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Abstract

Members of the annexin protein family are characterised by their ability to bind to 

phospholipids in a calcium-dependent manner. Since their discovery in the late 70s, a 

number of different family members have been found in mammals, plants and lower 

eukaryotes, although to date, no function has been unequivocally determined for any 

member. The restricted tissue-distribution of the annexins suggest that regulation occurs 

at the gene level. Most controversially, annexin I has been proposed to be steroid- 
inducible.

Both annexins I and VI were found to be unresponsive to steroids at the protein and 
mRNA level in a range of cell-types. Also, steroids were shown to have no effect on 

annexin I secretion.

Reporter gene analysis confirmed that the promoters for both the annexins I and VI 
genes are not steroid-inducible. Truncation mutations were used to characterise the 
promoter regulatory elements showing that the annexin I promoter requires a functional 
CAAT and TATA box for activity. In contrast, these elements are not required in the 
annexin VI promoter. However, it is postulated that this promoter contains an “initiator 
element”. Further, it is shown that both enhancers and repressors operate within the 
annexin VI promoter, and that a site for the transcription factor SPl is likely to be 
functional in-vivo.

A  region within the annexin VI promoter was shown to be homologous to non-coding 
regions of a number of genes, including interleukin-4. This region was found to be a 
cell-specific enhancer/repressor of gene activity. In response to activation of the 
interleukin-4 gene, a cell-specific protein complex was seen to bind to a site within the 
homologous region. It was shown that this protein is not a member of the ST AT, NF- 
AT or NFkB transcription factor families. Removal of this protein-binding site 
profoundly influences the enhancer/repressor activity of the homologous region. Lastly, 
activation of the interleukin-4 gene triggers a marked reduction in the level of annexin 
VI protein/mRNA specifically in Jurkat cells. This suggests that interleukin-4 and 

annexin VI expression may be co-ordinately regulated by the action of 

enhancer/repressor elements within non-coding regions.
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Chapter 1 

Introduction 

1.1 Calcium-binding proteins

Calcium has long been known to play a critical role in cell physiology, mediating 

processes as diverse as muscle contraction, nervous stimulation and secretion. 

However, it was only until the discovery of the so-called “calcium-binding proteins” 

that the mechanisms through which calcium exerts its effects became apparent. The 

first class of calcium-binding proteins was discovered in 1975 (Tufty et al, 1975). 

These became known as the EF hand proteins based on the helix-loop-helix structure 

by which calcium is bound. This class is typified by proteins such as calmodulin and 

troponin, each of which contain four EF hand calcium-binding sites.

1.2 The annexin family

More recently, another class of calcium-binding proteins has been discovered, which 

appear to bind calcium by a more complicated structure than the EF hand proteins. 

Initially ascribed a variety of names, they have since been collected under the term 

“annexins”. The first annexin was identified in 1978 (Creutz et al, 1978). This protein 

appeared to mediate chromaffin granule aggregation in-vitro, and was termed synexin, 

later annexin VII. Since then, nine other proteins have been classified as mammalian 

annexins, with other representatives found in amphibia and fish. However, annexins 

are not unique to vertebrates, having been identified in lower phyla including 

Dictyosteliiim (Doring et al, 1991), Hydra (Schlaepfer et al, 1991) and Drosophila 

(Johnston et al, 1990). The proteins from Drosophila (annexin IX and X) and Hydra 

(annexin XII) are unique to the family, whereas the Dictyosteliiim annexin is 

homologous to mammalian annexin VII, and that found in the sponge Geodia
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cydoiiiiim is related to mammalian annexin I (Robitzki et al, 1990). The subsequent 

identification of annexins in higher plants is a measure of how widespread these 

proteins are in living organisms (Smallwood et al, 1990).

1.3 Annexin Structure

Comparison of the amino-acid sequences of the mammalian annexins reveals a highly 

conserved structure, typified by annexin I (figure 1.1). The C-terminus of the proteins 

contains four repeats of a conserved 70 amino acid calcium- and phospholipid-binding 

domain. Annexin VI is unique among annexins in containing eight of these repeats. 

The conservation is strongest between repeats within the same family-member, and 

slightly less strong between different family members. The presence of the core 

domain is a defining feature of the annexin family, being essential for calcium- 

dependent phospholipid binding.

N ♦
SITES FOR 

PHOSPHORYLATION 
BY EGFr AND PKC

ANNEXIN CORE 
REPEATS

1 2 3 4
1

70 residues

F i g . 1.1.  Schematic illustration of annexin I primary structure

Whereas the C terminal core is highly conserved, the N terminus of each annexin 

shows little or no conservation with other family members. Indeed, the length of the N
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terminus varies widely, from the 10 residues of annexin V, to the 195 residues of 

annexin XL It is widely assumed that the role of the N terminus is to specify the 

individual functions of each annexin. This is reflected in the number and variety of 

post-translational modifications known to occur within the N terminus. In the case of 

annexin I, tyrosine and serine phosphorylation may occur via the Epidermal Growth 

Factor (EOF) receptor or Protein Kinase C (PKC) respectively. Phosphorylation has 

been shown to lower the calcium threshold required for lipid binding while 

paradoxically inhibiting the ability of annexin I to aggregate phospholipid vesicles in- 

vitro (Ando et al, 1989., Wang et al, 1992). N terminal phosphorylation of annexin II 

is shown to have similar effects (Johnstone et al, 1992).

1.4 Annexin function

There are at least as many functions proposed for annexin proteins as there are 

members of the family. Since many of these putative functions are either based purely 

on in-vitro assays, or have not withstood closer analysis, a great deal of contradictory 

and conflicting dogmas have arisen concerning annexin functions. A number of the 

proposed roles are outlined below.

As already stated (section 1.3), annexin I is a high-affinity substrate for the EOF 

receptor tyrosine kinase, as well as PKC (Moss, 1992a). Annexin II is also a substrate

for PKC, and also for the transforming oncogene pp60^"S^^. This suggests that these 

two proteins could play a role in cell growth control, transducing extracellular signals 

into a proliferative response. Annexin I phosphorylation, as well as other proposed 

roles for the protein, will be discussed in more detail below.

Annexin II has been implicated in mediating exocytosis. Among all the annexins, this 

protein requires the lowest level of calcium to bind to phospholipid vesicles 

(Blackwood et al, 1990). It has also been shown to undergo phosphorylation when
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chromaffin cells are triggered to secrete (Creutz et al, 1987). Some reports suggest that 

annexin II can restore the secretory-capability of permeabilised chromaffin cells (Ali et 

al, 1989), whereas others contradict this (Wu et al, 1991). This represents one of the 

more controversial areas of annexin reseaich.

Annexin V has been reported to inhibit PKC (Schlaepfer et al, 1992), as well as blood 

coagulation (Andree et al, 1992), although the latter occurs only at unphysiologically 

high levels of annexin V. There is convincing evidence that annexin V operates as a 

voltage-gated calcium-channel in artificial membranes (Rojas et al, 1990). This is 

supported by the crystal structure of annexin V (Huber et al, 1990), which shows a 

convex structure with the calcium-binding sites facing the membrane. The central 

region contains a putative channel which is proposed to open upon a calcium-induced 

conformational change (Concha et al, 1993).

It is possible that ascribing a definitive role for any annexin will await the development 

of gene-knockout mice. It is known that a number of labs around the world are 

working towards this objective. However, a Dictyosteliiim mutant has been isolated in 

which the annexin VII homologue has been deleted (Doring et al, 1991), without any 

apparent effect on either development or viability. This suggests either that this 

annexin plays no obviously essential role, or that other proteins (perhaps undiscovered 

annexins) are able to compensate for loss of function.

1.5 Annexin gene structure

Several annexin genes have been characterized from a wide range of different species 

(Smith and Moss, 1994). A number of interesting findings have emerged from these 

studies. Firstly, annexin genes are characterized by a high degree of sequence 

conservation at the boundaries between introns and exons. This is seen when 

comparing different members of the annexin family within the same species, and also

15



when comparing annexins from different species. There is also a high degree of 

sequence conservation for the region of the genes encoding the annexin C terminal 

core. The determination of the crystal structure of annexin V revealed that each of the 

so-called "annexin core" regions in the C termini of the proteins correspond to a 

functional domain within the 3-dimensional structure. Each domain contains five alpha 

helices, separated by loops. In domains 1, 2 and 4, the loops between helices 1 and 2, 

and 4 and 5 constitute a calcium-binding site, in which a highly conserved amino-acid 

sequence, termed the Geisow Motif, co-ordinates calcium. Simplistically, since these 

represent functionally conserved elements, it might have been assumed that each of the 

annexin repeats would be encoded by individual exons. The gene structure of several 

annexins from different species indicate that this is not the case. Comparison of the 

genes for annexin I, III, V and the second half of annexin VI show that each repeat is 

encoded by three different exons, one of which (exon 5) overlaps between repeats 1 

and 2. However, it has been suggested that this view may be an oversimplification, 

based on the alpha-helical arrangement of the repeats. For repeats 1, 2 and 4, all of the 

intron-exon boundaries lie either at the very end of the alpha-helices or within the 

loops between them. Conversely, in repeat 3, which is unable to bind calcium, most of 

the intron-exon boundaries lie within regions encoding the alpha helices. This suggests 

that there is a strong evolutionary pressure to keep sequences encoding the calcium- 

binding domains within the same exon, but that this is not the case for repeat 3 which 

does not appear to bind calcium at physiological levels, (however, it must be noted that 

in rat annexin V, repeat 3 has been shown to bind calcium). Since calcium is bound in 

the interhelical regions, the role of the helices is most likely structural, ensuring that 

the Geisow motifs are maintained in an environment conducive to calcium-binding.

Several annexin genes are significantly different from the others in terms of intron- 

exon structure (Nevid and Horseman, 1996). For example, the gene for annexin VII 

only has eight exons spanning the core domain, compared with eleven for annexins I, 

II, ni, V and the two core domains of annexin VI. Also, the Drosophila annexin X
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gene has only four exons, three of which are located in the core domains. However, 

even in these extreme cases, intron-exon boundaries are completely conserved when 

compared with the corresponding positions within the other annexins, again 

emphasizing that annexin gene structure is under tight evolutionary restraints.

Whereas the nucleotide sequence of the core-domains is highly conserved, that of the 

N terminal domains shows significantly less conservation between the different family 

members (reflected by the finding that the N termini of different annexins can vary 

widely in length). This supports the view that the N terminal region defines the 

individual function of the annexin, whereas the main function of the C terminal core is 

to direct the protein to the membrane in a calcium-dependent manner (a characteristic 

common to all the annexins). Despite this general rule, there is some degree of 

conservation within the N terminal sequences, particularly between those of the 

mammalian annexins I and II. These have homologous positions for tyrosine- 

phosphorylation (by the EGF receptor and pp60^“̂ ^  ̂for annexin I and II 

respectively), and also for phosphorylation by PKC. This suggests that these two 

proteins may share parallel mechanisms of regulation, reflected in the conservation of 

these regions between the two family members.

1.6 Evolution of the annexins

The most widely accepted theory on how annexin genes evolved is that contemporary 

annexins arose via a series of duplications of a primitive annexin precursor (Smith and 

Moss, 1994). This is based on the general view that repeat 1 is most similar to repeat 

3, whereas repeat 2 shows most similarity to repeat 4 (however, it must be noted that 

this is not a universally accepted view: some workers propose that repeats 1, 2 and 4 

are all equally similar, and distinct from repeat 3 (Nevid and Horseman, 1996)). 

Conservation of intron-exon boundaries strongly suggests that all annexins discovered 

to date arose from the primitive four-repeat annexin, and that annexin VI arose by
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duplication of this precursor. Intriguingly, analysis of the annexin VI gene indicates a 

region of Z-DNA between repeats 4 and 5 (Smith and Moss, 1994). Z-DNA is thought 

to be especially vulnerable to recombination, supporting the theory that the eight 

repeats in annexin VI may have arisen by duplication of a four repeat precursor. 

However, an annexin-like gene containing less than four repeats has never been 

found, suggesting that in order to be active, an annexin must contain four or more core 

domains. It is not impossible that a two repeat annexin briefly existed, but may have 

proven too unstable to be viable in the long term. Since the discovery of annexins in 

lower eukaryotes, a concerted effort has been made to discover a primitive or 

“ancestor” annexin. However, the complete yeast genome has now been sequenced 

and no annexin-like gene has been found. It is still possible that a primitive annexin- 

like protein will be discovered in the archaebacteria, which are widely assumed to be 

the ancestors of eukaryotic organisms.

1.7 Studies on annexin promoters

Although the annexin protein family was discovered nearly twenty years ago, studies 

on the regulation of the annexin genes are still at a relatively early stage. A number of 

annexin proteins have been shown to be expressed in a broad range of mammalian 

tissues, including annexins III, V and VI (Kaetzel et al, 1989), whereas others show a 

remarkably restricted tissue-distribution, especially annexin XII which has only been 

found in intestinal epithelia (Wice and Gordon, 1992). However, the majority of 

annexins lie between these two extremes. For example, although annexin I is found in a 

range of tissues and cell types, it is most highly expressed in ductal epithelial cells, 

especially those which have undergone terminal differentiation (Fava et al, 1989). This 

emphasizes the general finding that annexin distribution and expression levels may also 

vary as a function of the cellular differentiation state. Considering the wealth of data 

available on putative annexin functions, relatively little work has been performed on the 

regulation of the annexin genes. This is to the detriment of the field in general, since a
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thorough understanding of how the annexin genes are activated and repressed in 

response to physiological stimuli would give valuable insights into the functions of the 

proteins they encode. It is generally accepted that the most reliable method for assessing 

in-vivo promoter function is the use of reporter gene constructs in transient transfection 

experiments. To date, this approach has not been extensively applied to the annexins.

General features of annexin promoters

Annexin promoters may be divided into two broad classes based on sequence analysis: 

those that contain an identifiable TATA box and those which do not. The presence of 

this sequence has important implications on gene regulation. The TATA box is 

generally found approximately 30bp 5’ to the transcription start site, and has been 

shown to bind the TATA-binding-protein (TBP) (Zawel et al, 1992). This interaction is 

typical of genes which are under restricted distribution, and may be controlled by 

induction/repression. The genes for annexin I from human, rat, mouse and pigeon all 

contain TATA boxes (Kovacic et al, 1991; Hitti et al, 1991 and Horlick et al, 1991), as 

do those for mouse and human annexin II (Amiguet et al, 1990 and Spano et al, 1990). 

Annexins with more general distributions such as III, V and VII lack an identifiable 

TATA box (Tait et al, 1993; Shirvan et al, 1994 and Fernandez et al, 1994). This is 

typical of so-called “house-keeping genes” which encode proteins playing a role in a 

broad range of cell types. Although a putative TATA box has been assigned to the 

annexin VI gene, it is further upstream than the expected 30bp, and does not have the 

same position in the mouse gene, suggesting that it may not represent a functional 

element (Smith et al, 1994). More detailed analyses of annexin promoters has been 

restricted to those for annexin I and V, which will be discussed below.
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Studies on the annexin I promoter

The 5’ DNA sequences of the human and rat annexin I genes have been isolated and 

analysed (Kovacic et al, 1991). What is immediately apparent is that there is a high 

degree of sequence homology between the promoters from the two species (up to 81% 

in the most homologous regions). This suggests that the mechanisms of regulation of 

the annexin I gene are broadly similar in these organisms. Both promoters contain 

CAAT and TATA boxes at -30 and -70 base pairs respectively, although the CAAT box 

in the rat promoter diverges slightly from the consensus. The genes also contain a 

putative glucocorticoid-response element, suggesting that the genes may be inducible in 

response to steroid hormones. However, the GREs of the rat and human genes are in 

different positions within the first intron. This suggests that neither ORE may be 

functionally significant. The physiological relevance of these regions is a matter of great 

debate within the annexin field, and must await the functional analysis of these 

promoters.

While studies on the human annexin I promoter are at an early stage, the regulation of 

pigeon annexin I is now quite well understood. The pigeon genome contains two genes 

for annexin I (Horseman et al, 1992b), encoding homologous, but not identical 

proteins. The cp35 gene is found exclusively in the cropsac (an organ which secretes 

milk for feeding the offspring). Expression of cp35 protein has been shown to be 

strongly inducible by the hormone prolactin. Unlike cp35, the other annexin I gene, 

cp37 has a broader tissue distribution and shows no prolactin-inducibility. When 

coupled to the chloramphenicol acetyltransferase (CAT) gene, and transfected into 

T47D breast cancer cells, both promoters were shown to be strongly active. However, 

neither promoter was shown to be sensitive to prolactin in this study. This suggests that 

either upstream regulatory sequences confer prolactin sensitivity, or that the cell type 

used did not have a fully functional prolactin-system. However, when mixed with cell- 

free nuclear extract from HeLa cells, the 200 bp region upstream of the cp35 promoter
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was shown to support transcription, and further, this was strongly enhanced by the 

addition of prolactin-treated cropsac extract (Xu and Horseman, 1992). Electrophoretic 

mobility shift assays were then performed to show that nuclear proteins bound 

specifically within the promoter. One of these proteins was shown to bind in a 

prolactin-inducible manner to sequences 30bp upstream of the transcription start site. 

Although the exact identity of these proteins is unknown, it can only be a matter of time 

before they are isolated and characterized. However, it was shown that one of the 

proteins which bind to the promoter in response to prolactin is a member of the ST AT 

family of transcription factors. Deletion studies on a reporter gene construct should 

determine whether this represents a functional interaction in-vivo.

Studies on the annexin V promoter

Annexin V distribution has been extensively studied and a clear pattern is immediately 

apparent. Annexin V is widely represented in mammalian tissue types, and can be 

found abundantly in organs as diverse as skeletal muscle, heart, liver and spleen 

(Kaetzel et al, 1989). This suggests that the protein is encoded by a so-called 

“housekeeping gene”, i.e. one that is expressing the protein in a broad range of tissues 

in a manner not obviously under external regulation (inferring that the protein may play 

an essential role). However, under closer analysis, a more complex pattern emerges. 

Several studies suggest that expression of annexin V is strongly affected by the 

growth/differentiation state of the cell. For example, in rat pheochromocytoma PC 12 

cells, annexin V levels are enhanced in the presence of nerve growth factor (NGF), 

which induces the cells to differentiate towards a neuronal phenotype (Schlaepfer and 

Haigler, 1990). Also, in chick embryos, expression of annexin V in cartilage drops 

before the onset of differentiation (Hofmann et al, 1992). These studies strongly 

suggest that whereas annexin V may be widely expressed, there is still some level of 

control on expression of the gene. Analysis of the promoter explained how this could 

occur.
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The human and chicken annexin V genes have been cloned and were shown to be under 

the control of a single promoter. This has a high GC ratio, and lacks a CAAT and 

TATA box, suggesting that this is responsible for the broad expression pattern of the 

protein. Initial studies on the rat annexin V gene, showed a promoter upstream of the 

first exon. This had no CAAT or TATA box, but had a number of sites for 

“housekeeping” transcription factors such as SPl and API. However, a closer analysis 

showed that the gene has a previously unidentified exon upstream. These two exons are 

referred to as lA  and IB. The newly discovered exon is downstream of another 

promoter, very different from the first. This has a clearly identified TATA box, and a 

putative glucocorticoid response element. This suggests that under normal 

circumstances, annexin V levels are maintained at a constant level by the TATA-less 

promoter. In certain tissues, increased annexin V expression can be achieved by 

activation of the second promoter containing the TATA box. This is consistent with the 

finding that annexin V secretion is increased in differentiated U937 cells in the presence 

of glucocorticoids (Solito et al, 1991). Although the two promoters are upstream of two 

different exons ( lA  and IB), the translation start site is located in exon 2, so identical 

proteins are produced.

1.8 The biology of annexin I

Discovery and cloning of annexin I

Although annexin VII (synexin) was discovered in 1978, it was not until the following 

year that evidence arose suggesting the existence of annexin I. Studies showed that 

when a perfused guinea-pig lung was treated with the synthetic steroid hormone 

dexamethasone, a soluble factor was released into the perfusate (Flower and 

Blackwell, 1979). When this was applied to a fresh lung, in which de-novo protein 

synthesis was inhibited by cycloheximide, the production of thromboxane A  ̂was
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strongly inhibited. A factor with similar properties was then shown to be released 

from dexamethasone-treated rat leucocytes (Camuccio et al, 1980). At this stage, the 

identity of the factor, and even whether or not it was a protein, was unknown.

In an attempt to purify the inhibitory factor (termed macrocortin), guinea-pig lungs and 

rat peritoneal leucocytes were treated with dexamethasone and the released proteins 

resolved by column chromatography on sepharose beads (Blackwell et al, 1980). 

Fractions were assayed for the ability to inhibit prostaglandin generation from 

untreated lungs or leucocytes. The active fractions from both sources had an apparent 

molecular mass of approximately 15 kD, and were shown to undergo degradation in 

response to trypsin, strongly supporting the idea that macrocortin was a protein. 

Further, it was found that the macrocortin-mediated inhibition of prostaglandin release 

could be overcome by the addition of free arachidonic acid. This shows that 

macrocortin inhibited at the level of arachidonate release, rather than further 

downstream in the pathway. Purification of macrocortin from steroid-treated rabbit 

neutrophils showed the apparent molecular mass to be around 40kD, rather than the 

15kD originally reported, suggesting that in the original study, some proteolysis may 

have occurred (Hirata et al, 1980). Human annexin I cDNA was cloned in 1986 using 

sequence data from tryptic fragments of purified rat annexin 1 (Wallner et al, 1986). 

The cDNA encodes a protein with a molecular mass of approximately 35 kD, 

containing one putative site for glycosylation and no known signal for secretion. 

