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Abstract

P lasm inogen  activa to rs have been im plica ted  in physio log ica l 
even ts inc lud ing  fib rin o ly sis  and tissue  rem ode lling , and in 
invasion and m etastasis by neoplastic cells.

P rev ious w ork has shown h igher tissue  p lasm inogen  activa to r 
(tPA) activity in the ethylnitrosourea induced gliom a line A15A5 
com pared w ith the clone from  norm al tissue, ARBO C9. The 
difference in mRNA was 10 to 20 fold while that in activity was 
greater, usually 50 to 80 tim es. The present work was directed 
tow ards finding out w hat m echanism s could account fo r these 
differences and for the effects of extrinsic factors on tPA activity 
of A15A5.

cDNA clones (approxim ately 1700 bases) for both lines w hich 
included the entire 3' untranslated region w ere sequenced. No 
d ifferences were found. Both have putative A U -rich stab ility  
elements. Nuclear run-ons showed only about a 2-fold higher rate 
of transcrip tion for A15A5. The transcrip t of A15A5 m ost of 
which is in the nucleus, shows little  decay over 6 hours in the 
presence of actinomycin D. The level of ARBO C9 mRNA is too low 
to m easure decay.

M any extrinsic factors affect plasm inogen activator (PA) activity. 
These include the tissue protein plasm inogen activator inh ib ito r-1 
(PAI-1), as well as hormones and growth factors. Previous work 
has shown that cholera toxin (CT) increases and dexam ethasone 
(Dex) decreases PA activity in A15A5. Present results suggest that 
CT primarily affect transcription of the tPA gene while the effect of 
Dex on PA activity is mediated through PAI-1.

The results show that post-transcriptional events are im portant in 
m aintaining a high level of tPA transcrip ts in A 15A 5. The
presence of m ost of the message in the nucleus and the lack of
transcrip t in ARBO C9 despite a com parable transcrip tion  rate
suggest regulation of stability in the nucleus.
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CHAPTER 1: GENERAL INTRODUCTION

1.1 C arcinogenesis

The regulation of growth and differentiation of normal cells and 

tissues is a precise mechanism  involving both growth inhibitory 

and stim ulatory factors. The tum our cells in contrast have the 

ab ility  to e lude these  norm al reg u la to ry  m echanism s and 

pro liferate  in an unrestrained manner.

T his abnorm al grow th of cells or the p rocess o f tum our 

fo rm atio n  (tu m o rig en esis) w ith in  o rd in ary  tis su e  can be 

detrim ental to the function of norm al cells. How tum ours 

damage ordinary tissue depends on the type of tumour. Benign 

tum ours are non-invasive and usually resem ble their tissue of 

origin. Though they increase in size they are restricted to the 

site of origin and are often encapsulated and separated from  

the surrounding tissue. However, when fully grown the large 

mass can both obstruct and damage the surrounding tissue, thus 

interfering with the function of normal cells.

P rincipal charac teristics o f m alignant tum ours are that they 

invade the surrounding tissue and show cellu lar abnorm alities. 

They also have the ability  to in filtra te  blood or lym phatic 

vessels and m etastasize in to distal organs. H ow ever not all 

m alignant tumours are m etastatic. For some m alignant tumours 

local invasion and tissue damage is sufficient to kill the host. 

Brain tumours being the prime example of this type of tumour.

Cancer is mainly a disease of old age. It was not a major cause
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of death  in the human population  until the e rad ica tion  of 

in fec tio u s d iseases th rough  im proved  san ita tio n  and o ther 

advances, w hich lead to the rise  in the average age of the 

population. Cancer related m ortalities now account for 20% of 

deaths in Britain.

For victim s of cancer there is a considerable im provem ent in 

prognosis if  the d isease is detected  early  and there  is no 

invasion of vital organs. T herefore understanding the early 

stages of tum our developm ent and the m olecu lar basis for

tum origenesis would provide im portant inform ation  for early  

diagnosis and treatm ent of the disease.

The three m ajor groups of carcinogens that cause tum ours in 

m am m als are carcinogenic  chem icals, ion ising  rad ia tion  and 

oncogenic viruses. Investigations w ith chem icals have been 

in s tru m e n ta l  in re v e a lin g  the  m u lt i- s ta g e  n a tu re  o f

carcinogenesis. Some chem icals (initiators) which are genotoxic 

can initiate the carcinogenic process by causing alterations of the 

DNA sequence. O ther chem icals or p rom oters allow  the

expression of the initiated phenotype, even though they cannot 

by themselves cause cancer.

C hem ical carc inogens that can both in itia te  and prom ote 

tum origenesis are termed com plete carcinogens (e.g. N -ethyl N- 

n itrosourea), w hilst those chem icals that requ ire  subsequent 

exposure to a prom oting agent such as 1 2 -0 -te trad ecan o y l 

p h o rb o l-13-ace ta te  (TPA ) to p roduce  tum ours are term ed

incom plete carcinogens .
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One of the effects of prom oters is the induction of m itosis. A 

single dose of the tum our prom oter TPA to the skins o f rats, 

ham sters and a variety of strains of m ice has been shown to 

induce a hyperplastic reaction w ithin 48 hours o f adm inistration 

(S iskin et al., 1982). How ever, cell p ro liferation  though an 

im portant event in tum our prom otion is not the only effect o f 

prom oters as not all mitogenic agents acts as prom oters.

There is a considerable length of time from the time of initiation 

to the appearance of the mature tumour, which could be up to

half the life time in some instances. The events which occur

during this asym ptom atic latent period is the least understood 

of the whole process.

Due to the d ifficu lties in studying this process in vivo  in 

humanS) an im al m odels are used in stead . R esearch  on 

chem ically  induced tum ours in anim al m odels found that the 

p a thogenesis  of the induced  neop lasm s c lo se ly  resem bled  

tum our form ation in hom ologous hum an tissue. V irtually  all 

m ajor form s of human cancer has been reproduced in anim al 

species by exposure  to chem ical carc inogens (F arber and 

Cameron, 1980). Animal models also allow the induction to be

carefully regulated and to follow the progression of the tumour. ‘

Another useful technique used to study carcinogenesis is the use 

of tissue cultures. Transform ed cells in culture provide further 

advantages over animal models in that they allow observation of 

ind iv idual populations of cells, the m olecu lar events during 

in itia tio n  and progression  of the tum origen ic  p rocess, and 

characterisation of the phenotypic changes (cellular products).
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1.2 Characteristics of transform ed cells.

It was the observation of transform ed cells in cu lture in the 

1960s that led to the definition of the transform ed phenotype 

(M acpherson, 1970). T hese charac te ristics tha t d iffe ren tia ted  

tran sfo rm e d  ce lls  from  the n o n -tran sfo rm ed  c o u n te rp a rts  

include growth in the absence or low concentrations of serum, 

lack  o f density  dependent inh ib ition  o f grow th, grow th in 

suspension  or ancho rage-independen t g row th , m orpho log ica l 

changes and tum origenicity  on re in jec tion  in to  syngeneic or 

imm unologically deficient animals.

In contrast, normal cells in culture require high concentrations 

of serum  which provide the growth factors required for their 

growth, are inhibited by cell density going into quiescence once 

they reach confluence and require a substratum  to support their 

g row th .

The transform ation of norm al cells into tum our cells can be 

induced in cu lture through infection w ith tum our viruses or 

treatm ent w ith certain  carcinogenic chem icals. Cells derived 

from  tum ours induced in vivo also exhib it these transform ed 

c h a rac te ris tic s .

1.3 Fibrinolvtic activitv of the transform ed cell.

Further studies by Unkeless et.al. (1973, 1974) on transform ed 

cells dem onstrated another d istinctive feature in these cells. 

They found that RNA tumour virus transform ed chicken embryo 

fibroblasts (CEF) expressed higher fibrinolytic activity than the 

c o m p a ra b le  n o n -tra n s fo rm e d  c e lls . T h a t th is  e le v a te d

14



fibrinolytic activity was a specific cause of transform ation and 

not simply an effect of the viral infection was dem onstrated by 

using tem perature sensitive (ts) m utants of Rous sarcom a virus 

(RSV). Cells infected with ts transform ing m utants displayed a 

high fibrinoly tic  activ ity  at the perm issive tem perature w hilst 

cells infected at the non-perm issive tem perature did not. These 

experim ents clearly dem onstrated a causal relationship  betw een 

transform ation and fibrinolytic activity.

Others established transform ation with oncogenic DNA virus can 

also lead to an elevation of PA activity in several cell lines. 

These include SV40 transform ed em bryonal ham ster (Ossowski 

et al., 1973) and rat embryo cells (Pollack et al., 1974), polyoma 

virus transform ed ham ster and m ouse cells, and herpes virus

transfo rm ed  ham ster cell lines (P e a rls te in  e t a l., 1976). 

Furtherm ore, num erous cell lines of neoplastic origin including 

chem ical carcinogen transform ed early  passage cu ltu res, cell 

lines from experim entally induced animal tum ours (Laug et al., 

1975, Pearlstein et al., 1976) and cell lines derived from human 

tumours (Laug et al., 1975, Naggy et al., 1977) were found to 

posses higher fibrinolytic activity .

This h igher activ ity  has been detected  in cells from  non ­

neoplastic tissue as well. These cells were predom inantly from 

tissue that norm ally  undergo som e type of rem odelling  or 

lim ited invasion (involuting mammary cells, trophoblast etc.).

Not all virus transform ed cells or tum our derived cells (M arkus, 

1983) exhibit elevated levels of fibrinolysis. It is possible in

some of these studies fibrinolytic activity may not have been

15



detected as plasm inogen activators (PAs), the agents responsible 

for fibrinolytic activity can exist in different forms such as the 

cell associated, secreted and latent form s. The assays used to 

detect one form such as the cell associated form , do not detect 

secreted PA.

The presence of higher fibrinolytic activity in transform ed cells, 

in cells of tumour or neoplastic origin and normal cells involved 

in tissue rem odelling suggest fibrinoly tic  activ ity  m ay be an 

inheren t p roperty  of cells engaged in ex tra ce llu la r  tissue  

degradation, such as that found during invasion and m etastasis 

of tumours.

1.4 A brief history of ENU induced gliomas.

As discussed earlier certain chem icals can be used to induce 

tum ours in anim als that closely resem ble hom ologous tum ours 

in hum ans. C hem ically  induced brain  tum ours w ere first 

dem onstrated by Druckrey et al (1965) who induced tum ours in 

adult rats using N-methyl N-nitroso urea (MNU). The origins of 

the current study are in work which was designed to investigate 

the tumorigenic process in chem ically induced rat brain gliomas.

In these studies the nitrosoam ide ethyl nitrosourea (ENU) which 

is a homologue of MNU was used to induce brain tumours. ENU 

is a p o te n t  n e u ra l c a rc in o g e n  w h en  a d m in is te re d  

transplacentally  to foetal rats. A fter transp lacen tal treatm ent 

v irtually  all of the progeny go on to develop tum ours of the 

nervous system. Brain tumours constitute about 60% of these, 

with gliomas being the m ajority. W hen B D IX  rats are treated
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with ENU at a concentration of 40-50 mg/kg body weight on the 

15-16th day of gestation, the progeny of these rats develope 

cerebral tumours with an average latent period of 246 days.

1.5 The cell lines A15A5 and ARBO C9.

One of these brain gliom as was used to establish the prim ary

culture line A15. These cells were capable of growth in a low 

concentration  of agar (0.3% ) or show anchorage independent 

growth. After 28 passages of A 15, a positive clone from agar

was established as the cell line A15A5.

Cells from  the A15A5 line dem onstrated several characteristics 

of the transform ed phenotype. A15A5 cells were tum origenic 

upon injection into syngeneic rats, they grew in agar and were 

m orphologically altered com pared to their norm al counterparts. 

These cells when injected subcutaneously to young BD-IX rats 

produced m alignant tum ours in all of the rec ip ien ts. The 

gliom as were invasive, infiltrating the surrounding m uscle and

tissue. The control cell line ARBO was established from  the 

brain of a normal animal. A clone, ARBO C9 neither grew in agar 

nor was tumorigenic upon injection in to syngeneic animals.

1.6 C h arac te ris tics o f cu ltu res derived  im m ed ia te lv -afte r (48 

hours) ENU induction.

Some of the events that precede the form ation of the m ature 

gliom a was investigated using cultures derived  from  prenatal 

foetal brains. Two different cultures were established (Roscoe 

and Claisse, 1976). A culture 48 hours after treatm ent with ENU 

(BE 10) and another 48 hours after treatm ent with buffer (BE 11).
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At the time of isolation the brains from  ENU treated foetuses 

were m orphologically identical to buffer treated foetal brains.

Both cell lines were passaged in culture and their characteristics 

were studied. Initially cells from both cultures did not grow in 

agar, but after about 40 transfers cells from  BE 10 cultures 

formed small colonies several weeks after plating in agar. Also 

two clones of BE 10 derived at the 7th and the 13th passage 

grew in agar and produced tumours in anim als after a total of 

45 transfers. The control B E ll  cells neither grew in agar nor 

were tum origenic after a sim ilar num ber of transfers or upon 

further passaging. These results indicated that as early as 48 

hours post-ENU treatm ent, cells exist that have the potential for 

tu m o rig en ic ity .

As it  was know n that o ther chem ically  transfo rm ed  cells 

expressed high fibrinolytic activity, both tum our and prenatally 

derived cell lines were exam ined for their fibrinolytic activity 

using a fibrin agarose overlay assay (Hince and Roscoe, 1978). 

It was found that the tumour derived cell line A15A5 expressed 

much higher fibrinoly tic  activ ity  than the com parable norm al 

cell line.

A dditionally, as BE 10 cells were passaged, their transform ation 

characteristics altered with the num ber of transfers. The low 

fibrinolytic activity of these cells at low passages (14) increased 

considerably by the 17th transfer. These cells were also able to 

survive for a long period of tim e (8 to 10 w eeks) in agar, 

com pared to control B E l l  cells w hich have never survived 

beyond 2 w eeks in agar. At th is stage cells w ere not 

tumorigenic or grew in agar (Roscoe and W inslow 1980, Roscoe,
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1980). After further passages (48th transfer) the cells both grew 

in agar and were tumorigenic in animals (figure 1.1).

*

This sequential change in phenotype during passage in  culture 

could be denoted as

fib-, av+, ag-, tu- : fib+, av+, ag-,tu- : fib+,ag+,tu+.
(Fib = fibrinolysis; av = survival in agar; ag = growth in agar, 

tu = tumorigenicity).

These resu lts from  prenatal cu ltu res show  a link  betw een 

f ib r in o ly t ic  a c tiv i ty  and tra n s fo rm a tio n  c h a ra c te r is t ic s .  

Fibrinolytic activity and survival in agar precedes the colony 

form ation in agar and tum origenicity of these cells. W hether 

fibrinolysis is a direct cause of growth in agar is yet to be 

e s ta b lish e d .

P lasm inogen  activa tion  was responsib le  fo r the fib rino ly tic  

activity in these cells was ascertained through the use o f Z 

am ino caproic acid, an inh ib ito r of p lasm inogen  activa tion  

(Alkjaersig et al., 1959). Addition of Z -am ino caproic acid to the 

assay medium was found to inhibit fibrinolytic activity of these 

cells. Furtherm ore om ission of plasm inogen from  the fibrin- 

agarose gel assays leads to an absence of lysis zones indicating 

that p lasm inogen activation  is essen tia l fo r the fib rino ly tic  

activity (Hince and Roscoe, 1978).
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1.7 The tissue-Plasm inogen activator.

There are two types of mam m alian plasm inogen activators, the 

urokinase type (uPA) isolated initially from urine and the tissue 

type present in plasm a in large quantities. The type of PA

present in A15A5 cells was identified as tPA using antibody 

in h ib ition  stud ies. R abbit IgG  an tibod ies to hum an tPA 

com pletely  inhib ited  PA activ ity  in the conditioned  m edium  

from  A15A5 cells, w hilst anti-uPA  IgG had no effect on the

fibrinolytic activity of these cells. Zym ography studies further 

ind icated  that the m olecular w eight o f the PA in A15A5 

correspond in size to tPA (Green et al., 1986).

The human forms have been the most extensively characterised 

PAs. The PA protein is produced and secreted as a single chain 

pro-enzym e. This is converted into the 530 amino acid mature 

form by removal of the 35 amino acid signal and the propeptide

which constitute the leader sequence.

The single chain m ature tPA (sc-tPA ) zym ogen is c leaved

betw een kx%2qs ^^^276 form the fully active two chain 

form (tc-tPA). The resulting active form consist of a N-terminal 

heavy chain and a C-term inal light chain, held together by a 

single disulphide bond (figure 1.2). The C-term inal light chain 

contain the catalytic activity of the protein.

The recently  described rat amino acid sequence has 81% and

92% hom ology (Ny et al., 1988) to hum an and m ouse tPA

proteins respectively . The intron/exon boundaries o f the ra t 

tPA (Feng et al., 1990) also matches alm ost identically with the 

human tPA gene. The tPA gene consists of 13 introns and 14
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exons. The 14 exons of tPA codes for several am ino acid

structural domains, some of which are also found in other serine 

p ro te in s o f the f ib rin o ly tic  system  such as p lasm inogen ,

prothrom bin, factor X and protein C (Pathy, 1985). Several of 

the s truc tu ra l dom ains have been show n to have specific  

functions in the protein (figure 1.3).

Exons 1 and 2 codes for the 5' leader sequence and the signal

peptide of the secreted protein. The function of the 5’ leader 

also found in other secreted serine proteases is unknown, w hilst 

the signal peptide is thought to be involved in secretion of the 

protein.

Exon 3 codes for the so called pro sequence thought to be a 

recognition site for certain enzymes; a sim ilar sequence is also

found in serum albumin.

The finger like dom ain is coded for by the exon 4 and has

hom ology to a part o f the in te rs titia l m atrix  com ponent

fib ronectin . F inger dom ains are co rre la ted  w ith the fib rin  

affinity  of fibronectin and are found to be involved with the

fibrin binding capability of tPA.

Exon 5 codes for a growth factor (GF)-like domain. Comparable 

regions are found in several o ther p ro teins includ ing  uPA, 

clotting factor X, human and m ouse epiderm al grow th factor 

(EGF), bovine prothrom bin and rat FGF. These dom ains were 

termed GF-like due to their homology to certain regions o f the 

EGF protein.
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The GF domain of uPA has now been shown to be responsible for 

binding of uPA to its receptor. Apella et al. (1987) identified a 

20 am ino acid segm ent w ithin this region of uPA that has 

hom ology to the recep to r b inding  reg ion  o f EO F. Three 

d isu lph ide  loops w ith in  th is dom ain w ere found to confer 

recep to r binding capacity  to uPA, w ith the cen tra l reg ion  

p ro v id in g  rec ep to r  sp e c ific ity  w h ils t the f lan k in g  loops 

providing conform ation for optim al binding. The specificity of 

the central region may be the cause o f lack of com petition 

between EOF and uPA for the same receptor.

The amino acid sequence of tPA GF-like region also has close 

hom ology to this proposed receptor binding segm ent of m ouse 

and hum an uPA and EGF, suggesting that the m ost likely  

function of this is in the interaction of tPA with its receptor.

The next four exons (6-9) codes for the two kringles (two 

exons/kringle). K ringles are triple disulphide structures found 

in several other proteins including prothrom bin, p lasm inogen, 

uPA and hepatocyte growth factor (HGF). Kringles are thought 

to be im portant for the fibrin binding ability of some of these 

proteins. In tPA the m ajority of fibrin binding capability was 

shown to come from  the second kringle (van Zonneveld et al., 

1986) w ith a re la tive ly  sm all con tribu tion  from  the finger 

dom ain. L ater B izik et al. (1993) showed that m onoclonal 

antibodies against kringle 2 of tPA inhibit PA activity of Bowes 

m elanom a cells considerably more than antibodies against the 

catalytic region. Which suggest that the kringle 2 may influence 

the activity of the tPA protein in ways other than its fibrin 

b inding function . The d ifference in inh ib ition  by antibodies
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suggest possible protection of the catalytic region when bound to 

the cell surface. Incidentally  lipopro tein  A (LpA ) the low 

density  lipoprotein  possesses 38 kringles. O f these, 24 are 

identical to the kringle 4 of plasm inogen and lipoprotein A has

been shown to compete with plasm inogen for its cellular binding

site (Hajjar et al., 1989). Therefore it is suggested that the affect 

of LpA on thrombosis may be a^east partly due to inhibition of 

activation of plasminogen.

In contrast to tPA, uPA has one kringle and one growth factor

hom ologous region, and lacks the other kringle and the finger

dom ain. These d isparities  re flec t the d iffe ren ces in the 

properties of the two PAs. Fibrin binding is essential for tPA 

catalysed plasm inogen activation in plasm a, w hile uPA activity 

is independent of fibrin.

The last five exons (10 - 14) code for the light chain or the 

catalytic domain of the tPA polypeptide. This domain contains 

the functional site of the tPA m olecule that is involved in 

activating plasm inogen to plasm in and has hom ology to active 

site regions of trypsin, plasmin and uPA. The rat tPA active site 

consist of the typical catalytic triad of amino acids Hisg26* ^^P375 

and Ser^g^.

1.8 P lasm inogen activation

Plasm inogen activation is the only known function of tPA and 

takes p lace in several steps. P lasm inogen w hich is m ainly 

produced in the liver and present in m ost extracellular fluids is 

secreted in the inactive 790 amino acid glu-plasm inogen form
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(92 kDa). During plasminogen activation the glu-form which has 

a glutamic acid residue at its amino terminus is converted to the 

active two chain lys-plasmin. This conversion can take place via 

tw o rou tes (F igure  1.4). H ow ever, during  tPA  m ediated  

p lasm inogen activation  it m ay be prim arily  d irected  through 

route B, as lys-plasm inogen is activated by tPA approxim ately 

10-20 fold m ore efficiently  than glu-plasm inogen (H oylaerts et 

al., 1982). PAs cleave at Arg^^Q - Val^^j of plasminogen to form 

the two chain plasm in while plasmin cleave internally to convert 

the glu-p lasm inogen to lys-p lasm in . This is an a u to c a t^ t ic  

p rocess as p lasm in  can in flu en ce  both  la ten t tPA  and 

plasm inogen leading to activation of even more plasm inogen.

1.9 The plasm inogen activator system and extracellu lar 

p ro teo lv sis .

P lasm in is a trypsin -like  serine p ro tease and has a broad 

spectrum  of activity. Its role encompass!^ breakdow n of fibrin 

clots during fibrinolysis to degradation and rem odelling of the 

extracellular m atrix (ECM). Two m ajor m atrices constitute the 

ECM , the in te rs titia l m atrix and the basal lam ina. These 

m atrices contain several adhesive glycoproteins which have an 

im portant role in its function. The glycoproteins affect adhesion 

of the cells to substrates, their m igration, m orphology, growth 

and d iffe re n tia tio n . Two o f the m ost im p o rtan t ECM  

glycoproteins are lam inin and fibronectin

Fibronectin  can specifically bind to cell surfaces and to other 

components of the ECM (collagen, fibrin) thus attaching cells to 

the structure of the ECM. Fibronectin can also acts in concert 

with other adhesive glycoproteins to keep norm al cells in place
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and further regulate their m igration.

Lam inin which is exclusive to the basal lam ina has a sim ilar 

function to fibronectin. It links other constituents o f the basal 

lam ina (eg. collagen type IV, heparan sulfate) to one another 

and epithelial cells. Lam inin therefore functions in m aintaining 

the stability  o f the basal lam ina and in anchoring cells to the 

m e m b ra n e .

Both fibronectin and lam inin can be broken down by plasm in, 

and tPA is known to bind to both of these components (Salonen 

1984, 1985). De Petro & Barlati (1987) dem onstrated that when 

Chicken em bryo fibroblasts are transform ed with a tem perature 

sensitive m utant of Rous sarcom a virus, they expressed a PA 

activa to r at the perm issive tem perature  tha t c leaved  in tac t 

fibronectin. The PA activator responsible for this activity was 

com parable in size (67kDa) to human tPA. These experim ents 

showed that tPA can be activated by transform ation and that it 

is directly responsible for degradation of fibronectin.

That tPA has the ability to cleave laminin was shown by several 

w orkers inc lud ing  S tack et al. (1993). T hese  w orkers 

d em o n stra ted  th a t tPA  ac tiv ity  in the  h ig h ly  m etas ta tic  

m elanom a cell line B16F10 could be induced by an 18 amino 

acid polypeptide (PA22-2) corresponding to part of the laminin 

A chain. There was also an increase in plasm inogen dependent 

hydrolysis of lam inin follow ing PA 22-2 treatm ent, w hile no 

increase in uPA or collagenase was found. These data suggest 

that tPA is the principal plasm inogen activator responsible for 

hydrolysis of lam inin by these cells. Furtherm ore activated
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plasm in  could be elu ted  from  the surface of these  cells 

indicating that plasm inogen activation takes place on the cell 

surface. This peptide was p rev iously  shown to induce lung 

m étastasés by B16F10 cells.

L io tta  (1986) has proposed attachm ent o f tum ours to lam inin 

via their receptors as probably the first and most crucial step in 

tum our invasion and m etastasis.

A rcher im portant function of plasm in is in the activation of 

m atrix  degrad ing  m eta llop ro teases  (M M Ps). P lasm in  can 

activate two m ajor classes of MMPs, the pro-strom elysins and 

p ro -co llagenases. C leavage o f in tac t f ib rilla r  co llagen  is 

specifically limited to collagenases whilst strom elysins are active 

against their norm al substrate proteoglycans and glycoproteins 

such as fibronectin  and lam inin as well as partially  cleaved 

collagens.

Therefore binding to and degradation of the adhesive proteins 

may be an im portant event in invasion of m etastatic tumours. 

M ensing e t al. (1984) show ed that in v itro  m igration  of 

m alignant cells can be enhanced by contact w ith fibronectin  

while M cCarthy et al. (1986) showed that a specific regions of 

the hum an fib ro n ec tin  m olecu le  can p rom o te  h ap to tac tic  

m otility of melanoma cells.

P lasm in lies at the centre o f a com plex m atrix  degrading 

cascade. The activated plasm in has the ability  to in itiate the 

breakdown of all the major forms of ECM proteins (figure 1.5). 

PAs are the main regulators of plasm in levels and its aberrant 

expression would lead to uncontrolled destruction of tissue such
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as those seen during tumour invasion and m etastasis.

1.10 The role of plasm inogen activators in tum origenesis.

M any tum ours are known to express elevated  levels of PA. 

