMA. At varxous trrnes during the chase an ahquot of

l

- _each sample was precrprtated onto filter drscs w1th TCA. As shown in Table 4, no sig-

' n\lfrcant decrease of label m precrprtated cpm was observed in any of the samples durrng

regardless ‘of whether‘ the celis were stimulated or ‘not, or ‘even if CsA was ,present. This
1 . . . C N . L ' . * A

[ S R ‘ 1

\
K3

pertod EL4 El cells at a densrty of 104 cells ml 1] “were incubated wrth *H-uridine

'atron both sttmulated and unstrmulated cultures were. centrtfuged and Aresuspended in

:the frrst 24 hr of chase ’I'he amounts of TCA precrprtated matertal were very srmrlar ‘



- ' TABLE 4
' EFFECT OF WASHING OUT *H-URIDINE

TCAl-'precipilated cpm

|
!

Lo
f

Chése‘»time (hr) +PMA | | PMA +CsA o -PMA
;05 .« 1 s nd
‘ 2 8ss e 5289
f 3 e g " nd
4 L 7048 - s 7354
6. » 674 0% e
24 . 4Nge 5487 6096

v

presence of PMA (15 ng ml'). At 16 hr the cells were washed 3 times in RHFM.
stimulated culture was divided mlo two; to one fresh’ PMA was added, 10 the other

ous times indicated, S0 ul ahquots were spotted omo Watman 3 mm ﬁll lSCS and
précipitated with 5% TCA. IR h — ‘
' /

nd, nol determmed.. ' ' | . ‘ /

‘the absence of PMA. The cultures  were mcubated at 37C for a further 24 hr. At vari-

7
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\ .
- result suggested that there may be re-utilization of the’ labeled into newly

synthesxzed RNA In an attempt to effect the chase more efﬁClenlly, vanous concen-
tratlons of - cold undme, were added after the wash. Table 5 shows the ‘results from an |
experiment in which unst.imulated' EL4.El cells‘ at a density of 10¢ cells ml-!, were |
~‘labeled for 16 h in the presence of 2 uCi ml? of lH-uridine. At this time, the cells
were washed 3 times and resuspended to the original density in the presence of various

~_concentratjons of cold urldme During the chase period, allquots from each cullure were

L—————-__
precxpntated onto filter dlscs with TCA. Concentrations up to 10 mM Of cold undme

~.

did ‘not seem to affect the turnover of ‘H- RNA during a chase follewed for 23 hr.

These results suggested that compeung out the label with cold undme dﬁes" not -affect ..

[

protocol. The results obtamed eliminate the possxblluy that mere
'RNA ‘and re- uullzauc;n of the labeled nucleotides. Tfus is 1n_“"%tw . with' earlier -
findings in exponentially growing ﬁka cells (Holtzman ef al 1966) lThese;"r’esallsﬂ‘ )
'lmply that a sngmﬁcant fracuon of the total RNA populatlon has. .4 tumover rate that'

is slower than 23 ht. -~

TN~
~

(c) Turnover of *H-poly(4)" R in EL4.E1' Cells ‘e

; ¢ h S

The results presented in sectioxas (a) and '(b) show that a direct determinatioh‘
-of mRNA half- hfe is pos51ble EL4.El cells at a densny of 10¢ cells ml-!, were labeled o
for 16 hr wnh 2 uCi ml! ’H uridine, in the absence or presence of PMA. At 16 hr,
the cells were washed 3 times and resus‘pended to the‘ same density. THe SUmulated cells
were divided inlo 2’separate wells.. To one half, only fresh PMA was added ‘to the
other, fresh PMA plus CsA were added. The unsumulated cells were resuspended in the
absence of fresh PMA. At various mtervals after the wash, % 10¢ cells from each of
’the three samples were harvested and- total cytoplasmxc RNA was extraCted as detailed

in Materials and Methods Secubn B.2. Each sample of RNA Was ethanol preclpnated



TABLE 5
EFFECT OF ADDING: COLD URIDINE TO THE CHASI:

“TCA -precipitated ‘pm

Cold uridine - P : s .