Expression of the cDNA in E. coli produced functional annexin 1, possessing strong 

phospholipase-inhibitory properties.

Phosphorylation of Annexin I in response to Epidermal Growth Factor.

Annexin 1 was first shown to be a substrate for the EGF receptor tyrosine kinase by 

Cohen and Fava (1985). They found that a 35 kD protein undergoes reversible, 

calcium-dependent binding in-vitro to the membrane of A431 cells, and in-vivo is
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strongly phosphorylated on tyrosine in response to EGF. The identity of the protein 

awaited the cloning and expression of recombinant annexin I, when it was shown that 

the two proteins produce identical cyanogen-bromide cleavage patterns and that the site 

of tyrosine phosphorylation lies near the N terminus (Pepinsky and Sinclair, 1986). It 

was later shown that the phosphorylated tyrosine is at position 21 (Schlaepfer and 

Haigler, 1987).

Annexin I binds to the EGF receptor with extremely high affinity: half maximal 

phosphorylation occurring at around 50nM annexin I. The calcium level required for 

phosphorylation is equivalent to that required for annexin I to associate with the 

membrane (around 30|iM). This suggests that the role of calcium may be to promote 

membrane binding, where annexin I can interact with the EGF receptor. This is 

supported by replacing calcium with manganese, which also triggers annexin I 

membrane binding, allowing phosphorylation to occur.

The actual role of phosphorylation is unknown but there are a number of possibilities. 

The time course of phosphorylation is comparable to that of internalisation of the EGF- 

EGF receptor complex. The finding that annexin I phosphorylation occurs in the multi- 

vesicular body suggests that the protein may play a role in EGF-receptor internalisation 

(Futter et al, 1993). Phosphorylation may be a signal leading to degradation of annexin 

I, since phosphorylation on Tyr-21 renders the protein approximately 20 times more 

sensitive to N-terminal proteolysis (Ando et al, 1989a). However, since proteolysis is 

accompanied by an increased calcium-sensitivity for phospholipid-binding, 

phosphorylation may alter annexin I membrane binding dynamics. It is also true that 

annexin I is present in a range of cells, a number of which show no response to EGF. 

Therefore, it must be assumed that annexin I may have a number of roles, not all of 

which are dependent on phosphorylation of Tyr-21.
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Phosphorylation of annexin I by Protein Kinase C

Purified annexin I has been shown to be a high affinity substrate for protein kinase C 

(PKC) in-vitro (Khanna et al, 1986, and Schlaepfer et al, 1988). By subjecting 

phosphorylated annexin I to amino-acid sequence analysis, Schlaepfer and Haigler 

showed that the major sites for PKC phosphorylation are Thr-24, Ser-27 and Ser-28 

each of which are phosphorylated to approximately the same extent. This was 

supported by the finding that annexin I undergoes significant phosphorylation in intact 

bovine chromaffin cells in response to phorbol ester (Michener et al, 1986).

The function of PKC-mediated annexin I phosphorylation is unknown. Sequence 

analysis of the annexin I gene from a number of species shows that a PKC 

phosphorylation site is a common feature, although all three residues may not be 

essential for annexin I function. For example, in rodents, only Ser-27 has been 

conserved (Haigler et al, 1992), whereas in bovine and porcine annexin I, Ser-27 has 

been replaced by glycine (Glenney et al, 1987). It has also been shown that annexin V 

may inhibit PKC-mediated annexin I phosphorylation, suggesting a level of cross-talk 

between the annexins (Schlaepfer et al, 1992). However, treatment of A431 cells with 

phorbol ester fails to elicit detectable annexin I phosphorylation (William et al, 1989), 

while annexin I encoded by the pigeon anxlcp35 gene completely lacks any site for 

phosphorylation by PKC (Horseman et al, 1992). This suggests that rather than being 

a ubiquitous regulatory mechanism, PKC-mediated phosphorylation of annexin I may 

be cell- and tissue-specific.

Other post-translational modifications

As already stated, annexin I is susceptible to N-terminal proteolysis. The function of 

proteolysis is unknown, although it is known to increase the calcium-sensitivity of the
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protein. The finding that annexin I is more susceptible to proteolysis when 

phosphorylated suggests that this may be a form of regulating the activity of annexin I 

in-vivo. This is supported by the discovery that A431 cells contain a calcium-activated 

endogenous protease which cleaves annexin I, but not annexin II, although the exact 

identity of this protein is unknown (Chuah and Fallen, 1989).

Annexin I has also been shown to be a substrate for the enzyme tissue 

transglutaminase (Ando et al, 1989b). This enzyme catalyses the N-terminal cross- 

linking of annexin I molecules (on glutamine-18), leading to proteins with molecular
Q
o  weights of up to 160. Although this was first observed in A431 cells, cross linking of 

annexin I has also been reported in human placenta (Pepinsky et al, 1989), and may be 

more widespread. The purpose of this modification is unclear, however, crosslinking 

does produce a significant reduction in the calcium requirement for annexin I to 

associate with the plasma membrane, suggesting that it may play a role in modulating 

annexin I activity.

Treatment of the human squamous carcinoma cell line SqCC/Y 1 with tritiated glucose 

or tritiated mannose leads to the labeling of annexin I, suggesting that the protein may 

be glycosylated (Goulet et al, 1992). This is supported by the finding that annexin I 

can bind to concanavalin A which recognizes sugar residues. However, treatment of 

annexin I with sugar-cleaving enzymes failed to produce any significant decrease in the 

molecular mass of the protein. This suggests that the proposed glycosylation was an 

experimental artifact, or that an extremely small proportion of the total annexin I 

undergoes glycosylation.
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Annexin I and steroid hormones

Annexin I was initially discovered as a steroid-inducible protein (Flower and 

Blackwood, 1979). A number of studies have since been performed on the role of 

steroids in annexin I biology. In this section, these studies will be discussed, in 

particular the question of whether annexin I is truly steroid-inducible.

Annexin I steroid-inducibility

As already discussed, the promoters for both the rat and human annexin I genes have 

been sequenced. Both genes contain putative glucocorticoid response elements (GRE), 

although they are in different positions (both putative GREs are in the first intron 

rather than the promoter). This suggests that the annexin I gene may be directly 

induced in response to glucocorticoids, although this may be in a cell- and tissue- 

specific manner. This would be consistent with the putative anti-inflammatory role of 

annexin I, since steroid hormones are one of the most effective anti-inflammatory 

treatments.

Studies on rat peritoneal leucocytes showed that upon an intraperitoneal injection of 

dexamethasone, a rapid induction of annexin I protein levels occurs, reaching a 

maximum at 2 hours (Peers et al, 1993). Increases are seen in both secreted and 

intracellular levels of annexin I, and the effect is prevented by the glucocorticoid 

receptor antagonist RU486. Further, it was shown that injection of inflammatory 

agents such as paraffin oil into the peritoneum also leads to increased annexin I levels, 

even in adrenalectomised rats, which were incapable of producing endogenous 

corticosteroids. This suggests that a steroid-dependent and independent pathway may 

exist for annexin I induction.
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The effects of glucocorticoids on annexin I protein levels in rat primary astrocytes has 

been investigated (McLeod and Bolton, 1995). In these cells, annexin I levels were 

found to be strongly dependent on the growth state of the cells. When cells were plated 

without medium change for three days, application of dexamethasone had no 

discernible effect on annexin I expression. However, if the steroid was applied within 

24 hours of a change in medium, a significant induction of annexin I was seen. This 

suggests that the overall level of “cell activity” has a pronounced effect on annexin I 

levels, cells which had reached a state of quiescence being less sensitive to 

dexamethasone. It was also found that as well as causing an increase in the level of 

intracellular annexin I, dexamethasone also induces an increase in the amount of 

protein associated with the interior of the cell membrane. However, no change was 

observed in the level of annexin I secreted into the medium in response to 

dexamethasone as compared with control cells. This is in contrast to the study of 

Ahluwalia et al, (1994) who showed that levels of extracellular annexin I are increased 

when rat skin is treated with the synthetic steroid betamethasone.

Synthetic steroid hormones are commonly used in the treatment of inflammatory lung 

disorders such as asthma and interstitial lung disease. While studying the effects of 

these compounds on alveolar macrophages. De Caterina et al, (1993) observed that 

levels of annexin I protein are substantially increased in patients receiving therapeutic 

steroids. Interestingly, annexin I levels were found to be unchanged in blood 

leukocytes (the cellular precursor of tissue macrophages). This suggests that cellular 

differentiation may be an important prerequisite for induction of annexin I levels in a 

number of cell types. This is confirmed by a studies on the human monocytic cell line 

U-937, which can be differentiated to a macrophage-like phenotype in the presence of 

phorbol-esters. Dexamethasone has no effect on levels of annexin I mRNA and protein 

in undifferentiated cells. During differentiation, annexin I levels increase steadily over 

24 hours (Solito et al, 1991). Once cells are fully differentiated, application of
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dexamethasone causes an increase in annexin I mRNA and protein levels up to 16 

hours post-application.

While the above work suggests that glucocorticoids are able to increase annexin I 

protein levels, a number of other studies show that this is not the case in all cell types. 

Treatment of human endothelial cells with dexamethasone for up to 15 hours was 

shown to have no effect on annexin I protein levels as judged by western blotting and 

-methionine labeling of treated cells. However, no attempt was made to analyze 

annexin I mRNA levels in this study. Also, and in contrast to the work of McLeod and 

Bolton, another study on the effects of dexamethasone on cultured rat astrocytes 

indicated that no increase in annexin I levels were elicited by the steroid (Gebicke- 

Haerter et al, 1991). It was also shown that whereas freshly prepared astrocytes 

contained little annexin I, during culture levels increase substantially. This suggests 

that either the act of cell dissociation induces increased annexin I production, or that 

the cells themselves are secreting growth factors into the medium.

What the above studies show is that the effect of dexamethasone on annexin I levels 

may be a highly cell specific process, depending both on the growth state of the cell, 

as well as the state of differentiation. It can therefore be difficult to compare studies 

using different cell types, or indeed comparing primary cells with transformed cell 

lines.

Dexamethasone and annexin I localisation

While dexamethasone has been shown to increase annexin I protein levels, other 

studies suggest that glucocorticoids may alter the subcellular localisation of the protein. 

Annexin I was shown to be secreted from peritoneal leucocytes extracted from rats 

treated with dexamethasone (Comera and Russo-Marie, 1995). This study also 

showed secretion of annexin I from human monocytes in response to annexin I.
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Further, it was found that annexin I secretion from both of these cell types was 

inhibited by ammonium chloride or reduced temperature, but not by inhibitors of the 

classical ER/Golgi secretion pathway (such as Brefeldin A). This is consistent with the 

absence of any known secretory signal in the annexin I sequence. The mechanism of 

annexin I secretion is unknown, but may involve a previously uncharacterized 

pathway.

Annexin I and inflammation

Central to the process of inflammation is the generation of lipid-derived, pro- 

inflammatory molecules including prostaglandins, leukotrienes and 

hydroxyeicosatetraenoic acids (HETEs). These are synthesized from membrane- 

derived lipids, specifically those containing arachidonic acid. This involves a specific 

class of enzymes: the phospholipases Aj. Several classes of PLAj enzymes have been 

discovered, and have been assigned into groups based on structure, distribution and 

proposed evolutionary origin (Glaser et al, 1993). Enzymes assigned to groups I, II 

and III are small (14kD) and operate extracellularly. Groups I and III enzymes have 

been found in pancreatic secretion as well as snake and bee venom. Group II includes 

enzymes found in human synovial fluid and mammalian platelets. Since these enzymes 

are found in major inflammatory regions, they are proposed to play a significant role in 

inflammation. Group IV contains a PLAj which shows no homology with any of the 

other groups, and is also considerably larger (85kD). This has been shown to have a 

strictly intracellular location, as well as a different phospholipid-specificity to the other 

PLAj groups. The 85kD PLA 2  is widely assumed to play a critical role in 

inflammation.

Group IIPLA 2  was initially purified from rheumatic synovial fluid (Vadas et al,

1985). The protein contains a 20 residue secretion signal sequence and is stabilized by 

seven disulphide bridges, allowing operation in the extracellular environment. Since its
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initial discovery, group II PLA^ has been found in a number of locations, especially 

those associated with inflammation, for example, platelets (Kramer et al, 1989) and 

neutrophils (Lanni et al, 1983). The group II PLAj enzymes require millimolar calcium 

in order for full activity (Hara et al, 1989) and show no specificity towards 

phospholipid substrates. This suggests that to be of significance in inflammation,

PLA2  must randomly hydrolyze membrane phospholipids, a proportion of which will 

contain arachidonic acid in the sn-2 position.

Group IV PLAj (also called cytosolic, or cPLAj) was purified from the human 

monocytic cell line U937 (Clark et al, 1990) and has since been found in virtually 

every tissue examined, including human platelets and neutrophils (Takayama et al,

1991 and Ramesha and Ives, 1993), as well as epithelial cells and fibroblasts (Hoeck 

et al, 1993 and Lin et al, 1992). cPLA^requires micromolar calcium levels for full 

activity and specifically cleaves arachidonate-containing phospholipids (Clark et al, 

1990), suggesting that this enzyme may be critical for generation of inflammatory- 

mediators. Initially, it was assumed that cPLA^ hydrolyses phospholipids located in 

the plasma membrane. However, confocal imaging on rat basophilic leukaemia cells 

shows that upon ionophore/ IgE-stimulation, cPLA^ translocates from the cytosol to 

the nucleus (Glover et al, 1995), and also possibly the endoplasmic reticulum, 

suggesting that hydrolysis may occur at these sites rather than the plasma membrane.

The first work implicating annexin I in the regulation of PLA^ was performed by 

Hirata et al, (1983), who showed that increasing concentrations of annexin I inhibited 

the hydrolysis of labelled phosphatidylcholine by pancreatic PLA2 . This was also seen 

with snake- and bee-venom PLA 2 . From this work, it was suggested that annexin I 

may play a role as an inhibitor of inflammation. This seemed to tie-in with the 

proposed steroid-inducibility of annexin I. It was then shown that injection of annexin 

I into rat paw could significantly reduce the carrageenin-induced inflammatory 

response (Cirino et al, 1989). However, the role of annexin I in anti-inflammation was
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In recent studies, it was shown that in permeabilised HL60 cells, annexin V inhibits 
cytosolic phospholipase (Mira et al, 1997). The mechanism of this inhibition is 
unknown but may involve substrate-sequestration. This would argue against annexin I 
playing a specific role in inhibiting cPLA^.



called into question by studies showing that in the presence of excess phospholipid, 

annexin I shows no inhibitory effects on PLAj purified from rat platelets (Aarsman et 

al, 1987) and macrophages (Davidson et al, 1990). This led to the hypothesis that 

annexin I inhibits PLAj indirectly, by binding to calcium and phospholipid, which are 

the substrates of PLA^. This “substrate sequestration” model was supported by work 

in which interactions between annexin I and PLA^ were assessed by analytical 

ultracentrifugation and shown to be insignificant (Ahn et al, 1988). This suggests that 

although annexin I may inhibit PLA^ in-vitro, at limiting substrate concentrations, it is 

unlikely to play a physiological role. It has since been found that annexin I inhibits 

platelet phospholipase C, and this is abolished in the presence of excess substrate, 

providing further evidence against a specific PLA^-inhibitory role (Machoczek et al, 

1989).

The above work focused on the effects of annexin I on the low molecular weight 

PLA^s, which play a poorly defined role in inflammation. However, subsequent work 

has led to the discovery of the unrelated cPLAj. Although the effects of annexin I on 

CPLA2  have not been extensively investigated, one study suggests that annexin I may 

form a direct interaction (Kim et al, 1994). Using cPLAj extracted from porcine 

spleen, it was found that activity was inhibited by annexin I even in the presence of 

excess substrate. If this is the case, then it does raise the possibility that annexin I may 

play a role in modulating the inflammatory process. However, this is still one of the 

most controversial aspects of annexin biology.

1.9 The biology of annexin VI

Cloning and sequencing of mouse and human annexin VI revealed that, unlike all other 

annexins discovered to date, annexin VI contains eight repeats of the annexin core 

domain (Crompton et al, 1988 and Moss et al, 1988). When analysed by SDS-PAGE,
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annexin VI appears as a doublet, reflecting the finding that two different splice forms 

exist (one lacking six amino acids in the seventh repeat) (Crompton et al, 1988).

Studies on the localisation of annexin VI showed that the protein is expressed at high 

levels in muscle tissue (Smith et al, 1986), In skeletal muscle, the protein is associated 

with individual | myotubes around the sarcoplasmic reticulum (Hazarika et al, 1991). 

It was then shown that annexin VI has pronounced effects on the sarcoplasmic 

ryanodine-sensitive calcium-release channel (Diaz-Munoz et al, 1990). When the 

channel is inserted into artificial membranes, exogenously-added annexin VI increased 

the mean open-time of the channel by 50x. This was dependent on the presence of free 

calcium. This suggests that annexin VI may play a role in regulating muscle- 

contractility. This was confirmed by mouse-transgenic studies in which annexin VI 

was over-expressed specifically in the heart (under the control of the a-myosin heavy 

chain promoter) (Gunteski-Hamblin et al, 1996). Mice showed enlarged hearts and 

acute cardiac and pulmonary fibrosis. Cardiomyocytes also showed reduced rates of 

contraction and relaxation compared with controls. This was consistent with altered 

cellular calcium dynamics: not only was the level of intracellular free calcium lower 

than in controls, but the rise in calcium upon depolarization was significantly reduced. 

This suggests that annexin VI may play a role in the regulation of cellular calcium 

homeostasis.

Other studies have implicated annexin VI in cell growth and tumorigenesis. 

Transfection of A431 cells (which do not express annexin VI) with an annexin VI 

expression construct alters the growth dynamics of these cells (Theobald et al, 1994). 

Transfected cells were shown to grow significantly more slowly than wild-type cells. 

This was more pronounced under low-serum conditions. It was then found that when 

injected into nude mice, annexin Vl-expressing A431 cells formed tumours more 

slowly than did wild-type cells (Theobald et al, 1995). This strongly suggests that 

annexin VI plays some role in the control of cell growth. This is consistent with the
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finding that annexin VI is post-translationally modified in a cell cycle-dependent 

manner, with the greatest degree of modification occurring at mitosis (Moss et al, 

1992b). The nature of the modification is not well understood, but is thought to 

involve phosphorylation at the C-terminal cysteine. Further evidence that annexin VI 

may play a role in tumorigenesis was the finding that annexin VI expression is 

decreased and even lost in melanomas during the progression from a benign to a 

malignant phenotype (Francia et al, 1996). Whether this will be found in other 

cancerous models remains to be seen.

Annexin VI localisation studies may provide more clues on the function of the protein. 

Immunostaining using an anti-annexin VI polyclonal antibody revealed that the protein 

is frequently seen in secretory cells, for example the epithelia of salivary and sweat 

glands (Clark et al, 1991). Further, it was shown that although annexin VI is strongly 

expressed in mammary gland ductal epithelia, the protein is effectively switched-off at 

the onset of lactation. This led to the hypothesis that annexin VI somehow inhibits 

secretion, and is down regulated in response to prolactin. Although this is still 

hypothetical, it could be a focus for future work on annexin VI in-vivo, particularly 

once annexin VI knock-out mice have been generated.

A great deal of evidence has accumulated regarding the function of the annexin protein 

family in cellular physiology. However, to date, little work has focused on the 

regulation of the annexin genes. The purpose of this project was to gain a greater 

understanding of the gene regulation of two of the annexin group: annexins I and VI. 

In particular it was hoped that a greater insight could be gained into the proposed link 

between annexin I and steroid hormones.
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Chapter 2 

MATERIALS AND METHODS

2.1 Cell lines and culture conditions.

A431 : Human squamous carcinoma (epithelial cells)

HeLa: Human cervical carcinoma (fibroblast cells)

Jurkat (J6); Human T cell leukaemia lymphoblasts 

Daudi: Human B lymphoblastoid

HL60: Human promyelocytic leukaemia

Adherent cells were grown in 90mm plastic dishes, suspension cells in 175cm^ flasks. 

Tissue-culture media was supplemented with penicillin (42U/ml), streptomycin 

(42jig/ml), fungizone (2.2pg/ml) and glutamine (l.VmM). A431 and HeLa cells were 

grown in Dulbecco's Modified Eagle Medium (DMEM), containing 10% foetal calf 

serum (PCS). Jurkat and HL60 cells were grown in RPMI, with 5% PCS. Daudi cells 

were grown in RPMI with 10% PCS. Cells were maintained in humidified incubators, 

with 5% CO 2 . Cells were frozen in 90% PCS, with 10% dimethyl sulphoxide, and 

stored in liquid nitrogen. All media and supplements were from Gibco.

Medium was changed at least every second day. Adherent cells were always maintained 

in a subconfluent state, and suspension cells were never allowed to exceed 5x10^ cells 

per ml of medium.
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2.2 Extraction of total cellular protein

Cells to be lysed were first washed in ice-cold phosphate-buffered saline (PBS) (lOmM 

sodium phosphate pH7.4, 147 mM NaCl). An appropriate volume of lysis buffer 

(lOmM Tris-HCl pH 7.4, 150 mM NaCl, 1% sodium dodecyl sulphate, 0,5 mM 

phenylmethylsulphonylfluoride (PMSF) and IpM of the small peptide inhibitors 

chymostatin, leupeptin and pepstatin) was added. Viscous samples were sheared by 

passage through a fme-gauge needle. Protein concentrations were determined using the 

Bio-Rad detergent-compatible protein assay kit, which is based on the Lowry method 

of protein quantitation. Samples were analysed at 750 nm on a Pharmacia Ultrospec II 

spectrophotometer. Standard protein concentrations were prepared using bovine serum 

albumin, fraction V (Sigma).