There is a considerable body of evidence that indicate PAs have 

a role in invasion and possibly metastasis of tumours. Many of 

the e a rlie r  w ork on PA expression  by tum ours did not 

distinguish the type of PA expressed by tum our cells (M ira-y- 

Lopez et a l.,1983,1985). The urokinase-type PA is found to be 

the m ajor tum our associated  p lasm inogen ac tiva to r in non- 

neural tum ours w hile several studies have dem onstrated that 

m alignan t tum ours of the neuroectoderm al o rig in  such as 

m elanomas and gliomas preferentially express tPA.

Im m unological studies by Bizik et al. (1990) dem onstrated that 

several human melanom a cell lines can activate plasm inogen on 

their cell surface and that this activity could be inhibited by 

m onoclonal antibody to catalytic site of human tPA, but not to 

uPA. O ther studies have also shown that m elanom as express 

tPA (Hoal-van Helden et al., 1986).

Quax et al. (1990) analysed 22 human tumour derived cell lines 

and found 20 of these to express tPA. Those cell lines that 

expressed tPA were derived from  differen t types of tum ours 

in c lu d in g  carc in o m as, f ib ro sa rco m as, a leu k em ia  and a 

lym phom a indicating that tPA can be expressed by other types 

of tumours as well.

O ther evidence for involvem ent of PAs in invasion has been 

gathered using in vitro invasion studies. Two main types of
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models used are those composed of tissues and organs and those 

using reconstitu ted  basem ent m em branes. W ork w ith in vitro 

m odels have dem onstrated not only the im portance of PA but 

also the part of PA /plasm in  activa ted  co llagenases in the 

invasion of tumour cells. M eissauer et al. (1991) studying in  

v i t ro  invasion by two cell lines Me W O and M elJuso, derived 

from  two hum an m elanom as w hich produced tPA and uPA 

respec tive ly  found an tibod ies against tPA  and uPA  could 

com plete ly  inh ib it PA activ ity  in th e ir resp ec tiv e  cu ltu re  

supernatants. Invasion of three different reconstituted m atrices 

by Me WO cells was also blocked by antibodies against tPA. Later 

the same authors (M eissauer et al., 1992) dem onstrated that 

both cell lines could penetrate a confluent m onolayer of a non- 

invasive human keratinocyte cell line and this penetration could 

be inhibited by the removal of melanom a associated plasmin.

M ignatti et al. (1986) using a human amniotic mem brane model 

dem onstrated that anti-uPA an tibod ies. could inhib it invasion of 

the amniotic membrane by human melanom a cells.

Reich et.al. (1988) also investigated the association between PAs 

and invasion using two m alignant m etastatic cell lines HT1080 

and M2 which expressed higher quantities of uPA and tPA 

respectively. Both cell lines invaded a reconstituted basem ent 

m em brane co n sid erab ly  m ore than  tw o co m p arab le  n o n ­

m etastatic cell lines ME 180 and CLIO which produced much 

low er levels of uPA. F urtherm ore , syn thetic  in h ib ito rs  of 

collagenase type IV prevented invasion by the m etastatic cells 

dem onstrating collagenase type IV as the probable final protein 

involved in basem ent m em brane invasion. A ddition  of the
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p lasm inogen  ac tiv a tio n  in h ib ito r % -am ino capro ic  acid or 

antibodies against uPA and tPA also inhibited invasiveness of 

the m alignant cells indicating that plasm inogen activation is a 

p re re q u is ite  fo r co llag en ase  p ro d u c tio n  and in v as io n  o f 

basem ent m em brane.

Protease m ediated tissue degradation may also play a part in 

e s tab lish in g  a b lood supply  to or n e o v asc u la risa tio n  of 

e s tab lish ed  so lid  tum ours . N e o v ascu la risa tio n  w hich  is 

especially  m arked around solid tum ours (Folkm an, 1990 and 

re fe ren ces there in ) invo lve  m igra tion  and p ro life ra tio n  of 

capillary endothelial cells and is thought to be of significance if 

solid tumours are to enlarge beyond few mm. Endothelial cells 

d u rin g  a n g io g en es is  are know n to  sec re te  p lasm in o g en  

activators. Gross et al. (1983) showed that cu ltured  bovine 

capillary  endothelial cells produce elevated levels of PAs and 

c o llag en ases  w hen s tim u la ted  by ex trac ts  w hich  induced  

angiogenesis in other cells.

These resu lts show that e levated expression  of plasm inogen 

activators may have a crucial role in the invasion and m etastasis 

of m alignant tumours. Furtherm ore, they may also be involved 

in maintaining the viability and growth of solid tumours.

1.11 The function of the PA system in normal physiology.

The regulated expression of plasmin has a role in several normal 

physiological events, including dissem ination of blood clots in 

blood vessels and after tissue injury. During wound healing the 

extravasated plasm a or blood in the injured tissue clots rapidly 

to form a gel consisting of fibrin, fibronectin and platelets. This
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p rov isiona l strom a is then invaded by in flam m ato ry  cells 

(m acrophages and m onocytes) followed by blood capillaries and 

fibroblasts. Eventually this tissue is rem odelled leaving a scar 

com posed largely of dense collagen. tPA /plasm in system  is 

involved in several events in this process including lysis of the 

f ib r in /f ib ro n e c tin  c lo t to f ib ro b la s t in v as io n  and tissu e  

restructuring (Knox et al., 1987)

Both tPA and uPA are also involved in several other tissue 

rem odelling events directly  through activation of plasm in and 

the secondary  e ffects o f p lasm in  on ac tiva tion  of m atrix  

m eta llo p ro teases . In severa l rep ro d u c tiv e  even ts inc lud ing  

sperm atogenesis, m am m ary gland invo lu tion , ovu lation  and 

b lastocy te  im plantation  which involves tissue degradation  or 

rem odelling, there is regulated expression of one or other of the 

PAs (Dan^ et al. 1985, Saksela and Rifkin, 1988).

An im portant aspect of PA m ediated plasm inogen activation is 

binding of PAs and their substrates to cell surfaces which may 

involve specific receptors on the cell surface. A receptor for 

uPA has been identified (Blasi et al., 1987) and cloned (Roldan et 

al., 1990). Although a specific receptor for tPA has not been 

cloned  and charac terised , a 40000 M r recep to r has been 

recently isolated from human placental tissue that can bind both 

tPA and lys-p lasm inogen (H ajjar 1991). This p ro tein  was 

d istinct from  PA I-1, preserved tPA catalytic activ ity  and was 

d if fe re n t from  uPA b ind ing  site  on the  c e ll su rface . 

Furtherm ore, H ajjar (1991) showed it to be an unique double 

ligand receptor on the endothelial cell surface that bind both
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tPA and lys-plasminogen to generate plasmin on the cell surface. 

The receptor had greater affinity for tPA than for plasm inogen, 

but there was no cross com petition betw een the tw o ligands 

suggesting concom itant binding is a m utually favourable event 

for plasm inogen activation.

T hese studies show that ac tiva tion  o f p lasm inogen  by its

activators to plasm in is im portan t for several physio log ical 

processes. It is probably expressed in a regulated m anner at 

the sites of its action to prevent indiscrim inate tissue dam age 

under norm al conditions) as seen with throm bolysis. The PA 

a c tiv ity  in  b lood is tig h tly  reg u la ted  th ro u g h  b a lanced  

ex p ress io n  tPA and its p rin c ip a l tissu e  in h ib ito r  PAI-1

(plasm inogen activator inh ib ito r ! )  and specific  inh ib ito rs of 

plasm in such as a 2 -antip lasm in. In norm al p lasm a PAI-1 is 

expressed at a considerable higher level than PAs to m aintain a 

low fibrinolytic activity. Only at the site of a thrombus is there 

elevated PA activity. Other inhibitors of PAs include PAI-2 and 

protease nexin. Both of these proteins have a greater affinity to 

uPA than to tPA.

U nlike norm al tissue, m etastatic  cancers express PA s in an 

aberrant manner which aid their growth in local sites as well as

invasion  in to  secondary  site  a fte r m etas tasis  th rough  the

circulatory system. E levated PA activity is comm on in many 

tum ours including the ENU induced ra t brain  g liom a cells 

A 15A 5.
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1.12 The expression of tPA activity in the A15A5 glioma cell 

line.

One of the principal events that regulate the level o f a protein

is the availab ility  o f its m RNA for transla tion . It was

dem onstrated (Green et al., 1986) that the total tPA mRNA

level in the glioma cell line is 10 to 20  fold higher compared to

the normal cell line ARBO C9, suggesting that there has been an 

alteration in the regulation of tPA mRNA during ENU-induced 

m alignant transform ation of the foetal brain cells.

The level of the mRNA in a cell can be regulated through 

transcrip tional or post-transcrip tiona l p rocesses (figure  1.6 ). 

The rate of transcription controls the level of production of the 

mRNA w hilst post-transcriptional events which include nuclear 

p rocessing , cy top lasm ic  tran spo rt, tran sla tio n  and m essage 

degradation regulate the lifespan of the mRNA in the cell.

However, the elevated tPA mRNA level in itself does not fully 

account for the far greater difference (50-80 fold) in the PA 

activity between the cell lines A15A5 and ARBO C9. Therefore 

there are other differences which may be genetic or epigenetic 

that influence the total PA activ ity  of these cells. Possible 

exam ples are differences at the level of translation of the tPA 

m essage or alteration in the regulation of PAI-1 the specific 

inhibitor of tPA activity.

This study was instigated to determ ine the differences in the 

regulation of tPA mRNA that lead to the elevated level of its
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mRNA in the A15A5 cell line compared to ARBO C9 and also to 

investigate the modulation of tPA mRNA by known m odulators 

of PA activity in A15A5.

In th is p ro jec t both  reg u la tio n  o f the m essage  at the 

transcriptional level (chapter 4) and stability (chapter 5) has 

been investigated. A cDNA sequence spanning approxim ately 

1700 nucleotides of the tPA mRNAs including w hole o f the 

3'UTR from the tumour and the normal brain cell lines was also 

determined (chapter 3). The effect of several known extrinsic 

modulators of PA activity were investigated for their effect on 

tPA mRNA (chapter 6 ). F inally , the expression PAI-1 the 

prim ary tissue inh ib ito r of tPA and its m odulation in the 

A15A5 cell line was determined (chapter 7).
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CHAPTER 2: METHODS AND MATERIALS.

2.1 Cell cultures.

The cell lines A15A5 and ARBO C9 w ere m ain tained  as 

m onolayer cu ltu res in D ulbecco 's m od ifica tion  o f E ag le 's  

m edium  (DM BM) supplem ented with 15% foetal ca lf serum  

(PCS) and grown at 37°C in a humidified atmosphere of 15% CO2 

and air. The cell lines were subcultured w eekly once they 

reach  co n flu en ce  (ap p ro x im ate ly  1x10^ /25 cm ^ flask for 

A15A5 and 2 x 10^ for ARBO C9) using a m ixture of 0.05% 

Trypsin in a buffer with 0.43mM EDTA.

2.2 Cultures for studies in the presence of serum.

Cells were grown until subconfluent when the growth m edium 

was rem oved and replaced with fresh medium. The extrinsic

agents used in the study were mixed in to the fresh medium

prior to its addition to the cells.

In transcrip tion  and transla tion  inh ib ition  stud ies IjLig /m l 

actinomycin D and 10 |ig / ml cycloheximide were use.

Cholera Toxin (CT) was used at a concentration of lOng /ml 

and dexam ethasone at 10"^ M (final concentration).

For the contro l cu ltures during actinom ycin  D studies an 

appropriate volume of acetone, which is used to prepare the 

stock actinomycin D solution was added to the cells; for studies
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w ith dexam ethasone, e thanol (in w hich the stocks o f the 

hormone is prepared) was added to the controls.

2.3 Cell cultures in the absence of serum.

A fter the cells have grown to subconfluence, the grow th 

m edium  was rem oved and the culture dishes were washed 2 - 

tim es with DMEM to rem ove FCS. Fresh m edium  (DM EM ) 

lacking serum was the added to the cultures and the cells were 

m aintained at 37°.

2.4 DNA Sequencing

The sequencing of single-stranded M l3 clones were perform ed 

using the ' S e q u e n a s e ^ M  version 2.0' kit supplied by the United 

S ta tes B iochem ical C orporation . The p rocedu re  uses a 

m o d ifica tio n  of the chain  te rm in a tio n  m ethod  o f DNA 

sequencing (Sanger et a l., 1977) and u tilizes the enzym e 

'Sequenase', a m odified form  of T7 DNA polym erase. The 

labelled  products w ere heated for 80°C fo r 2 min before 

running on polyacrylam ide denaturing gels.

2.5 Sequencing gel electrophoresis.

Electrophoresis of sequencing products were carried out in (7%) 

polyacrylam ide / 8M urea denaturing gels. The gels were p re­

warmed for 10 min at 35W and run in Ix  TBE at 30W. For 

extended sequencing e lectro ly te  buffer g radients (Sheen and 

Seed, 1988) were used instead of wedge gels. The electrolyte 

gradient is achieved by initially running the gels with 0.5x TBE 

in the upper chamber and Ix TBE in the lower chamber. After
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few hours the lower chamber is made up to IM  sodium acetate, 

which creates a electrolyte gradient causing the upper part of 

the gel to be hotter than the lower part. A fter electrophoresis 

the gels were fixed in 12% (v/v) methanol and 10% (v/v) acetic 

acid for 15 min, dried under vacuum at 80°C and exposed to X- 

ray film.

2.6 P lasm id preparations.

2.6.1 Small scale plasm id preparations.

Alkaline lysis procedure was used (Sambrook et al., 1989): 5ml 

of LB m edium  con ta in ing  the app ropria te  an tib io tic  was 

inoculated with a loopful of bacteria from a frozen stock and 

incubated overnight at 37°C, shaking at 250 rpm. 1.5 ml of the 

culture medium was centrifuged and the pellet resuspended in 

lOOpl of ice cold solution of 50mM glucose, 25mM Tris-Cl and 

lOmM EDTA and left for 5 min at room temperature. A 200pl 

freshly prepared solution of 0.2M NaOH and 1%SDS was added, 

m ixed by inverting several tim es and left on ice for 5 min. 

lOOjil of an ice cold solution of 3M/5M potassium /acetate was 

added and the tube vortexed for 10 sec. The tube was 

incubated for 5 min on ice, centrifuged at 4°C for 5 min and the 

supernatant removed to a new tube. The protein was removed 

using an equal volume of phenol : chloroform  (50:50) and the 

plasmid DNA precipitated with 2 volumes of 100% ethanol. The 

pe lle t was washed w ith 1ml 70% ethanol, dried  at room  

tem perature for 5 min and resuspended in 20p l TE pH8.0

2.6.2 Large scale plasm id DNA preparations were carried out 

using the Qiagen plasmid Kit supplied by Qiagen Inc.
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2.6.3 N on-denaturing agarose gels

DNA fragm ents tha t w ere " re s tr ic te d ” w ere analysed  by 

horizontal agarose 'm in i-gels’ (BRL apparatus). The agarose 

poncentrations varied between 0.6% and 1.5% (w/v) depending 

upon the size of the DNA fragm ent of interest. The gels were 

made and run as described by Sambrook et al., (1989) in TBE 

electrophoresis buffer.

2.6.4 Isolation of DNA fragments

DNA fragm ents for use in slot blots and for probing Northern 

blots were cleaved from their vectors, size separated in low- 

melting point (LMP) agarose gels and purified from the gels by 

the following method. This method employs Prom ega's "Magic 

clean-up" colum ns, but the solubilization of agarose prio r to 

addition to the colum ns is adapted from a d ifferent protocol 

(original source unknown).

The m inim um  gel size containing the required fragm ent was 

excised from the gel and weighed to determ ine the size. The 

gel was m elted by adding 5 0 0 |il of buffer A (0.75M  NaCl, 

50mM MOPS pH7.0, 15% EtOH) per lOOmg of gel and incubated 

at 65° for lOmin. Mixed well by vortexing, rapidly added to a 

tube containing urea (DNase,RNase free) at a concentration of 

200mg / 100mg of gel and mixed by inverting until the urea is 

com pletely dissolved (urea preserves the agarose in liquid form 

even at low tem peratures). 5 0 0 |il of agarose solution was
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mixed with 1ml "Magic clean-up" resin and DNA isolated as in 

the Prom ega protocol.

2.7 The Nuclear Run-On Transcription A ssay.

All ingredients used in transcription assays were ultrapure and, 

RNase and DNase free. All solutions were made in DEPC treated 

SDW.

2.7.1 Isolation of nuclei.

The initial work was carried our using a procedure based on 

the m ethod  of G reenberg  and Z iff  (1984 ). D e tec tab le  

transcription could not be achieved from this method, therefore 

the method was extensively modified as discussed in chapter 4. 

For each assay, nuclei were isolated from approxim ately 2.5 x 

10^ - 1 X 10^ sem i-confluently growing cells. The cells were 

scraped into PBS using a "silicon" rubber policemen and spun at 

3500 rpm for 4 mins in a Sorval SS45 rotor. The supernatant 

was rem oved, the cell pellet resuspended in 4 ml lysis buffer 

(0.75% N onidet P-40, lOmM Hepes, 10 mM NaCl, and 3mM 

M g C l 2 ) and left on ice for 5 mins. The cells were resuspended 

again and the 50% sucrose gradient buffer(0.2%  N onidet P-40, 

lOmM Hepes, 10 mM NaCl, and 3mM M gCl2 ) added to the 

bottom  of the tube (figure 2.1). The gradient was centrifuged 

at 6500 rpm for 6 mins, supernatant was rem oved leaving the 

nuclei on the bottom  and any unlysed nuclei attached to the 

side of the tube. The lysis and the sucrose gradient separation 

was repeated and the nuclei pellet resuspended in the 12% 

glycerol buffer (12% glycerol, 5mM Hepes, 0 .1 mM EDTA, and 

5m M  M gC l2 ), snap frozen in liquid nitrogen and stored at -70
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Figure 2.1 : The nuclear run-on transcription assay.
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sc
2.7.2 T ranscription reaction

RNA transcription in the isolated nuclei was carried out in a 

transcription buffer composed of 50mM Hepes pH 7.9, 120mM 

KCl, 5mM DTT, 5mM M agnesium  acetate, 2m M  M anganese 

chloride, 0.4 mM EDTA, 0.3 % (v/v) Tween 80, 28mM Creatine 

Phosphate, 300pg/m l Creatine Kinase, 4mM each of ATP, GTP 

and UTP; 0.1 mM CTP, 25pg/m l BSA, 400U/m l RNAguard and 

(32p)CTP (250 uCi/assay).

The reaction was allowed to proceed for 20 to 25 min at 28° C. 

T he rad io lab e lle d  new ly  syn thesized  RNA w as iso la ted  

according to Celano et al. (1989) which is an adaptation of the 

m ethod of RNA isolation of Chom czynski and Sacchi (1987). 

The isolated RNA was washed Ix  in 75% EtOH, Ix  in 100% EtOH 

and the pellet dissolved in 200 |il TES. 2p l of RNA in solution 

was added to 5ml of UniScint BD scintillant and the specific 

activity counted in a LKB 1211 RackBeta counter. Equal total 

amounts of radioactivity (labeled RNA) from each reaction were 

hybridized to separate nitrocellulose mem brane strips.

2.7.3 Slot Blot Analvsis

In nuclear run-on assays the relative concentrations of specific 

mRNAs were analyzed by slot blot analysis by hybridizing 

labelled  RNA w ith n itrocellu lose  m em brane (Schleicher and 

Schuell, 0 .45pm ) bound DNA (2 or 4pg DNA/slot). Prior to its 

application to the slot blot the dsDNA was denatured by boiling 

in 0.25M  NaOH, chilled and neutralised with IM  amm onium
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acetate. The blots were pre-hybridized at 42°C for 6-8  hours 

before addition of the labelled mRNA.

The am ount o f incorporated radioactiv ity  was determ ined by 

scintillation counting and equal amounts of label were added to 

the blots. A fter hybridizing for 72 - 80 hours the blot were 

w ashed sequen tia lly  as fo llow s to rem ove non -spec ifica lly  

bound label.

2 X SSC, 0.2% SDS RT 15 mins. 2-times 

2 X SSC, 0.2% SDS 55° 15 mins.

2 X SSC, 0.1% SDS RT 15 mins.

Pre - hybridization solution:

50% formamide, 50 mM sodium phosphate (pH6.5), 5 X SSC, 5 X 

D enhardts, 0.5% SDS, 10 X dextran sulphate and 25 p g /m l  

denatured herring sperm DNA.

The hybridization solution was above (fresh) and the labelled 

mRNA.
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2.8.1 D eterm ination of the level o f transcrip tion inhibition by 

actinomycin D - bv incorporation of uridine.

[The method was adapted from Ascoli et al., (1983)].

To Ix  10^ cells growing in 3.5 cm  tissue culture plates, 

uridine (IpC i/m l) and actinom ycin D (Ip g /m l) were added and 

incubated  for the requ ired  tim e in te rval. For the con tro l 

cultures during actinom ycin D studies an appropriate volume of 

acetone, which is used to prepare the stock actinom ycin D 

solution was added. Two plates per time point was used. At 

the end of incubation, dishes were placed on ice and washed 5 x 

with 2ml ice-cold PBS. After adding 2ml cold TCA at 10% w/v 

the plates were left on ice for 30min. The TCA was removed 

and fu rther w ashed 2x w ith 10% TCA. The cells w ere 

solubilised with 1 ml NaOH (0.5N) and the level of incorporation 

of u rid in e  to the m essage w as d e te rm in ed  th rough  

sc in tilla tio n  counting  (LKB 1211 R ackB eta  coun ter) using 

UniScint BD as a scintillant.

2.8.2 D eterm ination of incorporation o f ^^S m ethionine after 

inhibition of translation by cyclohexim ide.

Exponentially growing cells at a sim ilar concentration to that in 

the urid ine incorporation assay w as used. The grow th 

medium was aspirated and the plates were washed tw ice with 

m ethionine-free (M et-) DMBM to rem ove traces o f serum left. 

2ml of fresh (M et-) DMBM containing ^^S M et (2pC i/m l) and 

cyclohexim ide at lOpg/ml were added and the plates incubated 

for the required tim e period. Subsequently  the plates were 

washed 5x with PBS, the protein precipitated by 10% (w/v) TCA 

and the level of ^^S m ethionine in whole cell lysates determined 

by liquid scintillation counting.
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2.9 RNA M ethodology

2.9.1 RNA Isolation

Total cellular RNA was isolated by a m odification of the method 

of Chom czynski and Sacchi (1987). M onolayer cultures were 

lysed on the culture plate by the addition of solution D (4 M 

guanidinium  thiocyanate, 25mM sodium citrate, 0 .5%  sarcosyl, 

and O.IM 2-m ercaptoethanol) d irectly  on to the plate. The 

lysates w ere transferred to m icrofuge tubes and e ither used 

im m ediately or stored at -70° C for extraction of RNA. For 

iso lation  of RNA, sodium  acetate  (0.3 M) was added and 

p ro teins w ere extracted  in to  w ater-equ ilib ra ted  phenol and 

chloroform -isoam yl alcohol (49:1). RNA was precipitated with 

isopropanol, and the pellet was washed with ethanol, dried, and 

resuspended in DEPC-treated sterile water. RNA concentration 

was determ ined by absorbance at 260 nm.

2.9.2 N orthern blotting and hybridization

RNA gel electrophoresis was perform ed in 1.1% denaturing 

agarose slab gels in Ix  gel running buffer (5x buffer = 200mM 

m orpholinopropanesulphonic acid (M OPS) (pH7), 50mM  sodium 

acetate and 5mM EDTA pHS.O prepared in w ater) and 2.2M  

form aldehyde. The agarose was melted in SDW and cooled to 

below  60°C prio r to addition  o f gel running  buffer and 

form aldehyde. The sam ples (approxim ately lO pg RNA) were 

prepared in 0.5x running buffer, 50% (v/v) form am ide and 5% 

(v /v) fo rm aldehyde and w ere incubated  at 60°C  fo r 10 

m inutes. Each sample was mixed with 3p l of loading buffer 

(50% glycerol, ImM  EDTA, 0.4% bromophenol blue, 0.4% xylene
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cyanol) and l | i l  ethidium  brom ide (1 mg/ml) before loading into 

the wells. The gels were run in Ix  running buffer at 65V for 4 

to 5 hours. A fter e lectrophoresis the gels w ere w ashed 

according to Sambrook et al.(1989). That is, rinsed in sterile 

distilled water (SDW) twice, soaked in 0.01 N NaOH for 15 min, 

rinsed in SDW and washed in 20x SSC for 40 min.

Prior to transfer of RNA the nitrocellulose (NC) membrane was 

wetted in SDW for 5 min and soaked in 20x SSC for 10 min. 

The RNA was transferred  overn ight in 20x SSC and the 

m em brane was baked at 80° for 2 hours to fix the RNA.

Northern hybridization was perform ed using radiolabelled DNA 

fragm ents; before hybridization the NC m em branes were p re­

hybridized for 4 to 6 hours.

2.10 Radiolabelling of restriction fragm ents 

D ouble-stranded , linear DNA fragm ents w ere rad io labe lled  

according to Feinberg and Vogelstein (1983) using the random  

prim er labelling  kit supplied by the B oehringer M annheim  

com pany. A pproxim ately 20 ng of DNA was denatured by

boiling for 7 to 8 m inutes, quenched on ice and labelled with 

(32p) dCTP using 1 unit of Klenow fragment. The labelled probe 

was m ade up to lOOpl w ith  Ix  TE (pH 8.0) and the

un incorpora ted  nucleo tides w ere rem oved by cen trifuga tion  

th rough  a Sephadex G 50 spun-co lum n as d esc rib ed  by

Sambrook et al. (1989). The probe was boiled for 10 min and 

quenched on ice prior to addition to the hybridization buffer.
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The hybridization was carried out overnight at 42°C. The blots 

were washed and exposed to X-ray film  at -70°C. The p re­

hybrid ization  and hybridization solutions, and conditions for 

washing of the blots are as in section 2.7.3

For reprobing the blots were stripped according to Sambrook et 

al. (1989).

2.11 Standardization of signals.

Intensity of the signals were determ ined using a Joyce Lobel 

densitom eter. S ignals from  run-on assays w ere standardised  

against ra t repetitive  (4D12) sequences (W itney and Furano, 

1984), w h ilst signa ls from  northern  b lo t analyses w ere 

standardised against 6 -actin mRNA levels.

2.12 Other solutions and buffers.

6 X agarose gel loading buffer (1.25% (w/v) brom ophenol blue, 

30% (v/v) glycerol)

7% Polyacrylam ide gels (50ml" ^) = 21g urea, 8.75ml of 40% 

acrylam ide (38% acrylam ide, 2% b is-acry lam ide), 10ml TBE 

(5x).

D enhardt’s Solution: (lOOX stock, L"^) 20g ficoll, 20g polyvinyl 

pyrrolidone, 20g BSA.