«Concemration A © 1 hr - T4 hr L : 23 hr*
0 : Q19 o sm | iiis

- 1M 5489 6552 , 7310
0 Cona 011 7651

100 - 6231 3648, _ 7756

1 uM 1446 5964 | 7510
0o 6461 . 66 6304

100 6408 5588 . 7050

1 mM S a3l 5438 6843

10 7659 C 6650 S 5133
blank o1 36 664

EL4.El cells were incubated with *H-uridine (2 xCi ml') for 16 hr, in the absence ‘of /
PMA. At 16 hr the cells were washed three times in RHFM. The cells were resus- /
pended to that original density and replated into fresh wells containing various concen- -/
“tration of cold uridine. The cultures were incubated- at 37C for a f urther 24 hr. M
various times indicated, 50 ul aliquots were spotted onto Watman 3 mm filter- discs .and
precipitated with 5% TCA. The blank refers to cells that were not pulscd with
‘H-uridine but were treated in the same fashion. /
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- . . .

and resuspended in a small volume (25 ul) 25 mM EDTA/O 1%\§DS A pomon of the.

total RNA (3 ul) was diluted to 50 ul. One fnfth was used to quanmate the concen-'

tration by means of fluorimetry. Three-fifths were counted in 10 ml aquaso} to deter-

* mine the total cpm in *H-RNA, .
. . . \

Of the ongmal 25 ul of total RNA 10 ul was apphed to mAP -ag descnbed in

Matenals and Methods Secuon B.3. The poly(A) RNA was released 1mo 1 ml ,of

ster:le water. 600 ul were. used to quanmate the §oncentratxon of poly(A) RNA by :

fluorimetry and then subsequentl) dnssolved in . .10 mls aquasol to determine the cpm

remaining in the poly(A) fracuon The percentage of poly(A) mRNA in the total

' RNA population, as’ calculaled exther from the concemrauon in ug or. from the cpm'

was 481 * 1.68% (n=25) and 4.98 + 176% (n= 25) respecnvely The. specim\acm

ities (cpm ug') for the~ ‘H- total “and ‘H poly(A)'\R\NAs were calculated and are
\
presemed in Fxgure 19. As 1nd1cated the addmonal presence. of QA during the chase in

“the stimulated cultures had no effect on ‘the ‘overall decay curves Me 3H-total or
I

poly(A) RNAs. Therefore, in the presence of PMA, the changes in specmc }tm\y of '

the poly(A)* RNA with ume could be fitted thh two strmght lines. ‘Ilhgsteeper sloped )

lme had a half life of 1.5 hr, the other had a half life in the order of tens of hours.
-The specific actmty of the unstimulated cuhures ( -PMA) appearcd to turmover more

rapidly than the stimulated cultures.
Extrapolation to zero time of the two lines in Figure 19 indicated the initial
amounts of the two components. The intercepts at zero time give an initial ratio of

radioactivity in the fast-decaying \ébmgonem to the slow-decaying component, i.e., 25%

of the labeled message is in the rapidly decaying speeieé ‘and‘ 75% in the slowly 'decayihg

species. N Ty

+.  The remainder of the 'H-poly(A)* RNA released from mAP was deha'tuxed and

transferred ta mitrocellulose as for dot blots. The filter was hybridized with nick-

-
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FIGURE 19
TURNOVER OF TOTAL AND POLY(A)' RNA
EL4.El1 cells (10*) at a den;ity of 5 x 10° cells ml' weré stimulated with PMA (15‘ ng

.ml"') and labeled with ’Heuridine (2 uCi- ml"') in the presence- of - deoxyinosine