2.3 Polyacrylamide gel electrophoresis

For SDS-polyacrylamide gel electrophoresis, protein extract was mixed with an equal 

volume of 2x sample buffer (0.125 M Tris pH 6.8, 10% v/v glycerol, 4% w/v SDS, 

0.0001% bromophenol blue. 0.04 g/ml dithiothreitol (DTT)), and boiled for 10 minutes 

before loading. Proteins were loaded onto a discontinuous sodium dodecyl sulphate 

polyacrylamide gel (Laemmli, 1970). The acrylamide:bisacrylamide ratio was 30:0.8% 

(w/v) (Protogel, National Diagnostics). The concentration of acrylamide was 10% in 

the resolving gel and 4% in the stacking gel. Gels were run at 4°C, at 50 volts, using 

apparatus Model 400 by Hoefer Scientific Instruments. Pre-stained molecular weight 

markers were from Gibco, New England Biolabs or BioRad.
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2.4 Western Blotting

Proteins were transferred from the polyacrylamide gel onto PVDF membrane 

(Immobilon P, Millipore) using the BioRad Electroblot Transfer Apparatus. Transfer 

was performed at 4°C in blotting buffer (39mM glycine, 48 mM Tris, 20% methanol), 

at 0.4 Amps overnight. The membrane was then blocked for one hour in PBS 

containing 0.05% Tween-20 (PBS-T), and 5% defatted skimmed milk.

2.5 Immunoblotting

Membranes were treated with primary antibodies in PBS-T, overnight at 4°C. After the 

primary incubation, unbound antibody was removed by three fifteen-minute washes in 

PBS-T, before application of the secondary antibody. The following antibodies were 

used:

Anti-annexin I polyclonal, raised against human denatured placental annexin I. Used at 

1:5,000 dilution (Futter et al, 1993).

Anti-annexin VI polyclonal, raised against human placental annexin VI. Used at 1:500 

dilution (Dubois et al, 1995).

Goat anti-rabbit IgG (alkaline phosphatase conjugated), Promega. Used at 1:10000 

dilution.

Membranes were again washed 3x in PBS-T to remove unbound secondary antibody. 

Substrate was added (a mix of 5-bromo-4-chloro-3-indolyl-l-phosphate and nitro blue 

tétrazolium, Promega). Once bands were visualized, the substrate was removed by 

washing.
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2.6 Large and small scale preparation of plasmids.

Plasmid-containing bacteria were grown in Terrific Broth (Gibco), containing an 

appropriate antibiotic (either ampicillin or kanamycin at lOjig/ml). For small scale 

preparation of DNA, 5ml of bacterial culture was used, whereas for a large scale 

preparation, 500ml was grown. Plasmid DNA was prepared by alkaline lysis according 

to Sambrook et a l , (1989). For large scale preparation, plasmids were further purified 

by double CsCl-ethidium bromide centrifugation at 60,000 rpm in a Beckman 

ultracentrifuge. Quantification of nucleic acid solutions was carried out by reading the 

optical density at 260nm (lOD unit = 50pg/ml DNA).

2.7 Construction of plasmids

Restriction enzymes were obtained from New England Biolabs and were used 

according to the manufacturer’s instructions with the appropriate buffer. Digestion 

products were resolved on 1% agarose gels in Ix TAB buffer (40mM Tris-acetate pH 

7.5, ImM BDTA pHS). Vector was then further digested with 5U shrimp alkaline 

phosphatase (Boehringer Mannheim) for 1 hour at 37°C, to prevent self-ligation. After 

staining with ethidium bromide, the DNA was visualised under long-wave ultraviolet 

light (to minimize DNA damage). Bands of interest were excised using a scalpel, and 

placed into dialysis tubing. These were immersed in Ix TAB and the DNA electroeluted 

from the gel, before being precipitated using 100% ethanol. Relative DNA levels (insert 

to vector) were roughly quantified by spotting a range of dilutions of DNA/ethidium 

bromide onto Saran-Wrap and visualising under short wave ultraviolet light. The 

optimum molar ratio of insert to vector was generally 10:1. Ligation was performed 

using the Rapid Ligation Kit (Boehringer Mannheim) for 5 minutes at room 

temperature. Ligation product was then transformed into competent B. coli (INVcxF', 

Invitrogen) according to manufacturer’s instmctions. Cells were then plated onto L-agar 

(Gibco) containing the appropriate antibiotic and incubated overnight at 37°C. Colonies
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were picked and the plasmid analysed for those containing the required insert. 

Orientation of insert was determined by restriction analysis. In a number of cases, when 

the distribution of restriction sites within the insert did not facilitate direct ligation, it 

was necessary to blunt-end the DNA. This was performed on 5' overhangs using the 

Kienow fragment of DNA polymerase (New England Biolabs) plus added nucleotides, 

according to the manufacturer’s instructions.

2.8 Sequencing of nucleic acids.

After construction, plasmids were sequenced using the Sequenase® Version 2 

sequencing kit (Amersham), or in the case of GC-rich DNA, using the Cyclist® Exo- 

Pfu sequencing kit (Stratagene). In both cases, the DNA was labelled using P^S]-a 

dATP (lOOOCi/mmol, Dupont NEN). Primers were either specific for vectors and 

therefore supplied by the manufacturer, or were ordered from Gibco BRL. Bands were 

resolved on a 6% polyacrylamide gel containing 8.3M urea (Sequagel®, National 

Diagnostics), run at 40 W. After fixing for 10 minutes in 10% methanol, 10% acetic 

acid, gels were dried for 1 hour at 80°C. Bands were visualised using a Fuji 

Phosphorimager and analysed using Fuji MacBas® software.

2.9 RNA extraction and Northern Blotting

Cells were rinsed twice with ice-cold PBS and then extracted directly into guanidinium 

thiocyanate-phenol-chloroform according to Chomcyzmski et al, (1987). After 

precipitation in 100% ethanol, the pellet was rinsed in 70% ethanol and then 

resuspended in water treated with diethylpyrocarbonate (0.1% v:v). The concentration 

of RNA was determined by measuring the optical density at 260nm (1 CD unit = 

40pg/ml RNA). The integrity of the RNA was assessed by running a small sample on a 

non-denaturing agarose gel, followed by staining with ethidium bromide and 

visualisation of the ribosomal RNA bands.
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For Northern blotting, RNA samples were denatured in loading mix (50% formamide, 

11% formaldehyde, 0 .0IM phosphate buffer pH 6.0). (0.5M phosphate buffer 

contained 85g of Na^HPO^ and 47.7g of NaHjPOJ. After heating to 70°C, samples 

were placed on ice and then mixed with 1/4 volume of PB-FDE (O.IM BDTA, 0.3 g/ml 

Ficoll, 0.5 mg/ml bromophenol blue, 0.0IM phosphate buffer pH 6.0). Samples were 

then run on a 1% agarose gel containing 6.4% (v/v) formaldehyde and lOmM 

phosphate buffer pH 6.0. Gels were run for two hours and then washed extensively in 

water to remove the formaldehyde.

RNA was blotted onto Hybond-N® nylon membrane (Amersham) by capillary transfer. 

The gel was placed onto a sheet of Whatman 3MM paper, the ends of which were 

suspended in lOx SSC buffer (1.5M NaCl, 0.15M sodium citrate pH 7). The 

membrane was layered onto the gel and then covered with several sheets of Whatman 

3MM paper followed by layers of paper towels. A 500g weight was placed over this 

and the set-up was left overnight for the RNA to transfer from the gel onto the 

membrane. After drying, the RNA was crosslinked to the membrane by exposure to 

ultraviolet light (302nm) for 10 seconds.

2.10 Labelling of probes and hybridization conditions

Restriction digestion was used to excise cDNA from parent plasmids. After gel 

purification, labelling was performed using a random priming kit (Gibco), with 50pCi 

of a[^^P]-dCTP. Labelled probe was then separated from unincorporated nucleotide 

using the Nuctrap® kit (Stratagene).

The RNA-1 inked membrane was prehybridised for two hours in the following solution: 

50% formamide, 4x SSC, Ix Denhardt's solution, 250 pg/ml salmon sperm DNA,

0.1% SDS, 10% dextran sulphate (Denhardt's solution contained 5g Bovine serum 

albumin fraction 5, 5g Ficoll type 400 and 5g polyvinylpyrollidine in 500ml water).
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Prehybridisation was carried out at 40°C with rotation. The labelled cDNA was 

denatured by boiling for 5 minutes and was then added to the membrane in the 

hybridisation solution. Hybridisation was performed at 40°C overnight. The membrane 

was then washed in IxSSC, 0.1% SDS at 40°C for 15 minutes and then washed again 

in fresh solution at 50°C for 30 minutes. Bands were detected using a Fuji 

Phosphorimager, and analysed using Fuji MacBas® software.

Membranes were stripped of probe by incubating in 50% formamide, 2xSSPE (20x 

SSPE contains 175.3g NaCl and 88.2g NaH^PO^ per litre of water) at 60°C for 1 hour 

and then rinsed in O.lx SSPE.

2.11 Transfection of eukaryotic cells

1. Lipofectin. Lipofectin® (Gibco) is a mixture of cationic and neutral lipids that coats 

DNA forming a complex which allows entry into eukaryotic cells. This was used on 

A431 and HeLa cells in six-well dishes, at a density of 5x10^ cells per well. 7.5 pi

of lipofectin and 2pg of DNA were used per well. The transfection solution was left on 

the cells overnight.

2. Calcium phosphate precipitation. This was performed using the BES-method 

(Sambrook et al, 1989) in which the calcium phosphate DNA complex is allowed to 

form slowly over the cells in conditions of low pH (2-4). This method was used on 

A431 and HeLa cells.

3. Electroporation. Jurkat cells were transfected by electroporation, using a GenePulser 

II electroporator (BioRad). 1x10^ cells were harvested per transfection, spun at 1200 

rpm for 5 minutes at room temperature and washed once in electroporation buffer 

(0.2M HEPES pH 7.4, 0.14M sodium chloride, 0.15M potassium chloride, 7x10 ^̂ M 

Na2 HPO^, 6x10  ̂M glucose). Cells were then resuspended in 10ml electroporation
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buffer and respun, before being resuspended in 250pl electroporation buffer per 

transfection. 25pg of DNA was added and the cells were transferred to 4mm 

electroporation cuvettes (BioRad). Electroporation was performed at 400V, 125jiF and 

infinity Ohms. Cells were allowed to recover for 5 minutes at room temperature and 

then transferred into 10ml complete growth medium.

2.12 Measurement of luciferase activity

Transfected cells were lysed into an appropriate volume of Promega Ix reporter lysis 

buffer (125mM bicine buffer pH 7.6, 0.25% Tween-20, 0.25% Tween-80). After 15 

mins, cells were vortexed and then unbroken cells and nuclei were removed by 

centrifugation at 15,000 rpm for 2 mins in a minifuge. Luciferase activity was measured 

using the Promega Luciferase assay kit in conjunction with a Packard Tricarb® liquid 

scintillation counter (setting: count time=lmin; single photon counting; no reference; no 

background subtraction; coincidence off; all channels open). 20 pi of cell extract was 

mixed with 100 pi of luciferase substrate in a scintillation vial before being introduced 

into the chamber of the scintillation counter. Care was taken to ensure that time from 

mixing to measurement remained as constant as reasonably possible (however, the light 

output produced from the reaction, using this kit, is sustained over several minutes, so 

errors caused by variability in timing should be minimal). Initial test experiments were 

performed using purified beetle luciferase (Sigma) to determine the linear range of the 

counter. From then on, samples were diluted so that light output always fell within this 

range.

2.13 Normalisation of transfection efficiency

(3-galactosidase activity was determined by incubating cell extract with an equal volume 

of substrate buffer containing 200mM sodium phosphate buffer pH 7.3, 2mM MgCl2 ,

42



lOOmM p-mercaptoethanol, 1.33 mg/ml o-nitrophenyl-p-D-pyranogalactoside. 

Reactions were incubated at 37°C for 1 hour. Optical density was measured at 420 nm. 

Dot-blotting was performed as follows: 200pl cell extract was treated with 1 pi of 

RNase A (lOmg/ml) for 1 hour at 37°C. 1 pi of proteinase K (lOmg/ml) was added and 

the reaction allowed to proceed for a further hour. Samples were then extracted with an 

equal volume of phenol/chloroform (1:1) and then re-extracted with chloroform. After 

boiling for 5 mins, samples were spotted onto Hybond-N® (Amersham), which had 

been wetted with lOx SSC. This was carried out using a Hybridot vacuum manifold 

(BRL) in which the wells had been filled with 20xSSC prior to loading. Samples were 

drawn onto the membrane by applying a vacuum. The membrane was allowed to dry 

and then DNA was cross linked by 10s exposure to u.v. (302 nm). The membrane was 

then hybridised as described earlier (section 2.10), using a luciferase cDNA labelled 

with a[^^P]-dCTP. Intensity of spots was determined by phosphorimagery.

2.14 cDNA synthesis

cDNA was synthesised using the Stratascript® RT-PCR kit (Stratagene), according to 

the manufacturer’s instructions. lOpg of total RNA was used for each reaction.

2.15 Polymerase chain reaction

PGR was performed using the Expand® High Fidelity PGR kit (Boehringer Mannheim) 

using concentrations of nucleotide, primer and template as recommended by the 

manufacturer. Oligonucleotide primers were purchased from Gibco BRL. Nucleotide 

solutions were purchased from Boehringer Mannheim. PGR reaction tubes were from 

Perkin Elmer. Since the calculated melting temperature of the primers was usually 

within the range 60-65°G, the following cycling conditions were routinely used:

Step 1: 94°G for 2 min Dénaturation
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Step 2: 94°C for 15 sec Dénaturation

55°C for 30 sec Annealing

72°C for 1 min Elongation

10 cycles

Step 3: 94°C for 15 sec Dénaturation

55°C for 30 sec Annealing

72°C for 1 min Elongation

30 cycles, extending each elongation by 20 seconds per cycle.

Step 4: 72°C for 7 min

The reactions were performed using a Perkin Elmer DNA thermal cycler. Products were 

analysed on a 1% agarose gel to determine that the PCR was successful. All PCR 

products were sequenced to determine that no mutations had been introduced.

2.16 Electrophoretic mobility shift assays

Nuclear proteins were extracted as follows: 1x10^ cells were washed once in ice-cold 

PBS and then pelleted at 1200 rpm for 5 mins, before being resuspended in the 

following buffer: lOmM HEPES pH 7.9, lOmM potassium chloride, ImM 

dithiothreitol, ImM  EDTA, ImM EGTA, 0.2% Nonidet P-40, IpM of the small peptide 

inhibitors chymostatin, leupeptin and pepstatin, ImM sodium orthovanadate, ImM p- 

glycerophosphate 20mM sodium fluoride. Cells were incubated for 15 mins on ice, 

vortexed for 10 secs and then pelleted for 30 secs. The supernatant was removed and 

the pellet resuspended in the following buffer: 20mM HEPES pH7.9, 25% glycerol, 

420mM sodium chloride, ImM EDTA, ImM EGTA, ImM dithiothreitol, 20mM 

sodium fluoride, IpM of chymostatin, leupeptin and pepstatin, ImM sodium 

orthovanadate, ImM p-glycerophospate. Samples were incubated on ice for 20 mins
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and then pelleted for 2 mins. The nuclear proteins were contained in the supernatant and 

were either used immediately or frozen at -70°C.

Complimentary oligonucleotide pairs covering regions of interest were ordered from 

Gibco and redissolved at 2pmol/jil in STE buffer (lOmM Tris pH8, ImM BDTA, 100 

mM NaCl). These were annealed by mixing the oligonucleotides in equimolar quantity 

in STE, heating to 75°C, and then slowly cooling to room temperature. These were then 

end-labelled, using y[^^P]-ATP (3000 Ci/mmole, NEN) and T4 polynucleotide kinase 

(Promega) as per the manufacturer’s instructions.

Probes were mixed with nuclear proteins in the following order: 9 pi 2x binding buffer 

(8% Ficoll, 2mM magnesium chloride, 40mM HEPES pH 7.9, 2mM dithiothreitol,

lOOmM sodium chloride); 2 pi poly-deoxcytidine/deoxyinosine (0.5 mg/ml. Sigma);

2pl nuclear extract; 4 pi water. If unlabelled competitor oligonucleotide was included 

then this was added at 50 fold excess over the labelled oligonucleotide. Samples were 

mixed and incubated at room temperature for 10 mins. 1 pi of labelled probe was then 

added and the incubation extended for a further 20 mins. Products were then resolved 

on a 4% non-denaturing polyacrylamide gel containing 0.25x Tris-borate-EDTA buffer 

(5x buffer contains 54g Tris base, 27.5g orthoboric acid and lOOmM EDTA pH 8.0 in 

water). Wet gels were wrapped in Saran Wrap and radioactive bands were detected 

using a Fuji phosphorimager.
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2.17 Oligonucleotide sequences

The following oligonucleotides were used for the generation of the annexin I and VI 

promoter constructs (all denoted 5’-3’):

Primers flanking the annexin I promoter:

Forward GCTCTAGATGTGGTTCCAACTCTTAGGGAGAGAC

Reverse GCTCTAGACTGATATTTGTAACTAAGTAGACC

Primers for generating 5’ truncations of the annexin I promoter:

AnxI-1 TAAAACAGGTTCAGAAAA

AnxI-2 CTACAAAAGTGTGCCAA

AnxI-3 TAATGCCAGTTGAATTGG

AnxI-4 CAAGTCTCCACTGCCAGT

AnxI-5 CTGCTTCTACAGGATTTA

Reverse CTGATATTTGTAACTAAGT

Primers for generating 5’ truncations of the annexin VI promoter:

AnxVI-1 ACTCCATTCCAGCCACAC
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AnxVI-2 CTGGGGACAATAATTCT

AnxVl-3 GGGCTCTCCTCCTGAAG

AnxVI-4 GTCAGGAGCCTGACTTCT

AnxVI-5 GCTAGAGGGGTGGGGTGG

AnxVI-6 TCGGAGCCCACGGCTGT

Reverse CTCGAGGACGCAGCGCTG

The following oligonucleotides were used in gel-shift analysis (all denoted 5’-3’):

SP l CTAGAGGGGTGGGGTG

GATCTCCCCACCCCAC

IS GAGGAGGGAGGCGGCG

CTCCTCCCTCCGCCGC

ETS 1 CGCCGGATTGGCCTCT

GCGGCCTAACCGGAGA

LHR CTCCCTCCCACTCACTC

GAGGGAGGGTGAGTGAG
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RHR TCCAGCCACACTGGCCCCCCTGCTG

AGGTCGGTGTGACCGGGGGGACGAC

LHR, 2R CCCTCCCACTCACTCCA

GGGAGGGTGAGTGAGGT

LHR, 4R CTCCCACTCACTCCATT

GAGGGTGAGTGAGGTAA

LHR, 6R CCCACTCACTCCATT

GGGTGAGTGAGGTAA

LHR, 7R CCACTCACTCCATT

GGTGAGTGAGGTAA

LHR, 8R CACTCACTCCATTCCAG

GTGAGTGAGGTAAGGTC

LHR, 12R CACTCCATTCCAGCC

GTGAGGTAAGGTCGG

LHR, IL  CTCCCTCCCACTCACT

GAGGGAGGGTGAGTGA

LHR, 2L CTCTCCCTCCCACTCAC

GAGAGGGAGGGTGAGTG
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LHR, 4L TCCTCTCCCTCCCACTC 

AGGAGAGGGAGGGTGAG

MAZ-1 COMP GGGAGGGGAGGG

CCCTCCCCTCCC

The following primers were used for generation of IL-4 cDNA:

Forward: TTCTCCTGATAAACTAATTGCCTCA

Reverse: CCTGTAAGGTGATATCGCACTTGTGTCCGTGGACAAA

2.18 Details of nucleic acid databases

Nucleotide sequences were entered into the transcription-factor database Transfac 

Matinspector V 2.1®, which was accessed from the following internet homepage: 

http://transfac.gbf.de/cgi-bin/matSearch/matsearch.pl. Matrix and core similarities were 

set at 0.9. General regions of homology were determined using the BLAST® search 

program which was accessed from the following internet homepage: 

http://www.ncbi.nlm.nih.gov/BLAST/.

2.19 Immunofluorescent localisation studies

Cells were fixed and permeabilised in 100% methanol for 10 mins at -20°C before being 

washed twice in ice-cold phosphate-buffered saline (PBS). The polyclonal antibody 

raised to denatured human placental annexin I was then applied at a 1/500 dilution in 

PBS. Control cells received PBS with no antibody. Cells were incubated at 37°C in a 

humidified incubator for one hour. After two more washes with PBS, the secondary

49

http://transfac.gbf.de/cgi-bin/matSearch/matsearch.pl
http://www.ncbi.nlm.nih.gov/BLAST/


antibody (fluorescein isothiocyanate-conjugated anti rabbit) was applied at a dilution of 

1/500 in PBS. Cells were returned to the incubator for a further hour and then washed 

again in PBS, before mounting onto microscope slides. The mounting solution 

contained 90 % glycerol, 10% PBS, and 0.1 % n-propylgallate as an antifading agent. 

Cells were viewed using a standard Zeiss epifluorescence system (FTl'C filter) coupled 

to a 400/600 CCD. Images were analysed using the computer program Lucida.

2.20 Determination of cell viability

Cells were treated with agonist and samples taken at increasing time points. The cell 
number was determined using a haemocytometer. The number of viable cells was 
determined by exclusion of the vital dye. Trypan Blue. The number of viable cells is 
expressed as a percantage of the total number of cells counted. The experiment was 

repeated with at least three separate samples of cells.