L Broth (LB),(L"1) lOg tryptone, 5g yeast extract and lOg NaCl; 

pH adjusted to 7.0 with lOM NaOH.

PBS (phosphate-buffered saline); (L"^) 6.1g NaCl, 0.135 g KCl, 

0.96g N a2 H P 0 ^ .2 H 2 0 , 0.17g KH2 P O 4 . pH was adjusted to 7.4 

using HCl.
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SSC (saline sodium citrate): (20x) : 3M NaCl and 0.3M  tri­

sodium citrate. pH was adjusted to 7.0 with NaOH.

TAE (tris-acetate-ED TA ): 40 mM tris-C l, 20 mM N a acetate,

2mM EDTA. pH was adjusted to 8.3 using NaOH.

TBE (tris-borate-ED TA ): lOOmM Tris-HCl, lOOmM boric acid, 

2mM EDTA pH8.35

TE (Tris-Cl/EDTA): 10 mM tris-Cl, pH 7.5, Im M  EDTA.

Tris-Cl: 1 M tris (121.14g L ‘ ^) was prepared and the pH was

adjusted appropriately with HCl.

2.13 M a te ria ls

All R estriction Enzym es, Low -m elting point agar and urea - 

Gibco/BRL

Acrylam ide and Bis-acrylam ide- BDH chem icals 

Bacto-tryptone and Yeast Extract- Difco Labs.

Creatine Phosphate, Creatine Kinase, "Magic clean-up" colums - 

P ro m e g a

Electrophoresis apparatus- BRL

Films- Kodak X-Omat AR and XAR-5 ; Fuji 100 RX; Polaroid 667 

G enera l lab o ra to ry  p las ticw are  - M arathon  L ab o ra to ry  

Supplies.

Hepes (RNase, DNase free), KCl, DTT, M agnesium  acetate. 

M anganese chloride (RNase, DNase free), EDTA (RNase, DNase 

free), Tw een 80, Am m onium  acetate (R N ase, D N ase free), 

Nonidet P40, DEPC, Trizma base (RNase, DNase free). Glycerol 

(RNase, DNase free). Urea (RNase, DNase free), Actinomycin D, 

Cyclohexim ide- Sigma chem ical company.
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Nitrocellulose membrane (BA 85) - Schleicher and Schuell 

Nucleotide triposphates, BSA, RNAguard, DNase 1 - Pharmacia. 

Qiagen Plasmid preparation kit- Qiagen Inc., Hybaid.

Random prim er Labelling kit - Boehringer M annheim.

Sequenase (V ersion  2) k it - U nited  S ta tes B iochem icals, 

Cambridge BioScience.

UniScint BD - National Diagnostics, U.K.
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CHAPTER 3. THE cDNA SEQUENCE OF tPA 

FROM A15A5 AND ARBO C9,

3..1 In tro d u c tio n

As discussed in the introduction the tPA m essage level in the 

m alignant tum our cell line A15A5 is approxim ately 10-20 fold 

greater compared to its normal counterpart ARBO C9, while the 

difference in PA activity was even greater (60-80 fold).

The higher level of the m essage in a cell could be due to 

regulation at the level of transcription or during many of the 

p o st- tran sc rip tio n a l p rocesses . P o s t-tra n sc rip tio n a l even ts 

include 5' end capping, splicing, 3' polyadenylation, transport of 

the m ature m essage to the cytoplasm , translation and finally  

degradation of the message (figure 3.1).

Much of the early work on the cellular regulatory events that 

determ ine the m essage level concentrated prim arily  on mRNA 

transcrip tion  and the 5' prom oters that regulate  transcrip tion  

(Chapter 4 for details.).

This bias tow ards the 5' end of the m olecule m eant little  

attention was paid to the 3’ UTR of the mRNA. Attention was 

probably further diverted away from the 3'UTR as having any 

significant role in m essage regulation  due to its absence in 

prokaryotes. T herefore the 3’UTR was treated  as a fille r 

betw een the coding region and the poly-A  ta il con tain ing
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Figure 3.I : The pathway of nuclear processing of 
newly synthesized RNA.
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nothing more than the signal for polyadenylation. However, 

especially  w ithin the last 5 years a considerable am ount of 

evidence has been gathered by d ifferent w orkers to suggest 

that the 3’UTR has an important role in mRNA regulation.

3.2 The role of the poly-A tail in mRNA regulation.

Several functions attributed to sequences in the 3’UTR include 

m essage localisation, polyadenylation, stability , translation and 

even  re g u la tin g  o th e r m R N A s th ro u g h  a t r a n s a c t in g  

m ech an ism .

The f irs t o f these  im portan t signals id en tified  was the 

tran sc rip tio n  te rm in a tio n  and the p o ly ad en y la tio n  signal 

AAUAAA, generally  found 20-30 nucleotides upstream  from  

the poly-A tail. This sequence and a GU-rich sequence found 

im m ed ia te ly  beyond the site  of po ly ad en y la tio n  are the 

m inim al sequences required for polyadenylation (Levitt, 1989). 

Base substitutions within the AAUAAA signal has been shown 

to both reduce the efficiency of cleavage and in turn affect the 

level o f polyadenylation (Sheets et al., 1990). Two protein  

fac to rs , the po ly -A  p o ly m erase  and the  c leav ag e  and 

polyadenylation factor (CstF), that bind to the AAUAAA and are 

essential for cleavage and polyadenylation has been purified 

(Takagaki et al., 1990).

The po ly -A  ta il of eukaryo tes can vary  from  60-200  

nucleotides. There is conflicting evidence w hether the poly-A 

tail has a role in the function of mRNA. Some workers have
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suggested that it has no real input on m essage behaviour, while 

m ajority o f the evidence suggest that it can affect several 

p o st-tran scrip tiona l events.

One of the roles ascribed to the poly-A tail has been activating 

latent mRNAs. The expression of tPA during oogenesis and 

oocyte maturation is a paradigm for this process. During oocyte 

m aturation little or no mRNA transcription takes place. Many 

of the proteins, including tPA, translated during this period 

come from  dorm ant mRNAs stored in the cytoplasm . These 

mRNAs are orig inally  transcribed during the earlie r oocyte 

developem ent stage. The dorm ant mRNAs have very short 

poly-A tails compared to their hom ologues in somatic cells. In 

the prim ary m ouse oocyte the dorm ant tPA m essage has a 

poly-A  tail of 30-40 nucleotides (H uarte et al., 1987). The 

sto red  m RNA is tran s la tio n a lly  ac tiva ted  du ring  m eio tic  

maturation by readenylation of its poly-A tail in the cytoplasm.

The dormant short tailed tPA mRNA is not a product of nuclear 

events, but a product of cytoplasm ic processing. The nuclear 

tPA m essage is a 300-400 poly-A nucleotide product which is 

deadenylated in the cytoplasm  (Huarte et al., 1992). Therefore 

in contrast to somatic cells deadenylation during oogenesis does 

not lead to the destruction of the message .
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3.3 Involvement of 3' UTR cis-elements in mRNA processing . 

Readenylation of the dorm ant tPA during translation activation 

was found to require two sequence elements in the 3’UTR. One 

is the AAUAAA polyadenylation signal. W hen a tPA transcript 

with a short poly-A containing the mutated form of the signal 

AAGAAA in the 3’UTR was injected into prim ary oocytes the 

m essage rem ains deadenylated as the wild type. H ow ever, 

w hen the oocytes w ere allow ed to m ature  the m utated  

transcrip ts undergo further deadenylation w hile the wild type 

transcripts rem ain in an adenylated state.

The other elem ent required for readenylation was an elem ent 

rich in A and U nucleotides termed the CPE ( cytoplasmic poly- 

A elem ent). The CPE was in itially  determ ined in Xenopus 

oocytes and was found to contain the sequence UUUUUAU (Fox 

et al., 1989). The mouse and the rat tPA m essages do not 

contain an exact copy of this sequence, but has the closely 

re la ted  AUUUU AAU m otif w ith in  a reg ion  high in AU 

nucleotides. Removal of this AU rich region from tPA leads to 

neither deadenylation  nor readeny la tion  o f in jec ted  m utant 

transcrip ts . W hich suggest w hile adény lation  requ ire  the 

AAUAAA signal, the AU rich elem ent is required  for both 

deadenylation and readenylation of the m essage.

In somatic cells the AU-rich sequences in the 3’UTR are thought 

to be invo lved  in m essage s ta b ility , e sp ec ia lly  reg ions 

conta in ing  repeats of the AUUUA pentam er. S tudies on 

ch im eras betw een hum an c-fos and 6 -g lobin  show ed that
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3'U TR 's had the most dramatic effect on the stability of these 

genes (Kabnick and Housman, 1988). Both c-fos and 6-globin 

have AUUUA sequences in the 3'UTR, w ith c-fos having 3 

AUUUA's and 6-globin 1. Deletion of the AU-rich element in c- 

fos lead to slow ing of the poly-A  shortening rate  and an 

increase in its stability.

Bosma and Kooistra (1991) found the two forms of human PAI- 

1 mRNA in Hep G2 cells to have d ifferen tia l stab ilities. 

A lthough both forms could be induced by phorbol esters, the 

larger form  containing two AUUUA pentam ers was degraded 

much more rapidly than the minor form.

Secondary structu res such as stem -loops and pseudokno ts 

adopted by mRNA are also im portant determ inants of mRNA 

degradation . The iron response elem ent (IR E) is the m ost 

characterised secondary structure. IRE sequences are inverted 

repeat sequences that can fold into stem-loop structures (Casey 

et al., 1989). They are found in both the 3'U TR of the 

transferrin receptor and the 5 UTR of the ferritin gene. These 

two genes are involved in im porting iron into the cell and 

b ind ing  to in tra ce llu la r  iron re sp ec tiv e ly , th e re fo re  they 

regulate the concentration of cellu lar iron levels. W hen the 

in tracellu lar iron levels are low IRE-binding proteins (IRE-BP) 

binds to the IREs causing two effects. It inhibits the translation 

o f fe r r i t in  m RN A  and s im u lta n eo u s ly  su p p re sse s  the  

degradation of transferrin  receptor mRNA therefore increasing 

the level of iron available to the cell.
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In p rokaryo tes stem -loops has been show n to e ffec tiv e ly  

im pede processive activities o f 3’-5* exonucleases (M cLaren et 

al., 1991), while the cleavage targets for R N aselll also appear 

to invo lve  both secondary structu res as w ell as p rim ary  

sequences (Krinke and W ulff, 1990).

Recently evidence have been put forw ard by R astinejad and 

Blau (1993) that 3'UTRs of mRNA can behave as trans acting 

factors to regulate other messages in the cell. This process was 

dem onstrated for three differentiating  m uscle specific genes. 

D uring m yogenesis, sim ultaneous grow th and d ifferen tia tion  

are antagonistic to each other. That is, m uscle cell that are 

undergoing differentiation do not m ultiply whilst those that are 

growing do not express their cell specific genes. Furtherm ore, 

addition of grow th factors to d ifferen tia ting  cells leads to 

suppression of d ifferen tiation , and arrest o f cell grow th in 

dividing populations causes the cells to undergo differentiation. 

These workers found 3'UTRs from  three specific m uscle genes 

tropon in , tropom yosin  and a -c a rd ia c  actin  can suppress 

p ro life ra t io n  o f n o n -m u sc le  lO T l/2  f ib ro b la s ts  w h ils t 

augm enting differentiation of wild type m uscle cells. These 

data  suggest that these 3 ’U TRs can act no t only w ithin  

myogenic cells, but also in non-homologous cells as trans acting 

regulators of other genes.

The regulatory sequences in the 3’UTR involved in controlling
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mRNA processing and message stability are proposed to act in 

conjunction with trans acting factors as several proteins have 

been characterised with the ability to bind to the 3' UTR of 

mRNA. These factors can be put in to several categories 

including AU -rich elem ent (ARE) binding proteins, several of 

which ranging in size from  20 - 70 kD a have now been 

characterized (Bohjanen et al., 1991b), poly-A binding proteins 

(PAB) (Sachs and Davis, 1989), which binds to poly-A  tracts, 

and in yeast co-operate with poly-A-nuclease (PAN) to degrade 

poly A tracts (Sachs and D eardoff, 1992) and the poly-A  

polym erase and CstF discussed earlier.

3.4 The effect of m utations in the coding region on mRNA 

s tab ilitv .

A nother way that sequence alterations could affect tPA gene 

exp ression  is m uta tions in the cod ing  reg ion  o f gene. 

Fram eshift m utations or nonsense m utations w ithin the coding 

reg ion  generally  leads to prem ature transla tion  term ination . 

S evera l rep o rts  have show n th a t p rem a tu re  tra n s la tio n  

term ination leads to rapid degradation of the mRNA and thus 

lowering of the message levels. Bauman et al. (1985) showed 

fram esh ift m utations w ithin  the m ouse im m unoglobin  m u 

gene leads to abnormally low level of its message. The position 

o f the m utation was im portant; as the d istance  from  the 

transla tion  in itia tion  site increased, there was a p rogressive 

increase in the level of the m essage; that is the further the 

translation was allowed to proceed the more stable was the 

m essag e . H ow ever, th is  re la tio n sh ip  w as n o t s tr ic tly
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proportional, m utations in the first half o f the coding region 

caused considerably  low er mRNA levels than those in the 

second half of the coding region.

D aar and M aquat (1988) found nonsense codon m utations 

within the coding region of the mRNA that disrupts the human 

anaemia inducing gene triosephosphate isom erase lead to a 2 0 % 

reduction in the half life of the mRNA compared to its normal 

levels. Unlike the m u  gene the level of the message was not 

affected  by the position  of the m utation  re la tiv e  to the 

in itia tion  codon. All m utations caused a sim ilar level in 

reduction of the message.

M utations w ithin the coding region could also a ffect the 

structure of the protein . The m ature tPA gene contains a 

num ber of structural domains that are hom ologous to dom ains 

found in other serine proteins. Evidence so far suggests that 

each domain of the protein contributes to some aspect of its 

activ ity . For exam ple, the E G F-like dom ain is p robably  

involved in receptor binding, Kringle 2 with fibrin binding and 

the light chain providing the catalytic activity. In vitro  studies 

have shown that alterations of the am ino acid sequence in 

individual dom ains would abolish their functions (B ennett et 

al., 1991). Apella et.al (1987) showed that m odification of the 

receptor binding site of uPA would inhibit the receptor binding 

capacity  o f the p ro te in , w hile  o thers have dem onstra ted  

changes in the catalytic domain would influence the activity of 

the protein.
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Therefore m utations w ithin the coding region and the 3’UTR 

could effect the tPA transcrip t in several ways including its 

mRNA stability and its translation. Therefore it was im portant 

to sequence the tPA mRNA from the gliom a cell line and its 

normal hom ologue ARBO C9 to determ ine w hether differences 

in the sequence could account for some of the differences in the 

m RNA lev e l and the a c tiv ity  betw een  the  ce ll lin es . 

F u rtherm ore  when th is p ro jec t was in itia ted  the m RNA 

sequence of the rat tPA gene was unknown, although the cDNA 

for human tPA has already been cloned and published (Pennica 

et al. 1983). Since then both the cDNA (Ny et al., 1988) and 

the genomic sequences (Feng et al, 1990) of rat tPA have been 

d e te rm in e d .

63



3.5 RESULTS

Two cDNA fragm ents of the rat tissue plasm inogen activator 

gene was sequenced (figure 3.2). A 1691 nucleotide fragm ent 

from the ENU induced tum our cell line A15A5 and a 1697 

nucleo tide  fragm ent from  the con tro l cell line ARBO C9 

(Appendix A) were sequenced^.

The difference in the length was due to an additional 6 bases in 

the poly-A tail of the ARBO C9 fragm ent and not due to any 

differences in the coding or the 3'UTR of the two sequences.

These fragm ents correspond to 811-2502 nucleo tides (figure 

3.3) of the published sequence (Feng et al, 1990). The coding 

region of this sequence (956 bases) covers part of exon 7 or 

part of kringle 1, kringle 2 and whole of the C-term inal active 

site. The 3’UTR of both sequences were 735 bases in length 

and correspond to 1767-2499 nucleo tides o f the published  

sequence. The poly-A addition signal AAUAAA lies 28 - 33 

bases upstream of the poly-A addition site (Appendix A).

Although it was thought that there may be differences between 

the two fragm ents that could account for the altered expression 

of tPA protein and its mRNA in A15A5 cells, no differences 

could be found within the untranslated region or in the coding 

region between the two sequences from A15A5 and ARBO C9.

^The preparation of the cDNA library and the cloning of the fragments In to 
the pUC vectors were carried out by Linda J. Green, a previous member of this 
laboratory.
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enen

Restr ic t ion  s i t e s  and 
thei r  corresponding 
posi t ions  in the published 
sequence

Size of Restriction 
fragments

pUC c lo ni ng  
v e c t o r s  u s e d

2502

mpJÔm pJ9

A A A A

' m p lô i m plb m p l9 mp 19 ' mp 19

Figure 3.2 : The length o f the tPA cDNA fragments sequenced, the restriction 
sites and the pU C cloning vectors used.
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H ow ever both sequences have reg ions rich  in  A and U 

nucleotides in their 3’ untranslated end. These sequences have 

been dem onstrated to have a significant role in the stability of 

several short lived transcripts. There are 2 AUUUA pentam ers 

in the Acc/Eco fragm ents o f the rat tPA at 2403 and 2419 

bases respectively, with a hiatus of 11 nucleotides (figure 3.4)

The ratio of A/U to G/C in the 3'UTR of the tPA gene is 57.89% 

to 42.11%. However, in the 58 nucleotides between 2371-2448 

which contain the 2 AUUUA elements and the longer AUUUUA 

elem ent there is a ratio  of 83.05%  to 16.95% respectively . 

T herefore it is conceivable that this region possessing  the 

reiterated AUUUA pentamer may act as an AU-rich elem ent in 

the rat tPA message.

(A):gA
(2371)AUUUUAAUAUUCGAUGAAAUGACACUAGUAUAUUUAUAUUU
GAAUCUAUUUAGUUUUUACUGUGUUA(2457)

(B) : 1. c-fos
(3970)UUAAUUUAUUUAUUAAGAUGGAUUCUCAGAUAUUUAUUUU
UAUUUUAUUUUUUUCUA(4028)
2. GM-CSF
(638)UAUUUAUAUAUUUAUAUUUUUAAAAUAUUUAUUUAUUU
AUUUAUUUAAGUUCAUAUUCCAUAUUUA(703)
3.na
(736)UAUUUAUUUAUGUAUGUAUGUAUUUAUUUAUUUAUUGCC
UGGAGUGUGAACUGUAUUUAUUUUAGC(810)

Figure 3.4 : (A). The two AUUUA pentamers within the 
3UTR of the rat tPA mRNA.
(B). Three genes which contain multimers of AUUUA in 
their 3'UTR and have been shown to be regulated 
through the turnover of their mRNA.
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The only difference from the published sequence was found in 

the coding region of the gene. T here is an A to G base 

substitution at position 1270 in our fragments (position 2081 in 

Feng). Though this is d ifferent to published rat tPA cDNA

sequence of Ny et al. (1988), it is same as in the mouse (Rickies 

et al., 1988), the human (Pennica e t al., 1983) the ra t tPA 

genomic sequence of Feng et al. (1990).

3.6 D iscussion.

The sim ilarity  in size betw een the rat and the human tPA

mRNA, suggests a close relationship between the coding regions 

of these two genes. The difference in the genomic size of tPA 

betw een the species re flec t the larger size of the n o n ­

transcribed in trons and the 3'UTR in man. H ow ever coding 

regions of genes that code for both structurally and functionally 

sign ifican t p ro teins have close hom ology or are preserved 

betw een species.

This is reflected in the protein and the coding region of tPA 

mRNA of the human, the rat and the mouse. The rat protein has 

92% and 81% hom ology to m ouse and hum an tPA proteins 

respectively. The coding region of the rat m essage has 88.5% 

and 79.8%  hom ology to m ouse and hum an coding reg ions 

respectively, whilst the non-coding 3'UTR has 82.69% homology

to mouse 3' UTR. The structural domain of the rat tPA protein

is identical to other two characterised mammalian tPA proteins.

The sim ila rities in the pro tein  struc tu re  suggest all three
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proteins may be regulated in a sim ilar m anner. D eviations in 

the DNA or the mRNA sequences generally point to differences 

in the regulation of genes between different cells or organisms.

T herefore approxim ately 1700 bp fragm ent of the ra t tPA

cDNA was sequenced from the two cell lines. It was found that

the sequence from the two fragm ents were not only identical 

but also matched one of the published sequence (Feng et al., 

1990) com pletely . There was a single d iscrepancy at the 

position 1270 with the cDNA rat tPA sequence published (Ny et 

al., 1988). In the Ny sequence there is an adenosine nucleotide 

at this position whilst in all other published sequences of tPA, 

including the mouse and the human, a guanosine is found. The 

G to A transition  would cause a g lutam ic acid to lysine 

substitution of the amino acid sequence. The difference in the 

sequence could be a tissue specific difference, as Ny sequence is 

a com bined sequence derived from  two cDNA lib raries, one 

from the ovaries and the other a random ly prim ed library from 

the rat brain, Feng was a genomic sequence from the rat liver 

w hilst the sequence in this study was obtained from a cDNA 

library from  the rat brain.

However it is also possible that this single difference in the Ny

sequence could be an error of sequencing.

A lthough there was no d ifference  in the sequences, the 

presence of two AUUUA elements within a region rich in AU 

nucleotides in the 3’UTR suggest post-transcrip tional events
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may have an im portant role in the regulation of tPA mRNA in 

these cells. The reiterated AUUUA pentam er or closely related 

sequences have been shown to have a significant influence on 

both polyadenylation and m essage stability . There are also 

several groups of sequences related to the AUUUA outside the 

AU-rich region of tPA 3’ UTR.

These include :

GUUUUUA @ 2171-2177

AUUUUG @ 2080-2085

AUUUUA @ 2034-2039

GUUUUA @ 1951-1956

Several proteins have been identified that have the ability to 

bind to multimers of AUUUA or to a single pentamer in a U-rich 

con tex t. M alter (1989) show ed o lig o n u c leo tid es  w ith  4 

AU UUA 's can form  com plexes with p ro te ins w hilst those 

without or those with the reverse sequence UAAAU could not.

Several of the proteins that bind to the ARE have been shown 

to be able to discrim inate between different AU-rich sequences. 

Bohjanen et al. (1991a) identified  a constitu tively  expressed 

AUUUA binding protein termed the AU-A that bound not only 

to the canonical AUUUA, but also to AUUUUA and CUUUC. They 

a lso  id e n tif ie d  an o th e r p ro te in  AU -B th a t e x c lu s iv e ly  

recognised m ultimers of AUUUA and had very low affinity to 

any deviation from this sequence including AUUUUA and AUUA 

(further discussed in chapter 5).
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Therefore those deviations from the canonical AUUUA found in 

the rat tPA 3'UTR may not be significant, or they may allow 

alternative m ethods of regulating the tPA mRNA in different 

cells.

A lthough the two mRNA sequences from the tum our cell line 

and its counterpart showed no discrepancies that could account 

for the difference in the tPA mRNA levels, the two sequences 

contain specific sequences in their 3'UTR that could regulate the 

message level by trans-acting factors. It is also possible that 

the difference in tPA level is due to differences in the level of 

transcription of the two genes which is investigated in the next 

ch ap te r .
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CHAPTER 4: TRANSCRIPTION AL REGULATION 

OF A15A5 AND ARBO C9

4.1. INTRODUCTION.

D espite the gathering evidence that m essage stability  has a 

major role to play in regulating mRNA levels, regulation at the 

level of transcription is the normal method of control of many 

cellular genes. The level of mRNA can be altered at two stages 

in the transcrip tional process, at the basal level and at the 

regulated  level. The basal level is governed by prom oter 

sequences proxim al to the transcrip tion  in itia tion  site (TIS), 

w hilst distal sequences called enhancers control the regulated 

transcription levels (see Kadonaga, 1990 for a review).

The prom oter elements are responsible for the assem bly of the 

transcription complex. The consensus sequence TATA A A or 

the TATA box is the m ost com m on transcrip tion  in itia tion  

prom oter sequence in eukaryotes. The transcription com plex is 

assem bled at the TATA site which is usually located 25 - 32 

nucleotides from the transcription initiation site. The assembly 

of the complex takes place in a stepwise m anner starting with 

the TATA box factor TFIID and involve incorporating several 

other transcription factors and the RNA polym erase II.
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4.2 Transcription from TATA-less promoters.

Not all prom oters contain TATA boxes. Those genes lacking 

TATA boxes or TATA-less genes can be grouped in to  two 

categories depending on the GC content of their promoters. The 

GC rich  prom oters genera lly  have m u ltip le  tran sc rip tio n  

initiation sites and several SP l sites or GC boxes (Ishii et al., 

1985), w hile  non-G C  rich  p rom oters have one or few  

transcription initiation sites. The rat tPA gene is classed as a 

TATA-less gene due to the absence of a canonical TATA box in 

its prom oter (Feng et al., 1990). It can be further categorised 

as a non-GC rich TATA-less gene due to the low GC content 

(53%) of its prom oter and transcription initiation from  a single 

site. The mouse tPA gene is also a TATA-less gene, but the 

human tPA gene contain a consensus TATA element (TATAAA). 

The rat prom oter has 78% and 55% hom ology to mouse and 

hum an prom oters respectively .

In the absence of a TATA box transcription initiation of the rat 

tPA gene has been found to take place through the S P l 

elem ents in its prom oter (figure 4.1). R esults from  in vitro  

studies suggest that S P l elem ents may act as transcrip tion  

initiation elem ents in the rat tPA prom oter. Ohlsson et al. 

(1993) demonstrated that the two S P l sites proxim al to the TIS 

are required for the constitutive expression of tPA in the rat 

neuroblastoma cell line B103 and for FSH m ediated induction of 

the gene in rat granulosa cells. They also found inactivation of 

the GC boxes alm ost abolishes the tPA prom oter activ ity  in 

these cell lines. Furtherm ore, in the m urine tPA prom oter
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which is also a TATA-less gene, the SP l sites were also shown 

to be essential both liver and brain specific expression of tPA 

(Pecorino et al., 1991). Therefore the evidence points to the 

S P l sites ad jacent to the TIS acting as the transcrip tion

initiation sequence in the rat gene.

Another elem ent proposed to initiate transcription from non-GC 

rich  T A T A -less p rom oters is the  in itia to r  e lem en t (In r), 

originally descried by Smale & Baltim ore (1989). The 17 bp 

Inr of the m ouse TdT gene which traverses its transcrip tion

in itia tio n  site  w as found to regu la te  the basal level o f

transcription of the gene. Recom binant clone studies showed 

that the Inr could be strongly activated by a TATA box or by a 

he te ro logous p rom oter in the absence of a TATA box.

