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Abstract

Chromogranin A (CgA) is an acidic glycoprotein that is specifically expressed in
neuroendocrine tissue. [t is the best characterized member of the granin family, which
includes proteins proposed to be involved in the regulation of peptide hormone and
neurotransmitter secretion in the regulated secretory pathway by helping granule
formation, targeting peptide hormones and neurotransmitters to the granules, affecting
peptide hormone processing and controiling secretion through a teedback mechanism.

Although elaborate in vitro studies have been conducted on CgA. its precise
neuroendocrine function and the complete elements that control its neuroendocrine
specific expression remain unclear. This project applied transgenic technology to study
CgA regulation and function in vivo. For the study of the regulation of CgA gene
expression, four constructs. containing one of two promoter portions of the CgA gene
(the 184bp proximal promoter portion and the 6kb 3°-flanking region) in two reporter
systems (f-galactosidase and green fluorescent protein systems). were constructed. The
feasibility of the strategy was confirmed by in vitro detection of the reporter activity that
is higher in neuroendocrine than in nonendocrine cell lines. These constructs can be used
for pronuclei microinjection to generate transgenic mice harboring the promoter-reporter
cassettes to be used for promoter activity analysis. In addition. a new strategy of
introducing the promoter-reporter cassettes into the Hprt locus was proposed and some
preliminary work has been done for constructing this targeting vector. For the CgA gene
function study, targeted disruption of the CgA gene in mice was conducted by
transfection of the CgA targeting vector to embryonic stem (ES) cells and positive

recombinant ES cell lines were used to generate CgA knockout mice. Several



heterozygous and homozygous CgA gene ablation mice were obtained. They are to be
analyzed for further study.

In the meanwhile, the entire human and mouse CgA gene sequences including the
flanking regions were analyzed and compared to gain insight into gene regulation and the
evolution of interspersed repeat elements within these regions. In addition, an attempt

was made to map the CgA gene in the zebrafish genome by the LN354 radiation hybrid

cell panel.
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Résume

La chromogranine A (CgA) est une glucoprotéine acide exprimée de maniére
spécifique dans les tissus neuroendocriniens. Elle comporte les meilleures
caractéristiques de la famille des granines et, selon toute vraisemblance, possedent des
protéines qui jouent un role dans la régulation de la sécrétion des hormones peptidiques et
des neurotransmetteurs dans la voie de sécrétion régulée en contribuant a la formation des
granules, en guidant les hormones peptidiques et les neurotransmetteurs vers les granules,
en agissant sur le traitement des hormones peptidiques et en contrdlant la sécrétion par le
biais d’'un mécanisme de rétroaction.

Meéme si des études in vitro trés élaborées ont été entreprises sur CgA. sa fonction
neuroendocrine précise et les éléments qui contrdlent son expression neuroendocrine
spécifique restent obscurs. Dans le cadre de ce projet. nous avons appliqué la technique
transgénique a 1'étude de la régulation et de la fonction de CgA in vivo. Pour I'étude de
la régulation de CgA. quatre génes hybrides. contenant une des deux régions promotrices
du gene CgA (portion du promoteur proximal 184bp et région flanquante 6kb 5°) dans
deux systémes rapporteurs (B-galactosidase et protéine fluorescente verte) ont été mis au
point. La faisabilité de la stratégie a €té confirmée par détection in vitro de |"activité des
rapporteurs qui est plus haute dans les lignées cellulaires neuroendocrines que dans les
lignées cellulaires non endocrines. Ces génes hybrides peuvent étre utilisés pour des
micro-injections de pronucléus dans le but de générer des souris transgéniques porteuses
de cassettes promoteur-rapporteur en vue de leur utilisation pour I'analyse de 1'activité
des promoteurs. Une nouvelle stratégie visant l'introduction de cassettes promoteur-

rapporteur dans le locus Hprt a été proposée et des travaux préliminaires ont été effectués



pour construire ce vecteur de ciblage. Pour I’étude de la fonction du géne CgA, la
perturbation ciblée du géne CgA chez la souris a été entreprise par transfection du vecteur
de ciblage CgA dans les cellules souches embryonnaires et dans des lignées de cellules
souches embryonnaires recombinantes positives qui ont été utilisées pour la production
de souris privées de CgA (souris knockout). Plusieurs souris privées du géne CgA
hétérozygote et homozygote ont été obtenues. Celles-ci feront ['objet d’autres études.

En attendant, I'intégralité des séquences du géne CgA chez "’homme et la souris ¥
compris les régions flanquantes ont été analysées et comparées afin de mieux comprendre
la régulation de ce géne et I"évolution d’éléments répétés intercalés dans ces régions. De
plus. une tentative a été faite en vue de cartographier le géene CgA dans le génome du

poisson zébré au moyven d"une méthode de cartographie par hybride d’irradiation LN354.
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Chapter 1

Chromogranin A



1.1 The Granins
1.1.1 Introduction

The granins are a family of acidic secretory proteins that are co-stored with
resident peptide hormones, neurotransmitters, or amines in secretory granules of a wide
variety of endocrine cells and neurons[67]. Presently. seven members of the granin
family have been described: chromogranin A[158] . chromogranin B[138], secretogranin
I1 (SgID[157], IB1075 gene product (SglI)[111], HISL-19 antigen (SgIV)[79].
7B2(SgV)(127] and NESP55 (SgVI?)[71]. A comparison of the primary structure reveals
that chromogranin A and chromogranin B are the most closely related members ot the
granin family[10].

Tablel.1 shows several properties of the granins. The high percentage of acidic
amino acids (glutamic acid. Glu and aspartic acid. Asp) contributes to their low
isoelectric point (PI). The heat stability is due to their high hydrophilic nature. At least
three of the granins (CgA. CgB. Sgll) have been shown to have the capacity to bind
calcium. CgA, CgB and 7B2 possess a consensus disulphide loop structure. The most
prominent feature of the granins is that they all contain multiple sites with two or more

adjacent basic residues that are potential sites for proteolytic processing. (Figl.1)

v



Granin® | Mass | mRNA | Chromosome | pl % Dibasic | Heat | Calcium | Disulphide
(kDa) | (kB) Assignment GlwAsp Sites Subility | Binding Loop
CgA 49 2.1 14¢32.2-32.3 | 4.9 25 10 Yes Yes Yes
CeB 76 2.5 20pter-pl2 | S.1 24 1§ Yes Yes Yes
Sgll 68 2.5 ND’ 5.0 20 9 Yes Yes No
Sgfl 57 22 9* 5.1 19 10 ND ND No
(1B1079%)
SgIv ND ND ND 5.6 ND ND ND ND ND |
(HISL-19) | .
SgV 21 14 15llqt5s | 5.2 16 3 Yes ND Yes
(7B2)
SgvI? 55 0.7 ND 48 21 5 Yes ND ND
(NESPS5)

Table 1.1 General properties of the Granin Family members

1. Adapted trom Huttner et al.. (1991), Fisher-Colbrie et al.. (1997) and
Feldstein (1998)

Data shown is from human granins. except for Sglll (from rat and
mouse*) and SgVI (from bovine)

ND means “not determined™

[§S]
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Figl.1 Structure of the granin family members. (Taken from Feldstein, 1998)
The human granins are shown, except for SgIII (from rat) and SgVI (from
bovine). The arrows represent pairs of basic amino acid residues for

proteolytic processing. In CgA, CgB and 7B2, there is a disulphide loop
present at the amino-terminal region.



1.1.2 Functions of the granins

The physiological function of the granins is still an open question. However,
granins have been proposed to play multiple roles in the secretory process. and these
functions can be divided into two categories: extracellular and intracellular.
Extracellularly, they serve as precursors to biologically active peptides and regulate the
secretion of resident hormones or neuropeptides. Intracellularly, they play a role as helper
proteins to sort hormones or neuropeptides into regulated secretory granules: and as a
prohormone, they are substrates of the prohormone convertases themselves and function
as regulators of the resident hormone processing in a competitive manner. Furthermore.

they may also function as intracellular calcium binding proteins and play some role in

calcium related actions.

1.2 Chromogranin A

Chromogranin A is the major member of the granin family. It is the first member
of this family to be identified. The name derives from its original discovery in the
catecholamine-containing chromatfin granules of the adrenal medulla. The research work
of this thesis is focused on chromogranin A. Therefore, the following sections limit the
discussion to the structure, function and regulation of CgA.
1.2.1 Biochemistry and structural features

The calculated molecular weight of CgA is approximately 49 kDa. However, the
apparent Mr on SDS-polvacrylamide gels is 75-80 kDa. The migration aberrance is due

to the unusually high content of glutamic and aspartic acid residues (about 25%) and of



proline (10%), which contribute to its acidic pl of 4.5-5 and its extreme hydrophilicity.
Moreover, post-translational modifications may also contribute to the aberrant migration.

The primary product of CgA mRNA translation contains an 18 amino acid signal
sequence. The mature CgA protein varies in length from 430 amino acids in the pig to
445 in the mouse. The amino acid sequence of CgA contains 8-10 pairs (depending upon
the species) of basic amino acid residues. which may serve as targets for endoproteolytic
attack by convertases. Several biologically active peptides are putatively derived from the
CgA molecule: B-granin. pancreastatin, catestatin. chromostatin. vasostatin and
parastatin[61}].

CgA also possesses a cell adhesion sequence, Arg-Gly-Asp (RGD) near its amino-
terminus in most species, except in the rat where it is located at the carboxy-terminus.
Many proteins that are involved in attachment of anchorage-dependent mammalian cells
to the extracellular matrix or in cell-cell adhesion. such as fibronectin. fibrinogen and
integrins possess the RGD sequence. However. aithough the N-terminal fragments of
CgA have been shown to have the pro-adhesive effect ot fibroblasts under certain
conditions, there is no evidence that this effect is related to the RGD sequence[47].

There are several oligoglutamic acid residue stretches present in the CgA
molecule. These motifs are conserved and may play a role in determining the secondary
and tertiary structures of the molecule. Bundles of negatively charged glutamic acid
residues would oppose the formation of a stable «-helix and cause a disorganized
“random coil”™ structure in these regions[131]. This has been proven by circular dichroism
analysis of adrenal medulla CgA, which indicates predominately random coil structure

(60-65%), with a-helix and B-sheet conformations representing about 25% and 10%



respectively. This random coil structure is the major reason for the high heat stability of
the CgA molecule.

A unique feature of rodent CgA is the presence of a polyglutamine tract. A tract of
11 repeating glutamine residues, beginning at amino acid 84, can be found in the mouse
sequence. In the rat, however, this polyglutamine tract displays a polymorphic structure.
16-20 repeating glutamine residues are found beginning at amino acid 74 in different rat
CgA cDNA clone sequences. The structural and functional significance of the glutamine

tract and its polymorphism in these rodent CgA molecules is presently unknown.

1.2.2 Post-translational modifications

Pulse-chase labeling of chromaffin ceils from bovine adrenal medulla followed by
two-dimensiona! electrophoresis revealed that the earlv-labeled CgA spots behaved
identically to the in vitro translation products. However. at later intervals. significant
changes in size and pl occurred. These modifications were obviously due to post-

translational processes{158].

e GLYCOSYLATION

Bovine adrenal medulla CgA contains 5.4% carbohydrate, which is mainly present
as O-glycosidically linked tri- and tetra- saccharides composed of N-acetylgalactosamine.
galactose and sialic acid[43]. Recently, by electrospray and matrix-assisted laser
desorption ionization time-of-flight technique. two O-linked glycosvlation sites were

located on Ser'3® and Thr**'in the middle part of bovine CgA from chromaffin



granules[138]. Potential sites for N-glycosylation are present in human, rat and mouse

sequences (Fig. 1.2), but it is unclear whether N-linked glvcosylation actually occurs.

e PHOSPHORYLATION

CgA is a phosphoprotein whose phosphorylated residues are mainly serine and
threonine. It has been proven that bovine adrenal CgA contains tive phosphoserine
residues per molecule{129]. In addition. phosphorylation of Tyr'” residue is responsible

for the antibacterial activity of the CgA-derived fragment. chromacin (CgA 173-

194)[139].

e SULFATION

Adrenal CgA incorporates [*°S] sulfate during biosvnthesis. Most. if not all. of this
sulfate appears to be bound to carbohydrates[120]. especially oligosaccharides[53]. and
there is a proteoglvcan torm of CgA in the chromatfin granules. The relative amount of
the proteoglycan form ot CgA varies depending on species. tissue and developmental
stage[156].

Other post-translational modifications of CgA include carboxymethylation[102].
a-amidation of the CgA derived peptide pancreastatin[45], and the formation of a

disulfide bond between the two N-terminal cysteines[10].



1.2.3 Proteolytic processing

As mentioned previously, the CgA molecule undergoes proteolytic processing by
prohormone convertases to generate biologically active peptides during routing to and
storage in secretory vesicles.( For a review of peptide hormone precursor processing, see
ref. 19.) Both the pattern and rate of CgA processing vary in a tissue-specific manner. [n
adrenal medulla[132] and anterior pituitary[7], the rate and extent of processing are low.
In contrast. CgA is processed extensively in the endocrine pancreas[68] and
gastrointestinal tissues[152]. Proteolytic processing of CgA may also occur after its

release from neuroendocrine cells[92]. (Tablel.2)

Granin Peptide Sequence Cleavaye Origin Ejject larger rssue
CgA  Betagranin 1-128.(r) NH.-KR Isiet B-cell Unknown Unknown
Betagranin-like =113 (b NIL-KR Parahiyroid 4 PTH/CgA secretion Parathyrowd
peptide
Vasostatin =76 (b) NH,-KK Adrenal medulla { vascular tone Arteries, veins
Chromostatin® 124143 by K-K Adrenal medulla 4 catecholamine Adrenal meduila
secretion
Pancreastatin 240-288 1y R-KR Istet B-ceil 4 insulin secretion Islet B-ceil
L PTH secretion Parathyroid
Parastatin 47419 KK Parathyroid® 4 PTH secretion Parathyroid

Table 1.2 CgA derived peptides and their biological effects
The species from which the sequences of CgA are derived are abbreviated as
followings: r, rat; b, bovine. p. porcine ( Adapted from ref.101) *Note that a
recent correction [59] indicates that the inhibition of catecholamine secretion is
not due to chromostatin but maybe to another CgA-derived peptide. The asterisk
indicates the fact that parastatin was produced by exogenous protease.

Two-dimensional gel electrophoresis, HPLC, N-terminal sequencing and
immunoblotting were used to analyze the proteolytic processing of CgA in bovine
chromaffin granules[108]. The results demonstrate that CgA-processing occurs in both

N- and C-terminal moieties of the protein. The major CgA fragments were obtained by
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cleavage of peptide bonds localized in the C-terminal part of the protein (247-248 and
291-292). The cleavage sites observed include three dibasic sites: 77-78 (KK). 114-115
(KR) and 314-3135 (KR); four single arginine residue sites 247-248 (RA), 353-354 (RG).
358-359 (RG) and 386-387 (RG); and the other four sites involved the peptide bond
hydrolysis of Val, Leu or Phe residues which are 3-4 (VN), 64-65 (LA), 291-292 (LF)
and 350-351 (FR). [92] When correlating the biologically active peptides derived from
CgA to these processed fragments, it seems that the granin (1-113), chromostatin (124-
143) and pancreastatin (248-294) are part of larger endogenous fragments: 1-113. 116-
431 and 248-431 respectively. The occurrence of pancreastatin starting at position 248
and 292 suggests cleavage at the N-terminus in the secretory granule and maturation in
the extracellular space. Chromostatin may represent the active sequence of a larger
peptide.

[t has been shown that the endoproteases PC1 and furin play a role in pituitary
CgA processing. PC1 antisense studies demonstrate that endogenous PC1 is responsible
for the generation of a ~30 kDa N-terminal fragment and a ~30 kDa C-terminal fragment
from the intact CgA protein and an ~66 kDa C-terminal fragment in the mouse pituitary
corticotrope cell line AtT-20[38]. Over-expression of PC2 in AtT-20 cells increased
processing to and secretion of ~71 and ~27 kDa N-terminal CgA fragments. Moreover.
antisense PC1 specifically abolished regulated secretion of CgA in response to the
secretagogue, corticotropin-releasing hormone. demonstrating the cleavage-dependent

trafficking of endogenous neuropeptides.
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1.2.4 Putative functions

As for other members in the granin family, CgA is proposed to have extracellular

functions and intracellular functions. (Table 1.3)

Table 1.3 The putative functions of chromogranin A

EXTRACELLULAR

1 Precursor of biologically active peptides regulating resident hormone

secretion

[}

Regulation of cell adhesion

Antibiotic functions

(V]

INTRACELLULAR

1 Packaging of peptide hormones and neuropeptides, granule

condensation and exocytosis

2 Intracellular regulator of prohormone processing

3 IP;-sensitive intracellular calcium-binding protein




1.2.4.1 Extracellular functions
1) Regulation of resident hormone secretion

The processed products of CgA are biologically active peptides that are proposed
to possess multiple functions that ultimately regulate the secretory activity of the resident
hormone in an autocrine or paracrine manner.