50



Chapter 3

Analysis of annexin expression and response to steroid-hormones

3.1 Expression of annexin proteins in cultured mammalian cell lines

Since annexin I was discovered, the protein has been inextricably linked to the 

mechanism of action of steroid hormones. The early work of Flower et al (1980), 

suggested that annexin I is synthesised in response to the steroid analogue 

dexamethasone when the compound is applied to a perfused guinea-pig lung. 

Subsequent work has yielded conflicting results. As discussed in the introduction (see 

section 1.8), steroid hormones and analogues have been shown to either increase, or 

have no effect on, the level of annexin I in cultured cells, as well as influencing both the 

location of annexin I and its release from cells.

Although members of the annexin protein family are expressed in virtually every tissue 

and cell line studied, the distribution of any particular family member is generally more 

restricted. In this study, as well as investigating annexin I, annexin VI expression was 

also examined, to provide a more comparative assessment of annexin distribution. Total 

cellular protein was extracted from the following cell lines, all of which are of human 

origin: A431, HeLa, Daudi and Jurkat. Cells were harvested during exponential 

growth, since annexin expression has been shown to be influenced by cellular growth 

state (Schlaepfer and Haigler, 1992). Proteins were extracted into 0.1% SDS and 

quantified. Equal amounts (20pg) of total protein were then resolved by SDS 

polyacrylamide gel electrophoresis. Proteins were immunoblotted and probed with 

antibodies for annexin I and annexin V I . The results are shown in figure 3.1.

51



MW A431 HeLa Daudi Jurkat

-

MW A431 HeLa Daudi Jurkat

68kD

35kD

Fig 3.1. Expression of annexin I and VI protein in cu ltu red  
hum an cell lines. 20jig of whole cell lysate from epithelial 
(A431), fib rob last (HeLa), B lym phoblast (Daudi) and T 
lym phoblast (Ju rk a t) cells was resolved by SDS-PAGE, 
electroblotted  onto PVDF m em brane and probed with 
polyclonal antibodies for annexins I and VI.

This experiment was repeated at least three times. The gel shows a representative result. 

Annexin I was shown to be expressed in A431, Daudi and Jurkat cells, although not in

HeLa. A lthough other groups have reported that annexin I is expressed in H eLa cells

(V. Gerke, personal communication), it is likely that clonal variation exists between

different subtypes of this cell line, which has been cultured for a num ber o f decades.

Annexin VI expression was seen in Daudi, HeLa and Jurkat cells, although not in

A431. The absence of annexin VI in A431 cells is consistent with previous reports

(Smythe et al, 1994). In cell lines expressing either annexin I or annexin VI, it can be

seen that annexin expression levels varied between the cell lines.

3.2 The effect of dexam ethasone on annexin I and VI expression

Since levels of annexin I have been proposed to vary in response to steroid horm ones 

and steroid analogues, it was decided to investigate this phenomenon. The synthetic 

steroid analogue dexam ethasone (9a-Fluoro-16a-m ethyl-l Ip, 17a,21-trihydroxy-1,4- 

pregnadiene-3,20 dione) was used in these studies. This is a w ater-soluble com pound.
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which has been shown to bind to and activate the glucocorticoid receptor, either 

enhancing or repressing transcription from steroid-sensitive genes.

(i) Western blotting

Cells were given fresh medium 24 hours prior to the experiment to minimise the 

possible modulatory effects of growth medium components in foetal calf serum. At time 

zero, dexamethasone in ethanol was added to the cells to a final concentration of IpM, 

which has previously been shown to be effective at inducing steroid-responsive genes 

(Suh et al, 1996). In order to achieve this concentration, the dexamethasone was diluted 

lOOOx, such that the final concentration of ethanol never exceeded 0.1%, minimising 

effects on cell viability. However, since dexamethasone is known to induce apoptosis in 

some cell types, cell viability was monitored at each time point by exclusion of the vital 

dye Trypan Blue. Viability was always in excess of 90%.

At two hourly intervals after the addition of dexamethasone, cells were washed once 

with phosphate-buffered saline (PBS). Proteins were then extracted into 0.1% SDS and 

quantified. Equal amounts of total protein were then resolved using SDS-PAGE and 

electroblotted as described previously (legend to fig. 3.1). Blots were probed with 

antibodies for annexin I and annexin VI depending on the cell-line under study. The 

results are shown in figure 3.2.§
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Fig , 3.2. The effect of dexam ethasone on expression levels of 
annexin I and VI protein. A431 (A), HeLa (B) and J u rk a t (C+D) 
cells were treated with IgM  dexam ethasone for the tim e periods 
indicated  before being harvested and resolved by SDS-PAGE.
A fter electroblotting, m em branes were probed with polyclonal 

antibodies raised to hum an annexins I or VI.

This experiment was repeated at least three times. The gel shows a representative result.
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These results show that at the protein level, dexamethasone has no obvious effect on the 

amount of annexin I or VI in the three cell lines investigated. However, it is possible 

that any effects of dexamethasone on the levels of these proteins may occur over a more 

prolonged tim e period than the duration of this experiment (8h). In order to address 

this, the experim ent was repeated, taking proteins samples at 0, 12 and 24 hours. The 

results of this experim ent are shown in fig 3.3

Time in Dexamethasone (h)

MW 0 12 24 MW 0 12 24

^-------  35kD

A431 Ju rk a t

Fig. 3.3. Effects of dexam ethasone on annexin I protein  levels 
over an extended time period. A431 and Ju rk a t cells w ere treated  
with IpM  dexam ethasone for the time periods indicated. Cells 
were harvested  and resolved by SDS-PAGE, electroblotted onto 
PVDF m em brane, and probed with polyclonal antibody for hum an 
annexin I.

This experiment was repeated at least three times. The gel shows a representative result. 

This confirms the previous result and shows that the levels of annexin I are unaltered by

dexamethasone up to 24h after application. However, protein levels may be influenced

by factors other than gene activity, for example differences in protein stability or

turnover. Therefore, measurem ent of protein levels may not be a true reflection of the

activity of a particular gene and monitoring mRNA levels provides a more realistic

assessment of gene activity.

55



(ii) Northern blotting

The human and rat annexin I promoters have been cloned and sequenced (Kovacic et al, 

1991). By comparing the sequence with consensus sites for known transcription 

factors, putative glucocorticoid-response elements (GRE) were identified in both genes. 

Although in different positions, the GRE in both genes was located within the first 

intron. The presence of a putative GRE suggests that the annexin I promoters may be 

inducible by steroid hormones, in which case Northern Blotting may be used to observe 

changes in the level of mRNA. In this case, A431 and HeLa cells were treated with 

dexamethasone for a total of 8 hours, and total cellular RNA was extracted at the 

appropriate time points, using the method of Chomcyzymski et al, (1987). The RNA 

was resolved by formaldehyde gel electrophoresis, blotted onto nylon membrane and 

probed with cDNA for human annexin I or VI. The results are shown in figure 3.4.
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Fig. 3.4. Effect of dexamethasone on annexin I and VI mRNA 
levels. A431 cells (A) and HeLa cells (B) were treated  with IjiM  
dexam ethasone for the indicated periods and then lysed into 
guan id in ium  isothiocyanate/acid phenol. 20 îg of total RNA was 
then resolved on a form aldehyde gel, transferred  to Hybond-N 
m em brane and probed with ^"P labeled cDNA for either hum an 
annexin I or VI. The ethidiiim -stained gels illustrate com parable 
RNA loadings, judged  by the intensity of ribosom al bands.

This experiment was repeated at least three times. The gel shows a representative result.

This result shows that annexin I and VI mRNA levels are unaffected by 

dexam ethasone, up to 8 hours after addition of the compound. This shows that 

transcription of the annexin I and VI genes is not glucocorticoid-sensitive in the cell 

lines studied.
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3.3 The effect of dexamethasone on annexin I secretion.

The early work of Flower et al, (1980), suggested that annexin I synthesis and 

secretion were up-regulated in the guinea-pig lung in response to dexamethasone. Since 

then, other work has shown that annexin I secretion in cultured cell lines may also be 

increased in response to steroids. To test this, it was decided to study annexin I

secretion in A431 cells which express abundant levels of the protein. 5x10^ cells were

seeded into 6 well tissue culture dishes. IpM dexamethasone was then added at 

intervals of two hours for a total of 8 hours. The medium was removed and centrifuged 

for 10 mins at 13,000 g to remove detached cells and cellular debris. The medium was 

then treated with two volumes of ice-cold acetone for 10 minutes to precipitate total 

protein. This was pelleted by a further spin for 30 seconds. The pellet was resuspended 

in 2x SDS sample buffer and the total protein quantified. Cells remaining in the 6 well 

dishes were lysed directly into 2x SDS sample buffer and the protein content quantified.

30 p-g of protein from each sample was then resolved on an SDS polyacrylamide gel

(containing 10% acrylamide in the resolving gel). After electroblotting, the membrane

was blocked in PBS containing 0.05%-Tween 20 + 5% defatted milk protein, and

probed with antibody for annexin I. The results are shown in fig 3.5.

Time in Dexamethasone (h)

MW 0 2 4 6 8 MW 0 2 4 6 8

35kD

Cells Supernatant

F ig. 3.5. Annexin I secretion in response to dexamethasone.
Cells were treated with 1 pM dexamethasone for the time periods 
indicated. Cells were then lysed into SDS. Proteins in the 
medium were then precipitated with acetone, then dissolved in 
SDS. Proteins were resolved by SDS-PAGE and probed with 
antibody for human annexin I.

This experiment was repeated at least three times. The gel shows a representative result.
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This result shows that annexin I is not secreted from A431 cells to any detectable 

extent. Further, secretion is not stimulated by treatment with dexamethasone, even up to 

8 hours.

3.4 The effect of dexamethasone on annexin I localisation

It has been suggested that the intracellular localisation of annexin I may be influenced 

by steroid hormones. Experiments were performed to determine the location of annexin 

I in A431 cells. Cells were seeded onto coverslips at a density of approximately IxKF 

cells per coverslip. After being allowed to settle overnight, cells were 

immunofluorescently-labelled for annexin I. The results are shown in figure 3.6.
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Fig . 3.6. Ininuinofluorescent labeling of annexin I in A431 cells. 
Cells were fixed and perm eabilised in m ethanol, then labeled 
with polyclonal antibody to hum an annexin 1. A fter washing, 
cells w ere incubated with FITC-conjugated an ti-rabb it polyclonal 
an tibody , then washed, and visualised under u ltraviolet light 
coupled to a FITC  filter. A, B, C, and D represent different 
regions of the sam e coverslip. The m agnification was 50X.

In A431 cells, annexin I shows intense staining. Control cells produced no staining (not 

shown). Cells could be broadly divided into two populations.

1. Those showing annexin 1 localisation at the cell membrane. This is illustrated in 

sections A and B of figure 3.6. The staining appears strongest in regions in which cells
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are in contact, but can also be seen at the membrane of isolated cells (indicated by the 

arrow-head in part B).

2. Those showing annexin I in a predominantly cytosolic location. This is illustrated in 

sections C and D of figure 3.6. In these cells, annexin I does not show a strong 

membrane localisation, but rather is distributed throughout the cytosol. Some annexin I 

may also be localised within the nucleus. However, as these are not confocal images, it 

is not possible to conclude with any certainty that annexin I has a nuclear localisation.

These two different localisations were observed within the same cell population, in cells 

which had not been stimulated. Based on these results, it was decided that any attempts 

to observe changes in sub-cellular localisation of annexin I in response to 

dexamethasone would have been uninformative. Therefore this experiment was not 

attempted.
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C hapter 4

In-vivo  analysis of the annexin I and VI prom oters

4.1 P rinciples of p rom oter analysis

The work described in the previous chapter shows that in a range of cell lines, both 

annexin I and VI are unresponsive to dexamethasone, both at the protein and mRNA 

levels. This contradicts previously published work (Flower et al, 1979 and Solito et al, 

1991). In an effort to resolve the question of annexin steroid-inducibility, it was 

decided to analyse the activity of the annexin I and VI promoters directly, in-vivo. A  

number o f systems have been developed which allow the direct analysis of promoter 

activity in-vivo. The most widely used systems couple the promoter of interest to a 

reporter gene, the product of which can be assayed quickly and quantitatively, with a 

high degree of sensitivity. The most reliable systems use as reporters, genes not 

normally present or active in mammalian cells, thereby eliminating possible problems of 

background activity.

Essentially, the DNA sequence containing the promoter of interest is cloned into a 

plasmid adjacent to, and upstream o f the reporter gene. W hen transfected into 

appropriate cells, the activity of the promoter drives the production of the reporter gene 

mRNA, which is then translated into the corresponding protein. Once reporter gene 

expression reaches a steady state (which varies for each reporter), the cells can be lysed 

and the level of the protein assayed, as a measure of the degree of promoter activity.

For a num ber of years, the m ost popular system was based on the bacterial gene 

chloramphenicol acetyl transferase (CAT), which catalyses the transfer of an acetyl 

group from acetyl-coenzyme A to the antibiotic chloramphenicol (the basis o f bacterial 

chloramphenicol resistance). By using radiolabelled chloramphenicol, the reaction can 

be followed by scintillation counting, giving a measure of promoter activity.
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The main drawbacks of the CAT system are the relative lack of sensitivity (which can 

be a problem with weak promoters and with poorly-transfecting cells), and potentially 

high background. For these reasons, other reporter systems were developed. These are 

generally luminescent-based, allowing a high degree of sensitivity. The most popular 

couple the promoter of interest to the firefly luciferase gene. Since this gene has no 

mammalian homologues, background levels of luciferase are generally insignificant.

The luciferase assay is based on the ability of the luciferase protein to hydrolyse the 

compound luciferin. This reaction leads to the quantitative production of light, which is 

a sensitive measure of the level of luciferase protein. The half-life of luciferase protein 

in mammalian cells is approximately three hours. This rapid turnover means that activity 

reaches a maximum quickly and is highly sensitive to changes in promoter activity. 

Throughout this study, luciferase activity was determined in a scintillation counter using 

the Promega Luciferase Assay kit. Full details of this are included in the materials and 

methods (section 2.12).

4.2 Subcloning of the annexin I and VI promoters

The term promoter generally refers to any cis-acting regulatory sequence, controlling 

expression of a specific gene. However, it is virtually impossible to say unequivocally 

where a given promoter begins and ends. For example, regulatory sequences are often 

present within a gene (for example within an intron). The word promoter will be used 

in this thesis to indicate regulatory elements operating near the transcriptional start site 

although it must be bom in mind that other regulatory elements may well exist which 

may be a significant distance from the beginning of the gene of interest.

The 880bp annexin I promoter was kindly provided by Dr. Françoise Russo-Marie. 

This sequence extends from 5’ to the transcription start site, through the first (non

coding) exon, into the first intron. This is important since the putative glucocorticoid 

response element identified by Kovacic et al (1991) is contained within the first intron.
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The sequence contains putative CAAT and TA TA boxes. A schematic illustration of this 

prom oter is shown in figure 4.1.

GRE 
(+237 +252)

-610 -77 -31 4-60 INTRON 1 4-270

_ i  4
CAAT ' '------ TATA

F ig. 4.1. Schematic illustration of the hum an annexin I prom oter. 
N um bering is relative to the transcrip tion  s ta rt site. GRE indicates 
the position of the putative annexin I glucocorticoid response 
e lem en t.

The human annexin VI gene has previously been cloned and sequenced in this 

laboratory (Smith et al, 1994). As part of that study, a cosmid clone was isolated 

containing sequence extending from  the 5 ’ region of the gene, into exon 1. This was 

partially sequenced, allowing the authors to identify potential CAAT and TATA boxes.

Both the annexin I and VI promoters were subcloned into the luciferase vector pGL3 

Basic (Promega). This vector (illustrated in figure 4.2), contains the luciferase gene 

downstream  of a polylinker for the insertion of potential regulatory elements. The 

luciferase gene has also been modified to optimise expression in mammalian cells (for 

example by removing a peroxisomal-targetting sequence to ensure cytosolic 

localisation). Since the annexin I promoter contained no convenient restriction sites for 

subcloning, PCR was performed to insert flanking Xho 1 sites. After sequencing to 

confirm  fidelity, the promoter was ligated into Xho 1-cut pGL3 Basic. The annexin VI 

prom oter was directly excised from the cosmid clone by Xho I digestion, followed by 

ligation into the Xho I-cut vector.
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Cloning
site

E. coli 
origin pGL3 basic 

4.8 kb Luciferase
Ampicillin
resistance

SV40
late 

poly A

Fig 4.2. Schematic illustration of the vector pGL3 basic, showing 
the approximate positions of the luciferase gene relative to the 
resistance gene, the bacterial replicative origin and the 
polyadenylation signals.

The plasmids were purified by double caesium-chloride ethidium-bromide 

centrifugation and stored at -20°C prior to use.

4.2 Sequence analysis of the annexin VI promoter

Although 600bp of the annexin VI promoter had been sequenced (Smith et al, 1994), it 

was necessary to fully sequence the whole constmct. This then allows the identification 

of motifs which may represent potential binding-sites for transcription factors. Initial 

sequencing attempts using the T7 polymerase-based Sequenase system were only 

partially successful. Numerous compressions were seen to occur, in which it is 

impossible to unambiguously assign bases. This may reflect the fact that promoters 

frequently contain a higher level of G:C base-pairs than coding DNA. In order to 

overcome this problem, sequencing was performed using a PCR-based system, as 

described in the materials and methods (section 2.8).
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Transcription factors regulate gene activity by binding to specific promoter sequences 

which either induce or repress transcription. A large number of these factors have been 

identified and characterised. Each factor has been shown to bind to a specific consensus 

sequence motif, allowing a high degree of promoter specificity. Although it is not 

possible to state with certainty that a particular transcription factor will bind to a site 

based purely on sequence, it is possible to search a sequence and identify regions which 

show some homology with the consensus for a particular transcription factor, thereby 

identifying POTENTIAL binding sites. A number of search programs exist which scan 

sequences for consensus sites. One of the most comprehensive is the database Transfac 

Matinspector V2.1. Details of this program are described in the materials and methods 

(section 2.18). Entering the sequence for the human annexin VI promoter identified a 

number of potential transcription factor binding sites. The full sequence of the annexin 

VI upstream region used in this study as well as the positions of the putative 

transcription factor binding-sites are shown in figure 4.3 and Figure 4.4
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GTTGACTCAGAGTAAAAGACAGCGTGCCTTCAAGGGCCCCGGAGGTCCCACCT
- 7 37

GATTGGGTCCCTCTTATCTCTCCTCTCCCTCCCACTCACTCCATTCCAGCCAC
-6 8 4

ACTGGCCCCCCTGCTGATCCTCGGAGGCGCCAGGTGGCCTCCTGCTAGGAGCA
- 6 3 1

TTTGCTCCAGCAGTTTCCTCTGCCTGGAACACTTTCCGCAGGTATCTGTCCAA
______________ -5 7 8

TTCTTCTAACTTCCTCATCTTCTCCTTACCAATCdGGTGGGG;^AATAATTCT
MZF-1 -5 2 5

CAGTTTCTCTGTATCTCAGTTTATCAATTTTTCCTGTTCTAGCGCTGGATTAC
-4 7 2

AACTGCTGGTCTCCCTGCCTGTTCCCTGCTTCCCAGAGCACGAAGAAGCTTGC
-4 1 9

CTCCGCAACCCACTATTTGTGTGACCTTGGTCCAGGAACTGGACTGGGCTCTC
-3 6 6

CTCCTGAAAGTGGGTAAATAATGTCACCGACCTAATG|AGGGTGTO?qAGGCATG
C-MYB -3 1 3

GAATCTGATGAlGGGAGATAAAGTdcCCCTGGCAAACGTCAATTTTCTGTTTCT
GATA-1 -2 6 0

GAACAAAGCTTTGGCGACTTATAAGGATTTGGGGGGAAGTGTGAGAACGGGAG
_________________________ -2 0 7

TGAGGAGCGTGACTTGTAGGGGTGAAGGGCCGCGTGAhGTTGGCGAAAGGGGd
NF-1 -1 5 4

Q a a t c c t t g t g a g t c t c a g a t c c g g g g g c t g g a a a c t g a g g a g g t t c t c c c g g
-101

GAAGCCCCTCGGGCTAGTGACATTCTAAGATTCCAAGAGCTAAGGTAGCTAGA
-4 8

GGGGTGGGGdGGAGGAGGGAGGCGGCGdGGGGGATTG^CGTCTGCGCGCCACG
SP-1 C-ETS1 +6

TGTCCGGCTCGGAGCCCACGGCTGTCCTCCCGGTCCGCCCGCGCTGCGGTTGC
+ 59

TGCAGGGCTAACGGGCTCCGATCCAGCAGCGCTGCGTCCTCGAG
+93

Fig 4.3. Sequence of the human annexin VI promoter region used 
in this study. Numbering is relative to the transcription start site. 
Putative transcription factor binding-sites are indicated by 
shaded boxes. The putative CAAT and TATA boxes are 
underlined.
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Factor Position Function Reference

MZF-1 -542 Required for myeloid 
cell differentiation

Huietal  (1995)

c-MYB -328 Haematopoietic
differentiation

Melotti etal  (1996)

GATA-1 -301 Essential for blood 
cell maturation

Shivdasani e ta / (1997)

NF-1 -160 Activates numerous 
viral and cellular genes 
eg Mouse Mammary Tumour 
Virus promoter

Blomquist et al (1996)

SP1 -47
Activates numerous 
genes eg 
upregulates SV40 
early promoter

Dynan ef a /(1983)

c-ETS 1 -19 Reulates promoters 
(eg Tumour Necrosis 
Factor) in conjunction 
with AP-1

Kramer e ta / (1995)

F ig 4.4. Table describing the transcription factors which have 
putative binding sites within the human annexin VI promoter.