Furtherm ore, upstream  prom oter elem ents were also found to 

d irectly  activate  Inr m ediated transcrip tion  w hile  m utations 

within the Inr elem ent affected the efficiency of its initiation. 

Therefore these authors proposed that the Inr as the m inim al

sequence element that can initiate transcription from a gene.

The prom oter sites of the adenovirus m ajo r-la te  p rom oter

(AdM L), rabbit 6 -globin and human im m unodefic iency  virus 1 

which initiate transcription from inactive TA TA -like sequences

have been found to have hom ology to the m ouse TdT Inr.

However, there is no homology between the Inr and the rat or 

mouse tPA start sites, but it is possible there may be different 

types of Inr elements in different prom oters which can initiate
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transcription in association with upstream sequence elements.

4.3 The role of enhancers in transcription regulation.

The rest o f the prom oters of rat and m ouse tPA genes also 

differ in their potential binding sites for transcrip tion factors. 

The rat gene has one A PI, one CTF/N Fl, one CRE and three SPl 

sites (inclusive of the initiation elem ent) in its prom oter (figure 

4.1), while the mouse tPA prom oter consists of five AP2s, one 

S P l, one TRE and one CTF/NFl site.

Transcription factors (TFs) that bind to these elem ents interact 

with the transcription com plex assem bled at the TIS to alter 

the level of transcription of the message. Of the several models 

put forw ard to explain the in teractions betw een the factors 

bound to the distal enhancer elem ents and those bound to the 

proxim al prom oter elem ents the looping m odel is the m ost 

widely accepted theory now. This model suggest that once the 

TFs have bound to the enhancer elements the DNA folds (loops- 

out) to bring these into close contact with the basal regulatory 

factors. Several varia tions to th is m odel has also been 

proposed (Ptashne & Gann, 1990) (figure 4.2).

The regulatory factors can be grouped into universal factors e.g. 

S P l, which is expressed ubiquitously by many cells and tissue 

specific factors, e.g. Oct 1 which is expressed in a tissue specific 

manner. Although SP l can be classified as a universal factor as 

binding sites for the factor is present in m any prom oters, it 

may not be always involved in initiation of gene transcription
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as found with tPA.

The a ff in ity  o f som e p ro m o te r e lem en ts  to  m u ltip le  

transcription factors leads to their genes being regulated  in 

disparate m anner in d ifferent tissue. For exam ple, the PEA3 

enhancer elem ent in the uPA prom oter has been shown to 

in flu en ce  uPA gene tran scrip tio n  in a d iffe ren t m anner 

depending on the cell line. Nerlov et al. (1991) studied PEA3 

m ediated uPA expression  in three hum an transform ed cell

lines; PEA3 was found to induce highest levels of uPA in HepG2 

hepatoma cells, it was less active in the HT 1080 fibrosarcom a 

cell line and was inactive in the third, HeLa cell line.

The murine tPA gene can also be expressed in a tissue specific

m anner (Pecorino et al., 1991). These w orkers used an i n  

v itro  assay to investigate the effects of m urine brain, kidney 

and liver extracts on the expression of tPA mRNA. The brain 

had the highest steady state levels of tPA mRNA while the 

kidney had lower levels and it was undetectable in the liver. 

In vitro  transcrip tion  assays using ex tracts from  the three

sites showed highest levels of transcrip tion  from  the brain. 

There was low er levels o f transcrip tion  in the presence of 

kidney extracts and even low er but detectable transcription in 

the liver. These data suggest that transcrip tion  rates could 

partly account for the differences in the tPA levels between the 

three sites. Furtherm ore, m obility  sh ift assays during this 

study found specific brain derived factors that had increased 

affinity to the GC boxes or to sequences overlapping the GC
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Figure 4.1 : Regulatory elements in the rat tPA promoter
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Figure 4.2 ; Proposed variations of the looping model*.
A. Direct interaction between the activator and the universal target 
protein. The activator possesing both DNA and target protein 
binding sites.
B. The target binding and enhancer binding activity in different 
factors.
* adapted from Ptashne and Gann (1990).
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boxes of the tPA promoter. Therefore it was suggested that the 

brain contain specific factors that can regulate  brain specific 

tPA transcription.

Based on this model it could be suggested that the difference in 

the tPA m essage level betw een the A15A5 gliom a and the 

norm al ARBO C9 brain cell line m ay be a transcrip tional 

d ifference, possib ly  due to d ifferen tia l expression  of brain 

specific transcription factors between the cell lines.
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4.4 The nuclear run-on transcription assay and the 

m easurem ent of RNA transcription.

Nuclear run-on transcriptions assays were used in this study to 

determ ine w hether the constitutively high mRNA level in the 

A15A5 cell line is due to transcriptional activation of the tPA 

gene. Results in the previous chapter showed no differences in 

the tPA fragm ents sequenced that could alter stability  of the 

tPA message in the two cell lines. Therefore it is possible that 

expression of tPA in these cell lines are regu lated  through 

differential transcription. As both these cell lines are brain 

derived there may be differential expression of brain specific 

factors as suggested by Pecorino et al. (1991).

The nuclear run-on assays are transcription assays carried out 

in vitro  using native nuclei from the cells in which the gene 

being analy sed  belong  to. In n u c lear ru n -o n s no new 

transcripts are in itiated, but those already in itiated  transcripts 

present at the tim e of isolation of the nuclei are faithfully  

ex tended  using  rad io lab e lled  n u c leo tid e s . T he lab e lled  

transcrip ts  are then iso la ted  and hybrid ised  to slo t b lots 

carrying the sequences to be analysed.

As the rate of transcription is governed by the rate of initiation 

of tran scrip tio n , run-ons p rov ide a su itab le  techn ique  to 

determ ine differences in transcription rate betw een genes.

T here are several advantages for using run -on  assays to
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m easure transcrip tion  instead of other in vitro  tran scrip tio n  

assays. As nuclear run-ons are carried out in isolated nuclei, 

the  c e l l ’s n u c le o so m a l s tru c tu re  rem a in s  in ta c t  and  

tra n s c r ip tio n  is c a rr ied  o u t by n a tiv e  en zy m es and 

transcriptional m achinery. During other in vitro assays, either 

recom binan t tem plates or exogenous ex trac ts  are used to 

transcribe genes. Therefore they do not always reflect the in  

v ivo  state of transcription of the gene. As run-ons are carried 

out in nuclei, the rates of transcrip tion  m easured resem ble 

natural state of transcription in the cell.

There are several disadvantages of using run-ons to m easure 

transcription. N uclei by nature are fragile and have a short 

viability  outside their natural environm ent. Therefore active 

tran scrip tio n  d im in ishes w ith in  20-30 m inutes in iso la ted  

nuclei, thus not only do gentle isolation m ethods have to be 

used, but the assay also has to be optim ized for speed of 

iso lation .
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4.5 R ESU LTS

A lthough  m ethods for several run -on  assays have been 

published for different cell system s no general protocol exists 

ind ica ting  the need to adapt each assay  to re f le c t the 

distinctiveness of each cell system. Initial run-ons in this study 

were carried  using an assay based on G reenberg and Z iff

(1983). Although there was active transcription in the cells, as 

seen by the transcription of high copy num ber ra t repetitive 

sequences, transcription of tPA mRNA could not be detected in 

these assays.

T herefore the pro tocol had to be ex tensively  m odified  to 

im prove its lim its of de tection  in these ce ll lines. The

modifications were made to all of the major steps of the assay, 

i.e. the method of isolation of nuclei, the transcription reaction 

and the m ethod of isolation of the labelled transcrip ts. The

mode of isolation of the nuclei was altered to increase the 

speed of isolation. The concentration of the detergent (NP40) 

and the volume of cell lysis buffer used in the original assay 

did not lyse the cells sufficiently or rapidly enough. Therefore 

the detergent concentration was raised to 0.75% and the cells 

were lysed in an increased volume (4mls) of buffer .

In the original assay transcription elongation was allow ed to 

proceed at 37°C for 1 hour. However, others including M arzluff 

and Huang (1984) have established that a low er tem perature 

betw een  27°-30°C  p rov ides the op tim al tem p era tu re  fo r
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transcrip tion in nuclear run-ons, with no m easurable increase 

in incorporation  of label taking p lace beyond 25 m inutes. 

T herefore in these run-ons transcrip tion  was carried  out at 

28°C and the reactions were term inated after 25 m inutes.

The third m ajor change from the original procedure was in the 

method of isolation of the labelled transcripts. Instead of the 

com m on  b u t c u m b e rso m e  p ro c e d u re  o f  f i l te r  d isc  

im m ob iliza tion  and TCA p rec ip ita tio n  o f new ly  lab e lled  

transcripts, the method of Celano et al. (1989) which itse lf is 

based on the original Chom czynski and Sacchi (1987) m ethod 

was used to isolate labelled RNA. Together these modifications 

considerably reduced not only the time taken to carry out the 

procedure, but also improved the sensitivity of the assay.

The signals were standardised by hybridising equal num ber of 

counts of labelled RNA to DNA blotted on to nitrocellulose using 

a slot blot apparatus.

Figure 4.3 shows the level of transcription of tPA between the 

tumour A15A5 and the normal ARBO C9 cell lines 4 hours after 

addition  of fresh  m edium  to exponen tia lly  grow ing cells. 

D ensitom etric analysis show the tPA gene to be transcribed at 

an approxim ately 1.5 -fold higher level in the gliom a cell line 

than in the normal brain cell line (data not shown).

The level of transcrip tion at 24 hours after m edium  change 

(figure 4.4) was not significantly different, being about 1.7 fold
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Figure 4.3 : The rate o f transcription o f tPA in A15A5 and 
ARBO C9 at 4 hours after change o f m edium .
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higher in A15A5 than in ARBO C9. Results from several run-on 

assays show ed that the d ifference in constitu tive  level of 

transcription between A15A5 and ARBO C9 to be always less 

than 2 -fold.

Several control sequences were used in the slot blots to obtain 

an indication of the level o f transcription and to confirm  that 

there is no spurious binding to unrelated sequences. There 

were strong signals for the high copy genes actin  and rat 

repetitive sequences as expected. The rat repetitive sequences 

used in these slot blots were brain specific 4D12 sequences 

(W itney and Furano, 1984). There was no signals for the 

bacterial sequences pU C lS and pBR322.
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Figure 4.4 ;The rate of transcription of tPA in 
A I5A5 and ARBO C9 at 2 4 hours.
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4.6 D ISC U SSIO N .

N uclear run-on  tran scrip tio n  assays w ere ca rried  ou t to 

determ ine the rate  of transcrip tion of the tPA gene in the 

A15A5 glioma cells and the normal ARBO C9 cells. As nuclear 

run-ons are carried out in isolated nuclei they provide a truer 

picture of transcription rates than other in vitro tran scrip tion  

assays. Several im portant m odifications were m ade to the 

original assay used for these run-ons to improve its sensitivity. 

Key m odifications include increasing the concentration of the 

detergent (NP40) used to lyse the cells to 0.75%, the volume of 

cell lysis buffer and the concen tra tion  of ribonucleo tides, 

lowering the length of time of the transcription reaction and 

altering the method of isolation of labelled RNA.

The m ultitude of run-ons carried out in this study indicated 

several im portan t caveats about these  tran scrip tion  assays. 

Principally there is a lim it to the sensitivity of nuclear run-ons, 

specially for detecting low copy num ber genes. Furtherm ore, 

RNAse free conditions and the speed of isolation of the nuclei 

are crucial. The longer the time spent on isolating the nuclei, 

the less active were the nuclei during transcrip tion  assays. 

There was not much difference in the level of incorporation of 

radiolabel into RNA at 4 or 24 hours after change to fresh 

medium, which indicate that total level of transcription rem ain 

high in these cells throughout the cell cycle.

Previous studies established that the steady state level of tPA
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mRNA in the glioma cells is 10-20 fold higher than the normal

counterpart. Several workers have dem onstrated that the tPA

gene can  be tra n sc r ip tio n a lly  a c tiv a te d  u n d e r c e r ta in

circum stances. Pecorino et al. (1991) found that the m urine 

brain posses constitutively higher level o f tPA than the liver. 

This elevated  level was found to be prim arily  due to the 

in c reased  tran sc rip tio n  o f the tPA  gene in the  b ra in . 

M eanwhile Ohlsson et al. (1993) have described using nuclear 

run-on assays that the constitutively elevated tPA mRNA level 

in the ra t neuroblastom a cell line B103 is d u e \  increased  

transcrip tion  of the gene com pared to that in the prim ary

cultures of rat granulosa cells. However it has to be pointed 

out that the two cell lines in the above study are of different 

o rig ins.

The results from this study shows that the tissue-plasm inogen 

activator gene is transcribed  at a sim ilar rate  betw een the 

glioma cell line and the normal cell line and cannot account for 

the constitu tively  higher level of tPA m essage found in the 

neoplastic cells.

The difference in the level of transcription at 4 and 24 hours 

were also identical between the cell lines. This suggest that 

tPA is transcribed continuously in both cell lines. Despite the 

sim ilarity in the level o f transcription it is d ifficu lt to detect 

tPA message in total RNA from ARBO C9 cells, which suggest 

that there is considerable  d ifferences in the regu la tion  of 

degradation or the stability  of the tPA m essage betw een the
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two cell lines. The cDNA fragments of tPA sequenced from the 

two cell lines include the 3’UTR which is proposed to contain 

m any o f the  sequences th a t reg u la te  m essage  s ta b ility .

A lthough  no d iffe ren ces  w ere found  be tw een  the  tw o

sequences, this does not mean that m essage stability could not 

be involved in regulation of tPA mRNA levels in these cell lines 

as degradation involves not only specific sequence elem ents 

but also trans acting factors that bind to these  e lem ents.

Therefore in the next chapter stability of the tPA m essage in

the A15A5 cell line was determined.
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CHAPTER 5 : STABILITY AND CELLULAR 

LOCALIZATION OF tPA mRNA,

5.1 INTRODUCTION

In chap ter 4 sequence elem ents involved in regu la ting  gene 

transcription was discussed. A fter the m essage is transcribed it 

undergoes several post-transcrip tional processes. These include 

rem oval of introns, addition of the cap structure to the 5' end 

and the poly-A  tail to the 3' end, transport to the cytoplasm , 

translation and finally degradation of the message. Regulation of 

the m RNA stab ility  and thus the m essage  av a ilab le  for 

tran sla tio n  prov ide  a considerab le  degree o f flex ib ility  in 

m anipulating gene expression, as small changes in transcription 

can be amplified through altered degradation of the message.

Several elem ents, both cis-elem ents and trans acting factors are 

invo lved  in regu la ting  mRNA stab ility  (partly  d iscussed  in 

chapter 3).

5.2 The role of the poly-A tail in regulating mRNA stability in 

somatic cells.

One of the im portant elements is the poly-A tail, which has been 

shown to regulate translation activation of deadenylated  laten t 

tPA mRNA during oocyte maturation. In somatic cells however, 

deadenylation of the poly-A tail usually leads to degradation of 

the m essage. Evidence for this process has been obtained by 

several groups of workers including N udel et al. (1976) who 

showed that rabbit 6-globin mRNA with a ta il o f 32 poly-A
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nucleotides has the same functional stability as a m essage with 

150 nucleotides. W hen the tail is deadenylated to 16 residues 

the stability of the mRNA decreases by 10-fold or close to the 

fully deadenylated state. Generally m essages w ith less than 30 

nucleotides in their poly-A  tail are rare. W hether at this tail 

leng th  the deadeny la tion  stops or the tran sc rip ts  undergo  

im m ediate degradation is yet to be e lucidated , but this data 

suggests that deadenylated mRNAs are generally unstable. That 

deadenylation is the prelim inary event o f m essage degradation 

has been dem onstrated for several transcrip ts including  c-fos 

and c-myc (W ilson and Treisman, 1988).

T he c lo se  lin k  be tw een  po ly -A  rem o v a l and  m essage  

degradation, the existence of specific signals for cleavage, poly- 

adenylation, and deadenylation suggest that this is a regulated 

event m odulated through trans-acting factors. A protein  that 

bind to the poly-A tail was first dem onstrated by Sachs et al. 

(1986). The protein termed the poly-A  binding protein (PABP) 

has been characterised and found to be rem arkably  conserved 

from yeasts to humans (Sachs and Davis, 1989). It is a protein of 

577 and 633 amino acids in yeast and human respectively. The 

protein consists of two domains. The N -term inal dom ain which 

has hom ology to other RNA binding proteins is thought to be 

im portant for RNA binding function. This dom ain has also been 

proposed to be responsible for the ability of PABP to m igrate 

from one poly-A to another. The C-term inal dom ain is thought 

to interact with other cytoplasm ic factors that regulate m essage 

s ta b ility .
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Experim ents that have established PABP as having an essential 

function in mRNA stability include work by Brewer and Ross 

(1989), who found PABP could regulate degradation of B-globin 

mRNAs possessing poly-A tails but not those lacking a tail.

W h ile  c o m p e ti t io n  e x p e r im e n ts  w ith  6 -g lo b in  m R N A  

dem onstrated that there is a 7-fold rise in its degradation in the 

presence of com petitor poly-A polym ers, but not in the presence 

of poly-C, poly-G or poly-U sequences (Bernstein et al., 1989a, 

1989b) These data imply that binding of PABP protects poly-A 

tails from  deadenylation, possibly through shielding from  being 

attacked by poly-A nucleases.

Although PABP has a role in mRNA stability it is not the only 

tra n s a c tin g  fac to r that is invo lved  in reg u la tin g  m essage 

degradation as different m essages can be degraded at different 

rates. Therefore mRNA degradation may involve PABP as well 

as other m echanism s which act through o ther signals in the 

mRNA molecule.

5.3 T h e  function of A and U nucleotide rich elem ents in RNA 

d e g ra d a tio n

The AU -rich sequences are known to m ediate m essage stability 

(b riefly  discussed in chapter 3). The AUUUA pentam er is 

present in the 3’ UTR of many unstable transcripts such as c-fos, 

c-myc and GM -CSF (granulocyte m acrophage-colony stim ulating 

fac to r) and has been shown to im pose in stab ility  to those 

m essages carrying it.
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W ilson and Triesman (1988) showed deletion of the 3' ARE from 

c-fos leads to the m utant mRNA becoming more stable than the 

short lived wild-type c-fos mRNA. W hilst transfer of the GM-CSF 

ARE containing several AUUUA elem ents to the 3' UTR of the 

more stable 6 -globin message leads to a decrease in the 6 -globin 

half-life from  17 hours to 30 m ins. An identical construct but 

with disrupted AUUUAs does not depress the 6 -globin half-life 

as m uch. In vitro  t r a n s c r ip t io n  a s sa y s  sh o w e d  th a t  

transcription does not account for this effect as both constructs 

had s im ila r tran sc rip tio n  ra tes  (Shaw  and K am en, 1986). 

F u rth e rm o re  B rew er and R oss (1988) d em o n s tra ted  th a t 

endonuclease cleavage of c-m yc mRNA takes place im m ediately 

3’ of its AUUUA element.

5 .4  Trans acting factors that bind to AU-rich sequences.

Several AU bind ing  fac to rs have now been id en tified  by 

different workers varying in size from 30 to 70 kD a . M alter 

(1989) iden tified  a pro tein  com plex (A U BF) that b inds to 

o lig o n u c leo tid e s  w ith  4 A U U U A s, but no t to  id en tica l 

o lig o n u c leo tid e s  lack ing  the pen tam ers or co n ta in in g  the 

inverted sequence UAAAAU. Vakalapoulou et al. (1991) have 

identified a 32 kDa nuclear protein in HeLa cells that can bind to 

the ARE of GM-CSF 3' UTR, while Brewer (1991) using an in vitro 

assay system  have identified  a trans-acting factor (AU -F) that 

bind to the c-myc ARE and accelerate its turnover.

F u rtherm ore , B ohjanen e t.a l. (1991a,b ) found th a t T cells 

synthesize two closely related cytoplasm ic factors term ed AU-B 

and AU-C that specifically bind to AUUUA pentamers of GM-CSF,
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IL-2 and TNFa but not to the AU element of c-myc.

Several of the factors, though identified in different cell systems 

have sim ilar m olecular weights and binds to identical sequences 

suggesting that they may be sim ilar factors or belong to the 

same fam ily. Evidence suggest that AU-A (B ohjanen e t al. 

1991a), AUBP (V akalapoulou et al. 1991) and AUBF (M alter

1989) may be identical factors. A ll are found abundantly , 

perhaps constitu tively  expressed and all recognise  sim ilar 3' 

UTRs (table 5.1). There are how ever d ifferences w ithin this 

group, AUBP and AU-A are predominantly nuclear while AUBF is 

cy top lasm ic .

Some of these factors (eg AUBP) can bind not only to reiterated 

AUUUA elements, but also to a single pentamer when it is in a U- 

rich context (V akalapoulou 1991, B rew er 1991) which suggest 

that the w ider AU -rich region has an im portant ro le  in the 

binding of these proteins to 3' UTRs.

Recent evidence indicates that some of these factors are related 

to the he te rogeneous nuc lear r ib o n u c lea rp ro te in s  (hnR N P). 

T hese are a fam ily  of abundant nuclear p ro te in s that are 

involved in RNA metabolism at the level of pre-RNA processing. 

All of these proteins contain RNA binding dom ains (Dreyfuss et 

al, 1988). A 38 kDa protein associated with cytoplasm ic poly-A 

mRNA in HeLa cells has been identified as the hnRNP A1 protein. 

This pro tein  was shown to be able to shuttle  betw een the 

nucleus and the cytoplasm  with increased accum ulation in the 

cytoplasm  after transcription inhibition (Dreyfuss et al., 1984).
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Table  5.1: Severa l  of  the  AU-r ich e l e m e n t  binding p r o t e i n s *

vD

AU binding  
protein

Source
S iz e
kDa

Cellular loca t io n
Binding
mRNA R efere nce

1. AUBF Human peripheral  
blood mononuclear  
c e l l s

36 c y t o p l a s m i c IL, GM-CSF, 
TNF,v-myc,  
c - f o s .

Malter,  1989.

2. AU-A Human T - l y m p h o c y t e s 3 4 predominantly
nuclear

IL2, GM-CSF, 
c - m y c ,  TNFa

Bohjannen,
1 9 9 1 , 1 9 9 2 .

3. AU-B

4. AU-C " "

3 0  . 

43 ,
, cy t o p l a s m i c

-

IL2, GM-CSF,
‘ TNFa, but not  

c - m y c " "

5. AUBP HeLa c e l l s 32 nuclear  and 
c y t o p l a s m i c

GM-CSF, 
c - m y c , c - f o s .

Vakalapoulou,
1991.

6. AUf Erythroleukaemic  
ce l l  l ine

3 7  &
42

c y t o p la s m ic GM-CSF,
c - m y c .

Brew er,  1991.

* This is not  a comprehens ive  l i s t  of AU-binding prot e ins ,  
but  an indicat ion of some of the  p ro t e ins  s tudied  so far.



H am ilton  et al. (1993) iden tified  five d iffe ren t cy top lasm ic 

factors in hum an peripheral blood lym phocytes that bind to 

transcripts with ARE elements. Several o f these were found to 

co rrespond  in size to o ther p rev io u sly  id en tifie d  fac to rs . 

A ntibody studies using antibodies to hnRNP A l, C l and C2 

showed that at least three of these factors are hom ologues of 

hnRNP factors. That is, antibodies to hnRNP A l bound to the 

36kDa factor, while antibodies to hnRNP C l and C2 bound to 43 

and 36 kD a factors respectively . T ranscrip tion  inh ib ition  by 

actinom ycin D was found to elevate the levels of 36 kDa protein, 

sim ilar to the results found by Dreyfuss et al. for their 38 kDa 

factor which was also a hom ologue of hnRNP A l. Translation 

inhibition by cyclohexim ide was found to have no effect on the 

36 kDa protein.

5.5 The effect of transcrip tion  and transla tion  inh ib ition  on 

mRNA stability .

How ever inhibition of translation is known to stabilise various 

m RNAs including  uPA (A ltus and N agam ine 1991), h istone 

(Stim ac et al., 1984), tubulin (B aker et al., 1986), GM -CSF 

(Thorens e t al., 1987) and EOF receptor mRNA (Kesavan et al.

1990). Several hypotheses have been put forward to explain the 

m echanism  of action of translation inhibition on mRNA stability. 

These include, 1. degradation of message due to the presence of a 

lab ile  RNase which disappears rapid ly  follow ing inhib ition  of 

translation, eg c-fos mRNA half life increases to several hours 

upon protein synthesis inhibition (W ilson and Triesm an, 1988).
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2. S uperinduction  due to tran s la tio n  in h ib itio n , seen w ith 

im m e d ia te  e a rly  (IE ) gene  tra n s c r ip ts  su g g e s tin g  th a t 

transcrip tion  shut-off o f these genes require  active translation.

3. The labile repressor hypothesis suggest some genes eg c-fos, is 

kept inactive due to continuous synthesis of a labile repressor if 

transcrip tion which disappears upon translation inhibition. But 

later it was shown using run-ons that transcription of c-fos takes 

place in the presence of cycloheximide but not in the presence of 

another transla tion  inh ib ito r purom ycin , thus d iscounting  this 

theory of a labile repressor (Edwards and M ahadevan, 1992), as 

translation arrest itse lf is not sufficient to in itiate  transcription 

of c-fos and c-jun.

This body of work suggest that both transcription and translation 

in h ib itio n  can in flu en ce  m RN A  lev e ls  p o ss ib ly  th rough  

m odulating trans acting factors that bind to ARE sequences in 

tra n sc rip ts . T h ere fo re  the  e ffe c t o f in h ib itio n  o f both  

transcription and translation on the stability of the tPA mRNA in 

the two cell lines were studied. E arlier w ork indicated  no 

differences in the sequence of a 1700 nucleotide fragm ent of the 

tPA cDNA between A15A5 and ARBO C9 (Chapter 3) and that tPA 

mRNA is transcribed at a similar rate in the cell lines (Chapter 4).

The 3' UTR sequence of the tPA cDNA from both cell lines was 

shown to possess two AUUUA pentamers within a region rich in 

AU nucleotides (chapter 3). The reiterated AUUUA has been 

dem onstrated to be involved in the regulation of stabilities of 

mRNAs possessing this sequence in their 3 'UTR. Several proteins
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have been isolated from both the nucleus and cytoplasm  of cells 

that have the ability  to bind to this sequence and alter the 

stability of mRNA. Therefore it has been suggested that some of 

these factors may be involved in regulating nuclear levels of 

certain RNAs (Vakalapoulou et al., 1991).

Thus to determ ine whether the increased stability of tPA mRNA 

is a nuclear or a cytoplasm ic event, cellu lar d istribution of the 

tPA mRNA in the two cell line was also investigated.