The first evidence that supports this notion came about through the
characterization of a 49 amino-acid carboxyl-amidated peptide. pancreastatin. which
shares identity with porcine CgA-(240-288). Pancreastatin inhibits glucose-stimulated
insulin release from the perfused rat pancreas[144]. It was also shown to have activity in
other cell types. for example. in inhibiting secretion of parathyroid chief cells[34.61].
stomach parietal cells. and in atfecting glucose metabolism in rat hepatocyte{86].

[n addition to pancreastatin. B-granin. a 20 kDa peptide first isolated from rat
insulinoma cells. is derived from the amino-terminus of CgA (amino acidsl-113) and
inhibits activity of parathyroid secretion[33]. The N-terminal fragment (amino acids 1-
76) of B-granin has been shown to inhibit arterial smooth muscie contraction in vitro. and
thus is called vasostatin[1]. The synthesized truncated fragment of vasostatin. CgA-(i-
40), has been proven to reduce parathyroid hormone-related peptide and calcitonin
secretion from a squamous-cell carcinroma line and parathyroid hormone release from
primary cultures of parathyroid cells[31,61].

Parastatin is another peptide generated from CgA [porcine CgA-(347-419)] that
inhibits of low calcium stimulated parathyroid cell secretion of PTH in vitro[40].

However, this peptide is of lower potency than pancreastatin or $-granin.



Chromogranin A was first identified in chromaffin cells of the adrenal medulla, but
the functional peptide that regulates secretion from these cells is the most recently
defined novel fragment of CgA [bovine CgA-(344-364)], named catestatin[147]. It has
been shown to inhibit catecholamine release from chromaffin cells and noradrenergic
neurons by acting as a non-competitive nicotinic cholinergic antagonist. The principle of
its action is described as the following: Catestatin exists in nature as a 3-strand/loop/f3-
strand structure with three arginine residues in the loop. The positive charge of the
arginine residues “dock™ the catestatin molecule to the negatively charged extracellular
domain of the Torpedo nicotinic cholinergic receptor. The catestatin molecule interacts
with the B and & units of the receptor and the ligand-receptor complex occludes the cation
pore. providing the structural basis for the non-competitive nicotinic cholinergic
antagonist properties of the peptide[147].

CgA derived peptides appear to be inhibitors of endocrine and some exocrine
secretions. There is a new model. named “zero steady-state error”™ (ZSSE) homeostasis
control, that attempts to explain the crucial role of these CgA-derived peptides in counter-
regulatory homeostatic hormone systems. such as the PTH/calcitonin system for plasma
ionized calcium and glucagon/insulin system for plasma glucose[77]. The model
indicates that the secretory activities of the counter-regulatorv homeostatic hormones are
controlled by plasma CgA levels and always return to an equilibrium point regardless of

disturbances within physiological limits.

2) Modulation of cell adhesion
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A new physiological role of CgA was addressed recently. [t has been shown that
mixtures of large molecular weight CgA fragments can inhibit tibroblast adhesion, and
limited trypsin treatment can convert the anti-adhesive activity into pro-adhesive activity.
The fragments corresponding to vasostatin [, vasostatin II (residues 1-78, 1-115) and a
synthetic peptide encompassing the residues 7-37 exert pro-adhesive effects. These
fragments induce adhesion and spreading of tibroblasts on plates coated with collagen I
or [V, laminin and fetal calf serum. Since the peptides encompassing the residues 1-20.
25-46, 37-57, and 47-68 do not have this pro-adhesive effect. it suggests that
conformational constraints in the N-terminal domain are necessary for activity[47].

The fact that anti-adhesive tragments can be converted to pro-adhesive tragments
indicates that proteolytic processing of CgA could be critical for its adhesive tunctions.
Thus. tissue specific patterns of CgA processing may regulate its adhesive etfect. Since
the change of adhesion of fibroblasts markedly changes their physiology. the adhesive
activity of CgA may be important tor the regulation of neuroendocrine tissue

development and remodeling.

3) Antibacterial and antifungal activities

Bovine vasostatin-1 (amino acids 1-76 of bovine CgA), human recombinant
VS-1, and rat synthetic CgA-.s7 possess antimicrobial activity against Gram-positive
bacteria and a large variety of filamentous fungi and veast cells at micromolar
concentrations, and they are also able to kill alarge variety of filamentous fungi and

yeast cells in the 1-10 uM range[87]. The rat synthetic CgAs.s7 displays decreased

antimicrobial activity.



The 19 residues at the C-terminal end (residues 58-76) of vasostatin are important
for the formation of helical secondary structure. and probably play a role in its
antimicrobial activity. Furthermore, opening of the disulfide bridge and S-
pvridylethylation of CgA-derived peptides results in slightly decreased antibacterial
activity. The disulfide bridge structure is not crucial forthe antifungal activity. The

molecular mechanisms responsible for antimicrobial activity are still under investigation.

1.2.4.2 Intracellular functions
1) Packaging of peptide hormones and neuropeptides to secretory granules

Besides its numerous extracellular tunctions. CgA is proposed to play an important
role in the regulation of resident peptide hormone tratficking to the regulated secretory
pathway.

Peptide hormones and neuropeptides destined for the regulated secretory pathway
are stored at high concentrations in secretorv granules. which are derived from the trans-
Golgi network([20. 62]. in endocrine and neuroendocrine cells until they are released in
response to signals from various secretagogues. This storage may be required tor the
proteolytic processing of prohormones to active peptides. Other secretorv proteins leave
the cell through the constitutive secretory pathway. originating from the trans-Golgi
network; or through the constitutive-like secretory pathway, originating from immature
secretory granules. Thus, granule storage of secretory proteins requires two sorting steps,
“sorting for entry” and “sorting by retention”, which refine the final compiement of

stored proteins[3].
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Several mechanisms for sorting of secretory proteins into secretory granules have
been demonstrated. These include receptor-mediated transport of selected secretory
proteins (the mechanism of the “sorting for entry” step), low pH and /or calcium-induced
aggregation (the mechanism of “sorting by retention” step). and direct binding to specific
lipid domains in granule membranes. It was recently proposed that sorting-for-entry
dominates in neuroendocrine cells while sorting-by-retention dominates in endocrine
cells{145].

[t appears that different sorting mechanisms are responsible for the sorting of
different proteins to the secretory granules. For example. pro-opiomelanocortin (POMC)
is sorted by binding to carboxypeptidase E through the disultide loop region at its N-
terminal region[27]; CgB contains a similar N-terminal disulfide loop region that is both
necessary and sufficient for sorting in PC12 cell. although carboxypeptidase E is not
responsible for this sorting event[54]. Furthermore. while a narrowly defined aggregation
domain of pro-atrial natriuretic factor is responsible for its sorting to the regulated
secretory pathway in AtT-20 cells[22]. the aggregation of chromogranins at low pH and
the presence of calcium is neither necessary nor sufficient for their sorting in PC12
cells[49]. These findings indicate that individual secretory proteins use different sorting
mechanisms in a cell type dependent manner.

CgA is a high-capacity. low-affinity, calcium-binding protein, which can aggregate
at low pH and high calcium conditions[119]. These characteristics may contribute to
CgA’s ability to sort peptide hormones and neurotransmitters and package them into

secretory granules. Evidence for this includes the fact that CgA can co-aggregate with a
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peptide hormone such as parathyroid hormone (PTH). but excludes constitutively
secreted proteins such as serum albumin(32].

The domains that are responsible for directing CgA to the regulated secretory
pathway were investigated recently. Although CgA contains an N-terminal disulfide loop
homologous to that of CgB which acts as the sorting signal of CgB in neuroendocrine
PC12 cells [24,80], a CgA mutant with the deletion of the disulfide loop could still be
directed to regulated secretory pathway in PC12 cells[54]. But this can be explained by
the aggregation of CgA mutant to endogenous CgA molecules. However. in endocrine
GH4C1 cells. which lack endogenous CgA. the CgA mutant without disulfide loop can
still be sorted to granules. On the other hand. a 90 amino acid deletion at the C-terminal
of bovine CgA impairs its aggregation properties and reroutes CgA secretion to the
constitutive secretory pathway in GH4C1 cells[28]. This is the first evidence that low
pH/calcium induced aggregation is necessary for sorting of CgA to the regulated
secretory pathway of endocrine cells. Interestingly. such a mutant has no effect on CgA
sorting in neuroendocrine PC12 cells. Thus, there must be a different mechanism and/or
domains in the molecule responsibie for CgA sorting in neuroendocrine and endocrine

cells respectively. Sorting of CgA is therefore dependent on cell type.

2) Regulating the proteolytic processing of the resident prohormones

Chromogranin A has been shown to have an intracellular role in regulating
prohormone processing. The multiple pairs of basic amino acids in CgA may serve as
competitive substrates for serine protease activity in the Golgi apparatus and secretory

granules. There is evidence that CgA can serve as a competitive inhibitor of the in vitro



processing of pro-enkephalin[128]. The relative amount of CgA within different cell
types may influence the extent of processing in addition to the differential expression of
prohormone convertase enzymes[61].
3) Regulating intracellular calcium flow as an [P;-sensitive intracellular calcium-
binding protein

Secretory granules have been identified as the major inositol 1,4.5-trisphosphate
(IP;)-sensitive intracellular calcium store of adrenal medullary chromaffin cells and
pancreatic B-cells. CgA is the major component of granules with high capacity and low
affinity for calcium binding. It has been shown to interact with several integral membrane
proteins of the secretory granules. one of which is the IP; receptor/Ca’” channel. at the
intragranular pH of 5.5 and dissociate from them at a near physiological pH of 7.5.
Recent investigation showed that tetrameric CgA binds to four molecules of the
intraluminal loop region of the IP; receptor at the conserved N-terminal region[162]. This
result is consistent with the proposed anchor role of the near N-terminal region. as well as
the function of the free C-terminal region that contributes to dimerization and
tetramerization of CgA molecules. From this information. one can imagine that the
conformation change of the IP; receptor upon binding with IP; will be directly and
rapidly transmitted to CgA, which in turn will undergo a conformational change that

leads to dissociation of some Ca®" for release into the cytoplasm.
1.2.5 CgA gene structure

The CgA gene is a single copy gene in the genome. The human, bovine and mouse

genes are comprised of 8 exons with conserved exon-intron boundaries (Fig 1.2)[61] N-
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terminal and C-terminal regions show conservation among the genes of different
species[114]. Exon I and part of exon Il encode the signal peptide. The remaining exon II
to exon V collectively encode the highly conserved amino terminal domain (the $-granin
sequence). Exon VI encodes a variable domain. Exon VII encodes another variable
domain. which contains the pancreastatin and catestatin sequences. Exon VIII encodes
the highly conserved carboxyl-terminal domain[61]. The human CgA gene is located on
chromosome 14q32. near the immunoglobulin heavy-chain locus[99]. In rat. the CgA

gene is located on chromosome 6 and in mouse on chromosome 12[133].
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Fig 1.2 CgA gene structure (taken from ref.97)

The approximately 200bp proximal promoter of the CgA gene is well

conserved[61]. Human and bovine CgA gene share around 80% identity whereas human

and mouse gene have 50% similarity between each other[97]. In each of the promoters.

there is a cvclic AMP response element (CRE) just upstream of the TATA box. The CRE

was proven to be both necessary and sufficient for the neuroendocrine specific expression

of the CgA gene[97]. In addition. consensus sites for the transcription factors, Sp-1 and

AP-1 were found in all three genes. The importance of these elements remains to be

clarified.



1.2.6 Distribution and ontogeny
¢ Distribution

The CgA molecule was present in the early stage of evolution of the animal
kingdom([158]. CgA immunoreativity has been detected in Drosophila. fish and single-
celled eukaryotic organisms such as the protozoan. Paramecium tetraurelia[61]. The
subcellular localization of CgA is in the secretory granules of mammalian
neuroendocrine and endocrine cells or their submammalian counterparts, such as the
richocysts of Paramecium. This conservation suggests a functional importance for CgA
throughout evolution[61]. An effort has been make to search CgA sequence homology in
veast and C. elegans data base. but no significant homologous sequences found.

CgA was found originally in chromatfin granules of the adrenal medulla and
dense-core vesicles of sympathetic nerves. Later. its expression was shown to be much
more widespread and it is found in most neuroendocrine and endocrine tissues and some
exocrine tissues.

The expression level of CgA varies widely from one type of neuroendocrine cell to
another[143]. The largest amount is found in the adrenal medulla. with CgA representing
almost half of the total soluble content of the secretory granule. The granules of the cells
in pituitary contain 25% of the amount in adrenal medulla. the pancreas and stomach plus
intestine contain 5% each, whereas all other endocrine glands represent less than 1%. In
the pituitarv, CgA immunostaining is mainly in LH and FSH-containing cells, and little is
present in ACTH- or prolactin- containing cells. The thyroid C cell, insulin- and

glucagon-containing cells and exocrine cells in the pancreas have CgA expression. CgA



is also present in scattered neuroendocrine cells in nonendocrine tissues, such as breast,
lung, trachea, prostate, uterus, gastro-intestinal tract and the Merkel cells of the skin.
CgA-positive cells are found in the spleen, thymus and lymph nodes of the immune
system[2]. However, some endocrine cells that are not of neuroendocrine origin lack
CgA. These cells include the follicular cells of the thyroid gland and the steroid hormone-
secreting cells of the adrenal cortex and the gonads.

CgA is widely distributed in nervous tissue. In the central nervous system, CgA
expression was found in the brain medulla and cerebral cortex. and the posterior
hyvpophysis. In the peripheral nervous system. CgA is present in different neuron
subpopulations and in the peripheral sympathetic neurons as well. Secretory vesicles of
lumbar motor perikaryva and cholinergic nerve terminals in skeletal muscle also contain

CgA immunoreactivity[130].

e Ontogeny

The developmental expression of CgA has been examined in a small number of
tissues in limited species. In the developing rat adrenal medulla. CgA shows a dramatic
rise in expression in the secretory granules from fetal day 14[9]. The first ECL cells of rat
appear at embrvonic day 17[75]. Immunoreactive histamine and chromogranin A appear
one day later. At 15 days of postnatal age. the level of CgA expression is similar to that
of the adult[140]. In human, CgA mRNA can be detected as early as 6 to 8 weeks of
gestation in chromaffin tissue and progressively increases during the first year of life[57].
In the endocrine cells of the human intestinal tract, CgA immunoreactivity appears

together with the resident hormones at eight weeks of gestation. However, in the avian,



for example, the chicken, CgA first appears in the intestinal tract at various embryonic

ages from day 10 in the cloaca to day 16 in the distal ileum and colon[123].

1.2.7 Regulation of biosynthesis and secretion

It has been observed that the biosynthesis of CgA is regulated by several steroid
hormones and intracellular messengers.

Steroid hormones affect CgA synthesis in a cell type specific manner and opposite
direction to the resident hormones. 1.25-dihydroxyvcholecalciferol [1.25-(OH).D;]
enhance CgA synthesis in the parathyroid but decrease that of PTH[88.95.137]:
glucocorticoid stimulate CgA expression but suppress POMC[151]: However. in the case
of estrogen. it decrease CgA expression in gonadotroph cells but increases LH and FSH
secretion[44]. Thus. this phenomenon is complementary to the extracellular function of
CgA in that the steroid hormones increase or decrease the level of CgA expression to
affect the secretion of the biologically active CgA derived peptides. which lead to the
decreased or increased secretion of the resident hormone respectively. GRE. ERE and
VDRE like sequences were found at the 5°-flanking region of CgA gene[94].

CgA biosynthesis is also regulated by several intracellular messenger systems.
including intracellular calcium and cAMP of the PKC and PKA signaling pathways[61].
In chromaffin cells, short-term treatment with phorbol esters elevates intracellular
calcium level by the PKC pathway and stimulates CgA protein biosynthesis. There is a
consensus cvclic AMP response element (CRE) in the promoter of the CgA gene. It was
shown to be important for the neuroendocrine specific expression of the CgA gene.