(0.4 mM). Unstimulated EI/4.E1 cells (3 x 107) at the same density, were: aiso labeled

with *H-uridine (2 4Ci ml/) in the presence of deoxyinosine (0.4 mM). After 16 hf of «»*

incorporation,  the cells wére centrifuged and resuspended in fresh medium. Cell density
was kept at 5 x 10° cells ml"'. After the wash (zero time) the stithulated culture was
divided into 2. Fresh PMA- was added to one culture (circles), and to the .other fresh
PMA plus CsA (100 ng ml'') (triangles). The unstimulated cells remained in medium
free of PMA (squares). At intervals after the labeling, portions of each sample were
removed for extraction of cytoplasm and isolation and analysis of mRNA (see Materials
and Methods, Chapter 2B, Sections 2 and 3 and Chapter 2C, Sectiori 1). The specific
activities of total (open symbols) and poly(A): RNA (closed symbolf) for each portion
are plotted on a logarithmic scale as a function of time. '

L}
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translated Il.\.ZLCDNA probe. Quantitation of the autoradiogram was achieved iay scanning
with a densitotheter. Figure 20 depicts the deca’y of IL2. mRNA levels in the presencé
~of CsA added at 16 hr. After A 1.5 hr-lag, }he IL2 mRNA decays with a half:life of
1-1.5 (hr, as expected. The control 1L2 mRﬁA levels in the continued presence of PMA,
remaine; ::onstant (datav not shown‘). These results illustrafe that whilc‘ 1L2' mRNA is
rapidly decaying in lhe‘presence of CsA, the overall rate of bulk cellular poly(A): RNA

[ -
decay in the presence of CsA is very slow, Therefore, CsA does not seem to have any

additional effects on the rate of bulk cellular RNA" turnover.

C. DISCUSSION

The-‘r'esmms presented in Sections 1 and 2 den;onstrated that' (i) IL2 mRNA is
induced by PMA in EL4.E]l and (ii) removal of PMA after indﬁclion results in a rapid
decline of IL2 rgRNA“followin’g a 1 hr lag. This suggests that there is a mechanism for
rapidly turning off IL2 mRNA upon removal of the stimulus. This is coﬂsistem with
the recent report byl Watts ‘and McConnell (1986). In studying antigen presentation to T
cells by supported ﬁplanar m'embranes, they found _tha-t IL2 production .is rapidly turned
off upon removal of Tb ceils f r‘bm the supported plahar membrane. These results could

. be explained by a direct affect on gene transcription rates and/or a poSt-lranscri’ptional -
B _ Lol ' :

-mechanism accelerating IL2 mRNA processing or degradation. The sequence of events

associated with induction of IL2 gene expression after PMA treatment has not yet been

defined. PMA is known to activate the plasma membrane-associated .protcin kinase C

I3

(Nishizuka, 1984), but a direct role of this in increasing trahscripiion has not yet been

demonstrated (Rabin et al., 1986).

In an attempt to study further the regulation of IL2 mRNA accumulation and

decéy. 'cycloheximide was added at various 'intervals to induced EL4.El cells to inhibit

v , |
> protein synthesis. Two important ‘observations are illustrated in Figure 15. First, addition
. p W .

¢ L Geg
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FIGURE 20
DECAY OF IL2? mRNA DURING A CHASE IN CsA

Total RNA (16.2 * 2.9 ug [n=24]) from all three samples described in the legend to
Figure 20 were immobilized on nitrocellulose in duplicate and hybridized to nick-
translated IL2 ¢cDNA probe. mRNAs were quantitated by densitometry scanning of the
autoradiographs: IL2 mRNA levels from PMA plus CsA (—o— and —%—) and contro

.