Generally, DNA sequences contained within coding regions of a gene are strongly 

conserved between different species, since wide divergence may lead to a loss of 

essential functions. It is relatively rare to find extended regions of sequence homology 

within non-coding parts of a gene, for example within an intron or a 5’ regulatory 

sequence. Despite this, it was decided to enter the annexin VI promoter sequence 

through a nucleic acid database to search for homologies with other DNA sequences. 

The program used was BLAST DNA SEARCH®. It should be pointed out that this
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homology search was performed in collaboration with Timothy Hawkins, Department 

of Physiology, University College London. Two regions of the promoter showed 

extended homology. At the 5’ of the promoter is a region showing significant similarity 

to part of the 3rd intron of the human and bovine interleukin-4 gene (as well as a 

number of other genes). This will be discussed extensively in chapter 5. At the 3’ of the 

annexin VI promoter is a region containing homology to the 5’ flanking regions of the 

gene for the human and chicken c-src proto-oncogene (as well as a number of other 

genes). A schematic illustration of the structure of the human annexin VI promoter is 

shown in figure 4.5. The 3’ homologous region is shown in fig 4.6.

Xho1

-790 -731
Bluescript
sequence

IL-4
homology

TATA ■ 
CAAT

-709 -567 ^

Î J 1
-178 -136

c-src 
homology 
(-47 -19)

Xhol

+102

Fig 4.5. Schematic illustration of the human annexin VI promoter. 
Numbering is relative to the transcription start site. Positions of 
the putative CAAT and TATA boxes were assigned by Smith et al, 
(1 9 9 4 ).

4.3 Relative activity of the annexin I and VI promoters.

Luciferase plasmids containing the annexin I or annexin VI promoter were transfected 

into the human cell lines A431 and HeLa using Lipofectin®. Transfection efficiency can 

vary significantly between samples. In order to correct for this, A431 cells were co

transfected with a plasmid constitutively expressing bacterial p-galactosidase.
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1

2  O A C lÂ l2C C C m A G A lÂGGGGTGl?VEl2GgGbEi2^GGGÂI-l3CGGCGCGGCGGATfcc E ^ G T G C T GGGGGM r5l2T G ^Ü G G Ü l 

O  3 GGGGniGGGGGGGGGlGGGGlAlGGGGlAAGAGGAGGGÂGGlGA5C G C G C kG TG fïbEG lA G G A G 5kT5:G G G A G kG A T5:TT

4 TGGGGiClAGAGGGiGlGlGGGGTGGGGTGG r i ^ G f ^ GGGGGGJThGGGGTGGGTGnPGf^GTGl^TnGTGfTr;Gr!c!Glrn]

5  GGTGGGGGlGlGGCiGlSlGlATEb^^TfrkEbEGlGEGGlGGGGGGGGGGGGGGAGG ^G lG gbg T O b AG A TA K G G G tG E G t g b

6

Fi^ 4 .6. Diagram showing the homologous sequence at the 3’ of the 
human annexin VI promoter. 1: human annexin VI promoter (-47 to -19); 
2: chicken c-src 5' region (55 to 114); 3: human c-src promoter (456-427); 
4: pseudorabies virus upstream sequence; 5: herpes simplex virus 
terminal repeat (8445-8485); 6: herpes simplex virus thymidine kinase 3' 
flanking region (315-272).



(P-gal) under the control of the SV40 promoter and enhancer. However, it was found 

that expression o f p-galactosidase in HeLa cells was too low to be detected. In this case, 

transfection efficiency was normalised by “dot-blotting” in which cell samples are 

spotted onto nylon m embrane and the amount of DNA in each sample is estimated by 

hybridisation to a radiolabelled probe. After twenty four hours, cells were lysed and 

total cellular protein extracted. The luciferase activity was measured in a scintillation 

counter, while p-gal activity was measured colorimetrically. The relative activity of the 

annexin I and VI promoters in these cells is shown in fig 4.7.

1 2 0 -1

10 0 -

8 0 -

6 0 -

4 0 -

2 0 -

A nx I

L
A nx V I A nx VI A nx I

A431 J

Fig 4.7. Relative activity of the prom oters for the hum an annexin 
I and VI genes. Each b a r represents the mean of six independent 
tran sfec tio n s  (± s.e.m .).

It is clear that in A431 cells, which do not express annexin VI, the activity of the 

annexin I promoter is significantly greater than that for annexin VI. However, this 

effect is reversed in HeLa cells, which do express annexin VI.
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4.4 Response of the annexin promoters to dexamethasone

The results of chapter 3 suggest that the annexin I and VI genes are unresponsive to 

dexamethasone. This was tested at the promoter level. A431 and HeLa cells were 

transfected as above and left for 24 hours. IjiM dexamethasone was applied and 

samples taken at 6 hours and 12 hours for luciferase analysis. In this experiment it was 

not appropriate to normalise for transfection efficiency using the p-gal plasmid since the 

SV40 promoter and enhancer may be responsive to externally applied agonists. 

Normalisation was performed by dot-blotting. The results are shown in figures 4.8 and 

4.9.
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Fig 4.8. Time course of annexin I promoter activity in response to 
IpM dexamethasone. Each point represents the mean of four 
independent transfections (± s.e.m.). Closed squares indicate the 
response in A431 cells, open circles indicate HeLa cells.
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F ig 4.9. Time course of annexin VI promoter activity in response 
to IjiM dexamethasone. Each point represents the mean of four 
independent transfections (± s.e.m.). Closed squares indicate the 
response in A431 cells, open circles indicate HeLa cells.

These results show that in these cells, neither annexin promoter is responsive to 

dexamethasone over the time-period studied. This is consistent with the results of 

chapter 3.

4.5 Truncation mutations of the annexin I promoter

Eukaryotic promoters are highly modular, different regions containing sequences which 

bind to different transcription factors, that induce or repress the gene. This may occur 

by transcription factors operating alone, or by interacting with other factors in the 

nucleus. In order to functionally define regions of the promoter, it is common to 

generate constructs in which specific regions are either mutated or completely deleted. 

By analysing how these changes affect the activity of the reporter gene, it is possible to 

gain insight into the relative importance of, for example, putative transcription factor 

binding sites. In this study, it was decided to generate a series of constructs based on 

the annexin I promoter in which the 5’ end is serially truncated. This was achieved by
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PCR using a comm on 3 ’ prim er (at the extreme 3 ’ of the promoter) coupled to 5 ’ 

primers within the main prom oter body. This created a series of nested deletions, 

tmncating the prom oter at approximately 150 bp intervals at the 5 ’ region. Each PCR 

product was sequenced and cloned into the pGL3 Basic vector for transfection and 

luciferase analysis. A431 and H eLa cells were again used in this study. The results are 

shown in figure 4.10. Luciferase activity (normalised by (3-gal/dot-blotting) was 

expressed relative to the full-length promoter (which was designated at 100%).

Luciferase (%) 
100 200

-610 

AxI.FU

0  T
-77 -31 GRE? +271

-454

AxLl[2 ]—ogg
-3ia_ 

Ax 1.2 }—TlüHI
-172

Ax 1.3

-13
A.x1.4[

+ 134

ML5
A431 

HeLa

Fig 4.10. Relative activity of the 5’ deletion m utations of the 
hum an annexin I prom oter. Each bar represents the m ean of six 
in d ependen t transfections (± s.e.m.). C and T denote the positions 
of the CAAT and TATA boxes respectively. The putative 
glucocorticoid response element is indicated by GRE.

Because the results differ between A431 and HeLa cells, it is difficult to draw definitive 

conclusions. It can be seen that the first truncation in HeLa cells produces a significant 

drop in activity, suggesting the presence of an enhancer. In A431 cells, truncation of 

the 5 ’ most 292bp triggers a sharp increase in activity. In contrast, in H eLa cells, this 

causes activity to decline. Only removal of 438 bp results in increased activity, 

suggesting that cell-specific repressive elements may be operating. Kovacic et al 

identified two exact repeats of a 22bp sequence within the promoter (between -266 and 

-200), showing no homology with known transcription factor binding sites. Truncation 

of this region (i.e. construct Ax 1,3) causes a sharp increase in activity in H eLa cells.
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suggesting repressive activity. Fig. 4.10 clearly shows that CAAT and TA TA  boxes are 

essential for promoter activity: This is important, since these motifs were assigned as 

CAAT and TATA boxes (Kovacic et al, 1991) based solely upon sequence. This result 

strongly suggests that these two boxes are functional units in-vivo and are essential for 

promoter activity. The possibility remains that regions further downstream may 

contribute to promoter activity, although this could only be established by analysing a 

series of nested 3 ’ deletions.

4.6 T runcation  m utations of the annexin VI prom oter

5’ nested deletions of the annexin VI promoter, also tmncated at approximately 150 bp 

intervals, were generated by PCR and ligated into the pGL3 Basic vector, prior to 

transfection into the same cell-lines as used for the annexin I promoter. The results are 

shown in fig 4.11.

Luciferase (%)
100

IL-4-790
C T

-274 -244n +102

I I I f—
-700

A x6J.[

-541
AÆ2

]—{M]

Gyc]
-371

Ax6.3r } —
-207

Ax6.4 ] 1 LUC I
-54

A xG .s j ] —I LUC I

A x 6 .6

“  “  —  A431

I» '4  HeLa

Fig 4.11. Relative activity of the 5 ’ deletion m utations of the 
hum an annexin VI prom oter. Each har represents the m ean of six 
independen t transfec tions (± s.e.m.). C and T denote the positions 
of the putative CAAT and TATA boxes respectively. The 5 ’ and 3 ’ 
IL-4 and c-src homologous regions are indicated hy shaded boxes.
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These results indicate a broadly similar pattern of activity between A431 and HeLa 

cells. It is seen that initially, truncation sharply reduces activity. This effect is most 

pronounced in A431 cells (reducing activity to 11% that of the full-length promoter), 

but is also apparent in HeLa cells. This suggests that a strong enhancer is being deleted. 

Removing all but the 54 bp 5’ to the transcription start site (construct Ax6,5) results in a 

marked increase in promoter activity. This region therefore defines the minimal annexin 

VI promoter. In HeLa cells, this fragment is more than twice as active as the full length 

promoter, whereas in A431 cells, the minimal promoter is more than 50% more active 

than the full length promoter. This indicates that promoter activity may be modulated by 

both a 5' enhancer and a 3’ repressor, in addition to other regulatory elements. What is 

also clear is that in the cell lines studied, removal of the putative CAAT and TATA 

boxes (construct Ax6,4) does not abolish promoter activity. This shows that these 

regions are not essential for the promoter to function in these cells. This result 

emphasises the importance of in-vivo promoter analysis when attempting to assign 

functionally important regions within DNA sequences. It is also seen that the minimally 

active promoter fragment contains the 3’ homologous region. Deletion of the 

transcription start site effectively abolishes promoter activity.

4.7 Gel-shift analysis of the annexin VI promoter

From the previous results, it is clear that the minimally active region of the annexin VI 

promoter is contained within the 54 bp immediately 5’ to the transcription start site. 

From the promoter sequence (fig. 4.3), two potential transcription factor binding-sites 

were assigned to this region: a putative SPl site at position -47, and a c-ETS site at -19. 

Either or both of these sites may interact with transcription factors, therefore it was 

decided to analyse protein-binding at these regions. This is achieved using the 

electrophoretic mobility shift assay, or gel-shift. Essentially, oligonucleotide duplexes 

are designed corresponding to putative sites for DNA-binding proteins. These are 

radioactively labeled and mixed with a crude preparation of nuclear proteins extracted
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from appropriate cells. The resulting complexes are resolved on a non-denaturing 

polyacrylamide gel and visualised by phosphorimagery. The preparation of nuclear 

proteins may contain complexes which bind non-specifically to any available DNA, 

irrespective of sequence. This is partially avoided by preincubation with the synthetic 

oligonucleotide poly dI:dC. Specific DNA-protein interactions are also identified by the 

use of unlabelled competitor oligonucleotide, which will have no effect on non-specific 

interactions. Three non-overlapping oligonucleotide duplexes were designed 

corresponding to the putative SPl site, the c-ETS 1 site and the intervening sequence 

(IS) (fig. 4.12). The following were used as specific and non-specific competitors (all 

applied at 5Ox the concentration of the labeled oligonucleotide).

Specific Non-specific

S P l unlabelled SPl unlabelled c-ETS 1

c-ETS 1 unlabelled c-ETS 1 unlabeled SPl

IS unlabelled IS unlabelled SPl

The results for this experiment are shown in figure 4.12 A. All three oligonucleotides 

contribute to the formation of two major DNA-protein complexes, shown by the arrow 

heads. Since this binding is seen for all three oligonucleotides and is unaffected by the 

use of specific competitor, these represent non-specific DNA-protein interactions (for 

example with histone proteins). No other gel-shifted complexes were observed using 

the ETS-1 site oligos. The central region (IS) yielded a potential DNA-protein complex, 

but this was effectively competed out by both the specific and non-specific 

oligonucleotides, and therefore does not represent a specific interaction. However, the 

SPl site oligo formed a complex which was almost completely depleted using the 

specific competitor, and which was unaffected by non-specific competitor. This is most 

likely to represent a meaningful interaction between the SPl consensus site oligo and a 

nuclear protein. However, it must be emphasised that although a nuclear protein is 

shown to bind, this does not prove that this is the transcription factor SP l. In order to
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prove this, an oligonucleotide corresponding to the SPl consensus sequence was used 

as a specific competitor.

5 ’ ATT CGA TCG GGG CGG GGC GAG C 3’

3 ’ TAA GOT AGO CGC GGC GGG GTG G 5’

The results shown in figure 4.12 B reveal that the SPl consensus oligonucleotide fully 

competes out binding at the putative site, confirming that the binding protein is SPl.
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Fig 4.12. Gelshift analysis on the annexin VI minimally active promoter. The sequences of the three oligonucleotide 

duplexes used are shown in the lower half of the figure. A) Analysis of SP l, IS and c-ETS sequences. NE=nuclear 

extract, comp=specific competitor, non-comp=non-specific competitor. B) Analysis of the SP l site using a consensus SP l 

oligonucleotide as a specific competitor.



Chapter 5

The annexin VI-IL4 homologous region

5.1 Sequence alignment of the annexin VI promoter

As discussed in chapter 4 the annexin VI promoter sequence was entered through the 

BLAST DNA search program which detects homologies with known sequences. Two 

areas of homology were detected. At the 3’ region of the promoter is a stretch with 

homology to a number of viral genomes (fig. 4.6). This contained the minimally active 

promoter and was not investigated further. The 5’ region of the promoter is 

homologous to a number of entries in the GENB ANK database. Most of these were 

either of insignificant length, or were unassigned elements of genomic sequencing 

projects. However, extended regions of homology were seen with regions of three 

different genes: the human and bovine interleukin-4 genes (reverse orientation within 

the third intron), the human nucleophosmin G2-6 gene (forward orientation within the 

promoter) and the human ERCC2 gene (reverse orientation within the promoter). This 

is illustrated in figure 5.1. There are two interesting aspects to this finding; firstly, the 

discovery of extended sequence homologies within multiple non-coding regions is rare 

and secondly, all of the human genes, with the exception of ERCC2 are located on 

chromosome 5q, within the so-called “cytokine gene cluster”. This strongly suggests 

that this homologous region (now referred to as the HR) may be functionally important, 

perhaps in the co-ordinate regulation of these genes. The position of the HR in the 

annexin VI gene, and its location within other genes indicated that this domain might be 

either an enhancer or silencer. This possibility was investigated further.
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B [CÏlAJCCCCTCACTCACTdTbATCCAGCCACACTGGCCTlTp!CTiAE^TCiiÏT]TFÏÏAKÂbRcÂbfeAAGTTAdTfï1 
C - - dCCCCTCACTntACTCAGATCCAGCCACACTGOGOCTgC fG lr lrGATÔTirTGAACACATGAAGTTAl------

- -C A 0 A

00
A  fïjcrad^TAGGAjgCATfï^CTdCÂGClAiGTTTCCTCTGCCTGGÂ̂ CAlCTlTfïtSGEÂlGiGT] @
B ^WrTTCblÂFllCCTAWGGCCTTTGCAlTRrOïlCCfïTOrfrcMCCTGGAATGlGfTd-frCCClllAGTTAGTlCB 
C -hTTTCTACCTTAGGGCCTTTGtrACAGCTGTTblCCTCTGCCTGGÀÂTClTlrcblïblGCAAGTTAGTiĜ  
D E3 bTGGGCdÂGGGCCTOldGGÂ] iCTGTtdîlAlGTCTGdŒlTGGAJTCAlCTGTteiĜ ClÂlCCCCAlîlAC
E -

Fig 5.1. Alignment of human annexin VI promoter sequence 
using BLAST sequence comparison program. A: Human 
annexin VI promoter (-712 to -567); B: Human IL-4 intron #3 
(7528 to 7394); C: Bovine IL-4 intron #3 (882 to 757); D: Human 
NG2-6 promoter (3436 to 3562); E: Human ERC C-2 promoter 
(13855 to 13743).



5.2 Subcloning of the annexin VI HR

The 126 bp HR was amplified by PCR, blunt-ended and ligated into the luciferase 

vector pGL3 Promoter (illustrated in figure 5.2).

Cloning 
site

i  SV40 
polyA f promoter

E. coli 
origin pGL3 promoter 

5 kb Luciferase
Ampicillin
resistance

SV40
late 

polyA

Fig 5.2. Schematic illustration of the luciferase reporter vector 
pGL3 promoter.

This plasmid contains the luciferase gene under the control of the early promoter of 

Simian Virus 40 (SV40), which drives expression in mammalian cells. Upstream of the 

promoter is a polylinker for the insertion of potential regulatory elements for example an 

enhancer. Insertion of functional DNA sequences may alter the activity of the SV40 

promoter either elevating or reducing the amount of luciferase produced. Since 

enhancers frequently operate in an orientation-independent manner, the HR was cloned 

in both the forward and reverse orientations with respect to the promoter. These 

constructs were then transfected into a range of human cell lines
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5.3 Activity of the HR-pGL3 promoter construct in human cells

pGL3 promoter containing the HR in both the forward and reverse orientations was 

transfected into A431 cells using lipofectin. The parent vector containing no insert was 

also transfected as a control. After 24 hours cells were washed in fresh medium, and 

after a further 24 hours, cells were lysed and luciferase activity measured. Variation in 

transfection efficiency was corrected by dot-blotting. The results of this experiment are 

shown in figure 5.3.

3 0 0 -

&

' >.5 2 0 0 -

3 100 -

pGL3
promoter

HR
forward

Fig 5.3. Transfection of the HR-containing constructs into A431 
cells. Each bar represents the mean of six independent 
transfections (± s.e.m.).Variations in transfection efficiency were 
corrected by dot-blotting. Activities are expressed relative to 
pGL3 promoter which is set at 100%.
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This shows that, when inserted in the forward direction, the HR enhanced luciferase 

activity by greater than 200%. In the reverse orientation, there was no effect. Since 

A431 cells do not express annexin VI, the activity of the HR constructs was also 

examined in HeLa cells. Cells were transfected using Lipofectin, and variations in 

transfection efficiency were normalised by dot-blotting. The results of this are shown in 

figure 5.4.
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800-
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pGL3
promoter

HR
forward

HR
reverse

Fig 5.4. Transfection of the HR-containing constructs into HeLa 
cells. Each bar represents the mean of six independent 
transfections (± s.e.m.).Variations in transfection efficiency were 
corrected by dot-blotting.

This result shows that in HeLa cells, which have been shown to express annexin VI 

(fig. 3.1), the presence of the HR significantly increases the extent to which the SV40 

promoter drives expression of the luciferase gene. In the forward orientation, 

expression is increased by greater than 300%, while in the reverse orientation this 

increase is nearly 900%. It is clear that in these cells, the HR may operate as an 

enhancer in both directions, but most effectively in the reverse orientation.
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Because of the close similarity between the annexin VI and IL-4 HR, and because IL-4 

expression is restricted to T-cells, it was decided that the HR should be examined in T- 

cells. EL-4 is normally expressed by activated primary T cells but these are refractory to 

transfection experiments. However, the transformed human T-cell line Jurkat also 

expresses IL-4 (Li-Weber, 1992). Therefore, the HR-containing constructs were 

transfected into Jurkat cells by electroporation. Transfection variation was normalised 

by dot-blotting. The results of this experiment are shown in figure 5.5.
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40-
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HR
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Fig 5.5. Transfection of the HR-containing constructs into Jurkat 
cells. Each bar represents the mean of four independent 
transfections (± s.e.m.).Variations in transfection efficiency were 
corrected by dot-blotting.

This result shows that in contrast to A431 and HeLa cells, in Jurkat cells the presence 

of the HR dramatically down-regulates the activity of the SV40 promoter. In the 

forward orientation the extent of repression is nearly 99% while in the reverse 

orientation it is over 90%.
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5.4 Activity of the HR in the distal site.

The previous experiments showed that when inserted adjacent to the SV40 promoter, 

the annexin VI HR can act as either a potent enhancer or silencer depending on the cell 

lineage under study. A defining feature of enhancers and silencers is that as well as 

being functional immediately adacent to a promoter, they are also active at greater 

distances, in some cases thousands of base-pairs from the promoter. The pGL3 

promoter vector is designed to assess this property of potential regulatory elements. As 

well as the polycloning site proximal to the promoter, a distal site exists approximately 

2kb downstream of the promoter (or 3kb upstream, since the plasmid is a closed circle). 