During this study the expression of mRNA was m easured under 

two conditions; in the presence of serum and in the absence of 

se ru m .

The mRNA levels in the presence of 15% serum  represent the

expression  of the m essage during norm al grow th conditions.

H ow ever, collection of conditioned m edium  (CM ) to m easure 

plasm inogen activator (PA) activity is usually carried out in the 

absence of serum, as it was dem onstrated as long ago as 1973

that serum  has an inhibitory effect on PA m ediated fibrinolytic

activity (Unkeless et al., 1973, Jones et al., 1975). It has been 

proposed that serum may contain or induce specific and non­

specific inhibitors of PA activity. Furtherm ore it is also possible 

that serum  may influence regulation of mRNA levels as it has 

been dem onstrated by B erger et al. (1991) that serum  could 

elevate levels of PABP. This is a trans acting factor that bind to 

poly-A  tails of mRNA and has been proposed to be involved in 

re g u la tin g  p o ly -A  rem o v a l and d e g ra d a tio n  o f c e r ta in  

tra n s c r ip ts .
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T herefo re  the tPA m RNA in the p resence  o f serum  was 

determ ined  to analyse the expression  during norm al grow th 

conditions. W hile the levels in the absence of serum relates to 

the expression  of mRNA during the co llec tion  o f serum  to 

measure the PA activity of the cells. The CM is usually collected 

over 24 hours.

5.6 RESULTS

5.6.1. The affect of transcrip tion  inh ib ition  on tPA mRNA 

s tab ilitv .

Actinom ycin D was used as an inhibitor of mRNA transcription 

to analyse its effect on the stability of tPA in A15A5 gliom a 

cells. The stability of the message in ARBO C9 cells was not 

determ ined as tPA mRNA in these cells are expressed at too 

low a level to be investigated.

A ctinom ycin D acts by binding to the DNA tem plate  and 

in h ib itin g  RNA po lym erase  II from  e lo n g a tin g  n ascen t 

transcripts. In eukaryotes translation of proteins carry on for 

several hours after transcription inhibition, therefore the cells 

rem ains viable for a certain time period after the addition of 

the inhibitor. However high concentrations of the drug can be 

toxic to the cells. Therefore it is im portant to ascertain the 

optim um  concen tra tion  that causes tran scrip tio n  in h ib itio n  

without effecting the viability of the cells. The incorporation of
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(tritiated) uridine by cells in the presence of actinom ycin D 

was determ ined to identify the level o f transcription inhibition 

at different concentrations of the drug.

The usual concentra tion  of actinom ycin  D used to inh ib it 

transcription is 5ug/ml. A pilot study carried out using 2.5, 5 

and 10 ug/ml actinomycin D showed a rapid inhibition of 

uridine incorporation into the cells. However upon observation 

of cells under the light microscope for changes in m orphology, 

it was found that actinom ycin D at concentrations above 2.5 

ug/ml were toxic to the cells (table 5.2). At 2.5 pg  the norm al 

morphology of the cells alter by 2 hours and soon they begin to 

detach from  the substratum  indicating that they have becom e

non-viable due to the toxicity of the drug.

At lug/m l although there was som e change in m orphology 

there was no gross detachm ent of cells over the 24 hour period 

observed. A lso, this concentration caused >90%  inhibition of 

transcrip tion  by 1.5 hrs and >95%  by 4 hrs (figure 5.1).

Therefore it was decided to use lug/ml actinom ycin D to inhibit 

transcription in these cells.

A ctinom ycin D was adm inistered  to cells grow ing in the

exponential state in 15% foetal calf serum. A t the tim e of

treatm ent with the inhibitor the growth m edium  was replaced
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Act inomycin D ( lag/ml)

TIME
hours

CONTROL 0.1 0 . 5 1 .0 2 . 5 5 . 0

2 S e t t l e d S e t t l e d Set t led. S ta r t in g  to 
round up

Sta rt in g  to 
round up

Sta r t in g  to  
round up

3.5 S e t t l e d Majority  as  
contro l ,  a smal l  
minori ty  
rounded.

Few have  
rounded.

Many rounded Many rounded,  
f e w  detached.

Becoming
detached.

4.5 As above More have  
rounded.

More rounded As above As above Many
have detac hed

6.5 C omple te ly
s e t t e l e d .

More rounded. As above Majority  
rounded, but 
not as  much as  
at 2 .5 p g /m l ;  
s o m e  detached

Majority  
rounded, many  
have detached

Majority  detac hed

2 2 Divided
overnight

Majority  
rounded, f e w  
detached.

Majority  
rounded, f ew  
detached

As 0 . 5 p g / m l ,  
s o m e  detached.

All rounded,
m a jor i ty
detached.

As above.

Table 5.2: The e f f e c t  of ac t inomycin  D on the v i abi l i ty  of A15A5 cel ls .



with fresh medium. Total RNA was isolated at specific time 

intervals and was analysed on northern blots and probed with 

the 1700 bp insert already sequenced and confirm ed as tPA in 

chapter 3. To measure RNA levels in the absence of serum, the 

medium at the time of addition of the drug was replaced with 

m edium  lack ing  in serum  or D u lbecco 's m odified  eag les 

medium (DM EM ) alone. The blots were stripped and reprobed 

with 6 -actin to standardise the m essage levels.

The results of inhibition of transcrip tion  in the presence of 

serum is shown in figures 5.2a and 5.2b. The figures show the 

level o f tPA mRNA at different tim e intervals, the level of 6 

actin in the cells and a graph of tPA mRNA equilibrated to the 

6 -actin signal.

The norm al tim e course indicated that the tPA mRNA level 

rises over the 6 hour period observed. W hile the tim e course 

after inhibition of transcription by actinom ycin D show that the 

message level remain constant over this period. That is, there 

is no gross destruction of the m essage or the tPA mRNA is 

stable in A15A5 cells under normal growth conditions.

The figures 5.3a and 5.3b show the tPA mRNA level in the 

absence of serum. In cells untreated with actinom ycin D the 

mRNA level rises over 6 hours. This is not as rapid a rise as in 

the presence of serum, but it was found in other experim ents
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Figure 5.2a: A time course of tPA m RNA after inhibition of 
transcription in the presence of serum.
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including that represented in figure 6 .2 , the increase continues 

over 24 hours and attain a mRNA level sim ilar to that in the 

presence of serum  at 24 hours. The m essage level in the 

presence o f serum  usually peaks betw een 6 - 8  hours and 

decreases slightly by 24 hours (figures 5.2c, 5.5 and 6.4). The 

other tim e courses in this study (figure  6.2 and 6 .5) also 

indicated a longer lag before mRNA levels begins to rise in the 

absence of serum. However at 24 hours the tPA message levels 

are com parable under both conditions (figure 6 .1).

Inhibition of transcription in the absence o f serum  show a 

m odest decline of the tPA mRNA during the 6 hour period, 

suggesting that the transcript is less stable com pared to that in 

the presence of serum. H ow ever the m essage level rem ains 

detectable and substantial during this period.
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5.6.2 The effect of translation inhibition on tPA mRNA levels in 

A 15A 5

To determ ine w hether inhib ition  o f transla tion  leads to the 

stabilizing of tPA mRNA in A15A5 cells, m essage levels were 

de te rm ined  in  the p resence  of the tran s la tio n  in h ib ito r  

cyclohex im ide .

Cyclohexim ide acts by trapping the RNA strand on polysom es, 

and thus in h ib its  pep tid e  chain  e lo n g a tio n . T he usual 

concentration of cyclohexim ide used to inhibit translation is 10 

ug/ml. To determ ine whether this concentration is detrim ental 

to their viability, the cells were observed in the presence of 10 

ug/m l cyclohexim ide. There was no large scale detachm ent 

from the substratum or an alteration in the m orphology of cells 

over a 24 hour period  observed , in d ica tin g  th a t these  

concentrations are not toxic to the cells and that they rem ain 

viable over this time period.

The level of incorporation of methionine in the presence of 

10 ug/ml of cyclohexim ide was determined. This concentration 

was found to be sufficient to inhibit translation by >95% in 

these cells (figure 5.4)

To determ ine the affect of translation inhibition on the tPA 

mRNA cells growing in the log phase were treated with 10
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ug/m l cyclohexim ide in the presence of serum . F igure 5.5 

shows the effect of translation inhibition on tPA mRNA levels. 

The resu lts  show  that tPA  m essage rem ains s tab le  and 

re la tiv e ly  high during the in itia l 6 hours befo re  declin ing

substantially by 8 hours. The general trend towards a gradual 

decrease in levels suggest that translation inhibition over a long 

period  of tim e m ay increase the degradation  o f the tPA

m essag e .

5.6.3 The cellular localisation and the effect of actinom ycin D 

and cvclohexim ide on the nuclear mRNA levels of tPA.

The results so far suggest that the tPA mRNA is stable over

several hours in the A15A5 cell line. The mRNA stability in the

ARBO C9 cell line could not be determ ined  due to the

considerably low basal level of the m essage. Therefore these 

da ta  and the resu lts  from  ch ap ter 4 suggests  th a t the 

constitutive higher level of the message found in the gliom a cell 

line is prim arily due to the increased stability of the mRNA in 

A 15A 5. To determ ine w hether th is is a nuc lear or a

cytoplasm ic phenomenon, the distribution of the m essage in the 

nucleus and the cytoplasm of A15A5 cells was determined.

Events that can influence nuclear m essage levels include RNA 

processing , n u c lear degradation  and n uc lear export o f the 

mature mRNA. There are only a few reported cases of nuclear

regu la tion  o f mRNA stability  although PA B P is known to

traverse  the nuc lear m em brane and also  an ARE binding
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protein has been isolated that is m ostly in the nucleus.

N uclear RNA was prepared from  nuclei iso lated  from  both

A15A5 and ARBO C9 cells grown in the presence of serum. The 

procedure of isolation was identical to that used to isolate  

nuclei for nuclear run-on assays (chapter 3). The nuclei were 

given an extra wash to ensure there is no contam ination of the 

nuclear p reparations with cy tosolic  fragm ents. C ytoplasm ic 

RNA was isolated according to Sambrook et al. (1989), (Methods 

and M aterial).

The cellular distribution of tPA mRNA in the A15A5 and ARBO 

C9 cell lines are presented in figure 5.6. The RNA was isolated 

from cells 24 hours after change of medium. The results show 

that the tPA transcrip t is p redom inantly  confined  to the 

nucleus of the A15A5 cells. The figure 5.6 also shows the actin 

m essage levels. A lthough the cytoplasm ic actin levels were 

slightly lower, the tPA level when standardised to actin show

that it is substantially higher in the nucleus than the cytoplasm.

In the ARBO C9, the cytoplasmic level of tPA was also found to 

be very low. The nuclear mRNA levels in ARBO C9 could not be 

ascertained in this experim ent as the quantity of RNA used in 

the experiment was found to be too low (see actin level). This 

may have been due to leakage of the RNA from the sample well

of the gel. However, nuclear level in the ARBO C9 cells was

rem easured  (figure . 5.7a) and was found to be low  and 

com parable to cytoplasm ic levels. These find ings fu rther
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Figure 5.6 : The nuclear and the cytoplasmic 
distribution of tPA mRNA in A15A5 and ARBO C9.
N= nuclear C= cytoplasmic 

A5= A 15A5 C9= ARBO C9
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substantiate results found with total mRNA levels; that is, the 

basal level of the tPA message is much lower in the the ARBO 

C9 cell line than in the A15A5.

The tim e course studies on total RNA indicated that tPA mRNA 

is rela tive ly  stable between 2 to 6 hours a fte r transcrip tion  

inhibition, w hilst the normal levels increase rapidly  betw een 2 

to 6 hours (figure 5.3). To determ ine w hether a sim ilar effect 

can be seen in the nucleus, the RNA levels were m easured at 

4.5 hours (an interm ediate tim e betw een 2 - 6  hours) in the 

nucleus after both transcription and translation inhibition.

The resu lts presented  in figures 5 .7a and 5 .7b show s that 

nuclear RNA level of tPA remain identical to basal level in the 

presence of both cyclohexim ide and actinom ycin D. Therefore 

the difference between the basal levels and the actinom ycin D 

treated total RNA levels at 4 hours may be due to increased 

degradation of the message in the cytoplasm.

The figure 5.7a also show the nuclear tPA mRNA level in the 

ARBO C9 cells at 4.5 hours. It was found to be approxim ately 

10 fold lower compared to the nuclear levels of the m essage in 

A15A5 cells.
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Figure 5.7a : The nuclear tPA mRNA levels at 4.5 hours 
in A15A5 and ARBO C9.
C9=ARBOC9; Ac= A15A5 control; CX= Cycloheximide; 
aD= actinomycin D; t = time (hours).
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Figure 5.7b : The standardised results of nuclear tPA 
mRNA levels at 4.5 hours
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5.7 DISCUSSION

The steady state stability of tPA mRNA in A15A5 gliom a cells 

w as m easu red  a f te r  bo th  tra n sc r ip tio n  and tra n s la tio n  

inhibition. The concentration of actinom ycin D used to inhibit 

mRNA transcription in these cells was lug /m l. This is low er 

than  the  m ore gen era lly  used  c o n ce n tra tio n  o f 5ug /m l. 

Concentrations above 2.5 ug/ml were found to be toxic to these 

cells causing m orphological changes and detachm ent of the cells 

from  the substratum . The concentration of actinom ycin D used 

in this study was sufficient to inhibit incorporation of uridine 

into the cells by greater than 95% in 4 hours and the cells 

remain viable over 24 hours.

The tim e course of tPA mRNA showed that the basal levels 

increase over the 6 hour period observed in the presence of 

serum. Results from other time courses in this study and this 

time course suggest that in the presence of serum mRNA levels 

of tPA reaches a peak between 6 to 8 hours and then declines 

slightly by 24 hours ( figure 5.2c).

A fter transcription inhibition in the presence of serum  the tPA 

mRNA levels were found to be stable up to 6 hours. As 

d iscussed  ea rlie r the tPA m RNA level in ARBO C9 is 

approxim ately 10 - 20 fold low er com pared to A15A5 which 

indicate that the transcript is unstable in ARBO C9 cells, and 

nuclear run-on indicated that transcription does not account for 

this difference in the mRNA level. Therefore it can be concluded
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that the increased tPA mRNA in A15A5 is probably due to 

increased stability of the message in the glioma cells .

The m RNA level in the absence of serum  w hich represen t

behav iour o f the m essage during co llec tion  of cond itioned

m edium  fo r PA activ ity  assays show tha t tPA  m RNA is 

expressed in the A15A5 cells although with a lag in time. It was 

noticed in several o f the tim e courses, that change of medium 

leads to a transient degradation of the m essage irrespective of 

w hether serum is present or absent. The course of this loss is 

unknow n, it is possib le  it is due to the shock o f altered 

conditions during the changing process itself, such as the drop in 

tem perature and the CO2 level when the cell are removed from 

the incubator. Subsequently the message level recovers as new 

message is transcribed, but the rate depends on the presence or 

absence of serum. In the presence of serum the peak level is

reached much faster (6 to 8 hours) than in the absence of serum

(>8 hours). However other work in this study showed that the 

total levels at 24 hours are comparable under both presence and 

absence of serum (figure 6 .1).

W hen serum  is absent from  the m edium  there m ay be also 

increased  degradation  of the tPA m essage, as transcrip tion  

inhibition leads to a gradual decline of the mRNA level over 6 

hours. It is possible a serum factor or a factor induced by serum 

may be protecting the m essage from degradation in the A15A5 

cells in the presence of serum.
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One possible candidate is a factor sim ilar to the poly-A binding 

protein. Studies by Berger et al. (1992) indicated that expression 

of PABP could be regulated by growth conditions. PABP is a 

transla tionally  regulated polypeptide shown to be induced by 

serum. Several workers have shown that PABP has the ability 

to bind to poly A tails of mRNA and possibly suppress poly-A 

rem o v a l w hich  g en era lly  leads to  m essage  d eg rad a tio n . 

Therefore it can be argued that in the absence of serum there is 

a suppression  of tran sla tion  o f PA BP or ano ther m RNA 

regulatory factor that leads to the degradation of tPA mRNA in 

the absence of serum.

Cyclohexim ide attenuates translation  by suspending transcrip ts 

on the polysom es, thus preventing synthesis o f new proteins. 

Inh ib itio n  o f tran sla tio n  in A15A5 does no t lead  to an 

im m ediate change in the levels of tPA m essage in these cells. 

The m essage levels rem ain  stab le  up to 6 hours before  

undergoing a substantial decline by 8 hours. The reason for the 

decline  is unclear. C yclohexim ide m ediated  inh ib ition  of 

tran s la tio n  m ay suppress syn thesis  o f T Fs req u ired  for 

tra n sc r ip tio n  o f tPA , th e re fo re  the  d e c lin e  m ay be a 

transcrip tional effect. T ranslation inhibition m ay also inhib it 

proteins that m aintain the stability of the tPA mRNA. Another 

theory that has been proposed for the m echanism  involved in 

cyclohexim ide m ediated increase in mRNA stability involves the 

action o f cyclohexim ide itse lf. As cyclohexim ide acts by 

"freezing" ribosom es on mRNA forming stable com plexes, it may 

make the transcripts inaccessible to RNases for degradation.
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Cyclohexim ide has been dem onstrated to show a m ultitude of 

effects on tPA m essage regulation in other cells. FSH induced 

tPA mRNA in PM SG prim ed rat granulosa cells was stabilised 

when cyclohexim ide is added 4 hours after stim ulation by FSH 

(O' Conell et al., 1987). This effect can only be seen 12 hours 

after addition of cyclohexim ide. Furtherm ore if  cyclohexim ide is 

added 30 mins before addition of FSH or LH it can be found to 

decrease the level induction by the horm ones. T ransla tion  

inhibition itself had no effect on the basal level of tPA mRNA in 

the absence of the hormone.

A nother im portant observation in this study is the e levated 

levels of tPA RNA in the nucleus compared to the cytoplasm  of 

the A15A5 cells. There are only a very few exam ples of 

increased stability  of nuclear mRNA levels. H enderson et al 

(1992) has reported increased nuclear stabilization of uPA RNA 

in DM BA induced ra t m am m ary adenocarcinom as. O thers 

include dexam ethasone induced nuclear stab ility  o f a l -  acid 

glycoprotein mRNA (Vannice et al., 1984) and an increase in 

d ihydrofolate  reductase stability  upon growth stim ulation of a 

mouse sarcoma cell line (Leys et al., 1984).

The nuclear level of tPA mRNA in the ARBO C9 cells was

approxim ately 10 fold lower. Therefore it can be concluded that

the difference in the tPA m essage level betw een the two cell

lines is prim arily due to the increased stability of the message in
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the nucleus of the glioma cells.

Also in the nucleus of A15A5, the RNA levels at 4.5 hours after 

in h ib itio n  o f bo th  tra n sc r ip tio n  and tra n s la tio n  rem ain  

com parable to untreated levels w hilst in total mRNA, inhibition 

causes a slightly lower level compared to untreated cells. W hich 

suggest degradation of the message takes place prim arily in the 

cy to p lasm .

S evera l o f the genes w hose m essages are  s tab ilized  by 

translation inhibition have AU-rich elements (ARE) or instability 

elements in their 3' UTR. Several proteins are known to bind to 

these elem ents and target their destruction. It is proposed that 

translation arrest leads to suppression of ARE binding protein 

levels thus inhibiting degradation of these m essages. The tPA 

mRNA has two AUUUA pentamers in the 3' UTR within a region 

of high AU bases.

So what accounts for the possible differences in degradation of 

the tPA m essage in the nucleus and the cytoplasm ? It was 

discussed in the introduction that several A RE-binding proteins 

are p resen t in the nucleus and have hom ology to hnRNPs 

involved in nuclear RNA processing, but it is not known whether 

hnRNPs or trans acting ARE binding proteins have a role in the 

degradation of nuclear mRNA. Bohjanen et al. (1991) analysed 

binding capacity of two ARE-binding proteins AU-A and AU-B 

which bind to the 3'UTR ARE of GM-CSF in T-cells. AU-A was 

prim arily in the nucleus and AU-B in the cytoplasm. AU-A was
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a general ARE binding factor that could bind to both lymphokine 

and pro tooncogene (c-m yc) A REs, w hile  AU-B had greater 

affinity and specificity to GM-CSF 3’ARE and competed with AU- 

A for binding to the ARE. T-cell receptor m ediated stimulation 

which leads to an increase in instability  of lym phokine mRNA 

was found to induce AU-B levels. However co-stim ulation with 

PMA which increases the stability of GM-CSF message was found 

to cause a decrease in binding activity of AU-B.

T hese resu lts  in d ica te  that the p redom inan tly  cy top lasm ic  

protein AU-B is responsible for the increase in the degradation 

of the GM-CSF mRNA in stimulated T-cells. Although the nuclear 

factor (AU-A) bound to the 3'UTR ARE it was proposed to have 

no function in the regulation of stability  o f GM -CSF. It is 

possib le  that AU-A m aybe a hnRN P invo lved  in nuclear 

processing of the transcripts. These results also imply that AU- 

b ind ing  p ro te in s  can  d isc rim in a te  betw een  d iffe re n t AU 

elem ents, as AU-A can bind to both c-myc and GM -CSF, while 

AU-B cannot bind to c-myc.

A sim ilar model could be proposed for the altered regulation of 

tPA message in the two cell lines. The low levels of the message 

in the nucleus and in the total mRNA of ARBO C9 suggest that 

the m essage is unstable in both compartm ents of the ARBO C9 

cells. Therefore it can be proposed that in ARBO C9 the message 

may be selectively targeted for rapid destruction in the nucleus 

and possibly also in the cytoplasm  after its im m ediate transport 

to the cytoplasm . W hile in A15A5 the factors that target
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degradation  of the tPA  transcrip t in the nucleus m ay be 

suppressed or inactivated  leading to the accum ulation o f the 

m essage in the nucleus.

It is also possible that nuclear /  cytoplasm ic transport may have 

a role in this process. But there is no evidence to suggest that 

nuclear export of tPA mRNA is impeded in A15A5 cells, because 

the PA protein  is expressed at high levels in A15A5 which 

im plies continuous export of the mRNA to the cytoplasm  for 

tra n s la tio n .

Therefore from these data it could be suggested that differential 

expression of tPA mRNA in the glioma and the normal cell line is 

prim arily  due to the increased stability of the tPA m essage in 

the nucleus of A15A5 cell line. It is possible that there is an 

alteration in the 3'ARE binding proteins in the nuclei of the cell 

line. These factors could be those that target for increased 

destruction of the transcripts or those that protect mRNA from 

nucleases.

The absence of or the very low levels of the tPA mRNA in the 

cy toplasm  o f these cells suggest that the m essage undergo 

degradation in the cytoplasm.
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CHAPTER 6: Regulation of tPA mRNA in 

A15A5 bv modulators of intracellular 

signalling

6.1 INTRODUCTION.

The previous three chapters were devoted to the investigation 

of mechanisms responsible for the differential regulation of the 

tPA m essage in A15A5 and ARBO C9 cell lines. However the 

follow ing two chapters will concentrate on the m odulation of 

the tPA mRNA in A15A5 cells by three ex tracellu lar agents 

known to influence the fibrinolytic activity of the cells.

One of the form s that living organism s em ploy to regulate  

tissue or cell specific gene expression is through the use of 

ex tracellu lar agents that can m odify rates of transcrip tion  of 

these genes. Several d ifferen t ex trin sic  agen ts includ ing  

horm ones, growth factors and m orphogens are involved in this 

process. The signals from these agents are transduced to their 

a ffected  genes th rough  a cascade o f in tra ce llu la r  signal 

m olecu les lead ing  to changes in the spectrum  and the 

expression of the cellular genes.

The regulation of transcription through in tracellu lar signalling 

involve ac tiva tion  o f specific  transcrip tion  fac to rs in the 

nucleus. These factors then bind to the regulatory sequences in 

the prom oters to m odify transcrip tion  e ither positive ly  or
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negatively (discussed in the chapter 3). This activation which 

involves either phosphorylation or dephosphorylation of the 

transcription factors does not require new protein synthesis.

S evera l o f the agen ts th a t in d u ce  in tra c e llu la r  signa l 

transduction  including cholera toxin (CT), epiderm al grow th 

factor (EGF) and the glucocorticoid  analogue dexam ethasone 

(Dex) have been shown to influence both the activity and the 

RNA levels of tPA in several cell lines.

6.2 Regulation of mRNA levels bv cholera toxin.

Cholera toxin with forskolin belongs to the group of agents that 

m odulate in tracellu lar cAM P levels. CT causes a persisten t 

activation of cellu lar adenyl cyclase leading to a perm anent 

increase in in tracellu lar cAM P levels which in turn activate 

cAM P dependen t p ro te in  k inase  A (pk-A ). T his is a 

phosphoprotein composed of two modules. Once activated the 

com ponents d issociate and the m odule containing the kinase 

ac tiv ity  m igrates in to  the nucleus and phospho ry la tes its 

effector protein.

CT has been shown to elevate tPA mediated fibrinolytic activity 

of both lysate and conditioned medium (CM) from  the A15A5 

and the ARBO C9 cell lines (Neame and Roscoe, 1988). The 

lysate activity represents mem brane associated tPA w hilst CM 

represents secreted or accum ulated protein over 24 hours. CT 

was found to cause an approxim ately 2 -fold increase in the 

f ib rin o ly tic  ac tiv ity  o f cond itioned  m edium  from  A 15A 5.
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Furtherm ore forskolin  which also activate in tracellu lar cAM P 

can induce PA activity in A15A5 cells.

E levation in the cAMP levels through inducers of intracellular 

cAMP have been demonstrated to increase PA activity and PA 

mRNA in several other cell lines. Administration of CPT-cAMP 

an analogue of cAMP to primary rat hepatocyte cultures for 16 

hours was found to cause a 4 fold rise in tPA mRNA (Heaton et 

al., 1989), w hile in granulosa cells there  was a 20-fold  

elevation in the tPA message by cAMP (Ohlsson et al., 1993). 

Furtherm ore calcitonin , another inducer o f cAM P has been 

shown to induce uPA dependent PA activity in LLC-PK porcine 

kidney cells.

6.3 Regulation of PA activity bv epidermal growth factor. 

Another extrinsic agent that elevate PA activity in the A15A5 

cell line is the polypeptide grow th factor EG F (epiderm al 

growth factor). The effect of EGF mediated rise in fibrinolysis is 

primarily seen in the CM of A15A5 (Neame and Roscoe, 1988).