However, there has not been any evidence that increase intracellular cAMP levels can
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obviously stimulate CgA biosynthesis, but has some modest increase of CgA mRNA
level in chromaffin cells[69] and medullary thyroid carcinoma cells[98] by forskolin
treatment.

1.2.8 CgA as a neuroendocrine tumor marker

Since CgA is widely distributed in neuroendocrine tissues and co-secreted with
neuropeptide hormones, it is suitable as an immunohistochemical and serum marker for
neuroendocrine tumors.

The serum level of CgA is elevated in patients with various neuroendocrine
tumors, and the elevated level is correlated with tumor burden[106]. The highest levels
recorded in cases of metastatic carcinoid tumor were with extreme elevations up to 1000
times the upper limit of normal[108]. However. serum concentrations of CgA are rarely
elevated in subjects with small neuroendocrine tumors. such as insulinomas.
paragangliomas and pituitary adenomas[103].

As many neuroendocrine tissues contribute to the circulating concentrations of
CgA. its plasma pool is substantially greater than that of most peptide hormones. Thus, it
is more difficult to acutely increase the level above the physiological background.
Moreover, the correlation between serum levels of CgA and of the specific peptide
hormones of the tumors is poor. Therefore, the usefulness of the serum CgA level as a
marker for neuroendocrine tumors is limited in sensitivity and specificity. However, it is
still useful in the following cases[107]: (1) "non-functioning’ neuroendocrine tumors,
which do not secrete a detectable marker. such as non-functioning pituitary adenomas
and silent neuroendocrine tumors of gastro-enteroendocrine system; (2) tumors with

unstable markers or markers that are inconvenient for clinical use. For example, the



catecholamine levels and 24-h urine collections for catecholamines and their degradation
products in patients with phaeochromocytomas. (3)Immunohistochemical measurement
of CgA to differentiate the tumors of neural crest or other origin.

Other members of the granin family are also suitable for neuroendocrine tumor
detection. With a combination of CgA and CgB antisera, the detection sensitivity rises to
about ten times of that of the CgA antiserum only, both in immunohistochemical and
serum detection[37]. Therefore. using a combination of antibodies against several
chromogranins and their cleavage products might offer a more powerful tool for
neuroendocrine tumor detection. Another future application of CgA as a tumor marker is
its use in in vivo imaging techniques of neuroendocrine tumors. It has been shown that
CgA and CgB molecules are tightly bound to the interior side of the secretory vesicle
membrane. After exocytosis. the vesicle membrane becomes part of the plasma
membrane. exposing the membrane bound granin molecules to the extracellular milieu.
This provides the opportunity to detect the granin secreting neuroendocrine tumors by
using the immunoscintigraphy with antibodies against CgA or CgB. Preliminary data in
the use of a three-step pre-targeted immunoscintigraphy using anti-CgA monoclonal
antibody in patients with several neuroendocrine tumors shows a higher diagnostic

accuracy than conventional imaging techniques[89].



Chapter 2

Transgenic approaches for gene function and regulation study



2.1 Transgenic technology
2.1.1 Introduction

Recent advances in transgenic technology have provided an opportunity to explore
the function and regulation of a single gene in a complex physiological system in
vivo[59]. In particular, the mouse has been established as the model of choice for
mammalian genetic and developmental analysis. Since all the studies of CgA gene
regulation and function were obtained through in virro approaches. the project outlined in
this thesis is based mainly on the investigation of CgA gene function and regulation in
vivo through transgenic approaches. In this chapter. [ would like to introduce some recent

progress in gene function and regulation analysis using transgenic technology in the

mouse.

2.1.2 Development of transgenic technology

In the early 70’s. Jaenisch & Mintz first demonstrated that SV40 viral DNA could
be introduced into the mouse embrvo and detected in various tissues of the animals that
developed from these embryos{72]. thus establishing the concept of a transgenic animal.
Subsequently. the Moloney murine leukemia retrovirus was used as the vector to deliver
the transgene into mouse embryos[73]. However. due to the limitation of the retroviral
genome capacity. this method was replaced by direct pronuclear microinjection of

purified DNA into the male pronuclei of fertilized one-cell stage mouse embryos[51].



Because of the efficiency and consistency of this method. it has become a standard
procedure to produce transgenic animals.

However, the approach of pronuclear microinjection to create a transgenic animal
suffers from two major problems: uncontrollable integration sites and copy numbers.
Random integration and multiple copies of transgenes lead to unregulated expression and
can cause side effects. such as variable expression levels. and disruption of other
important genes. It has been reported that 5-10% of transgene integration events result in
a mutant phenotype as a consequence of disruptions. deletions. or translocations.

The problem of random transgene integration was circumvented by the
development of a homologous recombination-based gene-targeting procedure. The
transgene or mutated DNA sequence can be dehvered to a specific locus by using a
recombinant DNA vector (the targeting vector) that allows homologous recombination to
occur between the targeting vector and its endogenous counterpart at the homologous
regions. thereby altering one of the normal alleles in the genome. This recombination
event takes place in the embrvonic stem cells (ES cells) in culture after transfection with
the targeting vector. The ES cells are derived from the inner cell mass of the
blastocyst[39]. and maintain their pleuripotential characteristic in culture with the
presence of a differentiation inhibiting factor such as leukemia inhibitory factor (LIF).
The recombinant ES cells containing the desired genetic alteration can aggregate with
eight-cell stage morulae or be injected into the blastocyst and contribute to the
development of all kinds of tissues including germ cells of the chimeric mouse{11].
Therefore, the genetic composition of the ES cells could be passed on to the offspring.

This results in germ-line chimerism, or heterozygous offspring. By crossing the



heterozygotes, homozygotes might be obtained. Thus the function and regulation of a

single gene can be assessed in the complex in vivo situation.

2.2 Promoter activity study in vivo
2.2.1 Reporter systems

The transgenic approach enables the vigorous examination of gene regulation in
different tissues and at different developmental times. The typical approach for this
purpose is utilizing sequence cassettes that contain a regulatory sequence of a gene
hooked up to a poly (A)-tailed reporter gene encoding a product whose biological or
physiological activity can be detected easily. such as chloramphenicol acetyl transferase
(CAT). B-galactosidase (lacZ). luciferase (Luc). or green fluorescent protein (GFP). Two
common features are shared by all of these reporters: the biological activity is generally

lacking in mammals. and the activity can be detected by a simple assayv[155].

e [-gal reporter system

The most elegant result can be obtained by using the lacZ reporter to identify
temporal and spatial regulatory DNA elements in the transgenic mice. LacZ activity can
be determined by in situ or quantitative analysis{124]. Therefore, it is possible to follow
the expression patterns of the promoter activity in the developing embrvos in a
three—dimensional manner under a stereoscope. Detailed expression patterns at a cellular
level can be examined on selected tissue sections located in a specific region[154]. CAT
and Luc reporters are more sensitive. However, due to technical limitations, these two

systems are not as convenient as LacZ system in the in situ analysis assay. They are
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preferred when the sensitivity of detection is a concern. Therefore, the choice of reporter

system depends primarily on the purpose of the experiment.

o  GFP reporter system

The recently developed GFP system contains a green fluorescent protein from the
jellyfish Aequorea victoria that absorbs blue or UV light and emits detectable green light
in a species-independent fashion. either in living or fixed tissues[70]. This process occurs
without requirement for a substrate or cofactor. Thus. it allows direct imaging of
fluorescent gene product in living cells and allows an examination of changes in gene
expression in living tissue. Okabe et al. generated a transgenic mouse line with a mutated
"enhanced" GFP cDNA under the control of a chicken B- actin promoter and
cytomegalovirus enhancer. Under excitation light. all tissues from these transgenic mice
were green[104]. GFP is not toxic to the cells. and does not interfere with cell growth
and/or function. So far it is reported that GFP does not alter the subcellular localization of
proteins and is distributed both in the nucleus and cytoplasm[23]. Due to its small size.
GFP diffuses throughout the cvtoplasm of extensively branched cells like neurons and

glia[12]. Thus. gene expression analysis using the GFP system offers distinct advantages

over other reporter gene systems.



2.2.2 Conventional approach
The conventional approach to study promoter activity in vivo is to generate

transgenic mice by pronuclear microinjection of the purified DNA construct containing
the promoter-reporter cassette into male pronuclei of fertilized oocytes. This method has
proven to be effective in achieving exogenous gene expression to address promoter
activity. However, the transgene is integrated in a random manner and with unpredictable
copy numbers. which may cause profound side effects that affect the accuracy of the
detection of the promoter activity.
2.2.3 Introducing a single copy of transgene cassette at a chosen site

To avoid the disadvantages of the conventional approach. a gene targeting
technique is used to introduce a single copy of the promoter-reporter cassette to a special
chosen site in the mouse genome. This controls the copy number and eliminates the
chromosomal location effect of the reporter gene expression. Therefore, the targeted
transgenes should provide a more efficient and informative means of detecting the gene
regulation elements. The chosen locus of transgene integration is usually a housekeeping
gene locus. since at such a region, the chromosome construct is always in a open status
and the inserted promoter activity is not likely to be restricted in its expression by
unfavorable chromatin configuration. The most popular chosen site is the hypoxanthine
phosphoribosyltransferase (Hprt) locus[15]. because of the availability of a targeting
vector capable of mediating a highly efficient, directly selectable homologous

recombination event at this locus. In additional, a special karvotypically male ES cell line



. containing a deletion at the X-linked Hprt gene site is used for generating the
recombinant ES clones[64]. Therefore, the selection can be conveniently carried on in

HAT medium directly. (Fig 2.1 )
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Fig 2.1 Mechanism of introducing the transgene into the Hprt gene locus
(taken from ref.15) A-C: a replacement event mediated by two crossover(X and
X): D-F: an insertion event mediated by a single crossover(X). A&D: the
endogenous Hprt locus; B&E: targeting construct; C&F: resulting targeted loci
modified by homologous recombination restoring Hprt function and introducing
the transgenic sequences. Unshaded box: genomic locus; Brackets: deletion;

. Shaded box: targeting construct; Tg: transgenic sequences; Thin solid line:
plasmid sequences; Numbers: representing exons.
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2.3  Gene functional analysis in vivo
To study a single gene function, the gene can be over-expressed, disrupted or

mutated in the genome of the transgenic mouse. Through the phenotype changes, the

exact function of the gene can be obtained.

2.3.1 Gain-of-function analysis

Over-expression or ectopic expression of a gene of interest or its mutated form
may shed light on its specific function. This can be obtained by pronuclear injection of
the transgene construct into the nuclei of fertilized mouse embryos at the one-cell
stage[135]. In transgenic mice. a transgene construct with its own promoter will be
expressed in all tissues where the gene is normally expressed. while it can be targeted to
selected tissues by an appropriate promoter. The normal function of a given gene can be

altered by over-expressing a mutated gene encoding a dominant negative protein.

2.3.2 Loss-of-function analysis

Another approach to studv gene function is to inactivate the target gene in the

genome leading to a gene knockout.

e Conventional gene knockout
Conventional gene knockout strategy is to direct homologous recombination to a
specific target gene in embrvonic stem (ES) cells[22]. This procedure is mediated bv a

target vector containing two homologous sequences of the target gene flanking the target



region of the gene. After the recombination, the target region is substituted by the vector
sequence containing the selectable marker.(Fig 2.2) The ES cells containing the modified
genomic sequence are then injected into the morulae or blastocyte stage embryvos. which
will developed into the chimeric mouse. The offspring of the chimera may harbor the
mutation in a heterozygous way. The homozygous mouse can be obtained by breeding

the heterozygotes.

DT-A

vector

t genomic target

6 modified genomic sequence

Fig 2.2 Targeted homologous recombination (taken from ref.118) Linearized
targeting vector contains: A&B: sequences identical to the targeting sequences on
genomic sequences; neo": positive seletable marker; DT-A: negative selectable
marker; I-VII: exons of the targeted gene.



e Tissue-specific inducible gene knockout

However, there are a number of limitations of the conventional knockout strategy.
The homozygous disruption of a gene involved in complex pleiotropic effects in
individual development may be lethal and thus does not permit the development of an in
vivo model system in which gene inactivation is restricted to a defined subset of cells. To
overcome these limitations. gene knockout strategy was refined by targeted deletion of a
gene from a specific cell type at a specific stage of development. This can be achieved by
site-specific heterologous recombination systems. There are two such systems established
so far. One is the Cre/lox system from bacteriophage[125]: the other is the Flp/Frt system
from veast[35]. The Cre/lox system appears to be more effective and widely used.

Cre is the name of the gene that encodes the bacteriophage P1 site-specific DNA
recombinase. It recognizes a specific 34-base pair DNA sequence called lox. Cre is able
1o bring pairs of lox sites into proximity. and catalyzes breakage and religation between
them. Where two lox sites occur in the same orientation. this results in looping out and
deletion of the sequence between the lox sites. When lox sites occur in opposite
directions. it causes inversion.(Fig.2.3) In the Flp/Frt system, Flp is the yeast version of
Cre recombinase. and Frt is the Flp’s version of lox.

For example, the gene knockout approach was applied to directly inactivate the
insulin receptor gene in mice[26]. as well as conditionally knockout the gene in the
muscle{122]. IR deficiency in IR -/- mice led to a number of major metabolic alteration
soon after suckling, including severe diabetes mellitus with ketoacidosis,

hyperglycaemia, hyperinsulinaemia, reduced hepatic glvcogen content and marked



postnatal growth retardation as well as skeletal-muscle hypotrophy. All of these disorders
led to the death of IR-deficient pups within | week after birth. Due to the lethal nature of
IR disruption, a conditional knockout model needed to be established to study insulin
function in muscle. Therefore. the muscle-specific IR gene knockout was obtained by
using the Cre/lox system. Mice harboring an altered IR gene with exon 4 flanked by lox
sites were generated and bred with transgenic mice expressing the Cre recombinase gene
driven by the muscle creatine kinase gene promoter/enhancer. The resultant muscle-
specific IR knockout offspring showed impaired insulin-stimulated glucose uptake in
skeletal muscle. Yet. these animals remained physiologically normal. normoglycaemic at

birth and showed normal growth and development.
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Fig 2.3 Mechanism of Cre/lox site-specific recombination (from reference 118)
A: Cre recombinase catalyzes deletions between two 34-basepair lox site when
they are integrated in the same orientation in a segment of DNA, producing both a
deleted gene in the genome and a circle, each retaining a single lox site. B:

targeted gene inversion is produced when lox sites are present in opposite
orientations.



Besides the possibility of introducing somatic mutations in a given tissue, current mouse
gene targeting technology is able to do this at a chosen time by inducible knockout
strategies. When the Cre gene is under the control of inducible expression systems, such
as the tetracvcline-inducible system(46] and ecdysone control system[104], the target
gene can be deleted upon administration of the exogenous inducible agents.

The temporal and spatial expression patterns of the Cre gene are dependent upon
the nature of the promoters employed. Therefore, the control of timing and tissue-specific
expression of the Cre gene can be achieved by application of specific and inducible
promoters. Several inducible sysiems have been established. such as the heavy metal
inducible promoter system[112]and the estrogen inducible system{13]. However. the
physiologic (estrogen) or toxic (heavy metal ion) effects of the inducer and high basal
transcriptional activity from the promoters limit their utility. Yet the development of a
regulatory circuit based on the tetracycline-resistance operon ter from E.coli transposon
Tnl0 opened a new approach for controlling transgene expression. Figure 2.4 shows how
the tet-system works. Transgene-1 utilizes a tissue-specific promoter-A to direct the
expression of the transactivator TA for the tetracycline operon (tet-P). Transgene-2
encodes the cDNA of interest under the control of Tet-op. in the absence of Tet. TA
produced in specific tissues is active, thereby activating expression of tg-2 in pr-specific
tissue. In the presence of Tet, TA remains silent. and no tg-2 is expressed. The
tetracvcline regulatory system can provide temporal control of transgene expression
under experimental conditions. It should be useful for experiments designed to address
certain biological questions such as further definition of the roles played by growth

modulators, oncoproteins and other proteins participating in developmental processes.
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In the absence of Tet, the cDNA is in the presence of Tet, the cDNA
expressed in Pr-specific tissues. iS not expressed.
[Cpr_] Tissue specific promoter Tetracyciine operon promoter
[C3a_] Transactivator for Tet operon ¢DNA to be expressed
@D Active TA Inactive TA bound by Tet

Fig 2.4 The mechanism of tetracycline-inducible binary system ( taken from ref.
153) Transgene-1 (Tg-1) encodes the transactivator (TA) for the tetracycline operon.
and under the control of a tissue-specific promoter-A (Pr). Transgene-2 (Tg-2) encodes
the cDNA of interest under the control of Tet-op. In the absence of Tet, TA produced in
Pr-specific tissues is active. thereby activating expression of Tg-2 in Pr-specific tissue.
In the presence of Tet. TA remains silent. and no Tg-2 is expressed.