The annexin VI HR was excised from the pGL3 promoter vector with Mlu I and Bgl II, 

blunt-ended and ligated into the distal site of pGL3 promoter which had been cut with 

BamHl and blunt-ended. Again, clones containing the HR in both the forward and 

reverse orientation were selected and prepared for transfection. The structure of these 

constructs is illustrated in figure 5.6. The constructs were then transfected into A431 

cells as before (figure 5.7). It can be seen that in the distal site, the HR no longer shows 

enhancer activity, and now operates as a silencer. Activity of the SV40 promoter is 

reduced to 10% when the HR is in the forward orientation, and to 5% when in the 

reverse orientation.
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F ig 5.6. Schematic illustration of the luciferase reporter vector 
pGL3 promoter containing the HR sequence in the distal site, in 
either the forward or reverse direction.
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Fig 5.7. Transfection into A431 cells of the HR in the distal 
polycloning site. Bar represents the mean of six transfections (± 
s.e.m.). Transfection efficiency was corrected by dot-blotting.
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Transfection was then performed in HeLa cells (figure 5.8)

500 n

4 0 0 -

>

CJ
J

300-
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pGL3
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HR
forward

HR
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^  Distal site-^

Fig 5.8, Transfection into HeLa cells of the HR in the distal 
polycloning site. Each bar represents the mean of six transfections 
(± s.e.m .). T ransfection efficiency was norm alised by dot- 
b lo ttin g .

In the forward orientation, the HR had no significant activity. This is in contrast to the 

enhancer activity when the HR was placed proximally to the promoter (fig. 5.4). 

However, in the reverse orientation the HR increased the activity of the SV40 prom oter 

by nearly 400% . This is in contrast to the 900% increase seen in the reverse direction at 

the proxim al site (fig. 5.4).

The distal HR constructs were then transfected into Jurkat cells (figure 5.9).
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Fig 5.9. Transfection into Ju rk a t cells of the pGL3 prom oter 
vector containing the HR in the distal polycloning site. Each b ar 
rep resen ts the mean of four transfections (± s.e.m.). T ransfection 
efficiency was norm alised by dot-blotting.

In the distal site, the HR potently repressed gene activity. The extent of repression was 

virtually unchanged from that seen in the proximal site. Again, in the reverse 

orientation, the repression was slightly less pronounced than in the forw ard orientation. 

These data show that the HR functions as a position- and orientation-independent 

silencer in Jurkat cells, thereby satisfying the criteria that define a true silencer. In 

contrast, in HeLa and A431 cells, the activity of the HR was dependent on both 

orientation and position, all of which suggest that the function of the HR is likely to be 

T-cell specific.
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5.5 Analysis of annexin VI truncation mutations in Ju rk a t  cells

Although the previous results show that the HR can silence the SV40 prom oter when 

transfected into Jurkat cells, the role of this region within the annexin VI promoter is 

not known. To analyse this, the truncation mutations of the annexin VI prom oter were 

transfected into Jurkat cells (figure 5.10).
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,  1^111 1%) 1
-700

A i S J  1 1
□

J—[HZ]

] - c a □
.3 7 ,

A x53 j - C E ]
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AxS.6 y I— 1 : I

Fig 5.10. Transfection of the 5 ’ truncation m utants of the hum an 
annexin VI prom oter into Ju rk a t cells. IL-4 and c-src denote the 
homologous regions. C and T represent the assigned CAAT and 
TATA boxes. Each bar represents the mean of four transfections 
(± s.e.m .). T ransfection efficiency was norm alised by dot- 
blotting. Activities are expressed relative to the full length 
p rom oter which is set at 100%.

This shows that the comparitive activities of the annexin VI truncations are significantly 

different in Jurkat cells when compared with HeLa or A431. In contrast to the A431 

and HeLa data, the repression associated with constructs Ax6,3 and Ax6,2 is not 

relieved in constructs A x6,l and Ax6,FL. This shows that in Jurkat cells, additional 

negative regulatory elements must be present between bases -541 and -790, the region 

that contains the HR. However, these data also show that the HR cannot be solely 

responsible for repression in Jurkat cells as construct Ax6,2 which lacks this domain is 

also repressed. Nevertheless, the results in fig 5.10 are consistent with the HR 

functioning as a silencer in the annexin VI gene in Jurkat cells. It is also clear that the 

two smallest active fragments (Ax6,5 and Ax6,4) are significantly more active than the
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full-length promoter, suggesting that some silencing elements are functioning further 

upstream.

5.6. Identification of proteins interacting with the annexin VI HR

Since the annexin VI HR appears to function as a cell-specific enhancer or silencer, it 

was decided to try to identify proteins that interact with this sequence. Two 

oligonucleotides were designed corresponding to two of the most highly-conserved 

regions within the annexin VI HR. These two oligonucleotides were designated the left- 

homologous-region (LHR) and right-homologous-region (RHR) and are illustrated in 

figure 5.11. Previous studies have shown that in Jurkat cells, expression of IL-4 is 

stimulated in response to the protein-kinase C activator phorbol-12-myristate-13-acetate 

and the calcium ionophore A23187 (Li-Weber et al, 1997). If the HR in the third intron 

of the IL-4 gene is functional in T-cells, it is possible that agonists that activate IL-4 

gene expression might do so by modulating the activity of the silencer.

A  fC ÏL fC C M aCACTCAGTOCATffCCAGCCACACTGGCaCÜCCTGCTGI 

B fC% GCCCTCACTCAGTg'llGATCCAGCGACACTGGCC'llï 1Câ#lGTGl 

Q - - dGCCGTCACliTlAGTCAGATCCAGGGAGAGTGddciCTiGCÿf^TffGl 

J) fGGhJcdTiCT^dCTddGTCAGkJildCAGCCACACTGGCCTGCCTGGTGi 

E  iGGGGlGAdCTClTlïlTTlÜTfïlTdÂGdTlÂlrdGTGGlTlCTCMTGCTd

I :________I I____________________ I
LEFT HOMOLOGOUS RIGHT HOMOLOGOUS

REGION (LHR) REGION (RHR)

Fig. 5.11. Detail showing sites chosen for gel-shift analysis. 
LHR denotes Left Homologous Region; RHR denotes Right 
Homologous Region. A: Human annexin VI promoter; B: Human 
IL-4 intron # 3; C: Bovine IL-4 intron # 3; D: Human NG2-6 
promoter; E: Human ERC-C2 promoter.
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Cells were treated with these com pounds for 2 hours and then nuclear proteins were 

har\'ested as described in materials and methods (section 2.16). Untreated cells received 

DMSO as a control. Gel-shift analysis was initially performed on the LHR. The results 

of this are shown in figure 5.12. This experiment shows that the application of agonists 

that stimulate IL-4 synthesis in Jurkat cells also leads to the induction of a protein (or 

protein complex) that specifically binds to the LHR.

Non-competitor oligo 
Competitor oligo 
Nuclear protein * 
Nuclear protein

\VeUs

Oligo

Induced 
band

Fig. 5.12. G elshift analysis on the LHR oligonucleotide. All 
tracks contained labelled oligo. Nuclear protein was extracted 
from  either unstim ulated  Ju rk a t cells or cells stim ulated with 
lOOng/ml pho rbo l-12-m yrista te-13-acetate and IpM  A23187 for 2h 
at 37°C (denoted by *). C om petitor was 50x excess unlabelled 
oligo. N on-com petitor was 50x excess unlabelled R H R  oligo.

Since the effect of the HR on the SV40 promoter is celltype-specific, the LHR oligo 

was then tested in a range of human cell lines, both before and after PM A/A23187
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treatment in order to see if the induced-protein shows a cell-restricted distribution. The 

results of this are shown in figure 5.13.

/ / / / / / / /
Wells

Induced
band

Oligo

4#^

Fig. 5.13. Gelshift analysis on the LHR oligonucleotide. All 
tracks contained labelled oligo. Nuclear protein was extracted 
from  either unstim ulated cells or cells stim ulated with lOOng/ml 
p h o rb o l-1 2 - m yristate-13-acetate  and luM  A23187 for 2h at 37°C 
(denoted by *).

This shows that in A 431 and HeLa cells, although a number of gel-shifted bands are 

seen, possibly indicating DNA-protein complexes, the pattern of bands is unchanged in 

response to PM A/A23187. M oreover, no band is seen in the position corresponding to 

the induced complex in Jurkat cells. However, the result is less clear in Daudi cells (a 

human B-cell line). In the uninduced cells, a band is present in broadly the same 

position as that produced in activated Jurkat cells. Upon treatment with PM A/A23187, 

the mobility o f the band appears to increase slightly. However, it is impossible to 

determine from this gel-shift whether the complex in Daudi cells is the same as that 

induced upon Jurkat activation, and in any case, there is no evidence of induction by
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PMA/A23187 in Daudi cells. These data are consistent with the LHR binding a 

PMA/A23187-inducible factor, in a celltype-specific manner.

Initial experiments on the RHR oligonucleotide were unsuccessful due to extremely 

high background activity which made the identification of discrete bands virtually 

impossible. After repeated experiments, this problem was attributed to an intrinsic 

feature of the oligo. However, this was partially resolved by purifying the labelled oligo 

from unincorporated y[^^P]-ATP using a purification column (NuctrapO-Stratagene). 

The result of this is shown in figure 5.14. This shows that although DNA-protein 

complexes are formed with the RHR oligonucleotide, there is no difference in the 

banding patterns observed in any of the cell lines studied before and after treatment with 

PMA/A23187. Therefore, in contrast to data obtained with the LHR, no proteins are 

induced to bind to the RHR under conditions which activate IL-4 gene transcription.
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Fig. 5.14. G elshift analysis on the RHR oligonucleotide. AU 
tracks contained labelled oligo. Nuclear protein was extracted 
from  e ither unstim ulated  cells or cells stim ulated with lOOng/ml 
p h o rb o l-1 2 - m yrista te-13-aceta te  and IgM  A23187 for 2h at 37"C 
(denoted by *).

5.7 Investigating the effect of PMA/A23187 on cell viability and IL-4 

ex p ression

In order to show w hether PM A /A 23187 has a negative effect on Jurkat cell viability, the 

agonists were applied as before and cell-viability was monitored by trypan-blue 

exclusion. The results o f this are shown in figure 5.15.
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Fig 5.15. The effects of PMA/A23187 on Jurkat cell-viability.
The broken line indicates untreated cells. The continuous line 
shows cells which were treated with agonist. Viability was 
monitored by trypan-blue exclusion.

This result shows that over this time-period, PMA/A23187 has no significant effect on 

cell viability.

In order to confirm that PMA/A23187 treatment induced activation of the IL-4 gene, 

RNA was extracted as above and probed for IL-4 cDNA. However, it proved 

impossible to detect the mRNA in this manner. This is most likely due to the very low 

level of IL-4 mRNA in cells, even upon activation of the gene. Therefore, RT-PCR was 

used, which is more sensitive. At one and two hours post-stimulation, RNA was 

extracted, and cDNA synthesised. This was then used as a template for PCR using 

primers specific to the IL-4 cDNA. The results of this are shown in figure 5.16.
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F ig. 5.16. Agarose gel showing IL-4 cDNA. Ju rk a t cells were 
trea ted  with PMA/A23187 for the periods indicated. Total RNA 
was ex tracted  and cDNA synthesised. IL-4 cDNA was amplified 
by PCR using IL-4-specific p rim ers. Products were resolved on a 
1% agarose gel and visualised by ethidium -brom ide staining.

This shows that IL-4 cDNA is up-regulated in response to PMA/A23187. Although 

Jurkat cells are known to produce IL-4 constitutively, this was not detected in 

unstimulated cells. This is not suiprising since RT-PCR is non-quantitative. It it likely 

that variations existed in both the levels and quality of the RNA used as the template for 

cDNA synthesis, which would also affect the success of the PCR. It is clear, however, 

that IL-4 m RNA is produced by Jurkat cells.

5.8 Time course of protein-b inding

In preliminar}' experiments on the LHR, T-cell activation was performed for 2 hours 

prior to harvesting the cells and extracting nuclear proteins. It is clear from the above 

results that a protein (or proteins) not present in resting cells is induced within this time. 

However, this gives no information on the kinetics of induction of this protein. 

Therefore, Jurkat cells were stimulated as above for varying time periods before 

extraction of nuclear proteins. These were then used in a gel-shift experiment on the 

LHR oligo. The results of this are shown in figure 5.17.
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Fig. 5.17. Time course of protein-binding to the LHR 
oligonucleotide. Cells were stim ulated with lOOng/ml phorhol-12- 
m yristate-13-acetate  and IpM  A23187 at 37"C for the times 
indicated  before extraction of nuclear proteins.

This shows that the DNA-protein complex is formed within 1 hour. Further, in the 

continued presence of PM A/A23187, the complex remains detectable for several hours 

although with a peak of intensity at 1-3 hours.

5.9 The effect of cycloheximide

To gain insight into the identity of the induced factor(s), the reliance on protein 

synthesis for expression was examined. Two of the most important transcription-factor 

families involved in the regulation of cytokine genes are the ST AT (signal transducers 

and activators of transcription) and the NF-AT (nuclear factor of activated T cells) 

proteins. The features o f these proteins will be described more fully in the discussion.
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Signal transduction via ST AT proteins is initiated by the binding of signalling molecules 

(such as interferon a, p, y or certain cytokines) to their cell-surface receptors. This leads 

to the phosphorylation of ST AT proteins in the cytoplasm, which triggers their 

translocation to the nucleus. Activated ST AT proteins then bind to specific response 

elements within target genes, leading to the activation of transcription. One of the 

characteristic features of ST AT proteins is that they are resident in the cytoplasm prior 

to signalling, therefore binding of these proteins to the appropriate genes is not blocked 

by inhibitors of protein-synthesis. In order to test whether the Jurkat-induced protein 

interacting with the LHR was a ST AT, a gel shift experiment was performed as above, 

except in this case cells were treated with lOpg/ml of the protein synthesis inhibitor 

cycloheximide for 10 mins prior to the onset of PMA/A23187 treatment (figure 5.18). 

This shows that preincubation with cycloheximide abolishes the formation of the 

protein complex at the LHR site, indicating that synthesis of an essential constituent of 

the complex is induced in response to PMA/A23187. This suggests that the induced 

factor is not a ST AT protein.
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Fig. 5.18. N uclear protein was extracted from either unstim ulated 
J u rk a t cells or cells stim ulated with lOOng/ml phorbol-12- 
m yristate-13-acetate  and A23187 for 2h at 37“C (denoted by
*). Cells trea ted  with cycloheximide received 10|.Lg/ml for 10 
mins a t 37“C p rio r to stim ulation with PMA/A23187. C om petitor 
was 50x excess unlahelled oligo. N on-com petitor was 50x excess 
un labelled  RH R oligo.

5.10 The effect of cyclosporin-A

NF-AT proteins have been shown to activate the transcription of a num ber of genes 

essential to T cell activation, including IL-2, IL-4 and TN F-a (Lyakh et al, 1997). NF- 

ATs are m ultisubunit proteins, consisting of an inducible nuclear com ponent (shown to 

be a member o f the AP-1 transcription factor family), and a cytoplasmic factor. Upon
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activation, the cytoplasmic protein translocates to the nucleus and combines with the 

nuclear factor to form  a functional NF-AT protein. This process requires the calcium- 

dependent protein phosphatase calcineurin which has been shown to dephosphorylate 

members o f the NF-A T family. The activity of calcineurin is inhibited by the 

im m unosuppressive drug cyclosporin-A, which is a fungal product. Therefore, in order 

to determine w hether the protein binding to the LHR upon Jurkat activation is a member 

of the NF-AT family, cells were treated with 500ng/ml of cyclosporin-A for 1 hour 

prior to stimulation with PM A/A23187. Cyclosporin-A at this concentration has been 

shown to inhibit NF-AT activation in T-cells (Tara et al, 1995). Nuclear proteins were 

extracted as before and gel-shift analysis performed on the LHR oligonucleotide. The 

results of this are shown in figure 5.19.

N u c lea r p ro te in*  
N u c le a r  p ro te in  

C o m p e tito r 
N o n -co m p e tito r 

C y c lo sp o rin -A
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F ig. 5.19. N uclear protein was extracted from either unstim ulated  
J u rk a t cells or cells stim ulated  with lOOng/ml phorbol-12- 
m yristate-13-acetate  and IpM  A23187 for 2h at 37“C (denoted by 
*). Cells trea ted  with cyclosporin-A received 500ng/ml for 60 
mins at 37"C p rio r to stim ulation with PMA/A23187. C om petitor 
was 50x excess unlabelled  oligo. Non-com petitor was 50x excess 
unlabelled  RHR oligo.
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This shows that induction of the LHR-binding protein is unaffected by pretreatment 

with cyclosporin-A , ruling out involvement o f an NFAT protein in this process.

5.11 Identification  of M AZ-binding by tbe LHR

Inspection of the LH R sequence revealed a putative binding site for the transcription 

factor M AZ (m yc-associated zinc-finger): CCCTCCC. M AZ has been shown to be 

critical for the activity o f the CD4 promoter in CD4'" T cells (for example Jurkat), and 

expression o f the c-m yc gene (Bossone et al, 1992). M AZ is expressed at high levels in 

T cells. To investigate whether the LHR binding protein was M AZ, gel-shift 

experiments were perform ed with a 50-fold excess of a M AZ consensus oligonucleotide 

(CCCTCCCCTCCC), as competitor. If the induced protein was MAZ, this oligo would 

be predicted to com pete out the binding. The results of this are shown in figure 5.20.

Nuclear protein* 
Nuclear protein 
non-competitor 
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band
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F ig. 5.20. Cells were treated  with PMA/A23187 as before. 
U nlabelled MAZ com petitor was in 50x excess over labelled LHR. 
N on-com petitor was unlabelled RHR oligonucleotide.
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This result shows that the consensus oligonucleotide has no effect on the 

PMA/A23187-induced protein. However, it is clear that a higher mobility complex is 

competed out. This suggests that MAZ may indeed interact with the LHR sequence, but 

in a non-inducible manner.

5.12 Determining the 5’ and 3 ’ extremes of the protein binding site

Although the previous experiments showed that the LHR binds a protein upon 

stimulation of Jurkat cells with PMA and A23187, the exact protein binding site is not 

known. In order to determine this, a series of complementary oligonucleotides were 

designed in which the LHR was sequentially truncated by single base-pairs at the 5’ and 

3’ termini. These were then used in gel-shift experiments with nuclear extract from 

activated Jurkat cells. In this way, 5’ and 3’ base-pairs essential for binding could be 

determined. The results of these experiments are shown in figures 5.21 and 5.22. 

Nucleotides which can be deleted without affecting binding are shown by shaded 

boxes.The results of these experiments allow the assignment of the 5’ and 3’ essential 

base pairs. The sequence of the protein binding site can therefore be narrowed to

5’ CTCCCACTCACT 3’

3’ GAGGGTGAGTGA 5’
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Fig 5.21. Truncations of the LHR at the 5' terminus. Ju rkat cells were stimulated with A23187 and PMA 

and gel-shift experiments performed as in section 5.6. Arrows indicate position of truncations. The 

untruncated oligo is shown on the left.
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Fig 5.22. Truncations of the LHR at the 3' terminus. Ju rkat cells were stimulated with A23187 and PMA 

and gel-shift experiments performed as in section 5.6. Arrows indicate position of truncations. The 

untruncated oligo is shown on the left.



5.13 Deletion of the LHR

In order to determine the function of the LHR, PCR was used to delete this region from  

the HR. The resulting truncated sequence was then ligated in both directions into the 

proximal polycloning site of the pGL3 promoter vector (the resulting plasmids were 

denoted aLH R  forward and reverse) and transfection performed on the cell lines used 

in the previous experiments. The results of transfection into HeLa cells is illustrated in 

figure 5.23 (the activity of the intact HR has been included as a comparison).
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Fig . 5.23. T ransfection of the ALHR-containing constructs into 
HeLa cells. Each b a r represents the mean of six independent 
transfec tions (± s.e.m .). V ariations in transfection efficiency w ere 
co rrected  by do t-b lo tting .

This result shows that rem oval of the LHR has a significant effect on the HR. In both 

the forward and reverse directions, the enhancing effect of the HR on the SV40 

prom oter is severely reduced. This effect is most pronounced on the HR in the reverse 

direction. Enhancem ent is reduced from around 900% to only 75%. The ALHR
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forward and reverse constructs were also examined in A431 cells. The results of this

are shown in figure 5.24.
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Fig. 5.24. Transfection of the ALHR-containing constructs into 
A431 cells. Each bar represents the mean of six independent 
transfec tions (± s.e.m.). V ariations in transfection efficiency were 
co rrected  by dot-blotting.

Again, deletion of the LHR completely abolished the ability of the HR to enhance the 

activity of the SV40 promoter. In the case o f the ALHR reverse construct, the activity of 

the SV40 prom oter was repressed by nearly 75%.

The results o f transfection of the ALHR forward and reverse constructs into Jurkat cells 

is shown in figure 5.25.
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Fig. 5.25. Transfection of the ALHR-containing constructs into 
Ju rk a t cells. Each b a r represents the mean of four independent 
transfections (± s.e.m .). V ariations in transfection efficiency were 
corrected  by dot-b lo tting .

In this case, removal of the LHR substantially alleviates the ability of the HR to repress 

the SV40 promoter. The effect is most obvious in the foward orientation, in which the 

repression is reduced from 98% to approximately 60%, and occurs to a lesser degree in 

the reverse orientation.

108



5.14 Modulation of annexin VI expression by PMA/A23187

Since it is clear that PM A /A 23187 induces a factor that binds to a domain within the 

annexin VI promoter, it was decided to investigate the effects of these agonists on 

annexin VI m RNA and protein levels.

Jurkat cells were treated with PM A/A23187 as described earlier and samples were taken 

at four hourly intervals. Total cell protein was extracted, resolved by SDS-PAGE, 

blotted onto Im m obilon-P and probed with polyclonal antibody to either annexin I or 

annexin VI. The results of this are shown in figure 5.26.