(—A—) samples are shown as a function of time. :

s #
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of cycloheximide at the tme of stimulation blocked ehe lnduodon of lL2 ;’nRNA.‘ )|
clearly indicates that ectivatiou of the IL2 gene in EL4.E] cells is a secondary respon
le., prior protein synthesis is necessary. In contrast, PBL do not require prior protein

synthetis for IL2 mRNA mduction (Kmnke et al., 1985; Paetkau o al., 1986) The dis- \_‘

.,‘;ﬂb

crepancy in the results between tumoi‘ cell lines and PBL may be explained by the fact . \

that PBL, consisting of mixe( cell populations. could presumably have received inductive

g -

signals from other cell types prior to sumulauon in culture:
>

The second observation supported by Figyre 15 is that, following the first hours' \
of induction, addition of cycloheximide resulted in a superinduction of IL2 mRNA. The
superinduction of IL2 mRN'A is consistent with the concept that a laoile protein
regulates the level of the IL2 mRNA (Efrat and Kiempfer. 1984). The superinduction
phenomenon has been demonstrated with a variety of mRNA; such as B-IFN:in poly
(l C) activated human fibroblasts (Sehgal and Gupta, 1980 Raj and Pntha 1981),
c-myc /m)vCon A activated mouse spleen cells (Kelly e al., 1983), ILl in PMA induced
P388D cells (Mizel and Mizel, 1981), erothe ammotransferase in corusol'mduced rat
livers (Hofer and Sekens 1978), hnstones in HeLa cells (Stimac et al.. 1983), JE and
. KC mRNAs in PDGF stimulated 3T3 cclls (Cochran et al., 1983) and c-fo§ in TPA
stimulated monocytic cell lines (Mxtchell et al., 1985). The results from these studies
suggested that the‘cyclohexiu:ic;ejmediated mRNA superinduction is mediate& by a .poﬂ:
transeriptiona]  mechanism. H‘owever‘ in other systems cycloheximidc-mediated‘
supennducnon has been shown to mvolve sumulnuon of the transcription rate ‘e.g.,
B- acnnfgene in mouse-embryo- denved AKR- ZB oells (Elder et al., 1984), B -IFN gene
in. Chmese hmxster ovary oells (Ringold et al., 1984; Maroteaux et al 1983),
MHCclass 11 mvmam cham gene 1n the pre-B cell line K (Rahmsdorf et al 1986),
human -Ig-genes transfected into mouse L oells (Isahara, 199{) and human-Ig-genes in a
pre-B cell line (Wall et al., 1986) This effect may be a consequence of mhlbmng the

production of a labile protem whose action regulah) e transcription in these systems.

)
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‘Su;}aerinducu‘on of the >ll.v2 gene 'in( E‘L4.”P;l‘ cells is dne u; ﬁi-mhwﬂpﬁoml mechm
isms, since the transcription rate was not found to lncreué in the presence of
cycloheximide (Paetkau et al., 1986; Krc;n-ke.et al.; 1985) Presumably. superinduction of
IL2 mRNA is a result of stabilizalion. of the message. This is not the case for other -

messages in EL4.El cells, ie, IL2R, T cell receptor B-chain, or actin (Paetkau ef al.,

1986). We would therefore predict that IL2 mRNA has relatively short half-life.

The purpose of the experiment in Figure 16 was to investigate the half-life of
IL2 mRNA. CsA was added to induced EL4.E1 cells to inhibit Yoﬁ‘igqing mnscripqu of‘
the .IL2 gene (see Chapter IC, .Section-z'). and the decay .of p@éxisting IL2 mRNAs __
was monitored. The results illustrate a 1 hr lag before IL2 mRNA" rapidly decays with .
‘a msu&&m‘ approximately 1.5 hr. Also shown in Figure 16 are the kinetics of IL2
mRNA superinduction in the presence of cycloheximide. Within 3 hr after treatment
with cycloheximide there is at least a 5-fold increase:' in IL2 mRNA accumulation. These
; tesults predict that a labile 'o; rapidly iurning over protein is iﬁvolvcd in the post-
uankriplional regulation of IL2 mRNA. This protc‘in " pfesumably invelved ip IL2
mRNA degradation since blocking protein synthesis with cycloheximide causes a dramatic
increase (superinduction) in IL2 mRNA ievels. CsA might act directly by binding. to
regulatory regions on DNA or indirectly by inducihg trans-acting ,factors requimd for
transcription.  Altermatively, this speculative CsA-induced factor rmght affect RNA
degradation. Slmuhaneous addition of cyclohnxnmnde and CsA resulted in superinduction _

of IL2 mRNA, suggesting that the CsA ‘effect required protein synthesis.