Another inducible gene targeting approach was achieved by the engineering of the
Cre recombinase itself. Chambon's group fused the Cre gene to a mutated ligand-binding
domain of the human estrogen receptor resulting in a tamoxifen-dependent chimeric Cre
recombinase[41], which is activated by tamoxifen. but not by estradiol. Transgenic mice
were generated expressing Cre-ER" under the control of a cytomegalovirus promoter (Fig
2.3). PCR and southern blot analysis shows that the excision of a chromosomally
integrated gene flanked by lox sites can be induced by administration of tamoxifen to

these mice, whereas no excision could be detected in untreated animals.
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Fig 2.5. The structure of the Cre-ER' transgene (taken from ref. 41)

The Cre-ER' transgene. consisting of a Cre recombinase gene fused to the cDNA
coding for the G321R mutant of the human ER ligand binding domain, is driven by
the human CMV promoter. with a rabbit B-globin intron upstream and a simian virus
40 polvadenylylation signal downstream.

Such an inducible system could help in certain cases to distinguish between anomalies

related to a mixed genetic background and those due to mutation of the target gene.

2.2.2.3 Introduction of mutations into the target gene

When it comes to study the effect of a specific variation of a gene structure on the
gene function. the knockout strategy has proven to be invaluable. Therefore. instead of
knocking genes out. a knock in method is needed to introduce desired sequence
alterations into the genome[14]. The method consists of a two-step strategy. The first step
is a homologous recombination with a single reciprocal recombination at the target gene
resulting in a duplication of the homologous region. Successfully targeted cells are
obtained by selection for neomycin resistance. In the second step. ES cells are selected
that contain a spontaneous intrachromosomal recombination event leading to a loss of the
endogenous locus and the thymidine kinase gene. Successfully reverted ES cells are used

to generate transgenic mice carrying the mutations. An excellent example is the murine
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model generated by introduction of the Arg-403 Gin point mutation into the a-myocyte

heavy chain (a-MHC ) gene in ES cells [59]. (Fig 2.6)

insertion vector
6 89 13* 15

single reciprocal
recombination

1 6 89 13 15 20
l -———G 418

1 6 89 13*15 neo

o k 6 89 13 15 20
duplication of homologous region l

intrachromosomal
recombination

revertant gene
bearing the
1 6 89 13715 20 Ppoint mutation

Fig 2.6 Introducing point mutation into the a-MHC gene ( taken from ref. 59)
The insertion vector contains exon 6 to 135 and two selectable marker genes, neo and
tk. Exon 13 bears a single point mutation. The first step is a single reciprocal
recombination leading to duplication of the homologous region. Successfully targeted
cells survive selection for G418 resistance. The second step consists of a spontaneous
intrachromosomal recombination event leading to loss of the endogenous locus. These
cells can be selected by resistance to FIAU (fialuridine).
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A similar scheme introducing defined genetic alterations can be envisioned using
the Cre/lox system[56]. The targeting vector contains a region homologous to the target
gene but with desired sequence alteration and interrupted by a selectable marker flanked
by lox sites. Homologous recombination introduces the desired mutation with the
selectable marker to the target site. The marker can then be removed by transient
expression of the Cre gene in ES cells.

This approach was used to study the function of two structurally related genes: En-
1 and En-2. which are involved in brain development[58]. Both genes become active
early in the same regions of the developing brain. although En-1 is turned on 8 to 10
hours before En-2. En-1 null mice had serious abnormalities. including a deleted
midbrain and cerebellum that caused them to die shortly after birth. In contrast. En-2
knockouts had only minor problems. There are two hypotheses that could explain the
difference between the brain phenotypes of the two mutant genes. First. these two genes
have different functions in spite of their similar structure and site of expression. Second.
they have equivalent functions but the divergence in the temporal expression patterns
results in the compensation for En-2 by En-1. which is expressed earlier.

In order to distinguish between these two hypotheses. Joyner and her colleagues
spliced the En-2 gene into the DNA used to knockout En-1, As a result, En-2 was
inserted into En-1 gene. simultaneously inactivating it. while En-2 itself was hooked up
to En-1's regulatory sequences. (Fig 2.7) Fig 2.7 shows how this was achieved. The
PGK/Neo selectable marker cassette flanked by lox sites was then removed by Cre

recombinase. With En-2 now expressed with the exact pattern of En-1, the transgenic



I mice exhibited a normal phenotype. Thus, it proves that from a biological point of view,

En-1 and En-2 are functionally equivalent.
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Fig 2.7 Targeting strategy for substitution of En-2 for En-1. ( taken from ref. 58 )
Top line: the schematic of the En-1 genomic locus: herizontal arrow: En-1
promoter: black boxes: En-1 coding sequences. Middle line: linearized En-2 KI

. vector with the PGKNeo marker flanked by lox sites (represented by black ellipses).
Dashed lines: the regions of homology between locus and targeting vector. Bottom
line: structure of targeted locus. After homologous recombination. En-2 hooks up to
En-1 promoter and inactivates En-1 by eliminating the of 3" coding region of En-1
gene. By Cre recombinase activity. the PGKNeo resistant marker can be deleted to
generate the perfect replacement of En-1 by En-2.
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Chapter 3

Construction of constructs for studying neuroendocrine

specific regulation of CgA gene in vivo
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.1 Invitro study of neuroendocrine specific expression of CgA gene

.1.1 Introduction

(93]

Chromogranin A is expressed throughout the scattered neuroendocrine system.
However, it is still unknown what factors govern the activity of the CgA gene to vield
such a widespread vet neuroendocrine-selective pattern of expression. At present. the
study of CgA regulation is focused on addressing the neuroendocrine specificity of its
expression.

The luciferase reporter svstem was used to analyze a series of mouse CgA gene
promoter deletions in neuroendocrine and nonendocrine cell lines[160]. The results
established both positive and negative transcription regulation domains. which included a
distal positive (-4.8/2.2 kb) domain as well as a proximal negative domain (-258/-181 bp)
and a positive domain (-147/-61bp). There is a minimal neuroendocrine-specific element
between —77 and —61. which contains a cvclic AMP response element (CRE. -66/-61).

An elaborate investigation of mutations in the CRE of the human CgA promoter
in our laboratory demonstrated that the CRE is both necessary and sufficient to direct
neuroendocrine-specific expression of CgA gene in many cell lines[21]. In the human
endocrine BEN cell. CgA activation can be induced by dibutyryl cAMP and inhibited by
the PKA-inhibitor H89. thus the signaling pathway was shown to be mediated by PKA.
However. the studies also showed that the expression of CRE-binding protein (CREB)
and CREB-binding protein (CBP) are not different in many neuroendocrine and
nonendocrine cells. In addition, immunoblot analysis indicated that the phosphorylation

levels of CREB in neuroendocrine and nonendocrine cell lines are not different.
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Therefore. the neuroendocrine-specific transcription of the hCgA gene mediated by CRE
does not function at the level of total CREB or phosphorylated CREB or its cointegrator
CBP. The specificity may be achieved by a PKA-responsive CRE-binding protein other
than CREB expressed specifically in neuroendocrine cells. expression of a repressor
protein that binds to CREB in nonendocrine cells, or may lie downstream of CREB
which couples transactivators to the basal transcriptional machinery.

The signaling pathway of activation of CgA gene expression in the rat chromaffin
cell (PC12) by nerve growth factor (NGF) was studied[91]. NGF can induce a 7.6 fold
increase in CgA expression. and CRE i1s both necessary and sufficient for NGF-induced
CgA expression. It was indicated that TrkA and mitogen-activated protein (MAP) kinases
transduce the signal from the NGF receptor to the nucleus and that CREB is involved in
the signaling pathway. The expression of the dominant negative mutants of Sos. Ha-Ras.
Rafl. MAP kinase, ribosomal protein S6 serine kinase [[ (CREB kinase) or CREB
(KCREB) each inhibited the NGF-induced increase in CgA promoter activity. This
makes the role of CREB in CgA gene expression complicated. There may be other
factors that form complexes with CREB to affect neuroendocrine CgA expression.

Further studies on the transcription cofactors and signaling molecules are needed to

address this question.

3.1.2 DNA response elements in the CgA 5'flanking region
There are several consensus hormone response elements in the 5° flanking region
of the CgA gene. Table 3.1 shows these consensus sequences in human CgA 3° flanking

region and compares them to that of some well-defined transcription factor elements. For
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example, the CRE is at -51. TATA box is at —28, and some Sp-1 and AP-1, AP-2
elements are in the proximal promoter region. supporting the results that PKC and PKA
are involved in the regulation of CgA gene expression in virro.

CgA synthesis can be modulated by several steroid hormones. whose genomic
actions are mediated by nuclear receptors. There are both estrogen- and glucocorticoid-
like response elements located in the 5° flanking region of the bovine and human CgA
gene. 1.25(OH):D; can enhance CgA gene transcription in cultured parathyroid

cells{95.96]. There are two VDRE-like motifs localized at —663 and —126 relative to the

transcription start site.
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Table 3.1 Putative Cis-Acting Response Elements* in the 5° Flanking

Element
(position')
TATA (-28)
CRE (-31)

Sp-1  (-63)

VDRE-like (-126)

(-665)

VDRE

1/2 sites(-891)

(-846)
ERE(-1547)
GRE (-893)
AP-1 (-421)
AP-2 (-376)
IR® (-1738)

(-1919)

PR (-79)

Region of the Human Chromogranin A Gene

[Adapted from Mouland (1993)]

Consensus Sequence’ Sequence in hCgA Gene
TATATAA TATATAA
TGACGTCA TGACGTCA
GGCGGG GGCGGG

CGGTGANCCCTGA GGGTGANAGGTGG

TCACCCNSTCACCC TCACCCN(TGAACC

A.GGTCA AGGTGA

AGTCA AGGTGA

GGTCACAGTGACC GGTCAGGCTGGTC

GGTT.CASANTGTTCT GGTGAGAGCeTGTTCT

TGAS:TCA TGAGTGA

GCCTAGCGCC CCCCAGGC
GTTTGAGACAGAGTTTC
GCATTAAgtccAATTATG

[(GGG)AGN];®
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«  To be confirmed by functional studies.
1 Number indicates beginning of element relative to transcriptional initiation site.

2 When alternate basepairs are indicated (Locker and Buzard., 1990) the best fit to the

hCgA sequence is chosen.

{

Inverted repeats.

{

Purine-Rich (PR) sequence.

~ N7 denotes any basepair.

(9% )

.2 Strategies for studying the neuroendocrine specific expression of CgA gene in

vivo

.2.1 Promoter portions studied

(93]

Although elaborate work has been done on CgA gene regulation in vitro. the
sequence requirements for the neuroendocrine specific expression of CgA in vivo are still
unknown. and this we intended to elucidate in this study. Such knowledge would be
important for a variety of studies such as those attempting to express therapeutic toxic
genes in neuroendocrine tumor cells using CgA gene regulatory elements.

According to in vitro CgA regulation studies. there is an active domain
downstream of —147bp relative to the transcription start site. including the CRE, in the
proximal promoter region. Also, there is a proximal negative domain at (-258/-181 bp)
and a distal positive domain around —4.8 kb upstream of the cap site. Therefore, we
planned to study two portions of the 5’-flanking region of CgA gene in this project. The

short portion is terminated at the 184th bp upstream of the transcription start site. We



chose this region to address the necessity and sufficiency of the proximal promoter region
for neuroendocrine specific expression of CgA gene. The other is the longer portion,
which consists of a 6 kb sequences upstream of the cap site. This portion is chosen for

addressing the entire sequence requirement for the neuroendocrine specificity of CgA

gene regulation.

3.2.2 Reporter systems used

The reporter systems we used are the typical f8-galactosidase system, which has
been proven to give elegant results, and the green fluorescent protein system. Since the
detection of GFP activity does not require any substrate and there is no need for tissue
fixation. the GFP system provides real time observation of the developing embryos[50].
We planned to make four constructs. each of which contains one of the two reporter

genes hooked up to one of the two promoter portions of the CgA gene separately.

3.2.3 Introducing a single copy of the promoter-reporter cassette to the mouse

genome

Since the expression of the reporter gene may be altered by the effect of the
integration location, the copy number and the insert disruption of other genes in the
genome, the most efficient way to obtain the reliable resuits is to introduce a single copy
of the transgene cassette to the targeted locus in the genome. The targeted vector we
proposed to use is the Hprt gene targeting vector--pMP8SKB(15]. which contains the
homologous sequence of the Hprt gene and can deliver the transgene cassette to the Hprt

gene locus by homologous recombination.
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3.3 Material and methods
3.3.1 PB-gal reporter system construction

For the B-galactosidase reporter system. the pKS(Sal)’-SDKlacZpA plasmid[163].
which was kindly provided by Dr. Mark Featherstone in the Cancer Research Center of
McGill University, was used as the vector. It was derived from the pBluescript KS vector
by inserting a Kozak consensus sequence containing £.Coli lacZ gene followed by the
SV40 polvadenylation signal.

The proximal promoter (-184bp upstream of the cap site) of the CgA gene was
amplified by polvmerase chain reaction (PCR) with primers that have Sphl and HindlIII-
Kpnl sites added at the 3' and 5' ends respectively. The PCR product was inserted
between the Sphl and HindlII sites of the vector upstream of the B-gal gene to generate
the short promoter-reporter construct. B-gal construct [. Then. the 6109 bp HindIII-Kpnl
portion of the 5'-flanking fragment. which is cut from the phage DNA clone that contains
the CgA genomic sequence of the mouse 129 sv/J strain. was inserted upstream of the
proximal promoter sequence to construct the B-gal construct II. The phage clone is from a
mouse kidney genomic DNA library constructed in Lambda Dash II phage. (Fig 3.1)

The primers used for the amplification are: (1) Forward primer: 5°-
GACCAAGCTTGCCGGGTACCCTTTACAG-3" The HindlII site and Kpnl site are
indicated in bold letters. (2) Reverse primer: 5'- TGGAGCGCATGCGAGCCG-3" The
Sphl site is indicated in bold letters. Although there is a ATG codon (as CAT) in the sphl
site. the purine G at -3 (three nucleotides upstream from the ATG translation start codon)

position, the conserved CgA gene Kozak sequence, was shifted one base pair



downstream due to the deletion of a T at the —1 position in the primer. Therefore, the
ATG may not serve as a translation start site. According to the literature [4], 95% of the
published eukaryotic mRNA sequences have a purine, A or G. in position -3 and position
+4. Mutation studies of a cloned preproinsulin gene indicated that transiation declines 3
to 10-fold when either of the purines in position -3 or +4 is replaced by a pyrimidine. and
translation decreases 20-fold when pyrimidines are substituted in both of those positions
[164]. Here is the comparison of the original CgA gene Kozak sequence and the mutated
CgA: -—-GCTCGCTATGCG---
sequence in the reporter construct: I X CgA gene Kozak
Reporter: ---GCTCGCATGCC---
sequence is not very conserved. It contains only one purine in position -3 but a
pyvrimidine in position +4. In the reporter sequence. both -3 and +4 positions are
occupied by pyvrimidines. Therefore. this ATG in the reporter sequence may not serve as
an efficient start codon. especially compare with the strictly conserved Kozak sequence
of the lacZ gene. So. the translation will still mainly start at the lacZ gene. There was a
previous study . which retained the Sphl site upstream of the lacZ gene. conducting the

Hoxd4 gene promoter study very successfully{163]. Our result shown on the following

pages. which indicate the expression of lacZ gene in AtT20 cells. confirms the feasibility

of this strategy.
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Fig 3.1 p-gal reporter system construction A 342bp PCR fragment amplified from
the proximal promoter region containing the sequence from —181 to ATG site with
HindIII-Kpnl and Sphl sites introduced at both ends was inserted into the pSK-lacZ
vector at HindIII-Sphl sites to construct the 3-gal construct I. The second large distal
promoter fragment is a 6451bp sequence cut from phage DNA clone with HindIII-
Kpnl sites, and it was inserted upstream of fragment 1 of the -gal construct I to form
the B-gal construct II.
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3.3.2 GFP reporter system construction

In the GFP reporter system. we used the pGlow-TOPO plasmid (purchased from
Invitrogen), which contains the superGFP gene[23.29] downstream of a TA cloning
site[130]. The 342 bp PCR product of the CgA gene proximal promoter portion. which
contains the 184 bp sequence upstream of the cap site and a Kpnl site at the 5' end. was
inserted in the TA cloning site to construct the short promoter-reporter construct, GFP
construct I. Then. a 6109 bp HindIlI-Kpnl fragment of the CgA 3'-flanking region from
the phage clone was inserted upstream of the proximal promoter sequence to generate the
longer promoter-reporter construct, GFP construct II. Since there i1s no Hind Il site in the
pGlow-TOPO plasmid. the Aatll site was used to cut the vector and filled in by T4 DNA
polvmerase to generate a blunt end. and the HindIII cut site on the phage fragment was
also filled in to generate a blunt end. Then the two ends were able to be ligated at the 3°

of the long promoter fragment to form GFP construct [1. (Fig. 3.2)

The sequences of the primers used to amplify the CgA short promoter are: (1)
Forward primer: 3°"-AGCCGGGTACCCTTTACAGCCA-3": (The Kpnl site is indicated
in bold letters.) (2) Reverse primer: 5’-TGGAGCGTCGACCGAGCCGGAC-3". The

ATG start codon in the CgA gene is substituted with TCG in the primer:

CgA: . GTCCGGCTCGCTATGCGCTCCA Therefore. th lation will
Reporter:  GTCCGGCTCGGTCGACGCTCCA eretore. the transiation Wit not start

here but at the reporter gene start codon downstream.
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Fig 3.2 GFP reporter system construction A 342bp PCR fragment amplified from
the proximal promoter region containing the sequence from —181 to ATG site was T-
A cloned into the pGlow-TOPO GFP reporter vector to construct the GFP construct
I. The second large distal promoter fragment is a 6451bp sequence cut from phage
DNA clone with HindIII-Kpnl sites. and it was inserted upstream of fragment 1 of
the GFP construct I to form the GFP construct II.