T here  are severa l fam ilies o f g row th  fac to rs  in c lud ing  

Fibroblast growth factor (FGF) fam ily, p latelet-derived growth 

factor family (PDGF), hepatocyte growth factor (HGF) family and 

the EGF fam ily. Other m embers of the human EG F fam ily 

in c lu d e  TGFoc and am phiregulin. Grow th factors activate 

in trace llu la r signalling  through binding  to the ir respec tive  

receptors on the cell surface. Some receptors such as the 

receptor for EGF (EGFR), which it shares w ith TGFoc have
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intrinsic protein kinase activity. A m phiregulin also binds to 

the EGF receptor but with a lower affinity (Todaro et al., 1980). 

T herefo re  these recep to rs can d irec tly  pho sp h o ry la te  and 

activate intracellu lar signalling m olecules.

EGF has been demonstrated to m ediate phosphorylation of both 

phospholipase C (M argolis et al., 1989) and casein kinase II 

(A c k e rm a n  and  O s h e ro f f , 1 9 8 9 ). P h o s p h o lip a s e  C 

phosphory lation  leads to the activation  of the in trace llu lar 

se co n d  m e sse n g e rs  in o s i to l  tr ip h o s p h a te  ( IP 3 )  and  

d iacylglecerol (DAG). IP3 causes the release of Ca^"^ from 

in tra ce llu la r  stores lead ing  to the ac tiv a tio n  o f Ca^"*" / 

calm odulin dependent protein kinases (Cam kinase) w hilst DAG 

resu lt in the activa tion  of pro tein  k inase  C. T herefore  

stimulation of EGFR by EGF leads to the induction of tyrosine as 

well as serine and threonine kinases.

One of the principal effect of growth factor stim ulation of cells 

is the activation of im m ediate-early genes. These genes code 

fo r several know n or probable  tran scrip tion  fac to rs (TFs) 

including c-myc, c-jun and c-fos. Fos and Jun proteins are two 

of the m ost well studied TFs. These two proteins d im erize 

either as Jun-Jun or Jun-Fos to form the com plex A PI which 

bind to the API (activator protein 1) or TRE (TPA response 

element) sites on prom oters to regulate gene transcription.

EGF is also known to stimulate PA activity in other cells or cell
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lines . Lee and W einstein (1978) dem onstrated increased PA 

activity in HeLa cells after treatm ent with EGF. However they 

did not m easure the type of PA responsible for this activity. 

EGF was also found to induce both uPA and tPA activity in lung 

fibroblasts (Laiho et al., 1986) and tPA in rat granulosa cells. 

In hum an m icrovascular endothelial cells EG F leads to an 

elevation in both tPA activity and m igration of the cells.

W hile CT and EGF were demonstrated to augment the high PA 

activ ity  of A15A5 cells , the g lucocortico id  dexam ethasone 

causes a considerable suppression of this activity.

6.4 The regulation of PA activitv bv dexam ethasone.

The stero id  horm one superfam ily  to w hich dexam ethasone 

belong to, also include thyroid horm ones, retino ic  acid and 

vitam in D. These horm ones can influence gene transcription 

directly through binding to their in tracellu lar receptors. The 

receptors acts as transcription factors by binding to horm one 

response elem ents in the prom oters. The activation  of the 

horm one receptors takes place through their phosphorylation. 

N ielsen et al., (1977) has dem onstrated that suppression of 

p h o s p h o ry la tio n  or d e p h o s p h o ry la t io n  can  in a c tiv a te  

glucocorticoid receptor activity in L-cells.

The cellu la r location  of the recep to rs varies fo r d ifferen t 

horm ones. The glucocorticoid and m ineralocorticoid receptors 

are found predom inantly in the cytoplasm . W hile the receptors 

for the other members of the group generally exist within the
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nuclear envelope.

P re v io u s  s tu d ie s  d e m o n s tra te d  th a t  the  g lu c o c o r tic o id  

dexam ethasone causes a 5 fold suppression o f the high PA 

activity of CM from A15A5 cells. It also more or less eliminate 

PA activity of lysates from these cells.

O thers have dem onstrated dexam ethasone to have an opposing 

effect on tPA activity and its mRNA. Heaton et al. (1989) found 

dexamethasone to cause a 65% decrease in tPA mRNA levels in 

primary rat hepatocytes. Meanwhile in HTC rat hepatoma cells 

there  was a dexam ethasone m ediated  90% red u c tio n  in 

fib rino ly tic  activ ity  in the m em brane fraction  of the cells. 

However, in these cells there was also a small but simultaneous 

increase in tPA antigen levels. Dexam ethasone was also found 

to induce transcription and mRNA levels of tPA in HT 1080 

human fibrosarcom a cells (M edcalf et al., 1988).

In this chapter the effect of the three extracellular agents EGF, 

CT and dexam ethasone on the expression o f tPA mRNA in 

A15A5 is investigated.
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6.5 R e s u l ts .

6.5.1 The modulation of tPA mRNA levels in A15A5 bv cholera 

to x in .

As mentioned earlier CT is known to induce PA activity in both 

cell lysates and CM from glioma cells. The figure 6.1 shows the 

level of tPA mRNA 24 hours after addition of CT to the growth 

m edium . These levels were m easured under norm al growth 

conditions (15% PCS) and in serum -free medium. In chapter 5 

tPA was shown to be expressed under both presence and 

absence of serum , although the k inetics o f expression  was 

d iffe re n t.

The normal tPA mRNA levels show (figure 6.1) only a small 

reduction in the m essage after 24 hours in the absence of 

serum. W hich indicate that over 24 hours the lack of serum 

does not significantly inhibit the expression of tPA mRNA in 

these cells.

A dm inistration of CT to the growth m edium  was found to 

elevate tPA m essage under both conditions. H ow ever the

induced m essage levels were higher in the presence of serum 

than in the absence of serum. In the presence of serum CT 

induced tPA mRNA by approxim ately 2 fold com pared to 

un trea ted  co n tro ls , w hile  in the absence  of serum  the 

difference was less.

A time course of tPA mRNA induction in the absence of serum
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by CT (figure 6.2) shows a time dependent rise  in the message 

levels. The induced levels were higher than the com parable 

normal level at all time points except at 2.5 hours. The reason 

for this low levels at 2.5 hours is unclear. It is possible that CT 

transien tly  e levate  a suppressor o f tPA transcrip tion  or an 

inducer of tPA message degradation during this period.

As CT m ed ia ted  signa l tran sd u c tio n  d ire c tly  in flu en ce  

tran scrip tion  o f genes, nuclear run-on  tran scrip tio n  assays 

w ere carried  ou t to determ ine the effect o f CT on the 

transcription of the tPA message. Figure 6.3 shows the level of 

transcription 5 hours after treatm ent with CT. D ensitom etric 

a n a ly s is  in d ic a te  an app rox im ate  2 fo ld  r ise  in tPA  

transcrip tion  in the presence of CT. T hese signals w ere 

norm alized to rat repetitive signals.

6.5.2 The effect of EGF on the expression of tPA mRNA in 

A15A5 cells.

Figure 6.2 also shows the effect of EGF on tPA mRNA in the 

absence of serum. The time course shows that in the presence 

of EOF the tPA mRNA levels reaches a peak at 7.5 hours and 

declines by 24 hours. It is only at this time point that EGF 

induced tPA mRNA level rises above the control mRNA level 

during the tim e course. W hich suggest that EG F m ediated 

induction of tPA may be transient. During the rest of the time 

there is a small inhibition of the message level, which could be 

due to either reduced transcription of enhanced degradation of 

the m essage.
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6.5.3 The effect of dexam ethasone on the expression of tPA 

mRNA.

The cells were treated with lO"? dexam ethasone and a  tim e 

course of its effect on tPA mRNA was determ ined. This 

concen tra tion  of dexam ethasone was found to  considerab ly  

suppress PA activity in conditioned medium from A15A5 cells 

in previous studies.

The figure 6.4 shows the e ffect of dexam ethasone on the 

expression of tPA mRNA in the absence of serum. During the 

in itia l 6 hours tPA m RNA leve ls in the p resence  of 

dexam ethasone remain com parable to basal message levels. At 

8 hours there is a small elevation due to dexam ethasone, which 

however, dim inishes substantially by 24 hours.

The kinetics of induction of basal tPA transcript in the absence 

of serum  was found to be iden tica l to the earlie r resu lt 

(depicted on figure 5.3 ). These results confirm  that there is a 

time lag in the synthesis of tPA messages in A15A5 cells when 

the growth medium is replaced with medium lacking serum .

The time course indicate that although dexam ethasone causes 

the PA activity of conditioned medium from A15A5 cells to be 

alm ost abolished it is not due to a direct effect on the tPA 

mRNA itself.
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6.6 DISCUSSION

The in fluence of three ex trinsic  m odulators o f in trace llu la r 

signalling on the expression of tPA mRNA in the A15A5 cells 

line was investigated. The three agents studied CT, EGF and 

dexam ethasone have been previously shown to effect the PA 

activity of this cell line.

Studies on the steady state level of the tPA RNA 24 hours after 

treatm ent with CT revealed that the message could be induced 

by CT in the presence and in the absence of serum. The lower 

level of the message induced by CT in the absence of serum 

may be due to a post-transcriptional affect on the tPA mRNA. 

It was shown earlier (chapter 5) that the tPA transcript is less 

stable in the absence of serum.

The CT m ediated induction of tPA mRNA in the presence of 

serum was approxim ately 2-fold. The nuclear run on assay 

was used to confirm  that transcription is prim arily  responsible 

for this induction of the total message levels by CT.

These results substantiate previous studies on the effect of CT 

on PA activity, which showed that CT causes an elevation of 

tPA m ediated fibrinolysis in both CM and cell lysates of the 

A15A5 cell line. The fibrinolytic activity  of the CM was 

elevated by approxim ately 2 -fold, and the cell lysate activity to 

a lesser extent.

138



The tim e course study indicated a continuous induction of tPA 

message by CT. These results reflect the mechanism  of action 

of cholera toxin on in tracellu lar signalling . CT causes a 

persisten t activation o f adenyl cyclase leading to continuous 

production  of in trace llu la r cAM P. S tim ulation  o f cA M P-

d ep en d an t p ro te in  k in ase  A by cA M P lead s  to  the

phosphorylation of the nuclear transcription factor CREB, which 

can initiate gene transcription through binding to CRE elements 

in prom oters. D irect phosphory lation  of CREB leads to 

tra n sc r ip tio n  has been  d em o n s tra ted  by G onzales  and 

M ontim iny (1989). M any genes that respond to elevated

in tracellu lar cAM P have a CRE elem ent w ith the sequence

GACGTCA within their prom oters. This elem ent is present in 

the rat tPA prom oter, therefore it can be proposed that cAMP 

m ediated elevation in transcription and the continuous rise in 

tPA mRNA seen in the time course is due to the activation of

the CRE in the tPA promoter.

The human and the mouse promoters do not have a CRE but has

the closely related TRE which can also respond to intracellular

cAMP.

The polypeptide growth factor EGF induced tPA in a tim e 

dependent m anner. In this tim e course m axim al tPA RNA 

levels were reached at 7.5 hours, which then falls by 24 hours. 

In the presence of EGF the tPA levels seem to be suppressed 

compared to the controls except at 7.5 hours. This suggest that 

EG F may be also inducing possib le  p ro te ins that targets
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degradation of the tPA mRNA.

Previous studies have established that treatm ent of EGF for 24 

hours leads to an elevation of PA activity in CM of A15A5, 

w ithout a sign ifican t rise  activ ity  in the cell lysates. The 

activity in CM represents accum ulated protein , or the mRNA 

transcribed earlier in time. The lysate activity represent cell 

associated PA and may represent more imm ediate levels of tPA 

message. As can be seen in figure 6.2 the mRNA level of tPA 

declines by 24 hours and may relate to the cell associated 

protein level, whilst PA activity in the CM may reflect mRNA 

levels earlier in the time course (ie 7.5 hours).

EGF is known to induce tPA mRNA and activity in other cell 

lines. In human m icrovascular endothelial cells, EGF causes a 

tim e dependent (M aw atari et al., 1991) e levation  of tPA 

message. There was a 2 to 3 fold rise in mRNA levels at 9 

hours and high pro tein  levels betw een 6-12  hours w hich 

decline to basal levels by 24 hours. Here again there is an EGF 

related early rise in mRNA as found in the A15A5 cell line.

Dubeau (1988) found EG F induces tPA m RNA in a non­

neoplastic human urothelium  cell line, but not in a neoplastic 

urothelium  cell line that did not produce tPA initially. These 

results suggest that action of EGF may be cell specific.

The ex p ress io n  of EG F recep to r is a lso  an im p o rtan t 

consideration  for cellu lar response to EGF. The EGFR is
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overexpressed  in severa l tum ours includ ing  hum an brain  

(Lieberman et al., 1985), breast, bladder and lung tumours.

Studies by Wang et al. (1989) demonstrated that labelled EGF 

binds predom inantly  to extracts o f g lial cells from  prim ary 

cultures from neonatal rat brain than to extracts from  neuronal 

cultures. EGF was also found to stimulate incorporation of 

m ethionine in to  both ce llu la r and secreted  p ro te ins from  

cultured glial cells, and furtherm ore induced a dose dependent 

incorporation of uridine in to these cells indicating induction 

of both transcription and translation in the glial cells by EGF. 

This data suggest that the glial cells have the ability to respond 

to EGF probably through elevated expression of EGFR on their 

cell surface.

A dditionally, ENU has been shown to cause m utations in the 

neu oncogene w hich codes for an analog  o f EG FR , in 

schwannomas but not in other brain tum ours (N ikitin  et al., 

1991).

EG F m ediates its action  p rim arily  th rough  ac tiv a tio n  of 

in tracellu lar phospholipase C through binding to its receptor 

EGFR which has intrinsic TK activity. Phospholipase C initiate 

intracellular 2nd m essengers that activate both Cam kinase and 

protein kinase C. EGF has also been shown to activate casein 

kinase II (A ckerm an and O sheroff 1989, A ckerm an et al.,

1990), an ub iqu itous cyclic  nuc leo tide  dependen t p ro te in
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kinase with the ability to phosphorylate the cAM P response 

elem ent binding protein.

Although the tPA mRNA possess a CRE in its promoter, whether 

EGF mediated elevation of the message in A15A5 is due to the 

direct induction of transcription of tPA or to a secondary post- 

transcriptional event is yet to be elucidated.

The glucocorticoid dexam ethasone is a known repressor of the 

high fibrinolytic activity of A15A5 cells. Previous w ork has 

show n that the g lu co co rtico id  d ex am eth aso n e  causes a 

suppression of PA activity in both cell lysates and CM from 

A15A5 cells. The time course of the effect of dexam ethasone 

on mRNA levels found that dexam ethasone has little  influence 

on the tPA message over the initial 8 hours.

Subsequently there is a decline in the m essage level compared 

to the basal level, however this is not as great as the 5-fold 

su p p ress io n  in PA a c tiv ity  caused  by d e x am eth aso n e . 

T herefo re  the resu lts ind icate  that the p rim ary  e ffec t of 

dexam ethasone on fibrinolytic activity of A15A5 cells is not 

due to an effect on tPA mRNA.

Other w orkers have also dem onstrated an opposing effect of 

dexam ethasone on PA activ ity  and m RNA. In HTC rat 

hepatom a cell line dexam ethasone while inhibiting PA activity, 

induced tPA mRNA 2 to 3 fold between 4 and 6 hours during a 

time course study (Heaton and Gelehrter, 1989). M edcalf et al.
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(1988) show ed th a t d ex am eth aso n e  e le v a te s  bo th  ce ll 

associated and secreted tPA protein assayed over 48 hours. 

The tPA mRNA levels were also increased at 8 hr in this study, 

despite the down regulation of PA activity.

The effect of dexam ethasone on tPA is paradoxical. W hilst 

having little  e ffec t on tPA m RNA leve ls , dexam ethasone 

strongly inhibit PA activity of A15A5 glioma cells. Others have 

found that dexam ethasone m odulates PA ac tiv ity  o f cells 

prim arily due to the induction of PAI-I, a specific inhibitor of 

tPA. The influence of dexam ethasone on the expression of 

PAI-1 mRNA in A15A5 was also investigated and is reported in 

chapter 7.
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CHAPTER 7 ■ REGULATION OF PLASMINOGEN 

ACTIVATOR INHIBTTOR-1 IN A15A5 & ARBO 

C9 CELL LINES

7.1 INTRODUCTION

P lasm inogen  ac tiv a to r in h ib ito r 1 (P A I-1 ) is the m ajor

physiological inhibitor of tPA in plasm a (Chm ielew ska et al. 

1983) and tissues. PAI-1 can react with both the single and 

two chain form s of tPA to form an enzym atically  inactive 

complex. PAI-1 which acts as an alternative substrate to tPA is 

cleaved at an A rg g ^ ^ '^ ^ e tg ^ ?  pep tide  bond re leasing  the

carboxy term inal complex (reviews- Sprengers and K luft, 1987, 

Andreasen et al., 1990).

PAI-1 belong to the serine pro tease  fam ily  of inh ib ito rs 

(SERPINS) which also include PAI-2 and protease nexin. The 

two PA Is were originally named endothelial type and placental 

type according to their sites of isolation. However, as both 

types were later found in several types of tissue they were

termed PAI-1 and PA I-1-2 respectively. PAI-1 can inhibit not 

only tPA, but also uPA.

tPA has high affinity for fibrin and its activity is elevated when 

bound to fibrin, furtherm ore tPA is protected from inhibition 

by PAI-1 when bound to fibrin (Chm ielew ska et al., 1988). 

M any neoplastic  cells are known induce fib rin  deposition  

(Zacharski et al., 1986). This may protect cell bound tPA which

is probably involved in tissue invasion at secondary sites from
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becom ing inactivated and also increase the proteolytic activity 

at the host-tum our interface.

PAI-1 is a glycoprotein with a m olecular weight o f 54000. In 

the ECM it is found bound to vitronectin; the bound form  of 

PAI-1 has greater stability than the free form  (W iman et al.,

1988). It has been also suggested that the bound form of PAI-1 

may be arranged in a conform ational form  that p resent the 

Arg-M et bond for optimal interaction with tPA (Carrell et al.,

1991). In cultured cells PAI-1 is secreted in an active form 

which is then rapidly converted to an inactive latent form. This 

latent form can be reactivated by dénaturants such as SDS and 

guanidium chloride (Heckman and Loskutoff, 1985).

A lthough in itia lly  thought to be m ainly endothelia l specific 

m any d iffe ren t types o f cells syn thesize  PA I-1 includ ing  

human hepatocytes in culture (Sprengers et al., 1985), several 

hepatoma cell lines (Coleman et al., 1982), granulosa cells (Ny 

et al., 1986), MJZJ melanoma cells (W agner et al., 1986) as 

well as endothelial cells (Pannekoek et al., 1986).

As the fast acting principal regulator of tPA and thus plasmin, 

PAI-1 has a sign ifican t ro le  in throm bolytic  events under 

norm al physiological conditions. Decreased plasm a fibrinolysis 

due to increased expression of PAI-1 and not due to lowered 

tPA levels has been im plicated  as an im portan t factor in 

thrombosis and coronary arterial disease (Paramo et al., 1985).
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7.2. Modulation of PAI-1 bv extrinsic agents.

A m ultitude of extrinsic agents have been shown to m odulate 

PAI-1 mRNA and its activity in a variety of cells. These include 

bacterial endotoxin which induces both m essage and protein  

levels in mouse endothelial cells, tumour necrosis factor (TNF) 

which elevates PAI-1 activ ity  and mRNA levels in hum an 

endothelial cells (van den Berg et al., 1988) and interleukin 1 

(IL -1 ) and b a c te r ia l l ip o p o ly sa c h a rid e  in c u ltu red  ra t 

endothelial cells (Emeis and Kooistra, 1986). IL-1 also elevates 

PAI-1 antigen and mRNA in human endothelial cell cultures 

(Schleef et al., 1988). However, TNF was found to have no 

affect on PAI-1 in a number of human cell lines (Georg et al.,

1989) and in prim ary cultures of human and rat hepatocytes 

(van Hinsberg et al., 1988).

These workers have shown that many of these extrinsic agents 

includ ing  dexam ethasone regu la te  PAI-1 at the level of 

transcription. Other groups have suggested the possibility that 

PAI-1 may be regulated through stability, as both the rat and 

the human PAI-1 transcripts contain AU-rich elem ents in their 

3' UTR. The rat PAI-1 contain 2 AUUUA pentamers within this 

region. In the human there are 2 forms of PAI-1 (Ny et al., 

1986, Pannekoek et al., 1986), a 3.2 kb form  which have 2 

AREs and a 2.4 kb form which lacks one of the AU elements. 

Both forms are derived from same hnRNA through differential 

processing and polyadenylation (Bosm a et al., 1988). Some 

workers found the 2.4 kb to be more stable (M edcalf et al..
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1988), w hilst others showed that its the 3.2 kb PAI-1 that is 

more stable (van den Berg et al., 1988). Cytokines such as TNF 

and IL-1 are known to enhance stability  o f mRNAs with 3’ 

AREs and both of these agents have been shown to increase the 

steady state level of 3.2 kb PAI-1 in humans. It is possible 

that this increase is due to an increase in stability, though it is 

also possible that the 3.2 kb form is preferentially processed in 

the nucleus.

SI DNA digestion assays on the prom oter of the rat PAI-1 

identified 8 protein footprints (Johnson et al., 1992). Five of 

the footprints were shown to bind to known TFs. There were 3 

sites for SPI like proteins, one CTF/NFI and one that overlapped 

a SPI and a CTF/NFI site. D efinite binding proteins for 3 

footprints could not be identified.

7.3. Expression of PAI-1 in tumour cells.

There is con trasting  evidence for the expression  o f PAI-1 

protein and mRNA in neoplastic cells. It would be obvious to 

expect suppression of PAI-1 activity in tumour cells as it would 

further enhance PA activity and thus increase the proteolytic 

properties of the cells.

In contrast to this expected behaviour there is evidence that 

some tum ours express h igher PAI-1 activ ity  sim ultaneously  

with increased PA levels. Study by Quax et al. (1990) on 22 

human tumour cell lines of various origins that expressed uPA, 

tPA or both, found that many of these cells also expressed the
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main inhibitors of PA concurrently. 20 out of the 22 expressed 

tPA protein and 16 out of the 22 had either PAI-1 or PAI-2. 

M ore in terestingly there was a correlation betw een expression 

of PAs and their inhibitors, that is the cells with the highest 

levels PA also generally produced highest levels of inhibitors.

In transplantable m urine lewis lung carcinom a K irstensen et.al.

(1989) found that cen tral areas of the tum ours expressed  

elevated levels of both uPA and PAI-1, w hilst the peripheral 

tissue w hich show ed invasion and local tissue destruction  

expressed only uPA protein. It was suggested that PAI-1

w ithin the tum our m ay act to p reven t p lasm in  m ediated

destruction of the tumour's own structure.

W ork by o th er groups have in d ica ted  th a t oncogen ic

transform ation leads to suppression of PAI-1 activity. Cohen et 

al. (1989) discovered that oncogenic transform ation of rat 1 

fibroblast cells with V-ras or EJ-ras leads to a down regulation 

of the high PAI-1 levels found in these cells. However there

was a m odest but concom itant rise in PA I-2 mRNA in these

cells.

Transform ation of other cell lines with v-myc and v-src was 

also found to suppress PAI-1 levels, ind icating  that PAI-1 

expression  could be regu la ted  by several oncogenes w ith 

different modes of action. That is myc is a nuclear factor, v-src 

is a non-receptor tyrosine kinase and ras is cytoplasmic GTpase.
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7.4. The activitv of PAI-1 in normal tissue.

A correlation between PA and its inhibitor is also seen in some 

of the rat tissues examined by Lucore et al. (1988) where it 

was found that those tissue expressing high levels of PA also 

contained elevated PAI-1 levels. These data suggest that in 

norm al physio log ical events the to tal PA activ ity  m ay be 

regulated through counteracting PA levels with PAI-1 activity 

thus confin ing  PA activ ity  to target sites and p reventing  

uncontrolled proteolysis and tissue damage. Therefore it has 

been proposed that it is the im balance in this regulation that 

lead to abnorm al p ro teo ly tic  activ ity  such as those found 

during tissue invasion and m etastasis of tum ours. In those 

cells where both agents are elevated sim ultaneously the change 

in the total PA activity  is probably due to d isproportionate 

change in one protein compared to the other.

It was dem onstrated in the earlier work that tPA mRNA is 

expressed at a higher level in the glioma cell line than in the 

normal cell line. This elevation was shown to be prim arily due 

to the enhanced stability of the tPA mRNA in A15A5. However 

the difference in the message levels does not account for the 

even g rea ter d ifference  in the fib rin o ly tic  ac tiv ity  found 

between the cell lines. Therefore it was decided to investigate 

the expression of PAI-1 mRNA in these cell lines to determ ine 

w hether a lte red  expression  of PAI-1 cou ld  accoun t fo r 

differences in the PA activity.
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7.5. RESULTS

7.5.1 The transcriptional regulation of PAI-1 mRNA 

The level of transcription of the PAI-1 mRNA in the two cell 

lin es  w as m easu red  to d e te rm in e  w h e th er PA I-1 w as 

transcribed at a lower rate in A15A5 than in ARBO C9.

The rate of transcription was m easured using the nuclear run 

on assay as described in chapter 4. The nuclei were isolated 

from cells growing in 15% serum, and 4 hours after change of 

medium.

Figure 7.1 shows the level of transcription of PAI-1 in the 

A15A5 and the ARBO C9 cell lines. The signals were analysed 

densitom etrically  and standardised to rat repetitive  sequences. 

The results indicated that PAI-1 is transcribed at an alm ost 

identical rate in A15A5 and in ARBO C9. The figure also show 

the rate  o f transcrip tion of tPA com pared to PA I-1. The 

constitutive transcription of PAI-1 was found to be lower than 

tPA in both cells which suggest that PAI-1 mRNA levels may be 

identical in both cell lines. However, it is possible that PAI-1 is 

also regulated at a post-transcription level as found with tPA in 

A15A5. That is, despite the com parable level o f transcription 

of tPA between the cell lines the stability of the tPA mRNA in 

A15A5 is much higher
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Figure 7.1 : The rate of transcription of PAI-1 in AI5A5 
and ARBO C9.
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7.5.2 Post-transcriptional regulation  of PAI-1 in A15A5 and 

ARBO C9.

7.5.2a :The stability of PAI-1 in A15A5

Tim e course  studies w ere ca rried  out to in v es tig a te  the 

expression of PAI-1 mRNA under norm al grow th conditions 

and to determine the stability of the PAl-1 m essage in A15A5.

The stability  of the PAl-1 m essage was determ ined on total 

mRNA preparations. The transcrip tion  in A15A5 cells was 

inhibited with actinomycin D and the stability or lifespan of the 

m essage was determ ined over 6 hours. The conditions for 

these experim ents were identical to those described in chapter 

5 and the mRNA levels were m easured both in the presence 

and the absence of serum due to the reasons given in chapter 5.