Time in PM A/A23187 (h)

0 4 8 12 16 20 24

6 8 k D  ►

35kD

Fig. 5.26. W estern blot on Ju rk a t cells stim ulated with 
PM A /A 23187. 1x10* cells were treated  with agonists and 
harvested  at the tim e-points indicated. Equal protein loadings 
were resolved by SDS-PAGE and electroblotted onto PVDF 
m em brane. The m em brane was cut in half and probed with 
polyclonal antibodies to hum an annexins I and VI.

This demonstrates that in response to PMA7A23187, annexin VI protein levels are 

markedly reduced. This occurs between 8 and 12 hours post-stimulation and expression 

remains reduced for the following period o f treatment. In contrast, these agonists have
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an insignificant effect on levels of annexin I protein. Cells were also stimulated with 

either PM A or A23187, as shown in figure 5.27.

Tim e in PM A (h)

0 4 8 12

68kD  ►

68kD

Tim e in A23187 (h) 

0 4 8 12

Fig. 5.27, 1x10* cells were im m iinoblotted for annexin VI after 
stim ulation with either PMA or A23187 for the tim e-periods 
in d ica ted .

This result demonstrates that annexin VI levels are unaffected when the agonists are 

applied separately. In order to determine whether the annexin VI reduction was specific 

to T-cells, HeLa cells were treated with PM A/A 23I87 and blotted for annexin VI. The 

results of this are shown in figure 5.28.

Tim e in PM A /A 23187 (h)
0 4 8 12

68kD  ►

Fig. 5.28. W estern hlot on HeLa cells stim ulated with PMA and 
A23187. 1x10* cells were treated  with agonists and harvested  at 
the tim e-points indicated . Equal protein loadings were resolved hy 
SDS-PAGE and electrohlotted onto PVDF m em brane. The 
m em brane was probed with a polyclonal antibody to hum an 
annexin VI.
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This shows that in this cell line, PM A/A23187 had no effect up to 12 hours (the time 

required for the reduction in annexin VI protein levels to occur in Jurkat cells). This 

suggests that down-regulation of annexin VI by PM A/A23187 is restricted to T-cells.

The Jurkat-specific reduction in annexin VI protein levels could be accounted for by 

either decreasing annexin VI mRNA levels (by either decreasing transcription from the 

gene or decreasing stability of the mRNA), or by increasing turnover of annexin VI 

protein. To answer this question, cells were treated with PM A/A23187 and total RNA 

extracted at four hourly intervals. After Northern blotting, the membrane was probed 

with ’̂P-labelled hum an annexin VI cDNA. After bands were visualised, the membrane 

was stripped and reprobed with ^^P-labelled human p-actin cDNA. The result of this is 

shown in figure 5.29.

Tim e in PM A/ A23187 (h)

0 4 8 12

A nnexin VI 1M «

B-actin üiMniiiui»

Fig 5.29. Ju rk a t cells were treated  with PMA/A23187 for the 
periods indicated. Total RNA was extracted and N orthern  blots 
perform ed using either hum an annexin VI cDNA or hum an p- 

actin cDNA as probes.

This shows that in response to PM A/A23187, levels of annexin VI m RNA are 

markedly reduced within 4 hours and remain supressed for the entire period in which 

the agonists are applied to the cells. Therefore, annexin VI transcription or mRNA 

stability is reduced under these conditions. Levels of p-actin increased slightly during 

this experiment.
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Chapter 6 

D iscussion

6.1 The effects of dexamethasone on annexin I expression

Since its discovery, one of the most active and contentions areas of research in the 

biology of annexin I has been the effects of steroid hormones on the synthesis and 

cellular localisation of the protein. The very existence of annexin I was first inferred 

from work exploring the anti-inflammatory properties of steroid hormones.

Experiments showed that dexamethasone triggered the release from guinea-pig lungs of 

a soluble factor(s) which inhibited lung thromboxane Aj synthesis (Blackwell et al, 

1980). This effect was apparent within 90 minutes. The inhibitory factor was also 

released from hydrocortisone-treated rat peritoneal leukocytes (Camuccio et al, 1980), 

and steroid-treated rabbit peritoneal neutrophils (Hirata et al, 1980). In the latter case, 

the molecular weight of the inhibitory protein was determined by gel-chromatography to 

be around 40kD. Annexin I (lipocortin I) released into the peritoneum of 

dexamethasone-treated rats was puTified and partially sequenced (Pepinsky et al, 1986), 

allowing the cloning of the human annexin I cDNA (Wallner et al, 1986). Intriguingly, 

the same authors showed that the dexamethasone-induced increase in annexin I mRNA 

was not followed by an increase in protein levels. This was the first indication that the 

effects of steroid hormones on annexin I were not as clear cut as initally believed. What 

was known is that the anti-inflammatory effect of steroids was mediated by inhibition of 

phospholipase A^ (PLA^). Since annexin I was also shown to inhibit PLA 2 , a model 

was proposed in which steroid-induced annexin I inhibited PLA2 thereby alleviating 

inflammation.
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Work presented in this study (figs. 3.2 and 3.3) shows that in the transformed human 

cell lines A431, HeLa and Jurkat (all derived from different human cell types), the 

steroid analogue dexamethasone has no visible effect on the levels of annexins I and VI 

protein and mRNA as judged by Western and Northern Blotting. Although no previous 

studies have explored the effects of steroid-hormones on annexin VI levels, a number 

of workers have investigated their effects on annexin I. This discussion will attempt to 

summarise previous work, drawing conclusions in light of the current study.

In earlier work, it was found that annexin I protein levels are induced within 2 hours in 

rat peritoneal leukocytes following dexamethasone injection (Peers et al, 1993), an 

effect which is inhibited by the glucocorticoid receptor antagonist RU486. In humans 

undergoing inhalation-steroid therapy for inflammatory lung disease, annexin I protein 

was increased in alveolar macrophages in half the patients while the remainder showed 

no change (De Caterina et al, 1993). Primary human amnion cells treated with 

dexamethasone for 16 hours contained increased annexin I levels although the effect 

was variable, ranging from no response to a 200% increase (Mitchell et al, 1988).

Work on mouse epithelial and fibroblast cell lines also showed increased annexin I 

mRNA levels (up to 5 fold) although this was not followed by increased levels of the 

protein (Wong et al, 1991). The steroid-responsiveness of annexin I may be influenced 

by cell differentiation. In the human monocytic cell line U937, dexamethasone was 

found to elicit an increase in annexin I levels only in cells differentiated with PMA 

(Solito et al, 1991). Undifferentiated cells were unresponsive. Annexin II was also seen 

to increase by this treatment.

In contrast to the above results, other studies question the effects of steroids on annexin 

I levels. Cultured astrocyte cells showed no change in annexin I levels even after 16 

hours of dexamethasone treatment (Gebicke-Haerter et al, 1991), although PLA 2  

activity was significantly inhibited. This was supported by experiments showing that in 

undifferentiated U937 cells, dexamethasone-mediated inhibition of PLAj was not
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accompanied by a corresponding increase in annexin I (Bienkowski et al, 1989). Also, 

in human endothelial cells, annexin I protein levels remained constant during 

dexamethasone treatment, although PLAj activity declined (Hullin et al, 1989). In a 

comprehensive study, dexamethasone was shown to have no effect on annexin I 

mRNA levels in a range of human cells including lymphocytes, skin fibroblasts, 

alveolar macrophages or the transformed cell line HeLa (Bronnegard et al, 1988). 

Further, treatment of primary human kératinocytes with either dexamethasone or 

progesterone actually decreased annexin I protein levels (Serres et al, 1994). Other 

effects of steroids on annexin I have also been proposed. Dexamethasone-treatment of 

differentiated U937 cells was shown by FACS analysis to stimulate translocation of 

annexin I to the plasma membrane, peaking at four hours post-stimulation (Solito et al, 

1994). In contrast, with rat peritoneal leukocytes and primary human monocytes, 

dexamethasone was found to trigger secretion of annexin I, occurring within 15 mins 

(Coméra et al, 1990).

Thus it is clear that the effects of dexamethasone on annexin I expression are highly 

variable. A number of factors may contribute to this variability:

1. State of cellular differentiation. It is clear from work on U937 cells that annexin I 

levels are influenced by the cellular differentiation state. This has also been observed in 

the human myelocytic cell line HL60 in which differentiation markedly up-regulates 

annexin I expression (William et al, 1988). De Caterina et al, (1993) suggest that 

differentiation of blood leukocytes to alveolar macrophages confers dexamethasone- 

sensitivity thereby allowing annexin I induction. Since cell differentiation is a complex 

process, this is likely to make delineation of the effects of steroids on annexin I even 

less straightforward than would otherwise be the case.

2. Primary versus established cell lines. In order to explain the apparently contradictory 

effects of steroids on annexin I, it has been proposed that primary cells are more
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sensitive to steroid hormones than cells which are transformed or have been cultured for 

prolonged periods (Ahluwalia at el, 1996). The basis for this proposal is unclear. While 

it is true that most of the early reports showing annexin I steroid-inducibility were 

performed on cells extracted from steroid-treated animals, inducibility has also been 

proposed in U937 cells which are an established cell line derived from a human 

lymphoma. Conversely, work denying a link between steroids and annexin I has been 

performed in whole animals or recently prepared cultures. For example, peritoneal 

injection of dexamethasone in mice failed to elicit any effect on macrophage annexin I 

levels (Wong et al, 1991), while studies in cultures of primary astrocytes (Gebicker- 

Haerter et al, 1991), kératinocytes (Serres et al, 1994) and umbilical endothelial cells 

(Hullin et al, 1989) produced similar results.

3. Secretion of annexin I. Secretion of annexin I has been proposed as a response to 

glucocorticoids (Coméra et al, 1995). If this is the case, and is shown to occur in other 

cells then this could have serious consequences for the interpretation of annexin I 

steroid-induction data. For example, if cells must maintain a constant level of 

intracellular annexin I, then steroid-induced annexin I secretion may trigger up- 

regulation of annexin I synthesis to compensate. Therefore any increase in annexin I 

protein levels may be a secondary effect of glucocorticoids rather than a direct induction 

per se. However, at this stage, this remains hypothetical. In the present study, attempts 

to detect dexamethasone-induced annexin I secretion in A431 cells were unsuccessful.

It is likely that if secretion of annexin I is firmly established, it will prove to be highly 

cell-restricted.

Therefore, it is clear that the relationship between glucocorticoids and annexin levels is 

highly complex. In this study, dexamethasone had no effect on annexin I or VI 

protein/mRNA levels. This confirms that steroid-induction of annexins (particularly 

annexin I), is highly cell specific. Since A431, HeLa and Jurkat cells have all been 

shown to express functional glucocorticoid receptors, the failure of dexamethasone to
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induce annexin I/VI synthesis is unlikely to be due to a defective signalling pathway 

(Chang et al, 1995; Strawhecker et al, 1989; Cippitelli et al, 1995).

6.2 Activity of the annexin promoters and response to steroids

The relative activities of the human annexin I and VI promoters in-vivo (fig. 4.7), 

showed some degree of cell-specificity. In A431 cells, which express high levels of 

annexin I but no detectable annexin VI, the annexin VI promoter was significantly less 

active than the annexin I promoter. However, although the relative activity of the 

annexin VI promoter was low, the absolute activity was still substantial, suggesting that 

some other reason underlies the absence of annexin VI (for example 

deletion/rearrangement of an essential part of the gene). In HeLa cells, the activities of 

the two promoters were broadly similar, although these cells do not express annexin I. 

In the decades since the HeLa cell line was established, significant clonal variation has 

arisen, indeed other labs have reported the expression of annexin I in different HeLa 

populations (V. Gercke: personal communication). Again, transcriptional suppression 

is unlikely to be responsible for the lack of annexin I, although as in the case of annexin 

VI and A431 cells, the exact reason is unknown.

As described earlier (section 6.1), much work on annexin I concentrated on the 

proposed steroid-inducibility of the annexin I gene, as judged by assesment of changes 

in protein/mRNA levels. However, these are not a reliable measure of gene 

transcriptional activity, since absolute protein/mRNA levels are influenced by a range of 

factors, such as variations in stability/turnover. Therefore, the effects of an agonist on 

gene activity are more accurately assessed by promoter analysis. Enthusiasm for a 

model in which annexin I is transcriptionally activated by steroids intensified with the 

cloning of the rat and human annexin I promoters (Kovacic et al, 1991). In the rat and 

human genes, a putative glucocorticoid response element was identified in the first 

intron. It should be noted that these GREs are in regions of low homology between the
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rat and hum an genes, relative to that oberved in adjacent regions. This, coupled with the 

fact that the two GREs are in entirely different locations within the rat and human 

genes, casts doubt on their functionality in-vivo. Results presented in this study 

(section 4.4) show that the annexin I and VI promoters are insensitive to steroid (in this 

case, dexam ethasone), m easured over 12 hours in two different cell lines. This 

represents the m ost direct evidence to date that modulation of annexin levels by steroids 

is not due to a direct effect on gene activity. Consistent with this, in the cell lines 

studied, annexin I and VI protein and mRNA levels were also unresponsive to 

dexamethasone. How ever, the possibility remains that in other cell lines, these genes 

may be m odulated by steroids, although this would clearly not be considered a general 

phenom enon.

The only study to date on annexin gene regulation focused on the pigeon annexin I gene 

(Xu and H orsem an, 1992). Tw o hom ologous annexin I genes have been identified: 

cp37 and cp35. W hile the form er is expressed in a range of tissues, the latter is 

expressed exclusively in the cropsac, an < Organ . only present in Colum bids. In 

response to prolactin, the cp35 gene is activated. Promoter analysis show ed that in 

breast cancer cells, the prom oter is insensitive to prolactin, but will activate transcription 

with cell-free H eLa nuclear proteins, and this is enhanced using prolactin-treated 

cropsac extract. Further, gelshift experiments confirmed that unidentified prolactin- 

inducible proteins bind within the cp35 promoter. This suggests that in the pigeon crop

sac, the cp35 annexin I gene is regulated by cell- or tissue-specific factors.

6.3 S tru c tu re  of the annexin I and VI prom oters

W ork in this thesis showed that the annexin I promoter is typical in requiring a factional 

CAAT and TA TA box for activity. It is also apparent that some repressive elements may 

be operating, since in HeLa cells, sequential truncations lead to an increase in gene 

expression. This was partularly clear in construct Ax 1,3 in which two 22bp repeats
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identified by Kovacic et al, (1991) are deleted, suggesting that these may play a 

regulatory role.

Analysis of the human annexin VI promoter by database homology searching, identified 

a number of potential transcription factor binding sites. What is interesting is that there 

are a number of sites for haematopoietic/myeloid-specific transcription factors (MZF-1, 

cMYB, GATA-1, cETSl), suggesting that regulation of annexin VI gene expression 

may be particularly important in these cell lineages. This agrees with previous work 

showing that annexin VI expression is up-regulated in maturing B and T-lymphocytes 

during development (Clark et al 1991).

Database searching for gross homologies identified two regions: the IL-4 homologous 

region which will be discussed in more detail later in this chapter, and a sequence 

around the transcription start site showing homology to the long terminal repeat (LTR) 

regions of viral genomes. It could be argued that this homology is simply a reflection of 

the high levels of G:C bases in this region, and has no functional significance.

However, it is clear from fig. 4.6 that some regions are highly homologous over 

extended regions (up to 100% over a 14 base pair stretch), and cannot be explained by 

random base-similarity. Although the significance of these homologies was not 

investigated further, viral LTRs are known to have strong promoter activity and this 

accords well with the strong activity of the minimal annexin VI promoter.

5’ truncation of the annexin VI promoter revealed a number of interesting findings (fig.

4.11). In HeLa and A431 cells progressive tmncation triggered a sharp decline in 

activity, suggesting deletion of a strong enhancer. Further deletion reverses this effect, 

leading to a minimal active promoter with a greater activity than the intact promoter.

This indicates that activity may be modulated by both a 5’ enhancer and a 3’ repressor, 

in addition to other regulatory elements. In contrast, in Jurkat cells initial 5 ’ deletion 

was associated with an increase in activity (fig. 5.10). After a subsequent decrease.
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further deletion markedly enhanced activity. Clearly, the annexin VI promoter contains 

multiple cell-specific regulatory elements, which will be discussed later. Truncation also 

demonstrated that the proposed CAAT and TATA boxes are not functional. This is 

interesting and leads to a re-evaluation of the annexin VI promoter stmcture. During the 

inital cloning of the human annexin VI gene, around 500 bases in the 5’ region were 

sequenced, and CAAT and TATA boxes assigned at positions -300 and -256 

respectively, relative to the start of transcription (Smith et al 1994). The position of 

these sites is not consistent with functional CAAT and TATA boxes in most eukaryotic 

genes, where the TATA box is generally 30bp upstream of the transcription start site 

(Lodish et al, 1996). The inactivity of the annexin VI CAAT and TATA boxes is 

therefore not unexpected, given their unusual location.

This raises the question as to what drives the annexin VI promoter. Using primer 

extension and 5 ’ RACE, Smith et al (1994) also mapped the putative transcription start 

site, which is indicated by an arrow on fig 4.3. However, it is likely that this does not 

represent the true start. Studies have shown that, as well as the TATA box, promoter 

activity can be directly influenced by sequences covering the transcription start site (Du 

et al, 1993). These so-called initiator elements may function either in conjunction with, 

or in the absence of a TATA box. By analysing the activity of a number of initiator 

element mutants, a consensus sequence for this site has been determined (fig. 6.1) 

(Javahery et al, 1994).
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Consensus
initiator  ̂ Y -  y -  y -  yP_P_CATP_P_P.

*

Annexin VI GCGCGdGAgGTG 
promoter CGCGCGGTGGXÛ

T
A

Fig. 6.1. Sequence showing the consensus for the in itia to r 
elem ent, and  the corresponding region of the annexin VI 
p rom oter. A rrow s indicate transcrip tion s ta r t sites. In  the annexin 
VI sequence, the larger arrow  indicates the s tart proposed by 
Sm ith et al, (1994), while the arrow  denoted by * indicates the 
newly proposed s ta r t site. The shaded box indicates the possible 
binding site for the transcrip tion  factors USF and T F II-I. Py 
denotes a pyrim idine.

This shows that a CA pair is essential, in which the A is the start of transcription (+1), 

surrounded by a pyrim idine-rich region. In the most powerful initiators, the CA is 

immediately followed by a T, and the flanking sequence consists exclusively of 

pyrimidines. Sequences diverging widely from this are less powerful. It can be seen 

from fig. 6.1 that this m otif is present in the annexin VI promoter, in the area of the 

transcription start site proposed by Smith et al, (1994). Although the sequence is not a 

perfect consensus, it is extrem ely close. Studies have shown (Du et al, 1993),that most 

initiator sequences function with an upstream SPl-binding site (which is present at 

around 55bp upstream  of the annexin VI initiator and was shown to be active (fig.

4.12)). This suggests that the previously assigned transcription start site is incorrect and 

the true start is the A residue indicated in fig. 6.1. This is supported by a further 

finding. The sequence overlapping the newly-proposed transcription start site contains a 

perfect m atch for the sequence CACGTG, the consensus binding site for the 

transcription factors TFII-I and USF. These have been shown to form a co-operative
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complex which covers the transcription-start site, and activates transcription in specific 

promoters such as the adenovirus major late promoter (Du et al 1993). Whether these 

factors are responsible for the cell-specific patterns of activity of the promoter fragments 

is unknown. Whereas USF has been shown to be widely expressed, TFII-I expression 

is less well documented, although it is present in HeLa cells (Javahery et al, 1994; Roy 

et al, 1991).

6.4 The annexin VI-IL4 homologous region

Although large-scale sequencing of mammalian genomes is still at a relatively early 

stage, a substantial amount of non-coding DNA sequence has now been deposited in 

data-bases. This allows sequence comparisons between non-coding regions to 

determine areas of homology and therefore potentially imortant and interesting domains. 

In general, non-coding homologous sequences are significantly less common than those 

found in the coding sequences of genes (Koop, 1995). This may be a consequence of 

the evolutionary constraints against divergence of coding regions in order to preserve 

function. Nevertheless, homologous non-coding sequences have been found, for 

example in the JunB and erythropoietin genes (Phinney et al, 1995 and Galson et al, 

1993). However, these are homologies between regions of the same gene. It is much 

less common to find significant stretches of homology between non-coding regions of 

different genes. This makes the discovery of the annexin VI HR extremely interesting, 

not only because of the length of the homologous region (over 120 bp) but also because 

of the number of genes in which this region is conserved. The function of homologous 

regions in non-coding DNA is open to question, but proposals include chromatin 

attachment sites and points of chiomosomal recombination (for example in the T-cell 

receptor gene) (Koop, 1995). However, the results presented in this thesis suggest that, 

at least in the case of the annexin VI HR, these regions can play a role in gene 

regulation. Although a number of genes showed homology with the HR, for the 

purposes of this study, it was decided to concentrate on the link between the HR and
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the interleukin-4 gene. Not only is the cellular distribution of IL-4 well documented, but 

a great deal of work has been performed on the regulation of the IL-4 gene. Adjacent to 

the SV40 promoter, the HR was shown to act as either an enhancer or a repressor, 

depending on the cell lineage. In A431 cells the effect was relatively neutral (fig. 5.3), 

whereas in HeLa cells a strong enhancing activity was seen (fig. 5.4), which was 

greatest in the reverse direction. In Jurkat cells,the HR was a powerful repressor, 

almost completely abolishing the activity of the SV40 promoter (fig. 5.5). Again, this 

showed a slight direction-dependence, being most pronounced in the forward 

orientation. Increasing the distance between the HR and the promoter had a marked 

effect, changing the activity of the HR from a weak enhancer to a repressor in A431 

cells and significantly reducing the enhancer activity in HeLa cells (such that in the 

forward direction, the effect was abolished). However, in Jurkat cells the activity was 

little changed, still demonstrating strong repression. This shows that the effect of the 

HR is dependent on cell-type, direction and distance from the promoter.