3.3.3 Testing the functionality of the promoter reporter cassettes

In order to test the feasibility of the strategies used to make the promoter-reporter
constructs. the four constructs were transfected into the neuroendocrine cell line, AtT20
cells. which is derived from mouse pituitary corticotrophs. and non-endocrine fibroblast
NIH-3T3 cells. Reporter activity was then detected by the B-gal assay or fluorescent

microscopy.

3.3.4 Preparing to generate the targeting vector for introducing a single copy of

the promoter-reporter cassette into the Hprt gene locus

The pMP8SKB vector. which contains homologous regions of the Hprt gene. is to
be used as the targeting vector for introducing the promoter-reporter cassettes into the
Hprt locus ot the mouse genome. This vector was kindly provided by Dr.Alan Peterson in
the Molecular Oncology Group at the Roval Victoria Hospital. The promoter-reporter
cassettes are to be excised and inserted into the polylinker site of the vector (Fig 3.3).
Since there are just 3 restriction endonuclease sites in the polvlinker, the choice of
enzyme to use is limited. It has been shown that EcoRI and Mlul sites are present in the
insert sequence, so the only site that can be used is the Notl site. Therefore. we have to
generate Notl sites flanking the promoter-reporter cassette and use them to excise it from
the original vector (either pKS(Sal)z-SDKlachA or pGlow-TOPO) for insertion into the
targeting vector.

The oligo-mediated site-specific mutagenesis was used for the Notl site

generation at the appropriate location in the B-gal construct [. Since there is already a
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Notl site upstream of the promoter-reporter cassette. we need to generate the other one at

the downstream

- > b > > =
b3 -~: ~ - = ° - ~ -4 - -4 = - e q - -
423 2 HBi3f s 2 & 3 3 : et i 3
.yl ! ) S | 1 | ll i (I | l
/ B2 &3
Linker
human pro-E1
7lkt; 7
115 is pPMPBSKB. shown wilh a subsel of known siles. cloned inlo: Bluescript KS as BamH /Sal | fragment
sites: size. ~14.5 kb luat

EcoR ¢} )

Not | } Linker just 5° of human hprt sequences

Miu i

Fig 3.3 polyclonal site of the vector pMP8SKB

El. E2 and E3 are exons 1. 2. 3 of human Hprt gene

site. The sequence of the oligonucleotide is ( TCGAGAGCGGCCGCTC ). This
sequence. containing a Notl site in the middle (bold letters) and flanked by 2 incomplete
Xhol sites (underlined letters). is a palindrome. When two oligonucleotides anneal
together. there is a Xhol protruding end at both ends. which help to insert the small
fragment into the Xhol site downstream of the promoter-reporter cassette.
TCGAGAGCGGCCGCTC
CTCGCCGGCGAGAGCT

The construct then contains two Notl sites that can be used for further cloning of the

targeting vector.



3.4 Results
3.4.1 pB-galactosidase reporter constructs

The short portion of the proximal promoter is from ATG to —184 bp relative to the
cap site. which is 342bp. There is a Kpnl site at the 5" end of the sequence. We chose this
site for the further cloning of the long portion promoter which terminates about 6kb
upstream of the cap site at Hind Il site. Therefore. the Kpnl and HindlIII sites are the
ones to be used upstream of the Lac Z gene. However. since there is a Kpnl site
downstream of the LacZ gene at the pKS(Sal)*-SDKlacZpA vector. we have to eliminate
it first. The T4 DNA polymerase was used to fill in the sticky end and the blunt ends
were re-ligated by T4 DNA ligase.

The short promoter portion was amplified by PCR. with the HindIII and Sphl sites
added at both ends for further cloning. The fragment. which is 350bp. was inserted into
the Hindlll and Sphl sites upstream of the LacZ gene of the pKS(Sal)*-SDKlacZpA
vector to form B-gal construct I(Fig 3.4 Lane 2 shows the 330bp promoter fragment
released by Sphl and Kpnl digestion).The long portion of the 5° flanking region was cut
from the phage DNA by HindIIl and Kphl (6109bp). and inserted just upstream of the
short promoter portion to form B-gal construct II. Since the vector is also around 6kb. an
additional enzyme site for EcoRV was used to give the 2.1kb and 4.4kb bands of the

insert promoter fragment (Fig 3.5 Lane 3).
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Fig 3.4 p-gal construct I and GFP construct I

Lane 1: marker
Lane 2: B-gal construct [ digested with Sphl & Kpnl
Lane 3: GFP construct [ digested with Kpnl & Apal
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Fig 3.5 B-gal construct II and GFP construct I1

Lane 1: marker
Lane 2: GFPconstruct II digested with EcoRV & Kpnl

Lane 3: B-gal construct II digested with EcoRV & Kpnl



3.4.2  GFP reporter constructs

For the GFP system. the short promoter portion was also amplified by PCR and
inserted into pGlow-TOPO to form the GFP construct I by TA cloning. In this case, we had
to check the orientation of insertion. At the 5°end of the PCR product. there is a Kpnl site;
there is another Kpnl site in the polylinker of the vector. Downstream of the GFP gene. there
is an Apal site. Kpnl and Apal were used to digest the mini-prep DNA. When the insert is in
the right orientation. there will be two bands: one is 1.1kb. which consists of the short
promoter and GFP gene: the other is 4.5 kb. the vector backbone. (Fig 3.4 Lane 3) The long
portion of the CgA 35° flanking region was cut from phage DN A and inserted upstream of the
short portion. Since there is no HindlIl site in the pGlow-TOPO. AaTIl was used and the
sticky end was filled in and the blunt end was ligated to the blunt end of the filled in HindIII
site at the 3° end of the insert fragment. Kpnl and EcoRV were used to confirm the correct
orientation of the insertion. The positive clone should give a 2.1 kb and a 9.7 kb band.

(Fig3.5 Lane 2)
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3.4.3 B-gal assay of the -gal construct transfected cells

To test the feasibility of the strategy, the two reporter constructs as well as the
empty pKS(Sal)’-SDKlacZpA vector and a B-gal constitutive expression plasmid
pCH110 were transfected into both the neuroendocrine cell line AtT20 and nonendocrine
cell line 3T3 cells. The negative and positive control showed expected results and the two

promoter portions drive the neuroendocrine specific expression of the reporter gene in the

AtT20 cells. (Fig 3.6)
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Fig 3.6 B-gal assay result of the 3-gal constructs [(-galactosidase activity of the
cell lysate of both AtT20 cells and NIH-3T3 cells transfected with pKS(Sal)l-
SDKlacZpA reporter vector alone, reporter vector with 350bp short promoter,
reporter vector with 6kb long promoter. and pCH110 positive control construct is
shown. Reporter vector alone transfected cells show very low or absent B-gal
activity. The positive control shows high activity especially in NIH-3T3 cells, which
indicates better transfection of NIH-3T3 cells than AtT20 cells. The cells transfected
with B-gal reporter constructs containing short and long promoter portion show f-gal
activity, which is stronger in AtT20 cell than in NIH-3T3 cells. With the fact that
AtT20 cell is more difficult to transfect and the -gal activity is more intensive in
A1T20 cells than in NIH-3T3 celis, we may conclude that CgA promoter is more
active in neuroendocrine cell line AtT20 than in non endocrine cell line NIH-3T3. In
the figure, the value is the OD of the light with the wavelength of 420nm. The error
bars come from the measurement deviation.
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3.4.4 Green fluorescent microscopy of the GFP constructs transfected cells.
The two GFP constructs were transfected into AtT20 and NIH-3T3 cells by
lipofectamine-mediated transfection on chamber slides. The transient transfection results

showed that the GFP constructs of CgA gene promoters did direct neuroendocrine

expression in AtT20 cells. (Fig. 3.7)

Fig 3.7 Transient transfection result of the GFP constructs

AtT20 cells transfected with A) empty vector;
B) GFP construct I; C) GFP construct II;

NIH 3T3 cells transfected with D) empty vector;
E) GFP construct I: F) GFP construct II



3.4.5 Introducing a Notl site in the B-gal construct I

In order to excise the promoter-reporter cassette and insert it into the Hprt
targeting vector, a Notl site should be created downstream of the LacZ gene. An
oligonucleotide-mediated site-specific mutagenesis was performed successfully (Fig 3.8)
The insert is 4kb and the vector is 3kb. Therefore. the insert can now be excised out of

the plasmid and inserted into the targeting vector.

1 2

7kb

4 kb
3 kb

Fig. 3.8 Introducing a Not I site in the 3-gal construct I
Lane 1: B-gal construct I digested with Notl

Lane 2: Oligo-mutated 3-gal construct I digested with Notl
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3.5 Discussion

The aim of the study is to discover the in vivo sequence requirements for the
neuroendocrine specific expression of the CgA gene. This knowledge would be important
for a variety of studies, for example, CgA gene regulatory elements could be used 1o
express therapeutic toxic genes in neuroendocrine tumor cells: to express exogenous
genes in neuroendocrine tissue for transgenic studies; and to express the Cre gene in
neuroendocrine tissue for tissue specific knockout studies.

We plan to study two portions of the CgA 3" flanking region. One is a short
proximal promoter region (184 bp upstream of the cap site). which contains the crucial
CRE element that has been proven to be both necessary and sufficient for the
neuroendocrine specific expression of the CgA gene in many neuroendocrine cell lines.
Previous studies in our lab indicated that the cAMP and PKA levels affect the
neuroendocrine specific expression of CgA gene[21]. Other studies also demonstrated
that NGF and IGF-I| stimulate the CgA expression in neuroendocrine PC12 cells by the
MAP kinase pathway through the CREB phosphorvlation by the CREB kinase---
RSKII[91]. However. the studies in our lab suggested that the expression level of CREB
and CBP, as well as the phosphorylation level of CREB is not different in neuroendocrine
and nonendocrine cells. Thus. the phosphorviation of CREB is necessary but not
sufficient for the neuroendocrine expression of the CgA gene. There may be
neuroendocrine specific factors or nonendocrine suppressors that cooperate with CREB
to direct CgA expression. To identify these factors and their underlying mechanisms,

protein/protein interaction studies should be undertaken.
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Besides CRE, other cis-elements also participate in CgA gene regulation. For
example, in the enterochromaffin (ECL) cell line AGS-B. CgA expression is regulated by
gastrin[63]. 5'deletion analysis and scanning mutagenesis of mouse CgA 5°-flanking
sequences showed that a Sp1 site spanning —88 to —77 bp and a CRE at —71 to —64 bp are
essential for gastrin-dependent mCgA transactivation. Mutation of either the Spl1 site or
the CRE site completely abrogated gastrin responsiveness. suggesting the possibility of
some sort of cooperative interaction between Spl and CREB. However, the exact nature
of this interaction is unclear at present. In addition. there is a proximal positive domain
downstream of —181bp which is active in the neuroendocrine cell lines AtT20 and
PC12{160]. Therefore. we chose the proximal promoter region. which contains the
sequence downstream of -184 bp relative to the transcription start site. and includes these
critical regulation elements to address the minimal requirements of the cis-elements for
the neuroendocrine specific expression of the CgA gene in vivo. If this small fragment
directs the neuroendocrine specific expression pattern well enough. it will be used for
many studies such as those mentioned above.

Other elements upstream of the proximal promoter region also take part in CgA
gene regulation. A negative domain at —238/-181 as well as a positive domain at —4.8/-2.2
kb was detected in AtT20 cells[160], and a sequence located between —726 and —433 was
shown to stimulate CgA expression approximately 3-fold in the human lung
neuroendocrine cell line, BEN cells[21]. These resuits indicate that distal 5’-flanking
region contains cis-elements that play a role in fine tuning CgA gene regulation. The long
portion of the 5°-flanking region we are studying consists of the 6 kb sequence upstream

of the cap site. Thus, it may contain the complete sequence requirements for CgA
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regulation. It may help to answer the question whether the 5°-flanking region of the CgA
gene is sufficient to control CgA gene expression.

The results of the transient transfection of the constructs show that the short and
long portions of the mouse CgA gene 5’-flanking region do drive the neuroendocrine
specific expression of the reporter gene in mouse pituitary adenoma cell line AtT20 cells.
The short portion of the proximal promoter has higher activity than that of the long
portion promoter. It confirms that the upstream distal region contains negative cis-
elements. However, the difference may also due to different transfection rate of the short
and long promoter containing plasmids. In either case. the in vivo study will be carried on
later to show the exact expression pattern of the two promoter regions.

The crucial point of studies on gene regulation is to identifv the precise
localization of transgene expression in different mouse tissues. An appropriate reporter
system facilitates this procedure. Because the method should localize reporter proteins to
the site of their production. reporter assays that employ either precipitating substrates or
substrates that generate a luminescent or fluorescent signal are most effective. So far,
there are three reporter systems for in vivo gene regulation study: B-galatosidase. firefly
luciferase, and green fluorescent protein (GFP). The most commonly used approach is the
B-galactosidase svstem. The reaction with X-Gal produces a rich blue color that can
easily be scored against background in most applications. The detection of lacZ
expression in whole embryos has been particularly useful for characterizing tissue-
specific gene expression during early development. For instance. the activity of the
regulation elements of Hoxd4 gene in developing embryvos was successfully detected by

the B-galactosidase system[163].
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The GFP system is a newly developed reporter system. The GFP molecule
absorbs blue light and emits green light with no exogenous substrates are required. It is of
small size (26.9kDa) and nontoxic to the transgenic animal with ubiquitous high level
expression in all of the tissues[110]. Moreover, it can be examined both early in
mammalian embryogenesis when the embryo is relatively clear and in organ preparations
late in embryogenesis when the embryo is opaque. In particular. laser scanning confocal
microscopy has been used to obtain optical sectioning images of GFP-expressing
embryos without histological sectioning. This technique was applied successfully in the
detection of targeted GFP-Hox gene fusions during mouse embryogenesis{44]. In
addition. It has been shown that the GFP reporter system is more sensitive than the $3-
galatosidase system. The study of mouse B1 integrin promoter activity by both of the
GFP and B-gal reporter systems showed almost eight times more fluorescent cells than §3-
galactosidase staining in transgenic liver with the same level of reporter protein
expression[25]. Due to the many advantages of the GFP system. we decided to apply it to
our CgA regulation study as well as using the conventional B-galatosidase system. The
GFP gene we used is an enhanced form of GFP protein that gives bright green
fluorescence[23.29]. The result of the transient transfection of the promoter-GFP
constructs to the AtT20 cells shows that the bright fluorescence distributes throughout the
cell including the attenuated processes. We expect to obtain satisfving results with these
constructs in the in vivo CgA regulation study.