The results of the normal time course in the presence of serum 

(figure 7.2) show that PAl-1 is expressed in A15A5 with a 

rapid rise in message levels over the initial 4 hours. This rapid 

induction within the in itial 4 hours in the presence of serum 

was also seen in o ther tim e courses in this study (figure 

7 .5 ,7 .8).

The time course with actinom ycin D show s that inhibition of 

transcription leads to a sudden elevation in the PAl-1 message 

level though the transcrip ts then undergo gradual degradation 

subsequently . The level of the m essage  how ever rem ain 

relatively high over 6 hours.

152



0 2 4 6 2+ 4+ 6+

PAI-1

+ = actinomycin D

t o  t 2  + t 4  + t 6  + t 2 4  +

TIME/ hours 

\  1 control actinomycin D

Figure 7.2 : A time course of PAI-1 mRNA after inhibition 
of transcription in the presence of serum.
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Figure 7.3 : A time course of PAI-1 mRNA after inhibition 
of transcription in the absence of serum.
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The figure 7.3 show the time course of PAI-1 in the absence of 

serum. As discussed earlier expression in the absence of serum 

rela tes to the conditions under w hich CM is co llected  for 

fibrinolysis assays. Therefore stability of the mRNA in the 

absence of serum  was m easured to determ ine w hether PAI-1 

levels can be suppressed in A15A5 in the absence of serum. 

W ork by other groups have established that the PAI-1 activity 

can be suppressed in the absence of serum  partly  due to 

conversion of active protein to its latent form  (Heckm an and 

Loskutoff, 1985).

Results (figure 7.3) suggest that in contrast to its stability in the 

presence  of serum  the PAI-1 m essage is unstab le  in the 

absence of serum. The norm al tim e course indicate that the 

mRNA undergo rapid decline by 4 hours. H ow ever after 

inhib ition  of transcrip tion by actinom ycin D the m essage is 

stabilised or degraded at a slower rate compared to the normal 

levels.
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7.5 .2b The regu la tion  of PAI-1 mRNA afte r inh ib ition  of 

tran s la tio n .

Earlier it was discovered that inhibition of translation leads to 

the increased degradation of the tPA mRNA after 6 hours. This 

result contradicts the proposed theory that mRNA with AUUUA 

pentam ers w ithin their 3’UTR is stab ilized  upon transla tion  

inhibition due to suppression of proteins that target AU - rich 

sequences for rapid degradation. PAI-1 mRNA also has two 

AUUUAs in its 3 'U TR , and indeed m any w orkers have 

dem onstrated that cyclohexim ide could stab ilise  PAI-1 mRNA 

(Lucore et al., 1988, Georg et al., 1989). However some studies 

have indicated that translation inhib ition  could also suppress 

PAI-1 levels, suggesting that the effect of translation inhibition 

on PAI-1 mRNA may be cell or tissue specific.

Therefore a time course study was carried out to determ ine the 

effect of cyclohexim ide on the expression of PAI-1 m essage in 

the A15A5 cell line. The cells were treated with cyclohexim ide 

under the same conditions described in chapter 5. Figure 7.4 

shows the effect of translation inhibition in the presence of 

serum on PAI-1 mRNA expression. The norm al tim e course 

again showed an elevation of the m essage by 4 hours which 

subsequently undergo degradation. However, cyclohexim ide was 

found to augm ent this rise in levels. A duplicate  experim ent 

confirmed this significant rise in the PAI-1 m essage level by 4 

hours (not shown). In both these experim ents there was a 3-4 

fold elevation in the mRNA level at 4 hours after addition of 

cycloheximide. However the message is not stable, it undergoes
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Figure 7.4 : The stability of PAI-1 mRNA in A15A5 after 
inhibition of translation in the presence of serum.

Control Cycloheximide (lOpg/ml)
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degradation afterwards. In the repeat the message levels fell to 

basal levels by 8 hours. These results suggest that either there 

is a tran s ien t e lev a tio n  o f tran sc rip tio n  or a tran s ie n t 

suppression  in the degradation  o f the PA l-1 m RNA during 

translation inhibition.

The rap id  rise  in m RNA level also resem ble  k inetics of 

superinduction  seen with im m ediate-early  genes. It has been 

d em o n stra ted  by sev era l g roups in c lu d in g  E dw ards and 

M ahadevan (1992) that the add ition  of p ro te in  syn thesis 

inhibitors sim ultaneously with stim ulation of growth leads to a 

rapid and prolonged transcription (superinduction) of c-fos and 

c-myc protooncogenes.

Therefore a time course of PAl-1 in ARBO C9 was investigated to 

determ ine the expression of its mRNA in the presence of serum 

and w hether the k in e tics  o f exp ress ion  a fte r tran s la tio n  

inhibition are similar to that in A15A5.

The time course in figure 7.5 show the level of PAl-1 mRNA in 

ARBO C9 over 6 hrs under normal growth conditions and after 

translation inhibition. The norm al tim e course show that the 

m essage rem ain stable and even rises m oderately during this 

time period. However, translation inhibition leads to a further 

increase in the level of the message, as it rem ain high over 6 

hours. Therefore these results contrast to the expression of PA l- 

1 in A 15A 5 w here the m RNA rises  and then  undergo  

degradation. The results suggest that PAl-1 is much more stable 

in ARBO C9 than in A15A5 in the presence of cycloheximide.
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Figure 7.5 : Expression of PA I-1 mRNA in ARBO C9 a fte r  
inh ib ition  of tran sla tio n  in the  p resence  of serum .
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7.5.3 The nuclear and cytoplasmic distribution o f PAI-1 mRNA. 

The results from  the nuclear run-on assay show ed that PAI-1 

is transcribed a t an approxim ately identical ra te  in both cell 

lines. These results are com parable to the results obtained for 

tPA where the level of transcription between the cell lines was 

alm ost identical. D espite this sim ilarity in transcrip tion, the 

elevated tPA mRNA level in the gliom a cells was found to be 

prim arily  due to increased stability  o f the transcrip t in the 

nucleus of A15A5. Therefore the stability of PAl-1 mRNA in 

the nucleus and the cytoplasm  was m easured to ascertain  

w hether there is a d ifference in the stab ility  o f PAl-1 in 

A15A5 and ARBO C9 and to determine whether the difference 

is seen at the nuclear or cytoplasmic level of the cell.

The RNA levels were measured in cells growing in 15% serum. 

The figures 7.6a and 7.6b show the nuclear and cytoplasm ic 

distribution of PAl-1 in A15A5 and ARBO C9. There are high 

levels o f PA l-1 in both the nuclear and the cytoplasm ic 

fractions of ARBO C9, while in A15A5 the PAl-1 RNA is 

considerably low in both fractions. In ARBO C9 the cytoplasmic 

m essage level was greater than the nuclear level w hich is a 

marked contrast to tPA mRNA in these cells.

Later the nuclear mRNA level was m easured 4.5 hours after 

change of medium. This time point was chosen because the 

tim e course  experim en ts ind icated  (figu res 7.2, 7 .4 ) tha t 

maximal level of PAl-1 mRNA was expressed between 2.5 to 8 

hours after change of medium. Figure 7.6b shows that PAl-1 is
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elevated at 4.5 hours in the nucleus of both A15A5 and ARBO 

C9. However the rise was greater in ARBO C9 than in A15A5. 

U nfortunately  cytoplasm ic levels of the PAI-1 could not be 

determ ined  due to the deg radation  o f cy top lasm ic  RNA 

preparations from these cells.

These results suggest that the constitutive PAI-1 mRNA level is 

higher in ARBO C9 despite the sim ilarity  in the level of 

transcription of PAI-1 in A15A5 and ARBO C9. Furtherm ore 

they also show that addition of fresh m edium  leads to an 

induction  of PAI-1 in the gliom a cell line. T herefo re  

differential expression of PAI-1 may account for some of the 

effects that extrinsic agents that induce cellular signalling have 

on PA activity of the glioma cells.

Several w orkers have found that PAI-1 could be expressed 

sim ultaneously with tPA in the same cells, including tum our 

cells. W hilst some studies have found that PAI-1 is suppressed 

in transform ed cells whilst tPA is elevated. These data suggest 

that PAI-1 m essage could be differentially regulated in a cell 

specific manner.

T herefore the regu lation  of PAI-1 in A15A5 was fu rther 

investigated  to com pare its regulation  to that of tPA and 

furtherm ore, to gain an insight into the differential regulation 

of two transcrip ts that have sim ilar transcrip tion  rates but 

different mRNA levels in the same cell line.
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7.5.4. M ODULATION OF PAI-1 mRNA BY INDUCERS OF 

INTRACELLULAR SIGNALLING.

7.5.4a. The effect of Cholera toxin on the expression of PAI-1 

mRNA in A15A5.

Cholera toxin was shown to elevate tPA mRNA levels in A15A5. 

Induction of intracellular cAMP is known to induce tPA mRNA 

in several cell lines, w hile other studies have dem onstrated 

that induction of intracellular cAMP leads to a suppression of 

PAI-1 activity. Ny et al. (1985) showed leutinising horm one 

(LH) and follicle stim ulation horm one (FSH), both of which 

induce cAM P suppress PAI-1 activ ity  in FSH  prim ed ra t 

g ranu losa  ce lls , w hile A ndreasen e t al. (1986a) show ed 

d ibutry l-cA M P , an analogue of cAM P also  inh ib it PAI-1 

ac tiv ity .

O ther workers have how ever dem onstrated that induction of 

cAM P can also cause small increases in PAI-1 antigen and 

mRNA levels. Santell and Levin (1988) found cAMP causes a 2- 

fold rise in PAI-1 antigen levels in CM of human umbilical vein 

endothelial cells. Studies by Heaton et al. (1989) showed CPT- 

cAMP (8-4-chlorophenylthio cAMP) also an analogue of cAM P 

to elevate PAI-1 mRNA by 2-fold in primary rat hepatocytes.

Therefore cholera toxin m odulated expression of PAI-1 mRNA 

in the A15A5 cell line was investigated in both the presence 

and absence of serum. The figure 7.7 shows the level of PAI-1 

mRNA 24 hours after addition of cholera toxin to the culture
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Figure 7.7 The e f f e c t  of chol e r a  toxin on the exp r e s s i on  of 
PAI-1 mRNA a f t e r  2 4  hours

S= 15% Serum ; D= 0% serum ; CT= Cholera toxin ; 24 hours unchanged medium 
not shown.
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medium. As can be seen from the results cholera toxin causes 

an inh ib ition  of the level of PAI-1 m essage in both  the 

presence and the absence of serum.

The figures fo r the norm al levels also confirm  the earlier 

findings that serum can induce PAI-1 mRNA in A15A5, whilst 

in the absence of serum the m essage is considerably decreased.

7.5.4b. The effect of dexam ethasone on the expression of PAI-1 

mRNA in A15A5.

The glucocorticoid dexam ethasone is a known suppressor PA 

activity in many cell lines. Carlson & Gelehrter showed in 1977 

that g lucocortico ids could  suppress p lasm inogen  dependen t 

fibrinolytic activity in the HTC rat hepatoma cell line.

L ater it was dem onstrated  that dexam ethasone could induce 

both PAI-1 protein and mRNA levels. Dexam ethasone mediated 

e levation  of PAI-1 p ro te in  levels w ere dem onstra ted  for 

several cell lines including human embryonal lung cell line Hel 

299 (Lund et al., 1988), fibrosarcom a cell line HT 1080 and the 

human glioblastom a cell line U C T /gll (A ndreasen 1986a, 1987). 

The e levation  of PAI-1 levels by dexam ethasone was not 

universal, as in several other cell lines dexam ethasone was 

found to have no effect on PAI-1 (Lund et al., 1988).

Previous studies dem onstrated that 10“  ̂ dexam ethasone could 

alm ost abolish the constitutively expressed high PA activity in
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A15A5 cells. However in this study (chapter 6) it was found 

th a t d exam ethasone  does no t p ro fo u n d ly  su p p ress  the  

expression of tPA mRNA in A15A5.

As o ther w orkers have dem onstra ted  th a t dexam ethasone  

could induce PAI-1 mRNA and its activity , a tim e course of 

PAI-1 m RNA was carried  out to de term ine  w hether the 

dexam ethasone m ediated suppression o f PA activ ity  could be 

due to the induction of PAI-1 in A15A5. The expression of 

PAI-1 was examined in both the presence and the absence of 

serum. The expression mRNA in the presence of serum  was 

investigated to determ ine if dexam ethasone can induce PAI-1 

mRNA in A15A5 cells. As it was found that PAI-1 mRNA in 

A15A5 cells are degraded rapidly when serum is absent from 

the m edium , the e ffec t of dexam ethasone on the PAI-1 

m essage in the absence of serum  was analysed to determ ine 

w hether PAI-1 mRNA can be induced by dexam ethasone even 

in the absence of serum.

The figure 7.8 shows the the effect o f dexam ethasone on the 

expression of PAI-1 mRNA in the presence of serum . The 

resu lts ind icate  that there is a rap id  and a considerab le  

induction in the level of PAI-1 mRNA by dexam ethasone. After 

this rapid induction the m essage begins to decline, but the 

levels still rem ain greater than the basal level over 8 hours. 

These results indicate  that dexam ethasone can induce PAI-1 

mRNA in the A15A5 cell line.
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The expression of the PAI-1 message in the absence of serum is 

shown in figure 7.9. The time course of the norm al message 

showed the kinetics o f mRNA degradation in the absence of 

serum  observed  earlie r (figure  7 .3 ). In the p resence  of 

dexam ethasone the PAI-1 m essage was considerably  elevated 

upto 4 hours. However, the m essage is again found to be 

unstable in A15A5 and decline to basal levels by 8 hours.

The level of the PAI-1 message in the nuclei of A15A5 cells 4.5 

hours a fte r  ad m in is tra tio n  o f d ex am eth aso n e  w as a lso  

determ ined. E arlier it was found that PAI-1 mRNA could be 

hardly observed in the nuclei o f log phase A15A5 cells. 

H ow ever it was decided  to de te rm ine  if  dexam ethasone 

m ediated elevation in the total PAI-1 m essage could also be 

seen in the nuclei of A15A5.

Figure 7.10 shows the nuclear PAI-1 mRNA levels at 4.5 hours 

before and after induction with dexam ethasone in the presence 

of serum. The results show an increased nuclear PAI-1 mRNA 

levels in the p resence  of dexam ethasone. H ow ever the 

difference in the levels are not as great as seen w ith total 

mRNA level where the difference was approxim ately 3 fold at 4 

h ou rs.
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7.6. D ISC U SSIO N

The expression of PAI-1 in A15A5 and ARBO C9 cells was 

studied to obtain a possible explanation for the large difference 

in PA activity between the cell lines. Studies on tPA mRNA 

levels showed that d isparity  in tPA m essage level by itse lf 

cannot explain the 50-80 fold difference in PA activity between 

the cell lines. PAI-1 is the principal inhibitor of tPA activity in 

tissue. It reacts rapidly  with tPA to inh ib it its activ ity . 

Therefore it was hypothesized that the PAI-1 mRNA may be 

expressed constitutively at a higher level in ARBO C9 or that 

the PAI-1 message is suppressed in A15A5.

N uclear run-ons were carried  out to determ ine the rate  of 

transcription of PAI-1 in A15A5 and ARBO C9. The run-on 

assays indicated that PAI-1 is transcribed at a sim ilar rate in 

both cell lines and its rate of transcription is lower than that of 

tPA in these cells.

The sim ila rity  in the level of tran scrip tion  o f PAI-1 is 

com parable to the kinetics of transcription of tPA in A15A5 

and ARBO C9. However post-transcriptionally elevated nuclear 

stability of the message was found to be the prim ary course of 

the higher level of tPA mRNA in the glioma cell line.

In contrast to tPA, PAI-1 mRNA was found to be constitutively 

expressed in the normal cell line, while it was difficult to detect 

in both the cytoplasm  and the nucleus of unstim ulated A15A5
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cells. The results show major differences in the mechanisms of 

regulation of constitu tive levels of these transcrip ts betw een 

A15A5 and ARBO C9.

Further analysis of the expression of PAI-1 mRNA in A15A5 

found that PAI-1 could  be expressed  in A 15A 5, but the 

message is less stable than tPA in this cell line.

A time course of PAI-1 mRNA after transcription inhibition by 

actinomycin D in the presence of serum indicated that the PAI- 

1 transcrip t is m ore stable when serum  is p resen t in the 

medium. The results also found that inhibition of transcription 

leads to a rapid transient elevation of the message. There are 

two possible causes for this effect. There may be a labile 

rep resso r of PAI-1 transcrip tion  w hich is rem oved upon 

transcription inhibition or that there is a reduction in the rate 

of degradation of the message.

In the absence of serum the level of PAI-1 was found to fall 

substan tia lly  a fte r 4 hours. The reason m ay be e ither 

depression of its transcription or increased destruction of its 

mRNA. Transcription inhibition was found to reduce the rate of 

decline or make the message more stable, which indicate that 

lowered level of PAI-1 in the absence of serum  is due to 

increased  degradation  of the m essage. T hese resu lts  also 

indicate that the PAI-1 message is generally unstable in A15A5 

cells. The difference in the level of decline in the presence and 

in the absence of serum suggest that serum  either elevates
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transcrip tion  of PAI-1 in A15A5 or that in its presence a 

specific factor is expressed that protects PAI-1 m essage from 

d e g ra d a tio n .

These results are in contrast to the expression of tPA in A15A5 

where it was found that tPA is stable in these cells with little 

degradation taking place over a 6 hour period.

Several other studies on PA activity of both normal and tumour 

ce lls  have a lso  dem onstra ted  th is p a radox ica l na tu re  of 

expression of PA and their inhibitors. Quax et al. (1990) found 

tha t both PAs and the ir in h ib ito rs  could  be exp ressed  

sim ultaneously by tum our cells. Furtherm ore they found that 

those tumours that expressed highest levels of PAs also to be 

expressed highest levels of the inhibitors.

In A15A5 glioma cells, translation inhibition by cyclohexim ide 

leads to a dramatic increase in PAI-1 mRNA levels at 4 ̂  after 

treatment. The levels then gradually decline over next 4 hours 

and reaches basal levels by 24 hours. This considerable rise in 

PAI-1 message was not seen in nuclear RNA levels, where the 

PAI-1 message in cyclohexim ide treated nuclei was sim ilar to 

untreated levels, which suggest the effect o f cyclohexim ide is 

due to increased stability of cytoplasmic RNA.

The effect of cycloheximide on PAI-1 is opposite to its effect on 

tPA where cyclohexim ide treatm ent suppresses tPA m essage 

levels. Cycloheximide was also found to cause no difference in
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the nuclear tPA RNA levels, again showing that its effect must 

be at the cytoplasm possibly through stability of the message.

The m echanism  involved in the increased stability o f m essage 

after translation  inhibition has been proposed to be due to 

suppression  of trans-acting  fac to rs tha t recogn ise  specific  

sequences such as the ARE in the 3' UTR and target their 

destruction . Several authors have dem onstrated increase in 

m essage stab ility  of 3' ARE con ta in ing  tran scrip ts  upon 

translation inhibition.

Inducers of cAMP have been shown to be inhibitors of PAI-1 

activity in some cell lines. LH and FSH both of which induce 

cAM P levels suppress PAI-1 activ ity  of FSH  prim ed rat 

granulosa cells (Ny et al., 1985). Inducers of intracellular cAMP 

have also been found to suppress weakly PAI-1 activity of CM 

from UCT/gl-1 glioma cells (Andreasen et al., 1986b).

In this study cholera toxin was found to inhibit PAI-1 mRNA 

levels in 15% serum and in the absence of serum 24 hours 

after treatm ent. These resu lts fu rther confirm  the earlie r 

results that removal of serum from the growth medium cause a 

rapid  decline in the PAI-1 m essage levels. The level of 

inhibition of PAI-1 by cholera toxin was sim ilar under both 

conditions. W hich suggest that cholera toxin may suppress 

basal level of expression of PAI-1. Cholera toxin is known to 

m odulate  genes through induction  of m RNA transcrip tion
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through activating the transcription factor (CREB) that binds to 

the cAMP response element (CRE) of promoters.

How cholera toxin can directly  inhibit transcrip tion of genes 

like PAI-1 that lack a CRE its promoter is unknown.

G lucocorticoids are well known inducers of PAI-1 protein and 

mRNA levels and thus inhibitors of PA activity of several cells. 

Dexam ethasone was found to induce PAI-1 mRNA in both the 

absence and presence of serum in a sim ilar m anner. Under 

both conditions there is an early and rapid rise in PAI-1 mRNA 

in the A15A5 cells, which subsequently declines. However, in 

the absence of serum  the rate  of degradation  was much 

quicker, where the induced PAI-1 mRNA levels decline to basal 

levels by 8 hours. W hile in the presence of serum the PAI-1 

message levels remain higher than the basal level upto 8 hours 

and possibly beyond.

The effect of dexam ethasone was seen in both the total and 

nuclear RNA levels which were both elevated above normal.

These studies on the expression of PAI-1 mRNA showed that 

some of the dexamethasone mediated abolition of PA activity in 

gliom a cells reported in previous studies are probably due to 

its effects on PAI-1 levels. In this study it was found that 

dexam ethasone does not suppress tPA mRNA both in the 

presence and absence of serum. How ever it strongly induces 

PAI-1 mRNA levels under both conditions.
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These results agree with some of the other published data 

where dexam ethasone has been shown to elevate PAI-1 mRNA 

levels in several cell lines.

There is a stark contrast in the expression of PAI-1 and tPA in 

the two cell lines. In A15A5 cells PAI-1 transcripts were 

d ifficu lt to detect both in the nucleus and the cytoplasm  of 

"cycling" cells. W hilst high levels of PAI-1 mRNA were found 

in both the nucleus and cytoplasm  of ARBO C9 cells, which 

suggests that PAI-1 is constitutively expressed at high levels in 

the normal cell line.

However PAI-1 could be detected in the A15A5 nuclei at 4.5 

hours after medium change which can be further induced by 

trea tm en t w ith dexam ethasone. U nfo rtunate ly  cy top lasm ic  

mRNA levels in these cells at 4.5 hours could not be detected 

due to the inability  to obtain clean undegraded cytoplasm ic 

mRNA from the cells.
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CHAPTER 8 : CONCLUDING DISCUSSION,

Elevated tPA mediated fibrinolytic activity has been shown to 

be a c h a ra c te ris tic  of sev era l v ira lly  and c h em ica lly  

transform ed cell lines and in cells derived from  naturally  

occurring tum ours. Regulated expression of increased tPA is 

also found in several norm al physio log ical events such as 

oogenesis and wound healing. It has been proposed that 

constitutively elevated PA levels in neoplastic cells may have a 

role in ex tracellu lar tissue degradation during invasion and 

m etastasis of tumours.

Previous studies have established that the A15A5 cell line 

expresses h igher levels of both tPA m ediated fib rino ly tic  

activity and tPA mRNA com pared to its norm al counterpart 

ARBO C9. The A15A5 cell line was established from an BNU 

induced brain glioma, whilst ARBO C9 is a cell line derived 

from a normal rat brain.

The fibrinolytic activity and tPA mRNA levels are 50 - 80 fold 

and 10-20 fold higher respectively  in A15A5 com pared to 

ARBO C9. The PA activity of the A15A5 cell line was also 

found to be in fluenced  by several ex trin sic  agents that 

m odulate in trace llu la r signal transduction . Tw o of these 

agents, cholera toxin and EOF was found to elevate PA activity 

of conditioned medium from A15A5 cells. Cholera toxin was 

also found to enhance PA activ ity  of A15A5 cell lysates.
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A nother agent dexam ethasone was show n to suppress PA 

activity of both conditioned medium and lysate from A15A5.

This p ro jec t was p rim arily  concerned w ith  analysing  two 

aspects of the expression of tPA in the two cell lines at the 

m olecular level:

i. To investigate the regulation of tPA mRNA in the cell lines

and to determine the cause of elevated tPA mRNA levels in the

glioma cell line.

ii. To investigate the effect of extrinsic agents on the mRNA 

levels of tPA and its inhibitor PAI-1.

A 1700 base pair fragm ent of tPA cDNA which included the 

whole of the 3'UTR was sequenced from each of A15A5 and 

ARBO C9 cell lines. Mutations in both the coding region and the 

3'UTR have been shown to influence stability and degradation 

of other m essages. However no differences were found in the

tPA cDNA sequences from the two cell lines.

N uclear run-on assays were carried out to determ ine the level 

of transcription of tPA between A15A5 and ARBO C9. The 

run-on assays showed that tPA is transcribed at a com parable 

rate in both the cell lines. Several repeats o f the assays 

indicated that the level of transcription was only 1 . 5 - 2  fold 

higher in A15A5.

Thus the rate  of transcription of the m essage did not account 

for the difference in the mRNA level between the cell lines.
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The m arkedly lower level of the m essage found in previous 

experim ents with ARBO C9 indicated that tPA mRNA may be 

unstable in the normal cell line, furtherm ore it also precluded 

a d irec t com parison  of stab ility  betw een the cell lines. 

Therefore stability of the transcript in A15A5 was investigated 

to determ ine whether an increase in its stability could explain 

the higher level of the message in A15A5. Experim ents were 

perform ed using cells m aintained in usual grow th m edium  

with serum and in medium without serum to mimic conditions 

under which CM is collected to measure PA activity.

A tim e course of the expression of tPA after transcrip tion  

inhibition indicated that tPA mRNA is stable up to 6 hours in 

the presence of serum. The message was also detected in the 

absence of serum, but there is a gradual decline over this 

period suggesting that tPA transcrip ts are less stable in the 

absence of serum.

The 3'UTR sequences of tPA from  A15A5 and ARBO C9 

m atched com pletely the published rat tPA sequence. There 

was no difference found in the 3'UTR of tPA of the two cell 

lines. How ever there are two AUUUA pentam ers w ithin a 

region high in AU nucleotides (ARE) in the 3’ UTR of tPA. 

AUUUAs and AREs have been dem onstrated in several studies 

(Kabnick and Houseman, 1988; M alter, 1989) to regulate mRNA 

stability . It has been proposed that these elem ents target 

mRNA for rapid degradation through specific ARE binding
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trans acting proteins. For a num ber of transcrip ts containing 

ARE sequences inhibition of translation was found to lead to an 

elevation of their m essage levels. Therefore the expression of 

tPA in A15A5 was determined in the presence of a translation 

inh ib ito r (cyclohexim ide). It was found that inh ib ition  of 

translation does not lead to an elevation of the tPA mRNA 

levels in A15A5, however the message rem ain stable upto 6 

ho u rs .