In order to determine the turnover rate df bulk cellula} poly(A) RNA ELA.El
cells were induced in the bfcscnce or; 'H-uridine for 16 hr. The protocol was adopted in
order to label all cellular RNAs in the cell. At 16 hr, the cells were. washed and
- recultured with fresh PMA or fresh PMA plus CsA. At various time points after the

wash, an aliquot of each cufture was TCA (5%) precipitated. In addition, total and

g
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" poly(A)" RNA were extracted. The observation that the TCA-precipitable counts did not

turnover within-24 hr of chase, suggested that the bulk cellular RNA population was
long lived (Table /5)." Determination of the soecific activity of total *H-RNA confirmed
- this observation. The ract. that the‘ specific activity of the control (-PMA) culture
appeared to decay, is probably due to new RNA synthesis 'durlng continued oell growth.
~ In contrast PMA-stimulated EL4.E1 cells 'a.‘rc arrested in G,L phase and therefore do not
divlde. The specific activities of the °H poly(A)‘ RNAs in the PMA sa;np_les suggest
that. there are 2 ‘componems with different half-lives ln the cell. These results are con-
sistent with 2 reports in the literature. Slngcr and Penman (1973) ‘found 2 componems"'
with half-lives of .7 ‘and 24 hr in Hela célls and Spradling et al. (1975) found 2‘
class‘es of cellular messages with half-lives of 1.2 and 21 hr in cultured insect cells.
These resulls suggest the presence of short lived and long llved componems of mRNA
in cells. ll has been r?portcd that TRNA in mammahan cells is very stablc (Singer and
-Penman," 1973). Howe:ver the observauon that the long -lived component of the °H
only(A)‘ RNA deca)"'s with the same slope as the total ’H-RNA (Figure 19) sugggls
that the poly(A) RNA is. poss:bly contaminated with rRNA Therefore the half life of
the long -lived component is perhips over -estimated. It can be concluded from thxs "
experiment that there appear to be short-lived mRNAs in ¢L4 El cells and ;haz the
addiuonal presence pf CsA does not alter the apparent hall‘ hves of bulk cellular

- poly(A) RNAs,|

With the same RNA, it was shown tha,t the additional presence of CsA did
result in a raplq decay -of IL2 mRNA following a 1.5 hr lag, compared to the control
- (Figure 20). If -this result could be extended to ot.l{er cell lines, and to other -
lymphokme genes, it suggests that lymphokme ‘mRNAs are short-lived and regulated by
‘alterations in their stabilities. The presence ‘of rapidly decaying mRNAs in different celis
have been observed. and summarized in Table 6. The interesting feature is the relatiw;e
stabilization of a truncated c-myc mRNA. Such differences in mRNA stabilities reflect

[ I

» L]
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'Morrisfel al. (1986) fom by replacmg the 5'- ﬂankmg region of ° human H3

hxstone mRNA for the leader from a hsp70 mRNA the fusnon mRNA remained stable
-

. followmg mhlbmon of DNA svnthesxs This strongly suggest that the 5' non- coding

regnon of mRNAs rmg,,_l be an 1mportant regulatory target for their ' degradanon The .

'observauon of sequence homoo 'es and consensus sequences in' the 5' regulatory reglon 5

of lymphokme genes (Ch

E transcnpnonal regulatfon of ]ymphokme gene expression sxmxlar to that suggesmd for

'1h|stonc and c myc mRNAs The mechanism - would 1mply that IL2 mRNA would be:

[a}
rapndly mduced upon anugemc sumulauon and that upon removal of the stimulation,

_'IL2 rnRNA ‘r.apldly Wisappears. Therefore the induction sxgnal prov:des a’ responsive