To refine our strategy. we plan to apply the gene targeting approach to introduce a
single copy of the promoter-reporter cassette to the house keeping gene--- Hprt gene

locus. To fulfil this task, the promoter-reporter cassette should be inserted between the
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two homologous sequences of the Hprt gene. Since there is a size limitation. the insert
must be less than 6 kb. otherwise the homologous recombination rate will drop.
Therefore, although the short portion of the proximal promoter can be used directly, the

long portion 3°-flanking sequence should be cut to about 3 kb.
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Chapter 4

Functional analysis of CgA gene in vivo



4.1 Introduction and Strategy

At present, CgA functional analysis is restricted to in vitro studies. It remains
unclear whether the intracellular functions or the extracellular functions are predominant
and relevant in vivo. In addition. there are different secretory mechanisms and different
factors affecting the secretory functions of the endocrine organs. Therefore, the question
of what exact role CgA plays in vivo can only be addressed by transgenic technology.

Nowadays. transgenic technology provides an opportunity to explore the function
and regulation of a single gene on complex physiological system in vivo. | will now
discuss how it could be used in functional analysis of the CgA gene.

To knockout a gene in the mouse genome. the targeting vector should be
constructed first. In our laboratory. the CgA gene targeting construct had been made
before | started my work. The conventional knockout approach is used in this case. The
targeting vector. which is constructed from the pPNT plasmid{74]. contains two
sequences which are homologous to the 5" flanking region (6 kb) and exon 5 to exon 6
(2.9 kb) of the endogenous CgA gene of the mouse!29sv/] line, from which the
embryonic stem cells used for gene targeting are derived. ( Fig.4.1) By homologous
recombination. the exonl to exon 4 of the CgA gene was substituted by the sequence in

the targeting vector, which
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Fig. 4.1 Targeting vector and targeting event for CgA gene Top line: targeting
vector of CgA targeting. which contains two homologous regions (a 6 kb 3'-flanking
region and a 2.9kb sequence at exon 5 and exon 6 region). neomycin resistant marker.
HSV-tk marker and ampicilin resistant marker. Middle line: endogenous CgA gene
region. shows 5 -flanking region and exon | to exon 8. Bottom line: targeted allele with
exon | to exon 4 substituted with the neomycin resistant gene. (adapted from ref. 41)

contains a neomyvcin selective marker to form the targeted allele in the mouse genome.
Another marker. HSV-TK (herpes simplex virus thymidine kinase) gene, was located
outside the region of homology to the target gene and used as a negative selection
marker. In the presence of the TK gene. the cells are sensitive to acyclovir and its analog,
gancvclovir. The HSV-TK enzyme activates these drugs. allowing them to incorporate
into the growing DNA, causing chain termination and cell death. Homologous
recombination results in the loss of the sequence outside the regions of homology 1o the
target gene. Therefore, ES cells with the targeted recombination become resistant to both

neomycin and gancyclovir, but the ES cells with random targeting vector integration are
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still sensitive to gancyclovir. Using both neomycin and gancyclovir helps to enrich the
targeted homologous recombinants.

The targeting vector is transfected into the embryonic stem cells by
electroporation. The cells are selected by neomycin and gancyclovir selective media and
the surviving colonies are screened by Southern blot analysis. and the recombinants are
then confirmed by an alternative Southern blot strategy. The recombinant embryonic
stem cells that contain the targeted allele are injected into the blastocyst stage embrvo and
transferred to the pseudo-pregnant female mouse. The chimeric embryos are developed to
the chimeric mice. some of whose germ cells are derived from the recombinant ES cells.
Therefore. the offspring of the chimera may be heterozygous CgA gene knockout mice.

By breeding the heterozygous mice. homozygotes may be obtained. ( Fig. 4.2)
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1* homozygote 2* hetorozygete  1* normal

Fig. 4.2 Generation of gene knockout mice (Taken from ref. 41)The targeting
vector is tansfected into ES cells by electroporation, and the cells are selected by
neomycin and gancyclovir. The surviving clones are screened and confirmed by
Southern blot. One of the positive clones is injected into host blastocysts and
transfered to pseudo-pregnant female mice to develop into chimeric mice. Some of
the germ cells of the chimera derived from the targeted ES cells give rise to
heterozygous mice. By breeding the heterozygotes. homozygotes can be obtained.
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4.2  Material and Methods
4.2.1 Generation of CgA gene ablation embryonic stem cell lines

Since the targeting vector was ready, my work started with the transfection of the
vector into the embryonic stem cells by electroporation[146] to generate recombinant cell

lines with one allele being targeted and substituted with the sequence on the targeting

vector.
4.2.1.1 ES cell culture

Embryonic stem (ES) cell lines are derived from the inner cell mass of a
blastocyst-stage embrvo. They are verv small round cells that grow in tightly packed
smooth. round colonies in culture. which retain the ability to differentiate into every cell
tvpe present in the mouse[109]). The ES cells grow very fast and are very easy to
differentiate. The differentiated ES cells become flatter with distinct intercellular
boundaries. Such cells are not suitable for chimeric mouse generation. To prevent the ES
cell from differentiating. inactivated (unable to proliferate) embryvonic fibroblast cells are
used as feeder cells to provide appropriate conditions for maintaining the ES in an
undifferentiated state. In addition. leukemia inhibitory factor (LIF) is also used for the
same purpose.
4.2.1.2 Transfection and colonies selection

In our protocol. ES cells were cultured in ES/LIF medium. Medium was changed
every day and cells were passaged every 2-3 days by seeding a 100-mm gelatin-coated
and feeder cell covered (5X106cells/plate) tissue culture plate with 1-2X10° cells/plate.

The cells were harvested at 1X10’ by adding trvpsin/EDTA. Since ES cells package very
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tightly in colonies, it is very important to dissociate them to single cells by pipetting up
and down. Then, the cells were suspended in 1ml electroporation buffer in the
electroporation cuvette. 10 ug targeting vector, which had been linearized by Notl and
sterilized by ethanol precipitation. was added to the cuvette. The electroporation was
done at 240V and 500uF. The cells were then kept on ice for 10 min and plated at 2X10°
cells/100-mm plate with feeder cells. Selection started on the second day with 0.3mg/ml
G418 and 2uM Gancycline. After four days Gancycline was stopped and only G418 was
used for the selection. Eight days after electroporation. individual colonies grow large
enough to be picked up from the plate. By using pipette tips. individual colonies were
picked up. dissociated to single cells and transferred to 24-well microtiter plates
containing feeder cells and incubated until colonies were visible. but the cells are not
differentiating (typically 3 to 4 dayvs). Half of the cells were passaged to a clean 24-well
plate for continued growth and the remaining cells were frozen at -70°C.
4.2.1.3 Screening of the colonies for recombinant cell lines
e ES cell genomic DNA extraction

The growing cells in the 24-well plate were used for DNA extraction for Southern
blot analysis. The cells were allowed to grow till near confluence (3 days). Then. 400 ul
digestion buffer (10mM Tris-HCI. PHS8.0, ImM EDTA. 0.1M NaCl, 1% SDS. 0.5 mg/ml
proteinase K) were added to the wells and the cell lysates were transferred to 1.5-ml
microcentrifuge tubes and incubated overnight at 55°C. The next morning, 500 ul phenol
were used for the extraction. The genomic DNA was precipitated with ethanol: 3 M
NaAc (23:1), and washed in 70% ethanol. Finally, it was dissolved in 30 ul TE.

e DNA digestion with Xhol
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In this study, since a relatively high concentration of G418 was used (300ug/ml),
only 17 colonies survived, which were picked and extracted for DNA to be used in
Southern blot analysis. 15l of the genomic DNA was used for the restriction enzyme
digestion. In our screening strategy, Xhol was chosen for the digestion. Since it has been
shown that Xhol is a rather difficult enzyvme for genomic DNA digestion, a relatively
large digestion volume (60 ul) and extra amounts of enzyme (60 units) was used for each
reaction. The enzyme was added every two hours in three boosts. with a final overnight
incubation. In addition. we added spermidine to the digestion reaction to assist the
digestion.
¢  Southern blot analysis

The digested ES genomic DNA samples were loaded on 1% agarose gel with
ethidium bromide. and electrophoresed for 16 hours at 50 volts. After the picture was
taken. the gel was washed with 0.25N HCI solution for 10 minutes. and 0.5N
NaOH/1.5MNaCl solution for 20min, then neutralized in 1.0M Tris HCl pH8.0/1.5 M
NaCl solution for 2X15 minutes.

DNA on the gel was capillary transferred onto a supported nitrocellulose
membrane (Hybond-C 0.2 micron/Amersham) overnight with 20XSSC as the transfer
buffer. The membrane was baked at 80°C for 2 hours to immobilize the DNA bound to it.

Prehybridization was performed in 10ml hyvbridization buffer (1%BSA. 7% SDS,
0.5M sodium phosphate pH6.8 and 1mM 0.5M EDTA pH8.0) at 60°C for 3 hours. Then,
the *P labeled probe (labeling procedure see page 78) was denatured and added to the
hybridization buffer at a concentration of 1X10° cpm/ml. The hybridization was allowed

to go overnight at 62°C. the membrane was then washed with wash buffer A (0.5% BSA,
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5% SDS, 40mM NaPO,/pH6.8 and ImM EDTA/pH8.0) for 2X 15 minutes and then with
wash buffer B (1% SDS. 40mM NaPOs/pH6.8 and ImM EDTA/pH8.0) for 2X 15
minutes at 65°C. The membrane was then removed and sealed in a plastic bag.
Autoradiography was performed in an autoradiography cassette with a sheet of Kodak
Scientific Imaging MS film and two intensifying screens at -80°C for 3 days, and the film
was developed using a Kodak RP X-OMAT developer.

e Probe generation and labeling

There are three probes we used for the screening and confirmation of the
recombinant ES cells: (1) 3’-end probe: a sequence of about 350bp in the exon 7 coding
region. which is localized downstream of the homologous recombination region: (2)
Neomycin gene probe: 430bp sequence in the neomycin coding sequence: (3) S’-end
probe: a 1.2 kb sequence in the 5° flanking region of the CgA coding region. which is
located upstream of the homologous recombination region. The first two probes were
used for screening and the third one was for the confirmation of the recombination.

The 3°-end probe and the neomycin gene probe were amplified by PCR from the
mouse CgA ¢DNA and the neomycin resistant gene on the pPNT plasmid respectively.
The primers for 3°-end probe are: ( 3-GAAGCTCTGCCGTCTGAA ) and ( 5°-
TCTGGAAGATGGCCTCCA ); The primers for the neomycin probe are: ( 3-
CAAGATGGATTGCACGCAGG ) and ( 5'-TCCAGATCATCCTGATCGCA ). By
using the TOPO-TA cloning kit (from Invitrogen), the PCR products were subcloned into
PCR2.1 vector. The sequences were confirmed by sequencing. Then, the inserts were
released by appropriate restriction enzymes and purified from agarose gel with a Qiagen

II gel purification kit and stored at -20°C for future labeling use. The 5’-end probe was
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generated by restriction enzyme (HindIIl & BamHI) digestion of phage clone DNA that
contains the mouse CgA gene genomic sequence followed by gel purification of the
appropriate fragment.

Purified probe DNA fragments were randomly labeled with a->*P-dCTP using the
Ready-to-go Reaction Labeling Beads (Pharmacia). Forty ng of the DNA fragment was
added to sterile water in a total volume of 45 ul, and heat denatured. Five ul of a-**P-
dCTP (50 uCi) and labeling bead were added, then incubated in 37°C for 15 minutes.
Spin column was applied for eliminating the unincorporated radioisotope. 2 nul of the
labeled DNA sample was used for scintillation counting (1219 RACKBETA Liquid
Scintillation Counter/LKB Wallac). The labeled probes were denatured before adding to

the hybridization reaction at a concentration no less than 1X10° cpm/ml.

4.2.1.4 Culture of selected ES cell lines
Two positive ES cell lines were obtained by the first screening. These two lines
were thawed and grown up for more storage and large amount of DNA extraction. Since

they might be used for the microinjection. they were cultured on feeder cells with LIF

added to the medium.

The 3°-end probe was used for the confirmation of the recombinant ES cell lines.
Fifteen ug genomic DNA of the ES cells was digested with BamHI and Kpnl. The
BamHI was added first and the DNA was digested for 6 hours and purified by ethanol
precipitation. Then, the Kpnl was applied and digested overnight at 37°C overnight. The

digested DNA was then analyzed by Southern blot.
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4.2.2 CgA gene knockout mice generation
The cells of clone number 5 were injected into the blastocyst of the Balb/c mouse
and developed in the pseudopregnant Balb/c female mouse. Several chimeric mice were
obtained, which were crossed with Balb/c mice to give rise to heterozygotes. By breeding
the heterozygotes, homozygotes may be obtained.

4.3 Results

4.3.1 Screening results

From the first round of electroporation and selection. 17 colonies of ES cells
survived. DNA from these ES cell clones was extracted and analyzed by Southern blot
after digestion with Xhol. There are two Xhol sites flanking the CgA gene coding region.
(Fig. 4.3) When genomic DNA is digested with Xhol. the wild tvpe allele gives a 17kb
fragment. and the targeted allele gives a 7 kb fragment. Part of the sequence of exon 7

(350 bp) was used as the probe. A neomycin probe (450 bp) was also used to confirm the

short fragment.
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Fig 4.3 Screening strategy of CgA gene knockout in ES cells

Upper line: When digested with Xhol. endogenous CgA gene locus gives a 17 kb
fragment. Lower line: Targeted allele gives a 7 kb fragment with Xhol digestion.
While probed a fragment of exon 7 sequence. the endogenous allele and targeted
allele give a 17 and a 7 kb band respectively.
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Fig 4.4 Southern blot screening of the surviving ES cell colonies

Fig 4.5 Neomycin gene reprobing of the blot

Fig 4.4 & Fig 4.5 : By southern blot, clone #5 and #9 give two bands, which arel7kb
and 7kb, corresponding to endogenous allele and targeted allele, when probed with
exon 7 probe and neomycin resistant gene probe.
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The Southern blot result (Fig 4.4) shows that when probed with the exon 7 probe,
clone number 5 and 9 give the expected bands, indicating they may be ES clones in
which the desired recombination events have taken place.

Theoretically, the smaller band (7 kb) of the targeted allele contains the neomycin
resistant gene. To confirm this, the blot was stripped and reprobed with the neomycin
probe. The result (Fig 4.5) shows that neomycin positive fragments in sample #5 and #9

are located at the same places as those of the smaller bands in the exon 7 probed blot.

4.3.2 Recombination conformation
To confirm the result, an alternative strategy was used. In this strategy, the
genomic DNA of clone #3 and #9 was digested bv BamHI and Kpnl. The probed region
is at the 5" flanking region of the CgA gene. The wild type allele gives a 8.3 kb band. and
the targeted allele gives a 12kb band. (Fig 4.6) The Southern blot shows that these two

clones are the recombinant cells. (Fig 4.7)
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Fig 4.7 Southern blot confirmation of the ES cell lines containing targeted allele

control #S #9

Targeted Allele

-12 kb
- 8.3kb

WT

S'-end probe
BamHI & Kpnl

Fig 4.6 & Fig. 4.7: While digested with BamHI and Kpnl and probed with the
sequence at the 3° flanking region of CgA gene locus, the endogenous allele gives a
band of 8.3 kb and the targeted allele gives a band of 12 kb. The result of Southern
blot confirms that clone #5 and #9 are cell lines containing targeted CgA gene.
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4.3.3. Transgenic mice generation

Since the R1 ES cells were derived from brown colored 129sv/J mice, the
chimeric mice, generated by the injection of clone number 5 ES cells into the Balb/C
mouse blastocyst, were brown/white. Two months after the injection, 2 chimeras were
obtained. The chimeras were bred with Balb/C mice. Three brown heterozygote mice
were obtained three months later. Southern blot analysis was used to confirm the

genotype of the mice with the tail DNA extract. The heterozygotes display no obvious

distinguishable phenotype.

4.4 Discussion

4.4.1 ES cell manipulation

Embryvonic stem cells are pluripotent cells of the inner cell mass of
preimplantation blastocysts that can give rise to all cellular lineages of mature tissues
including germ cells. and are termed “totipotent ' [109]. They provide an important system
for site-specific introduction of genetic alterations by gene targeting technology. Only ES
cells from the mouse give rise to a successful germ line chimera. The barrier to
establishing totipotent ES cells from non-mouse embryos is not understood. Additionally,
the most successful and commonly used ES cell line is derived from 129sv/J, a mouse
strain that tends to develop spontaneous teratocarcinomas.