Conserved sequences within non-coding DNA could also function as sites for 

sequence-specific DNA-binding proteins. This was confirmed by the finding that 

protein-binding occurs within the HR. Gelshift experiments showed that upon Jurkat 

activation, a protein was induced that bound to the LHR that was not present in 

unactivated cells. Further, this effect was not seen in other cell lines examined, 

including HeLa and A 431. Subsequent gelshift experiments in which the LHR 

oligonucleotide was truncated at the 5’ and 3’ termini narrowed the binding site to a 

12bp sequence. The importance of this site was demonstrated in both the annexin VI 

promoter and the heterologous SV40 promoter. Thus, deletion construct Ax6,l is 

truncated directly within the LHR, deleting 9 bases from the protein-binding site, and 

effectively abolishing protein binding. Figs 4.11 and 5.10 show the effect of this 

truncation on the annexin VI promoter. In A431 cells, activity dropped sharply, 

whereas in HeLa cells this was less pronounced. However, in both cell lines deletion of 

the entire HR (construct Ax6,2) reduced activity, confirming that this region operates as
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an enhancer in these cells. In Jurkat cells, construct Ax6,l had increased activity, 

showing that this site may operate as a repressor. However, deletion of the entire HR 

caused activity to decline suggesting the presence of weak enhancer elements, and 

pointing to a complex interplay of positive and negative regulatory domains within the 

HR.

The importance of the LHR protein binding-site is confirmed in the context of the SV40 

promoter (figs. 5.23, 5.24, 5.25). Deletion of the LHR essentially abolished enhancer 

activity in HeLa and A431 cells. In the latter case, some repressive activity was 

observed in the absence of the LHR. In Jurkat cells, the effect was less pronounced, 

but it can be seen that in the aLHR constructs, the level of repression was reduced by 

up to 40%. These studies confirm that not only is the HR important in regulating both 

the annexin VI gene and a heterologous promoter, but also that the LHR plays a 

significant role in this activity.

6.5 M echanism  of action of the annexin  VI HR

This study has shown that the annexin VI HR may act as either an enhancer or 

repressor of gene activity, depending on cell context. The mechanism underlying this 

dual activity is unknown. This section will discuss current knowledge on enhancers and 

repressors and speculate on how the HR functions in gene regulation. Eukaryotic 

transcription initiation is a complex process, involving interactions between multiple 

factors. Despite this complexity, considerable progress has been made in understanding 

this process. Most work in this field has concentrated on TATA-containing promoters, 

and a range of transcription factors which are involved in initiating transcription. 

Transcription initiation commences with the binding of the TFIID complex to the TATA 

box (Lodish et al, 1996). This contains a TATA-binding protein (TBP) which interacts 

directly with the DNA, coupled to a number of TBP-associated factors (TAFs). TFIIA 

then binds and is followed by TFIIB, which triggers binding of RNA polymerase II
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coupled to TFIIF. TFIIE, TFIIH and TFIIJ then bind sequentially, allowing 

transcription to proceed. The relative rate of transcription is determined by the ability of 

these factors to associate to form the pre-initiation complex.

Enhancer elements may function by increasing the rate of formation of the preiinitiation 

complex. Although it is not clear how this is achieved, models have been suggested in 

which enhancers interact either directly or indirectly with the transcription complex. In 

the indirect model, it is proposed that formation of the pre-initiation complex is inhibited 

by chromatin binding at the promoter (Stargell et al, 1996). Protein binding at the 

enhancer somehow affects DNA structure such that the promoter is “cleared” of 

chromatin, allowing transcription to occur. This has been seen in-vivo, where the yeast 

activator protein Gal4 displaces nucleosomes from the GALl promoter (Axelrod et al,

1993). However, the activity of the annexin VI HR was assessed in the context of a 

non-integrated plasmid, which may or may not form nucleosomal structures. Therefore 

the likelihood that the HR operates by “promoter clearance” is open to question. In the 

direct model of enhancer function, enhancer-binding proteins interact directly with the 

transcription complex, perhaps by looping of the DNA (Tjian et al, 1994). This 

facilitates the formation of the complex, increasing the rate of transcription. For 

example, interaction between the herpes-simplex transactivating protein VP 16 and the 

basal transcription protein TFIIB increases the ability of the latter to bind to the pre

initiation complex (Lin et al, 1991). It has also been shown that the activator protein 

SPl can interact with the TAFII 110 protein, increasing the rate of transcription (Gill et 

al, 1994). Since eight TAFs have been discovered to date, the potential for co-ordinated 

gene regulation is great, allowing a high degree of cell-specificity in gene expression. 

For example, the calcitonin gene has been shown to be controlled by a cell specific 

enhancer which is active in neural and thyroid cells (Lanigan et al, 1997). Work 

showed that in these cells, a protein binds specifically to the enhancer, activating 

transcription. The absence of this enhancer-binding protein in other cell types leads to a 

highly cell-restricted expression of calcitonin. This may be a general feature of
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enhancers. With respect to the annexin VI HR, it is possible that in HeLa cells, in 

which the HR functions as an enhancer, specific proteins bind and thereby mediate 

enhancer activity. Since the ALHR mutants showed no enhancer effect, it may be 

supposed that the protein-binding occurs within the LHR. However, gelshifts showed 

that the pattern of protein-binding within the LHR is identical between unstimulated 

Jurkat and HeLa cells. It is possible that for a HeLa-specific protein complex to form, 

the remainder of the HR may be required. In this case, gelshift analysis on the LHR 

oligo would not show binding.

Therefore, the annexin VI HR may enhance promoter activity via a direct or indirect 

mechanism. To address this question, a number of experiments could be performed 

such as a detailed analysis of proteins binding within the HR, at sites other than the 

LHR. This would indicate whether other cell-specific protein-binding occurs. 

Secondly, although the HR has been shown to activate or repress the SV40 early 

promoter, it would be interesting to see if this modulating activity occurs with other 

promoters such as the cytomegalovirus promoter or the HSV thymidine kinase 

promoter.

In Jurkat cells, the HR functions as a strong repressor. Although knowledge on 

repressor action is at a less advanced state than that for enhancers, three models have 

been proposed for this activity. Repressors can prevent activator proteins from 

interacting with DNA, thereby reducing the rate of transcription. This occurs in the 

MHCII gene in which binding of a repressor protein distorts the DNA structure so that 

downstream activators no longer bind (MacDonald et al, 1995). Repressors can also 

interact with DNA-bound activator proteins, nullifying their effect. This is seen in the 

case of AP-1 which can directly inhibit the activating effect of the glucocorticoid 

receptor (Diamond et al, 1990). However, the most common mechanism by which 

repressors appear to operate is by interacting directly with the basal transcription 

complex (Johnson, 1995). This is termed “active repression” since transcription is
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inhibited directly rather than by preventing the function of activators. This has been 

seen with the mouse homeodomain protein MSX-1 which represses unactivated 

transcription during murine development (Catron et al, 1993). Experiments showed that 

this effect was independent of MSX-1 DNA-binding, but rather, occurred via direct 

interaction with the TATA-binding protein of the TFIID complex (Zhang et al, 1996). 

Exactly how MSX-1 represses transcription via the TBP is unknown, but it has been 

suggested that it could either interfere with the ability of the TBP to bind the TATA box, 

or could prevent other components of the transcription machinery interacting with the 

TBP. Whether the annexin VI HR represses via one of the above mechanisms is 

unknown. Since protein-binding patterns of the LHR appear to be similiar in HeLa, 

A431 and uninduced Jurkat, this suggests that differential protein-binding within this 

region may not be responsible. However, it is quite possible that other proteins binding 

within the HR could be necessary and/or responsible for repression.

6.6 The identity of the LHR-binding protein

Clearly, the LHR protein-binding site is of central importance in the cell-specific activity 

of the annexin VI HR. A number of experiments were carried out to attempt to identify 

the Jurkat-induced protein interacting at this site. Since the sequence of the LHR 

contains a consensus for the trancription factor MAZ, this was the most obvious 

candidate. However, although this was shown to bind within the LHR, it was not the 

protein induced upon Jurkat activation. This does not necessarily mean that MAZ- 

binding has no influence on the function of the HR. For example, work has shown that 

MAZ-binding may induce DNA bending to occur (Ashfield et al, 1994). This may 

affect the ability of other DNA-binding proteins to interact at nearby sites, thereby 

influencing gene activity.

The fact that the LHR-binding protein was only induced in Jurkat cells, might be 

expected to have afforded some clues as to its identity. However, T-cell activation is a
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complex process, involving the action of several classes of transcription factors. One of 

the best characterised groups is the NF-AT (nuclear factor of activated T cells) family, 

which have been shown to be essential for the activation of a range of genes including 

those for cytokines (Lyakh et al, 1997). The mechanism of action of NF-AT proteins is 

relatively well understood. In resting cells, NF-AT members are phosphorylated and 

have a cytosolic location. Upon cell activation, increased cytosolic calcium levels 

activate the protein phosphatase calcineurin, which dephosphorylates NF-AT, 

triggering translocation to the nucleus, DNA-binding and subsequent gene activation. It 

has also been shown that cell activation induces expression of the transcription factor 

complex AP-1 which may synergise with NFAT to activate gene expression (Rao et al, 

1997). In vitro, activation of NFAT and AP-1 can be achieved using calcium ionophore 

and the PKC-activator PM A. The activation of all members of the NFAT family is 

highly sensitive to the immunosuppressant drug cyclosporin A, which inhibits 

calcineurin, thereby preventing calcium-induced NFAT-dephosphorylation and 

subsequent nuclear translocation (Rao et al, 1997). In order to determine whether the T 

cell induced LHR-binding protein is a member of the NFAT family, cells were 

pretreated with cyclosporin A before activation (fig. 5.19). This was shown to have no 

effect on protein binding, ruling out NFAT involvement. This is significant since 

NFATs have been widely shown to be involved in regulation of a number of cytokine 

genes including IL-4 (Szabo et al, 1994).

Another major family of transcription factors involved in T-cell activation are the 

STATs (Signal Transducers and Activators of Transcription). These have been shown 

to be critical for induction of cytokine gene expression. For example, induction of the 

lL-4 gene requires STAT-6. This is consistent with the presence of STAT-6 response 

elements within the IL-4 promoter (Curiel et al, 1997) and the finding that STAT-6 

knockout-mice fail to generate IL-4-dependent Th2 cells (Kaplan et al, 1996). As well 

as being critical for the induction of cytokine genes, STATs are also essential for 

mediating cytokine signalling. Work has shown that cytokine binding to the appropriate
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cell-surface receptor triggers the formation of a complex which includes a specific 

STAT protein and a member of the JAK (Janus-Activated Kinase) protein family. The 

latter then phosphorylates the STAT protein, triggering nuclear translocation and gene 

activation. An essential feature of this model is that STAT proteins are latent, i.e. they 

are not synthesised de-novo in response to cytokine signalling but are already present 

within the cytoplasm. Therefore, STAT-DNA binding should be insensitive to 

inhibitors of RNA/protein synthesis. This feature was used to determine whether the 

LHR-binding protein is a STAT family member. Pretreatment with the protein synthesis 

inhibitor cycloheximide prior to cell activation (fig. 5.18) completely abolished DNA- 

protein binding showing that a STAT protein is not involved.

The last major group of transcription factors involved in T-cell activation is the N F-kB 

family. Again, these are latent transcription factors which reside in the cytoplasm, 

complexed with members of the IkB family. It is thought that this association prevents 

translocation of the NF-kB component to the nucleus. T-cell activation leads to the 

phosphorylation of I kB, triggering the release of N F-kB which then activates gene 

transcription. Since this event can be triggered by phorbol esters, it is possible that 

phosphorylation of I kB is mediated by protein kinase C. However, like the STATs, 

involvement of the N F-kB family in binding to the LHR should be insensitive to 

cycloheximide, suggesting that N F -kB is not the T-cell induced LHR binding protein. 

Again, this is significant since, along with the NFATs and STATs, the N F -kB group 

are one of the major transcription factor families involved in regulation of T-cell specific 

gene induction.

Therefore, the identity of the LHR-binding protein is unknown. It is possible that this 

protein is not, in fact, a transcription factor, and represents some other DNA-binding 

protein such as  ̂ histone i. While this is possible, it is difficult to imagine how this 

binding would be specific to activated Jurkat cells. Apart from MAZ, data-base searches 

on the LHR sequence showed no homologies with other trancription factor binding
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sites. It is therefore not impossible that the LHR-binding protein represents a novel 

transcription factor. If this is true, it can be seen from fig. 5.17 that this is induced 

within 1 hour of T-cell activation and remains present during the entire induction- 

period. In order to determine the exact nature of this protein, it may be neccesary to 

employ a technique such as the one-hybrid system which identifies sequence-specific 

DNA-binding proteins. Although this was beyond the scope of this project, it may be 

an area of future investigation.

6.7 Implications for the IL-4 gene

Interleukin-4 was first discovered as a molecule which stimulates the proliferation of 

resting B cells (Oliver et al, 1985). Since then, IL-4 has been shown to play an essential 

role in T lymphocyte development and function, and in allergy (Tepper et al, 1990). T 

helper cells may be subdivided into three functional classes: Thl cells are involved in 

cell-mediated immune responses and secrete mainly interleukin-2 (IL-2), interferon-y 

(EFN-y), and tumour necrosis factor (TNF); Th2 cells are required for T-cell dependent 

antibody production and the allergic response. These cells secrete mainly IL-4, IL-5, 

EL-6 and EL-10; ThO cells have been shown to secrete cytokines typical of both Thl and 

Th2 cells. It is therefore thought that this cell-type may represent an intermediate stage 

before T cells commit to either the Thl or Th2 phenotype (Li-Weber et al, 1997).

Although IL-4 plays a number of essential cellular roles, perhaps the two most 

important are in the development of allergic responses and in T cell maturation. It has 

been shown that IL-4 triggers switching of B-cell antibody subtype from IgM to IgE, a 

critical event in allergy (Song et al, 1996). This is underlined by the finding that anti-IL- 

4 antibody, injected into mice, completely abolishes the usual IgE response to parasitic 

challenge (Finkelman et al, 1990). T-cell maturation towards the Th2 phenotype is 

critically dependent on 11-4. This is shown by the finding that exposure of primary T 

cells to recombinant EL-4 triggers development to the Th2 lineage (Le Gros et al, 1990)
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and disruption of the IL-4 gene in mice completely abolishes production of Th2 cells in- 

vivo (Kuhn et al, 1991).

The human IL-4 gene lies within the “cytokine gene cluster” on the long-arm of 

chromosome 5, a region containing a number of other cytokine genes including IL-3, 

IL-5, IL-13 and granulocyte-macrophage colony-stimulating factor (GMCSF) (van 

Leeuwen et al, 1989 and Dolganov et al, 1996). Molecular cloning showed that in 

mouse and human, IL-4 is a single-copy gene, with four exons and three introns 

spanning approximately 8.5 kb (Arai et al, 1989). The promoter shows a high degree of 

homology between the mouse and human genes, suggesting that the regulation of IL-4 

gene activity is conserved. IL-4 expression is strongly cell-restricted, indicating that the 

gene is under tight control. A number of regulatory elements have been identified within 

the IL-4 gene that may account for this control. These are summarised as follows:

Position -42 to -37 contains a site for c-maf, which is a leucine-zipper transcription 

factor (Cheng-Ho et al, 1996) and is expressed by Th2- but not Thl-cells (which do 

not produce IL-4). Position -79 to -28 contains tandem NF-ATp sites (Rooney et al,

1994) which can functionally interact with c-maf bound at the downstream site (Cheng- 

Ho et al, 1996). Pos -170 to -161 contains a binding site for the transcription factor 

STAT-6 (Curiel et al, 1997). In response to IL-4, this enhances transcription from 

heterologous promoters. Since STAT-6 is activated by the IL-4 receptor, this may be an 

autocrine system in which IL-4 triggers activation of the IL-4 gene. Position -241 to - 

223 contains an enhancer element, deletion of which significantly reduces promoter 

activity (Li-Weber, 1997). The enhancer has also been shown to bind protein 

complexes in a cell specific manner. In Th2 cells, PMA+ionomycin induces the binding 

of Jun, NF-ATc and NF-IL6/NF-IL6p (factors involved in IL-6 gene induction). In 

contrast, in T hl cells, this complex is not induced. This suggests that the enhancer is 

responsible to some degree for the cell restricted distribution of IL-4. However, it was 

also found that when placed upstream of the heterologous HSV thymidine-kinase 

promoter, the enhancer was effective in HeLa cells, showing that other cell-specific
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elements must control IL-4 expression. Position -310 to -286 contains a T-cell specific 

silencer which represses the activity of the enhancer at position -241, but has no effect 

on heterologous promoters (Li-Weber et al, 1993), suggesting that the repressor does 

not function by interacting with the basal transcription complex. Increasing the spacing 

between the enhancer and repressor to 1200bp has no effect on repression, although 

further increases reduce the degree of repression seen. Although a T-cell restricted 

protein complex was shown to bind to the repressor, the identity of the proteins remains 

to be determined (Li-Weber et al, 1992). However, mutation of the binding sites 

abolished repression, showing that protein-binding played an essential role. The 3’ 

untranslated region (UTR) contains a powerful silencer element (Kubo et al, 1997), 

which is active in both T hl and Th2 cells. Although binding of a STAT-6 complex 

within the silencer relieves the repression, this is only seen in Th2 cells, triggering IL-4 

expression. In contrast, in Thl cells, which do not express STAT-6, the repressor is 

constitutively active, inhibiting IL-4 synthesis. This is consistent with IL-4-induced EL- 

4 expression. The mechanism of repression is unknown although it is clearly a long- 

range effect, since the 3 ’ UTR is more than Bkb downstream of the promoter.

It is clear that the IL-4 gene is under stringent control in order to restrict expression to 

Th2 cells, (most of the regulatory regions discovered to date interact with proteins in a 

Th2-restricted manner). In the current study, T-cell restricted protein binding was 

observed to a T-cell specific repressor in the annexin VI promoter, in response to 

stimuli that activate the IL-4 gene. This sequence within the third intron is also highly 

conserved in both the bovine and human EL-4 genes. The effect of this sequence on EL- 

4 expression is not clear at this stage, although a number of points are worth 

considering. The fact that the HR is so highly conserved between (at least) two different 

genes, and between species, strongly argues that it plays an essential role in both the 

annexin VI and EL-4 genes. The presence of the HR in the annexin VI and IL-4 genes is 

particularly interesting given that they are in the same region of chromosome 5. 

Although the origin of the HR is unknown, it is possible that it may have arisen within

131



one of these genes and undergone subsequent duplication during evolution. Since the 

HR has also been shown to be an effective repressor (both of the SV40 promoter and to 

a lesser extent, the annexin VI promoter), it is reasonable to speculate that it may have a 

similar role in the IL-4 gene. In this context, the HR is located approximately 7.5 kb 

downstream of the promoter, and is in the reverse orientation. However, since the HR 

is both a position- and direction-independent silencer, these factors should not affect 

repression. It is clear from the work of Kubo et al, (1987), that a repressor functions 

within the IL-4 gene even further downstream than the HR, proving that repression at 

this distance exists. If it is assumed that the HR functions as a repressor within the IL-4 

gene then the relative degree of repression may not be maintained at a constant level. 

Since IL-4 expression is already under a complex regulatory system, it is likely that the 

HR functions co-operatively with other regions within the IL-4 gene (for example the 

enhancer and repressor in the promoter and the repressor in the 3’ UTR). The role of 

protein-binding within the HR is also open to question. While deletion of the protein- 

binding domain reduces the potency of the repressor, PMA/A23187-induced protein- 

binding appears to actually increase the level of repression (based on the fact that 

annexin VI expression is down-regulated). However, it would be simplistic to assume 

that this would also be seen in the IL-4 gene since IL-4 expression is transiently 

elevated, not decreased in response to PMA/A23187 (Kubo et al, 1997). What is certain 

is that a true understanding of the role of the HR in the IL-4 gene must await further 

functional studies.

6.8 Down-regulation of annexin VI

In response to PMA/A23187, annexin VI was shown to be down-regulated in a T-cell 

specific manner. Although the protein level dropped after 12 hours, it was clear that the 

mRNA level declined much more rapidly (between zero and four hours). This was a 

pronounced down-regulation and was specific for annexin VI (annexin I was
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unaffected). While it is not certain that the down-regulation was a direct result of LHR- 

protein binding, it is highly likely that the two events are linked.

Why annexin VI should be down-regulated in response to these agonists is not clear. 

Dubois et al, (1995) have shown that in Jurkat cells, annexin VI interacts with the 

protein tyrosine-kinase p561ck which is a component of the T-cell receptor signalling 

pathway. Although the effects of this interaction are unknown, annexin VI may 

influence the signalling events downstream of Ick. However, this does not shed light on 

the mechanism of annexin VI down-regulation. A clue may lie in the work of Clark et al 

(1991), showing that in maturing T-lymphocytes, annexin VI levels increase. In this 

study, individual T-cell subtypes were not analysed, so it is not known whether this 

was restricted to T hl or Th2 cells. However, this is consistent with modulation of 

annexin VI levels being an important feature of T-cell development. The answers to 

these questions will be found with the generation of mice lacking the annexin VI gene. 

If these show altered T-lymphocyte function or development, then this would confirm 

the importance of annexin VI in these cells.
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