PAI-1 is the m ajor tissue specific inhibitor of tPA and uPA 

proteins. Thus it has a principal role in the regulation of PA 

m ediated plasm inogen activation.

E xponentially  grow ing A15A5 cells were found to express 

substantially lower level of PAI-1 mRNA com pared to ARBO 

C9. N uclear run-on assays showed that PAI-1 mRNA is 

transcribed at an almost identical rate in A15A5 and ARBO C9, 

indicating that the difference in message level between the cell 

lines is due to a post -transcriptional event.

Inhibition of transcription in the presence of serum was found 

to cause a transient induction of PAI-1 mRNA in A15A5. 

Subsequently the transcripts undergo gradual decline over the 

next 6 hours suggesting that PAI-1 is som ew hat less stable 

than tPA in A15A5.

M eanw hile in the absence of serum  PAI-1 was found to 

undergo rapid degradation. Inhibition of transcription leads to
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the slowing of the rate of decline or an increase in the the 

stability of the message.

These data suggest that PAI-1 may be naturally  unstable and

targeted for destruction in A15A5 cells. The increased PAI-1 

mRNA in the presence of serum is partly responsible for the 

suppression of total PA activity dem onstrated in several cell

lines. The increased PAI-1 levels in the presence of serum

may be partly due to the induction of PAI-1 mRNA by TGF 6, 

one of the growth factors present in serum. TGF 6 has been 

dem onstrated to induce PAI-1 mRNA in several cell lines 

including human lung fibroblast cell line (Laiho et al., 1986). 

The authors also found EGF could overcome TGF 6 mediated 

suppression of PA activity in conditioned medium from  these 

cells due to the even greater elevation of PAs.

The published rat PAI-1 mRNA sequence show two AUUUA 

pentam ers, also w ithin a reg ion  rich  in AU nucleo tides.

T ranslation inhibition in the presence of serum  leads to a 

considerable elevation of PAI-1 mRNA in A15A 5. These 

resu lts  agree w ith the proposed ideas fo r the e ffect of 

translation inhibition on mRNAs containing A U -rich elem ents 

in their 3'UTR. However they contrast with the data obtained 

for stab ility  of tPA mRNA which also has two AUUUA 

p e n ta m e rs .

The context of the two AUUUA pentamers w ithin the ARE of 

PAI-1 is d ifferent to the published tPA ARE. Although the
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PAI-1 mRNA sequence from  A15A5 and ARBO C9 was not 

determ ined, the results suggest that the two cell lines could 

distinguish betw een the AREs or sequences that are involved 

in m essage degradation  and regu la te  the tw o tran scrip ts  

differentially  despite the com parable levels of transcription of 

the mRNA. This would be similar to what takes place during 

the regulation of tPA mRNA between A15A5 and ARBO C9. 

However, it is also possible that there is an alteration in the 

PAI-1 sequence between the cell lines and that is the cause of 

the difference in its expression between A15A5 and ARBO C9.

The nuclear and cytoplasm ic distribution  of tPA and PAI-1 

RNA in A15A5 and ARBO C9 was also investigated. It was 

discovered that the tPA RNA level was considerably higher in 

the nucleus than in the cytoplasm of A15A5 cells, whilst it was 

barely detectable in both nuclear and cytoplasm ic fractions of 

ARBO C9. This was an im portant observation as it suggested 

that the elevated level of the tPA mRNA seen in the A15A5 

cell line is prim arily due to the increased nuclear stability of 

the message.

In contrast to tPA, RNA for PAI-1 was found to be present at

high levels in both the nucleus and the cytoplasm of ARBO C9

cells. In A15A5, although the constitutive level of PAI-1 was 

low in both the nucleus and the cytoplasm , it is transiently

induced when fresh growth medium is added to the cultures.
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The cause of the elevated nuclear stability of tPA mRNA in 

A15A5 appear to be due to an epigenetic event. It may 

involve trans-acting factors such as ARE- binding proteins that 

reg u la te  m essage s tab ility . Several A U BPs have been 

identified in other cells that are present in both the nucleus 

and the cytoplasm. There may be differences in the expression 

of AUBPs in A15A5 and ARBO C9 that are responsible for this 

d iffe rence . T herefo re , it can be p roposed  th a t during  

neoplastic transform ation of the glioma cells there has been a 

possible alteration in the expression of AUBPs in the cells.

The finding that increased stability of the nuclear transcript is 

responsib le  for the post-transcrip tional regulation  of tPA in 

A15A5 is not unprecedented , how ever it is an im portan t 

discovery as there are only a few reported exam ples of RNA 

stability being regulated in the nuclei of cells. Other reports of 

nuclear regulation include the mRNA for uPA (Henderson and 

Kefford, 1991), dihydrofolate reductase (DHFR) (Leys et al., 

1984), a  1-acid glycoprotein (AGP) (Vannice et al., 1984) and 

both a  and 6 subunits of T-cell receptor (TCR) (W ilkinson and 

M acLeod, 1988).

The uPA mRNA level is 26-fold higher in the DMBA induced 

m etastatic rat m am m ary adenocarcinom a cell line M AT13762 

compared to that in the rat embryo fibroblast cell line rat-1. 

These differences are found despite the transcription levels of 

the message being identical between the cell lines. The reason 

for the difference in the uPA level was identified as due to
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p o st-tran scrip tio n a l dow nregulation  of the m essage in the 

nucleus of the rat-1 cells or due to the increased stability of 

nuclear transcrip t in the M A T13762 cells (H enderson and 

Kefford, 1991).

The level of the uPA mRNA in MAT13762 cells was also high 

com pared to that in the spontaneously induced and highly 

m etastatic rat m ammary adenocarcinom a cell line B C l. The 

nuclear transcript level was 14-fold higher in the M AT13762 

cells than in the B C l nuclei (Henderson et al., 1992). The 

invasive  p roperty  o f the B C l cells was re la ted  to the 

overexpression of the transin gene, a m atrix m etalloprotease 

rather than to uPA activity in the cells.

F u rth e rm o re , tra n s la tio n  in h ib itio n  w ith  c y c lo h ex im id e  

elevated the steady state level of the nuclear transcript of uPA 

in BCl cells. A similar affect on the nuclear levels of a  and 6 

subunits of T-cell receptor has also been reported (W ilkinson 

and M acLeod, 1988). Nuclear precursor-RNA for both of the 

subunits could be detected  in the nuclei o f m urine T- 

lymphoma cell line SL12.4, although an appreciable quantity of 

the m ature TCR mRNA does not accum ulate in these cells. 

However treatm ent of the cells with cyclohexim ide leads to 

the elevation of both a  and 6 messages in the nucleus and the 

cytoplasm of the SL12.4 cells. The cytoplasmic mRNA probably 

represen ts the exported m ature m RNA, but the underlying 

reason for this is likely to be decreased degradation or the 

greater m aturation of the nuclear transcript.
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Protein  synthesis was also requ ired  for the dexam ethasone 

m ediated induction of a  1-acid glycoprotein transcrip ts in the 

nuclei of HTC rat hepatoma cells (Vannice et al., 1984). In the 

absence of dexam ethasone, mature a  1-acid glycoprotein mRNA 

can n o t be seen in these  c e lls  d e sp ite  the d e te c tab le  

transcription rate of the gene. W hen the cells are treated with 

dexam ethasone the nuclear level of the m essage increases 

su b s ta n tia lly .

These studies indicate that cells can actively  dow nregulate 

m aturation  of hnRNA in the nucleus. A ddition  of the 

translation inhibitor cyclohexim ide was reported to lead to the 

elevation of uPA, TCR and AGP mRNA in the nuclei of 

c o rre sp o n d in g  c e ll lin e s  su g g e s tin g  th a t th e re  is  a 

constitu tively  expressed labile pro tein  that target their pre- 

RNA to be degraded in the cells. W hether a similar mechanism 

is involved in the low basal level of the tPA mRNA in ARBO C9 

cells and an alteration in this normal mechanism is responsible 

for the elevated level of the message in the glioma cells is yet 

to be investigated.

Three extrinsic agents cholera toxin, EGF and dexam ethasone 

have been previously dem onstrated to influence PA activity of 

A15A5 cells. These agents have also been dem onstrated to 

m odulate mRNA levels of PAI-1 in other cell lines. Cholera 

toxin was found to induce tPA in both the presence and in the
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absence of serum, while it downregulated PAI-1 mRNA levels 

under both conditions. Previously it was shown that cholera 

tox in  e leva tes tPA m ediated  PA ac tiv ity  by 2 -fo ld  in 

conditioned medium from A15A5. This is prim arily due to its 

influence on the tPA mRNA level, which was elevated by 

approxim ately  1.5-fold by cholera toxin in the absence of 

serum.

Dexam ethasone was shown previously to suppress PA activity 

in A15A5 by as much as 5-fold. Dexamethasone was found to 

have no profound effect on the tPA mRNA levels whether in 

the presence or in the absence of serum. H ow ever it was 

found in this study that dexam ethasone causes a substantial 

increase  in PAI-1 m RNA levels under both cond itions. 

T herefore it can be concluded that dexam ethasone m ediated 

considerable depression of PA activity seen in the A15A5 cell 

line is principally due to its effect on PAI-1 message.

S im ilar resu lts have also been reported  by several o ther 

w orkers. D exam ethasone was found to suppress fibrinoly tic  

a c tiv ity  o f c o n d itio n ed  m edium  from  H T 1080 hum an 

fib rosarcom a cells to below  detectable levels by 24 hours 

(M edcalf et al., 1988). There was a 10-fold increase in PAI-1 

antigen level with a sim ultaneous 2-fold rise  in tPA levels. 

Analysis of mRNA levels indicated a 3.4-fold increase in tPA 

mRNA, but also a 11.9- and 7.8-fold increases in 3.4 kb and 2.4 

kb forms of human PAI-1 mRNA respectively. Dexam ethasone 

also caused a greater than 95% decrease in uPA mRNA levels
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by 8 hours. Run-on assays indicated tha t dexam ethasone

in d u c e s  PA I-1  m RN A  tra n s c r ip tio n  o v e r 24 h o u rs . 

Transcription of tPA was induced, but only by a maximum of 

3- to 4- fold between 4 and 8 hours, which falls by 24 hours.

F u rtherm ore , trea tm en t w ith  cyclohex im ide  resu lted  in  a 

substantial increase in PAI-1 level betw een 4 and 8 hours 

w hile only causing a m odest increase in tPA mRNA level 

during this period.

D exam ethasone was also found to substantially  suppress (by 

90%) PA activ ity  in HTC rat hepatom a cells (Heaton and 

Gelehrter, 1989), while 8-Bromo cAMP an analogue of cAMP

was shown to elevate PA activity by 50% in the same cells

(B arouski-M iller et al., 1990). Later H eaton et al., (1992)

dem onstrated using nuclear run-on assays that dexam ethasone 

causes a significant increase (5-fold) in transcription of PAI-1 

mRNA, while causing only a modest increase of 2-fold in the 

transcription of tPA. Furtherm ore 8-Bromo cAM P was shown 

to inhibit transcription of PAI-1 by 60% w hile inducing the 

transcription of tPA by approxim ately 2-fold.

Studies by Heaton et al (1992) on mRNA stability reported that 

transcription inhibition has no effect on the decay of the PAI-1 

message. Dexamethasone was also found to cause no

change in decay of PAI-1 mRNA. However cAMP was found to 

depress the half-life of PAI-1 by 3 fold.

188



The results from these studies on HT1080 and HTC cell lines 

resem ble several aspects of the regulation of tPA and PAI-1 

seen in A15A5 cells. P rincipally , the inh ib ition  of high 

f ib rin o ly tic  a c tiv ity  by dex am eth aso n e  in bo th  hum an 

fibrosarcom a cell line HT1080 and the rat HTC hepatom a cell 

line is due to elevation of the PAI-1 message and not due to a 

decline in the tPA mRNA levels. Furtherm ore in the rat 

hepatoma cells, an analogue of cAMP caused an elevation of PA 

activity partly due to induction of tPA mRNA and partly due to 

suppression of PAI-1 levels. Similar results were also found in 

the A15A5 cell line w here cholera  toxin  an inducer of 

intracellular cAMP elevated tPA mRNA levels in the presence 

and absence of serum. Concurrently there was a suppression 

of PAI-1 message levels by CT under these conditions.

The prom oters of human tPA and PAI-1 have 80% sequence 

homology to each other. The rat PAI-1 prom oter has also been 

ch arac te rised  and was found to share  severa l p rom oter 

elements with the rat tPA gene (Johnson et al., 1992). DNase 

footprinting identified 8 protein binding sites in the rat PAI-1 

p rom oter. O ligonucleo tides fo r severa l know n p rom oter 

sequences com peted for 5 of the binding sites. The sites 

identified  from  the com petitor experim ents were one PE A3, 

one S P l, two sites w ith overlapping  S P l and N F l/C T F  

sequences and one N Fl/C T F site. Two of the unidentified sites 

were found to be involved in transcriptional repression of the 

PAI-1 prom oter. One of these sites has m odest hom ology to

189



A PI (86% ) and CREB (75%) binding sequences. H ow ever 

Oligonucleotides for API or CRB did not com pete for this site 

indicating that these proteins do not bind to this site.

Two of the sites including one of the N F l/C T F  sequences, were 

found to be located in a region that has 80% hom ology to the 

human PAI-1 prom oter region containing signals for TGF6 and 

glucocorticoid responsiveness. Another group (Bruzdzinski et 

a l., 1990) has id en tifie s  severa l p o ten tia l g lucoco rtico id  

response elem ent sites within the rat PAI-1 prom oter. One of 

these sites, at 1196 basepairs upstream from  the TIS has 90% 

sequence hom ology to the GRE. It is like ly  that this 

g lu co co rtico id  resp o n se  e lem en t is re sp o n sib le  fo r the 

induction of PAI-1 in the A15A5 cell line.

The rat tPA gene does not have a g lucocorticoid response 

elem ent in its prom oter, although it has a CRE response 

element. The differential regulation of tPA and PAI-1 by 

dexam ethasone and cholera toxin is probably  due to these 

differences in the promoters of these genes.

Although dexam ethasone is proposed to m odulate transcription 

of mRNA directly , it is also known to decrease stability  of 

several transcripts. These include mRNA of c-myc (M aroder et 

al., 1990), in te rleuk in -16 (Lee et al., 1988), in terferon  6 

(Peppel et al., 1991), uPA (Henderson and Kefford, 1993) and 

m onocyte chem otactic-activating factor (M ukaida et al., 1991). 

A common denom inator within these m essages is that they all
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contain repeats of the AUUUA pentamer in their 3' UTR.

F u rtherm ore  active  p ro te in  syn thesis was repo rted  to be 

required for dow nregulation of stability by dexam ethasone for 

all of the above transcripts except for interferon 6, im plying 

that dexam ethasone may be inducing a lab ile  pro tein  that 

ta rg e t  the  d e s tru c tio n  o f th ese  m R N A . A lth o u g h  

dexam ethasone m ediated suppression of in terferon  6 mRNA 

stability was demonstrated to be through the AU rich region of 

its 3' UTR, the transla tion  inh ib ito r cyclohexim ide w hich 

norm ally  superinduces in terferon  6 mRNA, did not inh ib it 

dow nregulation of the message by dexam ethasone.

The transcrip tional rate of both tPA and PAI-1 genes was 

found to be similar between A15A5 and C9 cell lines. Several 

of the transcrip tion  factor binding sequences found in the 

prom oter of the PAI-1 gene are also present in the rat tPA 

prom oter. There are three SP l and one N F l/C T F  sites in tPA. 

However, tPA also has a AP2 site and is thought to be a TATA- 

less promoter, whilst the PAI-1 has a TATAA sequence 30 bps 

upstream  from  the transcrip tion  in itia tion  site. The tPA 

prom oter has TTAAAA sequence at a sim ilar position however 

it has been shown to be inactive in rat.

The d ifferences in the prom oter may be involved  in the 

m odulation of transcription of the genes w hilst the sim ilarities 

m ay re la te  to constitu tive  transcrip tion  of tPA and PA I-1. 

H ow ever basal levels are prim arily  regulated  through post-
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transcriptional mechanism for tPA.

These studies on the regulation of genes in the fibrinolytic 

system  provides an insight in to coordinate regu lation  and 

expression of genes in a complex system. Another factor that 

has an im portant function in the fib rin /fibrinoly tic  system  is 

the T issue factor (TSF). This factor serves as the cellu lar 

recep tor for clo tting  agent factor VII, w hich is the m ajor 

initiator of coagulation in blood. Once bound to TSF, factor VII 

becom es rapidly activated (V ila) in itiating the blood clotting 

system (figure 8.1). The tissue factor also contain a 3' UTR AU- 

rich region. There are 4 repeats of the AUUUA pentam er 

within a region of 150 bps, 79% of which consist of A or U 

nucleotides. In the presence of cyclohexim ide TSF mRNA is 

superinduced transien tly  before becom ing degraded rap id ly  

(A hern et a l., 1993) and its stab ility  was show n to be 

controlled through its AU element. Transfer of this AU region 

to the 3' UTR of 6 globin reduces its half-life from greater than 

20 hours to 2.4 hours, almost comparable to TSF half-life of 48 

mins to 1.5 hours.

There is an in teresting link  betw een the regulation  of TSF, 

PAI-1 and the inducers of fibrinolysis and ECM  degradation. 

Several of the agents that are known to induce PAI-1 such as 

TNF, bacterial endotoxin and interleukin I also induces TSF 

mRNA expression. D exam ethasone which induces PAI-1 has 

been shown to suppress message levels of tPA, collagenase and
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strom elysin  (D elany and B rinkerhoff, 1992). The hum an 

collagenase and strom elysin have 3 and 1 AUUUA pentam ers 

respectively. Furtherm ore, PMA and EGF which induces tPA, 

collagenase and strom elysin mRNA, suppresses PAI-1 m essage 

(figure 8.1). This show s that there is a m echanism  that 

coordinately up- or downregulated different com ponents o f the 

same system.

The coordinated regulation of mRNA levels may be confined to 

tran scrip tio n a l p rocesses, w hile the basal leve ls  m ay be 

p rim arily  co n tro lled  th rough  p o s t- tra n sc rip tio n a l m essage 

stability, or both mechanisms may have a role. It is interesting 

that all of these transcrip ts (tPA , co llagenase, strom elysin , 

PAI-1 and TSF) possess AREs in their 3'UTR which are 

supposed to target mRNA for destruction . H ow ever the 

in fo rm ation  from  all of these studies suggest that these 

elem ents may have a w ider ro le  in the regu la tion  and 

expression of mRNA.

W hether the sam e factors are involved in regu la ting  the 

constitutive mRNA levels of the opposing agents is not known. 

It is possible that cell may have evolved trans acting factors 

with dual roles to coordinately regulate different sets of genes, 

that is, targeting one set of transcripts for destruction w hilst 

protecting others from  degradation.
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Future d irec tions:

1. The elevated tPA mRNA level does not fully account for the 

higher level (50 to 80-fold) o f PA activity in the gliom a cell 

line, which suggest that tPA mRNA is translated at a higher 

level in A15A5 than in ARBO C9. Sequences in the 5 'UTR, 

particularly  those that form secondary structures are im portant 

in regulating translation of mRNA (P elle tier and Sonenberg, 

1987). Therefore it is important to sequence the 5'UTR of tPA 

from  the cell lines that could iden tify  d ifferences in the 

translational activation of the message.

A lso there are tran s-ac ting  factors that are invo lved  in 

controlling message translation. The protein initiation factor 4E 

(eIF-4E) which recognizes the cap structure, "melt" 5' secondary 

structure and facilitate scanning for the initiation codon by the 

40S subunit has an im portant regulatory role. O verexpression 

of eIF-4E has been shown to cause m alignant transform ation of 

NIH 3T3 cells (Lazaris-Karatzas et al., 1990).

2. To determ ine the cause of differential nuclear processing of 

the tPA and PAI-1 transcripts in A15A5-

- sequence the 3'UTR of PAI-1 from the cell lines A15A5 and 

ARBO C9

identify whether the AU-rich elements w ithin the UTR of 

the two transcripts have a distinct role in the regulation of 

stability.

- ch arac te rise  possib le  nuc lear tran s-ac tin g  fac to rs that 

associate with the 3'UTR of the two messages to define whether 

they are same or different.
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Appendix A

The sequence of the Rat tPA cDNA fragment sequenced. As the sequences 
from A15A5 and ARBO C9 were identical, only one sequence is shown. The 
numerical figures correspond to positions in the published sequence by 
Feng et al. (1990). The AATAAA polyA addition site and the proposed AU- 
rich protein binding sites are highlighted and underlined respectively.

lie Leu lie Gly Lys Thr Tyr Thr Ala Trp Arg Ala Asn Ser Gin
811 ATC CTG ATA GGC AAG ACT TAG ACA GOG TGG AGG GOG AAG GGA GTT

Ala Leu Gly Leu Gly Arg His Asn Tyr Gys Arg Asn Pro Asp Gly
GGG TGG GAG GTG GGG AGA GAG AAT TAT TGG GGG AAG GGA GAT GGG
Asp Ala Lys Pro Trp Gys His Val Met Lys Asp Arg Lys Leu Thr Trp
GAT GGG AAA GGT TGG TGG GAG GTG ATG AAG GAG GGA AAG GTG AGA TGG

Glu Tyr Gys Asp Met Ser Pro Gys Ser Thr Gys Gly Leu Arg Gin
GAA TAT TGG GAG (961) ATG TGG GGA TGG TGG AGG TGG GGG GTG AGG GAA

Tyr Lys Gin Pro Gin Phe Arg He Lys Gly Gly Leu Phe Thr Asp
TAG AAA GAG GGT GAG TTT GGA ATT AAA GGA GGA GTG TTG AGA GAG

He Thr Ser His Pro Trp Gin Ala Ala He Phe Val Lys Asn Lys
ATG AGG TGA GAG GGT TGG GAG GGG GGG ATG TTT GTG AAG AAG AAG

Arg Ser Pro Gly Glu Arg Phe Leu Gys Gly Gly Val
AGG TGT GGA GGA GAG AGA TTG GTG TGT GGA (1114) GGGŒG

Leu He Ser Ser Gys Trp Val Leu Ser Ala Ala His Gys Phe
GTG ATG AGT TGG TGG TGG GTG GTA TGT GCX GGG GAG TGG TTT

Val Glu Arg Phe Pro Pro His His Leu Lys Val Val Leu Gly
GTA GAG AGG TTT GGA GGG GAT GAT GTT AAA GTG GTG TTG GGG

Arg Thr Tyr Arg Val Val Pro Gly Glu Glu Glu Gin Thr Phe Glu 
AGA AGA TAG AGA GTG GTG GGT GGA GAG GAG GAG GAG AGA TTG GAG

He Glu Lys Tyr He Val His Lys Glu Phe Asp Asp Asp Thr Tyr
ATG GAA AAG TAG ATA (1264) GTG GAT AAG GAA TTT GAT GAG GAG AGT TAT

Asp Asn Asp He Ala Leu Leu Gin Leu Arg Ser Asp Ser Ser Gly
GAG AAT GAG ATG GGA TTA GTG GAG GTG AGG TGA GAT TGG AGT GAG

Gys Ala Gin Glu Ser Ser Ser Val Gly Thr Ala Gys Leu Pro Asp
TGT GGG GAG GAG AGG AGT TGT GTG GGG AGT GGG TGG GTG GGT GAG

Pro Asp Val Gin Leu Pro Asp Trp Thr Glu Gys Glu Leu Ser Gly
GGG GAG GTA GAG GTG GGT GAG TGG AGA GAG (1414) TGT GAG GTT TGT GGG
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Tyr Gly Cys His Glu Ala Ser Ser Pro Phe Phe Ser Asp Arg Leu
TAG GGC AAG CAT GAG GCA TCC TCT CCT TTC TTC TCT GAC CGG CTG

Lys Glu Ala His Val Arg Leu Tyr Pro Ser Ser Arg Cys Thr Ser
AAG GAG GCT CAC GTC AGA CTG TAT CCG TCC AGC CGC TGT ACC TCA

Gin His Leu Phe Asn Lys Thr lie Thr Ser Asn Met Leu Cys Ala
CAG CAT CTG TTT AAC AAA ACC ATC ACG AGC AAC ATG CTG TGT GCA

Gly Asp Thr Arg Thr Gly Gly Asn Gin Asp Val His Asp Ala
GGA GAC ACC CGA ACT GGG GGC AAC CAA GAC (1564) GTC CAT GAC GCG

Cys Gin Gly Asp Ser Gly Gly Pro Leu Val Cys Met lie Asp Lys Arg
TGC CAG GGT GAC TCA GGA GGC CCT GTG GTG TGC ATG ATC GAT AAG CGG

Asp Val Pro Gly lie Tyr Thr Lys Val Thr Asn Tyr Leu Asn
GAC GTG CCA GGG (1714) ATA TAC ACA AAG GTC ACT AAT TAC CTG AAC

Trp He Gin Asp Asn Met Lys Gin
TGG ATC CAA GAC AAC ATG AAG CAA (1767) TGA CAA AGAAAGCCCA

GCTCCTTAAA CCCAGAGGAC CTGCCTTCCT CTTCCACAGA AGATACGCCT GAAAGGCCAA 

GCGTTCTTCG (1853) CAGGCTCGTC CTCCTGAGCT GCCGCTCAGC AGAGGGAGTG 

ACAGTCTTTA GGCACAGACA GCGTTTACTT TGTGACAGGT ACTTCACAAA CTTGTACGTT 

TTAAGGGTGA AGGTCTGACT TTAGAATCAG TTCTGTCAGA TGAGATGACA (2003) 

GGGAAATGCC AACCTTCCTA TAACTCTAAG ATTTTAAAAA GAGAAGTAGA CCAAAGTCCA 

CCCTTCCTGG ACCACTATTT TGTACACTGA ACCACAAGAT CGTGTCTCAA CAGTGAAATA 

CAACTTGATC TTTCAGGAGT AAAAGTCTGC (2153) ACTGAGGACA AGAATGTGTT 

TTTATAGTTA CACAGGGGCC CAGCATGGCC TCCAAGAGAA GGAAGGGGTT AGCTGATCAG 

ACCACAGCCC CCTAAAACCC TTGAAATCAA ATATTCCCCA TCCTCCCACA ATCCTCAACT 

CTTGGGGCAT ATCCCTTTGT ACACAGTGTA GATGTCTTTT TCTTTATAAA CTTTCCAGAT 

GGCTGGGAGA ACTGTATGAT TTTAATATTC GATGAAATGA CACTAGTATATTTATATTTG 

AATCTATTTA GTTTTTACTG TGTTACTAGA ACTCTGTATT ATGCTGTACT 

GAAATAATAAATTCCAAGGT ATTTTTCACA CTTTTAAA (2503) AAA
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