The ES cells can be cultured in virro and can accept transfected DNA to change
their genotype. When transferred back to the blastocyst, they are incorporated into the
developing embryo and contribute to all kinds of tissues of the chimera. However, if they

are not treated appropriately in culture, they will undergo differentiation and lose their
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totipotency, especially the ability to form germ cells in the chimeric mice. Therefore, the
crucial point of ES cell culture is to prevent their differentiation.

According to ES cell signaling studies, maintenance of the pluripotency of the ES
cell depends on the balance between the signaling pathways that control self-renewal and
differentiation[16]. Leukemia inhibitory factor (LIF) has been proven to play a crucial
role in this event. LIF binds directly to a heterodimeric receptor complex containing two
transmembrane glycoproteins, gp130 and LIFR[141]. The major downstream signaling
pathways related to gp130 in ES cells are the JAK-STAT3 and SHP-2/ERK
pathways{17]. Overexpression of the dominant negative form of STAT3 in ES cells block
their self-renewal. and the inner cell mass of the STAT3 knockout (STAT3-/-) blastocysts
does not thrive in culture[142]. These results indicate that STAT3 may contribute to
maintaining the pluripotency of ES cells, which would provide a rationale for its role in
promoting ES cell self-renewal in vitro. On the other hand, although SHP-2/ERK
signaling plays an important role in somatic cell proliferation by pushing cells through
the G1/S phase. it does not contribute directly to stem cell self-renewal[17]. These stem
cells have an unconventional cell cycle with a shortened G1 phase that does not require
dephosphorylation of the retinoblastoma protein. and lack the control mechanisms that
regulate the G1/S transition in somatic cells. Evidence indicates that ERK activation is an
important effector of differentiation in ES cells[82]. Therefore. STAT3 may act by
repressing transcription of differentiation genes. whereas ERK-dependent factors may
induce their expression. The balance between these two pathways may determine the
choice between self-renewal and differentiation. However, there is a report of a gp140-

independent factor secreted by extraembryonic cells that can suppress differentiation of



ES cells but does not activate STAT3, thus supporting the existence of an alternative self-

. renewal pathway[30]. Therefore, LIF alone is not sufficient to sustain the full

pluripotency of ES cells. In our experiment, ES cells were cultured in medium with LIF

and on top of a layer of inactivated embryonic fibroblasts, which give additional factors
that help to maintain totipotency of the ES cells.

Another trick to maintain the best health of ES cells is the growth time. Most ES

cell lines exhibit an inverse correlation between the number of passages and the

|
|
|

percentage of germline contribution, which may be due to abnormal variants that
accumulate in the cell population. Therefore. extra passages and prolonged culture time
should be avoided during recombinant ES clone selection. It is necessary to freeze down
half of the cells before passage and try to use the batch of cells that are frozen as early as
possible for injection.

The manner in which ES cells are treated is also very important for successtul ES
cell culture and transfection. ES cells are very subtle and fast-growing cells (doubling
time is 8-12 hours). They need to be cultured in high quality reagents and fed every day.
Also. since the ES cells grow in tightly packed colonies. thorough dispersion is needed by
adequate trypsin incubation and appropriate pipetting at every passage. especially the one

before electroporation, to insure that each colony is derived from a single cell.

4.4.2 Screening strategy

[ .

Southern blot is used for screening recombinant ES cell clones. An appropriate
strategy must include the following: first, choose a suitable restriction enzyme to digest

the genomic DNA, which will result in obvious different size fragments between the wild
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. type allele and targeted allele. The selected enzyme should be an efficient enzyme for the
‘I genomic DNA. In our first screening, we used Xhol, which turned out to be a rather
difficult enzyme for genomic DNA digestion. Addition of both boosts of enzyme and
spermidine. which helps to loosen the DNA structure, was necessary to facilitate the
digestion. For the confirmation strategy, BamHI and Kpnl were chosen. They are
enzymes that were proven to digest genomic DNA well. Second, choose an appropriate
probed region, which is outside the homologous recombination region (the targeting
vector sequence). Therefore. only the targeted recombination can be detected, but not the
random integration event. In our case. it should be in the 5 -flanking region or
downstream of exon VI. Third, determine probe sequence and length. Usually. the length
of the probe is from 100 bp to 1 kb. with unique sequence that avoid repeats. The exons
are generally a good choice. The 3°-end probe in this work is 350bp of exon 7, and the 5°-

end probe is a 1.2 kb restriction fragment without repeat sequence at the 5'-flanking

3 region.

4.4.3 CgA gene knockout outcome expectation
:’ Although we have not had the CgA gene knockout mice vet. [ would like to
% predict the potential outcome of the knockout mice. There are three possibilities: (1) early
lethality; (2) defined phenotype; (3) no obvious phenotype.
Since CgA expression is apparent in some endocrine cells in the fetal rat pancreas,

stomach. intestine, adrenal gland and thyroid at E13.5, E14.5. E15.5, E15.5 and E18.3

[ R s el ol

respectivelv[75], it may be important for fetal development. Therefore, the possibility of

olm

fetal lethal may exist. However, since we have three heterozygotes that do not exhibit
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obvious phenotypes, the first possibility seems unlikely. However, if it does turn out to be
an early lethal, we will think of using the Cre-lox system to devel'op tissue- specific
and/or inducible knockout mice, whose CgA gene will be ablated in a specific tissue
and/or at a desired stage of development to diminish the harmful effect of a CgA
complete knockout.

The second possibility is that the CgA gene knockout mice display a defined
phenotype. According to the previous discussion in Chapter 1, the major function of CgA
is its potential role as a regulator of the secretory function of endocrine organs, either
extracellularly or intracellularly. In the CgA gene ablation mice. the secretory function of
some endocrine organs may be altered. So. there may be changes in the viability.
metabolism. locomotor function and fertility in these mice. If the extracellular functions
of CgA are its major functions in vivo. we may expect that the regulation functions of the
CgA-derived peptides, such as pancreastatin. catestatin. parastatin. $-granin and
vasostatin. will be lost. As a resulit. the insulin secretion of the pancreas islet p cells. the
catecholamine secretion of the adrenal medulla and the parathyroid hormone secretion of
the parathyroid gland will not be suppressed by the CgA derived peptides. Therefore. the
CgA gene ablation mice may suffer from high PTH induced hypercalcemia and skeletal
abnormalities; excessive catecholamines such as epinephrine and norepinephrine induced
hypertension; and alterations in the thyroid hormone affecting the basal metabolic rate.

If the intracellular functions of CgA are more important. the CgA gene knockout
mice may have trouble sorting some of the prohormones into the regulated secretory
pathway. and lose control over regulated secretion. For example. parathyroid hormone is

secreted through the regulated secretory pathway. If CgA plays a role in directing its
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sorting or retention in the secretory granules, the ablation of CgA will result in mis-
sorting of PTH into the constitutive secretory pathway, and the excessive amount of PTH
being secreted will induce hypercalcemia. In addition, since the prohormone convertases
are mainly found in the secretory granules (e.g. PC1. PC2), CgA knockout mice may also
lose the ability to process some prohormones. such as proinsulin and procalcitonin. to
their active forms. Proinsulin was shown to be sorted into the regulated secretory
granules by carboxypeptidase E (CPE) through the sorting-for-entry mechanism. The
CPE mutant mice display a metabolic disorder that results in obesity. We know that one
of the putative functions of CgA is to play a role in protein sorting through a sorting-by-
retention mechanism. The sorting-for-entry and sorting-by-retention mechanisms exhibit
cell tvpe and hormone specificity. Therefore. these two mechanisms may affect different
hormones’ sorting events. There has not yet been any direct in vivo evidence that CgA
directs the sorting of a particular hormone. [f we can detect any elevation in the level of a
specific prohormone in the CgA knockout mouse plasma. we will
shed light on the intracellular function of CgA.

To define the phenotype, macroscopic and microscopic examination of endocrine
organs will be made; provocative endocrine testing will be performed to compare
adrenal, parathyroid. pituitary. pancreas and thyroid secretory response in CgA gene
knockout mice with those of the normals. Also. the analysis of viability, changes in
locomotor function and fertility will be performed in the CgA gene ablated mice.

The third possibility is no obvious phenotype. Since CgA belongs to the granin
family, other members in the granin family may compensate for some functions of CgA,

especially the closely related CgB. It was shown that exons II, III and VIII of CgA, which
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encodes the most conserved N- and C- terminus of CgA molecule including functional
peptides such as @-granin, vasostatin and pancreastatin, are homologous to exons II, III
and V of CgB. Therefore. it is possible that we will see no phenotypic changes at all. In
this case, the CgB knockout mice will be generated and mated with CgA null mice to

generate double mutants for further investigation of the granins’ function.
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Besides regulational and functional studies of the CgA gene, we also began to
analyze the complete sequence of the gene. Due to previous work in our lab, including
cloning of the human CgA gene and isolation of the mouse CgA gene for targeting vector
construction, the complete sequences of human and mouse CgA gene could be obtained.
We then compared the two sequences and obtained some information encoded within the
sequences. In addition. since zebrafish genetic approaches are currently being widely

applied to gene functional analysis. we attempted to map the CgA gene on the zebrafish

genome.
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5.1 Zebrafish CgA gene mapping
5.1.1 Introduction

The zebrafish is an excellent genetic system for the study of vertebrate
development and disease. It has become a powerful approach for gene functional analysis
to randomly mutate the DNA of thousands of zebrafish and then screen their offspring for
embryvonic defects and relate these defects to specific genes. Such a method was
originally developed in fruit flies in the late 1970s. The particular value of the
transparent. externally developing zebrafish embryo is the ability to screen for vertebrate-
specific attributes, which are not present in fruit flies and more difficuit to visualize in the
intra-uterine mouse.

In order to relate the specific phenotype of the mutated embryvo to genes. a
detailed gene map has to be constructed. The haploid zebrafish genome has 25
chromosomes. containing 1.7 X 10° base pairs of DNA. The first genetic map of the
zebrafish included about 400 genetic markers. mostly random amplified polymorphic
DNAs (RAPD:s). along with a few genes and mutations. RAPD markers were rapid and
cost-effective. but unable to be used across different strains. Recently. a microsatellite
genetic linkage map was constructed with about 700 simple sequence length
polvmorphisms (SSLPs) markers that were more consistent from laboratory to laboratory
and from strain to strain. Since the localization of cDNAs and expressed sequence tags
(ESTs) on these meiotic maps requires the identification of polvmorphisms. the
alternative technology of somatic cell fusion or radiation hybrid mapping were widely

applied to gene mapping.
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The fusion of cells from two different species results in a hybrid cell which is
usually unstable and tends to lose chromosomes from one of the two parental species[76].
In the case of zebrafish and mouse somatic cell fusion[36]. the hybrid cell maintains at
least one zebrafish chromosome in the entire mouse genomic background. The reduction
in complexity of the donor DNA in such hvbrids enables assignment of genes to
chromosomes. Although whole cell fusion has been used for a few decades, this
technique can only provide chromosomal assignments of specific markers or very low
resolution maps since only a few large donor DNA fragments (up to entire chromosomes)
are present in each hybrid. Recently. production of radiation hybrids (RHs) has allowed a
greater degree of precision in locating genes on chromosomes[81]. RHs are generated by
irradiating cells from a donor species (e.g. the zebrafish). causing random chromosomal
breaks. and fusing these 10 a cell line from a different species, such as the mouse. Donor-
cell chromosome fragments are retained to different extents in the ensuing hybrid celis.
Typing a panel of RHs with PCR-based sequence-tagged sites creates an RH map in

which the frequency of breakpoints between two markers is proportional to the distance

between them.

5.1.2 Mapping the CgA gene in zebrafish genome
LN54 RH panel
The aim of mapping the CgA gene in zebrafish is to link a CgA gene mutation to
a phenotype of the mutated zebrafish and try to obtain some clues to CgA gene function
in this organism. Mapping is based on PCR amplification of the appropriate CgA gene

fragment in a panel of RHs. In our study. the panel of RHs used was a newly developed
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panel LN 54[66]. This panel of hybrid cells was produced by fusion of irradiated
zebrafish AB9 cells (derived from fin amputation of adult zebrafish AB strain) with
mouse B78 melanoma cells. There are 93 RH cell lines in the panel with 22% overall
retention of zebrafish sequences. Characterized with 235 markers, which consists of
SSLP markers, ESTs and cloned genes, the total genome coverage of the LN54 panel was
found to be 88%. Comparison of marker positions in the LN54 RH map and the genetic
meiotic maps indicated a 96% concordance. Therefore. the LN54 RH panel should be an
effective tool for the mapping of a gene in the zebrafish genome. However. there are still
four gaps found on the framework map of the panel. which may indicate the incomplete

retention of sequences from the zebrafish.

Primer design & PCR amplification

The procedure of mapping a gene by RH panel includes PCR amplification of an
appropriate length of the target gene in each of the cell lines of the panel. comparison of
the pattern with that of the markers. finding the related markers and locating the gene on
the map. Since the entire gene sequence is usually unknown. the ESTs are always used
for the primer design. Therefore. amplified sequence should be within an exon or across
two short introns.

To map the CgA gene in the zebrafish genome, a pair of primers was designed
according to zebrafish CgA-like EST sequences from the gene bank. There are 5 ESTs
homologous to the CgA gene in the gene bank. two of which are similar to the 5" region
of the gene and three of which are similar to that of the 3° region. By comparing the

amino acid sequences of the ESTs to that of the mouse CgA. the potential exon junctions
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were found. The 5° ESTs contain exonl to 4 of the CgA gene and the 3° ESTs contain
piece of exon7 and exon8. According to the mouse CgA gene structure, exons 2, 3, 4 and
the coding region of exonl are of small size, with a maximum of 96bp: and the portions
of exon7 and exon8 in the ESTs are also not large. the maximum of which is 158bp in
exon?. Therefore, we decided to use a cross-intron strategy. The mouse CgA gene
structure indicates a short distance between exonl and exon2, therefore the primer
sequences were designed adjacent to the potential boundary of exonl and 2. The
sequences are : 5°-end primer: 5’-GCTCTCCTGCTCCTGGTTAATATT-3"; 3 -end
primer: 3-CATGTGACCTGGAGAAACTGG-3".

To verify the feasibility of the strategy. the primers were used to amplifyv zebrafish
genomic DNA and the PCR product was cloned into the PCR2.1 vector using the TA
cloning kit (Promega). The PCR conditions is: 94°C 30 sec. 58°C 30. 72°C 40sec. The
insert was sequenced to confirm its identity. The primers then were sent to Dr.Marc
Ekker's lab at the Loeb Research Institute at University of Ottawa and used for RH panel
mapping with the LN34 panel. The PCR reaction contains 2 ul 10x reaction buffer. 2 ul
2mM dNTP. 0.25 ul oligo (20uM), 0.1 ul Taq (10U/ul). 5 ul DNA (20 ng/ul). and the
final volume is 20 ul. The thermal cvcler used was
Tetrad DNA engine (PTC 225) by MJ Research. The program is 94°C 4 min 1 cvcle,
94°C 30 sec. 30°C sec, 72°C 30 sec. 30 cvcles. Then 72°C 7 min. The PCR products
were electrophoresed on 1% agarose gel, (Fig 5.2) and the results were analyzed with the

software called “RH MAPPER” through the internet at the web site: zfish.wustl.edu
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5.1.3 Results and Discussion

Based on the sequence of the mouse CgA gene, a pair of primers was designed to
amplify intron 1 of zebrafish CgA gene. The size of the PCR product was 1,164 bp (Fig.
53.1). The underlined letters represent the primer sequences and the bold letters represent
the exon sequences in the EST. When designing the primers, 3° ends of the primers were
located a few base pairs away from the exon/intron boundaries of the CgA EST
sequences, so that the conserved exon sequences can be used for the confirmation of the
correct amplification. We can see that the correct EST sequences appear downstream of
the primers in the amplified product. Thus. our strategy amplified intron 1 sequence of
the zebrafish CgA gene. The length of zebrafish intron 1. which is 1.1 kb. is greater than
that of mouse CgA intron 1. which is 0.72 kb.