B system, Sotn for enhancement and diminuition of IL@) production. L2 mRNA would

thus  be mamtamed at  low 'ste.ady " state levels, a property essential for an

. :mmunoregulatory 51gnal ’

tery 1C, Secuon 2) suggests a mechamsm for post-.
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N Th;: objective él‘ the exp‘eri\mems desc‘ribe’d m this thesis was 1o /gt_udy the effectl

of cyélosporins on lymphokine gene expression. In the first part of the work, the
- ) i ’ . : e T
amount of IL2 mRNA synthesized ‘was used to measure the 'immunosuppressive prop-
[ ]

erties of wvarious Cyclosponns In the second ‘part, CsA was ‘used - as z\’ 100! .10 perlgrb

IL2 gene expressxon in an attempt to study IL. gene regulauon

Usmg the cytoplasmie dot. ahygridization technique 1o quamira‘ oIy g asure:
_ lymphokine rnRNA levels several novel ﬁndmg.s were demonstrated (i) The adility of
- CsA, CsC and CsD 10 1nh1bn L2 mRNA synthesis correlated with immunosuppression.
- (ii) The ‘hydroxyl group ir'l the: first amino acid _of CsAf was essepﬁial for ils ability 10
inhibit 1L2‘.and GM-éSF mRNAs. (iii) Normal human serum inhibited lhe transcnpuo
of IL2 mRNA in sumulated EL4 cells. (iv) The CsA conceg avuor; in transplam
patignts' sera can be. monitored through the ability of CsA-comainingv serum to -inhibit
IL2 mRNA accﬁmulation in stimulated EL4.cells. (v) The accumulation of IL2 mRNA
4is dependent. on the continued preseﬁc’e uf"the in“ction signal. (_vi) The short Ihalf -l;fe
of _ILZImRNA was 'calcﬁlated, ,follow-ing‘the addition Qf CsA, to be 1.5 hr after a
1.5 hr lag. period in stimulated EL4 'cells.' In additioﬁ, this latter abil'ity" of CsA in
effecting IL2 RNAD dégfadaiion' was specific; CsA had no effect on the turnover rate

of bulk celllar poly(A)* mRNA” in EL4 cells. 4% .

-~

The general ‘conclusi'on‘thm can be drawn, from the data presented in the first

part of this work is that an in vitro assay that ‘quantit_ates lytﬁphokine mRNA levels,

can be used to screen a variety of immunosuppressive drugs. Moreover, the technique

[

provides a, practical applicatibn for screening previously uncharacteriged synthetic or
natural agents that may- have immunosuppressive properties. The clinical application has

0.

109 ' : L



s

[

alreadv been addressed in this work Although the corrclusions drawn -have been'

described, future studres of thls nature could be useful in determining ' the immune

| status sof patients aboul to undergo transplam surgery This techmque could be applred

‘s

-

as a. prehmmary mbmtormg tool that would predict the mdrvrdual suscepubrhty to CsA,

| ahd thus provide a rational means wrth which to admmrster drug dosages

| The generql conclusion 'that, can be drawn from the data in the second part of
this - work is that IL2 gene expression is ‘highly reguléted in T cells. This regulation has
been shown 1o be mediated b& as yer uncharacterized, facvtors.‘ or protéins, that act at
Oo_th transcriptional and posl-vtrans‘criptional ievels. To invcstigate" the oost-transoriplional
control of IL2 expression. the stability of its mRNA was examined. This was achieved
by the abrhty of CsA 10 mhrbn IL2 gene transcnpuon The results of the study provi-

ded a value for the half- hfe of IL2 mRNA of 1.5 h The logical 1mphcauon is thar

_lymphokme mRNAs are short lived,- however futurc studies in determmmg half-lives of

‘ other lymphokme and non- lymphokine mRNAs are necessary to be able to reach \thrs

- f .
conclusron The requirement. for continuous stimulation for expressron\ of the IL2 gene
L3 :
and the short half -life of IL2 mRNA are characteristics. of _gene products that are

~ . - o

~ important regulatory molecules.
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