After confirming the success of intron 1 amplification. the primers were sent to

Ouawa for CgA gene mapping. The mapping result is shown in Table 5.1 and Fig 5.2.
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SIS e
C GC G GGATGACTTA

ATCCATGTGA
GGAACRCAMA
TTGTTRATGC
ATTCTTCTTT
CTTTCTTIGT
CCCTTTGTTG
ACATGAATAT
GCTCACCATA
ACTCARARAT
TTCTCTGCTG
CATCCATTTS
CTCTAGTGTT
AATAATGACT
CAATTCZAGG
F>TTAATAGT
CCTCTAGGAA
CATTATARTA

SCTSTECAAT
CGGGCTTTTC
GTTATTTTGC
ACTTCACATR
ARATCTGCCT
TTCGACATGT
TTAATGAGAT
CCTTTGTTAL
GAAARTGTAT
ACAATARRAR
TTGTTCATAC
CRGCAGARGG
ARAATTTTAG
AGGGCTACAG
CTCTTARAGA

CCARTTTGA
CCAGLGCTTCT

GTCTCCGTCA
ACACTTGACA
GTTAGTRATT
TRATGTCAGT
TCTGGTTTAC
TTGACATTAT
GRCCGCTGRA
TTARCCTGAR
TCATTCACCC
ARAGATATAT
TATGGARSTA
ARAGAAGTCA
TTTTGSGTGA
CTCTGCACAG
CCTTGAGTAG
GACCTGTGTT
GTTAATCARA

GTGCCAGTTT CT

Bold lettezxs:

Fig 5.1 Sequence and electrophoresis of Zebrafish CgA gene intron 1
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TGTCTRAGAT
TTGACTGAGT
GTACCRASGA
TTTGTTTCCS
AGTTCTTCTT
CAGGAACATT
TTAAACTAAT
RAGCAGCCCG
CAGTTTATSA
RGC TARAAGA
TCRAGTGACT
TGRAGAGAGT
RATGSTTAGA
AACTGETTTG
ACTATCCITT
TTTAGCTCCA
GGTTSGAGCA
AACCCAASTT
GCCTTTACTC

excon 1 and

ATRTTRARGA
TTRCTTECAC
CAGCGRAGAA
CASTGATTTC
TTTCGAGATG
TATCAGCCAG
AATCTGTCCG
CGRARGTTTC
TTGGTTETTT
CAGARGTTAA
CCRAACCTTT
TGEARACGTG
RAATTTSTTT
SARCRRGTGG
TARGTCARTG
GZCACCTCTA
ARRCTGTGCA
AACCCATGTS
TTTTTTTTCS

¢ primer sequencs
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ATTTTATATC
ACACTTGAGR
ACACTTCTCA
TCATACTGTT
ARATCTTTST
TTAATGGCTT
ACTACAAAGC
GTTGCTRAAC
AGGGCAGTTC
ATAAGTTTTT
TARAACATTSA
AMAATATCTT
AGGTTGAGTA
GTCTCARRCT
ACTCACACCT
GRGCTSECGEE
ARGSTAATTG
AGTCATCTCC
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Fig 5.2 PCR of Z-CgA-Inl in LN 54 RH panel

Table 5.1 lists the LN54 hybrid clones used in the mapping. Fig 5.2 shows the corresponding
PCR results. The first 93 clones are the hybrid clones. H10 is the mixture of zibrafish AB9 cells
and mouse B78 cells; H11 is AB9; H12 is B78. The genomic DNA of these 96 cell cultures
was used as the template to amplify Zebrafish CgA intron 1 fragment. H10 and H11 were used
as the positive controls and gave a strong band with expected size. H12 is the negative control.
The hybrid clones that gave positive signals on the gel are indicated as bold, underline numbers
in the table. The clones that gave weak signals are indicated as numbers in parentheses.
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Table 5.1 shows the number of the RH clones. The positive clones of CgA
mapping are indicated in bold and underlined fonts. and the uncertain semi-positive
clones are shown in parentheses. Fig 5.2 shows the PCR results of the mapping. The last
three cell lines are the controls, including parental cell lines Zebrafish AB9 cells, mouse
B78 cells and the two cells’ mixture DNA. The results show the specific amplification of
the band in Zebrafish AB9 cells and mixed DNA but not in the mouse B78 cells.
Theretore, the amplification is specific and reliable.

The PCR results were analyzed with the software RH MAPPER. We were
disappointed to receive information that the mapping signal is not related to any known
markers. It means that the CgA gene can not be mapped in this panel of RH cell lines and
another strategy should be applied.

The reason that the mapping failed may be that there are too few markers mapped
at the region where the CgA gene is located. This situation may be due to sequence
features in this region. Other mapping methods should be applied instead.

The other reason for the failure of the mapping mayvbe due to incomplete coverage
of the zebrafish genome by the LN354 panel. First. the overall retention of the LN54 panel
1s 22%. which is barely within the parameters suggested for full coverage of a genome
(20-50% retention for 100 hybrid lines). Therefore. some linkage groups have even lower
retention. If the CgA gene is located in such a linkage group. the nearby markers may not

be retained in the panel and therefore there is not enough information for the mapping. In

this case. other RH panels should be used.



5.2 Comparison of Human and Mouse CgA gene

The entire human and mouse CgA genes have been sequenced in our lab. The
human CgA gene sequence was obtained by screening a human fetal liver genomic DNA
library[97]. It contains the entire coding region plus 2.3kb upstream of the exonl and
1.3kb downstream of exon8 (App. 1). The mouse CgA gene sequence was obtained from
mouse strain 129sv/J female kidney genomic DNA library. The entire sequence that we
have consists of the sequence including 8.8kb upstream of exonl and 4.5kb downstream
of exon8 (App. 2),

Most of the genetic information is encoded in DNA sequences. Besides coding
sequences. there are numerous regulatory elements and a variety of repetitive sequences
in the genome that are responsible for gene regulation and polyvmorphism. which are
critical for our understanding of the development and evolution of the CgA gene. On the
present studv. we intend to investigate the sequences of introns and flanking regions of

the CgA gene to obtain more information on gene regulation and evolution.

5.2.1 Methods of comparing the hCgA and mCgA genes

The hCgA and mCgA gene in % phage clones were digested and the resulting
fragments were subcloned in the Bluescript KS vector for sequencing. ( The quality of
the sequencing data for flanking regions and introns is such that the sequence is presently
95% accurate. Further analysis will be require to provide a definitive result.) The

subclones of human and mouse CgA gene were mapped and reunited as the entire gene
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sequence. The sequences of these two genes were compared by using NCBI blast, and
regions with more than 80% identities are shown (Fig 5.3). The result shows that the
homologous regions are mostly in the exons, especially exons 2.3,4,7 and part of exon 8,
which correspond to the conserved N- and C- terminal important functional regions of the
CgA protein molecule. Interestingly. there are several highly homologous regions
scattered thoughout the introns and the flanking regions. Usually. the important regions
are highly conserved. However, there are abundant repetitive sequences in the
mammalian genome, which may also be highly conserved. Therefore, to eliminate the
effect of the repeat sequences. it is better to identify them first. In addition. the repetitive
elements may affect gene function and regulation. and contain information of evolution.
which is also very interesting and worthwhile to study. Thus. the interspersed elements in

hCgA and mCgA were found by software Repeatmasker. and the results are shown in

Fig 5.4.
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Fig 5.4 Interspersed repetitive sequences in the hCgA &mCgA gene coding region
Black box: cxons; colour box: difterent interspersed repetitive sequences in the region
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5.2.2 Discussion

5.2.2.1 Interspersed repetitive elements in the hCgA gene and mCgA gene

In mammals, Only 10% of the genome at the most represents the coding regions.
Much of the remainder consists of a variety of repetitive sequences including tandemly
repeated sequences (simple repeats, satellites. etc.) and interspersed repeats (IRs)[136).
The tandemly repeated sequences arise primarily through slippage of the replication
machinery and/or unequal exchange during genetic recombination[32, 113], and the
interspersed repeats are the fossils of transposed elements. which are the sequences that
can create copies of themselves at other sites in the genome[136]. The fossilized progeny
of transposable elements may well comprise more than half of our genome, although
many are too old and divergent to be recognized as such. The mammalian genome could
be compared. somewhat poetically. with a coral reef. in which the transposabie elements
are the coral, the reef is built of the fossils of their ancestors. and the genes are the
inhabiting fish. anemones. seastars and so on[134].

In mammals, DNA transposition can occur via reverse transcription of an RNA
intermediate. retroposition, or via excision and reintegration of the DNA itself (DNA
transposition).

Retroposed repeat elements fall into three categories: short interspersed nuclear
elements (SINEs). long interspersed nuclear elements (LINEs). or retroviruse-like
elements[136]. SINEs are usually 100-400 bp long and harbor an internal (mobile)

polymerase III promoter. The best examples of SINEs are MIR (mammalian-wide
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interspersed repeat[135], Alu element in primate and B1 in rodent[149]. The LINEs are
6-8 kb and encode a reverse transcriptase and other proteins necessary for
retrotransposition. The most abundant LINEs in the mammalian genome are L1 and L2.
It has been proposed that reverse transcriptase recognizes the 3" end of the LINE
transcript and initiates reverse transcription simultaneously with integration by using
nicked genomic DNA as a primer. The fact that SINEs and LINEs share a variable length
insertion duplication site and a poly A or simple repeat tail suggests that SINE mobility is
dependent on proteins provided by LINEs. The most typical example is that MIR, a
mammalian specific SINE element shares a 50bp sequence at the 3"-end of L2.a LINE-
like element. The equal distribution of MIR and L2 in human genome indicates their
related transposition[133]. Retrovirus-like elements (RLEs) have long terminal repeats
(LTRs). which carry the transcriptional regulatory sequences and maintain the full length
reproduction{136]. Besides retroposons. DNA transposon fossils make up more than
1.5% of human genome{3]. These elements. flanked by short inverted terminal repeats.
move by excision and reintegration. The “cut’ and "paste’ mechanism of DNA
transposition can lead to element duplication when the gap at the site of excision is
repaired using the sister chromatid.

In mammals, the most abundant SINEs are the Alu/B1 family of SINEs derived
from 7SL RNA, which is the small cytoplasmic RNA in the signal recognition particle
(SRP) that promotes translocation of newly synthesized secretory protein across the
endoplasmic reticulum. There is a 2 bp mutation in the 7SL. RNA which creates a Pol 11
promoter upstream of the element[116]. Alu elements are members of family in human

genome. There are around a million copies of Alu elements in the genome that can be
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classified into several subfamilies. They are usually heterodimers around 300bp in size.
However, the most ancient subfamily of Alu elements is a monomer that is homologous
to the left Alu sequence, and named Free Left Alu or FLA[117]. The other dimeric
subfamilies are classified and the evolution of these subfamilies is shown in Fig 5.5.
Since Alu elements are the most widespread IRs in the human genome, the homologous
recombination between these sequences and the continuous insertion of these elements in
various portion of the genome may cause mutations in genes and lead to genetic disease.
For example, the insertion of an Alu element at codon 876 of calcium sensing receptor
gene leads to a truncated mutant form of the receptor. resulting in an inactivation of the
calcium sensing receptor and causes tamilial hypocalciuric hypercalcemia and neonatal
severe hyperparathyroidism{6]. In addition. it has been reported that the recombination of
Alu family members causes deletions in the genes for the LDL receptor{84]. a-
globin[103]. B-hexosaminidase[100] and a-galactosidase{78]. as well as duplications in
the genes of LDL receptor{85]. Duchene muscular dystrophy[65], hypoxanthine
phosphoribosyltransferase[146] and ALL-1[126]. Therefore. Alu elements are the most
intensively studied IRs in human genome. However. ironically. the transpositional
mechanism of the Alu elements is still unknown. By using the Repeat Masker software
deveioped by Dr. A.F.Smit. human and mouse CgA genes were analyzed to reveal the
interspersed repeat elements within the entire sequences. The result (Fig.5.4) shows that
in the human CgA gene, there is just a single Alu/Sq sequence at the 5" -flanking region
of the gene. On average. there should be a Alu element every 3 kb of the genome
sequence. This human CgA coding region is 13kb, and it is expected to have 4 Alu

elements. Therefore, it is considered to be a low Alu element region. Since Alu elements,
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like other SINEs, tend to be distributed in clusters, the hCgA gene is not in a cluster
region of Alu integration. Interestingly, the Alu element that is present, is inserted ina L1
3’-end sequence (Fig 5.4). Although we don’t know the mechanismo f Alu
retrotransposition, in this case. this special Alu element can use the L1 retrotransposition
machinery to complete its self-reproduction together with this L1 sequence. In mCgA,

however, there are 5 Bl elements in the 23kb coding region. much more than in hCgA.

B box
RGTTCGARNCC
7SL pseudogene —————— AGTT(IGGGAY
141 bp deletion
B-box formation
protoAly  ———————— AGTTCGAGGAT
42 bp deletion
FLAM-A . AGTTCGAGACC
l FRAM-A —— AGTTCGAGGC]
81 elements Y /
inrodents  FLAM-C AGTTCGAGACC
/ -~
Alu~J dimer _{ k_aﬂ: arm AGTTCGAGACC
8C200 gene dghtamm  AGETCGAGGAT
with function
in neural colls

Alu Sx (major) _{ leftarm AGTTCGAGACC
el dghtarm  AGEOGAGATT]

Fig 5.5 The evolution of Alu family members (taken from ref.134) Shows the
possible origin of Alu repetitive sequences. The Pol IlI B box region of each
subfamily is shown at the right. The highly conserved sequences are boxed. The
Alu-Sx or Major subfamily is the most abundant Alu in the human genome.
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On the other hand, the second most widespread SINE, MIR, appears to be more
abundant in this area. MIRs are classic tRNA-derived SINEs that were amplified before
the mammalian radiation. The entire sequence of MIR is 260bp. with a conserved 70bp
long consensus sequence at the middle[135]. There are 12 MIR fragments in hCgA and 5
in mCgA gene coding region. Usually in primates. an estimated 300.000 copies of MIR
are still discernible, which account for 1 to 2% of the genome. However. in hCgA. 8% of
the sequence consists of MIR fragments. [t means that hCgA is in a MIR rich region.
Comparison of the hCgA with mCgA (Fig 5.3) shows that some of the highly conserved
regions of these two genes are MIR fragment sequences. such as the fragment number 6
upstream of the exon3 and fragment number 13 downstream of exon 6 of both genes. The
integration of these fragments may be earlier than the divergence of the rodent and the
primate. As mentioned before. the replication of MIRs is probably dependent on the
machinery coded within L2. We can see some L2 elements littered in the CgA gene
coding region. As for other IRs, although the retrovirus-like elements account for 2% of
the genome. there is none in either hCgA or mCgA gene. In addition, no DNA transposon
sequence occurs in this region.
5.2.2.2 Transcription regulation elements in the conserved regions

Besides the IRs, there are two highly conserved regions between the hCgA and
the mCgA gene. One is a 62bp sequence about 1 kb upstream of the human and mouse
CgA exonl and the other is a ~200bp sequence in intron2. We expect there may be some
important regulation elements in these conserved regions. Therefore, a software named

Matlnspector [based on TRANSFAC database] search was applied to reveal any clues to



this expectation. TRANSFAC is a database of transcription factors, their genomic binding
sites and DN A-binding profiles. It contains information about cis-regulatory DNA
sequences and trans-acting factors in a computer-readable format and is released for
public use.

The results show the potential transcription binding sites in these two regions.
Both of the 62bp sequences at the 5’-flanking region in hCgA and mCgA contain a
AP1_Q2 sequence (consensus sequence: TGACG: in hCgA is TGACG at -1071 from the
transcription start site: in mCgA is TGACA at —904 from the transcription start site).
which is a sequence motif critical for binding of a group of cellular transcription factors
(ATE. CREB. E4F. and EivF) and for activation of certain Ela-inducible and cyclic AMP
(cAMP)-inducible promoters[83]. It is shown to be an enhancer of several cAMP-
dependent genes. such as human vasoactive intestinal polypeptide (VIP) gene [148] and
human CYP21A2 gene.[152] Since CgA is also a cAMP-inducible gene and its
neuroendocrine-specific expression is also dependant upon the presence of a CRE. this
conserved element may play a role in such a regulation. Further studies focussed on this
region may answer this question.

The other conserved region is a 200bp sequence just downstream of exon 2. In
these regions, two general transcription factor AP4 sites occur at +1179 and +1242 in the
hCgA gene and +1028 and <1095 in the mCgA gene. In addition. there is a NF1 (nuclear
factor 1) site at +12035 in hCgA and +1054 in mCgA. Whether these sequences are really
functional and how they affect the CgA gene expression are not known. Further studies

on the deletion or mutation of these sequences may address their function.
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